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1 INTRODUCTION

This report summarizes the approach and assumptions used in performing prehninary
contamination source and effects analysis for the EOS-AM spacecraft. Results from spacecraft
plume, ground processing and launchhscent contamination analyses are also summarized.

Spacecraft contamination is generally divided into two classes, molecular and particulate
contamination. Molecular contamination includes materials which condense or are transfemed onto
a suxface from the surrounding environment or which “creep” over a surface as a thin fdm. In
general, molecular contaminants are described as an approximately uniform film over the
contaminated area. Molecular films can be described quantitatively in terms of thickness or weight
per unit ma. Particulate contamination consists of discrete particles. It can be described
quantitatively by the number of particles per unit area in various size ranges or by weight.

Contamination is generally of most concern for optical components including detectors, sensors,
solar arrays, etc. and thermal control surfaces. In both cases it is a change in optical characteristics
which is important. For thermal control surfaces, changes in n+lectance or absorptance result in a
change in the energy absorbed by the surface and thus causing a change in the thermal balance of
the surface. Change in solar absorptance, a, is the most prominent effect noted. Emittance, E, of
the surface is not normally affected. For a thermal radiator coating such as silvered Teflon, typically
a 100 angstrom thick molecular fflm (equals about 1.0 mg/ft2) or a MIL-STD-1246 level 850
particulate accumulation will cause a change in a, Aa, = 0.01 on a low a surface.

Contamination of optical surfaces may affect the transmittance orreflectance of optical swfaces and
also cause scattering. Loss in transmittance or reflectance is usually most noticeable in the
ultraviolet and short wavelength visible portions of the spectrum. Polymerization of molecular
f- by ultraviolet light is a particular hazard because it stabilizes and darkens the deposited
contaminant which would otherwise gradually evaporate back off the surface. Molecular
contaminants may also have absorption bands in the infrimd. This could result in reduced sensitivity
of measurement for certain atmospheric species. Scattering is measured in terms of BRDF
(Bidirectional Reflectance Distribution Function). Particulate and molecular films both cause
increases in scattering.

Molecules and particulate in the field of view (FOV) of an instrument can be detrimental. An
additional effect of contamination can be absorption or scattering in the field of view of an optical
instrument. This can result in a false signal in an instrument designed to measure atmospheric
constituents since it is diftlcult to distinguish between molecules in the atmosphere and those in the
contamination cloud surrounding the Spacecraft.

In summary, the presence of contaminants, either molecular or particulate, deposited on sensor
surfaces or floating in the field of view, can degrade the performance in several ways: scattering of
stray light, false targetirtg, defocusing of the target image, and signal attenuation.

The contamination analysis performed defined the allowable contamination levels along with
moditlcations so that the design and operation of the Spacecraft is compatible with the requirements.
In addition, the analysis indicates the need for mission planning to avoid contamination effects.
‘Ihble I summarizes the types of contamination analyzed for the EOS-AM Spacecraft.

1 DCC082693
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EOS-AM contamination-sensitive surfaces are identified in Section 2 below. Also, a preliminary
contamination budget developed for the EOS critical surfaces is shown in this section.

In Section 3, materials used on the EOS-AM spacecraft are reviewed specflcally for outgassing
characteristics. Special consideration is given to the control of venting (location/orientation) fkom
the EOS-AM Spacecraft bus, MLI (multi-layer insulation) blankets, and other components and
examination of other potential contamination sources such as mechanisms and pyro’s. Also, a
preliminary assessment of potential contamination from spacecraft thruster ffigs by the
all-hydrazine (monopropellant) system is presented.

Contamination potential during the ground operations and the EOS-AM flight segmentfromlaunch
through completion of orbital mission is examined in Section 4. Contamination effects on the EOS
critical stiaces are described in Section 5. Conclusion and Recommendations are presented in
Section 6.

Table I. ~es of Contamination Analyzed for the EOS-AM Spacecraft

me of Contamination I Remarks

Ground Processing

- Particulate I-Determined by facility design and activities—

- Nonvolatile Residue - Mostly organic compoumk lubricants,
outgassing products, people-induced
contamination, etc.

Launch/Ascent I

+

=1
4.1

4.1

I- Particulate

I

- Redistribution of particles present from
ground processing

m

– Nonvolatile Residue I– “Surfacelayer outgassing

4.2

4.2

Transfer Orbit/Deployment

Propulsion Soumes - Plume species identified as per thruster 4.2
system

Material Outgassing – Short-term outgassing of materials 4.2

On-Orbit Lifetime

Propulsion Sources I- Plume species identitled as per thruster
Isystem

3.3,
Appendix 1

– Material Outgassing - Long-term outgassing of materials
transferred from surrounding environment by
both diRCt and return fhlX

3.2,3 .4,4.3

DCC082693 2
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2 CONTAMINATION BUDGET

2.1 Spacecraft Contamination-sensitive Surfaces

The contamination-sensitive surfaces identifkl for the EOS–AM Spacecraft m as follows:

a.

b.

c.

d.

e.

f.

g“

h.

ASTER (SWIR, TIR, VSR) - optical apertures

CERES (2) - sensor (nadir) and solar view apertwts

MISR - aperture (nadir)

MODIS - nadir, space view and solar apertures

MOPITI’ - nadir and +Y apertures

Attitude control sensors (star trackers, earth sensors, sun sensors)

Solar array (cell side)

Thermal radiators (Spacecraft Bus, instruments)

The on-orbit configumtion of the EOS-AM Spacecraft is depicted in Figure 1. Figure 2 shows the
instruments, attitude control sensors, and thermal radiators on the Spacecraft Bus. Detailed
contamination information on the EOS–AM instruments is listed in Appendix 1 of Ref. 1.

2.2 Budget

Contamination occurs through all phases of Spacecraft life starting with component manufacture
and continuing until end of mission. However, since eontarnination sources vary in different phases,
contamination control goals must be set for each phase. For planning purposes these phases are
identiled as completion of component manufacture orreeeipt at Martin Marietta Astro Space (Astro
Space), integration and test at Astro Space, launch site integration, launchldeployment, and finally,
the on-orbit mission. An allowable contamination level or budget can be set for the completion of
each phase based upon the environmental controls, protective measures, cleanability, etc., during
each phase. The acceptable degradation level by end of mission sets the maximum total
contamination level.

A preliminary contamination budget shown in Table 11 for EOS-AM surfaces is based on
requirement of the Spacecraft PAR that external surfaces of the EOS-AM Spacecraft must be
maintained at a cleanliness level of 600A or better. Table III (Table IV of Ref. 1) was used to convert
MIL-STD-1246 particulate level to mg/ft2 as shown in Table II, Part B. Assumptions used to derive
Tables II (Rut A and B) areas follows:

a.

b.

c.

d.

Delivery to Astro Space - PAR requirement

Delivery to launch site - PAR requkment

After orbit insertion - DSCS analyses (Than,

End of life- Astro Space scientific programs

Atlas)

The following analyses will examine measures necessary to maintain the budget.

3 DCC082693
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‘Ilible IL EOS External Surface Cleanliness Level Goals (per MIL-STD-1246B) - Prelimimry

‘1’hbleII, Part A - (per Delivery to Astro Delivery to Launch Site After-Orbit Insertion End of Life
MIL-STD-1246B)

Particulate Molecular Particulate Molecular Particulate Molecular Particulate Molecular

Instruments 600 A 600 A 750 B 800 G
(externalsurfaces)*

Thermalradiators 500 A 600 A 750 B 800 G

solar array 500 A 6W A 700 A 750 F

ACS sensors 500 A 600 A 700 B 750 G
(apertures)

HGA,etc. 500 A 600 A 750 B 800 G

Notes:

. 500,600,700, etc., refer to increasing particulate contamination level and distribution as a function
* of particle size.

. A, B, etc., refer to increasing molecular film contamination levels.

*Initial level needs to be reduced to Level 500A or instrument providers maybe required to clean surfaces at Astro 1or 2 times.

i“
‘Ihble II, Part B - Delivery to Astro Delivery to Launch Site After-Orbit Insertion End of Life

(mg/ft2)

Particulate Molecular Particulate Molecular Particulate Molecular Particulate Molecular

Instruments 2.4 <1. 2.4 <1. 5.5 <2. 8.2 <8.
(externalsurfaces)

Thermalradiators 1.2 <1. 2.4 <1. 5.5 <2. 8.2 <8.

solar array 1.2 <1. 2.4 <1. 4.5 <1. 5.5 <7.

ACS sensors 1.2 <1. 2.4 <1. 4.5 <2. 5.5 <8.
(apertures)

HGA,etc. 1.2 <1. 2.4 <1. 5.5 <2. 8.2 <8.
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Table III. Relationship Between Particle Wekhts and Cleanliness Class-—--- — —–––—-––——=—---- -–—– ______ ~

Inspection MIL Obscura- . TFS Particles/ lkans- Solas’ Solar
SN- STW tion -*2 :s:s ft2 PSDS mission Absorp Ce~

C-0005A 1246 Ratio 90 (-0.42) (4.926) h% Chng. Power
A (Ref. 2) (Ref. 3) (Ref. 1) Loss,

Level (R:. 1)
(R:. 4)

200 0.007-0.01 1.5-2 X 1($

Black 300 0.03-0.04 0.1-0.3 6-8 X 104 68X l@
Jurface
VC-2

400 0.1 0.4-0.5 2X105 2X106

White 500 0.2-0.4 1.2 4-6X105 6xl@ 0.1
krface
it-2

650 1.0 2 x 107 0.5

White 750 2.0 5-6 2–3 X 106 4 x 107 0.3-0.5 0.005 1.0
hwface
it-l

&nmP 850 4.0 10-12 5X106 1.0 0.010 2.0
Jc-z

1000 10.0 20-24 1 x 107 2X108 2.5 0.023

1100 20.0 40-50 8.0 0.085

1250 50.0 130 11.0

1500 100.0 23.0

lNP = Total Number of Particles >5 microns/ft2
~S = Total Filterable Solids mg/ft2 >0.5 microns

Table III References

Bartleson, D.W., “Contarnimm“on and Envirmrnental Data During Payload Bay - Cargo Processing of
STS-41B in the PCR,” KVT-PL-002S Add. PCR-ED-STS41B, April 1984.

).. Charnpetier,RJ., “Effectsof Contaminantson OpticalCharacteristicsof Stiacesfl SpacecraftContamination
Workshop,AerospaceCcrp., September,1981.

,. Raab,J.H., MCR-85-2003, Februaq, 1985.

1. Raab, J.H., “ParticulateContamma“ tion Effectson Solar CellPerfcmnanc%”MCR-86-2005, January 1986.
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3 CONTAMINATION SOURCES

3.1 Materials Outgassing Requirements

Spacecmft material outgassing is controlled by the selection of materials of construction. Materials
used are defined by the EOS-AM Program Approved Materials and Processes List (PAMPL)
#20008650. The outgassing cxiteria are a Total Mass Loss (TML) of 1% or less and a Collected
Volatile Condensable Materials (CVCM) of O.1%or less, when tested per ASTM E595. Materials
not meeting the outgassing criteria must be approved by Astro Space Materials Applications through
the NSMAR process (see 20008650), who will then forward the NSMAR to the customer for
approval. The materials, for which outgassing data are not available, will be sent to GSFC for
evaluation by the standard outgassing test. The P-L has been nwiewed speciilca.lly for the
outgassing characteristics of the materials.

3.2 Control of Spacecraft Venting

Spacecraft venting represents one of the greatest potential sources of Spacecraft contamination.
Bakeout of harnesses, etc. will reduce venting threats. Venting from EOS-AM Spacecraft Bus,
instruments, etc. shall be controlled so that excessive contamination onto the EOS-AM critical
surfaces will be avoided.

A preliminary a.ssessmen~ based on line-of-sight (FOV) and return flux considerations, was made
to recommend the following venting exits (including paths) for Spacecraft Bus, MLI blankets, and
other components.

a. Solar a.mayand high gain antema will vent away from Spacecraft.

b. Channel vent paths of equipment modules internally and then vent out through an
orifice(s) located at the Propulsion Module base panel looking into the Spacecraft’s aft
(-X) direction.

c. Similar to UARS, blanket edges abutting contamination sensitive stufaces will be sealed
and vents will be directed away from such surfaces. Also, outer layer MLI facing a
contamination-sensitive surface will not be perforated if the critical surface has a
signiilcant view of this outer layer.

3.3 Assessment of Spacecraft Plume Contamination

The propulsion subsystem planned for the EOS–AM Spacecraft is an all-hydrazine staged
blowdown system. The propulsion subsystem provides all impulsive requirements fortheEOS-AM
mission including boost and inclination correction, attitude control, and drag makeup.

High purity monopropellant hydrazine will be used on EOS–AM. The exhaust products in the
backflow ~gions of these hydrazine thrusters include ammonia, nitrogen, hydrogen, and trace
quantities of water and hydrazine in gaseous form. Exhaust species of concern for the critical
surfaces are ammonia, water and hydrazine.

11 DCCOS2693
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A preliminary plume contamination assessment (Ref. 2) was made to examine possible threats from
the potential contaminants generated by the Spacecraft thruster ffigs to the EOS-AM critical
surfaces and to determine the need of @otection for the critical surfaces especially those located near
the thruster nozzle exits (within 60 inches). Important considerations are thruster locations,
orientation on the Spacecraft duration of thrusterftigs, surface temperatures, volatility of exhaust
species, and possibility of contaminant.hurface chemical reaction.

The assessment was based upon the flotilelds generated for a generic 1 Ibf monopropellant
hydrazine thruster using the source flow model and for a 5 lbf monopropellant hydrazine thmster
using CONTAM 32 Negligible contaminant accretions are expected for the EOS-AM critical
sutiaces except MODIS detectors and covers. MODIS is planning to close its doors during the
thruster ftigs.

The following recommendations should reduce or eliminate plume contamination:

a. Use high purity hydrazine per MIL-P-26536 as planned.

b. Close doors of MODIS during Spacecraft thruster ffigs as planned.

Details m described in Ref. 2. Although the curmt propulsion system (see Figure 3) is different
from the one analyzed, the new plume environment is similar to that analyzed. Therefore, the
assessment remains applicable. Astro Space Propulsion Engineering is analyzing the flotilelds for
EOS–AM using DSMC method (Ref. 3). The above assessment will be confirmed when the
analyzed flowfields become available.

3.4 Other Contamination Sources

Mechanisms and Pyr&s

For the EOS-AM Spacecraft, the mechanisms and deployment devices used on solar array and high
gain antenna (HGA) = of most concern. In accordance with the performance spec~lcation for
EOS-AM solar may assembly (PS200085 14), all pyrotechnic devices used on the assembly shall
be comprised of ordinances and the NASA Standard Initiator (NSI). The HGA deployment system
has 4 separation nuts and 1 damper. Potential contamination from these units was examined. The
results are summarized below.

A separation nut wilI use a booster charge with a NASA standard pyrotechnic initiator. Hi Shear
(vendor) provided the following information:

a. NSI charge: 117 mg

b. Products of combustion: zirconium oxide, titanium oxide, potassium chloride,
zirconium chloride, titanium chloride, traces of water and C02

c. Estimated escape around a NSI is much less than a milligram.

There has been no pyro contamination problem found for other Astro Space scientWc programs.
Therefore, contaminants from pyres do not appear to pose a threat to EOS-AM Spacecraft The
vendor is being contacted to confirm this assessment.

DCC082693 12
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Figure 3. EOS-AM PropulsionSystem-Current
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The HGA hinge

L

assembly uses a vanedlce damper (heritage design) to control the rate of
deployment. The damping fluid used is DC 200 (about 1 oz. of Dow Coming silicone oil). The
hinge/damper assembly is designed to survive a temperature range of -50 to +71°C and has been
successfully tested to-80 to +80°C. Operating temperatures range from-24 to +61°C.

The Astro Space damper designs (402 hinges total) have been successfully flown on 19 commercial
Spacecraft and the Mars Observer (MO). Contamination caused by silicone leakage from the
dampers has not been observed.

The damper vendor (D.E.B. Manufacturing) ~gularly performs a leak test for the unit after fug
silicone fluid (in 50-micron vacuum for 1hour). The MO solar may hinge assembly was subjected
to cold and hot T/V deployment tests at temperatures ffom -80°C to +80”C (5 x l&5 torr). No
leakage from the damper was observed (Ref. 4). Confirmation that there is no contamination threat
is still being worked.

Recent analysis (Ref. 5) predicts a total lubricant loss of 3.6 x l&5 gram per year from all three
labyrinths of the EOS–AM solar array drive (SAD). View factor analysis shows that critical surfaces
of the Spacecraft do not have views of the SAD.

The remaining contamination mechanism is the flux scattered back to the Spacecraft. Using ~
Scialdone’s model (Refs. 6-7), the flux scattmd back to the Spacecraft is on the order of 3.6 x l@7
@yr or 1.8 x 1~ gfor5-yearmission. The contaminant has a density of 0.85 g/cm3 andEOS-AM
has a size of approximately 22.5 ft x 7 ft x 8 ft. The resultant deposition across the Spacecraft
surfaces becomes insignifkant. Therefore lubricant loss from the SAD does not present a problem
to the EOS-AM Spacecraft (Ref. 5).

Moisture

Moisture resorption from EOS–AM graphitdepoxy (Gr/Ep) struchm was examined (Ref. 8). This
assessment shows that moisture in Gr/Ep structure does not pose a threat to EOS-AM provided that
the Spacecraft venting is controlled to avoid line-of-sight contamination to critical surfaces. Details
are described in Ref. 8.

Atomic Oxygen

Based on the updated atomic oxygen (AO) fluence of 1.06 x l&l AO/cm2 for 5-year mission, AO
erosion of Kapton and Teflon is estimated to be 1.3 roils and e 1m.il,respectively. It was concluded
that AO effects on Kapton and Ag–Teflon do not present contamination problems for EOS–AM.
Details are presented in (Ref. 9).

DCC082693 14
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4 ASSESSMENT OF MOLE CULAIUPARTICULATEC:&MINATION DEPOS~S
AT SENSITIVE LOCATIONS

An analysis of the potential contamination for the ground operations and the EOS-AM flight from
its launch through completion of orbital mission was made primarily building upon procedures and
programs developed for Astro Space Spacecraft, e.g. DSCS, GPS, LANDSAT, UARS, and GGS.

Contamination to the EOS-AM critical surfaces ftom ground operations through completion of
on-mbit mission was analyzed. Contamination levels at the following sensitive locations are
reported

a.

b.

c.

Optical apertures (instruments and attitude control sensors)

solar array

Bus thermal radiators

4.1 Ground Operations (Martin Marietta Astro Space and Launch Site)

Potential contaminationduringgroundprocessingat A.stroSpacewasestimatedbaseduponfacility
witness plate data (Bay 8) and the duration of surfaceexposure.

The results (’lhblesIV and V) showthat the Spacecraftneeds to be coveredand/orcleaned in order
to meet the Level 600A requirement. Astro Space’s approach to this problem is as follows:

a. Instmment

1. Initial level needs to be reduced to Level 500A or instrument providers may be
required to clean surfaces at Astro Space 1 or 2 times.

b. Spacecraft Bus

1.

2.

3.

Inspect incoming hardware to Level 5(K)Aand clean if necessary.

Maintain external surface cleanliness level through 3 points of entire Spacecraft
cleaning and inspection at 8 pxuictermined points in the I&T flow and clean
affected areas if necessary.

Cover thermal radiators, ACS sensors and solar army except during tests.

Scheduled cleaning of the entixe Spacecraft will be performed at 3 points in the I&T flow: prior to
instrument integration, T/V, and shipment.

The Spacecraft will be visually inspected (8 points) during I&T at the times listed below and
whenever it appears that contamination is accumulating either due to normal activities or a particular
incident.

a. On delivery of the structure

b. Prior to installation of propulsion module

15 DCC082693



Days

start

30

90

180

1270

m----
1720

Assumptions:

Table IV. EOS–AM Spacecraft Bus Surfaces in Class 10K Clean Room

Blankets, Structure, etc. (unprotected) ACS Sensors, S/A, Thermal Radiators
(assume protected 90% of the time)

NVR Particulate Level NVR Particulate Level

1.00 1.00 500A 1.00 1.00 500A

1.10 1.25 520B 1.01 1.03 500B

1.30 1.75 570B 1.03 1.08 51OB

1.60 2.50 630B 1.06 1.15 51OB

1.90 3.25 660B 1.09 1.23 520B

2.20 4.00 700C 1.12 1.30 525B

3.40 7.00 780D 1.24 1.60 560B ~

late in mg/ft2. Level per MIL-STD-1246. I

a.

b.

c.

Based on measured Bay 8 data (witness plates)

1. NVR deposition rate= 0.1 mg/ft2/mo

2. Particulate deposition rate -0.25 mg/ft2/mo

Surfaces are horizontal

S/C cleaning will be performed approximately at l/3-duration of I&T flow



Table V. EOS–AM Instrument Surfaces in Class 10K Clean Room

Days NVR, mg/fi2 Particulate, mg/ft2 Level (MIL-STD-1246)

start 1.00 2.10 600A

30 1.01 2.13 600B

90 1.03 2.18 605B

180 1.06 2.25 605B

270 1.09 2.33 620B

360 1.12 2.40 620B

720 1.24 2.70 640B

Assumptions:

a. Based on measured Bay 8 data (witness plates)

1. NVR deposition rate -0.1 mg/ft2/mo

2. Particulate deposition rate -0.25 mg/t12/mo

b. Surfaces are horizontal

c. Instruments protected for 90% of the time

d. Instruments may require cleaning at Astro 1 or 2 times

w
o
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c. Prior to Spacecraft Bus functional test

d. Prior to mechanical installation of fmt instrument

e. Post EMC test

f. Post T/V test (after moving to the bay)

g. Prior to acoustic test

h. Prior to shipment

These inspection and cleaning points are shown in Figures 4 and 5.

An analysis was also performed to examine the impacts of using class 100,000 clean room facilities
and payload fairing (PLF) at launch site. For 60 days at launch site, the results show that processing
EOS-AM in class 100,000 environments is acceptable only if critical suxfaces of the EOS-AM
Spacecraft can be protected for 90% of the time except during tests. Otherwise, the fairing should
be maintained at class 10,000 after the encapsulation. Note that process EOS-AM in a class 10K
PLF is equivalent to covering Spacecraft surfaces 90% of the time in a class 100K PLF. Details are
described in Tables VI and VII.

4.2 Launch through Orbit Insertion

Potential contamination for EOS-AM flight horn its launch via an intermediate launch vehicle (e.g.,
Atlas IIAS or Tk.an IV) through insertion into its nominal orbit was assessed. The assessment was
primarily based upon the results analyzed for Atlas II and Titan IV launches of DSCS Spacecraft
(Refs. 10-11).

Similar to UARS, NOAA-KLM and GGS programs, a cleanliness level of Vkibly Clean (VC)
Highly Sensitive per SN-C-0005C has been nxommended (Ref. 12) as the cleanliness requirement
for PLF.

Scialdone’s model (Ref. 13) indicates that a suxface looking into the launch vehicle acceleration
vector during liftoff will be the most contaminated surface (by particles greater than 58 pm and a
few particles between 5 and 58 pm). Therefore, ascent particulate contamination on surfaces facing
the launch vehicle acceleration vector (e.g. MODIS +X radiator) was examined. For a VC Highly
Sensitive PLF, particulate contamination to these surfaces was determined to be less than 1.5%
obscuration during ascent.

Also, the analyses (Refs. l&ll) performed for 11.an IV and Atlas II launches of DSCS III
Spacecraft were reviewed. Potential contamination to the EOS-AM critic? surfaces from a VC
Highly Sensitive payload fairing will not exceed the allowable budget: 100A molecular and 1.5%
particulate obscuration. Results are summarized in Appendix I.

The detailed launch contamination events such as retrobum during separation of the spacecraft from
launch vehicle (when available) will be examined to ensu~ that contamination will not exceed the
allowable budget.
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Table VL Launch Site Contamination Analysis for EOS-AM Spacecraft-
Class 100K PLF

ASSUMPTIONS:
1. FACILITY AND PLF - CIAIS IOOK
2. CRITICAL SURFACES PROTECTED 90% OF THE TJME PR1ORm PLF ENCAPSULATION

DEPOSITION RATE ACCUMULATION
PERIOD

SWU%%:2EANUNESS
MOIFWJMO MGllV2

L13~L

LOCATIO” DAY NVR PARTICULATE NVR PARTICULATE NVR PARTICULATE smli16
.—------- ...—.-.. -. ...- ............ ......... .. ....................------------.....-.. —.——__— -.--— . ...-. —----- .............

FACILITY
1

30
210 &)OA

0.1 ().~s 0.1 0.2s 2.35
Pw 30 I.0

620B
2.s0 I.0 2.s0 H 4.85 72SC

.— ----- . . . . . . . . . . . . . .-. .--. -. —-— -------------- -. . . . ..-. -.. . . . . ..-.. -c— ~——----———-

Table VII. Launch Site Contamination Amlysis for EOS-AM Spacecraft -
Class 10K PLF

ASSUMPTIONS:
1. CLASS IOOKFACILITY AND CLASS IOKPLF
2. CRITICAL SURFACES PROTECTED 90% OF TNE TIME PRIOR 70 PLF ENCAPSULATION

DEPOSITION RATE ACCUMULATION
PERIOD

SURFA&MJNESS LEVEL
MGlFV2ht0 M@F’P2 MIL-

LOCATIO DAY NVR PARTICULATE NVR PARTICULATE NVR PARTmuLAm STD-1246

2.10
FACILITY

600A
30 0.1 0.2s 0.1 02s

PLF 30
1.! 23S

0.1 0.2s 0.1
620B

0.2s 1.2 2.60 63SB
.—— - .—------- ————.-—-.—-—— .. —.. —-— .—. —--—--- —.

4.3 On-Orbit Mission

The molecular deposition on a surface during the on-orbit mission is considered to come from two
sources. First is the deposition due to direct flux (line+f-sight) from facing surfaces, second is
deposition due to return flux scattered back to the Spacecraft from various sources.

Flight Data

Before presenting model predictions, on-orbit contamination data from OGO-6 (Ref. 14) and
NOAA-7 (Ref. 15) flights are shown in Figures 6 and 7, respectively.

The OGO-6 was launched into a polar orbit with a perigee of 397 km and an apogee of 1098 km.
The contamination measurements were made with a quartz crystal microbalance (QCM). The
contamination flux reaches a maximum when the stiaces are pointed towards either one of the two
solar panels on the satellite in June and drops to near zero in August when pointed into deep space
and shows that the panels are the primary source of contamination. The time constant for the
exponential decay of the outgassing is 1,000 hours (Ref. 14). This time function is used later for
EOS-AM direct flux analysis because maximum temperature of OGO-6 solar panels is 80”C. This
temperature is closer to on-orbit maximum temperature of EOS-AM MLI (1OO”C)as compared
with the following NOM–7 data.
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The NOAA-7 was launched into a 870-km (470-nmi) ‘~cular, near-polar orbit.
Temperature<ontrolled quartz crystal microbalances (TQCMS) were arranged so that one faces
along the NOAA-7 spacecraft axis and into the backflow of the SRM plume. Another faces Earth
or nadir direction. The nadir face had a very small view of the spacecraft while the other face had
a considerable view of the aft end of spacecmft and solar panels. Table VIII shows curve-fit results
compared with flight data of NOM-7. The average time function shown in this table is used later
forEOS-AM retumflux analysis because NOAA-7 data are consideredtobe primarily due toretum
flux contamination. Note that nadirTQCM accumulates more contamination than the other TQCM
over 1.5–year period. Also, the solar panels were maintained at 55°C while the NOAA-7 spacecraft
was assumed to have hot and cold case temperatures of 25 and 5“C, respectively.

Model Predictions

The MOLFLUX method (Ref. 16) was used to analyze direct flux contamination. View factors
between surfaces from the TRASYS thermal model were used. The following equation was used

Deposition - (impingement flux) x (view factor) x (sticking coefficient) x (time)

Assumptions made are as follows:

a.

b.

c.

d.

Spacecraft materials outgassing rates used are shown in Table IX.

Sticking coefficient is 1.0 (a conservative assumption that contaminants impinging a
surface stick to it).

Reflected flux is not consideml.

Outgassing rates decay as the 0(304 data (i.e. similar time function).

The outgassing rates shown in Table IX are from UARS data and other sources. See references cited
in this table.

Table VIIL NOAA-7 TQCM Flight Data

TQCM FLIGHT COMPUTED FLIGHT
POINTING DEPO ITION

i
D TA

DIRECTION YR i CURVE-FITEQUATION

NADIR 0.5 698 650 1S20(1-EXP(-1.23T)),TIN YR
0.5 614 580 1330(1-EXP(-1.239T))

AVERAGE 0.5 657 1425(1-EXP(-1.235T))

NADIR 1.0 1076 1100 1520(1-EXP(-1.23T)),TIN YR
1.0 945 945 1330(1-EXP(-1.239T))

AVERAGE 1.0 1011 1425(1-EXP(-L235T))
—---------- -------------------- .-...Z.-—-—..—--—--- —--—- -.---------- ---------- ----
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Table IX. Spacecraft Materials Outgassing*

Name Outgassing Rate Remarks
g/cm%ee

Instruments 2.8E-11 Per Instrument PAR (i.e. 1.1-7
g/cm2/hr)(l)

S/C Bus

Blankets Based on UARS data, not
b~~(z)

I Initial 17.8E-11
I

Depleted 6E-12

SIA cell 1.83E-10

I S/A back (Kapton) I
1 Initial 11.5E-9

I After 24 hrs 11.lE-12

I Ag-Teflon (Bus radiators) I
I Initial 11.5E-11

,

I After 24 hrs [4X-13

S13G/LO

Initial 4.5E-8

Based on UARS data, @ 100 C
(2)

@ 125 C(3J

@75 C(3)

@75 C(3)

After 24 hrs 5E-10

ChemglazeZ306 @75 C(3)
z

I Initial 15E-8 I
I After 24 hrs I 1.2E-10 I,

Venting (Gr/Ep structure, I 1.E-10 1Based on UARS T/V test data(4J
I harne&, boxes, etc.) I I
INotes:

(1) GSFC, “PerformancelMsuranceRequirementsfor the EOS GeneralInstruments; GSFC 420-05~1
Rev.A, Aug.2,1991.
(2) J. B. Hatef and D. Yi, “PredictedOn-Orbit Contaminationof UARS ObservatoryInstrumentsdue to
Directand ReturnFluxfl TM-732-91-M)2.
(3) A. P. M. Glassfordand J. W. Gamtt, “Characterizationof ContaminationGenerationCharactetics
of SatelliteMaterials,” WRDC-TR-89-4114,22 Nov. 1989.
(4) S. A StraQ “Cmamination Summaryof the UARSObservatoryThermatVacuumTest,”Rev.B, Dec.
21,1990.
*Smallamountsof S13G/LO(HGAfrontreflector,etc.)andChemglazeZ306~D HGAhinges,etc.)will
be used on EOS. Since most items in view of instrument apexturesare other instrument surfaces, an
outgassrngrate of 2.8 x l(Y11g/cm2/sec(basedon instrument)was used in this study.
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Most of the items that can be seen from the instrument aperture am portions of that particular
instrumen~ such as covers/doors or shields and other instrument surfaces. For the purpose of this
preliminary analysis, instrument self<ontamination is ignored. Small amounts of S13G/LO (HGA
front reflector, etc.) and Chemglaze 2306 (TBD HGA hinges, etc.) will be used on EOS. Neglect
outgassing from S13G/LO and Chemglaze 2306 because instrument apertures do not see items
finished with S13G/LO and Z306. Also, neglect outgassing horn solar array and vent(s). Since most
items in view of the instrument aperture aR portions of that particular instrument and other
instrument surfaces, an outgassing rate of 2.8 x l&l 1g/cm2/sec (’basedon instrument) was used in
this preliminary study.

Direct flux levels at instrument apertures wem estimated to be less than 420~. Dixect flux depositi~n
on solar array, ACS sensors and Spacecraft Bus radiators was also estimated to be less than 420A.

Return flux was analyzed using Scialdone’s model (Refs. G7) and the above direct-flux
assumptions except that NOAA-7 time function instead 0G&4 was used. The modelling equations
and data used in the analysis are shown in Tables X and XI, respectively. Results (Table XII) show
that computed return fluxes are 3 orders of magnitude less than emitted fluxes. Table XII also lists
return flux deposition from various sources for 5-year mission. A maximum return flux of 183A
was used in this study.

Table X. Modeling Equations for the Analysis of Return Flux

Return F1ux

a. Ambient Scattering

b. Sel f-Scatterl nq

$55 = 1.78 X l@8

ambient mean free path at orbital altitude, m
spacecraft velocity, &n/s
velocfty of the emitted flux, SE, k!!t/s
radius of the spherl cal spacecraft, m
emitted flux, ml ●cules/cm2/s
ambient scattered flux, molecules/cm2/s

where U is the molecular scattering
$5S 1s the self scattered fl UX,

cross section, cd
molecules/cm2/s
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Table XL Data Used in Return Flux Analysis

Radius of the spherical spacecraft : 225 cm*
Ambient mean free path = 1. E+7 cm
Spacecraft velocity = 8. E+5 cmkec
Contaminant melecular weight (assumed) = 100 g/moie
Velocity of emitted contaminant flux = 4. E+4 cmkec

Molecular scattering cross section = 1.0 E-15 cmz

●Average of EOS height and diameter

Table XII. Return Flux Deposition Analysis for EOS-AM*

ASSUMPTIONS:
(l)STICKING COEFFICIENT -1.0
(2)FLUX DECAYS AS NOAA-7 DATA (LE. SIMILAR TIME FUNCTION)

EMH1’ED RETURN 5-YR
RETURN FLUX

OUTGASSING l%%L I%lL DEPOSITION
SOURCES GlcMA2/s G/CMA2/S A

-----------------------------------------------------------------
VENTING (BOXES, ETC.), S/A FRONT, 1.OOE-10 7.18E-14 183
S13G/LO, CHEMGLAZE Z306

BLANKETS, INSTRUMENTS 1.00E-11 7.18E-15 18
BUS RADS, S/A BACK 1.00E-12 7.18E-16 2
--------------------------------------------------------------------------------------
*US~G SCIALD,oNE~SMOD~ ASSU~G A sp~~cfi SpA~~~

On-orbit contamination to instrument apertures, solar array and Spacecraft Bus radiators was
examined. Similar to EOS–PM (Ref. 17), Spacecraft –Y MLI adjacent to RWA (Reaction Wheel
Assembly) radiators need to be non perforated to avoid contamination onto RWA +Z and –X
radiators because these radiators have large views of the Spacecraft.

The prelirnimuyoassessment shows that on~rbit contamination to all the EOS-AM critical surfaces
is less than 6(KIAmolecular (meet their budgets shown in Table II).

Based on other scientilc programs of Astro Space (UARS, etc.), particulate contamination during
on-orbit mission is assumed to be negligible.
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5 CONTAMINATIONEFFECXS

In general, molecular and particulate contamination on a thermal radiator will result in an increase
in solar absorptance of the thermal mliator. Contamination to a solar panel and an attitude control
sensor will yield a power loss and a transmission loss, respectively.

Contamination to the critical swfaces from ascent through completion of on-orbit mission is
summarized in Table XIII. The preliminary effects caused by surface contamination for the entire
flight are also summarized in this table.

Spacecraft Bus radiatom (silvered Teflon) have aBOL alpha (solar absorptance) of 0.10 andan EOL
alpha of 0.25. Contamination degradation to these Bus radiators Esults in an increase to alpha of
about 0.08. This leaves about 0.07 to account for space environment degradation which is pmiicted
to be 0.04 with a margin of 0.03.

Based on other scientilc programs of Astro Space, the resultant losses for solar array and ACS
sensors will not pment problems for EOS-AM.
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Table XIII. Contamination to EOS-AM Critical Surfaces from Launch through Completion of On-Orbit Mission

Launch thru Orbit On-Orbit Launch thru Completion of On-Orbit
Insertion Mission

Molecular Particulate ~olecular Particulate ~olecular Particulate Effect
A % Obscura- A % Obscura- A % Obscura-

tion tion tion

Instrument <100 Negligible <600 Negligible <700 Negligible
apertures

SIC Bus <1oo 1.5% max. <600 Negligible <700 1.5% max. 0.07 Aczdue to
radiators molecular

0.01 Aa due to
particulate

S/A cells WA N/A <600 Negligible <600 Negligible <2% power loss

ACS sensors <1oo Negligible <600 Negligible <700 Negligible <270 transmis-
sion loss
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6 CONCLUSION AND RECOMMENDATIONS

Based on the above preliminary assessmen~ preventive measums are recommended as follows:

a.

b.

c.

d.

e.

f.

g.

h.

Channel vent paths of equipment modules internally and then vent out horn Propulsion
Module (looking into S/C aft direction) - prehirmry.

Place non-perforated layers on the S/C -Y blankets adjacent to RWA +Z and -X
radiators to reduce contamination onto these radiators.

Use high purity hydrazine as planned.

Cover the EOS-AM critical surfaces as much as possible (except during tests) during
ground operations.

Require a Visibly Clean Highly Sensitive PLF.

Maintain a class 10,000 environment or better for PLF.

Adhere to the EOS–AM Contamination Control Plan during I&Tat Astro Space and
launch site.

Examine post PLF jettison scenario when available to ensure the allowable budget is not
exceeded. .

Because of the simplified assumptions made for on-orbit contamin~tion analysis and a ~esire to
reduce the on+rbit budget for EOS-AM instruments horn 600A to less than 200A (not a
requirement), the SPACE 2/MOLFLUX code must be used to analyze on-orbit molecular
contamination. The ongoing tasks are as follows:

a. Continue to analyze on-orbit contamination using the SPACE 2/MOLFLUX code.

b. Examine and ensure venting from instruments, equipment modules, MU, solar array,
high gain antenna, etc. is directed away from the contamination-sensitive surfaces.
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APPENDIX I

10 LAUNCH CONTAMINATIONASSESSMENT

Titan IV Launch

The Titan IV/lUS/DSCS III/HI Contamination Analysis (Ref. 1)was perfoxmed by Martin Marietta
Corporation-Denver. Table XIV identities contamination events analyzed by Martin Marietta. The
contamination levels predicted by Martin Marietta for the Tkin launch events and DSCS 111stiaces
am summarized in Tables XV and XVI, respectively.

Atlas II Launch

The DSCS 111/AtlasII Contamination Deposition Analysis (Ref. 2) was performed by General
Dynamics Space Systems Division (GDSS). Table XVII identifies contamination events analyzed
by GDSS. The GOES/Atlas I Contamination Analysis (Ref. 3) was used by GDSS to provide
baseline (Table XVIII) fkom which DSCS III depositions were predicted. The predictions were
derived by interpolating, extrapolating, or concluding by similarity of the time, configuration, and
processing dependent functions. Table XIX lists contamination levels predicted for Atlas II launch
of DSCS III vehicle.

Table XIV. Contamination Events Analyzed by Martin Marietta for Titan IV Launch

Event Tasks Performed

Ground Operations o. Ground Processing (DSCS & PLF)
Stage O Ignition o SM ignition and lift off

o PLF/acoustic blanket
outgassing (presumably
up to PLF jettison)

o PLF/acoustic blanket
particle redistribution

Stage I Ignition o None

Stage O Separation o WI separation

PLF Jettison o PLF separation

Stage II Ignition o Fire-in-the-hGle

Stage 1I Separation o Retro fire
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Table XV. Martin Marietta’s Predicted Contamination Levels for UES and Titan IV
sourct?s*

Holecular Particle

Event Mg/Sq Ft Z Obscuration

Ground Processing 0.22 2.08

SRH Ignltlon 0.00 0.00

PLF Outgasslng 0.37 td/A
PLF ParticleRedistribution N/A 0.33

SRM Separation 0.19 N/A

Fire-In-the-Hole 0.00 0.00

Retro Fire 0.01 0.03

●Table 2.23 of Ref. 1, P. 141

Table XVLPredlcted Contamination Levels forUESandTitanN Sore=

Molecular Deposition mg/ft2 Particulate
Solar Sun Earth Other z

Event Source OSR’S Arrays Sensors Sensors External mq/ft2 Obscuration

Pre-launch UES 0.22 0.22 0.22 0.22 0.22 -- 2.08
Ground ODS

Launch TIY 0.57 0.57 0.57 0.57 0.57 -- 0.36
thru
Deployment

Total 0.79 0.79 0.79 0.79 0.79 -- 2.44*

(ICD Budget 1.70 1.80 1.80 1.70 2.30 I 3.70 1.50)

●!CD requirement Is 1.5X obscuration
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Table XVIL Potential Atlas II Centaur Contamination Sources Analyzed

b

T-24 hrs through SECO

SECO throughMEC02

MEC02 through EOCM

Notes:

Contamination Sources
●Particulate Fallout
wNVR
~as Conditioning
●Particulate redistribution
●NVR
●Atlas (PLF) material outgassing

.Centaur matcrid outgassing

.Nose fxiring jettison
●Centaur material outgassing
●Centaur RCS exhaust plume
sTAL-108 exhaust plume
●Shape charge debris
●Centaur material outgassing
<entaur RCS exhaust plume
.Propellant tank blowdown

1. SECO (SustainerEngine Cut Off)
2. MECO (Main EngineCut off)
3. EOCM(End of Centaur Mission)

Conclusion

Results of the above analyses show that potential contamination due to Titan IV or Atlas II launch
will not exceed the allowable budget 100 ~ molecular and 1.570 particulate obscuration.

The detailed launch contamination events such as retrobum during separation of the spacecraft from
the launch vehicle (when available) will be examined to ensure that contamination will not exceed
the allowable budget.

References:

1. Martin Marietta Astro Space, “Titan IVAJS/DSCS Contamination Analysis,”
MCR-89-2538, 23 May 1989.

2. Geneml Dynamics, “DSCS 111./AtlasH Contamination Deposition Analysis,” MPER
90-004,20 July 1990.

3. Scienee Applications International Coqx, “GOES Contamination Analysis,” Final Report,
Rev. A, July 18,1990.
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TableXVIIL BaselineDSCS III DepositionPredictions

k
3.
4.
s.

[

Osd Sdsr
2 3

-4 Omor
s

MUiollh Em Sefwr Exc@ma

G1’QlmP?Qce@ng
● ~o@0s3m 300 300
● Md3m3r~ 0.40 0.40 0.40 0.09 0.40

T-24 IUSlhmIJ#I SECO
•~O@edOn 600 600 750
● ~~ 0.43 r: 0W:2 0.4s 0.43

SECO TlmJ@I MEC02 .
● ~OspdaOn
● MOk$Br~ I& 0:: r% z 0!’

a
MEC02 llmq#l mm

●mrlUsta Oep@oOn N(A WA
“ MOmJbrOqms#an z 4.12 ~ E -0.01

:==1:$++0+%
TOTAL

Mere- TaM 7-11I%WI Rolwwiw 3
RoWenaTabIo7+ Horn Rdemfw 9
RelemncsTable7-7FromMefem3 3
Rd@Nfm TM 7.2Rwn Mefww 3
Ro!orwiceTabla7-3Fmm Rdor8fw 3
whichRapre3entsSenWue SudacsWlhMdlluln~
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Table XIX GDSSS Predicted Contamination Levels for Atlas II Launch of DSCS III

Note: Astro Space added conversion of particulate levels
per MILATD-1246A to mg/ft2 as enclosed in parentheses.
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1 SCOPE

This document sets forth the organization, requirements, philosophy, anddeftition of the alignment
method for the EOS-AM Spacecraft. It also describes the analyses and tests required to verify the
procedures and assumptions made in the definition of the Alignment Plan. Each of the primary
pointing error sources is addressed.

The purpose of the EOS-AM Spacecraft System Alignment Plan is todefme and discuss, at a system
level, the components of the alignment and vefilcation programs which will insure that the
end-to-end compensatory pointing requirements of the EOS-AM Spacecraft pointing critical
components can be satisfied. The intent of this document is to provide stilcient depth so that the
alignment approach and contributing factors can be understood and detailed implementation plans
developed. The procedural details are discussed in the applicable documents which are identiled
in Section 2.3.

This plan defines the organizational responsibilities of the groups within Martin Marietta Astro
Space (Astro Space) contributing to the EOS-AM Spacecraft alignment. The plan does not address
the technical details of the activities within any of the groups except that it defines the method of
alignment to ensure that the pointing critical components defined by their alignment cubes are each
aligned with the Master Reference Cube (NRC) to within speciiled tolerances when they are
installed on the spacecraft.

The pointing requirements and the allocations assigned to the Spacecmft subsystems are
summarized in Section 3.1 and Reference 1, followed by a discussion of the concept and
implementation of the ground alignment plans (Sections 3 and 4). Section 5 summarizes the
facilities and equipment applicable to the ground alignment program.

1.1 Definitions

The following terms which represent critical mfenmce points are used frequently throughout this
document. It should be noted that for the purposes of this document the Guidance, Navigation and
Control Sensor Equipment Module (GN&C Sensor EM) is considered in the category with
instruments.

Pointing Knowledge The accuracy of determination of the actual pointing direction of
a given axis of a selected reference frame. Pointing knowledge
can refer to a real-time (on-board) detemtination or a
post-processed (after-tie-fact) detemlination.

Pointing Accuracy

Axes of Rotation

The angle between the actual pointing direction and the desired
pointing direction of a selected reference frame about a given
axis.

Roll refers to rotation about the Spacecraft X-axis.
Pitch refers to rotation about the Spacecraft Y–axis.
Yaw refers to rotation about the Spacecraft Z-axis.

1 DCC082793
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NBc

MRc

This is the Instrument Alignment Cube which is physically placed on the instrument
structure. This cube repnxents the instrument boresight with known offsets and
therefore is the cube used by the Instrument Integrator (Astm Space I&T Group) to
align the instrument. This cube is also referenced to the instrument mounting
interface.

This is the Navigation Base Cube and it is placed on the Navigation Base Plate ie.,
the GN&C Sensor EM optical bench. This cube is referenced to the Inertial
Reference Unit (IRU) Cube.

This is the Master Reference Cube which is placed on the primary structure during
the manufacturing phase. This cube represents the Spacecraft reference coordinate
system and there is a second cube for redundancy.

DCC082793
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2 MANAGEMENT

2.1 Organization and Responsibilities

The end-twmd alignment of the EOS-AM Spacecraft, i.e., the alignment of the IACS with the
MRC and the verification of that alignment is the responsibility of Astro Space. It will require
interaction of several components within Astro Space, but will also require inputs from the Principal
Investigators (PIs) for each instrument and NASA GSFC. Figure 1 identi.iies the participating
organizations and the major responsibfities, or output products, of each organization relative to the
EOS-AM Spacecraft alignment. Additional details regarding the responsibilities m discussed in
the following pamgraphs.

2.1.1 Astro Space Systems Engineering and Integration (!SE&I)

a. Identify all sources of pointing error which may degrade the pointing accuracy and
pointing knowledge for each pointing critical component

b. Allocate values to each source of pointing error which are consistent with analyses,
historical data, and available facilities. These allocations are stipulated as requirements
on the Spacecraft subsystems.

c. Maintain and update the pointing error budgets for each component consistent with
developing analyses, tests, and requirements. Also define the process for maintaining,
updating and reporting the pointing error budget on a regular basis.

d. Support the Alignment Test Program and the Integration and Test (I&T) Progmm by
providing interpretation of alignment requirements and allocations.

e. Provide alignment requirements for incorporation into Equipment Module
specitlcations.

f. Work in conjunction with GSFC to identify any requirements for on-orbit calibration
and to assess the impact that this would have on ground calibration.

2.1.2 Astro Space Engineering (Design, Stress and Dynamic Analysis and Thermal)

a. Prepare this document, the EOS–AM Spacecraft Alignment Plan (PN20008660).

b. Perform analyses and engineering tests as required to determine the placement and
remate accuracy of the kinematic mounts as well as launch shift that may occur at the
kinematic mount interface and at the instrument interface to its mounting plate for plate
mounted instruments.

c. Develop an integrated thermal math model of the EOS–AM Spacecraft and instruments
which can be used to estimate temperature distributions within the structure.

d. Generate estimates of the temperature distributions for a range of on-orbit thermal
environments (e.g., different beta angles and Instrument operational modes).
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Using predicted thermal distribution data as input to-=Finite Element Model (FEM) of
the EOS-AM Spacecraft calculate the structural distortion and the consequent pointing
errors developed at the instrument intexface, due to changing thermal conditions.
Perform similar analysis with different parameters to determine the hydroscopic
distortion of the primary and secondary structure to be included in the pointing emor
estimate.

Calculate 1-G distortion predictions using aFEM which can then be compared with 1-G
distortions measured during the alignment test progmm.

Support the alignment test program by providing analyses, as require~ to verify the
un&rstanding of 14 distortions and launch shift distortions.

Maintain the FEM of the EOS-AM Spacecraft orbital contlgumtion which is appropriate
for use in evaluating the structural responses at IACs.

Utilize the FEM and disturbance torque inputs to calculate the effect on pointing
accuracy at the IAC.

Define the instrumentkructure mechanical fastening, pinning, and shimming methods
required for establishing and maintaining accuracy within budget allocation.

Support generation of the alignment test and alignment vefilcation procedures.

Support mechanical installation and alignment activity during instrument integration.

m. Comply with accuracy allocations sptxifled in the UIIDs and Instrument ICDS for each
instrument.

n. Conduct a review of the alignment test results to verify that the instrument alignment
requirements have been met. Document test results in final report.

Astro Space Integration and Test (I&T) Group

a. Support in the generation of this document, the EOS–AM Spacecraft Alignment Plan
(PN20008660).

b. Generate the EOS–AM Spacecraft alignment verification procedures which delineates
the stepby-step alignment process for each instrument.

c. Integrate and verify the position of each instrument component relative to its specilled
reference.

d. Establish the position of each IAC relative to the specified reference (MRC) within the
budget allocation.

e. Demonstrate that the positioning error associated with instrument removal and
replacement is within the budgeted allocation (alignment program).
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Demonstrate that the positioning error associated with the launch environment (i.e.,
launch shift) is within the budgeted allocation (alignment program). Demonstrate that
the projected Instrument pointing in the O-G environment can be achieved and that the
associated pointing uncertainty is within the budgeted allocation.

Demonstrate the end-t~nd alignment of the IAC to the MRC.

201.4 Astro Space Instrument Accommodations Group

a. Develop and maintain the Instrument ICDS.

2.10s Instrument Providers

a. Develop instrument pointing requirements.

2.1.6 GSFC

a. Provide periodic evaluations of the Astro Space alignment plan and procedure.

2.2 Planning

The planning of the end-to-end EOS-AM Spacecraft alignment program will be aided by periodic
meetings and niwiewof alignment plans, by schedules identifying major milestones of the EOS-AM
Spacecraft program, and by documents which specify the details of the alignment and vefilcation
procedures.

203 Applicable Documents

The documents listed below are the major documents which establish the alignment requirements
and define the plans for achieving those requirements. They will be referenced throughout the
remainder of this plan as appropriate.

2.3.1 Government Documents

The following documents of the exact issue shown, forma part of this spectilcation to the extent
specifkd herein. In the event of conflict between the documents referenced herein and the contents
of this specitlcation, the contents of this specflcation shall be considered a superseding requirement.

NASA Documents

GSFC 420-03-02 General Instrument Interface Specification (GIIS)

GSFC 421-12-11-01 ASTER Unique Instrument Intetiace Document (UIID)

GSFC 421-12-1242 CERESUnD
GSFC 421–12-03-02 MISR UIID

GSFC 421-12-04-01 MODIS UUD

GSFC 421–12-15-02 MOPI’IT UIID

DCC082793 6
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2302 Non-Government Documents

Unless otherwise specitlecL the following documents of the latest issue form a paxt of this
specification to the extent spec~led herein.

Martin Marietta Astro Space

PS20001407

PS20001409

PS20004937

PS20005396

20008810

20008820

20008830

20008840

20008850

Source:

2.3.3 References

Critical Item Development SpecXlcation for EOS-AM
Spacecraft GN&C Sensor Equipment Module

Critical Item Development Specification for EOS-AM
Spacecraft GN&C Reaction Wheel Assembly
Equipment Module

Performance SpecKlcation, Guidance, Navigation and
Control, EOS–AM Spacecraft

EOS-AM Spacecraft Contract End Item (CEI)
Specification

ASTER Interface Control Document

CERES Interface Control Document

MISR Interface Control Document

MODIS Interface Control Document

MOPI’IT Intetiace Control Document

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

1. “EOS Pointing Emor Budget, Prediction & Verii7cation Concept;’
EOS-DN–SE&I-043, Martin Marietta Astro Space
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3 MECHANICAL ALIGNMENT PROCEDURE
.

The following section describes the philosophy of alignment fortheEOS-AM Spacecraft alignment
critical components and the major considerations to be addressed in order to enswe proper
mechanical alignment.

3.1 Spacecraft Pointing Specifications

The EOS-AM Spacecraft has two alignment related pointing speci.iications

a.

b.

c.

d.

Pointing knowledge at the instrument interface must be less than 90arc-sec per axis, 3u,
per the EOS-AM Spacecraft CEI Speci.lication (PS200053%)

Pointing accumcy at the instrument intetiace must be less than 150 arc-see per axis, 30,
per the EOS-AM Spacecraft CEI Speci.tlcation (PS200053%)

Pointing knowledge at the NBC will be in accordance with the GN&C Performance
Speciilcation (PS20004937)

Pointing accuracy at the NBC will be in accordance with the GN&C Performance
Specification (PS20004937)

3.2 Spacecraft Assembly

The EOS-AM Spacecraft primary structure consists of a gmphite/epoxy ~ss, to which are
assembled a number of node fittings to which assemblies can be attached. The primary structure
constitutes a rigi~ stable structure fkom which alignment measurements can be referenced. A
redundant reference optical cube is mounted on a stable structwt near the NBC port, and is
designated the Master Refenmce Cube.

3.3 Primary Structure Optical Cubes Installation and Alignment

This section serves to establish the absolute orientation between the MRC and the spacecraft axes.
During this program the primary structure shape will also be characterized.

A quantity of (TBPl) temporary primary smcture optical cubes will be installed while the primary
structure is clamped in the Manufacturing Assembly Fixture (MAF). The following steps are
planned:

Note:

a. Install the MRC and back–up MRC and record the orientation relative to the MAF cubes.
This determines the orthogonal spacecraft axes.

The MAF cubes define the primary structure axes. At this point the MRC is aligned to the
spacecraft axes and the MAF cubes can be removed. The MRC will be placed in a
structurally stable location as determined by FEM analysis.

b. Install the primary structure optical cubes and record each orientation relative to the
MRc.
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c. Unclamp the primary structure and remeasure the optical cubes

d. Ifthereleasedalignment data is within the budget specifkdin Ref. 1of the clamped data,
then the primary structure will be reclampedin the MAF. If the budget is exceeded, then
shims will be added to obtain the clamped state shape before ~clamping.

e. Repeat steps c and d as necessary in order to verify that the allocation has been met.

3.4 O-G Alignment

The O-G alignment of the spacecraft is a process which involves all alignment critical areas of the
spacecraf~ the GN&C Sensor EM, instruments, etc. The M alignment process is presented in this
one section for clarity and to avoid repetition of the information. The following steps are planned

a. Mount the Dxi.11/AlignmentFixtures (DAR) on the unclamped primary structure while
it is in the MAF

b. Measuxe and record the DAF cube relative to the MRC

Note: This is the “O-G” state of the spacecraft.

c.

CL

Place the primary structure with DAFs in the horizontal orientation in the Three-Axis
Positioner

Just prior to the flight assembly installation, eg., instrument GN&C Sensor EM,
measure and record the DAF cube dative to the MRC

Note: This quantiles the gravity effect on the spacecraft.

e. Remove the DAF; install the flight assembly on to the structu~.

f. Measure the alignment cube, eg., IAC, NBC, to the MRC.

Note: The difference between steps d and b defines the gravity effect at the spacecraft interface.
This effect is subtracted from the instrument cube reading in stepf to determine the predicted
0-G alignment data.

3.5 GN&C Sensor EM Alignment

This section serves to establish the absolute orientation between the NBC and the MRC. During this
program the orientation between the Star Trackem and the IRU on the Navigation Base Plate (NBP)
will be established. This knowledge will be used later to implement software calibrations.

The following events occur during the Spacecraft aIignment and veriilcation phase.

a. Mount the GN&C Sensor EM DAF on the spacecraft and nominally locate it on its
spectiled spacecraft node fittings.

b. Clamp and drill the alignment plates; remove the DAF

DCC082793 10
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Note: The use of alignment plates, used successfully in the UARS alignment program, is
introduced to prevent damage to the primary structure node fittings in the event of
re-alignment after chill. Alignment plates am used on all spacecraft alignment critical
interfaces.

c. Place the NBP on the spacwmft.

d. Place the NBC on the NBP and meast.mdadjust it to the MRC. Roll and pitch alignment
will occur by shimming the interface between the kinematic mounts and the alignment
plates.

e. Remove the NBP and return it to the GN&C Sensor EM I&T flow.

The following events occur during the GN&C Sensor EM alignment and verification phase

a.

b.

c.

d.

e.

f.

/3”

Place the IRU DAF on the NBP

Measm the IRU drill template cube to the NBC

Adjust the drill template to obtain the desired orientation in yaw axis, clamp and drill.

Place the star tracker bracket drill template on the NBP

Adjust the drill template to obtain the desired orientation in yaw axis, clamp and drill.

Mount the IRU and star trackers on the NBP

Measure the IRU and star tracker cubes to NBC and recti

The errors associated with this program arc

a.

b.

c.

Measurement error.

The inmate error between the NBP and the kinematic mounts will come into effect when
the NBP is removed from the Spacecraft for any I&T related issue and the alignment
cubes are not remeasured

Gravity and facilityhmlling emor.

3.6 Instruments

3.6.1 Instrument Pointing Requirements

For the EOS–AM Spacecraft, the instmment pointing mquimments will be met by providing a
speci13edpointig knowledge and placement at the instrument mounting interfaces. It will be the
responsibility of the instrument provider to determine that the performance requirements of his
instrument will be met when the instrument is attached to its kinematic mounts or Instrument
Mounting Plate (IMP).

It will be the responsibility of Astro Space to align IACS to the MRC to the required specifications.
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3.62 hstnmlent Intel’fhces “

There are two types of instrument inteti~es: direct mount instruments which interface directly to
kinematic mounts on the primary structm, and plate mounted instruments which interface to an
IMP. Figure 2 shows typical kinematic mount interfaces to the primary structure. Figure 3 shows
atypical plate mounted instrument interface to the primmy structure. lhis figure also points out the
shimmin g plane at the interface between the kinematic mount and the alignment plate. Figure 4
shows the relative placement of the IAC to the MRC and to the NBC along with the cxitical interfaces
being discussed.

The pointing error sources will be discussed in Section 4 along with their respective verification
plans.

3.62 Instrument Alignment

The Spacecraft I&T and alignment flow is outlined in Figm 5. This process can be brokeu out into
four major tasks as followS

P-1: Yaw Alignment and Initial Pitch and Roll Alignment

This takes place during the Manufacmring phase of the Primary Structure while on
the MAF. The MRC has been located on a stable location on the primary structuxe
and its placement is referenced to the MAP so that it represents the Spacecraft
reference axes. At this poin~ equipped with flight IMPs and their respective DAFs
(templates which establish the hole pattern for the instrument that mounts on that
plate), and with DAFs for direct mount instruments, yaw alignment and initial pitch
and roll alignment can be established between the MRC and the DAF cube.

During this phase of the program, the initial instrument mount pitch and roll
shimming requirements will be established based on alignment data provided by the
instrument provider with the DAF and documented in the instrument ICD.

a. Place the DAF on the IMP (for plate mounted instruments) which is mounted on the
primary structure, For direct mount instruments, mount the instrument DAF directly on
the primary structure. This is shown in Figure 6.

b. Measure the angles between the MRC and DAF cube.

c. Adjust the DAF to obtain the desired orientation in the Yaw axis and clamp. Drilling can
now take place. Pitch and roll shims can be adjusted at this point if required. The
adjustment will be made at the kinematic mount to alignment plate interface.

The pointing errors associated with this process are:

a. The measurement accuracy between the MRC and the instrument DAF cube.

b. The positioning accuracy associated with drilling the Instrument DAF guide bushings.

c. The rernate accuracy between the IMP or instrument and the kinematic mounts (KMs).

DCCOS2793 12
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Figure 6. Yaw Axis Alignment

d. The residual stresses due to the clamping of the primary structure to the MAF.

e. The measumnent accuracy between the MRC and the IRU drill template cube.

f. The positioning accuracy associated with drilling the IRU template guide bushings.

g. The remate accuracy between the GN&C optical bench (NBP) kinematic mounts and the
node fittings on the primary structure.

Phase-2: Alignment Test Development Program

This phase is part of the environmental testing and verification of the primary
structure. This consists of outiltting the primary structure with mass simulators and
performing a series of tests that will characterize the various errors associated with
the ground alignment testing such as gravity effects for both horizontal and vertical
Spacecraft orientations, handling fixture induced distortions, kinematic mount

remate emrs and launch shift. This data will be used during the alignment phase to
insure that gravity and handling fixture induced errors are accounted for and kept
within the allocated budget. These characterizations will be made before and after
environmental testing.
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Phase-3: Alignment

The Spacecraft primary structuxe has the NBP/NBC mounted to it, and it also
contains the MRC. A node fitting outiltted with kinematic mounts which have been
pre-aligned during phase-1 using drill templates is ready to accept an instrument for
alignment. Likewise, an IMP is also ready to accept a plate mounted instrument for
alignment.

The instrument will be aligned to the MRC to the specifkd positioning allocations
presented in the applicable UIID.

The DAF will be installed just prior to the instrument installation so that the DAF
cube orientation can be compared to the measurement during M alignment to
detemine the distortion offsets of the interface.

This is the phase where the flight instruments are integrated to the Spacecraft Bus
and the final roll and pitch alignment of the I.AC to the MRC is conducted by
shimming at the kinematic mount interface to the alignment plate. This step is
conducted with the Spacecraft in the horizontal orientation to facilitate the
integration and alignment process. See Figure 7.

a.

b.

c.

For direct mount instruments, mount the instrument to the kinematic mounts. For plate
mounted instruments, mount the instruments to the IMP.

Measure the angles between the MRC and the IAC.

Shim the instrument mounts to properly align the IAC to the MRC in the pitch and roll
axes based on previously reco~d&i ~ta id instrument provided information. The
shimming interface is between the kinematic mounts and the alignment plate.

The position errors associated with this step are:

a.

b.

c.

&

Phase4:

Measurement error

Positioning error due to shim thickness resolution

Portion of the gravity and handling fixture error that has been included in the budget due
to the uncertainties in establishing this contribution.

The kinematic mount remate exror in the event that the instrument is removed and not
remeasured at any time during the integration and test phase.

Alignment Verification

Once the instrument alignment is completed, the vetilcation test will be conducted
with the Spacecraft velocity axis (“X’) oriented vertically (Figure 8) in order to
minimize the gravity induced distortion effects and to check that the compensation
that was applied during the horizontal alignment is within the allocated budget.
Alignment verification will be performed again after the Spacecraft level acoustic
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test to verify that the environmental induced shifts are within the values allocated.
In the event that an anomaly would result in these measurements, a full investigation
of all the available test data and analytical predictions would be conducted to
pinpoint the source of the problem. The Spacecraft would then be returned to the
horizontal conf@ration (desired orientation for processing) and further corrections
would be made. This loop would continue until the anomaly is resolved and the
budgets are met.

The final post alignment condition of the Spacecraft has an instrument whose IAC has been aligned
to the MRC. The IAC has a known orientation to the Instrument bomsight. This is the responsibility
of the Instrument Provider and this information is provided to Astro Space via the instrument ICDS.
The NBC has a lmown orientation to the MRC and the NBC would have a known orientation to the
IRU and Star ‘hacker cubes which would have been established during the GN&C Sensor EM
alignment phase. This is the nxponsibility of Astro Space I&T group.

The errors implied by the structural chain, which originates at the NBC and includes the NBP,
kinematic mounts, primary structure, instrument support structure to the instrument intetiace,
would have been accounted for in the allocations presented in Ref. 1. Emors from the instrument
interface to the IAC and from the boresight to the IAC are the responsibility of the Instrument
Provider.

3.7 Component Specific Alignment

This section outlines the alignment information specflc to each alignment critical component.

3.7.1 Instruments

IAC locations andthe kinematic mounts used to determinethe XY-plane discussed in this section
were determinedfrom the applicable instrumentICDS.

3.7.1.1 ASTER-SWIR

SWIR uses a Gpoint mounting scheme. For the purposes of roll and pitch adjustment the XY-plane
is defmcd by the 3-axis, 2-axis and the +X +Y l–axis kinematic mount. The remaining kinematic
mounts will be shimmed to remove any gap and eliminate chatter without inducing undue stresses
in the instrument.

The IAC is located in the center along the –Y side of the baseplate. The IAC will be visible from
the –Y and +Z directions. Vkibility of the +X face is blocked by TIR and the –X face is blocked by
MISR (TBR-1).

3.7.L2 ASTER-TIR

TIR uses an 8–point mounting scheme. For the purposes of roll and pitch adjustment the 3 kinematic
mounts used to define the XY-plane are (TBD-2) with the remaining 5 kinematic mounts being
shimmed to remove any gap and eliminate chatter without inducing undue stresses in the instrument.
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The IAC is located on the +Zsurface near the baffle. It will be visible ftom +X,-Y and+Zdirections.

3.7.L3 ASTER-VSR

VSR is a multi-point plate mounted instrument. The VSR IMP XY-plane will be defined by the
3-axis, 2-axis and the +X, -Y l-axis kinematic mount. The remaining three l-axis mounts will be
shimmed to remove any gap and eliminate chatter without inducing undue stress in the IMP.

The VSR IAC is located on the -X end of the +2 surface. The IAC will be visible from the +Y and
+Z. The= faces ~ not visible due to blockage from MOPI’IT on the -X side and from VSR itself
and TIR horn the +X side.

3.7.1.4 CERES

CERES is a multi-point plate mounted instrument. The CERES IMP XY-plane will be defined by
the 3-axis, 2–axis and the –X, +Y l-axis kinematic mount. The mnaining three l-axis mounts will
be shimmed to remove any gap and eliminate chatter without inducing undue stress in the IMP.

The IAC is located in the-X+2 quadrant of the -Y face of each CERES instrument and is visible
fkom E& -Y and +2 directions.

307.1.5 MISR

MISR uses a 4 point mounting scheme. For the purposes of roll and pitch adjustrnenb the XY-plane
is defined by the 3-axis, 2-axis and the-X +Y l-axis kinematic mount (mount opposite the 3-axis
mount). The remaining l-axis mount will be shimmed to remove any gap and eliminate chatter
without inducing undue stresses in the instrument.

The IAC is located on the baseplate near the 3-axis mount. It will be visible from -Y and +21
Visibility from +X may not possible due to blockage tiom TIR and self-blockage will prevent
visibility from -X.

3:7.1.6 MODIS

MODIS uses a 3 point mounting scheme which uniquely defines the XY-plane for the purposes of
roll and pitch adjustment.

The IAC is located on the –Y face above (+Z) the 3–axis mount (TBR-2). The cube is visible from
+X, –Y and +2 directions.

3.7.1.7 MOPI’TT

MOPITT uses a 3 point mounting scheme which uniquely defines the XY-plane for the purposes
of roll and pitch adjustment.

The IAC is located on the +Y half of the -X edge of the baseplate. The +Y and +2 faces of the cube
will be visible. The M faces will not be visible due to blockage from the hexbay (bay 1) in the -X
direction and the MOPITT’instrument itself from the +X direction.
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3.792 GN8zC Components

3.702.1 Fme Sun Sensor (FSS)

The FSS Head will be mounted to a bracket located on the external-Y face of the Power EM in the
-X, -Z comer.

The alignment details for the FSS Head are (TBD-3).

“3.72.2 Earth Sensors

The 2 Earth Sensors Scanners will be mounted on a bracket which is located on the aft (CERES)
IMP using positional tolemncing. The optical flats on the Earth Sensors Scanners will be used to
obtain pointing lmowledge information.

3.7.2.3 Solid State Star Trackers (SSSTs)

The SSST bracket which supports both SSS’lk will be located on the NBP using positional
tolerancing. The optical cubes will be used to obtain pointing knowledge information. The cubes
will be aligned such that one surface will be parallel to the lens surface.

The pointing knowledge of the SS!YDrelative to the NBC will be obtained during the GN&C Sensor
EM alignment program. At the spacecraft level, the SSST cubes will be visible with the GN&C
Sensor EM shell on and with the SSST light shades removed. This will allow the the cubes to be seen
through the EM shell light shade cut+ux however, only the surface parallel to the lens will be
visible. From each cube, pitch and yaw (about the SSST axes) infcmnation can be obtained Roll
(about the SSST axes) information can be extracted flom the combination of the two cubes. No
shimming is planned at the bracket to NBP interface.

3.7.2.4 Inertial Reference Unit (IRU)

The IRU will be located on the NBP using positional tolerancing. The optical cube will be used to
obtain pointing knowledge information. The pointing knowledge of the IRU relative to the NBC will
be obtained during the GN&C Sensor EM alignment pmgmm. At the spacecraft level, 2 surfaces
of this cube will be visible through cut-outs in the GN&C Sensor EM shell.

3.7.3 Communication Components

3.7.3.1 High Gain Antenna (HGA)

The HGA hinge will be located using positional tolemncing. An optical cube located on the boom
at or near the boom to gimbal interface will be used to obtain pointing knowledge information of
the interface in the deployed position.

The HGA subcontractor, SPAR, is responsible for the alignment of the HGA boresight to the gimbal
interface.
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3.7.4 PropuKon Components

3.7.4.1 Rocket Engine Assembly (R.EA)

TheREAs will be locatedon the propulsion module base panel and each engine will be located using
positional tolerancing. The optical cubes will be used to obtain pointing knowledge infonnat.ion.
Shimming of the REA is not anticipated.
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4 ALIGNMENT VERIFICATION

The EOS-AM Spacecraft end-to+md alignment program is implemented during a period which
begins during the manufacturing and assembly of the primary structure, and ends with the final
alignment check of the instrument assemblies on the Spacecraft bus after environmental testing.

4.1 Manufacturing Stage

The manufacture of the EOS-AM Spacecraft stmcture and associated assembly fmtures reflects the
critical alignment requirements of the EOS–AM Spacecraft instruments. The structure materials are
selected to mhimize on-orbit thermal distortion, and the assembly fmtures will be manufactured
to tolemnces which assure that the NBP and critical pointing components can be integrated with
precision.

4.2 Alignment Test Program

The overall objective of the alignment test progpn is to qualify the Protoflight canier structure.
The specflc objectives of the alignment test program which contribute to the EOS-AM Spacecraft
end-t=nd alignment am:

a. Demonstrate the alignment procedures, equipment, and facilities.

b. Provide the necessary data needed to verify the following elements critical to validate
the alignment method

1. O-G alignment characterization of the spacecraft structure and interfaces

2. Componentplacemen~ i.e., 1-G effects.

3. Removal and re–installation of major componentshstruments.

4. Shifts due to the launch environment induced hysteresis.

5. Shifts due to fmturing and handling.

4.2.1 Alignment Measurements and Environmental Tests

As shown in Figure 5, the post-assembly portion of the alignment testis a sequential set of activities
which combine alignment measurements and environmental tests.

The objective is to obtain data for use in understanding and evaluating the effect of simulated
environmental conditions on the various instrument alignments and to determine if the measurable
elements of the pointing budgets are appropriate. The elements of the alignment test program
discussed below follow the order of the alignment test activities shown in Figure 5.

a. Pre-alignment test activities

1. Check-out of the assembly and test area facilities, and the test equipment.
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2.

3.

Measmment of all alignment cubes relative to the MRC, with all mass
simulators mounti in the various test conf@rations to characteti gravity and
fixture effects.

Investigate the alignment shift induced by demate and remate of the mass
simulators. During this activity an appropriate number of installations of various
mass simulators will be conducted to obtain a statistically signiilcant result.

b. P#Post Environmental Alignment Test

Measure the magnitude of the alignment shifts induced by transpotig the Spat*
between test areas and by the test environments. The Spacecraft will be maintained at
a fixed orientation in the test f-, and all cubes will be measured relative to the MRC
for comparison with the pre-acoustic baseline.

c. Spacecraft Modal Survey

Determine the structural medes, damping andnatura.1frequencies of the carrier structure.
These data will be used to validate the FEM of the carrier.

d. Spacecraft Static Load Test

Verify the design strength, and stiffness and obtain hysteresis data of potential alignment
shifts induced by the launch environment

The installation and alignment of the flight instrument will be relatively straightforwwd based on
a successful alignment test program.

4.3 Verification by Measurement

Items analytically estimated in the budget can be measured to validate models. Once established,
these models carI be used to improve inferred pointing lmowledge.

4.3.1 Remate Errors

The removal of an component or assembly from its kinematic mounts or horn its mounting plate
and subsequent remounting must be accomplished without a realignment procedure. The remating
accuracy and repeatability will be established during the alignment test program by measurement
of the original position relative to its re-mounted position. This will be conducted for kinematic
mount interfaces as well as plate mounted interfaces.

4.4 Verification by Analysis

Several elements of the pointing budget cannot be verilled by measurement during the ground
alignment process due to complexity, cost, or time cons~ints. These elements will be vefil~ by
analysis.

4.4.1 Structural Dynamics

Structural distortions between the NBC and the IAC, due to Spacecraft flexibility in orbit under
various dynamic loadings will be analytically predicted.

DCC082793 B



PN2UOOS660
30August1993

L

The effect of slew motions of the EOS-AM Spacecraft instrument assemblies ancVorpropulsion
module will be verifki by analysis. The torque characteristics of major disturbance sources are
input to a FEM of the Spacecra.fLand the resulting motions are calculated at the IMP locations. This
analysis will be updated as requtid to reflect latest distmbance values.

4.42 Moisture Distortion

Static distortion due to changes fromoutgassing of composite structures, between the NBC and IMP
will be analytically predicted.

A FEM of the structure is used to assess the structural distortion caused by the on-orbit outgassing
of water vapor by the graphite/epoxy structural members. This analysis is based on conservative
assumptions regarding exposure lifetimes, temperature and humidity conditions during exposure,
and the coefllcient of moisture expansion.

4.5 Verification by Analysis and Test Measurement

Verillcation by a combination of analysis and measurement is appropriate for several of the elements
of the pointing budget.

4.5.1 Handling Fiiures and Facility Effects

Errors that occur from moving the Spacecraft from one facility to another and similarly ffom one
handling fmture to another will be characterized.

4.5.2 Launch Shift

The shifting of components
pins, and hysteresis in the
mechanical joints.

during launch is typically due to clearances around bolts, alignment
structure. Hysteresis will occur primarily horn friction effects in

Static load tests will be performed on the mass simulators at the IMP, direct mount instruments, and
NBC node fitting during the alignment program, to verify stiffness and to identify potential
alignment shifts. Acoustic testing, also conducted during the quali.tlcation test program, will be
performed to expose the structures to Protoflight dynamic environments. These data will be used
to assess the magnitude of potential alignment shifts which may occur as a result of the launch
vibration environment. Measurement of alignment shifts before and after these tests will be
compared with budget allocations. The magnitude of alignment shifts resulting horn acoustic tests
will also be compared with hysteresis predictions generated by the FEM of the EOS-AM Spacecraft
structure.

4.5.3 1-G Effects

Analysis and test will be used to determine errors in alignment between the MRC cube and the
component cube from distortion
predicted using a FEM of the

of the structure due to gravity, during assembly. 1-G effects are
EOS-AM Spacecraft structure and then compared with 1-G

29 DCC082793



PN2QO08660
30August1993

c

measurements taken dwing the alignment test program A datum or baseline for the O-G condition
of the primary structure will be established during its build-up in the MAF. Measured values of 1-G
effects will then be used to fme tune the FEM. ‘Ibis process will validate the model predictions of
1-G effects, which can be compared with budget allocations.

4.5.4 Thermal Distortion

Thermal distortions may arise due tcx

a.

b.

c.

d.

e.

Structural asymmetry in the NBP structure. These distortions are dependent on the
temperature gradients and thermal coefficients associated with the structure. These
distortions are dynamic in nature, due to temperature fluctuations in orbit However, a
static portion remains throughout the orbi~

NBP KM distortion

Spacecraft primary structure distortion

IMP thermal distortion.

Instrument KM distortion

A combined thermal math model of the primary structure and IMP structures is used to determine
a set of temperature distributions which bound the anticipated thermal gradients of the system.
These gradients are applied on the Spacecraft FEM. Resulting distortions are then compared with
the budget.

Thermal expansion and contraction testing will be perfomned on sample graphite epoxy tubes to
ve@ their respective coeftlcients of thermal expansion (CTE). These CI’E values will be used in
the Spacecraft FEM to ver@ thermal distortions.

4.5.5 Measurement Accuracy

These errors are from theodolite positioning, equipment, and human interaction. They are verified
by repeatability measurements on the alignment test. Analytically they are modelled using the RSS
accumulation of emors from historical data.

Measurement accuracy can be verified analytically by identifying and properly combining all
sources of measurement error. Measuring the angular rdation of two optical cubes relative to a third
cube on a common fixture will demonstrate that the measurement accuracy is within the analytically
defined window. These ver~lcation measurements will be performed during the Alignment Test
program.

4.5.6 Instrument Alignment Accuracy

Verification of alignment accuracy between the instrument boresight and the IAC and the IAC and
the instrument interface to the Spacecraft is the responsibility of the instrument provider. This
veri.tlcation will be a combination of measurement and analysis.
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4.5.7 On-Orbit Alignment Accuracy

Vetilcation of the alignment calibration accuracy between a celestial target and an instrument
boresight is the qxmsibility of each Instrument Provider participadng in the on-it alignment
calibration program. This vtilcation will be a combination of measurement and analysis.

4.6 End-td2nd Alignment Verification

A fuml step in the alignment program will consist of performing an end-to-end check of the
alignment between alignment cubes and the MRC. This will be performed with the Spacecraft
veloeity axis oriented vertically to reduee the effects of gravity.

4.7 Alignment program Verification

Table I is the alignment program Veri.iication Matrix. This table shows the components and
subsystems that Astro Space will be responsible fortestinghmalyzing along with the alignment error
source associated with them. Indicated in this table also is the method of veritlcation and at what
phase in the program it occurs.
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Table I. Alignment Test Program Verificatio;Matrix

Level Error Source Method I
Test I

Inspection

Analysis

Demonstration

Phase

Mess. /LcCuliiCy T A All

COMPONENT
Kinematic Mounts Repeatability T ETM/QTM

Rernate Accuracy T ETM/QTM

_ Structure Tubes Hydroscopic Dist. A Prelim. Design

Thermal Dist. T A Prelim. Design

SUBSYSTEMS

Primary structure Hysteresis T A Qual (Static Load)
1-G Distortion T A Alignment

Program
Hydroscopic Dist. A Prelim. Design

Attitude Determination Sys- Pedormance A Design
tern

Attitude Control System Performance A
Petiormance

Ephemeris Accuracy A Design

IMP/NBP Thermal Dist. A Design
Hysteresis T A Qual (Sine Vib.)
1-G Distortion T A Qual (Static Load)
Hydroscopic Dist. A Design

SYSTEM

SIc Thermal Dist. A Design
1-G Distortion T A Alignment

Program
Hysteresis T Qua] (Acoustics)
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5 FACILITIES AND EQUIPMENT

The facilities and equipment mquinxl for the Spacecraft assembly, testing, integration, and
alignmentarelocated at the Astro Space in valley Forge (VP), PA, and in East Windsor (EW), NJ.
The Spacecraft primary structure will be assembled at VF, with the alignment test program and
instrument integration and test at EW.

5.1 Facilities

The assembly of the primary structure will occur in a Class 100,000 high bay clean room Final
alignment measurements will be performed in the EW assembly and test facility, which is a class
10,000 laminar flow clean room. This facility is serviced by a 55 foot hook-height bridge-trolley
crane with 2@ and 5-ton hooks on a common trolley. The test ama floor size is 133 x 68 feet and
contains a 70 x 45 foot isolation pad. Temperature and relative humidity wilhin the assembly and
test facility are controlled to within fi°C and *% of their set points, respectively. These facility
specitlcations will allow measurements to accuracies of *1 arc-see (1 sigma) as required to meet
the instrument alignment requirements. In order to maintain the class 10,000 clean room
specillcation, fabrication of the strucm will not be performed in the assembly and test clean room.

5.2 Equipment

The equipment used in the instrument alignment and measurement will consist of the 3-kis
Positioner, a rotarytable, theodolites, reference mirrors,and transfermimersas discussed below.

a.

b.

c.

d.

e.

f.

g.

h.

Sighting theodolites to be usedfordataacquisition. These are Class Instruments having
measurement accuracies of better than 1 arc-see.

One Cubic DT II instrument will have auxiliary laser optics to simplify the optical setup
using transfer mirrors.

Several line-of-sight benchmark instruments, including decal targets, WddGAP 1
porroprism, Brumson or K&E jig transits, typically 3 arc-see resolution.

Rotary table (13 ft di~ with 1 arc-see accuracy) on which the Spacecraft will be
mounted.

Electronic inclinometer.

Overhead transfer mirror assembly.

Lower transfer mirror assembly.

Tooling bars, stands, and elevators, as required.
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6 ACRONYM LIST

ACS

ADs

CDRL

DAF

DTC

EM

EOS-AM

EW

FEM

GIIS

GN&C

GSFC

I&T

IAc

IRu

MAF

MRc

NASA

NBc

NBP

PI

Pm

RSS

SE&I

TBD

TBR

w

Attitude Control System

Attitude Determination System

Contract Data Requirements List

Coefficient of Thermal Expansion

Drill/Alignment Fixture

Drill Template Cube

Equipment Module

Earth Observing System

East Windsor, New Jersey

Finite Element Model

General Instrument Interface SpecKlcation

Guidance, Navigation and Control

Goddard Space Flight Center

Integration and Test

Instrument Alignment Cube

Instrument Mounting Plate

Inertial Reference Unit

Kinematic Mount

Manufacturing Assembly Fixture

Master Reference Cube

National Aeronautics and Space Administration

Navigation Base Cube

Navigation Base Plate

Principal Investigator

Program Information Release

Root-Sum-Squared

System Engineering and Integmtion

To Be Determined

To Be Reviewed

Unique Instrument Interface Document

Valley Forge, Pennsylvania
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1 INTRODUCTION

1.1 Purpose

This design note documents the current Fault Detection Isolation and Recovery (FDIR) baseline for
Spacecraft PDR. Each subsystem’s FDIR features are discussed as well as the future work required
to settle the few remaining implementation issues.

1.2 FDIR Definition

The FDIR system protects the spacecraft bus and instruments in the event of survival– and
time-critical faults that occur in the absence of ground command. To accomplish this, the FDIR
system autonomously switches the spacecraft’s configuration to isolate the faults and to prevent
propagation. It is then up to the ground to determine the root cause of the problem, initiate
appropriate recofilguration and then bring the spacecraft back to science operations.

FDIR does not include autonomous responses merely to exit undesirable, but safe, conditions.

During the determination of which failure modes would require autonomous action, a six hour
autonomy requirement was assumed. This does not mean that the appropriate FDIR action will not
take place for six hours, but rather that the spacecraft would be in jeopardy if no autonomous action
we~-taken and the ground took as long as 6 hours to respond.

1.3 Design Evolution

The EOS–AM FDIR system concept has undergone several iterations. Heritage searches and
“top-down” analyses by Systems Engineering using functional decomposition resulted in the
baseline design presented in the initial release of this document. Subsequently, each subsystem lead
has performed a “bottom-up” analysis considering the “worst-case” failure of each component to
determine which failures require an FDIR response and what that qxmse should be. These
subsystem analyses were presented individually to GSFC subsystem leads and together in an FDIR
system presentation. Many issues have been uncovered and resolved as a result of this close
coordination with our GSFC counterparts. The resolutions as well as future work required are
documented herein.

1.4 Document Organization

The setof FDIR features (the baseline features) required to mpond to all hypothesized anomalies
are documented in this design note. This document is organized by subsystem.

The presentation materials from the June 29, 1993, EOS FDIR system presentation to GSFC is
included herein as an appendix. Please note, as discussed above, the~ were several issues with the
presentation materials which were surfaced and the presentation materials have not been updated.
The presentation materials are included as a dcxumentation of the completeness of the current FDIR
design.
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2 GENERAL DISCUSSION

2.1 FDIR Partitioning

The spacecraft FDIR system is divided functionally into software based algorithms, telemetry
monitor based features, and hardware based features. Features will be hardware based when the
protection they afford is requtid in the absence of the SCC.

2.2 Ground Command Interaction

All software and TMON based FDIR features and commands will be capable of being disabled via
ground command, as per Requirements Document requirement.

Ground command will always be required to bring the spacecraft to a higher level of functionality
(ie. back to science mode from safe mode).

2.3 Instrument Notification

Instruments must be notified of the following events: 1) Imminent transition to Sun oriented safe
mode, 2) Imminent transition to survival mode, and 3) Imminent propulsive maneuver. Note that
the implication here is that safe mode notilcation is not required for Earth oriented safe mode on
wheel control with the SCC operating.

Instruments all receive the “IMOK” from the CITU via the C&T 1553B bus and are responsible for
taking appropriate actions when that “IMOK goes away.

3 COMMAND AND DATA HANDLING SUBSYSTEM

3.1 1553 Bus Controller Error Detection

C&DH FDIR is required to respond to Command and Telemetry 1553B bus failures as well as Low
Rate Science 1553B bus failures. The spacecraft will rely on the 1553B protocol to detect parity
errors, timing errors, and status errors. The autonomous response will be continued retries on the
redundant bus. Continued retries means that each subsequent initial transmission will take place on
the original bus, and only a single my will take place per tm.nsaction.

For those bus failures where the autonomous mries m ineffective on the Command and Telemeuy
1553B bus, one of the messages that will not be transmitted is the “IMOK”, eventually resulting in
spacecraft entry into safe mode.

3.2 “IMOK”

Upon receiving the “SCCOK” message from the SCC, the CTIU genemtes an “IMOK” message for
distribution to the instruments. In addition, the SCC FSWS generates periodic “IMOK” logic pulse
commands to the ACE and the PDU. Them will be hardware-based watchdog timers in both the
ACE and the PDU that will detect the lack of the “IMOK*’pulse. The lack of the pulse maybe the
result of a faih.uc in either a BDU C&T or a l/O Bus interface failure associated with the ACE or
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the PDU. When these timers “time-out” these components will~tonomously enter a pre-defined
safe mode configuration.

3.3 Singlc+bit Error Correctio~ Double-bit Error Detection (SECDED)

Both the SCC and the CTIU processors shall employ SECDED on their memory. Single bit errors
shall be corrected and flagged in telemetry. Double bit errors shall cause a machine emor interrupt
and halt processor operations. The halt in processor operations will cause the “DvlOK” to be
withheld thus putting the spacecraft into safe mode.

Repetitive single bit corrections in the same memory location will be noted in telemetry and will
be a candidate for ground initiated row or column memory sparing.

3*4 Hot Spare Command Path

Both the active and the standby CTIU will always be configured to receive commands, thus allowing
for switching control of commanding and telemetry gathetig via ground command.

3.5 Synchronization Marker Detection

The uplinked &ta validation process uses two “locks” from COMMS (bit lock and RF lock) as well
as the CCSDS synchronization marker. The CTIU will not lock onto a transponder’s data stream
until all three of these “locks” are satisfied. The CTIU always provides housekeeping telemetry
which will indicate lock acquisition. This feature protects against what would be a single point
failure mode of the transponder that would lock both CTIUS to a transponder permanently.

3.6 Backup CTIU Clock Source

Nominally the CTIU gets its time reference from the Master Oscillator (MO) to generate the C&T
bus cycle interrupt and for the transponder telemetry stream. The CTIU checks for loss of the MO
input frequency. The loss is detected by waiting for 8.5 msec for the 8 msec interrupt generated by
the TM&F circuitry. If a timing error is detected, the CTIU switches to its internal 4 megahen.z
frequency source to maintain command and telemetry communications on board the spacecraft and
telemetry generation to the ground. The Time Mark and Frequency bus shall continue to operate.

3.7 Autonomous Switch of BDU Sides

Only one case has been identi.iled where an autonomous BDU switch is required. When a loss of
Array Drive Electronics (ADE) telemetry is detected, the SCC commands a change of BDU sides
via CTIU relay drive commands and subsequently attempts to communicate with the ADE. If this
is not successful, the BDU will be switched back to its original side and the test will be disabled.

4 FLIGHT SOFIWARE SYSTEM

4.1 EDAC

This feature is essentially the same as the C&DH SECDED feature in which all single bit emors are
corrected and all double bit errors are detected.
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Repetitive single bit comections in the same memory location will ~-noted in telemetry and will
be a candidate for ground initiated row or column memory sparing.

There is also a requirement to “scrub’’-all memo]y locations, nominally every 24 hours. A “scrub”
consists of reading every memory lcxation and re–writing it to itself to eliminate single bit errors
due to SEUS and prevent them from becoming double bit errors.

4.2 Task Completion Test

The SCC OS/Executive will check that every task has completed its last cycle before scheduling the
task for its cummt or next cycle. A failure of this test indicates a possible logic or hardware problem
exists. The software task ID and the time of detection shall be logged and indicated in telemetry,
and processing shall be halted thus putting the spacecraft into Earth oriented safe mode.

4.3 Major/Minor Cycle Count Synchronization

The SCC OS/Executive will monitor the synch with data word message on the 1553B interface and
compare the major and minor cycle count information in the data word to make sure that it matches
the SCC’S internally generated major and minor cycle count. A failure of this test would likely be
caused by an SCC hardware anomaly. Both major and minor cycle counts will be logged and
processing shall be halted thus putting the spacecraft into Earth oriented safe mode.

4.4 Command Path Check

The SCC shall periodically (once per second) issue a command to itself. This test will detect a loss
of SCC synch with the CTIU, an SCC serial output failure, a CHU bus controller failure, or an SCC
1553B remote terminal failure. The major and minor cycle count will be logged and processing shall
bc halted thus putting the spacecraft into Earth oriented safe mode.

4.5 Telemetry Monitor Service

A table driven telemehy monitor function shall exist in the SCC. The ground will control the
functionality of the TMON by uplinking the TMON table. Simple boolean logic will be performed
on either raw telemetry or processed data. Commands, or command sequences can be issued based
on the results of the boolean calculations.

Tests will be grouped such that individual tests or logical groups of tests can be bypassed.
Alternately, the tests can be run, with individual commands or groups of commands inhibited.

5 GUIDANCE NAVIGATION AND CONTROL SUBSYSTEM

The Guidance Navigation and Control Subsystem (GN&CS) FDIR description is divided into
sections by mode. Because of the different set of sensors and effecters used for each mode the FDIR
system is necessarily different enough to warrant separate discussions.

Much of the GN&CS FDIR system comes from LandSat / UARS heritage. EOS specfilc simulations
are required prior to GN&CS subsystem CDR to determine the applicability of the tests and
subsequent actions recommended.
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4

A significant difference between the current EOS FDR--implementation and previous
implementations is that when the EOS GN&CS FDIR algorithm declares an attitude error and puts
the ACE into safe mode, neither the PDU nor the instruments are required to be notifkd. In other
words, only the ACE will be in safe mode.

5.1 Acquisition Mode

The acquisition mode begins with the start of rate nulling after separation from the launch vehicle.
The acquisition mode ends when the update filter is fully operational (converged) in the stabilized
transfer orbit.

5.1.1 Rate Nulling

First TBD Seconds - The primary attitude sensor during the first few seconds of acquisition mode
is the IRU. During these fmt TBll seconds, a comparison test is performed cmthe output of each
gyro axis. If the difference between the two redundant outputs for each axis exceeds a threshold,
the gyro reporting the lower rate is accepted. Note, the TBD will be resolved prior to GN&CS CDR.

ter First TBD Seconds - Earth Sensor data is used as the primary attitude sensor for the pitch and
roll axes after the fmt TBD seconds of rate nulling have elapsed. The IRU remains the primary
attitude sensor for the yaw axis.

For the pitch and roll axes, ESA1 and E&42 pointing errors are compared against msonableness
thresholds and against each other. In all safe mode entry cases, a check on Gyro A motor current
is performed prior to committing to IRU 1for yaw rate, since Gyro A is used in both IRU1 and IRU2
channel selections. Failure of the motor curmt test results in safe mode entry using IRU1 for roll
and pitch, and IRU2 for yaw. Decisions are made according to the following logic:
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Test

State ESA ESA :nys Description
Safe Mode

Configuration
2 1 ESA1

o In In In Nominal operations None Required

1 In In out Not credible WA

2 In out In Not credible NIA

4 out In In Not credible NIA

None, raise a flag in software. If either

ESA1 is diagnosed as
ESA eventually loses Earth presence sig-

3 In out out ernum
nat (indicating that the failure was actually
a faulty low output of ESA2) switch to
sun oriented safe mode

5 out In out ESA2 is diagnosed as Earth pointing on thrusters, ACE A,
errant. ESA1, IRU1.

Attitude error caused by
6 out out In component other than Earth pointing, ACE A, ESA1, IRU1.

ESA

7 out out out Not ctedible N/A

For the yaw axis, IRU1 and IRU2 rates are compared against reasonableness thresholds and against
each other. When a failure is detected, the IRU reporting the lower rate is accepted, and no mode
change is commanded.

5.1.2 Local Vertical Acquisition, Yaw Gyro Compassing, Stellar Acquisition

Earth Sensor data is used as the primary attitude sensol for the pitch and roll axes. The IRU remains
the prima~ attitude sensor for the yaw axis.

For the pitch and roll axes, if one or both of the ESAS report pointing errors exceeding a threshold,
Eiuth pointing safe mede on wheel control will be commanded.

For the yaw axis, IRU1 and IRU2 rates m compared against reasonableness thresholds and against
each other. When a failure is detected, the IRU reporting the lower rate is accepted, and no mode
change is commanded.

5.1.3 Update Filter

Should either of the Earth Sensors report pointing errors exceeding a threshold or the attitude
determination algorithm reports attitude errors exceeding a threshold, Earth oriented safe mode
entry on wheel control is initiated.

5.2 Orbit Adjust Mode

The orbit adjust mode is entered via ground command whenever a propulsive maneuver is required.
This could be for in-plane drag make-up bums or for out-f-plane orbit inclination cotnctions.
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Orbit adjustments take place with the update falteroperational. ~=ther of the Earth Sensors report
pointing errors exceeding a threshold and the attitude determination algorithm reports attitude errors
exceeding a threshold, or if yaw rate exceeds a tlueshoid, FDIR will command an Eati oriented safe
mode entry on thruster control using the alternate set of propulsion hardware (REAs, PMEA etc.).
Although thrusters are enabled for control purposes, entering Earth oriented safe mode aborts the
maneuver.

53 Science Mode

Science mode is entered via ground command when all subsystems and instruments have been fully
checked out and full resources m declared available to instruments. The update filter is operational
during science mode.

The GN&CS FDIR algorithm looks at the error signal outputs of the two Earth sensors and the
attitude determination algorithm and takes actions depending upon whether thresholds are
exceeded.

This logic will not directly detect component failures, instead the goal is to “safe” the spacecraft in
the face of a sensor failure, effectorfailure, or a failure in the datalcommand transmissiotiprocessi.ng
chain.

Decisions are made according to the following logic:
\
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Test
Safe Mode

We ESA ESA Att. Description
Configuration

2 1 Det.

o In ln In Nominal operations None Required

The attitude determination error is identified as condi-
tionally bad. Conditionally, because both ESA’S sig-
nals are sent via the same B13U which could be bad. Earthpointing,

1 Ill’ In out SwitchBDU sides and re–petform test to verify that ACE A, ESA1,
BDU is not cause of condition. If state remains the IRU1.
sameafter switchingBDU sides, switch back to pri-
mary BDU side and enter safe mode.

2 h ~out In
Flag Earth Sensor 1 failure, continue scienoe mode N/A
using good Earth sensor.

4’ out ! In In Flag Earth Sensor 2 failure, continue science mode N,A
using good Earth sensor.

Earth pointing,

Attitude error is assumed. ESA2 is diagnosed as er-
ACE A, ESA1,

3 In out out IRU1. Perform
rant. passive wheel

test.

Earth pointing,

Attitude error is assumed. ESA1 is diagnosed as er-
ACE A, ESA2,

5 out In out IRU1. Perform
rant. passive wheel

test.

The attitude determination error is identified as condi-
tionally bad. Conditionally, because both EM% sig- Earth pointing,
nals are sent via the same BDU which could be bad. ACE A, ESA1,

6 out out In Switch BDU sides and re-perform test to verify that IRU1. Perform
BDU is not cause of condition. If state twnains the passive wheel
same after switching BDU sides, switch back to pn- test.
mary BDU side and enter safe mode.

Earth pointing.
ACE A, ESA1 ,

7 out out out Attitude error is assumed. IRU1. Perform
passive wheel
test”

Notes – ACE is to be conilgured for wheel control for all of these safe mode entries.
– Passive wheel test monitors response of wheels to routine torque commands.

Non-nominal response for any wheel causes m-configuration to control via the
other three wheels and no additional commands to be sent to the failed wheel.
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5.4 Safe Mode

GN&C FIXR algorithm is disabled during safe mcde operations. There is however a Reaction
Wheel Assembly (RWA) speed TMON enabled during safe mode. Should this telemet~ monitor
detect excessive wheel speeds, a switch to thruster control will be commanded.

5.5 Mode Independent GN&CS Features

5.5.1 Solar Array Rotation Feature

The difference between the commanded position of the solar amay and the actual position will be
compared against a threshold. Lfthe threshold is exceeded, block switch sides of the COMS/C&DH
EM BJ3U, the Solar Array Drive (SAD), and the Array Drive Electronics (ADE).

5.52 High Gain Antenna (HGA) Motion Feature

The difference between obsewed gimbal angle changes and commanded gimbal angle changes are
compared to a threshold. If the threshold is exceeded, terminate HGA motion commands, and place
flag in telemetry.

HGA management software must verify that transmitters are either off, or are not routed through
the HGA before commanding HGA entry into the “Don’t Radiate Zone”

HGA gimbal required to tolerate a hard stop. There is no.requirement for the antenna reflector to
be strong enough to drive into an obstacle and stall motor without darnage to the reflector.

5.53 Navigation Algorithm Failures

A “bad” position or velocity estimate will be detected by comparing the difference between the new
estimates and the EOS orbit elements with a threshold or by the necessity to significantly edit
Doppler during a Doppler pass. If the threshold is exceeded or excessive Doppler editing is noted,
the existing EOS orbit elements will be maintained.

A “bad” oscillator f~quency estimate will be detected by 1) comparing the difference between the
estimate and the backup value with a threshold or by 2) comparing the difference between the new
position and velocity estimates and the EOS orbit elements with a threshold or by 3) the necessity
to signitlcantly edit Doppler during a Doppler pass. If any of these tests fail, the navigation
algorithm will transition to the backup frequency value and the existing EOS orbit elements.

“Bad” data loads will be protected against by 1) comparing the difference between the new orbit
elements and the old orbit elements to a thnxhold, and 2) comparing the difference between the new
TDRS state vector and the old TDRS state vector with a threshold. If either of these thresholds are
exceedea the old orbit elements will be maintained.

5.s.4 ACE Watchdog Timer

There will be a hardware based watchdog timer in the ACE that will monitor the “IMOK message.
When the “IMOK” is not received for three consecutive seconds, the ACE will enter Earth oriented
safe mode and assume spacecraft attitude control.
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5.6 Unanswered GN&CS FDIR Questions

Previous discussions of GN&CS FDIR have uncovered several unresolved issues. These issues
must be resolved by the GN&CS CDR so that potential FDIR design changes can be incorporated.

Redundant Comoonent Tests - The baseline FDIR approach is not to have any explicit checks on
the health of any of the “non-primary” components. The question has been asked, “wouldn’t it be
better to know about the health of your back-up components?” Although the preferred answer is
yes, it has not been determined just how this new information can be dovetailed into the current FDIR

logic.

.~ls - Would we do anything different if we thought that electrical failures of the IRU were
more likely than mechanical failures of the IRU?

Catalvst Bed Heate rs - Do we turn on all attitude control Rocket Engine Assembly’s (REA) catalyst
bed heaters every time we use thrusters, such that if safe mode is entered, the alternate set of REAs
will not be subjected to cold start when called upon.

DAS Panel BDU –The Direct Access System @AS) panel has a Bus Data Unit (BDU) that supports
the Earth Sensor Assemblies (ES%). A failure of this BDU would appear to the GN&C FDIR
algorithm as though both ESAS lost the Earth. In this case, a command to swap sides of the BDU
is issued, and the Earlh returns. Is there any reason to enter safe mode at this point? Should FDIR
be disabled at this point?

IRU Fails Low (’RateNulling First TBD SecondS)- Simulate this failure to verify that thk faihue
would not endanger the spacecraft. Cumently, when the IRUS disagree dufig rate nulling, the
system selects the IRU which announces the lower rate. In the case in which rates am actually low
this is not a problem. However if the spacecraft actually has significant rates, the system will select
the failed IRU. When the ESAS are looked at (TBD seconds later) a pointing error will be noted.
The question is, will simulations of EOS show that this would be soon enough to avoid losing the
Earth and going to Sun oriented safe mode?

An In~t - Subsequent to a failure during acquisition, at least in some cases the
response is to go to safe mode. Is it possible to continue with appendage deployment as scheduled,
assuming of course that the failure does not affect the deployment command path?

6 PROPULSION SUBSYSTEM

6.1 Thrust Imbalance

A thrust imbalance (unintended thruster operation or thruster comma.nded on but unable to perform)
will be detected indirectly by the GN&CS FDIR algorithm. An attitude error is reported, the
maneuver is aborted and safe mode is entered under thruster based attitude control using the backup
PMEA and REi%.

6.2 Pressure Transducer Telemetry

A potential for an FDIR feature has been identiiled to reduce the risk of propellant leakage from
failed engine welds and faulty valve seats. The feature would involve monitoring pressure telemetry
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and activating half system latching valves in response to a pressu-=drop. The alternative would be
to maintain these latch valves in a closed position. Futther study is nquired in this ma prior to
propulsion subsystem CDR. -

7 THERMAL SUBSYSTEM

Passive thermal control elements and equipment module heat pipes have no critical FDIR
requirements. Failures of these components is tolerated due to active redundancy or sufficient
margin in the design.

7.1 Heater Stuck Off

r-IcE-3 and HCE–5 – Failure is detected by monitoring component temperature telemetry as it falls
below allowable alarm limits. First a validity check will be performed on the telemetry against its
expected range. If the temperature telemetry is deemed valid, and too low, the HCE status is
checked. If the primary HCE is enabled, then the primary is disabled and the backup is enabled.
If the primary HCE is disabled, then the primary will be enabled. HCE–5 has under–temperatutr.
thermostats to protect against an HCE-5 failure in the absence of the SCC.

HCE–2 and HCE-4- Both the primary and the backup HCES will be enabled with staggered
setpoints to ensure that the backup only comes on when the primary fails.

7.2 Heater Stuck On

H~ - Failure is detected by monitoring component temperature telemetry
as it rises above allowable alarm limits. First a validity check will be performed on the telemetry
against its expected range. If the temperature telemetry is deemed valid, and too high, the HCE status
is checked. If the primary HCE is enabled, then the primary is disabled and the backup is enabled.
If the primary HCE is disabled, then other potential failure paths need to be investigated by ground
operators.

HCE–3 and HCE-5 – These controllers will have over temperature cutoff to protect the associated
controlled components. It would be impossible to use this cutoff feature to protect against exceeding
design allowable due to the affected component’s tight operating temperature range.

HCE–2 – No critically affected heatem.

7.3 CPHTS Leak

There will be a pressure switch monitoring each CPHTS. There will also be temperature telemetry
available both from the instrument artd from the CPHTS itself. A leak of the primary CPHTS is
determined to have occurred when both the CPFITS pressure switch indicates low pressure and the
instrument temperature exceeds design allowable. If both of these conditions exist, the affected
instrument will be commanded to a low power mode and its survival heaters will be enabled. The
ground will then be responsible for initiating operation of the appropriate backup CPHTS.

7.4 HGA Thermal TMON

The SCC based TMON will be progmmmed to monitor for out-of-limit temperature of the azimuth
and elevation gimbals of the HGA. When out~f-limit conditions are detected, drive commands
to the HGA gimbals will cease.
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8 ELECTRICAL POWER SUBSYSTEM

8.1 Battery Depth of Charge Monitor .
The batterydepth of discharge will be comparedto a threshold. If this threshold is exceeded, the
spacecraft will enter survival mode including an autonomous shedding of all non-essential load and
the enabling of survival heaters.

8.2 Battery Open Cell Protection

An open batterycell will cause the Thermally Actuated Bypass Switch (TABS) to activate and thus
shunt current around the open cell.

The battery is sized such that the loss of voltage associated with what ends up to be a shorted cell
is tolerable.

8.3 Vfl Sensor Fault

Hardware voting logic in the PDU mode controller will sense a V/T sensor out-of-limit condition
in one out of the three V/T sensors per batte~. The V/T sensor determined to be out-of-limits will
not be used in determining the proper V/T curve to use.

8.4 BPC Charnel Faults

Each BPC channel has fuses.on the battery and the bus side to protect against short circuits.

Hardware circuitry detects over current, over temperature and over voltage conditions for each BPC
channel. If an out-of-limit condition is detected, the affected channel is taken offline. A hardware
interlock will be provided such that only one channel in each of the BPCS can be taken offline.

8.5 PDU Command Decoder Fault

Hardware circuihy detects that the decoder fails to respond to the commanded battery charge rate
or V/T levels. Upon detection, the resultant charge rate will not be lower than the commanded rate
nor will it be higher than 23 Am~res and the resultant V/T curve will follow the V/T curve for the
maximum batte~ voltage of 90 volts (essentially no V/T limiting).

8.6 PDU Mode Controller Fault

There will be hardware voting logic in the PDU mode controller to “vote out” a “bad” control signal.

8.7 PDU EPC Over Voltage Fault

Hardwm over voltage protection circuitry trips if the EPC output voltage exceeds a threshold.
When this happens the failed EPC is taken off line and the backup EPC powers the PDU bias
circuitry.

&8 PDU Watchdog Timer

There will be a hardware based watchdog timer in the PDU that will monitor the “IMOK. When
the “IMOK” is not received for 3.25 seconds and the “safe mode enable” is active, or the “safe mode

12
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on” command is set, then the PDU will enter safe mode and enter a default “safe” charge rate and
V/T curve (11.8A, V/T #4).

Once the PDU command decoderis taken out of safe mode by ground command, the computer status
monitor enable pulse must be sent once again from the BDU to the PDU command decoder to
re-enable the PDU command decoder safe mode circuitry, thus restarting the monitoring of the
“IMOK” pulse train.

The PDU will not receive a go to safe mode command when the spacecraft enters safe mode due to
an attitude anomaly.

8.9 Battery Current Telemetry Amplifier Fault

Software voting logic in the SCC selects which cument telemetg to use.

6.10 PDU Capacitor Bank Fault

Each pair of capacitors will be fused separately. The main power bus is protected from shorted
capacitcws as fuses are cleared. Three pairs of capacitom are redundant.

8.11 SSU EPC Over Voltage Fault

Hardware over voltage protection circuitry trips if the EPC output voltage exceeds a threshold.
When this happens, the failed EPC is taken offline and the backup EPC in hot stand-by powers the
critical SSU circuitry.

8.12 SSU Shunt Controller Fault

Hardware voting logic in the SSU shunt controller is used to “vote out” a “bad” control signal.

8.13 Solar Array Circuit Failed Open

Open circuit causes the loss of that circuit. This will reduce the solar array output by l/24th. There
is suftlcient array margin to complete the mission despite this reduction in array output due to
additional circuits included in the array design.

8.14 Solar Array Circuit Failed Short

Shorted circuit causes the loss of that circuit. This will reduce the array output by l/24th. The EPS
bus is protected from the effects of this failure by a series blocking diode in the SSU and by a fuse
in the PDU. There is sufficient array margin to complete the mission despite this reduction in array
output due to additional circuits included in the array design.

9 COMMUNICATIONS SUBSYSTEM

9.1 S-Band Communications

There m no specitlc FDIR features in the S-Band system, however the following design features
allow for sign~lcant failure tolerance: 1) The command interface from each transponder will be

13
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cross strapped to the CTIUS. 2) Received commands will be available to both transponder from
all antennas with no switching required. The HGA LHCP and RHCP, Nadir and Zenith omni feeds
are combined with a hybrid and a coupler. 3) One transponder will be cordlgured to receive high rate
commands and the other to receive low rate commands in support of the omni link to protect against
HGA mis-pointing. 4) Each transponder has an internal TCXO as a backup to the master oscillator
to maintain nominal receiver frequency to within 25kHz. 5) S-Band transponders cannot be
commanded off.

9.2 DAS Communications

There are no DAS FDLR features.

9.3 KSA Communications

9.3.1 HGA Software Stops

There will be HGA software motions stops to preclude hardware damage. These stops are
independent of the GN&CS antenna commanding software.

9.3.2 GN&CS HGA Management Support

The HGA is required to provide telemetry to support the GN&CS HGA management software.
Gimbal encoder data and RF drive status are required to support the RF stay-ut zone feature.

9.3.3 HGA Thermal TMON

The HGA is required to provide gimbal temperature telemetry to support the HGA thermal TMON
[o protect the azimuth and elevation gimbals against damage due to overheating.

9.4 Unanswered COMMS FDIR Questions

Previous discussions of COMS FDIR have uncovered an unresolved issue. This must be resolved
by the COMS CDR so that potential FDIR design changes can be incorporated.

~e- The RF stay-out zone for EOS includes a large zone for the Solar Array. What
sort of darnage to the Solar Array could be caused by imadiation with K-Band transmissions at the
power level produced by the EOS HGA?

14
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Overview MARTIN MARIETTA ASTRO SPACE

. FDIR Purpose

- Protects Bus and Instruments in Absence of Ground Control

- Achieves Protection by Autonomously Switching Hardware and Software

. Challenges

- Determining Which Failures Require Autonomous Action

- Establishing Sensing and Switching Methodology for Those Failures

. Philosophy

- Respond Autonomously to Prevent Permanent Damage

- Do Not Respond Autonomously Merely to Exit Undesirable, But Safe,
Modes r

- Keep Design Simple and Based on Heritage Where Possible

- Add New Features Where Necessary Specifically for EOS-AM

- Design Assumes Six-Hour Autonomy Requirement (Same as UARS)



EOS FDIR Design Evolution

8 FDIR Study (January 27, 1992)

- Used UARS/Landsat Design as Starting Point

- Examined DMSP/TIROS FDIR Design for Applicable Features

- Analyzed EOS-AM to Determine Whether it Required New FDIR Features

- Recommended a Baseline and Showed System Level Options

. FDIR Baseline Design Note (May 13, 1992)

- Issued After Multiple Meetings with GSFC to Discuss System Level Options

- Documented System Level FDIR Baseline to Support System and
Subsystem PDRs f

● FDIR Update (April 9, 1993)

- Analyzes Faults at Box-Level for Each Subsystem’s PDR Design

- Identifies Time- and Mission4ritical Faults by Assessing Effect without
FDIR Failure Mitigation Feature

- Discusses FDIR System Response for Each Critical Fault

- Goal is to Achieve Subsystem–Level Agreements So That FDIR Design Can
Proceed to CDR-Level Detail

4



EOS FDIR Design Evolution (Continued) ~
.

MARTINMARIEITA ASTRO SPACE

. Subsystem Meetings - Each Astro Space Subsystem Engineer Responsible
for FDIR has Discussed Subsystem FDIR Design in Detail with Counterpart

- Detailed Review of Each Subsystem’s FDIR Design by GSFC Personnel

- Agreements Have Been Reached on Most Issues Discussed

. Todays Presentation / Discussion

- Attain Enough Information on Unresolved Issues to Reach Agreement by
Spacecraft PDR

r
Spacecraft PDR

- Agreements on All FDIR Design Features to be Included

Spacecraft CDR

- Detailed Design of All FDIR Design Features



FDIR System Architecture MARTIN MARIEllA ASTRO SPACE

. Telemetry Monitor

- Performs Simple, Table-Driven FDIR Functions

- Accesses Table-Definable Telemetry Points

- Checks Telemetry Points Against Thresholds / Takes Table-Definable
Actions

- Ground Modifications Do Not Require Re-acceptance of Flight Software

Software Algorithms

- Perform More Complex FDIR Functions

Hardware

- Performs FDIR Functions Requiring Fast Response

- Performs FDIR Functions That Must be Independent of Software

Y

Same Architecture and UARS
and Landsat

1
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Analysis Approach MARTINMARIEITA ASTRO SPACE

. Component-Level Criticalityy Assessment

- Table Showing Fault, Effect Without FDIR, and Time Criticality of Effect

- “High” Criticality Fault Could Jeopardize Mission Within 1 Second, Remedy
is usually a Hardware Implementation

- “Medium” Criticality Fault Could Jeopardize the Mission Within 6 Hours,
Remedy could be Hardware or Software

- “Low” &iticaIity Means Fault Will Not Jeopardize Mission if Not Remedied

Within 6 Hours, Requires No Autonomous Response

. Description of FDIR Response for Each “High” and “Medium” Criticality Fault ~

- Method of Detection

- Autonomous Response

- Heritage
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C&DHS Functional Block Diagram
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C&DHS Functional Faults

Function Criticality’Item Failure Effect Comments

15536
Bus

m
Bus

m

Electricaltransmission

ElectricalTransmission

Command and Telem&
try Bus Control

Stloti

Short

Lossof spacecraft com-
mandingand tlm

Requires FDIR response

Switch driver to backup
bus

Requires FDIR response

Low

Med

Lossof precise time ser-
vice

Loss Of

output
Lossof spacecraft com-
mandingand tlm

Ground commanded
switchof standby CTIU
to active

Ground command switch
CTIUS

Disable active CTIU
from other CTIU

Requires FDIR response

LRS Loss of
output

Lossof housekeeping in
sciencedata stream

TM&F BUS Loss of
output

Lossof precise time ser-
vice

ReceiverTransponder Input Low Lossof ground com-
mandingto CTIUS

Both CTIUS locked to a
singletransponderinput

failure

Stuck MedTransponder Input
control
line

Driver fail-
ure

Ground commanded dis-
able of the active CTIU
and switch of standby
CTIU to active

Requires FDIR response

TransponderOutput Low Loss of spacecraft te-
lemetry data

MO Fre-
quency

MedClock Generator Input Lossof- time ser-
vice, +c./r ~ & L&

mr–2



C&DHS Functional Faults MARTIN MARIEITA ASTRO SPACE

Item Function Failure Criticality Effect Comments

Scc Serial Input Receiver Med SCC Control lost Requires FDIR response

Serial Output Driver Med SCC Control lost Requires FDIR response

C&T interface 1/0 Low SCC cmd/tlm lost Ground commanded
switch of controllingSCC

Processor Memory Bits Med SCC Comrol Lost Requires FDIR response

BDU C&T interface 1/0 Med Possible loss of space- Requires FDIR response
craft control/telemetry

BDU 1/0 1/0 Med Possible loss of space- Requires FDIR response
craft control/telemetry

SFE Anything 1/0 Low Loss of some or all sci- Ground commanded
ence data switch SFE internal re-

dundancy

SSR Anything 1/0 Low Loss of some or all Sci- Ground commanded
ence data switch of DCUS or

memory allocations in 1

DMUS



Critical Faults Requiring FDIR Response ~MARTIN MARIE’ITA ASTRO SPACE

. Single MlL-STD-l 553B bus failure

. CTIU Command and Telemetry (C&T) Bus control failure

. CTIU Transponder’s input has stuck control line(s) for bit and/or RF lock
signals

. CTIU clock generator

. SCC bit errors in memory

. SCC serial input

. SCC serial output

. BDU C&T bus interface failure

. BDU Input and output function failure

mr–4



Single MIL4TD-1553B Bus Failure MARTIN MARIEITA ASTRO SPACE

Feature: Hardware retry by the Bus Controller on the redundant bus

- Autonomous function of protocol device

Detection: Bus controller detects errors of bus operation

- Parity errors, timing, protocol, status bits

Response: Continued retries on redundant bus

- Initiaiiy set for ret~ on opposite bus which maintains spacecraft operations using SCC and fuii
housekeeping teiemetry

- Ground can configure bus controller for retty on same bus for noise errors

Heritage: New, but standard for 1553 bus

mr



Critical Fault Responses
SCC Serial llQFailure MARTIN MARIE17A ASTRO SPACE

●

●

●

●

FDIR Feature: SCC S/W generates “SCC-OK”; CTIU firmware monitors
SCC-OK and generates “IMOK” status based on valid receipt

Detection: CTIU detects loss of “SCC-OK” from SCC

- Time-out function after 2.048 seconds - jto? ~ ();,4+$W, (WJ4 l~ti ~wlfl’~?

Response: CTIU firmware witholds “lMOK’sfrom distribution on C&T bus’

- CTIU autonomously withhoids “IMOK”

- Users of the IMOK message autonomously reconfigure, e.g., ACE assumes attitude controi

Heritaae: UARS

mr–6



Critical Fault Responses
Memory Hard failure MARTIN MARIE’ITA ASTRO SPACE

●

●

●

●

FDIR Feature: SECDED - single error correction, double error detection on
memory

Detection: Single bit or double bit errors

- Function provided in hardware

Response: Single bits corrected, double bit errors cause machine error
interrupt and a halt

- Users of the IMOK message autonomously reconfigure, e.g., ACE assumes attitude control

Heritage: UARS

mr



Critical Fault Responses
CTIU C&T Bus Control Failure MART!N MARIEITA ASTRO SPACE

●

●

●

●

●

FDIR Feature: CTIU generates “IMOK” status

Detection: Lack of IMOK status

Response: Users reconfigure for Safe-Mode autonomously based on
hardware or firmware implemented watchdog timers

Heritage: UARS

CTIU failure will result in Safe Mode entry

- Temporaty loss of spacecraft commanding and telemetry gathering through the C&DHS

- CTIU still generates telemetry stream

- Each CTIU is always capable of receiving commands allowing for switching control of

commanding and telemetry gathering by ground command

mr-8



Critical Fault Responses
CTIU Transponder Control Line MARTIN MARIETTA ASTRO SPACE

FDIR Feature: CTIU firmware checks for CCSDS synchronization marker both
interfaces after bit and RF lock detected

Detection: Synchronization marker detection, bit and RF lock

- Precludes invalid lock due to stuck iogic ievel or data iines out of the transponder

Response: Check both transponders’ input for bit and RF lock and wait for
synchronization marker to lock on an interface

- System wiii oniy check aiternate interface in the event of ioss of either bit or RF iock

Heritage: New

r

mr



Critical Fault Responses
CTIU Clock Generator Input MARTIN MARIEllA ASTRO SPACE

●

●

●

●

FDIR Feature: Second clock source ,* CWF .$@’
Detection: MO frequency too high or low ~.5 milliseconds)

- Checking for significant errors k@~
*

Response: Switch to internal frequency sour~e to maintain command and
telemetry communications between the ground and t~ spacecraft ‘

- MO frequency used for generation for C&T bus cycle interrupt and ~ transponder telemetry

stream

- TM&F bus continues to operate

Heritage: New

,“

mr-10



Critical Fault Responses
BDU C&T or 1/0 Bus InterFace MARTIN MARIEllA ASTRO SPACE

FDIR Feature #1: “IMOK” status

Detection: Loss of IMOK by the ACE or Power Distribution Unit

- Only components which receive dicrete logic pulses for IMOK

Response: Hardware implemented watchdog timers in the ACE and PDU
detect loss of IMOK

Heritage: UARS

FDIR Feature #2: Autonomous switch of BDU sides

- Only one case identified where this is necessary

Detection: Loss of telemetry from Array Drive Electronics

Response: SCC causes commands to CTIU to change BDU sides

- Subsequent attempts to communicate with the ADE

Heritaae: UARS

mr ,
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Overview MARTIN MARIEITA A!3TR0 SPACE

● Flight Software hosts most of the EOS-AM FDIR System
. Individual Subsystems allocate FDIR functions to be implemented in Flight

Software

Simple functions to be implemented by a generic telemetry monitor (TMON)
service

Complex functions to be implemented with dedicated software algorithms
such as:

— HGA FDIR Algorithm

— GN&C FDIR Algorithm

— Software FDIR Algorithm

. Software FDIR Algorithm performs:

Memory scrub to detect corrupted memory locations

Software task execution check to detect task overruns

Time synchronization check to detect time faults

Command path check to determine SCC capability to command spacecraft

IIWK receipt check
Kr 2



FSW: Faults, Effects, Criticality, & Respons~
.
ARTIN MARIEITA ASTRO SPACE

Failure Detection Effect Criticality Response
Method

Memory Single Bit Memory Scrub No effect on Increment counter,
Error software

LJ
log event,

Q continue execution, f

Memory Double Bit Memory Scrub Software may Medium Increment counter,
Error execute log event,

erroneously And Idle software
execution

Task Task Completion Task functionality Medium Withhold SCCOK
Overrun/Overrun Check not completed on message and idle

time. software execution

Software not in Sync with data SCC Flight Software Medium Withhold SCCOK
Sync with word comparison Time not in Sync message and idle ~
Spacecraft Time and time with the CTIU. software execution

comparison check

No receipt of SCC SCC command path SCC can not Medium Withhold SCCOK
command data check command message and
transfer spacecraft continue execution

No receipt of IMOK Software check SCC can not Medium Withhold SCCOK
message command/receive message and

data continue execution

KMG -3



Memory Fault MARTIN MARIEl_lA ASTRO SPACE

Single Bit Error

Memory fault caused by

- SEU event causing a memory bit error

- Memory hardware failure

Method of detection

- Memory scrub (every 24 hours)

- CPU interrupt occurs upon memory EDAC logic detecting a single bit error

Autonomous response

- Memory EDAC logic corrects bit in error

- Log the event 1’

— Memory location

— Time of detection

— Increment Single Bit Detect Counter

- Indicate Single Bit Error Detected in telemetry

- Continue normal software execution

Her;” ‘ge: UARS



Memory Fault MARTIN MARIETTA ASTRO SPACE

Double Bit Error

. Memory fault caused by

- SEU event causing a memory bit error(s)

- Memory hardware failure

. Method of detection

- Memory scrub (every 24 hours)

- CPU interrupt occurs upon memory EDAC logic detecting a double bit error

. Autonomous response

- Log the event

— Memory location, Time of detection

— Increment Double Bit Detect Counter

- Indicate Double Bit Error Detected in telemetry

- Continue software execution if effected memory location is not used

- Withhold SCCOK indicators (to CTIU, ACE, PDU and C&DH/COMM BDU) if
memory location is used by software

- Gracefully degrade software to an Idle State

. Heritage: UARS
KMG -5



Task Overrun Anomaly MARTIN MARIETTA ASTRO SPACE

. Software Task Overrun caused by

- SCC local hardware anomaly such as a degraded local oscillator

. Method of detection

- Software tasks indicate execution state for current cycle
(Executing/Completed)

- SCC OS/Executive checks that every task has completed it’s last cycle
before scheduling the task for currenthext cycle

. Autonomous Response

- Log the event

— Software task id fI

— Time of detection

- Indicate Software Task Overrun in telemetry

- Withhold SCCOK indicators (to CTIU, ACE, PDU and C&DH/COMM BDU)

- Gracefully degrade software to an Idle State

. Heritage: New G-? 5, TY



SCC Time Synchronization Anomaly MARTIN MARIETTA ASTRO SPACE

. SCC Time Synchronization anomaly caused by

- SCC local hardware anomaly such as:

— Degraded interval timer oscillator

— Interval timer hardware anomaly

. Method of detection

- Synch with data word major and minor cycle count does not match SCC’S
internally generated major and minor cycle count.

. Autonomous Response

- Log the event (I

— Major and Minor Cycle count

— Time of detection

- Indicate SCC Time Synchronization Anomaly in telemetry

- Withhold SCCOK indicators (to CTIU, ACE, PDU and C&DH/COMM BDIJ)

- Gracefully degrade software to an Idle State

. Heritage: New
KMG -7



ZC Command Path Failure MARTIN MARIETTA ASTRO SPACE

SCC Command Path Failure caused by

- SCC not in synch with CTIU

- C&DHS hardware failure such as:

— SCC serial output failure

— CTIU bus controller failure

Method of detection

Ilf+z- Periodically SCC checks for receipt of a command issued to itself .
●

Autonomous Response

- Log the event

— Major and Minor Cycle count i“

— Time of detection

- Indicate SCC Command Path Failure in telemetry

- Withhold SCCOK indicators (to CTIU, ACE, PDU and C&DH/COMM BDU)

_ Gracefully degrade software to an Idle State

unritafy~: UARS
KMG – 8



IMOK Receipt Check MARTIN MARIETTA ASTRO SPACE

. Failure to receive IMOK from CTIU caused by

- Command and Telemetry Bus failure

- C&DHS hardware failure such as:

— SCC serial output, 1553B BCRTM device or 1553b receiver

— CTIU bus controller failure or CTIU 1553b transmitter

. Method of detection

- IMOK message to received every 1.024 seconds

● Autonomous Response (After 2.048 seconds)

- Log the event

— Major and Minor Cycle count

— Time of detection

- Withhold SCCOK indicators (to CTIU, ACE, PDU and C&DH/COMM BDU)

- Gracefully degrade software to an Idle State

. Heritage: UARS

(’
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Telemetry Monitor Service MARTIN MARIETTA ASTRO SPACE

●

●

●

●

Semi-Autonomous function to detect and correct potential spacecraft
anomalies

Provides some automated controls for orbital operations

Table driven process which

- Ground controls TMON functionality by uplinking a TMON Table

- TMON Table contains functional information which Flight Software acts
upon

- Flight Software integrity kept intact (not a software modification)

- Flight Software does not have to get re-acceptance tested

Heritme: UARS l“



Telemetry Monitor

w ‘“ i

MARTIN MARIETTA ASTRO SPACE

L

Telemetry Group Execution Time Telemetry Mask Relational Threshold Boolean Pradefined
Monitor Enable Frequency Offset Address Value Comparison Operator Command

Group ID [x,Yl (<,>,=,<=, (And /Or

>=, and #) I Not)

1 .Enable. 1.024 [0,64] Ooff > 7t .And.

Ooft < 25 Command

2 .Dissble. 0.512 [0,16]

.......

I I
.No. .True. .End.

Telemetry Monitor Example

If Telemetry Monitor Group 1 is Enabled then
Execute at time [X, Y] every 1.024
if (((Telemetry point 1 ●nd. Mask Value) greater than Threshold)

.And.
((Telemetry point 2 ●nd. Mask Value) less than Threshold)) then r

if (Command Inhibit is False)

Issue predefine command

endif

if (Report Indicator is True) then
Indicate Telemetry Monitor Group Id executed in

endif
endif

telemetry

endif
KMG -11



GN&CS FDIR Origin & Goals

● EOS GN&CS has heritage with UARS, EUVE, Landsat D

● Heritage UARS FDIR offers minimum cost and minimum risk starting point for EOS

● Heritage UARS FDIR can serve EOS with some modifications

● UARS & Landsat D GN&CS FDIR refined & extensively simulated at Astro

● First failure only- FDIR processing stops after responding to first failure

● Immediate danger only-respond only to failures that endanger spacecraft

- Within the first orbit after launch

- Within 6 hours after failure occurs in subsequent orbits

- With the predefine single set of components

Juno 28, 19938:59 AM



FDIR Procedures - following UARS

● Prefer to respond to detected failure by switch to Safe Mode with block swap of
GN&C components

● Isolate failures only enough to avoid going to Safe Mode with bad components

● Seek effects of failure only in pre-defined prima~ set of components - detect only
some failures in backup components & then only to avoid going to Safe Mode with
bad components

● C)efmemodels of component fathns. Behawor of models of failed components
spans ranges of behavior of actual failed components

● Define as a ‘“component” the Attitude Determination Algorithm - a composite of the
Update Filter together with the sensors & services that support it - SSST, IRU, FSS,
Navigation Algorithm

June 29, 19938:59 AM E.A. 776-6366



Figure 1. GN&C Electrical Intetiaces
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Components, Failures, Effects, & Criticality

I CTIU - SCC
ESA 1

‘“-I Scc

m

Thrust- I ~u D
ers &
PMEA

HOPS
BDU

Fss

- Scc

. Scc

. Scc

N&C ~ CTIU
See- ●

(Sheet 1 of 3)

failure Model

)_FSW self-test
I Power failure
) High & Iow rates
~ G~ro A motor failure
B Hmh & Iow angle error
) False “off the &arth” signal
B False scanner rotation rate

D

B

●

●

●

—

o Power failure
Indwidual thruster full on or
full off
Unintended extra thrusters
respond to each thruster
command
Thrusters not enabled
Latch valve not opened
PMEA power failtire

● Power failure
● Signal processing failure
● Wheel drive high & I
● Increased running fr~c;ion
● Wheel bearinp seizure
● Wheel tach high & low

deled [mpltcltly as part of
tude Determination

Algorithm
~deled imphcitly as part of
Attitude Determination
Algorithm

ffects, m Absence of
FDIR, Worst Case

F$omtmgerror

f’

+J~ 28, 19938:59 AM 5 E.A. 776-6366



Zmpo-
nent

SAD &
ADE

-
:;!:il

Al o-
!tit m

-
tion Al-
gorithm

m
Load

Components, Failures,.

Links to GN&C

. G
CTIU - SCC

Scc

c&lmsnx5Ms
BDU - CTIU - SCC

9

Pocc - Uplink -
Spacecraft Omni 01
HGA - Trans ondel

l!- C&DHS & OMS
BDU - CTIU - SCC

(Sheet 2
Effects, & Criticality
of 3)

Failure Model

=hgh& Iow magnetic dipole

digh & Iow field strength
measurement

high & Iow angle error

lhive logic misinterprets
commands
~ther component blocks HGA

High & low estimate of attitude
~rror

B Bad position/velocity
estimate

D Bad oscillator frequency
estimate

ln~~t table loads of
ephemerides & state vectors

w

-ects. m Absence of 1
FDIR; Worst Case

Saturate RWAs-h ence

hence saturate RWAS -
hence pointing error
Reduce energy collection
from Sun
]rrad~ate vulnerable
spacecraft equipment
Dama e other component

ior HG reflector - HGA
gimbal can tolerate hard
stop
Pointing error

Pomtmg error

Pointing error

June 28, 19938:59 AM 7 E.A. 776-6366



R~ompw
nent

s
BDU

BDU

BDU
m
cgD~s
im-va
supply

Psu

-
Trans-

* ster
Oscillat’

or

Components, Failures, Effects, & Criticality
(Sheet 3 of 3)

.

Links to GN&C

N&C
Scc

IumScc

CTIU . Scc

muhsple

multiple

c
C&m & co=
BDIJ - CW - SCC

Fadure Model

) Power failure
J Signal processing failure
) Power fadure
P Signal processing failure
B Power failure
B Signal processing failure
) Power failure
o Signal processing failure
B Power failure
o Signal processing failure

●

o Loss of one shunt circuit
o Loss of one battery power

cond~tioner channel
● Loss of one battery cell
s Loss of One Dower feed
Loss of a power converter

Loss of C&T Bus
=9h ~ Iow Doppler counts
● Power failure

● Power Failure
● Frequency drift

.

=ects, m Absence of
FDIR, Worst Case

Pomtmg error

Loss of ESA data - hence

Loss of ON/OFF
commands to RWAS
Loss of Doppler collection,
hence pointing error

Lost EPS redundance-
survivin elements -

%support pacecraft loads

Loss of redundancy - hot
backup power converter
diode-ored to loads
Pomtmg Error
corrupted Doppler data or
no Doppler data, hence

pier data -
hence pointing error

r

, June 28, 19938:59 AM EA. 776-6366



1 Fled timeamnand
2 GN&C F~ Sdiwafe
3 Mh windingsd each MTR
4 stored COlmnand
5 US* in all Subsequeti actitiies
6 USed in au WA-~erd activities
June 28, 19938 ~ 10 E./l. 77~ $6



GN&CS Events& Components - Launch & Earth Acquisition

●

●

●

●

GN&CS in Acquisition Mode throughout; submodes, in sequence -

Rate Nuliing

Local Vertical Acquisition

Yaw Gyro compassing

Steilar Acquisition

Update Filter

Arbitrarily use #2 of redundant pairs of components, Side B of internally redundant
components

Disable Thrusters at the end of Rate Nuiiing

Use FSS and SSST2 in Update Filter

JutM?28, 19938:59 AM 11 E.A. 776-6366



Evartt -In Saquanw Ddgdgdoi GN&C Mode after Event Sensors Used atter Event, Exclushm 0$ Sensors I Ettectors US@
llsed Onty for FDIR

I
after Event

HGA aajukdii cdTDFtS

I OftlHacquwonmaneuver

I I I I
Orbit Acqukitlon Maneuvers:

stored AcU1.Mtm - updateFitter 1HGAB shaft enooders. IRU2. SSST2. TAM2. FSS I HGA B drives,

Real tim Acquisition- Update Filter

GM&C FSW OrbitMjust - @late Filler

omitacquisitionmanewef

H(3A tr- d TORS
.-

RWAS, MTRs
HGA 9 shaft encoders, IRU2, SSST2, TAM2, FSS HGA B drives,

RWAS. MTRs.--. .—, .------
HGA B shaft encoders, iRU2, FSS H(3A B drives,

Thruslers-PMEA2
HGA B shaft OfRXJdOfS.IRU2. SSST2, TAM2, FSS HGA B drives,

I I I RWAS, MTRs
stored IACC@wOn-m10Filter I IRU2, SSST2, TAM2, FSS I RWAS, MTRs

Enter Normal MOdw
tHGA ~dTDRS ] Stored 1~-m=efinw ] HGA 6 shatt OIICOdSfS, IRU2, SSST2, TAM2, FSS [ HGA B drives,

lltouseNoflnalw flea! time Normal - updateFiaer
Ude Cowolter
a~ze SSST1; start star track GN&C FSW Nrnmal - Update FiMef

1 m

i H(3A tr~ d TORS I stored I Normdl - Update Filler
start Navlgatl

iti HGAaqukitiid TDRS
I

stored Normal - Update Ftisr

Id Dopptsrtrack Stored NcurI@- updateFitter

IltNWi@INlHaer Realm WIIM -Update FiMef

dOq@ertrack Stored Monnal - Update Fitter

d HGA tr- d TORS stored Normal - llpdale Fitler
Olbltadiustm

art HGA~d TDW I Slorsd[NWIW-Update FiWr
I I

d AV WIWkUdS Re# ~ I Normal-Update Fitler

art(kagmd@-upw-* GN&C FSW O@t Ad@- Update FMer
aneuw
nddrag make-up or intonation (31UC FSW Normal - Update Fiiter
laneuvef
Ti%KKii=i”IiJ+s stored No- -WxkNe Filler

HGA B shatt encoders, IRU2, SSS12, TAM2, FSS

HGA B shaft encoders, IRU2, SSST2, TAM2, FSS

HGA B ~dt encoders, IRU2, SSST1 &2, TAM2

IRU2, SSST1 &2, TAM2
m Fitter
~HGA ~ anwderq lfW2, SSST1 & 2, TAM2

IRU2, SSST1 &2. TAM2
-W:
HGA B shall encoders, IRU2, SSST1 &2, TAM2

H(3A B shaft encoders, IRU2, SSST1 &2, TAM2

H(3A B shalt encoders, IRU2

HGA B shaft encoders, IRU2, SSST1 82, TAM2

, IRU2, SSST1 ~ 2, TAM2

RWAS, MTITs
HGA B drives,
RWAS, MTRs
HGA B drives,
RWAS, MTRs
HGA B drives,
RWAS, MTRs
RWAS, MTRs

HGA B drives,
RWAS, MTRs
HGA B drives,
RWAS, MTRs
HGA B drives,
RWAS, MTRs

IHGA B drives,
RWAS, MTRs
RWAS, MTRs

HGA B drives,
RWAS, MTRs
HGA B drives,
RWAS, MTt3s
Thrustws-PMEA2,
HGA B drives
HGA B drives,

m

f,

me 28, 1993 8:5’ I 12 E.A. 776-~- ‘9



GN&CS Events& Components - Circularize Orbit& Enter
Normal Mode

●

✎

●

●

●

GN&CS mode transitions, all in Update Filter Submode:

- Acquisition

- Orbit Adjust

- Acquisition

- Normal

Use Thrusters only in Orbit Adjust Mode

In Normal Mode, Update Filter uses both SSSTSand stops using FSS

In Normal Mode, acquire Doppier history & start Navigation Filter

June 28,19938:59 AM E.A. 776-6366



Plan for FDIR Detection & FDIR Responses -by Component

Items labeled “UARS heritage” reflect expected performance of heritagesoftware

Items labeled “new”are planned design requirements for new software

JuIM 28, 19939:32 ~ 15 E.A. 776-63fj6



Unpo=
mnt

Inkst)
i&S2c

Ilascc

m

FdhIm

3aizGir
sell-test
Power
Somuare
sell-test
Power

Sortware
SeM-tetil

SetI-test
war

-
.

Yimi Gyro
pw&@Kl

otbit A@st

FalkIro DetectIon

Interrupt“SCC ok” pulse lr~n to ACE

tr9arrupt“SCC ok=puke W4n 10ACE

trWrupt %CC ok- puke Iran 10ACE

Irdenupt %CC ok” puke IWn 10ACE

.—

Linksconned cont. III with GN8CS FSW
Ihe 28.1993 8:5! 16

Act&n

“ Ftag in housekeeping telemetry
● WINrequire real time commandsdurirg Safe Mode bebw to

● safe MOde, with preset setectiins:
- ACE B
- ACE to Earth-Poitiing
- ESA2, IRU2
- thrustercontrolvia PMEA2
- ADE 10Eafih-Pointing

● Requires real lime commands 10deploy solar array
● safe Made, with preset selections:

-ACED -
- ACE 10Earth-Pointing
- ESA2, IRU2, TAM2
- RWAS, MTRs
- ADE 10 Earth-Pointing

“ It Wure occurs before sotararray deployment, requires real
tim commands for solaranay depbyment

Sale Mode, with preset selections:
● ACEB
● ACE 10Earth-RXnting
● ESA2, IRU2
● thmster controtvia PMEA2
“ PM* tirts AV thNSi
● FWEA2 ignores all thrustertire commands from BDU
● ADE to Earth-Pdnting

Hi 776-F



SCC & Flight Software Failures
Standby Mode

. Method of Detection: ACE detects interruptionof

● Autonomous Response: flag in FSW telemetry

● Heritage: Landsat 4 & 5, UARS

Aquishion - Rate Null Mode

● Method of Detection: ACE detects interruption of

“SCC OK” pulse train

“SCC OK” pulse train

● Autonomous response: Earth Pointing Safe Mode- ESA, IRU, Thruster control ~

s Heritage: UARS

Ac uisition - Vertical Acquisition Mode; Acquisition - Yaw Gyro compassing Mode;
1 cquisition - Stellar Acquisition Mode; Normal Mode

● Method of Detection: ACE detects interruption of “SCC OK puise train

● Autonomous response: Earth Pointing Safe Mode- ESA, IRU, TAM, RWAS, MTRs

● Heritage: UARS

Orbit Adjust Mode

● Method of Detection: ACE detects intermption of “SCC OK” pulse train

● Autonomous response: Earth Pointing Safe Mode- ESA, IRU, Thrustercontrol

. Heritage: lJARS

Remarks

● ~o~C must commandsolar array deployment if failure occurs before FSW can

June 28, 19938:59 AM 17

r’

E.A. 776-6366



ompo-

.;:1)
J1

J2 (ACE.

~%mu
~

!ac
u-cTtu-
L
J2 (ACE
I&c
wcmu
:C)

U2 (ACE
WC
)U-CTIU
:C)

U2 (ACE
Iac
M-CTIU
:C)

Falture

Incorrect
targsrate
outputs

‘ hlcorrect
Sma9rata
outputs

1Smatter
taqppitch
Ormtlraa
-s

BLarge y=
rate
Outfnds

● Smsttyaw
rate
odprts

N’J&cs Mode

u

.
Rate NuMhg
(J&StTBo

~-
Rate Nutmrlg
(first TBo

~-
Rate OhMng
(dtertirst

‘+*”
Rate Nutkng
(yl#irst

‘ ~“
Rate Nutthg
(imernrst

Falture Detectton

‘ Not delected
I No threat to attitude control
~ Di)terence between IRU1 82 rates exceeds

Ihrestmkt in at tea+ one axis
~ Whare ditkrenca exceeds threshold.IRU1
rateslower

ETBD-not ctaarfrom t-andsatdocumemakm

B (Ma or both ESASreport excessivepointing

B Gym Arnotorcwent telemetry kWstimitct’wX

SmaHpitch rate o@uts sirrndatedin UARS
deledad toobt9 toSti3yon Earth. Want fiXfor
EOS.

● Yaw rata ou@ds from IRU2 exceed a
threshotrJ

● Yaw rate outputsfrom IRU2 disawee with
those hum IRU1

● TRo” NotdeahomuARsdoamentation

Links conned componeti with GN&CS FSW
me 28, 1993 8:59 “1 18

Actton

D No threat to attilude control
● For each axis that fails the tests, conunil to the avro with the

smalterrate outputs
-.

● R#sa a ftag in FSW teterndry

● TEN)- notdear horn Lamtsal documentation

1
Sate Mode

w

●

●

●

●

●

●

9

●

WC BDU A
ACE A
ACE ~0 EarIh Pokd@j
ESA1, @tch& rd rates from IRU1
# Gyro A motorletemetryout ot tirrits,yaw rate horn IRU2;
otherwise from IRU1
A(.)Eto Earth Pointing
PMEA2 OFF, PMEAI ON
Thrustercontrol

● Comrrit to the gyrowith the smatteryaw rate outouts.
● Raise aflag

● TED- Not dear from UARS documentation

E.A. 776-f Y



IRU Failures
(Sheet 1 of 2)

Acquisition - Rate Nulling (first TBD seconds)

●

●

●

Method of Detection

- For each axis, difference of rates from IRU1 & 2 exceed threshold

- For each axis that fails above, identify gyro with lower rate

Autonomous Response: for each axis which fails test, commit to gyro with lower
rate

Heritage: Landsat 4 & 5

Acquisition - Rate Nulling (after first TBD seconds)

● Method of Detection

- Pitch & Roll: Compare ESA1 & 2 pointing errors with thresholds& with each
other

- Yaw: Compare IRU 1 & 2 rates with thresholds& with each other

● Autonomous Response

- To Pitch or Roll failure: Earth Pointing Safe Mode, ESA, IRU, Thrusters;
failed-low Pitch rates simulated for UARS detected too late to stay on Earth:
needs work on EOS

- To Yaw failure: Commit to gyro with smaller rates.

● Heritage: UARS

● Heritage method of detection & autonomous response for yaw gyro failed low
not clear from heritage reports - hence TBD

fl

June 28, 19938:59 AM 19 E.A, 776-6366



Comprxlant Fake Grwcs Mrlda FaJfuro~tactkm Actlorl
(Unfcsf)

RU2 (ACE- ● Largeor ● Acquisii - “ OneorbothESASraporl13XCSSSiV0pointingarror
3N6C RDu-

Safa Mode
smaflpitch local Verticaf ● Gyro A motorcurrent tebmatry fails fimitchad

;TfU-SCC)
s GN8C BDUA

or roHrat. Aoquisii c In SafeMode,momentummonkxchadu wheel ● ACEA
outputs ● Ac## - nmmantr.sn ● ACEto EarthPointinq

● Smaffyaw ● ESA1, pitchil rollratesfromIRU1
rate outputs compaaaing ● ff Gyro A motortefamotryout of fimits,yawrate from IRU2; otherwisa

● Normal- from IRU1
Stoflar ● ADEto EarthPointing
Acqubftbrt ● Whaalcontrol

q+ w’”
● TAM1
● MTRS /“
● if momentummonitarreportsexcassivemomentum,dkabte wheel

cmntmf,magneticunbading,andthrusterunbading6 switchto
thrustercontrolonPMEA1

FW2 (ACE- “ wY~ ● Acquisii - ● YawrateoutputsfromIRU2oxcaada thrashofd ● Commit10thegyrowhhthe smalfaryawrateoutputs
Sf’Uc BDu- r~e outputs fJUadJUadvmEal● I/m&mmlmdpdsfromIRU2disagreewiththose s Raisaaflag
12TfU-SCC)

● ~m~ -

~
● Normaf-

Staflar
Acquistii

IRU2 (ACE- ● Large or ● Acquisition- ● Attkudadeterrnimuionalgorithmrsportspointingin Safe Mode
GN6C RDu- smalf rat. UpdateFti phch6 rdf OIL ESA1& ESA2reportexcessive ● GMC BDUA
CTN.J-SCC) outputs ● Normaf- pointingerror ● ACEA

Upche Fihar . AtWrdadatermindonalgorii rafmrta●xcausiue ● ACEto EarthPointing
yawratearm ● ESA1, pitch& roffratesfromfRU1

● Iffaifmajodlyvoteinrd. tad GyroA motorcurrant ● If failureinGyroA motor,yawratefromIRU2;otherwisefromIRU1
● h Sah Mode,monwntummonbncbda wheel Q ADE to Earth Pointing

momant!mrl ● Whaef amtrd
1’
I

● Datadonofbwyawrateoulpd dapandaupon rdf ● TAM1
pointbgarror bscominge-ash (typidy 4000 ● MTRS
aaoondaafteryawoutputfailuroh UARS . ffmomentummonitorreportsexcessive momentum, disabfa wheel
aimdationa). Prefer to fii qufdtardetection control, magneticunbading. and thruster unbading 8 switch to

thmstar mntrd on PMEA1

Aa - Aaatmva ● OrbifAdjust- . Atthda datarmin~bn afprkhm reportspointingin Safe Mode
Updata Fiftar pkh & rd ok ESA1 8 ESA2 reportoxcassive Q GN8C BDU A

-- ● ACE A
● Ntituda ddermindon algortihmreports●xcesshre ● ACEto EarthPointing

y-rat. arror ● ESA1, pitch& rollratesfromIRU1
. # M majorityvoteinrofktsatGyroA motorcurrant ● HfaifureinGyroA motor,yaw rate from IRU2; otherwise from ffllf 1

● ADE to Earth Pointing
s PMEA2 OFF, PMEA1 ON
● Thrusterctmtrof

1 Links corw-+’ componenfwith GN&CS FSW
June 28, 199 6PM 20 E.# 6368



IRU Failures
(Sheet 2 of 2)

Acquisition - Local VerticalAcquisitionMod~ Acquisition-YawGyrocompassingMode;
Acquisition- StellarAcquisitionMode; Normal - Stellar Acquisition Mode

● Method of DetectIon

- Oneor both ESASpointing error exceeds threshold

- Yaw rates exceed threshold and lFtUl & 2 yawratesdisagree

● Autonomous response

- DetectESAS Earth Pointing Safe Mode, ESA, IRU, TAMs, RWAS

. Detect Yawrates: Commit to gyro with smaller rates; raise flag

● Heritage: UARS

Acquisition - Update Filter Mode; Normal - Update Filter Mode

● Method of Detection

- ESA1 & 2 pointing error exceed threshold

. Attitude determination algorithm yaw rate error exceeds threshold

● Autonomous response: Earth Pointing Safe Mode, ESA, IRU, TAMs, RWAS, ~Rs.

● Heritage: UARS

Orbit Adjust - Update Filter Mode

● Method of Detection -as above

● Autonomous response: Earth Pointing Safe Mode, ESA, IRU, thrusters

● Heritage: UARS

June 28, 1!393 2:06 PM 21 E.A. 776-6366



Ewk
BDU-CTIU-
ScC)

ESA1 (EPS
BDU-CTNf-

&

BDU-CTIU-
Scc)

ESA2 (EPS
BDU-CTIU-
Scc)

ESA1 or
ESA2 (EPS

, BDU-CTIU-
Scc)

Failure

● Large
angle error
outputs

● ESA power

Smamangfa
afmr outputs

● Larga
angle en’or
outputs

● ESA PI

Snlai angfe
erroroutputs

● scanner

tekxnetry

“~

bilevet

~
Wtarnatry

GN6CS Mode

● Acquisition-Local
Vdcal Acqukition

c Acquisition- Yaw Gym
~nll

● Nomld-staftar
Acquisitbn

● Acquisition
● Norlnd-stamu

● Acquisition- Rate
Nulfing

● #&tbn - Rate

Fallura Detactlon

s ESA1 pinting errorgreater than credbte
● DMerence between ESA1 & ESA2 pointing

error greater than cfedibte
● ESA2 pointingerrorcredible

● Not detected
● No threat to attitude controf

● ESA2 pointingerrorgreater than cred@te
. Difference between ESA1 & ESA2 pointing

afror weater than cmdt)fe
“ ESA1 pointingerrorcrtibla

● ESA1 pointingerror exceeds threshokf
● Difference between ESA1 & ESA2 pointing

errorgreater than cradible
c ESA1 or ESA2 fater repwls bss of Earth

● Scanner speed or angte mode bilevef
tetemetrysignalon kiited ESA out of tirnits

● ESA1 & ESA2 reportok errorangfes

ACtkMt

● No mode change
c Raise flag in software

5yro Ok+$?

● Nona
● No threat to attitudecontrol

Safe Mods
GN&C BDU A
● ACEA
“ Ace to Earth Pointing
● ESA1
“ IRU1
● PMEA2 OFF, PMEA1 ON
“ Thrustercontrol
● AI)E to Earth Pointing
Safe Mode
● GN&C BDU A
● ACE A
● ACE to Sun Pointing
● Cssl
● IRU1
● PMEA2 OFF, PMEA1 ON
● Thwster controf
● ADE to Inartial
Safe Mode
● GN&C BDU A
“ ACE A
● ACE to Eadh Pointing
“ Not-tailed ESA
● IRU1
● PMEA2 OFF, PMEA1 ON
“ Thrustercontrot
● ADE to Earth Pointing

r

1 ~n~ CO- componentwith GN&CS FSW
June 20, 1993 3AM 22 E.A. T ?66



ESA Failures
(Sheet 1 of 3)

Acquisition - Rate Nulling Mode

● Method of Detection

- ESA1 or 2 pointing error exceeds threshold

- ESAI & 2 disagree

. If failure produces false small pointing error measurements, then subsequent
to above, ESA1 or 2 or both lose Earth

● Autonomous Response

9 If neither ESA loses Earth, Earth Pointing Safe Mode, ESA, IRU, Thruster
control

r9 tfeither ESA loses Earth, Sun Pointing Safe Mode, CSS, IRU, Thruster Controi

● Heritage: UARS

June 28,19938:59 AM E.A. 776-6366



omponenl
fLtnksl)
SA2 (EPS
ou-cTtu-
Cc)

Zxz@%
wcmu-
;Cc)

Zxi%’7
:SA2 (EPS
3ou-cnu-
Scc)

Faitura

‘-
angte error
outputs

~ ESA poweI

SmaNangle
em outputs

● Scanner

Mernetry
.AIq#

bilevel
Wtemetry

GN&CS

●cq#tbn-

Verticd
Ac@sition

● Act#i -

● ✎

Lo&al
Verticat

~
“ =-

Corlqxusing
● tWrnal -

Stettar
Acquisition

“ pxJ#t-

Verlicat

“ =“

Fallura Detactton

DESA2 pointingerrorgreater
than credibte

I DMerence between ESA1 &
ESA2 pointing errorgreater
than credible

BESA1 pointingerrorcredWe
~ In Safe Mode, momentum

monitorchecks wheel
mometium

B

D

●

ESA1 miming error exeads
threkkl -
Difference between ESA1 a
ESA2 poMing error~eater
than cre@31e
ESA1 or ESA2 later reports
baa d Earth -

●

●

●

Scanner speed or angle mode
bilevet tehernetrysignalon
Mad ESA out d units
ESA1 & ESA2 reporl ok error

In Sate Mode, momentum
rmrlitor checkswheel
mornetium

Action

Safe Mode
~ GN&C BDLJA
~ ACE A
EAce to Earth PoMing
o ESA1
DIRU1
BWheel control
PTAM1
~ MTRs
P ADE to Earth Pointing
E It momentum monitor reportsexcessive nmmantum,disabte wheel control,

PMEA1 .

Side Mode

I
●

●

9

GN&C BOU A
ACE A
ACE to Sun pointing
Cssl
lRUl
PMEA2 OFF, PMEA1 ON
Thrustercontrol
ADE to Inertial

Sale Mode
9

●

●

8

●

●

●

●

●

●

Gf48C BDU A
ACE A
ACE to Eatlh pointiq
Not-faited ESA
IRU1
Wheel Control
TAM1
MTRs
ADE to Earth Pointing
Mmomeruummonitorreports excessive momentum, disable wheel control.
magneticunbading, and thrusterunbading 8 switch to thruster control on.
PMEA1.

f Links conned mnpment with GN&CS FSW
June 28,1993 ‘ AM 24 E.A. 77 ’66



ESA Failures
(Sheet 2 of 3)

Acquisition - Local Vertical Acquisition Mode; Acquisition - Yaw Gyrocompass Mode;
Acquisition - Stellar Acquisition Mode; Normal - Stellar Acquisition Mode

●

●

●

Method of Detection

- ESA1 or 2 pointing error exceeds threshold

- ESAI & 2 disagree

- If failure produces false small pointing error measurements, then subsequent ‘
to above, ESA1 or 2 or both lose Earth

Autonomous Response

- If neither ESA loses Earth, Earth Pointing Safe Mode, ESA, IRU, TAM, RWAS,
MTRs

- If either ESA loses Earth, Sun Pointing Safe Mode, CSS, IRU, Thruster Control

Heritage: UARS

, June 28, 1993 8:59 AM 25 E.A. 776-6366



~

*
ESA2 (EPS
BDtJ-CTIU-
Scc)

Asaxlve

ESA1 or
ESA2

Faltura

Large
angle error
outputs
ESA powel

b above

‘ smalt
ar@a errm
outputs

W&cs Mode

‘ A&.h#rl -

Fitter
‘ Normal,

lgllil

) orbit Adjjst
-lJ#ata

_ Ac&d.:i “

Fitter
8 Normal,

UJngte

● Orbit’ktjust
&J3te

Falkma Datactton

— .. .——. .
●

●

●

Faited ESA repmls eXCeSSiVepointingenor,
other ESA & attitudedeterminationalgdlhm
repd pointingok
In Sale Mode, momentummoritor checks
wheat nmrnentum

Faited ESA repofts excessivepointingerror,
other ESA & attitudeddermindon a~hm
report pointingok

● Not delected
● No threal 10attitudeodd

Actton

;afe Mode
GN8C BDU A
ACE A
ACE to Earth Pointing
Not-failed ESA
IRU1
ADE to Earth Pointing
TAM1
MTRs
wheel control
It momentummonilorreporisexcessive momentum,disable
wheel control, magnetti unbading, and lhIUSterunbadng &
switchto thrustercontrolon PMEA1.

Sale Mode
LGN&C BDU A
~ ACE A
I ACE to Earth Pointing
‘ Not-failed ESA
J IRU1
‘ ADE to Earth Pointing
‘ PMEA2 OFF, PMEAI ON
I Thrustercontrol
~None
o No threat to attitudecontrot

r
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ESA Failures
(Sheet 3 of 3)

Acquisition - Update Filter Mode; Normal - Update Filter Mode

● Method of Detection

- Failed ESA pointing error disagrees with other HA and Attitude Determination Algorithm

- Failure that produces false small pointing error measurements not detected - no threat

● Autonomous Response

- If detected, Earth Pointing Safe Mode, ESA, IRU, TAM, RWAS, MTRs

- If not detected, no response

● Heritage: UARS

Orbit Adjust - Update Filter Mode

● Method of Detection -as above

● Autonomous Response

- If detected, Earth Pointing Safe Mode, ESA, IRU, thrusters

- If not detected, no response l“

● Heritage: UARS

Remarks

. In Earth Pointing Safe Mode under RWA control, switch to Thruster control if RWA momenta
exceed threshold

● Prefer to avoid mode change; verify alternate response-flag bad ESA & continue as before

June 28, 19932:07 PM 27 E.A. 776-6366
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BDU-CTILJ-
Scc)

Fallura

tia

iighorbw
iftkJstrength
n@uts

~
Iieldstren@
outputs

u

b

B

m

Failure DetectIon

‘ Not detected
I No threat to attitude control
bNot checked
J Not used

ESA1, & ESA2 both repod excessive poiti~
errors
In Safe Mode, mometium monitorchecks
wheat momentum
Datectionoccurs Iypicatty 12,000 seconds
after failure in UARS simulations; prefer to find
qlkkerdetectbn.

●

●

●

Anitude detern’Walionalgorithm,ESA1, &
ESA2 # reporl excessivepointingerrors
In Sale Mode, mometium nmmitorchecks
wheat momentum
Detectbn Oculrs typically 12,000 seconds
atter hibm In UAf% sitilations; ~eter to fine
@cker detection.

“Fj” ~ J.*,

28

ActIon

‘ Not detected
‘ No threat to attitud6control
‘None

Safe Mode

I .

●

●

●

●

●

GN&C BDU A
ACE A
J4CWEtoEarth Pointing

IRU1
ADE to Earth Pointing
TAM1
MTRS
Wheel control
tt momentum monilorreportsexcessive momentum, disable
wheel control, magnetk unbadng, and thrusterunbading UI
switchto thrustercontrolon PMEA1.

Safe Mde
● GN&C BDU A
● ACE A
● ACE to Earth Pointing
● ESA1
Q IRU1
. ADE to Earth Pointing
● TAM1
● MTRs

f
!

● Wheel control
● II momentum monitorrepmts excessive momentum, disable

wheel control, magnet~ unloading,and thrusterunbacting &
swilchto thmster controlon PMEA1.

‘f

E.A. 77 166



TAM Failures

Acquisition - Local Vertical Ac uisition Mode; Acquisition - Yaw Gyro compassing
1Mode; Acquisition - Stellar cquisition Mode; Normal - Stellar Acquisition Mode

●

●

●

Method of Detection

- ESA1 & 2 pointing error exceed threshold

Autonomous Response

- Earth Pointing Safe Mode, ESA, IRU, TAM, RWAS, MTRs

Heritage: UARS

Acquisition - Update Filter Mode; Normal - Update Filter Mode

● Method of Detection

- Attitude Determination algorithm, ESA1 a 2 pointing error exceeds threshold

● Autonomous Response

- Earth Pointing Safe Mode, ESA, IRU, TAM, F?WAS,MTRs

● Heritage: UARS

Remarks

● In Earth Pointing Safe Mode switch to Thruster control if RWA momenta exceed
threshold

● In UARS simulations detection occurs typically in 12,000 seconds; prefer
quicker detection for EOS

fl
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rfw

(ACE-
GN&cs
BDu-
CTIU-
Scc),

* SSS1
(CTltJ-
Scc),

● FSS (EPS
BDtJ-
CTIU-
Scc),

“ Updale
Fitter
software

● Nav FIttef
sottware

As drove

Falhme

iiih or bw
)stimateot
mitudaerror,
pd

~fi
wbr#atbn

Asabove

;N&CS Mods

Al@i,ibn -

Filter
Normat -
g;le

m

~
-L&k3te

Fallura DetectIon

I Hiah estimate: attitude determinationalaorithm
r+orts excessive pointingenor, ESA1 & ESA2
reporl ok
Low estimate: attitude dete~nation algorithm
8 both ESAS reporl ok at firsI; spacedt drifts
@l fimt ESA reports excessiveerror
In Safe Mode, momentummonitorchecks
wheat momentum

Hi@ estimate: attitudedeterminationaborithm
r@orts excessive pointingerror, ESA1 ~ ESAf
reportok
Low estimate: attitude determinationatgorithrr
&both ESASreportok at tirst; spacecraftdritt:
until that ESA repods excessive error

~ Links connect component with GN&CS FSW
June 28, 1993 2“- ‘M 30

●

●

●

●

●

Action

SateMode
GN&C BDU A
ACE A
ACE to Earth Poirting
ESA1 or 2: the ESA that wasntlhe firstto repod excessive
error
lRUl
ADE to Earth PoiNng
TAM1
MTRs
Wheel control
tt momentum monitorreportsexcessive momentum, disabte
wheel corWot, magneticunbadkq, and ~hNSkr unbading &
switchto thmster controlon PMEA1.

Safe Mode
GN&C BDU A
ACE A
ACE to Earth Pointing

f

ESA1 or 2: the ESA that wasn’tthe first10 report excessive
error
IRU1
ADE to Earth Pointing
PMEA2 OFF. PMEA1 ON
Thrustercontrol

E.A. 77F %6



Attitude Determination Algorithm Failures

En~nJb$ “component” comprising

● SSST & star catalog
● FSS
● Update Filter al~orithm
● Nav Filter algorithm

Acquishion - Update Filter Mode; Normal - Update Filter Mode

● Method of Detection

- False high error estimate: Attitude determination error estimate exceeds
threshold, ESA1 & 2 errors ok

- False low error estimate: At least one ESA error exceeds threshold

● Autonomous Response: Earth Pointing Safe Mode, ESA, IRU, TAM, RWAS, MTRs

● Heritage: UARS

Orbit Adjust - Update Filter Mode

● Method of Detection: as above

● Autonomous Response: Earth Pointing Safe Mode, ESA, IRU, thrusters

● Hertitage: UARS

Remarks: In Earth Pointin Safe Mode under RWA control, switch to Thruster control
tif RWA momenta excee threshold

June 28,19932:09 PM E.A. 776-6366



Compe

(Llnkal)
3WA (ACE-
aacs
3DU-CTlU-
3CC)

Fatlure

“ H#or km

● Running
friction
Increase

● seized
beadng

● Highortom
tech o@ml

● &sition -

Verlicat
Acquisition

● A#llwll -

●%!&&-

quisuion
● k&dgion -

Filter
● NorrrM -

#W~e

Failure DetectIon

HeritageFDIR designed for heritage
Mhogonalkkew cotil~ralion whii cbesnl
workfor EOS pyramidconfiguration. Candidate
kbction scheme:
~ Passive wheel test - wheel accderation in

response10routine attitudecontrolcommands
drops belcw a threshold; reslricttest to torcpe
cormnandsabove a threshold and to wheet
_ ~a threshold

-7

●

●

●

9

Actton

Stop RWA -by zeroingcormnand,preferably, or by
commanding OFF, il necessary -
Raise a flag in flightsottware
tMnl enter Safe Mode
II in Update Filter Mode, switchto Acdsition - ymIGYfo 1
compassingMode
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RWA Failures

Ac uisition - Update Filter Mode; Normal - Update Fiiter Mode; Orbit Adjust- Update
! ilter Mode

● Detection Method

- “Passive wheel test” - RWA acceleration responses to routine attitude control
wmmands fail threshold

● Autonomous Response: Stop commands to RWA; if necessary, turn OFF RWA; s
raise flag in FSW telemetry

● Heritage: DMSP, TIROS; new version for UARS in development now

Remarks: Herita
r

UARS FDIR assumes ortho onal - skew wheel configuration,
Fwon’t work wit EOS wheels in pyramid con ~guration

I
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Vertkal
Acquwon

‘ =-

‘ fw&-

Arxlutsltion.
) Normal”

Steaar

Filter
b Nom@,

l##e

Fattura DetectIon

‘ Not checked
~Ndused
I ESA1, & ESA2 both reportexc8ssive ~ng

errors
I In Safe Mode, momentum monitorchecks

wheat momentum

●

●

●

AWude deterrrinatbn atgodttm ESA1, &
ESA2 all re$mrt0XCtlSSiV6poitiq errofa
In Safe Mode, nmrnentummoritor checks
wheel momentum
Detection occurs6 hoursor more after Wure
h UARS simldions; prefer to fii @cker
detection.

Links connectcomponent with GN8CS FSW
no 28, 1993 8:59 34

Action

0 None

safe Mode
GN&C BDU A
ACE A
ACE tOEarth Poi~ng
ESA1
IRU1
ADE to Earth Pdnting
TAM1
Wheel conIrd
MTRs
Umomentum rnoritor reportsexcessive momentum. disable
wheel control, rnagnelk unbadhg, and thruster unbadmg &
switchto thrustercontrolon PMEA1.

Safe Mode
GN&C BDU A●

●

●

●

●

●

●

●

9

●

ACE A
ACE to Earth ParMing
ESA1
IRU1
ADE to Earlh Poiting
TAM1
wheel Control
MTRs
It momenlum motitor reportsexcessive momentum, disable
wheel control, magnetk unloading,and thruster unbadng &
switch tO thtuster cofWolon PMEA1.

E.A. 776-F
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MTR Failures
Acquisition - Local Vertical Ac uisition Mode; Acquisition- Yaw Gyro compassing

1Mode; Acquisition - Stellar cquisition Mode

● Detection Method

- ESA1 & 2 pointing errors exceed threshoid

● Autonomous Response

- Earth Pointing Safe Mode, ESA, IRU, TAM, RWAS, MTRs; no change to MTR
usage

● Heritage: UARS

Acquisition - Update Filter Mode; Normai - Update Filter Mode

● Detection Method

- Attitude Determination Algorithm, ESA1 & 2 pointing errors exceed threshold

● Autonomous Response

- Earth Pointing Safe Mode, ESA, MNJ,TAM, RWAS,MTRs; no change to MTR
usage

● Heritage: UARS

Remarks

● In Earth Pointing Safe Mode switch to Thruster control if RWA momenta exceed
threshoid.

. Simulations for UARS redict detection after the 6-hour time limit; for EOS
prefer to find quicker & tection & avoid autonomous entry to Thruster control

me 28, 1993 8:59 AM 35 E.A. 776-6366
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● Utintendadextra
Ihnlstersrespond
toeachIhruster
command

● PMEApowef
Mbre

● musters not
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● Latchvalvand
opened

GNWS Mode

I A#k#ion - Rate

Verical Ax@sition
~-y-
GyIOcmpassing
fig.gwm-update

iipditaher

FalhIraDetactton

/’
)ne of me foaowing: /g::ww-Rateerror$exc&k hreshokJ

●

● Ride error$excaeds a threshokl
d neitherESAUJPOftS W&i

Earthpresence”
● Both ESAS repmt the same

excessive poidng errof

# UARS FDIR inqmses rate
errortest onty In pitch; EOS may
recpire in ati axes

Wused

he d the tottowim:
Neither FDIR ~-thmster control
logicdeteds a Wure
FDtR dated. that the attii
detefination at@thm and both
ESASrepod excessive pitch or rott

FDIR dateds excessive yaw rate

%Ser controtsottwaredated.
that the attitudedetamdnabn
~hm repls excasslve
--

Safe Mode
D GMC BOU A
DACE A
‘ IRU1
o PROPS BDU A
D PMEA2 OFF, PMEA1 ON
● Thrustercontrot
‘ Hfirstor thkd faituresat teft,

- ACE to Earth Pointing
- ESA1, except in tirsthikre at Iett, it only ESA2 had

%alid Emh presence”,then ESA2
- ADE to Earth Pointirg

● II second Hure at tett,
- ACE to Sun Pointing
- Cssl
- ADE to Inertial

● Nneither FDIR nor thrustercontrolsoftware deteds a
faihre, bum continuesto cor@etion and no mode
switchingtakes place

GN8C BIN A
ACE A
ACE tO Earth Pointing
IRU1
ESA1
PROPS BDU A
PMEA2 OFF, PMEA1 ON
Tlwusterattitudecontrol
ADE to Earlh Pointing

● It FDIR detects a Iaiture,Sale Mode:
.
.
.
-
.
.
.
.
.

● Hthmsler controtso~~re deteds a faihwe, it aborts the
maneuver and switchesto previous mode

fl
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Thruster Failures
Acquisition - Rate Nuiling Mode

● Detection Method - one of the foliowing:

- ESA1 & 2 pointing errors agree& exceed threshold

- At least one ESA loses Earth

● Autonomous Response

- If both ESASon Earth, Earth Pointing Safe Mode, IRU, ESA, Thruster control

- lfa;bst one ESA off Earth, Sun Pointing Safe Mode, IRU, CSS, Thruster

Orbit Adjust - Update Filter Mode

● Detection Method - one of the following:

- FDIR: Attitude Determination Algorithm & ESA1 & ESA2 Pitch or Roll errors
exceed threshold or Yaw rate error exceeds threshold

- Thruster mntrol logic: Angle or rate error exceeds threshold

- Not detected

● Autonomous Response- one of the following:

- Deteoted by FDIR - Earth Pointing Safe Mode, IRU, ESA, Thruster control

- Ileoleted by Thruster control logic-abort maneuver& return to previous

- Not detected - complete maneuver & return to previous mode

Heritage: UARS
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I

SAD & ADE Failures

Acquisition - Yaw G ro compassing Mode (after start of SAD drive
1’software);Acquis tion - Update Filter Mode; Normal Mode; Orbit Adjust Mode

● Detection Method: SAD position error exceeds threshold

● Autonomous Response: Swap sides of SAD, ADE, C&Dti + CornsBDU

s Heritage: UARS
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FailureDetection

nol used

● HGA observed@nbalangle
changeadvergiifrom -
expeded_ ~
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Action

n/a

● Terminate HGA motioncomnwda
“command swapHGAsidea

f’

t-inksconned conpneti with GN&CS FSW
HGA manageti sof!wareVerifies kansmitlem OFF or no! muted lhro~h HGA before commandingent~ inlo don’t-radiatezone
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./

HGA Failures

Ac uisition - Yaw Gyro compassing Mode (after HGA deployment); Acquisition-
8tellar Acquisition; Acquisition- Update Filter; Normal; Orbit Adjust

● Detection Method: tiGA observed gimbal angle changes diverge from expected
gimbal angle changes

● Autonomous Response

- Terminate HGA motion commapdq

0

● Heritage: UARS
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● And either:
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a#O#rn ~HS with Ihat horn ESA1 &

●OC
- Si@icati Domk r data edilinq

● Dithrence wilh badu@ oscillatorfrequency
V* exceeds Ihreshold

“ Dlflefence between esWlated posilion&
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Navigation Algorithm Failures

Acquisition Mode; Normal Mode; Orbit Adjust Mode

● Detection method

- Bad positkwdvelocityestimate

● Differencewith EOS orbit elements exceeds threshold

* One or both of the following: Attitude Determination Algorithmdisagrees
with ESA1 & ESA2 or significant Doppler editing during Dopplerpass

- Bad oscillator frequency estimate

● Differencewith backup value exceeds threshold

● Difference between estimated position& velocity& EOS orbitalelements
exceeds threshold

● Significant Doppler editing during Doppler pass

● Autonomous Response

. Bad position/velocityestimate: transition to EOS orbit elements

. Bad oscillator frequency estimate: transition to backup frequencyvalue& to
EOS orbit elements

Heritage: new
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Data Load Failures

Acquisition Mode; Normal Mode; Orbit Adjust Mode

● Detection Method

- Difference from old orbit elements exceeds threshold

0 Difference of new TDRS state vector from old TDRS state vectorexceeds
threshold

● Autonomous Response: Use old orbit elements

June 28, 19938:59 AM 45 EA. 776-6366



~ NM)
. 15#j?$BDU Failures3=-’

.

Ac uisition - Rate Nulling Mode; Acquisition - Earth Acquisition Mode; Acquisition -
! aw Gyro compassing Mode; Acquisition- Stellar Acquisition Mode

● Detection Method

- ESA1 & 2 both lose Earth

- Other ESA1 or 2 indications that result in switch to Earth Pointing Safe Mode

● Autonomous Response

- First item above: swap BDU sides; no mode change

- Second item above: no action on EPS BDU

● Heritage: UARS

Ac uisition - Update Filter Mode; Normal - Update Filter Mode; Orbit Adjust- Update
Filter Mode

● Detection Method

. ESA1 & 2 pointing errors exceed threshold, Attitude DeterminationAlgorithm
pointing errors ok

. Other ESA1 or 2 indications that result in switch to Earth Pointing Safe Mode

● Autonomous Response

- First item above: swap BDU skies; no mode change

- Second item above: no action on EPS BDU

● Heritage: UARS

June 28,1993 11:59 AM /47
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ACE Failures

● Detection Method

w Multiple; race condition; TBD which method wins race in each mode

Not isolated as component failure - detected as part of sensor chain or effecter
- chain

● Autonomous Response

0 TED; depends on which detection method wins race

● Heritage: UARS
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GN&C BDU Failures

. Detection Method

- Multiple; race condition; TBD which methodwins race in each mode

- May or may not be isolated as a component failure- maybe detected as part of
sensor chain or effecter chain

● Autonomous Response

- TBD; depends on which detection method wins race

● Heritage: UARS

une 28, 1993 8:59 AM 51 E.A. 776-K166



PROPS BDU Failures

Rate Nulling Mode; Orbit Adjust Mode

● Detection Method

- Not isolated as a component failure

- Effect of failure subject to detection methods for Thruster& PMEA failures ‘

- Three possible results of failure detection tests

- TBD in EOS simulations which of three PROPS BDU power failure invokes

● Autonomous Response

- Responses included in responsesfor thruster& PMEA failures, i.e., driven by
results of failure detection tests

● Detected by thruster control software-terminate thrust commands, return
to previous GN&C mode -no effect on PROPS BDU

● Detected by GN&C FDIR - swap sides of PROPS BDU, go to Safe Mode

* Not detected- continue thruster control software commandsto CTIU,
destined for PMEA via PROPS BDU, until scheduled end of maneuver, then
terminate thrust commands, return to previous GN&C mode-no effect on
PROPS BDU

r

● Heritage - UARS(?)
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CTIU Power Failure

● Method of Detection

- Not isolated to a oomponent failure

- Effects of failure subjeot to detection method for SCC failure - loss of “SCC OK”
signal

. Autonomous response

- Safe Mode, pm-set ACE configuration,as in SCC failure

- Noeffecton CTIU- swap by ground command only

● Heritage: new

Jun8 28, 19938:59 ~ 55 E.A. 776-&j66



C&DH + COMS BDU Power Failure

● Method of detection

- Not isolated to component failure

- Effectsof failuresubject to detection methods for SAD failures, SBand
Transponderfailuresand NavigationDataLoad failures

.“

● Autonomous response

- Bftall SADtesh swapsidesof C&DH+ CornsBDU

- &Ml\WI;d Transponderor NavigationDataLoadtest, no effect on C&DH +

● Heritage

- SADtest- UARS

- S-BandTransponderor NavigationDataLoad- new

June 28, 19938:59 AM 57 E.A. 7766366



S-Band Transponder Failures

NormalMode; Orbit AdjustMode

● DetectionMathod

- Dopplerdatamt readyflagfrom SBand Tmnsponder

- CTtU the tag of Doppler samplemarkerpulsefromS-Band Transponder
indicatesoukof-phaseDopplersampling

- SignificantDopplersampleeditingby Navigationsoftware

● Autonomous*SPOIW9

- Interrupt Doppler sampling

- ~~v: summaryof Dopplersampleeditingfor use in NavigationAlgorithm

● Herftage:new

Ju~ 28,19938:59 AM 59 EA. 7W6366
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Propulsion Module Functional
Block Diagram MARTIN MARIETTA ASTRO SPACE
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Propulsion Subsystem Schematic
MARTINMARlt511AASTROSPACE
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Faults, Effects, and Criticality
MARTIN MARIHIA ASTRO SPACE
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Faults, Effects, and Criticality
(continued) MARTIN MARlf511A ASTRO SPACE

Item or Fallurc Mods PrJ3@d0&fw0w0ti Po8sbfa
FuncIfon

Fafha EffacIo Method or Exktlng ‘ ~dmfi
Cauaaa 0. Load Or8ubOyOtOIn Dotacuorv Oenqmnaatfng

b. Naxt ~gher Aooy. Vartftoatfon FaaIwes
e. 8paoeomn

Crftkallty

1IN REA LoaaOf REA thrust 1.) da Partfatfuraor aREAbunabfa bauppfy Um Aufonorrroua RadumbrrtUwustars,if leakage Medium
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Faults, Effects, and Criticality
(continued) MARTIN MARIETTA ASTRO SPACE

Item or Failure Mod. yQ@Ow&b Po88bla
Funotlon
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Propellant Leakage
MARTIN MARIEITA ASTRO SPACE

●

●

●

●

●

Sources of propellant leakage include the Propellant tank, service valves,
filters, latching valves, and propellant lines. Propellant tank and lines are
not considered as credible single point failures. Although the propellant tank
and lines are identified as highly critical to mission success these items are
not configured in a redundant fashion. Instead, subsystem level proof
pressure, environmental, and leak testing are performed to verify integrity.

Method of Detection:

- Pressure transducer telemetry.

Autonomous Response:

- To preclude engine weld leakage and reduce risk of valve seat leakage
isolate engine manifold downstream of subsystem latching valves. This is ~
identified as a potential FDIR implementation item.

Heritage:

- None identified

Future Plans:

- Evaluate FDIR activation of subsystem latching valves in response to
pressure telemetry versus maintaining subsystem latch valves in a closed
position.
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Thruster Component Failure
MARTIN MARIEITA ASTROSPACE

● Method of Detection:

- Autonomous detection by GN&C subsystem via earth attitude and/or
angular rate detection. GN&CS FDIR software utilized for detection in
situations where normal GN&CS algorithms are unable to detect failure.

● Autonomous Response:

- Abort attitude control and/or delta-V thruster maneuver

- Switch to safe mode

● Heritage:

- UARS

LR -
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PMEA Thruster Control Failures
MARTIN MARIEITA ASTRO SPACE

● Method of Detection:

- Autonomous detection by GN&C subsystem via attitude and/or angular rate
detection. GN&CS FDIR software utilized for detection in situations where
normal GN&CS algorithms are unable to detect failure.

- PMEA telemetry includes status on REA firings, safe mode, and thruster
command integrity

● Autonomous Response:

- Abort attitude control and/or deIta-V thruster maneuver

- Switch to safe mode

● Heritage:

- UARS
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Thermal Control Subsystem FDIR

D.Chalmers

June 29th, 1993
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Thermal Subsystem Functional Block Diagram
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Overview

● EOS-AM Thermal Control Subsystem (TCS) is functionally designed to tolerate a
single point failure 1,

. Passive TCS elements have no critical FDIR requirements, i.e.;

. Radiators are sized to accommodate degradation from contamination/
environmental effects

. MLI has multiple layers, attach points and grounding paths

. Thermal interfaces are designed and tested to easily withstand launch load

effects

. Active TCS elements have several critical FDIR requirements

Heater Control Electronics (HW including heaters, thermostats and sensors
f’

.

. Thermostatically controlled heaters for Propulsion Module (pM) equipment

Capillary Pumped Heat Transfer System (CPHTS) for active Instrument
accommodation on MOPITT, ASTER-TIR & ASTER-SWIR

. Temperature sensors/telemetry and command status telemetry

Note that equipment module (EM) heat PiPeS have nO critical FDIR requirements
Dc-3



HCE: Faults, Effects& Criticality

{CE Func- Failure De- Criti- Effect Comments
ype tion tect cality I

2 Gener- Heater Te- Me- Potential for gatte~ies & Further explanation on
al Pur- stuck Off leme- dium oirs to ex- separate viewgraph
pose try

2 Gener- Heater T- Me- Potential for several Further explanation on
al Pur- stuck on leme- dium component temps to ex- separate viewgraph
pose try teed design allowable

within 6 hrs

3 CPHTS Heater Te Me- Potential for Instrument Further explanation on
Reser- stuck on leme- dium temps to exceed design separate viewgraph

voir or off tly allowable within 6 hrs

4 PM Heater T* Me- Potential for TCV temps Further explanation on
TCV stuck on leme- dium to exceed upper design separate viewgraph

try allowable within 6 hrs

4 PM Heater Te- Low No component temps Staggered primary and
TCV stuck Off leme- will exceed lower design back-up set points

try allowable within 6 hrs

5 Battery Heater Te Me- Potential for temps to Further explanation on
stuck on leme- dium exceed design allow- separate viewgraph

or off try ables within 6 hrs

1

TCV=ThrUS- - Control Valve
DC -



7hermostatica//y Switched Heaters: Faults, Effects&
Criticality

Failure Detect

Heater Teleme-
stuck on try

Heater Teleme-
Nuck Off try

Thermo- Teleme-
stat try

stuck
closed

Thermo- Teleme-
stat try

stuck
open

Critical-
ity

Low

Low

Low

Low

Effect

No PM component temps ex-
ceed upper design allow-
able within. 6 hrs

No PM component temps ex-
ceed lower design allow-
ables within 6 hrs

No PM component temps ex-
ceed upper design allow-
able within 6 hrs

No PM component temps ex-
ceed lower design allow-
able within 6 hrs

Comments

Series thermostats ensure
protection against heater
stuck on

1. High propellant tank ther-
mal capacity
2. Primary and back-up
heater thermostat set points
will be offset. Both will be
enabled.

Series thermostats ensure
protection against thermo-
stat stuck closed

1. High propellant tank ther-
mal capacity
2. Primary and back-up
heater thermostat set points
will be offset. Both will be
enabied.
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CPHTS: Faults, Effects& Criticality

F6iiiiF

CFimr
leak

w
~egrada-

tion

CPHTS
Pres-
sure

switch

CPHTS
heat
pipe
leak

Detect

Telemet-
ry

Teleme-
try

Teleme-
try

Teleme-
try

Critical-
ity

Medium

Low

Medium/
Low

Effect

Potential for CPHTS and
Instrument temps exceed
upper design allowable
within 6 hrs

No CPHTS and Instrument
Iemps exceed upper design
allowable within 6 hrs

No CPHTS and Instrument
temps exceed upper design
allowable within 6 hrs

Potential for CPHTS and
Instrument temps exceed
upper design allowable
within 6 hrs

Comments

4Further explanation on sepa-.

rate viewgraph

Degradation mechanisms all
gradual - adequate warning
available for corrective ac-
tion
Normal Instrument and
CPHTS temperature teleme-
try will confirm faulty pres-
sure switch
1. Failure of HPHX.. same
procedure as CPHTS leak
2. Physical heat pipe redun-
dancy for spreaders will en-
sure normal operation even
with one failure

DC -



Temperature SensorY71elemetrY:Faults. Effects & Criticality

Failure Detect Critical- Effect Comments
ity

Loss of Teleme- Low Missing component temper- Critical components will

temp te- try (lack ature data have more than one temper-
Iemetry of) ature sensor

Loss of Teleme- Low Cannot determine command Switch to back-up function
com- try (lack status (HCE, CPHTS$ etc.) (by flight software or ground

mand te- Of) command)
Iemetry

r’
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Critical Fault: HCWheater stuck off

●

●

●

●

“Medium critical” applicable to all HCE types 3 & 5(TBR)

Detected by heated component telemetry falling below allowable alarm limits

Autonomous response:

- Check validity of telemetry (VS expected range)

- Check HCE status

.- If HCE enabled ... then switch to back-up HCE

-- If HCE disabled ... then enable HCE

. Send signal to ground

0 Under temp thermostats protect against catastrophic failure fI

For PM TCV HCES (Type 4), and components requiring operational heaters (HCE
Type 2s), both the primary and backup heater circuits will be enabled. W points
will be staggered to ensure backup comes on only after primary failure.

DC



Critical Fault: HCE/heater stuck on
●

●

●

●

●

●

“Medium critical” applicable to HCE types 3,4 & 5 only

Detected by heated component temperature !elemetry rising above allowable alarm
limits

Autonomous response:

. Check validity of telemetry (VSexpected range)

- Check HCE status

.- If HCE enabled ... then disable HCE

.. If HCE disabled ... then check other potential failure paths, i.e., component

operation, etc.

. Send signal to ground
f
I

CPHTS Reservoir HCES (type 3) have overtemp (survival) cut off to protect
CPHTS. Impossible to use this method to protect against exceeding design
allowable due to tight CPHTS operatinq range (20 to 25 degC).

Battery HCES (type 5) have overtemp (survival) cut off to protect Battery cells.
Impossible to use this method to protect against exceeding design allowable due
to tight Battery o-. range (-5 to 10 degC).

Type 2 does not have any critically affected heaters
DC-9



Critical Fault: CPHTS Leak
. Detection:

1 Pressure switch indicates low pressure in CPHTS

2 CPHTS temperatures exceed design allowable

3 Instrument temperatures exceed design allowable

● Autonomous response:

- Determine if leak has ocurred (minimum of 1 & 3 above)

. Command affected Instrument to “sa@’ mode (stand-by or off)

- Enable survival HCES
I&wpw

.

● This will be the first time usage of this software

DC -



Conclusions/Issues
. All critical failure scenarios are “medium” or “low”

. TCS hardware implemented FDIR features include:

. CPHTS Reservoir HCE3S and Battery HCE5S have high and low thermostat
protection

. Thermostatically controlled heaters: series thermostats (protects against stuck

on thermostat/heater)

. TCS operationally implemented FDIR features include;

. Primary and backup circuits enabled for HCE4S and required HCE2S

. TCS software implemented FDIR features include:

. Temperature telemetry monitoring (compares to alarm limits)

. CPHTS leak detect and response
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EPS Detail Block Diagram MARTIN MARIEilA ASTRO SPACE
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BAT Faults, Effects & Criticality
MARTIN MARIEITA ASTRO SPACE

BAT Func- Failure Detect Criti- Effect Comments
Item tion cality
6PM Cell No Tlm Low No Effect 4 BPMs available, data

Press output Loss of Tlm for information only

Therm- Cell No Tlm Low No Effect 4 cell temps available,
istor Temp. output Loss of Tlm data

for information only

Therm- Panel No Tlm Low No Effect 2 panel temps avail-
istor Temp. output Loss of Tlm able, data

for information only

Meter BAT No cir- Tim Low No Battery Manage- Battery not charged
Shunt current Cuit ment properiy

output
Ceiis Power- Open Tim High Loss of Battery Drop in Bus Voitage

Source Ceii
Ceiis Power- Cell Tim Low Loss of a Celi Sufficient BAT margin

Source Short to tolerate a singie cell
ed short in each BAT.

VIT Provide No Tim Med Loss of V/T function Battery Life Reduced
Sensor V/T output due to battery over-

Signai temperature

nn–2



Battery Open Cell Fault
MARllN MARIEITA ASTRO SPACE

. FDIR Feature: Thermally Actuated Bypass Switch (TABS)

● Detection:

- Battery current flows through TABS

. Autonomous Response:

- Open cell is bypassed by TABS circuitry. Thermally activated switch will
shunt battery current around the open cell.

- TABS is a new design, and will be qualified at the component and
workhorse BAT level.

. Heritage:

- New Design r

nn–3



VIT Sensor Circuitry Fault
MARmt4MARIEnA Ii9TR0 SPACE

. FDIR Feature: Three V/T sensor circuits per Battery with H/W voting in PDU
Mode Controller

. Detection:

- S/W Monitors Battery temperature telemetry and indicates if value is out of
defined operational range

● Autonomous Response:

- Voter in PDU Mode Controller assesses V/T signals from each Battery

● Heritage:

- Telstar
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BPC: Faults, Effects& Criticality
MARTINUARIETTAASTRO SPACE

BPC
Channel

Channel
Control

and
Power

Electronics

Channel
Control

and
Power

SIectronics

Function

Supplies
Pow-erto
and From
Bus

Supplies
Power to
and From
Bus

Failure

3pen:
3ver-
xwrent
3ver
tem-
3era-
[um
Wer
foltage

w
i)d

Detect

No
Channel
output

No
Channel
output
Short
puts ex-
cessive
load on
main bus

Criticality Effect

Propagation of fail-
ure to other BPC

channels

Excessive load
main bus

Comments

Modular design 4 Channels
per BPC

Drop in bus Voitage

f’
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BPC Channel Faults
MARTIN MARIEITA ASTRO SPACE

●

●

●

●

FDIR Feature: H/W implemented failure detection built in each BPC channel.
Each BPC channel has fuses on battery and bus side

Detection: H/W implemented circuit detects out off limit BPC channel over
current, over temperature, and overvoltage

Autonomous Response:

- If channel failure detector detects out of limit current, temperature, and

voltage channel is taken off line. A faulted channel may be shut down by
ground control. However, a H/W interlock is provided so that only one
channel in each BPC can be taken off line. Further, if a channel draws
excessive current from the bus due to a internal short either the bus side
fuse or battery side fuse will clear the shorted channel

Heritaae: Telstar
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ADE: Faults, Effects & Criticality
MARTIN MARIEITA ASTRO SPACE

ADE Function Failure Detect Criti- Effect Comments
Item cality

Drive Turns SA Pot Med Loss of ReductionJin S/A
Circuit Array Motor Tlm energy output

stops balance

Safe Hold Cmds Circuit Serial Low Degraded Coarse Sun Sensor
Circuit Drive In takes over Tlm pointing accu- positioning loop is

Safe in Normal racy not as accurate as
Mode Mode prime pointing sys-

tem

EPC Powers Loss Pot Med Loss of Array will stop,
ADE of See” Tlm energy Reduction in S/A

circuit ondary balance output
Power

Rate Determine Reversal Serial Tim Med Loss of Reduction in S/A
Generation rate & of energy output

Circuit direction direction, balance
of Solar erroneous

Array rate

nn -



All ADE Faults
MARTINMARIEITA ASTROSPACE

. FDIR Feature: GN&C S/A S/W Algorithm

. Detection: Compares SAD potentiometer outputs (actual WA position) to
estimated position

. Autonomous Response:

- If comparison of actual S/A position exceeds the set threshold S/W ‘
switches to redundant ADE, BDU and SAD motor winding

. Heritage: UARS
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PDU: Faults, Effects& Criticality
MARllN MARIEITA ASTRO SPACE

PDU ~unc- Failure Detect Critical- Effect Comments
CKT tion ity

Cmd CIR & Loss Of Tlm Medium No Control of Battery Man- Battery not charged
Decod- VIT pwr/lC agement properly

er cmds failure

Mode BPCI Loss Of nm High LOSSof EPS bus Out of Regulation
Con- Ssu pwr/lC regulation

troller control failure
EPC PDU output Tim High LOSS Of EPS bus Out of Regulation

bias over- regulation
power voltage

Bat Cur BAT No cir- Tlm Med NOControl of Battery Man- Battery not charged
Tlm Current Cuit agement properly
Amp output

Cap Pr* One ca- Tlm High Excessive main bus load Loss of energy baiance
Bank vldes pacitor due to a shorted due to excessive bus load

fiitering shorts capacitor
to loads

nn -



Command Decoder Fault
MARTIN MARIETTA ASTRO SPACE

FDIR Feature: - H/W - Implemented Fail - Safe circuitry in each Command
Decoder

Detection: EPS Battery Telemetry

Autonomous Response:

- If command decoder fails to respond to the commanded charge or WT
levels the resultant charge rate will not be lower than the commanded rate
nor be higher than 23 Amperes. The resultant V/Twill follow the V/T curve
for the maximum battery voltage of 90 volts.

Heritage: New Design

nn – 10



Mode Controller Fault
MARTIN MARIEllA ASTRO SPACE

. FDIR Feature: H/W majority voting in PDU Mode Controller

. Detection: EPS Bus Voltage and Current Telemetry

. Autonomous Response:

- Loss of 1 out of 3 control signals is voted out by majority voter.

. Heritage: Telestar and other S/C programs

r
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PDU EPC Overvoltage Fault
MARTIN MARIETTA ASTRO SPACE

. FDIR Feature: Each PDU EPC has built in H/W overvoltage protection circuitry

. Detection: EPC output voltage exceed the preset limit

● Autonomous Response:

- If EPC output voltage exceeds the set threshold the EPC is taken off line.
Backup EPC powers PDU bias circuitry.

. Heritage: Telstar and other S/C programs

nn -12



Battery Current Telemetry Amplifier Fault
MARTIN MARIETIA ASTRO SPACE

FDIR Feature: On-Line redundant conditioning circuitry/S/W voting in SCC

Detection:

- S/W addresses TLM output from each Tlm circuitry

Response:

- S/W selects which Tlm to use based on current thresholds

Heritage:

- Inmarsat- and other S/C programs

nn – 1:



Capacitor Bank Fault
~lWlr4MAREITA ASTRO SPACE

.

FDIR Feature: Each pair of caps (64 pairs) fused; 3 pairs are redundant

Detection:

- Capacitor pair current

Autonomous Response:

- Fuse clears
capacitors

Heritage:

- Telstar, and

shorted capacitor pair.

other S/C programs

Main bus protected from shorted ‘

,’

nn -14



SSU: Faults, Effects& Criticality
MARllN MARI~A ASTRO SPACE

Func-
tion

Failure

Shunt
Power
Switch
Open

Ssu
CKT

Effect CommentsDetect

Must be
derived

from
other
Tim

Critical-
ity

Shunts
SA

circuit
I

Power
Shunt

One SA circuit power wiil
be unshuntabie

Not perceptible if suffi-
cient load on busLow

Shunts
SA cir-

cuit
1

Ssu
Bias

Power

Shunt
Power
Switch
Short

output
over-

voltage
—. R

CMD
Dec

Failed

TLM Enc
Failed

Ssu
Control
Signal
from
PDU

Failed

Must be
derived

from
other
Tim

EPC
I Tim

Power
Shunt

One SA circuit power wili
not be availabie to the

Sufficient SAA power
avaiiable from remaining

circuits
Low

Out of RegulationLOSSof EPS bus
regulationEPC High

rLoss of primary command
function

De-
codes
cmds

En-
codes
Tlm

Shunt
control
signal

for reg-
ulation

Loss of 1 command
decoder functionCMD

DEC
Via Tim Low

Lose 1 TLM encoder
function

Loss of primary Tim
functionTlm

Enc
Via Tlm

Via Tim

Low

High Main bus coiiapseLoss of bus regulation

Shunt
controi

nn -15



SSU EPC Overvoltage Fault
MARTIN MARIETTA ASTRO SPACE

. FDIR Feature: Each SSU EPC has built in H/W overvoltage protection circuitry

. Detection: EPC output voltage exceeds the preset limit

● Autonomous Response:

- If EPC output voltage exceeds the set threshold the EPC is taken off line.
Backup EPC powers critical SSU circuitry.

nn - 16

● Heritage: Telstar and other S/C programs



Shunt Controller Fault
MARllN MARIISITA ASTRO SPACE

●

●

●

●

FDIR Feature: H/W majority voting in SSU Shunt Controller

Detection: EPS Bus Voltage and Current Telemetry

Autonomous Response:

- Loss of 1 out of 3 control signals is voted out by majority voter.

Heritage: Telestar and other S/C programs

r
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SAA: Faults, Effects & Criticality
MARTIN MARIEITA ASTRO SPACE

SAA
Item

SAA
Circuit

SAA
Circuit

Function

Powers
EPS BUS

Powers
EPS
BUS

Failure

SAA
Circuit
Open

SAA
Circuit
Short

Detect

SAA
TLM

SAA
TLM

Criti-
cality

Low ;

Low?

Effect

One SAA circuit
power wiii be

lost

One SAA circuit
power wiii be

iost

Comments

No effect on EPS
capability 1/24

ioss(4.2?40)
in Bus power

No effect-on EPS
capability 1/24

Ioss(4.2Y’0)
in Bus Dower.

r’
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SAA Solar Array Circuit Failed Open
MARTIN MARIETTA ASTRO SPACE

. FDIR Feature: SAA Solar Array circuit fails open.

● Detection: SAA health TLM.

● Autonomous Response:

- SAA has available 24 SAA circuits to power the EPS Bus. The loss of one of
these circuits will reduce the Solar Array capability by 1/24 or 4.2 ?40. “

. Heritage: Telstar and other S/C programs

nn – ‘k



SAA Solar Array Circuit Failed Short
MARTIN MARIETTA ASTRO SPACE

. FDIR Feature: SAA Solar Array circuit fails short.

. Detection: SAA health TLM.

● Autonomous Response:

- SAA has available 24 SA circuits to power the EPS Bus. The loss of one of
these circuits will reduce the Solar Array capability by 1/24 or 4.2 ?XO.

Further, each Solar Array SA circuit is isolated from the EPS Bus by a
series blocking diode in the SSU and a fuse in the PDU. The blocking diode
will protect the EPS Bus from a short at the SA circuit level. If the diode
shorts(second failure) the fuse in the PDU will clear and further protect the
EPS BuS.

(1
. Heritage: Telstar and other WC programs

nn 20
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Communication Subsystem Faults, Effects, and Criticality

Approach

● Examine faults, effects, and criticalityorganized on a functionalbasis

● S Band Communications %/

●- DAS

●=KSA

F
Subsystem

Subsystem

r

tin-l



Faults, Effects, and Criticality

S Band Communications (cont.)

Item

SBT

FGN&CISCC

FHGA

Failure

receiver

transmitter

data outputs (Prime
& Red) of firsttrans-
ponder with good RF

carrier and bit lock

no update or incor-
rect TONS frequen-

cy offsetwod

MDA, gimbat
(pointingcapability)

Effects I lime I Remarks
I Criticality I

loss of command path capabilityat se- Iow hot standby receiver
Iected receiver data rate at all times

# u

loss of 1 telemetrypath low I. .

dependent on CTIU command han- medium handled by CTIU
dling validation of synch

extended time to acquire prime SBT low backup transponder
(multipleTDRSS forward linksweeps) set to nominal re-

1 I ceive frequency

I [

achievable command rate via TDRSS I low I GN command/telem-
Iimitedto 125 bps etry of 2 kbps/1, 16,

achievable telemetry rate limitedvia 512 kbps
TDRSS to 1 kbps on zenith omni

transponderpower up to 125 bps com-
1

low
mand rate I

tin-3



Faults, Effects, and Criticality

S Band Communications

Item Failure Effects lime Remarks
Criticality

SBIU SBT1 Omni/HGA achievable telemetry rate limitedto 1 low
transmitswitch kbps on SBT1 if omni only

SBT2 Ornni/HGA achievable telemetry rate limitedto 1 low
transmitswitch kbps on SBT2 if omni only

Nadir/Zenith Ornni reduced telemetry flexbillty between low
transmitswitch TDRSS and GN

HGA LHCPIRIICP reduced telemetry flexibilityto TDRSS low
switch

Master Oscillator 4 MHz reference to degraded RF reference and trans- Iow Transponder Internal
SBT’S ponder acquisitionaccuracy (TONS) TCXO backup

r

tin-2



S Band Communications (cont.)

● Redundant command interface from each transponder cross strapped to CTI Us

I

● S Band Transponder single point failure exists where RF carrier and bit lock
could be indicated but data bad to both CTIUS (failure upstream of redundant
output drivers).

■- CTIUS originallyselected command from SBT with first indicationof carrier
and bit lock (one CTIU to respond based on address bit in command) s

● CTIU synch validation added to preclude selection of transponder with bad
data failure mode

•~For data failure during contact, loss of bit or RF lock resets CTIU to search
for valid input from either transponder

f
I

Command transfer from SBT to CTIU guaranteed by
cross strapping and CT/U synch validation

tin-5



S Band Communications (cont.)

. Received commands available to both transponders from all antennas
■=No switches in receive path
•~HGA LHCP and RHCP, Nadir and Zenith omni combined in hybrid and

coupler

. Receiver cannot be commanded off

●DNo switches in 120 volt bus to SBT
~~No power switch for SBT receiver

. One transponder configuredto receive high rate commands and the other to re-
ceive low commands in support of omni link in case of HGA misspointingto
TDRS

¤~GN command backup at 2 kbps via Nadir Omni available independent of ~
TDRSS availabilityand selected data rate

. Transponder has internal TCXO as backup to Master oscillatorreference
●=Maintains nominal receiver frequency to within25 kHz
● Requires wider frequency swept U/L for acquisition

CMD reception via SBTguaranteed by passive receive on OMN15 and HGA,
hot standbyllow rate nominal frequency SBK and hot backup internal TCXO

tin-4



SBIU Block Diaaram

RHCP

NADIR
oluNl

HGA

bRHCP

LHCP

+
I

Diplexcr. / u \ w
DX1

r
AL

\ 8.5(IB

-. I
K. = n

--1-1

QIDiplclW
DX2

J
‘&’&

I orH(3A
/

selectOd

SW
7f

Switch1 r

\

=+3Rxl

BRF1 Txl

f’
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S-band Communications Subsystem Block Diagram
TO S-bBnd

TRANSK)NDER

L ZENITH NADIR

“0”‘-z4 MHZ TO

BASESAND
HOUSEKEEPING cMD/TLM

TELEMETRY
TRANS-DER

FROM C6DH 1

BA!3ESANDCMD
TO C6DH

4— MASTER
4 MHZ TO
C&D” 4—

OSCIUATOR
2

CMDMM b-
CMD/TLM

INTERFACE
UNIT

TDRSS SSA, SMA
CMD/TLM

BASEBAND
HOUSEKEEPING - $buld CMWTLM

TELEMETRY TRANSPONDER

FROM C6DH 2 4

I
BASEBANDCMD

TO C6DH . M
HIGH GAIN. . . . ----

ANTENNA ASSEMOLY

.. :.= .—. , u
CMDMM I ,

v
KU-ttand

M ANTENNA
*

B
>

~UNTED
A ELECTRONICS
L

.

. . . . . . . . . . . ------ ----- . . . . .
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Faults, Effects, and Criticality

DAS Subsystem

Item Failure Effects ~me Criticality Remarks

Modulator/Freq soume modulated output lossof DAS OIJ@Jt low externally redundant

LO reference output lossof DAS output low externally redundant

Upconverter output loss of DAS output low externally redundant

SSPA output lossof DAS output low’ externally redundant

Prime power overvoltage SSPA degradation low externally redundant

Output RF Switch won’t switch,stuckmick loss of DAS output low 2 failure scenario
point f’

. NOautonomous response required

tin-8



DAS Subsystem

IF
. DASr

Upconvcrtcr
1wT

u)

.
4

Ciil DAS Mod
Frequency

Souroc
1

D/lS
Ransmitter

RF

1CH-2
DAIA

4
4
9 g---------- - .-.-----J
I I
e
6 *
# s
I 9 r --------- --.-- --- b------- ----.-

8nm

DAS I%nel

Bus Data Unit (BDU)

DAS I?anel
l%scDMtributionBoar

(FDB)
Fart of Electrical

1~

Science

~ormatting

Equipment

(S~E)

switch

(’
D

. . ..-. -. 1-------- . . . . . .
9

@
L . . . . . . . . . . .-- .-.-.,Partof

C&DHS
CH-1

e
4

Clxl

CLK2

CH-2

B
4

BDU Signals

120v

--------
w

DAS
‘Ihmsmitter

2

DAS MoW
Frequen~

source
2

I

DAS
Jpmnverter

2 RF

t
FROM

4MH2 M02
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Faults, Effects, and Criticality

KSA Subsystem

Item

I

Failure
I

Effects

Modulator modulatedoutput loss of K band link

LO reference output loss of K band link

m n

t HGA I encoder I indicatedpointingmistrackscommand
I I I input (actual minting maintained)

m

I
m

I ACON - improper I HGA misprinted - loss of KSA data
1 I command execution I

I
I

I potentialencroachmenton RF stay out
I

I I I zone (radiate EM’s and sun sensors)

potentialmotordrive damage if pro-
ceed to mechanical stop on pointing

upconverterflWTA bss of KSA output

I I gimbal I no HGA pointing- lossof KSA data

GN&C bad c::rnnAd input potentialencroachmenton RF stay out
zone (radiate EM’s and sun sensors)

potentiafmotordrive damage if pro-
ceed to mechanical stopon pointing

Time Criti-
cality

low

low

medium

medium

low

low

medium

Remarks

externally redundant

externally redundant

Encoder TLM for
pointing FDIR

Encoder TLM for
pointing FDIR

Encoder TLM for
pointing FDIR

Encoder TLM for
pointing FDIR

internally redundant

DAS backup

Encoder TLM for
pointing FDIR

Encoder TLM for
pointing FDIR

l“

tm- 1(1



KSA Subsystem

. HGA software stops preclude damage from hardware stops independent of
GN&C

. HGA provides telemetry to support GN&C HGA management SW – if motion in-
dicated by encoder inconsistentwith command

●=Halt commanding to HGA
●=Turn off RF drive to HGA if transmittingto ensure RF stayout zone pre-

served

. HGA provides telemetry to support HGA thermal FDIR TMON to protect against
overheating/damage

•~Az & El Gimbal temperatures ?

tm–11



Communication Subsystem FDIR Summary

. Command reception via SBT guaranteed by passive receive on OMNI’S and
HGA, hot standby low rate SBT, and hot backup internal TCXO

. Command transfer from SBT to CTIU guaranteed by cross strappingand CTI U
synch validation

. HGA software stops preclude damage from hardware stops independent of
GN&C

. HGA provides telemetry to support GN&C HGA management SW which halts
commanding to HGA and ensures no RF transmissionif motion indicated by
encoder inconsistentwith command

● HGA provides telemetry to supportHGA thermal FDIR TMON to protect against
overheating/damage

-13
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KSA Subsystem

Science

Formatting

Equipment
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L

1 SCOPE

TMS design note updates the previous analysis through a review and analysis of the current ~
Command andTelemetryBus design concept for the CommandandDataHan~g Subsystem of the
EOS Spacecraft to ensure complete compliance with MIL-STD- 1553B.

.—
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2 APPLICABLE DOCUMENTS

PS20008~67 Command and Data Handling Subsystem Specitlcation

PN20005869 Electromagnetic Compatibility (EMC) Control Plan
for the EOS-AM Spacecraft

MIL-STD-1553B Digital Time Division
21 September 1978 Command/Response Multiplex Data Bus
NOTICE 2
8 September 1986

——
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3 REQUHUMENTS

3.1 Definitb

3.1.1 Cornrnand and Telemetry Bus Description

The Command and Telemetry (C&T) Bus is a dual-redundant data netwo~ with each network
designed as a MIL-STD-1553B (1553B) data bus. The network is utilized to distribute operational
commands and information to the EOS Spacecraft Subsystem Components and Science
Instruments, either directly or via the Bus Data Units (13DUS).The network also collects status
information from these users, which are located throughout the Spacecraft. A Bus Controller (BC)
is located in each of the Command and Telemetry Interface Units (CTIU- 1 and 2) and directs all of
the data transmissions on the bus. Wh.hineach CTIU, the resident BC is cross-strapped to each bus
through a separate Transceiver and coupler. This amangement permits either CTIU to command
either the Primary or Secondary C&T Bus.

As a 1553B bus, the network uses all of the standard 1553B components such as bus couplers,
controllers, remote terminals, bus cable, terminations, terminal transformers, etc.

The bus must serve the following users for a total of 35 intefiaces:

Spacecraft Control Computer 2 (SCC-2)

Command and Telemetry Interface Unit 2 (CTIU-2)

Spacecraft Control Computer 1 (SCC- 1)

Command and Telemetry Interface Unit 1 (CTIU-1)

CommunicationslCommand and Data Handling (COMS) EM BDU-B

CommunicationsJCommand and Data Handling (COMS) EM BDU-A

MODIS BDU-B

MODIS BDU-A

MODIS-A

GN&C Star Tracker-B

Guidance, Navigation and Control (GN&C) BDU-B

GN&C Star Tracker-A

Guidance, Navigation and Control (GN&C) BDU-A

High-Gajn Antema B (HGA-B) __

3 .
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High-Gain Antenna A (HGA-A)

Recorder Equipment Module (REM) BDU-B

Reco;der Equipment Module (REM) BDU-A

Reaction Wheel Assembly (RWA) EM BDU-B

Reaction Wheel Assembly (RWA) EM BDU-A

Power EM BDU-B

Power EM BDU-A

Propulsion Module BDU-B

Propulsion Module BDU-A

ASTER BDU-B

ASTER BDU-A

ASTER CSP-A

CERES/MISR/MOPI’IT BDU-B

CERES/MISR/MOP~ BDU-A

MISR-A

MOP1’TT-A

CERES (FWD)

Direct Access System (DAS) Panel BDU-B

CERES (AFT)

Direct Access System (DAS) Panel BDU-A

TEST PORT

The physical bus architecture is shown in Figure 1.

3.1.2 MILSTD-1553B Requirements

Since the proposed implementation of the Command and Telemetry Bus utilizes only components
(terminals, couple~ and cable) which meet 1553B spedlcations, this report will analyze the
characteristics of only the physical implementation of the proposed Command and Telemetry Bus
relative to the performance requirements of 1553B. Therefore, the reader is referred to 1553B for
information regard_ng signal rise-time, transceiver_@sign, etc.

9

9

4



Trunc&e~ I Trmvcdve

1%1,,
I Buv Coddler I

CTIU-2

Bus Coupkrs

(in cable harness)

t
I

/’
Line Terminations

r
INS,.s!!M H H

Note:
AU lines represent twinax

I BDUS I ~~~

Figure 1. Commandand TelemetryBus Architecture

r



Eos-DN-c&DH-039A
c 11August 1992

For the purpose of this nqmrt, the following 1553B requirements apply, with one fault on the bus:

Vtit (signal level at term.inal output)= 18 Volts peak-to-peak, minimum

V~v (signal level at terminal input)= 1.00 Volt peak-t~peak, minimum

21 (receive terminal input impedance)= 1000 Ohms, minimum

ZO(bus cable characteristic impedance)= 77 Ohms

N;NP (bus transformer turns ratio)= 1.414:1

RiW(isolation resistor value)= 0.75~ = 57.75 Ohms

Rf,ult (shorted coupler impedance)= 1.5~ = 115.5 Ohms, minimum

~ (cable attenuation) = 1.4 dB/100 ft, maximum

3.1.3 Bus Interfaces

The stubs for the proposed bus vary in length from 0.83 ft to 20.39 ft, as shown in Table I. All of 1
the bus interfaces consist of a transformer-resistor coupling network as shown in Figure 2. This is
prescribed by the 1553B specification and is necessary to minimize stub fault effects on the bus. In
1553B terminology, the users are refereed to as “terminals” and consist of the bus interface circuitry
(transceiver) connected to the stub via a transformer witha21 turns ratio, the lowertums side being
connected to the stub. All bus terminal (user) voltage measurements are referenced to this point of
connection with the stub in accordance with 1553B requirements, rather than the actual point of
connection with the hansceiver.

3.2 Factors Affeeting Bus Performance

There at two major factors involved in the design of the bus to ensure compliance with
MIL-STD-1553B, namely, received signal amplitude and accuracy of signal edges. The signal
amplitude is affected by stub length, terminating impedance, overall bus length and cable
attenuation. The signal edge accuracy is affected by reflections caused by the bus couplers. These
reflections occur because the couplers do not present a matched impedance to the bus and therefo~
cause a portion of the incident energy to be reflected back to the source. The magnitude of the
reflection from a particularcoupler increases as the length of the stub associated with that coupler
increases. In general, the effect these reflections have on the received wave is dependent on both the
length of the stubs and their position on the bus. Additional distortion of a lesser amount, is caused
by dispersion and attenuation of the signals as they propagate along the bus. Dispersion, however,
will not have a significant effect on pulse rise and fall times in bus networks which are less than 200
feet long.

Reflected waves on a bus cable begin to cause signtilcant waveform distortion when their time of
arrival at a point on the bus is delayed by more than the rise time of the original transmitted wave.
Since the propagati~n delay of a bus cable is aboutJJ nanoseconds per foot, the reflection fkom a

6
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point 33 feet distant from the measurement point, will be delayed 100nanoseconds”from the original
transmitted wave. As predicted by transmission-line theory. the wave reflections will cause changes
in the shape of wave tops but will cause very little shift of zero-crossing times except at the end of
a message. Dist6ttion shows on the wave tops because reflections add to the much larger incident
wave which switches rapidly between the maximum positive and negative levels. Waveform
distortion is very evident at the end of a message where the incident wave has dropped to zero and
reflected waves continue to arrive. The length of the distortion pulse at the end of a message is
directly proportional to the length of the bus cable between the larger reflection points and the
measurement point. The amplitude of the distortion pulse is determined primarily by the magnitude
of the mismatch between the couplers and the bus. This mismatch is quanttled through the
calculation of a reflection coefficient for each coupler.

3.2.1 Stub Length

Although the minimum impedance presented to the stubby a terminal in the receive mode is limited
to 1000 Ohms by the 1553B spectilcation, the actual impedance presented to the bus transformer,
and therefore the bus, is a complex transformation of that impedance which is, in turn, a function
of the stub length. The transformation is given by the following formula

&b=zo[zlcos &+j Zosin$C]/[ Zt3cosfM+j Zlsin~]

Where,

~ = cable characteristic impedance

Z]= termination impedance

f3=2sc/?b

k= wavelength of 1 MHz signal on stub (656.2 ft for a 67% velocity factor)

e = physical length of stub

4 PROPOSED DESIGN

4.1 Bus Configuration

The proposed system is dual-redundant, however this report will only be concerned with the analysis
of one bus since its mate has the same or similar physical layout as per information from the
Electrical Accommodations SubSystems Engineering group. This Bus uses a 77 Ohm,
doubly-terminated, twisted shielded pair as the intercomecting cable with couplers consisting of a
resistively-isolated mansformer. Table I lists the couplers by name and shows their location on the
bus relative to the CTIU-1 coupler, together with the associated stub lengths. The location of the
CTIU-1 coupler has been chosen as the primary reference point for coupler locations since it, or
CTIU-2, is the Bus controller. .—
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Table I. Coupler Locations and Stub Lengths

Coupler Bus Stub
ID _ Coupler Name Location* IMgth

(ft) (ft)

1 TEST PORT .28.58 0.83

2D** DAS BDU-A 24.41 9.58

2D** CzllEs (lWI’) 24.41 11.85

3D** DAS BDU(B) 23.74 10.24
3D** CERES (mm) 23.74 15.27

4 MOPI’lTA 23.08 7.93

5 MISR-A 22.41 10.87

6 CERES/MISR/MOPITT BDU-A 21.7 3.63

7 CERES/MISR/MOPITI’ BDU-B 21.03 429

8 ASTER CSP-A 20.37 19.17

9 ASTER BDU-A 19.7 16.74

10 ASTER BDU-B 19.03 17.41

11 PMA BDU-A 1837 14.67

12 PMA BDU-B 17.58 15.33

13 RWA BDU-A 16.91 14.18

14 RWA BDU-B 16.24 14.86

15 PWR BDU-A 1538 11.63

16 PWR BDU-B 14.91 12.29

17 REC BDU-A 1424 14.02

18 REC BDU-B 1338 14.68

19 HIGH-GAIN ANTENNA-A 12.91 19.73

20 HIGH-GAIN ANTENNA-B 1224 2039

21D*“ SENSBDU-A 1158 16.26

21D** WAR TIUKKER-A 11S8 16.26

22D** SENSBDU-B 10.91 1736

22D** S’lXR T’RACKER-B 10.91 1736

* Bus locations relative to CITU-1
** Dual Coupler

.—
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Table I (cent’d). Coupler Locations and Stub Lengths

Bus Stub
Coupler _ Coupler Name Location” Length

ID (ft) (ft)

23 MODIS-A 9.91 1957
24 MODIS BDU-A 8.83 18.29
25 MODIS BDU-B 8.16 18.96
30 COM BDU-A 7.28 1.42
31 COM BDU-B 0.67 .96
32 Cllu-1 0.0 249
33 See-l –2.58 2.9

34 CITU-2 -1.13 2.6

35 SCC-2 –3.64 253

4.1.1 Bus Coupler Design

The proposed couplers are of standard 1553B design and consist of a transformer and isolation
resistors connected across the bus as shown in Figure 2.

Under a no-fault situation, the coupler presents an impedance to the bus as shown in the following
equation:

Zcplr= [(N2 Zstub)(ztoc) 1 (N2 &tub + Ztoc) 1+ 1.5Riso

Where,

N==transformer turns ratio

~b = stub load impedance transformed by

Rti = value of coupler isolation resistors

ZW = transformer open-circuit impedance

stub length

If the coupling transformer should become shoned, the minimum impedance presented to the bus
is then expudto the value of the isolating resistors:

Rfault= 2 Rti -1.5 ~

4.1.2 User Terminals

Each user interfaces to the system by means of a terminal as shown in Figure 2. The terminal consists
of a transformer-coupled transceiver which interfaces the user’s digital circuitry to the 1553B data
bus by providing the data encoding and line driving capability fortransmitting and the line receiving,

.—
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data falteringand decoding functions for receiving. These term.inals satisfy the 1553B spec~lcation,
hence their characteristics are well known and will not need to be analyzed in detail with regard to
their effect on system performance.

The minimum i;pedance pmented to the stubby a terminal in the receive mode is:

Gcvmin=

4.2 Design Analysis Methodology

4.2.1 Received Voltage Levels

Luw unms

In order to satis~ 1553B, the received voltage level (VnV)at the point of connection of the stub with
the user terminal is specifkd to be a minimum of 1.0 V peak-t~peak with one user fault on the bus.
This voltage is a function of the load presented to the stubby the terminal (R]), the stub length (0,
the value of the isolation resistors (Rim), the bus transformer open-circuit impedance (ZJ, the cable
loss in the stub and on the bus, and the transmit terminal output voltage (VXmit).

In order to make this computation in a straightforward manner, the calculation was split up into
several parts for clarity of analysis. First the total load placed on the bus by the bus cable
terminations and all of the user couplers is detemi.ned. This impedance then forms a voltage divider
with the isolation resistcm of the transmitting coupler yielding the bus line-tcWne voltage ffom the
minimum transmit voltage level at the bus side of @e coupling transformer. Once this is known, the
individual user receive voltages can be computed from the voltage divider formed by the parallel
combination of the open-circuit transformer and stub impedance and the receive coupler isolation
resistance.

Figure 3 shows the electrical equivalent circuit of the bus. The input to the bus is at the left and is
at the minimum spcxfled input level of 18 V peak-to-peak multiplied by the coupler transformer
turns ratio of 1.414, which yields a level of 23.30 V behind a total isolation resistance of 1.5~ Ohms.
The bus cable is doubly-terminated and this is represented by the impedance of ~2 in pamdlel with
the bus. The next parallel impedance is Rfaultwhich represents a fault impedance of 1.5~. This is
the fault load speci.fkd by 1553B in the event of a shorted coupler transformer. The last parallel
impedance, Lt, is the parallel combination of all of the user coupler loads.

Figure 4 is the equivalent circuit for an individual coupler and stub connected to a texminal in the
receive mode. The bus sees an impedance 2$P~which is the sum of the isolation resistance RiSoand
the impedance formed by the parallel combination of the transformer open-circuit impedance and
the stub impedance ~b multiplied by the transformer turns ratio squared (N2).

Signal degradation due to cable loss is simply computed as a function of the distance between the
transmitting and receiving couplers.

4.202 Signal Reflections

An analysis of the effect of signal reflections on the fd data bit transition in a message was
undertaken based on the location of the vtious couplers on the bus as determined by Electrical
AccommodationsS/S Engineering.This analysis was accomplishedthrough the use of a computer.—
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simulation program. Along with information on the coupler and data cable charactetitics, other
inputs to the program are the location of the couplem and their associated stub lengths and four
programmable data bits which represent the final four bits of a message. The program computes the
resulting waveform at any coupler location.

4.2.3 Transmit Voltage Level

The 1553B spectilcation for minimum transmit terminal output voltage is 18 V peak-t~peak across
70 Ohms. This value of load impedance is what would be seen by a transmit terminal looking through
a coupler into a bus using 70 Ohm cable with no other terminals on the bus. This is obviously not
the real world, consequently, an allowance must be made for the decrease in load impedance due
to the total number of couplers on the bus. Therefore, since the specKication defines a minimum
power level to be supplied to the bus load, the assumption is made that for small variations (<10%)
in load, the amount of power the transmitter can supply to the load will remain constant.

4.3 Analysis Results

4.3.1 Received Sigml Levels

All of the above computations were accomplished via a spread-sheet with the results listed in
Tables II, III, IV and V.

The tables show the value of V,Cvfor each of the 35 user terminals for each of four cases. The
minimum received voltage occurs at the HGA-B terminal which is at the end of an 20.39 ft stub,
12.24 feet distant horn the C’ITU-l transmitter.

For a system with one user fault and a transmitter which satisfies the 1553B speci.ilcation for
minimum output voltage of 18 V peak-to-peak into a 70 Ohm load, the minimum value of Vwvis
1.25 V Peak-to peak, as shown in Table II.

For a system with no user faults and a minimum output transmitter (18 V p-p), the minimum value
of Vnv is 1.40 V peak-to-peak, as shown in Table III.

For a system with one user fault and a maximum output transmitter (27 V p-p), the minimum value
of VrCVis 1.87 V peak-to-peak, as shown in Table IV.

For a system with no user faults and a maximum output transmitter (27 V p-p), the minimum value
of VKVis 2.11 V peak-to-peak, as shown in Table V.

The stub lengths range horn 0.83 ft to 20.39 ft with ccmesponding coupler impedance magnitudes
of 1680 and 641 Ohms, respectively. With one user fault, the magnitude of the total load (KZ.J)
presented to the transmit terminal is 64.52 Ohms, which is only a 7.8% reduction fkom the 1553B
specifkd loading of 70 Ohms. Therefore, the assumption that the transmit terminal could supply the
same power to a reduced load impedance would seem to be reasonable.

4.3.2 Signal Reflections

The production of a distortion pulse at the end of a message due to signal reflections was investigated
through the use of a computer simulation program. The program computes and displays the bus
waveform at any chosen coupler location. Since the coupler locations have been refined by the.—
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Table ~. Rmeived Vol~e Uvek -
Minim~ Mve Vol~e and One Fatit

ale 10ss (dB/100 ft) = – 1.40 (1.5 m/loo ft w)
# of Fatits = 1
20 (Ore) = 77.00
Vti (v pp) = 18.00 (Amoss 70 M load by Sw)
MaUt (~) = 115.50
Vtit (v pp) = 16.48 (At prim (~) side of b~ Xfoti - lmd <70 m)
Vxbws(vVp) = 23.30(At -~ {bws) side of h xfo=)
Ns:m = 1.41 (Bwsxfo- _ ratio)
tiso (-) = 57.75 (Bwsisolation resistor vaAw)
fin Vrm (V Pp) = 1.25 (1.00 V vp tin with one fadt)

alm Heaw:
V= = Voltaqe at bws side of r=iver b= transfo-
Vra = Voltaqe at r~iver end of stti, atiwted by @le loss

ti ---”.
(ft)

1
2D
2D
3D
3D
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

2U
2U
22D
m
23
24
25
30
31
32
33
34
35

28.58
24.41
24.41
23.74
23.74
23.08
22.41
2.70
2.03
20.37
19.70
19.03
18.37
17.58
16.91
16.24
15.58
14.91
14.24
13.58
12.91
U.24
11.58
U.58
10.91
10.91
9.91
8.83
8.16
7.28

.67

.00
2.5a
1713
3.64

.83 1,679.90.0005953
9.5a 1,013.93 .ma63

U.as 906.77 .00U028
10.24 980.33.0010201
15.27 n9.47 .00U829
7.93 1,105.57 .m45

10.87 950.54 .0010520
3.63 1,418.54 .W050
4.29 1,362.54 .W7339

19.17 669.60.0014934
16.74 734.19.0013620
17.41 7s.30 .0033980
14.67 799.39 .Oomlo
15.33 m.31 .00U865
14.18 816.D .oom3
14.86 792.93 .Oomu
11.63 916.46.0010932

888.25 .00H
::: 822.05 .00U65
14.68 798.83 .oomla
19.73 6%.22 .0035239
20.39 640.89 .00A5603
16.26 748.48 .oou360
16.26 748.48 .oou360
17.36 716.69 .00U953
17.36 716.69 .00U953
19.57 659.% .oofifi2
18.29 691.63.0014459
18.% 674.R .0014823
1.42 1,622.47 .W163

.% 1,667.52.0005997
2.49 1,519.98.0006579
2.90 1,482.57.0006745
2.60 1,509.% .0006623
2.53 1,516.89.0006592

2.09
1.99
1.95
1.98
1.89
2.03
1.98
2.10
2.09
1.82
1.87
1.86
1.92
1.91
1.93
1.92
1.98
1.97
1.94
1.93
1.83
1.82
1.91
1.91
1.89
1.89
1.85
1.87
1.86
2.16
2.19
2.18
2.17

–Ela
2.17

1.48 25.51 13.54
1.39
1.35
1.38
1.30
1.42
1.37
1.47
1.47
1.25
1.29
1.28
1.32
1.31
1.33
1.32
1.38
1.37
I*34
1.33
1.26
1.25
1.31
1.31
1.30
1.30
1.27
1.29
1.28
1.53
1.55
1.54
1.53
1.53
1.53

2.34 64.522
2.35
2.35
2.35
2.35
2.36
2.36
2.36
2.36
2.37
2.37
2.37
2.37
2.38
2.3a
2.38
2.3a
2.39
2.39
2.39
2.39
2.40
2.40
2.40
2.40
2.40
2.41
2.41
2.41
2.42
2.44
2.45
2.44
2.44
2.43
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Table IIL Received VoltageLevels -
Minimum Drive Voltage and No Fault

Cableloss (dB/100ft) = – 1.40 (1.5 dB/100ft liar)
# of Faults = o
20 (Ores) = 77.00
Vxlin(v P-D) = 18.IXI(Across70Oh load by SW]
I?fault (ohs) =
Vxmit(Vp-p) = 16.59(Atprinary (mtr) side of busxfomer- load <70 Ohms)
Vxbus(Vp-p) = 23.46(Atsecondarv(bus) side of bus xformer)
Ns:lk) = 1.41 (Busxfomr turns ratio)
I/iso few) = 57.75(Busisolation resistor value)
tin Vrcv(Vp-p) = 1.40 (1.00VP-Dminwith onefault)

Cohn Eeadinqs:
Vrsec= Voltageat busside of receiver bus transformer
Vrcv = Voltaqeat receiver endof stub, attenuatedbvcable loss

BusC@ Total
CouDler Bus

lD?

1
2D
2D
3D
3D
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

21D
21D
22D
22D
23
24
25
30
31
32
33
34
35

-- . Iiale location

TESTml’
DASBDU-A

Cms (AFT)
DASBDU-B

CERES(m)
XMWT-A
HISR-A

CElt/HSRPiPBDU-A
CEMIWEPBW-B

ASTEB(W-A
ASTERBDU-A
ASTERMU-B
PMBDU-A
PHABDU-B
M4RBWA
Ml BDO-B
MABDU-A
M4ABDU-B
IW W-A
Ml MU-B

EGA-A
EGA-B

SEWBDU-A
STARTIMXER-A

SENSBDU-B
STARTRMXKR-B

KHXS-A
NODISBDU-A
HODISBDO-B
C(IHMIU-A
COllBDO-B
mu-l

-
m%-:
SW-2

(ft)

28.58
24.41
24.41
23.74
23.74
23.08
22.41
21.70
21.03
20.37
19.70
19.03
18.37
17.58
16.91
16.24
15.58
14.91
14.24
13.58
12.91
12.24
11.58
11.58
10.91
10.91
9.91
8.83
8.16
7.28
.67
.00

2.58
LJ3
3.64

..- -.

lenqtb Ikplr: :Ycplr; Vrsec Vrcv
(ft) (Ohms](Siems) (Volts) (1V8in)

.83 1,679.90.CN305953
9.58 1,013.93.0009863

11.85 906.77.0011028
10.24 980.33.0010201
15.27 779.47.CUU2829
7.93 1,105.57.0M19045

10.87 950.54.0010520
3.63 1,418.54.0007050
4.29 1,362.54.0tN)7339

19.17 669.60.0014934
16.74 734.19.0013620
17.41 715.30.0013980
14.67 799.39.0012510
15.33 777.31.00U865
14.18 816.13.CW2253
14.86 792.93.0012612
11.63 916.46.0010912
12.29 888.25.mm8
14.02 822.05.0012165
14.68 798.83.0012518
19.73 656.22.CKl15239
20.39 640.89.0015603
16.26 748.48.0013360
16.26 748.48.0013360
17.36 716.69.0013953
17.36 716.69.0013953
19.57 659.%.0015152
18.29 691.63.0014459
18.96 674.72.0014823
1.42 1,622.47.0006163
.% 1,667.52.0005997

2.49 1,519.98.0006579
2.90 1,482.57.0006745
2.60 1,509.%.m06623
2.53 1,516.89.0006592

2.35
2.24
2.20
2*23
2.12
2.28
2.22
2.36
2.35
2.05
2.11
2.09
2.16
2.14
2.17
2.16
2.23
2.22
2.18
2.17
2.06
2.05
2.14
2.14
2.12
2*L2
2.08
2.13
2.10
2.43
2.46
2.45
2.44
2.45

‘2744

1.66
1.56
1.52
1.55
1.47
1.59
1.55
1.66
1.65
1.41
1.45
1.44
1,49
1.48
1.50
1.49
1.55
1.54
1.51
1.50
1.41
1.40
1.48
1.48
1.46
1.46
1.42
1.45
1.44
1.72
1.74
1.73
1.72
1.72
1.72

Loaa w mad ~ bad
M m: :!40/2 Vbus :2X1:

(Ohs) (Ohs) (volts) (OhE)

25.51 15.34 2.63 65.421
2.64
2.64
2.65
2.65
2.65
2.65
2.66
2.66
2.66
2.66
2.67
2.67
2.67
2.68
2.68
2.68
2.69
2.69
2.69
2.69
2.70
2.70
2.70
2.70
2.70
2.71
2.71
2.71
2.72
2.75
2.75
2.74
2.75
2.73
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Table IV. Received Voltage Levels -
Maximum Drive Voltage and One Fault

Cableloss (dB/100ft) = – 1.40 (1.5 dB/looft nax)
# of Paul* = 1
20 (ohs) = 77.00
Vx,in(v p-p) = 27.W (Across70Oh loadby SPW)
Rfault (Ohs) = 115.50
hit (v p-p) = 24.72(Atprimary(mtr) side of bus xfomr - load <70 Ok)
Vxbus(v p-p) = 34.95 (Atsecondary(bus)side of bus xfomer)
Ns:NP = 1.41 (Busxfomer turns ratio)
I&o (Ok) = 57.75 (Busisolation resistor value)
HinVrcv(Vp-p] = 1.87 (1.00Vp-p tin withonefault)

Collm Headinqs:
Vrsec= Voltaqeat bus side of receiver bus transformer
Vrcv = Voltaqeat receiver endof stub, attenuatedbycable loss. .

ma Cpls Total
coupler Bus stub Load Bus Load

ID# Name Lomtion lenqtb {Zcplrj {Ycplr] Vrsec Vrq m Mt//1012
(ft) (ft) (h) (Sieaens)(Volts) (1Vm) (&m) (Ohs)

1
2D
2D
3D
3D
4
5
6
7
8
9
10
H
12
13
14
15
16
17
18
19
20

21D
21D
22D
22D
23
24
25
30
31
32
33
34
35

TEST Pm
DAS BDFA

CBrws (Am
DAs BUM

CmEs (m)
HOITP1’-A
JIISR-A

CER/lWllP BDU-A
CE2/IfSljHP BDO-B

ASTBR@-A
ASTERE4XJ-A
ASTERMU-B
MAMH7-A
HAMO-B
PWRBDO-A
mBDu-B
MABDO-A
MABUJ-B
I/ECBDU-A
UCMU-B

EGA-A
MA-B

SEWMO-A
STABTBA~-A

SENSBDU-B
STARTMXER-B

HODIS-A
HODISBD5A
HODISMU-B
CMBWA
COHBDU-B
cm-l

.
&:
SCC-2

28.58
24.41
24.41
23.74
23.74
23.08
22.41
21.70
21.03
20.37
19.70
19.03
18.37
17.58
16.91
16.24
15.58
14.91
14.24
13.58
12.91
12.24
11.58
11.58
10.91
10.91
9.91
8.83
8.16
7.28
.67
.00

2.58
1:13
3.64

.83 1,679.90.0005953
9.58 1,013.93.0009863

11.85 906.77.00U028
10.24 980.33.0010201
15.27 779.47.00I.2829
7.93 1,105.57.0009045

10.87 950.54.0010520
3.63 1,418.54.0007050
4.29 1,362.54.0007339

19.17 669.60.0014934
16.74 734.19.0013620
17.41 7A5.30.0013980
14.67 799.39.0iU2510
35.33 777.31.0032865
14.18 816.13.0012253
14.86 792.93.0022612
11.63 916.46.0010912
12.29 888.25.00U258
14.02 822.05.0U2165
14.68 798.83.0012518
19.73 656.22.0035239
20.39 640.89.0015603
16.26 748.48.0013360
16.26 748.48.0013360
17.36 716.69.0013953
17.36 716.69.0013953
19.57 659.% .0015152
18.29 691.63.0014459
18.96 674.72.0014821
1.42 1,622.47.0006163
.% 1,667.52.0005997

2.49 1,519.98.W6579
2.90 1,482.57.0006745
2.60 1,509.% .0006623
2.53 1,516.89.0006592

17

3.14
2.99
2.93
2.98
2.83
3.04
2.97
3.14
3.14
2.73
2.81
2.79
2.87
2.86
2.89
2.88
2.98
2.%
2.91
2.90
2.75
2.74
2.86
2.86
2.83
2.83
2.n
2.81
2.79
3.24
3.28
3.27
3.25

–3-27
3.25

2.22 25.51 13.54
2.08
2.03
2.07
1.95
2.12
2.06
2.21
2.20
1.87
1.93
1.92
1.98
1097
2.00
1.99
2.07
2.05
2.01
2.00
1.88
1.87
1.97
1.97
1.95
1.95
1.90
1.93
1.92
2*29
2.32
2.31
2.29
2.30
2.29

Mtr had
:1X1;

(volts) (-)

3.50 64.522
3.53
3.53
3.53
3.53
3.53
3.54
3.54
3.55
3.55
3.55
3.56
3.56
3.57
3.57
3.57
3.58
3.58
3.58
3.59
3.59
3.60
3.60
3.60
3.60
3.60
3.61
3.62
3.62
3.63
3.66
3.67
3.65
3.66
3.65
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Table V. Received Voltage Levels -
Maximum Drive Voltage and No Fault

Cable10ss(dB/100ft) = – 1.40 (1.5 dB/looft kx~
# of Faults ❑ o
20 (ohs) = n.M
Vxmin(Vp-p) = 27.M (Across70Otmload bySE)
Rfau.lt(Ohs) =
Vxlit Wm) = 24.89(Atprharv (xmtr) side of bus Xff)rWr- load <70 Ohms)
Vxbus(v p-p) = 35.19(Atsecondary(bus)side of bus xfomer)
Hs:NP = 1.41 (Busxformertwrnsratio)
Riso (Ohs) = 57.75(Busisolation resistor value)
HinVrcv(Vp-p) = 2.11 (1.00Vp-p Dinwith onefault)

Mm Headinqs:
Vrsec= Voltaqeat busside of receiver bus transfomr
Vrcv = Voltaqeat receiver endof stub, attenuatedby cable loss

Bwscm ‘1’Otal
coupler Bus stub Load BusLoad XmtrLoad

ID# lime Location lencrtb 1XXr ! 1Y@.r! v- vm m M: !20/2 Vbus
Khs) (Siems) (volG) (lv h) (Ohms) (Ohs)

!2X1i
(ft) (ft) (volts) (m)

i)
m
3D
3D
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

21D
21D
22D
22D
23
24
25
30
31
32
33
34
35

TEST Km 28.58 .83 1,679.90.0005953
MSMU-A 24.41 9.58 1,013.93.0009863

CERES(Am 24.41 11.85 906.77.0011028
DASBDO-B 23.74 10.24 980.33.0010201

CERES[m) 23.74 15.27 779.47.0012829
HOPI’R-A 23.08 7.93 1,105.57.0009045
KISIPA 22.41 10.87 950.54.0010520

CERIRSR/RPMU-A 21.70 3.63 1,418.54.0007050
CERMSR/KPK)U-B 21.03 4.29 1,362.54.0007339

AS’A’El6P-A 20.37 19.17 669.60.0014934
ASTERBWA 19.70 16.74 734.19.0013620
ASTERMU-B 19.03 17.41 715.30.0013980
MABDU-A 18.37 14.67 799.39.0012510
MIABDU-B 17.58 15.33 777.31.0012865
U4RMU-A 16.91 14.18 816.13.W2253
IURBIN-B 16.24 14.86 792.93JMU632
MABDV-A 15.58 11.63 916.46.(XW12
WAMO-B 14.91 12.29 888.25.00U258
MCBDO-A 14.24 14.02 822.05.0012165
~ BUJ-B 13.58 14.68 798.83.0012518

EGA-A 12.91 19.73 656.22.0015239
EGA-B 12.24 20.39 640.89.0015603

SEWBDO-A 11.58 16.26 748.48.0013360
SW!TIW(ER-A 11.58 16.26 748.48.W3360

SEWBDO-B 10.91 17.36 716.69.0013953
S’lMl’lA~-B 10.91 17.36 716.69.0013%3

H3DIS-A 9.91 19.57 659.%.(M15152
llODISBDO-A 8.83 18.29 691.63.UU4459
HODISBDU-B 8.16 18.% 674.72.0014821
C4)HBDO-A 7.28 1.42 1,622.47.0006163
CMBDV-B .67 .% 1,667.52.M05997
cm-l .@ 2.49 1,519.98.W6579

. 2.58 2.90 1,482.57.0006745
22 1A3 2.60 1,509.%.0006623
SCC-2 3.64 2.53 1,516.89.0006592

3.53
3.37
3.29
3.35
3.19
3.42
3.34
3*54
3.53
3.08
3.16
3.14
3.23
3.22
3.26
3.24
.3.35
3.33
3.28
3.26
3.10
3.08
3.22
3.22
3.18
3.18
3.12
3.16
3.14
3.65
3.69
3.68

–z
3*66

2.49 25.51 15.34
2.34
2.29
2.33
2.20
2.39
2.32
2.49
2.48
2.11
2.17
2.16
2.23
2.22
2.25
2.24
2.32
2.31
2.27
2.25
2.12
2.11
2.22
2.22
2.19
2.19
2.13
2.17
2.16
2.58
2.61
2.59
2.58
2.59
2.58

3.94 65.423
3.97
3.97
3.97
3.97
3.98
3.98
3.98
3.99
3.99
4.(XI
4.00
4.01
4.01
4.02
4.02
4.02
4.03
4.03
4.04
4.04
4.05
4.05
4.05
4.05
4.05
4.06
4.07
4.07
4.08
4.12
4.13
4.11
4.12
4.10
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Electrical Accommodations S/S Engineering Group, several locations were chosen for analysis to
ascertain the quality of the signal waveform along the entire length of the bus. Under n~fault
conditions, points-of-view were selected at the couplers for CTIIJ-l, SCC-1, COM BDU-A, SENS
BDU-B, PWR BDU-A and DAS BDU-B. For a single-fault condition, the waveform was viewed
at CTKJ-2 with SCC-1 shorted. The short was then moved to the DAS BDU-A position. The fmt
viewpoint was chosen to maximally attenuate the bus signal by a fault adjacent to the transmitter,
and the second was chosen to produce the maximum amount of delay for the reflected signal from
the viewing point. The computed bus signals are shown in Appendix I.

The simulations for each of the cases described above showed no sign~lcant production of a
distortion pulse at the end of the simulated message.

4.3.3 Signal-to-Noise Performance

The system will satisfy the noise rejection speci.ilcation of 1553B if it exhibits a maximum word
error rate of one pmt in 107,on all words received by any user teminal, after validation checks, when
operating in the presence of additive white Gaussian noise distributed over a bandwidth of 1.0 kHz
to 4.0 MHz at an RMS amplitude of 140 mV. A word emor includes any fault which is measured
with a 2.1 V peak-to-peak, line-t~line, input to the teminal as measured at the connection point of
the terminal to the stub.

Although the minimum received voltage level as determined by analysis is only 1.25 V 1
Peak-t&peak, the injected noise due to EMI fields generated by the Spacecraft is expected to fall
far below the 140 mV RMS level due to the stringent m@rements on maintaining a low level of
EMI as spectiled in Electromagnetic Compatibility Control Plan, PN20005869. The resulting
signal-tcmoise ratio should compare favorably with the 1553B test level.

5 SUMMARY

This update of the previous analysis reflects the addition of 6 couplers and a refinement of their
position on the bus and user stub lengths. After reviewing the purpose of the Command and 1
Telemetry Bus and a brief discussion of the pertinent parts of the 1553B specitlcation, a detailed
re-analysis was made of the signal amplitude characteristics and waveform distortion of the
proposed Command and Telemetry Bus. Based on the rwised number of couplers, their positions
and stub lengths, the proposed system still satisfies the received voltage specflcation of
MIL-STD-1553B. A detailed analysis of the effect of system reflections on signal quality also shows
no signflcant degradation of the bus signal waveform. I
6 RECOMMENDATION

This analysis, which is based on information which has been revised since the previous one, shows
that the proposed Command and Telemetry Bus continues to satisfy the voltage criteria of 1553B,
and a detailed investigation into the effect of signal reflections shows negligible effect. The
recommendation is to continue to update this analysis until the coupler positions and stub lengths
are finalized I.—
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APPENDIX I

10 SIMULATED BUS SIGNAL WAVEFORMS

All of the following waveforms are simulations of the last four bits of a message sent from CTIU 1,
as seen at the bus locations indicated. The bit pattern is 1111, representing the last four bits in the
message. This Manchester-encoded pattern was transmitted with arise time of 200 ns. The dktortion
created by bus reflections is seen as an excursion of the rising edge of the fma.1data bit above the
zerovoltage axis. Lfthe distortion is present in stilcient amplitude to exceed the receiver threshold,
it could be interpreted as an additional bit in the message, thus creating an emor. None of the
waveforms exhibit more than a negligible amount of this distortion.

.—
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10.1 Bus Waveform At CTIU 1, No User Fault

——
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10.2 Bus Waveform At SCC-1, No User Fault
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10.3 Bus Waveform At COM BDU-A, No User Fault
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10.4 Bus Waveform At SENS BDU-B, No User Fault
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10.5 Bus Waveform At PWR BDU-A, No User Fault
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10.6 Bus Waveform At DAS BDU-B, No User Fault
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10.7 Bus Waveform At CTIU-2, SCC-1 Shorted

.—

24



Eos-DN-c&DH-039A
11August 1992

v

c

10.8 Bus Waveform At CTIU-2, DAS BDU-BShorted
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1 SCOPE

This design note analyzes the current Low-Rate Science Bus design concept for the Command and
Data Handling Subsystem of the EOS Spacecraft to ensure complete compliance with
MIL-STD-1553B.

——
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2 APPLICABLE DOCUMENTS

PS20008567

PN20005869

MIL-STD-1553B
21 September 1978
NOTICE 2
8 September 1986

Command and Data Handling Subsystem Specflcation

Electromagnetic Compatibility (EMC) Control Plan
for the EOS-AM Spacecraft

Digital Tne Division
CommandResponse Multiplex Data Bus
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3

3.1

3.1.1

REQUIREMENT’S

Definition

Low-Rate Science Bus Description

The Low-Rate Science (C&T) Bus is a dual-redundant data network, with each network designed
as a MIL-STD- 1553B (1553B) data bus. The nemvork is utilized to collect Science Data from the
Low-Rate Instruments, The Science Formatting Equipment (SFE) contains two Bus Controllers
(BCS), only one of which is active at a time, driving either bus with redundant stubs selectable from
within the SFE and directing all of the data transmissions on the bus. Each bus has redundant stubs
to each CITU and single stubs to each Instrument.

As a 1553B bus, the network uses all of the standard 1553B components such as bus couplers,
controlled;;, remote terminals, bus cable, terminations, terminal transformers, etc.

The bus must serve the following users:

Command and Telemetry Interface Unit 2 (CTIU-2)

Command and Telemetry Interface Unit 1 (CTIU-1)

Science Formatting Equipment-A (SFE-A)

Science Formatting Equipment-B (SFE-B)

MOPITI’

CERES-FWD

cEREs-AFr

TEST PORT

The physical bus architecture is shown in Figure 1.

3.12 MIL-STD-1553B Requirements

Since the proposed implementation of the Low-Rate Science Bus utilizes only components
(terminals, couplers and cable) which meet 1553B specifications, this report will analyze the
characteris~s of only the physical implementation of the proposed Low-Rate Science Bus relative
to the perfomm.nce requirements of 1553B. Therefore, the reader is referred to MIL-STD-1553B
for information regarding signal rise-time, transceiver design, etc.

For the purpose of this report, the following 1553B requirements apply, with one fault on the bus:

VX~i[(signal level at terminal output)== 18 Volts peak-to-peak, minimum
.—
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VNV(signal level at tennina.1input) = 1.00 Volt peak-tqxak, minimum

Z] (receive terminal input impedance)= 1000 Ohms, minimum

~ (bus cable characteristic impedance)= 77 Ohms

N,:NP (bus transformer wms ratio) = 1.4141

Rim (isolation resistor value) = 0.75~ = 57.75 Ohms

RfaU1t(shofied coupler impedance)= 1.5~ = 115.5 Ohms, minimum

@ (cable attenuation)= 1.4 dB/100 ft, maximum

3.1.3 Bus Interfaces

The stubs-for the proposed bus vary in length from 1.25 ft to 13.14 ft, as shown in Table I. All of
the bus interfaces consist of a transformer-resistor coupling network as shown in Figure 2. This is
prescribed by the 1553B spectilcation and is necessay to minimize stub fault effects on the bus. In
1553B terminology, the users are referred to as “terminals” and consist of the bus interface circuitry
(transceiver) comectedtothe stub via a transformer with a 2:1 turns ratio, the lower turns side being
connected to the stub. All bus terminal (user) voltage measurements are referenced to this point of
connection with the stub “inaccordance with 1553B requirements, rather than the actual point of
connection with the transceiver.

3.2 Factors Affeeting Bus Performance

There are two major factors involved in the design of the bus to ensu~ compliance with
MIL-STD- 1553B, namely, received signal amplitude and accuracy of signal edges. The signal
amplitude is tiected by stub length, terminating impedance, overall bus length and cable
attenuation. The signal edge accuracy is affected by reflections caused by the bus couplers. These
reflections occur because the couplers do not present a matched impiance to the bus and therefore
cause a portion of the incident ene~y to be reflected back to the source. The magnitude of the
reflection from a particular coupler incmses as the length of the stub associated with that coupler
increases. In general, the effect these reflections have on the received wave is dependent on both the
length of the stubs and their position on the bus. Additional distortion of a lesser amount, is caused
by dispersion and attenuation of the signals as they propagate along the bus. Dispersion, however,
will not have a significant effect on pulse rise and fall times in bus networks which are less than 200
feet long.

Reflected w~ves on a bus cable begin to cause sign~lcant waveform distortion when their time of
aniva.1at a point on thebus is delayed by more than the rise time of the original transmitted wave.
Since the propagation delay of a bus cable is about 1.5 nanoseconds per foot, the reflection from a
point 33 feet distant from the measurement point, will be delayed 100 nanoseconds horn the original
transmitted wave. As predicted by uansmission-line theory. the wave reflections will cause changes
in the shape of wave tops but will cause ve~ little shift of zero-crossing times except at the end of
a message. Distortiomshows on the wave tops because reflections add to the much larger incident

.—
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wave which switches rapidly between the maximum positive and negative levels. Waveform
distortion is very evident at the end of a message where the incident wave has dropped to zero and
reflected waves continue to a.nive. The length of the distortion pulse at the end of a message is
directly proportional to the length of the bus cable between the larger reflection points and the
measurement point. The amplitude of the distortion pulse is determined primarily by the magnitude
of the mismatch between the couple~ and the bus. This mismatch is quantified through the
calculation of a reflection coefficient for each coupler.

3.2.1 Stub Imgth

Although the minimum impedance presented to the stubby a terminal in the receive mode is limited
to 1000 Ohms by the 1553B spedlcation, the actual impedance presented to the bus transformer,
and therefore the bus, is a complex transformation of that impedance which is, k turn, a function
of the stub length. The transformation is given by the following formula:

‘-’ Gb=Z3[Zlcos &+jzosk w]/[Gcosf3t +jZlsin~]

Where,

~ = cable characteristic impedance

Z1= termination impedance

h= wavelength of 1 MHz signal on stub (656.2 ft for a 67% velocity factor)

/?= physical length of stub

4 PROPOSED DESIGN

4.1 Bus Conl@ration

The proposed system is duakdundant, however this report will only be concerned with the analysis
of one bus since its mate has the same or similar physical layout as per information from the
Electrical Accommodations SubSystems Engineering group. This Bus uses a 77 Ohm,
doubly-terminatd twisted shielded pair as the interconnecting cable with couplers consisting of a
resistively-isolated transformer. Table I lists the couplers by name and shows their location on the
bus relative to the CTIU-1 coupler, together with the associated stub lengths. The location of the
CTIU- 1 co@er has been chosen as the primaxy reference point for coupler locations since it, or
CTIU-2, is the Bus Controller.

c
.—
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Table I. Coupler Locations and Stub Lengths

Coupler Bus Stub
ID Coupler Name Location” Length

(ft) (ft)

1 crTu-2 -15.11 3.85

2 CITu-1 -14.44 4.41

3 SFE-A 0.0 1055

4 SFE-B 0.67 10.09

5 MOPITT 3.09 13.14

6 CERES-FORE 3.76 12.48

7 CERES-m 4.43 11.81

8. TEST POKT 9.80 1.25

* Bus locations relative to SFE-A

4.1.1 Bus Coupler Design

The proposed couplers are of standard 1553B design and consist of a transformer and isolation
resistors connected across the bus as shown in Figure 2.

Under a n~fault situation, the coupler presents an impedance to the bus as shown in the following
equation:

Zcplr= [~2 zstub)(zmc) / @2 &b + &) 1+ lJ Riso

Where,

N = transformer turns ratio

~wb = smb load imxce transformed by stub length

R~m= value of coupler isolation resistm

ZtOCE transformer open-circuit impedance

If the coupling transformer should become short@ the minimum impedance presented to the bus
is then equal to the value of the isolating nsistors:

4.1.2 User Terminals

Each user intetiaces to the system by means of aterminalasshown in Figure 2. The terminal consists
of a transformer-coupled transceiver which interfaces the user’s digital circuitry to the 1553B data
bus by providing the @ta encoding and linedrivingcapabilityfmtmnsmitting andthe linereceiving,

— ——

8



Eos-DN-c&DH-047
19August1993

c

data faltering and decoding functions for receiving. These terminals satisfy the 1553B specflcation,
hence their characteristics are well known and will not need to be analyzed in detail with regard to
their effect on system Petiormance.

The minimum impedance presented to the stubby a terminal in the receive mode is:

ZrCvmin=

4.2 Design Analysis Methodology

4.2.1 Received Voltage Levels

1000 Ohms

Jn order to satisfy 1553B, the received voltage level (VXv)at the point of comection of the stub with
the user terminal is specilied to be a minimum of 1.0 V Peak-t@peak with one user fault on the bus.
This voltage is a function of the load presented to the stubby the terminal @l), the stub length (1),
the value of the isolation resistors (Ri~O),the bus trantiormer open-circ~t impedance (G), tie cable
loss in ti?stub and on the bus, and the transmit terminal output voltage (V~iJ.

In order to make this computation in a straightfonwird manner, the calculation was split up into
several parts for clarity of analysis. First, the total load placed on the bus by the bus cable
terminations and all of the user couplers is determined. This impedance then forms a voltage divider
with the isolation resistors of the transmitting coupler yielding the bus line-to-line voltage from the
minimum transmit voltage level at the bus side of the coupling transformer. Once this is lmown, the
individual user receive voltages can be computed from the voltage divider formed by the parallel
combination of the open-circuit transformer and stub impedance and the receive coupler isolation
resistance.

Figure 3 shows the electrical equivalent circuit of the bus. The input to the bus is at tie left and is
at the minimum spec~led input level of 18 V peak-to-peak multiplied by the coupler transformer
turns ratio of 1.414, which yields a level of 23.30 V behind a total isolation resistance of 1.5~ Ohms.
The bus cable is doubly-terminated and this is represented by the impedance of ~2 in parallel with
the bus. The next parallel impedance is Rfaultwhich represents a fault impedance of 1.5Z0.This is
the fault load specifkd by 1553B in the event of a shorted coupler transformer. The last parallel
impedance, ~t, is the parallel combination of all of the user coupler loads.

Figure 4 is the equivalent circuit for an individual coupler and stub connected to a terminal in the
receive mode. The bus sees an impedance zp~ which is tie sum of tie isolation resis~ce Riso and
the impedance formed by the parallel combination of the transformer open-circuit impedance and
the stub impedance ~b multiplied by the transformer turns ratio squared (N2).

Signal degradation due to cable loss is simply computed as a function of the distance between the
transmittin~and receiving couplers.

4.2.2 Signal Reflections

An analysis of the effect of signal reflections on the final data bit transition in a message was
undertaken based on the location of the various couplers on the bus as determined by Electrical
Accommodations S/s Engineering. This analysis was accomplished through the use of a computer

.—
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simulation program. Along with information on the coupler and data cable characteristics, other
inputs to the program are the location of the couplem and their associated stub lengths and four
programmable data bits which represent the final four bits of a message. The program computes the
resulting waveform at any coupler location.

4.2.3 l’kansmit Voltage Level

The 1553B spec~lcation for minimum transmit terminal output voltage is 18 V Peak-t&peak across
700hms. This value of loadimpedanceis what would be seen byatransmit tenni.nal looking through
a coupler into a bus using 70 Ohm cable with no other terminals on the bus. This is obviously not
the real worl~ consequently, an allowance must be rna& for the change in load impedance due to
the characteristic impedance of the cable usedandthe total numberof couplers on the bus. Therefore,
since the speci.tlcation defines a minimum power level to be supplied to the bus 10W the assumption
is made that fm small variations (<IO%) in load the amount of power the tmnsmitter can supply
to the load will remain constant.

.

4.3 A-tiysis Results

4.3.1 Recekd Signal Levels

All of the above computations were accomplished via a spread-sheet with the results listed in
Tables II, III, IV and V.

The tables show the value of Vnv for each of the user terminals for each of four cases. The minimum
received voltage occurs at the MOPITT terminal which is at the end of a 13.14 ft stub, 3.09 feet
distant IYomthe SFE-A Bus Controller (transmitter).

For a system with one user fault and a transmitter which satisiles the 1553B specillcation for
minimum output voltage of 18 V peak-to-peak into a 70 Ohm load, the min/max value of Vmvis
2.51/2.76 V peak-t~peak, as shown in Table II.

For a system with no user faults and a minimum output transmitter(18 V p-p), the m.in/maxvalue
ofVXVis3.11/3.42 V Peak-topeak, as shown in Table III.

For a system with one user fault and a maximum output transmitter (27 V pp), the min/max value
of VmVis 3.76/4.14 V peak-tcpeak, as shown in Table IV.

For a system with no user faults and a maximum output transmitter (27 V pp), the rnirdmax value
of Vwvis 4.66/5.13 V Peak-t&peak asshownM TableV.

The stub lengths range from 1.25 ft to 13.14 ft with corresponding coupler impedance magnitudes
of 1664 and 862 Ohms, respectively. Whh one user fault, the magnitude of the total load (1~1)
presented to the transmit terminal is 69.94 Ohms, which is less than a 1% reduction from the 1553B
spectiled lo~ding of 70 Ohms. Therefore, the assumption that the transmit terminal could supply the
same power to a reduced load impedance is reasonable.

4.3.2 Sigml Reflections

The production of a distortion pulse at the end of a message due to signal reflections was investigated
through the use of a computer simulation program. The program computes and displays the bus
waveform at any chmen coupler location. Since the coupler locations have been refined by the

.—
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Table IL Received VoltageLevels -
Minimum Drive Voltage and One Fault

pbelkssk(dwo ft ) = 1.40
= 1

20 (*) . 77.00
Vti (v p-p) ‘ 18.00(Across70 ObIJload)
Rfattlt (Ok) = 115.50
Vxmit(v p-p) = 17.99 (At prkry (xntr) sMe of bus xfomer - load < TOOhBS)
Vxbus(v p-p) ‘ 25.44 (At secondary(bus) side of busxfomer)
Ns:Iip = 1.41 (Busxfornerturns ratio)
Riso (ohms) ‘ . 57.75(Busisolation resistor value)
HinVrcv(Vp-p) =-- 2.51
HaxVrcv(Vp-p) = 2.76
COlumnFIeadings: Total Total Xmtr
Vrsec= Voltageat bus side of receiver bustransformer @r LoadBUSLoad Load
Vrcv = Voltage at receiver end of stub, attenuated by cable loss 2ct ml po/2 12X1I

(ohs) (ohms) (ObEs)
TransformerParameters: kc = 6.37 RE

Cshuut= 53 pF 156.80 24.38 69.94

coupler
ID/ Name

1 CTIU-2
2 CTIU-1
3 SIT-A
4 SFE-B
5 B3PITT
6 CEUS-FQRE
7 CERES-APT
8 TESTM!!!

Xait=l AbsBus Rel Bus Stub
Rcv=O LocationLocation length I@rl IYqlrl IYrcplrl Vrsec Vrcv

(ft) (ft) (ft) (Ok) (Sie9ens)(onbus) {Volts) (1Vti) (Vti~)

o
0
1
0
0
0
0
0

.00

.67
15.11
15.78
18.20
18.87
19.54
24.91

-15.11
-lk.44

.00

.67
3.09
3.76
4.43
9.80

3.85
4.41

10.55
10.09
13.14
12.48
11.81
1.25

1431.0006989.0006989
1388.0007203.0007203
970.0010314 0
994.0010060.0010060
862.0011605.003.1605
902.W11085.0031085
924.0010826.0010826

1664.0006009.0006009

3.845
3.839
3.731
3.744
3.622
3.654
3.668
3.910

2.702 4.33
2.6% 4.33
2.594 4.43
2.605 4.43
2.508 4.41
2.533 4.41
2.545 4.40
2.760 4.37

G
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Table HL Received Voltage Levels -
Minimum Drive Voltage and No Fault

~Jelh&yIwO ft) = 1.40
= o

20 (Olws) = 77.00
Vxlin (v p-p) = 18.00(Across70Ohaload)
Rfault (Ok) = .00
Wit (v p-p) = 18.41(Atpriq (mtr) side of bus xfomer - load <70 Obns)
Vxbus(v p-p) = 26.03(Atsecondary(bus) side of bus xforaer)
Ns:Np = 1.41 (Busxformr turns ratio)
F&o (ok) = 57.75(Busisolation resistor value)
tin Vrcv(Vp-p) =-’ 3.11
HaxVrcv(v p-p) = 3.42
Colllmlieadiqs: ‘fOtal Total m
vrsec = Vol@e at busside of receiver bttstransform cplr LoadBUSLoad Load
Vrcv = Voltageat receiver endof stub, attenuatedby cable 10SS

I
Zct Zcq120/2 2X11

(Ok) (ok) ohms)
TransformerParameters: & = 6.37 IE

Cshunt= 53pF 156.80 30.91 73.21

Coupler
ID#

1 CTIU-2
2 an-l
3 SFE-A
4 SFE-B
5 KIPITT
6 CEUS-FolS
7 CEIWS-AR
8 TESTKWT

Ihit=l AbsBus lel Bus Stub
Itcv=o Locaa Locaa length Izcplrl lYcplrl lYrq)Arl Vrsec Vrcv w

(ft) (b) (Siemns) (onbus) (Volts) (1Vti) (Volts)

o
0
1
0
0
0
0
0

.03

.67
15.11
15.78
18.20
18.87
19.54
24.91

-15.11
-14.44

.00

.67
3.09
3.76
4.43
9.80

3.85 1431 AXI06989.0006989
4.41 1388.0007203.0007203

10.55 970 .W10314 o
10.09 994.0010060 .0m060
13.14 862 .MM05 .0011605
12.48 S(32.0011085.mlo85
11.81 924.0010826.0010826
1.25 1664 ●m06009.0006m9

4.764 3.348 5.36
4.757 3.340 5.37
4.622 3.214 5.50
4.639 3.228 5.49
4.488 3.107 5.47
4.528 3.138 5.46
4.545 3.154 5.46
4.845 3.420 5.41

G
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Table IV. Received Voltage Levels -
Maximum Drive Voltage and One Fault

pbJeF:hJsJB/loo ft ) = 1.40
= 1

20 (ohIs) = 77.00
win (v p-p) = 27.00(Across70ObBload)
Rfau.lt(Ohs) = 115.50
Vxnit(v p-p) = 26.99(Atprimry (mtr) side of bus xforwr - load <70 OhM)
Vxbus(v p-p) = 38.16(Atsecondary(bus) side of busxfomer)
17s:np = 1.41 (Busxforwr turns ratio)
Riso (ok) = * 57.75(Busisolation resistor value)
KinVrcv(Vp-p) ~- 3.76
W Vrcv(Vp-p) = 4.14
Cohn Headings: Total l’otal M
Vrsec= Voltaqeat busside of receiver bustransformer C@ LoadBusLoad Load
Vrcv = Voltageat receiver endof stub, attenuatedby cable loss

I
kt k%!]zo/2 2X11

(ohs) (ok) Ohs)
TransformerParameters: WC = 6.37M

Cshunt= 53pF 1%.80 24.38 69.94

Coupler
ID# Nam?

1 CTIIJ-2
2 CTIu-1
3 SE-A
4 SPE-B
5 HOPITT
6 CKMS-FORE
7 CERES-AFT
8 TESTKm

)lit=l AbsBus Iel Bus Stub
Rcv=O Location Lmtion lmgtb IZcplrl IYcplrl IYrcplrl Vrsec Vrcv Vbus

(fq (ft) (ft) (ObBS)(Sieaens)(onbus) (volts) (lv m) (vol~)

o
0
1
0
0
0
0
0

.&l

.67
15.11
15.78
18.20
18.87
19.54
24.91

-15.11
-14.44

.00

.67
3.09
3.76
4.43
9.80

3.85
4.41

10.55
10.09
13.14
12.48
3.3.81
1.25

1431.0CKK989.0006989
1388.0007203.0&17203
970.0010314 0
994.001W60.001(K)60
862.0011605.0011605
902.0011085.0011085
924.0010826.0010826

1664.m .0006m9

5.767
5.758
5.5%
5.616
5.433
5.482
5.503
5.866

4.053 6.49
4.044 6.50
3.891 6.65
3.908 6.65
3.762 6.62
3.799 6.61
3.818 6.61
4.140 6.55

.—
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Table V. Received Voltage Levels -
Maximum Drive Voltage and No Fault

Cable loss (dB/100ft) = 1.40
# of Faults = o
20 (ohms) = 77.00
Vxlin(v p-p) = 27.00(Across70OhEload)
Rfault (Ohs) = .00
Vtit (v p-p) = 27.61(Atpriwq (xxtr) side of bus xfomer - load <70 Ok)
Vrbus(v p-p) = 39.04(Atsecondary(bus) si& of bus rfomer)
Ns:Ep = 1.41 (Busrfomer turns ratio)
Ilk (ok) 57.75(Busisolation resistor value)
KinVrcv(Vp-p) ~-’ 4.66
HaxVrcv (v p-p) = 5.13
ColumEeadings: Total Total YRtr
Vrsec= Voltageat bttsside of receiver bus transformer cplr LmdBusLoad Load
Vrcv = Voltageat receiver endof stub, attenuatedby cable loss

I
kt 2ctl !20/2 q

(Ok) (b) ok)
!PrSnsforwrParameters: kec = 6.37H

CWnt = 53pF 156.80 30.91 73.21

coupler
ID# Name

1 mu-2
2 CTIU-1
3 SFE-A

SE-B
: HoPr’rl’
6 CEUS-FW
7 CEMS-m
8 TESTmm

Xit=l AbsBus Ilel Bus
I!cv=O LocationLwation

(ft) (ft)

o
0
1
0
0
0
0
0

.00 -15.11

.67 -14.44
15.11 ●CK)
15.78. .67
18.20 3.09
18.87 3.76
19.54 4.43
24.91 9.80

1% @plrl /Ycplrl \Yrcplrl Vrsec Vrcv Vbus
(ft) (-) (Siemens)(onbus) (Volts) (1Vtin) (Volts)

3.85
4.41

10.55
10.09
13.14
X2.48
11.81
1.25

1431.0006989.W36989
1388.0007203.~203
970.0010314 0
994.0010060.00IWO
862.0311605.0011605
902.M11085.WU085
924.0010826.~10826

1664.aXMK19●-

7.146
7.135
6.933
6.959
6.732
6.792
6.818
7.268

5.022
5.010
4.821
4.842
4.661
4.708
4.731
5*129

8.04
8.05
8.24
8.23
8.20
8.19
8.18
8.11

c
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Elecrncal Accommodations S/S Engineering Group, several locations were chosen for analysis to
ascertain the quality of the sigmd waveform along the entire length of the bus. Under n~fault
conditions, with CTIU-2 as the transmitter, points-of-view were selected at the couplers for C’ITU-l,
SFE-A, SFE-B, MOPITT, CERES-FORE, CERES-#dTf and the TEST PORT. For a single-fault
condition, the waveform was viewed at the TEST PORT with CTIU- 1 shorted. The short was then
moved to the TEST PORT position and the viewpoint was moved to the CTIU-1 position. The fmt
viewpoint was chosen to maximally attenuate the bus signal by a fault adjacent to the transmitter,
and the second was chosen to produce the maximum amount of delay for the reflected signal from
the viewing point. The computed bus signals are shown in Appendix I.

The simulations for each of the cases described above showed no significant production of a
distortion pulse at the end of the simulated message.

4.33 .Signal-to-Noise Performance

The system will satisfy the noise rejection specillcation of 1553B if it exhibits a maximum word
error rate of one pal in 107,on all words received by any user texminal, after validation checks, when
operating in the presence of additive white Gaussian noise distributed over a bandwidth of 1.0 kHz
to 4.0 MHz at an RMS amplitude of 140 mV. A word error includes any fault which is measured
with a 2.1 V peak-to-peak, line-to-line, input to the terminal as measumd at the connection point of
the terminal to the stub.

Since the minimum received voltage level, as determined by analysis, is 2.39 V peak-to-peak and
the injected noise due toEMI fields generated by the Spacecraft is expected to fall far below the 140
mV RMS test level, due to the stringent requirements on maintaining a low level of EMI as specified
in the Electromagnetic Compatibility Control Plan, PN20005869, me resulting signal-to-noise ratio
should compare favorably with the 1553B test level.

5 SUMMARY

This analysis reflects a refinement of the coupler positions on the bus and stub lengths. titer
reviewing the purpose of the Low-Rate Science Bus and a brief discussion of the pertinent parts of
the 1553B spectilcation, a detailed analysis was ma&of the signal amplitude characteristics and
waveform distortion of the proposed Low-Rate Science Bus. Based on the revised coupler positions
and stub lengths, the proposed system satisfies the received voltage specification of
MIL-STD-1553B. A detailed analysis of the effect of system reflections on signal quality also shows
no significant degradation of the bus signal waveform.

6 RECOMMENDATION

This analysis, which is based on the current bus layout, shows that the proposed Low-Rate Science
Bus satisfies the voltage criteria of 1553B, and a detailed investigation into the effect of signal
reflections shows negligible effect. The recommendation is to continue to update this analysis until
the coupler positionsand stub lengths are finalized.

.—
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APPENDIX I

10 SIMULATED BUS SIGNAL WA~ORMS

All of the following waveforms are simulations of the last four bits of a message sent from CT.IU1,
as seen at the bus locations indicated. The bit pattern is 1111, representing the last four bits in the
message. This Manchester-encoded pattern was transmitted with arise time of 200 ns. The distortion
created by bus reflections is seen as an excursion of the rising edge of the final data bit above the
zerwoltage axis. If the distortion is present in stilcient amplitude to exceed the receiver threshold,
it could be interpreted as an additional bit in the message, thus creating an error. None of the
waveforms exhibit more than a negligible amount of this distortion.

.
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10.1 Bus Waveform at CTIU 1, No Fault
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10.2 Bus Waveform at SFE-A, No Fault
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10.3 Bus Waveform at SFILB, No Fault
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10.4 Bus Waveform at MOPITT, No Fault
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10.5 Bus Waveform at CERES-FORE, No Fault
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10.6 Bus Waveform at CERES-AFI’, No Fault
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10.7 Bus Waveform at TEST PORT, No Fault
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10.8 Bus Waveform at TEST PORT, Fault at CTIU-1
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10.9 Bus Waveform at CTILJ-1,Fault at TEST PORT
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1 INTRODUCTION

The Command and Telemetry BUS utilization Table design note describes the allocation of the
messages on the Command and Telemetry (C&T) bus on the EOS-AM Spacecraft. The
requirements for the messages we~ derived from seve~ sources and incorporated based on the
capabilities and constraints of the bus.

This design note cites the relevant sources for the creation of the table, describes the constraints on
the allocation, documents the current allocations, and identiles the follow-on work that will be
required.

All known, periodic messages have allocated on the C&T bus with a low overall utilization of 31%
of the telemetry gathering capability. The command cells available to the Flight Software System
have 24 cells allocated out of 192. This leaves 168 command cells available for other types of
commands genexatedby the flight software. The C&T bus has the margin to accomm-~ my
changes as the spacecraft design progresses.

1.2 Issues

Atone time, the Electrical Power Subsystem usecia 0.032 second sample rate for samphng the SOh
array currents, the equipment module curnmts, and the instrument ewrents. This is no longer needed
because the expected transients, as measured, occur Overa si@lcantly longer period of time. The
design will be revisited to assess the need of the sampling rate and the measurement location. The
impact of providing the higher sample rate is to redo the table and move some of the samples used
in spacecraft closed-loop control.

If Health and Safety (H&S) downlink bandwidth is oversubscribe an additional samp~g ~~ ~Y
be required. H&S is only used by ground control during contingency operations. The H&S
telemetry is gathered over a 2.048 second period and placed in a single packet for dowtdink. This
means a 1.024 second sample rate for a specific telemetry point appears twice as often as needed.
The impact would be a reduction in the number of tables allocated to the 1.024 second sample rate
and additional processing.

1.3 Command and Telemetry Bus Operations

The bus utilization table is contained within Command and Telemetry Intexface Unit (CTIU) which
is the Bus Controller (BC) of the MIL-STD-1 553B Cmnrnand and Telemetry (C&T) bus. The bus
utilization table is the mechanism the Command and Data Handling subsystem (C&DHS) uses to
satisfy a C&DHS requirement to provide services which exhibit deterministically bounded timing
performance in support of real-time operations. Although not expected to be, the bus utilization table
is modifiable on orbit.

Figure 1 shows the C&T bus cycles. The fc)llowing describes components of the bus cycles with
the components high-lighted

1
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P#~// ~<Impliesorderwithina _ cycle ///////////
‘“ >

Minor Reseme
Cycle m ma mm lype #4 ~ BUS
Number #1 Ut.ilizar.ion
o 1 2 12 3 13 4 14 6 >50%
1 1 12 12 3 ]3 4 15 6

2 2 9 — 4 4 6
4 1 2 2 3 4 4 6
5 1 2 2 3 3 4 4 6
. . . . . . . . .
. . . . . . . .

32 i 2 2 3 i 4 4 ;
33 1 2 2 3 3 4 5 7
. . . . . . . .
. . . . . . . . .

&l i 2 2 3 3 4 4 i
65 1 2 2 3 3 4 4 8

.
. . .

. . . . .
% 1 2 2 3 3 4 ,; “

1 2 3 3 4 4
. . . . . . . .

. . . . . . .

X26 1 2 2 3 3 4 4
127 1 2 2 9 — 4 4

?with DataWad. one issuedper rnincxcycle to an individualremue terminal. Eachremae I
terminalnxeives 4 per majorcycle.
2. BDU sampleschedule.
3. All onboardissuedcOmmands(storedcommands.FDIR, closed loop). In 4 minorcycles, 1-3 can contain
upto20nboald c0mmaMswhilethe 4th minorcancumin cmiv1 gfid comrollerc6rnnutnd
4. GatheringrequestfcxH&Stelemetry.H/Ktelemcuy and SCC closedImp data.
5. Diagnostic- MemoryDump. mum in~~ betw~ eathem IS 6 minor cvcks. Ncte A C&T bus 10U)
backwill use this task t~ up% commandto the CTIUas Im’gas thereis no on:eoing memorydump. ‘
6. IMOKmmage.
7. AncillaryData.
8. Time Code.
9. GroundControllerCommanding: 1commandeve~ 4 minor cycles

F@ure 1. Command and Telemetry Bus Cycles

a. A minor cycle task list is a set of data u-ansfem (minor cycle tasks) scheduled to begin
and be completed within a minor cycle (minor cycle . 8 milliseconds HOC)
microseconds, allocated time to complete minor cycle task list worst case is 7.2
milliseconds). Once the 13Ccompletes the transmission of all tasks in the minor cycle
list, the CTIU waits until the beginning of the next minor cycle to initiate the next minor

2
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cycle task list. The time allotted to each task allows for a possible single re-trartsmission
of the task. The CTIU monitors and reports if the minor cycle task list was not completed
within the minor cycle.

Message “types” are categories of minor cycle tasks transmitted by the BC. There are
5 types. As shown in Figure 1, type 1 is for synchronization with data word but not
every minor cycle task list will contain this spec~lc message. ~pe 2 allows for 2 tasks
of the same type-a BDU sample schedule table. If both messages of the same type me
present, they must be sent to different RT addresses (the same subaddress assignment
causes one message to overwrite the prior message before either message was further
processed). ~pe 3 allows for2 on–board commands within the same minor cycle or one
ground command.

A minor cycle task list is uniquely identified by the major and minor cycles in which
it is transmitted by the BC. A specitlc minor cycle task list is repeated once per master
cycle.

Table I describes the frequency of occurrence of a minor cycle task within a message type.

Table I. Minor Cycle Tasks and Frequency of Occurrence
Message Minor Cycle Tasks Number of transac-

Type tions allowed within
Number a minor cycle for

this type of task

1 Synchronizewith data word Oorl

2 Bus Data Unit (BDU)samplescheduletable O,l,or2

3 Command:onlyone of the followingtypes of task in any minor cycle task list

On–boardcommandsevery 3 out of 4 minorcycles O,lorz

uplink commanddata transfer 1out of 4 minorcycles Oorl

4 data gatheringrequest only one of the followingtype of tasks in any minorcycle task list

no soonerthan every sixthminor cycle:

dumpgatherrequest Oorl

telemetrygatherrequest Oorl

all other minorcycles: 0,10r2
telemetrygather request

5 Miscellaneous onlyone of the followingtypes of tasks in any minor cycle tasklist
ref. paragraph6.1.2.4.6of the GIIS, GSFC420-03412

Ancillarydata packet Oorl

Time CodeMessage

SpacecraftControlsComputer(SCC)OWIMOKmessage

C&DHSSafe ModeCommands

3
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2 SOURCES

The sources for requirements for the design note at this time are based on the design maturity of the
spacecraft at the start of the task. These include preliminary estimates of housekeeping telemetry
requirements, closed-loop command and telemetry for attitude control, the various specifications
for subsystems and components, and design notes. Discussions with the individual engineers for
working out subtleties was essential for a comprehensive assessment of the component interface
requirements. Although the sources are many for the information, some of the most influential m
given hem

EOS-DN-RES027 Rev E EOS AM Spacecraft Command and Telemeig Budget
7/23/93 Allocations and Estimates

EOS-DN-N&C-039 Rev A GN&C Interface Ttig
7/13/93

PS20008567 Perfcmnance Spedlcation, Command and Data
28 June 1993 Handling Subsystem for the EOS AM Spacecraft



EOS-DN-C&DHA148
27 August1993

c

3 CONS’I’IUINTS

The knowledge of the constraints on the allocation of the command, telemetry, and other types of
messages on the bus are essential in making a table that not only has everything allocated, but will
work correctly on the spacecraft.

3.1 Guidance Navigation & Control (GN&C) Attitude Control

Foremost in the allocation of the commands and telemetry on the spacecraft was the requirements
for accurate knowledge of command execution and telemetry gathering related to GN&C attitude
control. Therefore, this design note addresses the closed-loop comrnandingby GN&C, but not some
other types. The other types include absolute time stored commands, relative time sequence
commands, and Fault Detection Isolation and Recovery (FDIR) commands. These commands will
be issued by the flight software in the SCC on a non-interfenace basis with the closed-loop control
commands.

3.2 BDU commands

A BDU can execute only one command per minor cycle. This mxtriction was basic to the allocation
of closed-loop commanding. This design note does not need to assess the relay drive command rate
restriction as it is not a part of the closed-loop commanding and therefcm, not in the scope of this
document.

3.3 PROM and RAM Utilization

The sampling of the telemetry is performed to have a minimum impact on the size of the
Programmable Read Only Memory (PROM) and Random Access Memory (MM) in the CTIU that
will hold the tables. The result was uniformed spacing of the sampling rather than a haphazard
allocation.

3.4 Miscellaneous Message Placement

There are several messages which must be placed on the bus other than commands and telemetry.
These messages include the time code message, ancillary data message, and IMOK message.

5
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4 BUS UTILIZATION TABLE

The tables on the following pages qresent the cumnt Wlc allocations on the C&T bus. The
tables are described for a major cycle. The messages which repeat eve~ major cycle has a message
position dedicated in every major cycle. The messages which m subcommutated at a lower rate
than the major cycle, e.g., 8.192 seconds, is shown with the major cycle that the individual
transactions are made in parenthesis.

The table has a liberal amount of notes embedded in order to impart the information which was
necessary to complete the table.

The samples that are less than 1.024 seconds axe all for the SCC+losed-loop control on the
spacecraft, Those at that rate or slower are for housekeeping (H/K) and health & safety (H&S).
There axe some samples at the lower rate which are used for closed-loop control, e.g., power, but
we~ not required to be given specific sample messages. The quantity of H/K samples are stilcient
for those points to perform closed-loop conlrol.

The table also contains the number of spare samples available by actual allocation to specflc
locations in the bus.

4.1 Bus Utilization Table Description

Table II. BUT Table Column Headings and Description

Minor me #1 ~K2 Tjqle#3 ~ #4 ‘IYpeti
Cycle synchm BDU SampleSched- Command Distribu- Data Gather@ Re- OTHER

nizewith ule Thble tion
DataWord

quest

#1 I #2 #1 I #2 #1 I #2

Minor Cycle NumberofMinerCyclewithina MasterCycle.

A Minorcycle is 8msec. Am@ cyclecontains 128minorcycles(1.024
seoonds). A mastercycle is 64majorcycles (65.536seconds). A row in
bus utilization table represents a rnimr cycle task list. A column
represents a minor cycle task.

T)qle #1 Type 1 task:

Synchronize with data word Purpose: permits the C&TRTsto maintaincycle synchronizationwith
the Active CllU,

6
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BDU sample schedule table

Iype #3

Command Distribution

‘Iype 2 task

A BDUsamplescheduletablescontainsfrom 1~ to 16BDUtelemetry
controlwords. ‘l%eBDU samples the data in the same minor cycle it
receivestheBDUsamplescheduletable. me ActiveCI’IUmmsmitsthe
BDU samplescheduletable to the specifkd KI’per the bus utilization
table. ‘IIE algorithm used by the Ci’lU imposes the rule the BDU
telemetrywillbe gatheredm Minor CycleN+l wherethe BDU sample
scheduletableis issuedin MinorCycleN. ONLYBDUsampleschedule
tablesappearin ThetwocolumnsunderTYPE2. Boththe embeddedRT
and BDUtelemetrygather transmittalsappear in the TYPE 4 columns.

If 2 BDUsamplescheduletablesare issuedin the mimx cycle,then eachmust
be to differentRTtUkhESSCS.

Type 3 task

The groundcommandtask is used only during a contact time and then
only by a command data transfer received via the uplink. Ground
commandtaskis allowedonceeveryfourthminorcycle. ‘Iliemaximum
lengthfor aground commanddata transferon the C&Tbus is 33 16-bit
datawords(a 1553Bmessageheaderplus 32 16-bitdata words).

Thereare 3 contiguousminor cycles out of 4 whichare reservedfor the
activeSCC’Sissuingof commands. GN&Chas reservedcertain of these
cells for its needs. Each such command is identified by GNt?:C
nomenclatureandata frequency.7he SCChastohaveaprioriknowledge
whengroundandonboardcommandsoccursincethat is it commanddata
flowcontrolrate. TheATCandRTCScommandshavea 1553Bmessage
header with 1 up to 2 16-bit data words permitted. SCC can issue
commands for the BDU point-to-point serial interfaces. These
commandshavea 1553Bmessageheader,a BDUcommandcontroldata
wordandfrom 1up to6 16-bitdata wordsto transmittedby the BDUvia
theserialinterface. Ilk is the maximumsizedcommandpermittedto be
issued via the SCC.

tf 2 onboardcommandsare issued in the minor cycle, then each must be to
differentRTaddresses.
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Type #4

Command Distribution

Type #5

Other

IYpe 4 task

Furpose Telemetry Gathering tasks am idcntiled as well as the
Wribution (H/Konly,H.&Sonly,both)associatedwith each gather. A
yither request maybe for memory dump da@ SCC closed loop, H/K
%band telemetry or H&S S-band teleutty. The BDUSare identifiedby
mm such as GN&C, RWA PWIl COMS/CDH,DAS, etc. The table
Identifierindicatesif it is for SCCclosedloop or S-band telemetry. ‘Ihe
reader may reference the BDU Working Notes in the Appendix. A
prticular table maybe foundby (1) h BDUthen (2) the table number.

W telemetrygatherrequestscausesthe RTto mum sampleddata. If a
telemetrygather was issued in Minor Cycle N, the active CI’IU then
distributesthe sampleddataontk nextminorcycle (N+l) in accordance
withdirectives contained in the BUT. For example, the directive may
specifythat7 timesoutof 8telemtrygathersmaylx H/K datastreamonly
whilethe other telmetrygather is for both WK and H&S datastream

~pe5Task ‘-

[MOKMESSAGES
● scc sends SCC OK commanddata transfervia serial I/O.
● ScCneeds to deliver SCC OK to active CI’IU 3minor cycles in advance

Dff~t IMOKmessageking ddhed

s Scc needs to deliver SCC OK after Major cycle event cmumed sittm

it is part of health check.
● IMOK messages are sent to all embedded C&TR’lkif andonly if the
active CTIU receives the SCC OK when expected. Some embedded
C&TRll, like the HGA, will acceptbut not process the message.

ANCILLARYDATA
● SCC sends ~cill~ data commanddata transfervia Serial I/O.
● SCCneedsto deliverAncillaryData to activeCTIU3 minor cyCleSin
advanceof first Ancillarydata messagebeingdeliveredvia C&T bus
● Active CTIU replicatesAncillarydata and disuibutes it as individual
1553Bmessagesto designatedrecipients(Instruments).

I’IMECODEMESSAGES
DActive CTIU shall generate and deliver the time code messages.
hxmest delivery can begin is minor cycle 13. Lastest possible delivery
ISminor cycle is 114.
DSCCS, CTIUS,Instruments receive time code messages.
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Table III. BUT Table Notations

rype #3 See kootnotm z,s at end of @ble ~orIIIOre~ ormation.

%mmand Disaibutionz~

@.128 @?.128 Every 128 millisecond sample rate
3N&C sampling rates are
1.1.1 .064 (16 times per major cycle),
RU~~ Pllkds .128 (8 times per major cycle),

.512 (2 times per major cycle),
1.024 (once per 1.024 seconds-every major cycle ),
8.192 (once per 8.192 seconds-every 8 major cycles),

65.536 (once per 65.536 seconds-every 64 major cycles or once
per master cycle)

GN&C2.1.1 GN&CBDUSampleScheduleTable2.1.1
This is an SCC closed looped stmm since the second-level
header is a 1. Lfit we~ 2.2.1, then it would be either or both the
S-band downlink telemetry data streams. The table identiler
indicates if it is for SCC closed loop or S-band telemetry. The
reader may reference the BDU Working Notes in the Appendix.
A particular table maybe found by (1) the BDU then (2) the
table number.

IRu M@ pulsesls ~ of data and this footnote indicates
the source is tim the DN-GN&C4139

NOTE This data will appem in TYPE 2 (BDU sample schedule
table) columns in Minor cycle N. In Minor cycle N+l the same
data will appear in TYPE 4 (telemetry gather) columns.

9
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@8.192

GN&C2.2.2,(0)
[ACEAJ3 thn synch 14”15@@@l

GN&C2.2.1(1)
4P~2)
+P~3)

GN&C2.2.3 (4)
[ACEAJ3 Umsynch 14*15@~Jl

GN&C2.2.8 (5)
4PARE-(6)
4PAR+(7)

@1.024
Wemay Dump 1

@8.192 .

This table CELL represents 8 (O-7) unique potential sample and
gather transactions at 8.192 seconds. The O-7 represents which
major cycle the fmt sampldgather transaction occurs begins.
Only O, 1,4 and 5 have been assigne& The”- “ is used to
identify the beginning of an assigned sample and gather opera-
tion. Again, the usage says start on the major cycle beginning
with this value and every eight times thereafter perform the spe-
cified sample/gather transaction. If Ois assigned, then the sarn-
pldgather opemtion will be done on major cycles 0,8,16,24,
32,40,48,56.

GN&C2.2.2,(0)
[ACEAJ? tlm synch14S15(4.W)I

The“— “is used to ident@ the beginning of an assigned
sample and gather operation. This is GN&C BIXJ sample sched-
ule table 2.2.2. It will be sent to the GN&C BDU every 8.192
seconds in minor cycle N. The sampled telemetry will be gath-
emi in minor cycle N+l. This sampling will be done on major
cycles O,8, 16,24, 32,40,48,56. Footnotes 14,15are refe-
renced.

GN&C2.2.1 (1)

This is GN&C BDU sample schedule table 2.2.1. It will be sent
to the GN&C BDU every 8.192 seconds in minor cycle N. The
sampled telemetry will be gathered in minor cycle N+ 1. This
sampling will be done on major cycles 1,9, 17,25,33,41,49,
57

Nothing is currently assigned to this CELL for major cycles 2,
10,18,26,34,42, 50,58.

This CELL is assigned to memory dump operations which are
asynchronous events. Memory dumps only occur during contact
time. There are 21 such CELLS in a major cycle. This supports the
maximum downlink rate without exceeding it. The minimum dump
rate is once per major cycle.

I

10
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.—, Usedin the TYPE 2 (BDUsample schedule tasks) only. This means
—(o) a BDU sample schedule table cannot be transmitted here since the

next minor cycle (minor cycle N+l) is used to gather data from an
embedded RT. Only BDUSneed BDU sample schedule table.

=--==-@)
used for 8.192 and 65.536 sample cells to indicate this cell with this
major cycle has an embedded RI’ telemetry gather which precludes it
from being assigned to a BDU sample schedule table.

@.512 SPARE ‘IMS is a SPARE CELL whose sampling rate is .512. A single
sample/gather operation requires at this rate requires 2 CELLS
64 minor cycles apart within a major cycle and each major cycle
performs the same sample/gatier operation for these 2 CELLS.

11



TableIV. Bus UtilizationTable

inor Type#1 me #2 ~pe #3 Type #4 Type #5
ycle synchro- BDU Sample Schedule Table Cornrnand Distribution 2“3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1

I
#2 #1 #2

o @.128 @1.024 Ground Comrnand2 @8.192 @1.024
GN&C2.1.1IRU PROP5.2.7 MemoryDump1

XA@pulsesls PMEA 1,2thrust- GN&C2.2.2,(0)
er controlstatus [ACEA,Btlm

sync’s synch 14J5f4”@@J

GN&C2.2.1(1)

+SPARH2)

-SPARE-(3)

GN&C2.2.3(4)
[ACEA,B tlm

synch’ 4S’5(4”~@J

GN&C2.2.8(5)

-SPARE-(6)

-SPARE-(7)

1 mu-l @.512 @.512 @1.024 @.128 @1.024

GN&:2..~fiTach PWR3.1.I DopplerFrequen- GN&C2.1.1IRU PROP5.2.7
FSS sun angles& cy predictionto

XPNDR115
XA@pulses’s PMEA 1,2thrust-

presence15 er controlstatus
sync’s

2 CTIU-2 @?.128 @.512 @?1.024 @.512 @.512

GN&C2.1.2IRU DAS6.1.1 DopplerFre- GN&C2.1.4Tach PWR3.1.I
XA@pulsesls EAS 1,2E&H quenct\ypredic- Pulsesls FSS sun angles&

Em15 tion to presences
XPNDR215



Minor Type#1 qpe’ #2 ‘1-ype#3 we #4 Qpe #5
Cycle Synchre BDU Sample Schedule Table Command Distribution 2’S Data Gathering Request OTHER

nizewith
DataWordl #1 #2 #l #2 #1 #2

3 See-l @.128 @8.192 @.512 @ .512 @.128 @.512

GN&C2.1.3IRU GN&CBDUMag ADEA drive GN&C2.1.2IRU DAS 6.1.1
XA@pufses15 COMS/CDH torquedrivecmds CMDSIS EA@pulses15 EAS 1,2E&H

7.2.1(0) ACEA 15 Em15

SynchB1,B2’6

-SPARE-(1)
-SPARE-(2)

COMS/CDH
7.2.4(3)

COMS/CDH
7.2.5(4)

COMS/CDH
7.2.6(5)

PROP5.2.8(6)

-SPARE-(6)
-SPARE-(7)

f



Wnor Type#1 Type #2 TjJpe#3 me #4 ~pe #5
Cycle synchro- BDU Sample Schedule Table Cornrnand Distribution 2’3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

4 SCC-2 . . . . . . . . . . . . . . . . . . Ground Command @?.128 @8.192

GN&C2.1.3IRU
XA@pulsesls COMS/CDH

7.2.1(0)
Synch BI ,B216

-SPARE-(1)
4PARE-(2)

COMS/CDH
7.2.4(3)

COMS/CDH
7.2.5(4)

COMS/CDH
7.2,6(5)

PROP 5.2.8(6)

-SPARE-(6)

-SPARE-(7)

r



vfinor Type#1 ~pe #2 ~pe #3 Type #4 Qpe #5
:ycle synchro- BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nizewith
DataWord1 #1 #2 #1 #2 #1 #2

5 SSST-1 @8.192 . ..-....= @.512 @.512 @ .064 @ ,064

GN&CBDUMag ADEB drhe HGA-1 Gimbal HGA-2 Gimbal
COMS/CDH torquedrivecmds CMDS If’ angles’s angles’5

7.2.lqo) ACEB 15
part lof2

FrameBl,B215*’6

GN&C
2.2.9.1(1)17

COMS/CDH
7.2.2(2)

-SPARlk(3)

4PARE-(4)

-SPARI%(5)
-SPARE-(6)
-SPARE-(7)



vlinor ‘Type#1 me #2 ~pe #3 me #4 Type #5
:ycle synchro- BDU Sample Schedule lhble Command Distribution 2*3 Data Gathering Request OTHER

nize with
DataWord1 #1 #2 #1 #2 #1 #2

4

6 SSST-2 @8.192 @65.536 @1.024 @8.192 @l.024

-=-=====(o) GN&CBDU MemoryDump2

COMS/CDH
-SPA~l)

sc:::)u~ to COMS/CDH
7.2.11(0) 7.2.10(0)

part 2 of 2 Frame ● paItlof2
B1,B21S1G

●
FrameB1,B215*16

●

GN&C GN&C
2.2.9.2(I) “ -SPAR~63) 2.2.9.1(1)17

4PARFA2)

4PARF+3) -COMS/CDH
7.2.2(2)

-SPARW4)
-SPARE-(3)

-SPARF45)
-SPARE-(4)

-SPARF46)
-SPARE+5)

COM!YCDH -SPARE-(6)

7.2.3(7) -SPARIL(7)

r



Wnor Type#1 ~pe #2 Type #3 Type#4 ~pe #5
Cycle synchro- BDU Sample Schedule Table Cornrnand Distribution 2*3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

7 HGA-1 @1.024 @8.192 @1.024 @8.192 @65.536

COMS/CDH -SPARE-(0) GN&CBDU
7.2.7 SCCOKpulseto COMS/CDH ACTIVECTIU

tlm synchfor GN&C ACEB 15 7.2.11(0) 1/64tlm with
part 1of 3 Frame 2.2.9.3(1)‘7 part2 of 2 Frame DopplerSample

A1, ~lS,lG
-SPARE-(2)

B1,B21S1G markmeasure-
ment’5(0)

-SPARE-(3) GN&C -SPARE-(1)
-SPARE-(4) 2.2.9.2(1)17 ●

-SPARE-(5) -SPARE-(2) ●

-SPARE-(6) -SPARE--(3) ●

-SPARE-(7) -SPARE-(4) _cJpAR&_(63)
-SPARH5)

-SPARE-(6)

COMS/CDH
7.2.3(7)



vlinor Type#1 TYpe#2 ~pe #3 Type #4 me #5
flycle synchro- BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

8 HGA-2 @?8.192 @.512 SPARE Ground Command @1.024 @8.192

COMS/CDH -SPARE-(0)
COMS/CDH 7.2.7

7.2.8(0) tlm synchfor GN&C
part20f3 part 1of 3 Frame

FrameA1,A2 15T A1,A2M1G 2.2.9.3(1)17

-SPARE-(2)

GN&C -SPAR.P+3)
2.2.9.4(1)17 +3PA~4)

-SPARE-(2) -SPARE-(5)

-SPARE-(3) -SPAM6)

-SPARE-(7)
REc 11.2.2(4)

REC 11.2.4(5)

REC 11.2.6(6)

-SPARE-(7)

r



Type#1
synchro-
nizewith

DataWordl

:ERES-
?ORE

Type #2
BDU Sample Schedule Table

#1

@8.192

COMS/CDH
7.2.9(0)

part30f3
FrameAl, A215

GN&C
2.2.9.5(1)17

-sPARk%2)

REc 11.2.1(3)

REC 11.2.3(4)

REC 11.2.5(5)

REC 11.2.7(6)
-SPA-7)

#2

@.512 SPARE

Type #3
Command Distribution 213

#1 #2

Type #4
Data Gathering Request

#1

@8.192

COMS/CDH
7.2.8(0)
palt20f3

FrameAl A2 Is”

GN&C
2.2.9.4(1)17

-SPARE-(2)
-SPARE--(3)

REc 11.2.2(4)

REC 11.2.4(5)

REC 11.2.6(6)

-SPARE-(7)

#2

@.512 SPARE

~pe #5
OTHER



:; ‘lype #1 Type #2 Type #3 -e #4 ~pe #5
synchrc- BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER
nize with

DataWord1 #1 #2 #1 #2 #1 #2

10 CERES- @.512 @1.024SPARE @8.192 @,512 SPARE
AR COMS/CDH

7.1.1 -COMS/CDH
ADEA,B illllty 7.2.9(0)

rotation’s part30f3
FrameAl, A2 IS

-GN&C
2.2.9.5(1)17

-SPARE-(2)

-REc 11.2.1(3)

-REC 11.2.3(4)

-MC 11.2.5(5)

-REC 11.2.7(6)

-SPARE-(7)

11 MOPITT . ..-. ——.- . ..=.....---- @.512 @1.024SPARE

COM!YCDH
7.1.1

ADEA,B my
rotation’5

12 MODIS . ..-.=.=. ==== . ...= Ground Command @1.024 @ 1,024
MemoryDump3 MODISH&S12

13 ASTER @.512 SPARE . ..-. .=. = @ .064 @ .064

HGA-I Gimbal HGA–2 Gimbal
angles15 angles15



M

Minor Type#1 ~pe #2 Type #3 ~pe #4 ~pe #5
Cycle synchro BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nizewith
DataWordl #1 #2 #1 #2 #1 #2

14 MISR @.128 SPARE . ..-....= @.512 SPARE @1.024

SCC-1 H/K

15 BDUPROP @.128 SPARE @.128 SPARE @.128 SPARE @1.024 I
SCC-2 H/K

16 BDU @.128 @1.024SPARE Ground Command @. 128 SPARE @.128 SPARE
COMSJ
C&DHS

GIV&C2.I.I IRU
Zd@pulses]5

17 BDU- . ..-9-9.. ..-n.99=- @.128 @1.024SPARE
Recorder GN&C2.1.1IRU

XA!Ppulses15

18 BDU- @.128 @l.024sPARE (Q1.024 @l.024
GN&C GN&C2.1.2 lRU Memory ~mp 4 M(_)pl~ H&512

21@ pulses)s

19 BDU- @.128 @1.024SPARE @.128 @1.024SPARE
Power GN&C2.13 IRU GN&c2.1.21Ru

El@ pulses]s 2M@pulses15

20 BDU-DAS . ..-...9. ==--====- Ground Command @.128 @1.024SPARE

GN&C2.1.3 lRU
X4#pulses15



vlinor l@ #1 Type #2 Type #3 me #4 ~pe #5
:ycle Synchro BDU Sample Schedule Table Command Distribution 2*3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

21 BDU-RWA @8.192 @8.192 @ .064 @ .064

-========(o) ========(o) HGA–I Gimbal HGA-2 Gimbal

-SPAIUHl)
angles15 angles’s

GN&C
2.2.9.6(1 )17

=======-=(2)

(2)
-SPARE-(3). . . . . .

-SPARE-(3)
-SPARE-(4)

-SPARE-(4)
-SPARE-(5)

-SPARE-(5)
-SPARIH6)

-sPARrb(6)
4PAIUL(7)

-SPARE-(7)

22 BDU- . . . . . . . . . .=--...-= @8.192 @18.192
ASTER

SSST-1 (0) SSST-2 (0)
Starfixes ‘5 Star frees 15

-SPA~l)
GN&C

2.2.9.ql) 17 HGA-2 H&S(2)

HGA-1 H&S(2)
-SPARE-(3)

-SPARE-(3)
-SPAIUI+4)

-SPARH4)
-SPARE--(5)

-SPARH5)
-SPARE-(6)

-SPARE-(6)
4PARE-(7)

-SPARE-(7)

23 BDU- ===-== . . . . . . . . . @1.024 @1.024
MODIS ActiveCTIU StandbyCTIU

H&Stlm [1] H&S tlm [1]



tinor Type#1 Type #2 ~pe #3 ~pe #4 Type #5
yck! Synchr* BDU Sample Schedule Table Command Distribution *13 Data Gathering Request OTHER

nize with
DataWord1 #1 ##2 #1 I #2 #1 #2

24 BDU- @.5 12 SPARE @lo024 Ground Command @1.024 @ 1.024
MOPITT/ PWR3.2.2 MemoryDump5
CERESI CERES-FORE

MISR H&S12

25 @.512 SPARE @ 1.024 @?,512SPARE @ 1.024

PWR3.2.3 PWR 3.2.2

26 @1.024SPARE @1.024SPARE @.512 SPARE @l.024

PWR 3.2.3

27 @1.024SPARE @1.024SPARE @1.024SPARE @1.024SPARE

28 =.. s =.. . . ..=-= . . . Ground Command @1.024SPARE @1.024SPARE

29 . . . . . . . . . @ 1.024 @ .064 @ .064

PWR3.2.1 HGA–I Gimbal HGA–2 Gimbal
angles15 ang les’s

30 @. 128 SPARE @ 1.024 @1.024 @l.024

COMS/CDH MemoryDump6 PWR 3.2.1
7.2.12

31 @.128 SPARE @.128 SPARE @. 128 SPARE @l.024

COMS/CDH
7.2.12

32 @j?128 @1.024SPARE Ground Cornrnand @, 128 SPARE @?,128SPARE

GN&C2.1.1 IRU
Zi# pulses’s

33 CTIU-1 @ 1.024 SPARE @1.024SPARE @.128 (@I.024 SPARE IMOK5
GN&C.2.l.l IRU CTru-1

Z4#pulses15



$linor Type#1 ~pe #2 ~pe #3 ~pe #4
Cycle synchro-

~e #5
BDU Sample Schedule Table Command Distribution 2~3 Data Gathering Request OTHER

nizewith
DataWord1 #1 #2 #1 #2 #1 #2

34 CTIU-2 @.128 @ 1.024 @l.024 SPARE @1.024SPARE IMOK5
GN&C 2.1.2 lRV DAS6.2.1 cTlu-2

Z4@ puLses15

35 See-l @.128 =..- . . . . . @.128 @l.024 IMOK5
GN&C2.1.3IRV GN&C 2.1.2 IRU DAS6.2.1 See-l
ZAdJpdses]s Z4@pulses1s

36 SCC-2 . ..-..*.. . . . . . . . . . Ground Command @.128 @1.024 IMOK5
GN&C2.1.31RU MemoryDump7 SCC-2
Z4!PpulsesJ5

37 SSST-I @ 1.024SPARE @1,024SPARE @ .064 @ .064 IMOK5
HGA-I Gimbal HGA-2 Gimbal Sssl--l

angles15 angles]s

38 SSST-2 @)1.024SPARE @1.024SPARE @1.024SPARE @l.024 SPARE IMOK5
SSST-I

39 HGA-1 @ 1.024 SPARE @1.024SPARE @1.024SPARE @1.ti4 SPARE 1MOK5
HGA-1

40 HGA-2 @.512 SpARE @ 1.024 SPARE Ground Command @1.024SPARE @1.024SPARE IMOK5
HGA-2

41 CERES- --- —----~ @.512 SPARE @,512 sPARE @1.024SPARE 1MOK5
FORE CERES

FORE

42 CERES– @l.024SPARE @l.024 SPARE @1.024 (Q.512 SPARE !MOK5
AFT MemoryDump8 CERES AFT

43 MOPITT @ 1.024 SPARE @1.024SPARE @1.024SPARE @l .024SPARE IMOK5
MOPITT

44 MODIS 9!..-...== =====-.==== Ground Command @l.024 SPARE @1.024SPARE IMOK5
MODIS



b!

diner Type#1 we #2 Type #3 me #4 me #5
:ycle synchrG BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nizewith
DataWordl #1 #2 #1 #2 #1 #2

45 ASTER @.128 SPARE @1.024SPARE @ .064 @ .064 IMOK5
HGA–1 Gimbal HGA–2 Gimbal ASTER

angles15 angles’s

46 MISR @. 128 SPARE @?.128SPARE @0128sPARE @1.024SPARE IMOK5
MISR

47 BDU PROP .= =.-..=.. ..= ==.== @,128 SPARE @. 128 SPARE

48 BDU @.128 @ 1.024 SPARE Ground Command @1.024 @l.024
COMSI GN&C2J.1 IRU MemoryDump9
CDHS

CERES-AIT
ZA@pulses15 H&S

49 BDU- =..- . . . . . ..-—- . . . . @.128 @ 1.024 SPARE
Recorder GN&C 2.1.1 IRU

Z4@pulses15

50 BDU- @128 @ 1.024SPARE @1.024 @1.024
GN&C GN&C2.1.2IRU SCC-1 I-UK SCC-2 H/K

Zzf@pulses15

51 BDU- @.128 @ 1.024 SPARE @U28 @1.024SPARE
Power GN&C 2.1.3 IRU GN&c2.1.21Ru

22d@ pulses15 ZA@pulses15

52 BDU-DAS =...- . . ...= ..=== ====== Ground Cornrnand @U28 @1.024SPARE

GN&C2.1.3IRU
XA#pulses15

53 BDU-RWA . ..= . ..= . ==== === === @ .064 @ .064

HGA-1 Gimbal HGA–2 Gimbal
angles15 angles15

54 BDU- @ 1.024 SPARE @1.024SPARE @1.024 @ 1,024
ASTER MemoryDump ASTERH&S

10



*nor T@ #1 Type #2 ~pe #3 l@e #4 ~pe #5
Cycle synchro- BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nizewith
DataWordl #1 #2 #1 #2 #1 #2

55 BDU- @ 1.024 SPARE @1.024SPARE @1.024SPARE @1.024SPARE
MODIS

56 BDU- @.512 SPARE @1.024SPARE Ground Canrnand @1.024SPARE @1.024SPARE
MOPIITl
CERESI
MISR

57 @.512 sPARE @1.024SPARE @.512 SPARE @1.~4 SPAR-E

58 =-==-===== @1.024 SPARE @.512 @.512 @?.512SPARE @1.024SPARE

HGAA drive HGAB drive
cmds’5 cmds 1s

59 -99=-999=9 . ..-..=9 @1.024 @l .024 SPARE

CERES-FORE
H/K1l

60 .=. --.===.. wn==un.===a Ground Command @1.024 @ 1,024
MemoryDump11 MISR H&S

61 @.128 SPARE 99.-=aE=a @ .064 @ .064

HGA-1 Gimbal HGA-2 Gimbal
angles’s angles15

62 @.128 SPARE @.128 SPARE @.512 @.128 SPARE @ 1.024
WheelTorque CERES-AFW

cmdsto ACEA’s H/Kll

63 @1.024SPARE @1.024SPARE @.512 @J,128SPARE @. 128 SPARE
WheelTorque

cmdsto ACEB 15



mm
Cycle

7-

Type#1
sjrichro-
nizewith

DataWordl

~pe #2
BDU Sample Schedule Table

#1

(@.128

GN&C 2.1.1 IRU
21@ pulses15

#2

@8.192

GN&C2.2.1(1)

-SPARE-(2)

-SPARE-(3)

BDU-3 Instru-
ment 10.2.1(4)

BDU-ASTER
9.2.1(5)

BDU-MODIS
8.2.1(6)

GN&C 2.2.10(7)

Type #3
Command Distribution 2*3

#1 #2

Ground Command

~pe #4
Data Gathering Request

#1

@1.024SPARE

#2

@ 1.024SPARE

~pe #5
OTHER

r



Minor Type#1 me #2 ~pe #3
Cycle

we #4 Qpe #5
Synchm BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER
nize with

DataWord1 #1 #2 #1 #2 #1 #2

65 CTIU-I @.512 @.512 @.128 @8.192
GN&C2.1.4 Tach PWR 3.1.1 GN&C2.1.l IRU

Pukes15

1°iii?7”iiiiii5~*”ml%!ir”
Z4@pulses15 flN&~771fl)

BDU-3 Instru-
ment 10.2.1(4)

BDU-ASTER
9.2.1 (5)

BDU-MODIS
8.2.1 (6)

GN&C2.2.10(7)

66 cTlu-2 @.128 @512 @.512 @?.512

GN&C2.1.2IRU DAS6.I.1 GN&C 2.1.4 Tach PWR 3.1.1
Xfl@ pulses]s EAS 12 E&H Pulses15 FSS sun angles&

Err15 presences

67 See-l (Q.128 ===______.—---= t@,512 (Q.512 t!jl128 (Q.512

GN&C 2.1.3 lRU GN&C BDU Mag ADE A drive GN&C 2.1.2 IRU DAS6.I.I
Zd@pulses15 torque drive crook CMDS 15 Z&P pulses15 EAS 1,2 E&H

ACE A 15 Err15

68 SCC-2 . . . . . . . . . . . . . . . . . . . . . . Ground Command @l128 @?1.024
GN&C2.1.31RU MemoryDump
Zzl@pulses15 12



viinor Type#1 Type #2 ~pe #3 ~pe #4 Type #5
:ycle Synchro- BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

69 SSST-1 =========== @ 1.024 SPARE @.512 @ .512 (@.064 @ .064

GN&CBDU Mag ADEA drive HGA-I Gimbal HGA-2 Gimbal
torque drive creak CMDS 15 angles15 angles’5

ACE B 15

70 SSST-2 ========== @1.024SPARE @ 1.024 @1.024SPARE

ASTERH/K11

71 HGA-1 ========== @ 1.024 SPARE @ 1,024 @1.024SPARE

MISRH/K1l

72 HGA-2 @.512 SPARE @1.024SPARE Ground Command @ 1,024 @1.024SPARE

MODISH/K1l

73 CERES- =========== @.512 SPARE @j,512SPARE @1.024SPARE Ancillary
FORE Data6

CERES-
FORE

74 CERES- (@.512 @ 1.024 SPARE @l.024 @.512 SPARE Ancillary
AFT COMSICDH7.1.2 Memory Dump Data6

ADEA& array 13 CERES-AIW
rotation15

75 MOPIIT . ...=....= . . . . . . . . . . (@.512 @ 1.024 SPARE Ancillary
COMSK7DH7.1.1 Data6

ADE A~ array MOPI’IT
rotation*5

76 MODIS ==?==-=====. . . ...-.=..= Ground Command @i.024 @?1.024
SCC-1 H/K SCC-2 H/K

77 ASTER (@0128 SpARE @?l.024 SPARE (@.064 @ .064 Ancillary
HGA-I Gimbal HGA–2 Gimbal DataG

angles’5 angles15 ASTER



vlinor -1’ype#1 Type #2 ~pe #3 me #4 Type #5
:ycle synchro- BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

’78 MISR (Q.128 SPARE @.128 SPARE @.128 SPARE @1.024SPARE Ancillary
Data6
MISR

79 BDU PROP ====-===== @?.512 SPARE @.128 SPARE t@.128 SPARE Ancillary
Data6,7

MODISd

80 BDU a.128 @?1.o24 SPARE Ground Command @l.ou @.512 SPARE
COMSI GN&C2.1.l IRU Memory Dump
C&DHS Zd@ pulsesls 14

81 BDU- @8.192 @ 1.024 SPARE @.128 @1.024SPARE
Recorder -SPARE-(0) GN&C2.1.1IRU

-SPARE-(1) ZA@pulses15

-DAS 6.2.2(2)

-PROP 5.2.5 (3)

-PROP 5.2.3(4)

-PROP 5.2.1(5)

-PWR 3.2.8 (6)

-PWR 3.2.4(7)



vlinor Ty~ #1 Type #2 ~pe #3 me #4 ~pe #5
:ycle synchro- BDU Sample Schedule Table Command Distribution 2!3 Data Gathering Request OTHER

nize with
DataWord’ #1 #2 #1 #2 #1 #2

82 BDU- @L128 @8.192 @8.192 (@1.024SPARE
Power GN&C 2.1.2IRU -SPARE-(0) -SPARE-(0)

X4@pulses15 -SPARE-(1) -SPARE-(1)

–DAS6.2.3 (2) -DAS 6.2.2(2)

-PROP 5.2.6 (3) -PROP 5.2.5(3)

-PROP 5.2.4(4) -PROP 5.2.3(4)

-PROP 5.2.2(5) -PROP 5.2.1(5)

-RWA4.2.2(6) -PWR 3.2.8(6)

-PWR 3.2.5(’7) -PWR 3.2.4(7)

83 BDU– (Q.128 @ 1.024SPARE @.128 @8.192
GN&C GN&C2.1.3IRU GN&C 2.1.2 IRU -SPARE-(O)

Z4@pulses15 XA@pulses15 -SPARE-(1)

-DAS 6.2.3 (2)

-PROP 5.2.6(3)

-PROP 5.2.4(4)

-PROP 5.2.2 (5)

-RWA 4.2.2(6)

-PWR 3.2.5(7)



VIinor ~pe #1 ~pe #2 Type #3 Qpe #4 ~pe #5
Cycle Synchm BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1

I
#2 #1 #2

84 BDU-DAS . . . . . . . . . . . . . . . . . . . . . . Ground Command @.128 @1.024SPARE

GlV&C2.1.31RU
ZAdJpulses15

85 BDU-RWA ========== @ 1.024 SPARE @ .064 @ .064 ‘llme Code8
HGA–I Gimbal HGA-2 Gimbal CTIU-1

angles]5 angles]5

86 BDU- @65.536 (Q1.024SPARE @l.024 @1.024SPARE ‘lime Code8
ASTER -SPARI!+O) Memory Dump CTIU-2

15
s

●

●

—SPARE-(58)

-PROP 5.2.9(59)

-RWA4.2.2(60)

-PWR 3.2.6(61)

-PWR 3.2.7 (62)

-GN&C 2.2.4(63)



vlinor -Iype#1 ~pe #2 ~pe #3 me #4 Type #5
:ycle synchro- BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

8’? BDU– @ 1.024 SPARE @1.o24SPARE @65.536 @1.024SPARE ‘lime Code8
MODIS -SPARE-(0) See-l

●

●

●

—SPARE-(58)

-PROP 5.2.9(59)

-RWA4.2.2(60)

-PWR 3.2.6(61)

-PWR 3.2.7(62)

-GN&C 2.2.4(63)

88 BDU- QiJ.512 SPARE @1.024SPARE Ground Command @1.024SPARE @1.024SPARE ‘TimeCode8
MOPITTI
CERESI

SCC-2

MISR

89 @.512 SPARE @ 1.024 @.5 12 SPARE @1.024SPARE Time Code8

GN&C2.2.5 CERES-
FORE

90 @l.024SPARE @1.024SPARE (Q.512 SPARE @ 1.024 lime Code8

GN&C2.2.5 CERES-AFT

91 . . . . . . . . . . @ 1.024 @1.024SPARE @1.024SPARE Time Code8

GN&C2.2.7 MOPI’IT

,,



liner Type#1 Type #2 Type #3 ~pe #4 Type #5
:ycle synchro- BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1

I
#2 #1 #2

92 ..=. =.= ==.. . ..= === ==== Ground Command @l.024 @ 1.024 lime Code8
Memory Dump GN&C2.2.7 MODIS

16

93 @.128 SPARE @ 1.024 @ .064 @ .064 ‘1’imeCode8

GN&C2.2.6 HGA-1 Gimbal HGA–2 Gimbal ASTER
angles’s angles’s

94 @.128 SPARE @.128 SPARE @?.128SPARE @ 1.024 Time Code8

GN&C2.2.6 MISR

95 @ 1.024 @1.024SPARE @,128 SPARE @.128 SPARE Time Code8

PWR 3.2.9 MOPITT

96 @?128 @?l,024 Ground Command @ 1.024 @1.024SPARE

GN&C2.1.1IRU PWR3.2.1O PWR3.2.9
ZA@pulses15

97 CTIU-1 . ..=..... @ 1.024 SPARE @.128 @?1.024
GN&C2.1.l IRV PWR3.2.10

Z4@pulses15

98 CTIU-2 (Q.128 @J1.024 SPARE @l.024 @1.024SPARE

GN&C2.1.2IRU Memory Dump

Z4~ pulses15 17

99 See-l @.128 @1.024SPARE @.128 @1.024SPARE

GN&C2.1.3 IRU GN&C 2.1.2 IRU
&l@ pulsesls 2iM!Ppulses15

100 SCC-2 . ..=-=..=== =====-===== Ground Command @.128 @1.024SPARE

GN&C2.1.3IRU
ZAfPpulses*5



Minor Type#1 Type #2 Type #3 we #4 ~pe #5
Cycle Synch BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

101 SSST-1 ..-.. =. ==..= -=... @ .064 @ .064

HGA-I Gimbal HGA-2 Gimbal
angles]s angles15

102 SSST-2 . ..=-.=..= s= . ...=.... @ 1.024 @1.024

SSST-1 H/K SSST-2 H/K

103 HGA-1 ..-.. =. @ 1.024 SPARE @1.024 @1.024

HGA-I H/K HGA-2 H/K

104 HGA-2 @.512 SpARE @1.024SPARE Ground Command @?l.024 @1.024SPARE
Memory Dump

18

105 CERES- (@.512 SPARE @1.024SPARE @.5 12 SPARE @1.024SPARE
FORE

106 CERES- (Q1.024 SPARE @1.024SPARE @.5 12 SPARE @1.024SPARE
AFT

107 MOPIIT @l.024 SPARE @1.024SPARE @l.024 SPARE @1.024SPARE

108 MODIS =========== . . ..=-..... Ground Command @1.024SPARE @1.024SPARE

109 ASTER ====-===== (Q.128 SPARE @?.064 @ .064

HGA-I Gimbal HGA–2 Gimbal
angles15

rangles15

110 MISR @j.128 SPARE @.128 SPARE @l.024 @.128 SPARE
Memory Dump

19.

111 BDU PROP . ..=...9 . ..= —————----- @).128 SPARE @.128 SPARE

112 BDU (Q.128 @ 1.024 SPARE Ground Command @1.024
COMSI

@ 1.024

GN&C 2.1.1 lRU SCC-1 H/K SCC-2 H/K
C&DHS 21@pulses15



Minor lype #1 ~pe #2 ~pe #3 ~pe #4
Cycle

Type #5
Synchm’ BDU Sample Schedule Table Command Distribution 2’3 Data Gathering Request OTHER
nize with

DataWordl #1 #2 #1 #2 #1 #2

113 BDU- =...-...== . ..= === . . . (jj.128 @l .024 SPARE
Recorder GN&C 2.1.1 IRU

X4@pulses15

114 BDU- (Q.128 (Q1.024 SPARE @ 1.024 @! 1.024
GN&C GN&C 2.1.2 IRU SCC-1 H&S SCC-1 H&S

Zl#pulses15

115 BDU- @M28 . . . ..-. e... ~.128 @ 1.024 SPARE
Power GN&C 2.1.3IRU GN&C 2.1.2 IRU

Z4@ pulses15 X4@pulses15

116 BDU-DAS . . ..-.-———--. -= . . . . . . . . . . . GroundCommand @?.128 @l.024

GN&C2.1.31RU M’m”~oDump
ZddJpulses15

117 BDU-RWA .=-- —---—- . . . . . ...=-.=.. @ .064 @ .064

HGA-I Gimbal HGA-2 Gimbal
angles15 angles15

118 BDU- (Q1.024 SPARE @ 1.024 SPARE @l.024 @ 1.024
ASTER ActiveCTIUthn StanbyCTIUtlm

HIK

119 BDU- @?1.024 SPARE @ 1.024 SPARE @l.024 SPARE @1.024SPARE
MODIS

120 BDU- (Q,512 SPARE @?1.024 SPARE Ground Command @1.024SPARE @1.024SPARE
MOPIllY
CERESI
MISR

121 =========== (Q.512 SPARE @?.512 SPARE @I1.024 SPARE

122 @ 1.024 SPARE @ 1.024 SPARE (@.512 (Q.512 @l.oM @,512 SPARE

HGA A drive HGA B drive Memory Dump

Comds15 Cmds15 21



CA4

Minor Qpe #1 me #2 ~pe #3 me #4 ~pe #5
Cycle synchrcF BDU Sample Schedule Table Command Distribution 213 Data Gathering Request OTHER

nize with
DataWordl #1 #2 #1 #2 #1 #2

123 @l.024 SPARE @1.024SPARE @1.024 @1.024SPARE @1.024SPARE
Attitudethruster
cmdto PMEA215

124 .== —--==.—-- =..-== ..= Ground Command @1.024SPARE @1.024SPARE

125 @.128 SPARE @1.024SPARE @1.024 @ .064 @ .064

A ;o;~te;l~ds HGA-I Gimbal HGA–2 Gimbal
angles’s anglesls

126 @?.128 SPARE @?,128 SPARE @.512 @ 1.024 @.128 SPARE @ 1.024 SPARE
Attitudethruster

cm;%l~l%’15 Cmd‘0 ‘mA1’5

127 @8.192 . . . . . . . . . . @.512 @1.024 @.128 SPARE @?,128SPARE
Wheel Torque A V thrustercmds

GN&C2.2.2,(0) cmds to ACE B‘5 to PMEA115

[ACEA,Btlm
synch 14’15(4W6JI

GN&C2.2.1 (1)

-SPARE-(2)

-SPARE-(3)

GN&C2.2.3(4)
[ACEAJt tlm

synch 14.15(4.~6)1

GN&C2.2.8 (5)

-SPARE-(6)

-SPARE-(7)



Footnote 1:me 1Task
SYNCHRONIZE WITH DATA WORD
Purpose: permits the C&T R’1’kto maintain cycle synchronization with the Active CTIU. Synchronize with Data word sent based on RT
address. RT address maps to minor cycle value, i.e., RT address 1 is Minor cycle 1, Thereafter, issuedevery256 milliseconds(32 Minor
Cycles)apart to sameRT. Only AssignedR’1%receivesynchwith data word. The synchronizewithdata wordcontainsthe activeCTIUS
expectedmajor and minor cyclesvalues at the time of receiptby a C&TRT. The data structureis defined in the GIIS.

Footnote2 GROUNDCOMMAND
An orbit is approximately99 minutesin duration. Nominalcontact timeswillbe two 10minuteperiodsper orbit. lle groundcommand
taskis usedonlyduringa contacttimeand thenonlybyacommanddata transferreceivedvia theuplink, Groundcommandtaskisallowed
onceeveryfourthminorcycle. Themaximumlengthfor aground commanddatatransferon theC&Tbus is33 16-bitdatawords(a 1553B
messageheaderplus 32 16-bit data words).
Selectedminorcycle Oas groundcommandto reduceworkload on CTIUat MajorCycle Boundarysinceduringone orbit,therewill not
be a groundcommandprocessed. The SCC has to have aprioriknowledgewhengroundandonboardcommandssincethat is it data flow
control rate.

Footnote 3: ONBOARD commandingby the SCC.
Thereare3contiguousrninorcyclesoutof 4 whicharereservedfor theactiveSCC’Sissuingofcommands. Dataflowcontrolisperformed
by the SCC.

Footnote 4: ~pe 4 lbsk
Purpose: TelemetryGatheringtasks are identitledas well as the distribution(H/Konly,H&Sonly,both) associatedwitheach gather.

Footnote5: IMOKMESSAGES
IMOK message are sent to embedded C&T Rlk. Some embedded C&T R’I%,like the HGA, will not process them.

Footnote6: ANCILLARYDATA
ActiveCTIUreplicatesAncillarydata and distributesit as individual 1553Bmessagesto designatedrecipients(Instruments).

Footnote7: TYPE5 MESSAGES r
A type5 messageof 32 16-bit data wordscan neverbe deliveredin the sameminorcycle as a groundcommand. A groundcommandof
32 16-bitdatawordsplusa type5 messageof 32 16-bitdatawords (AncillaryDatamessage)wouldcauseanminorcycletasklistover–run M
in a worstcase scenario. g

I
Footnote8: TIMECODEMESSAGES b

ActiveCTIUshall generatesand delivers time code message. z
Ml

;f?
gu
%Zl

g~



Footnote9:16 Kbps telemetrygathering
packetOstartson MasterCycleN-1, Major Cycle63, MinorCycle 119 Endson Mastercycle N, Majorcycle O,minorcycle 118
packet 1startson MasterCycleN, MajorCycle O,MinorCycle 119 Endson Mastercycle N, Majorcycle 1,minorcycle 118

packet 63 startson Master CycleN, MajorCycle62, MinorCycle 119 Endson Mastercycle N, Majorcycle 63, minorcycle 118

Footnote 101 Kbpstelemetrygathering
packetOstartson MasterCycleN-1, MajorCycle 63, MinorCycle 119 Endson Mastercycle N+l, Majorcycle O,minorcycle 118
packet 1 startson MasterCycleN+1,MajorCycle O,MinorCycle 119 Endson Master cycle N+2,Majorcycle 1,minorcycle 118

packet 31 startson Master CycleN, MajorCycle61, MinorCycle 119 Ends on Mastercycle N, Majorcycle 63, minorcycle 118

Footnote 11: InstrumentI-UKtelemetrygather request.
Maximumof once per majorcycle with maximumof 32 data words

u Footnote 12: InstrumentH&S telemetrygatherrequest.
w Maximumof onceper major cycle with maximumof 1data words

Footnote 13:MEMORYDUMPGATHERREQUEST Used for memorydumpand C&T loopback.
Minimumtime between memorydump gather is every 6 minor cycles, Couldbe longer. Must be a minimumof 6 minor cycles apart
Must be 21. The intent is never to exceed the downlink rate. The downlink rate can be 16 kbps or 1 kpbs.

Footnote 14 DN-GN&C4139A
GN&CBDU samplescheduletable 1A, lB. The tlm synch to an ACEis every4 EOS seconds. Both 1Aand lB will containtelemetry
syncto ACEA andACEB respectively. 1Aand lB will differin other telemetrycontrolwords. ‘Ilese areTBD but willprobablyactive/
passiveanalogdbilevels.

Footnote 15:DN-GN&C-039A

Footnote 16:DN-GN&C-039A
tlm syncfor frame B to transponder1and 2 respectively. 1mscc wait beforereadoutcan occur

Footnote 17:DN-GN&C4)39
See footnote 14.

[1] l%isdata is providedto the SCC andis includedin the SCC telemetry.

[2] This data is describedin detail in serialI/O underBDUsamplescheduletablesGN&C2.2.9.1through2.2.9.6

r



[3] Per Elliott. ‘Ilk needsto be controlled. First enabIemustoccurnot earIierthan 1,032secondsafter the ACETLMsync. 48th bytemustbegathered
beforenext ACEtlm sync. This can be handledin differentways. It will take 3 BDU samplescheduletables (@ 16 entries per table)to r~adouta
singleACEandit must be donebeforethat ACEreceivesanothertelemetrysynch. TLMsyncs to an ACEarespacedat 4 EOSseconds.

TableV. C&TRemoteTerminalAddressAssignment

Remote
Terminal
Number

Name

1 ICommandand TelemetryInterfaceUnit (CTIU)-1

2 ICTIU-2

3 SpacecraftControlComputer(SCC)-1

4 SCC-2

5 lSolid State Star Tkacker(SSSV1

6 SSST-2

7 HighGain Antenna(HGA)-I

8 HGA-2

9 CERES-FORE
I

10 ICERES-AFT

11 IMOPITT

12 IMODIS

13 IASTER

14

15

16

17

18

MISR

BDU—PropulsionSubsystem(PROP)

BDU—Cornrnunication/Cormnandand Data Handling(COMM/C&DH)[SCCS,CTIUS,
COMS]

BDU—Recorder [Solid State Recorder (SSR), Science Formatting Equipment (WE)]

BDU-Guidance Navigation and Control (GN&C)

r



E
19

20

21

22

23

24

BDU—Power I

BDU—DirectAccessSystem(DAS)-COMM 1
BDU—Reaction Wheel Assembly (RWA) 1

BDU—ASTER

BDU—MODIS

BDU—MOPIT17CERES/MISR

All other C&TRTaddressesare reserved. I

1’



EOS-DN-C&DH-048
27 August 1993

5 BDU OPERATIONS

5.1 BDU SampleScheduleTables

Data characteristics observed as a result of creating BDU Sample Schedule tables for the telemetxy
data in DN-RES-027 are noted in the following paragraphs. ‘Ihble VI is the GN&C BDU Sample
Schedule Table 2.2.7. There am 6 analog signals ~ Column). The number of bits representing
the data from each analog is 8 (Length column). All the analog data is sampled and included in the
H&S S-band telemetry stream every 65.536 seconds. The active analogs, as shown in the ‘IhbleVI,
iue sampled and included in the H/K for the active analogs every 1.024 seconds. This data is not
included in the SCC closed loop datastream. The Note column (3.) references EOS-DN-RES-027
1.2.7.2 GN&C—Inertial Reference Unit Telemetry as the source for this information.

TableVI. GN&CBDU SampleScheduleTable2.2.7

N TelemetryPoint m - TekmetryM M w T Dam s~ Length H& I-UK Scc
o Address channel i- o- i a w~ MB s
t
e

n d n- b
0 u- d 1
r 1 0 e Bits Rate Rate Rate

0 w #

3. IRUMotorCurrentl M o 8 1/64 1/1

3. IRU MotorCunem2 M o 8 1/64 1/1

3. IRUMotor Cuxrent3 AA 1 8 1/64 1/1

3. IRUGyro temperanm A PA 1 8 1/64 1/64

3. IRUGyrotemperatureB PA 2 8 1/64 1/64

3. IN GyrotempeumweC PA 2 8 1/64 1/64

Table VII represents the observations made about GN&C BDU Sample Schedule Table 2.2.7.

TableVII. Data Characteristicsof GN&CBDU SampleScheduleTable2.2.7

I GN&C

t-

2.2.7

GN&C
2.2.7

iizr

1/1

1/64

tlm SSTABLE GA~R H/K H&s Scc
sync msg 16b msg 16b in- wad total in- wad totzd in- word tcl.d

s in it s in it effi- count 16bit effi- count 16bit effi- count 16bit
EO data EO data cien- per word cien- per word cien- per word
s wa s Wor ties msg “ ties msg “ ties msg “

min din min d in 65?36 65%6 65?36
msg msg

o 64 6 63 2 Y 2 128

0 1 3 N 3 3 N 3 3

1INEFFICIENCIES: Yes-odd number of 8 bit words 63 out of 64 times I

This table is used for both H/K and H&S distribution. Within a 65.536 period (master cycle), the
entire BDU sample schedule table is transmitted 8 times. Sixty-three out of 64 times, a telemetry
gather message is transmitted to the BDU requesting the sampled data of 2 16-bit data words. One
out 64 times
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Eos-DN-c&DH+48
27August 1993

L

The sampled data transmitted from any C&T RT to the CTIU uses a word size of 16-bits. The fmt
analog signal supplies 8bits to the BDU. The BDU stores the 8-bit analog data in word 1in the MSB
bit (bit O)of a 16-bit word. The second analog signal (8–bits in length) is stored in word 1 starting
at the LSB (bit 8). The third analog signal is stored in MSB of word 2 in the RT subaddress.

In 63 out of 64 times, there is an extra 8 bits gathered. This is 31.5 16-bit data words in the H/K
telemetry. In Section 5.2 and 5.3, these data characteristics are described.

A subset of the data characteristics tables have been included for examples.

TableVIII. Data Characteristics of COMS/CDHBDU SampleScheduleTable7.2.5

Rate tlm SSTABLE GA~R H&S

16bit inef-sync ~gs 16bit m;gs mu H
wad turd inef- word

in data . count 16bit fi- Count
EOS word EOS word cien- per word cien- per
min in min in ties msg “ ties rnsg

msg msg 65:53
6

COM 1/8 0 8 16 8 8 Y 8 64
7.25

COM 1/64 Y 8
7.25

I Scc

total inef- word tad
16bit fi- count 16bit
W(xd cien- per Wcrd

Cies msg “
65:3 65*53

6 6

8

sampled 8 times. 7 out of 8 times is for H/K only and the sampled data word count is 2. 1 out of 8 times
is both H&S and H/K and the sampled data word count is 3.
start-code (O-7) for 1/64 rate would be one of the 8 sample times.
hidden inefficiencies: 6 bits for tlm gather — see reserved

TableIX. Data Characteristicsof COMS/CDHBDU SampleScheduleThble7.26

zRate

COM 1/8
7.2.6

COM 1/64
7.2.6

Sampled 8

tlm I SSTABLE I GATHER I I H&s I Scc
sync &

msgs 16bit msgs 16bit inef- Wcrct
in data in data fi- count

EOS wad EOS wall cien- per
min in mitl in ties msg

msg msg

0 8 4 7 2 N 8

1 4

tad inef- Word total inef- Wad tccal
16bit fi- count 16bit fi- Count 16bit
Wcfd cien- per word cien- per word

ties msg “ ties rnsg in
65?53 65:53 65.53

6 6 6

16

N 1 4

J I I 1 1 1
nes. 7 out of 8 times is for H/K ordy and the sampled data word count k 2. 1 out of 8 titnes

is both H&S and H/K and the sampled data word count is 4.
start-code (O-7) for 1/64 rate would be one of the 8 sample times.
inefficiencies: NONE
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Table2L Data

Eos-DN<&DH-048
27 Au8ust 1993

c

Characteristicsof PowerBDIJSample Schedulel’hble3.2.1

I Iltat. e.lttm I SST~LE I GATHER I_——
WC mss 16bit msgs-l? 16bit rnef- Wad total

data h data fi- camt 16bit
Em~ wed EOS wad cien- per word
tnin in miri in Cies msg “

msg msg 65:3
6

PWR 1/1 0 64 12 64 6 N 6 384
3.2.1

1/8
3.2.1 I

Sample table transmitted 64time in 65.536.-once permajorcyck

H&s

-1
inef- Word tad
fi- camt 16bit

cien- per weed
Cies msg “

65:53
6

W
and always same n

Scc

inef- Word taat
fi- count 16bit

cien- per wad
ties msg “

65?53

--t-+

I I

nor cycle therefore
eveniy spaced ~. 56 times for H/K only and 8 times for both H/K and H&S. H&S sampling
is spaced evenly over the total 64 sample times. Start-Code value ranges from W7 then every eighth time
there after. Since 1/1 is once per major cycle, the major cycle counterman be used to derive the subsequent
intervals given the start code.

TableXL Data Characteristicsof COMKDH BDU SampleScheduleTable7.2.7

i

Rate.

COM 1/1
7.2.7

COM 1/1
7.2.7

!Samplc tab]

Iir
sync

--T

16bit

Wcn’d
in

msg

T

GKt13ER I

msgs 16bit inef- Wad tcl.al
data fi- Camt lmlt

Em% word cien- per word
mitl in Cies msg in

msg 65.53
6

64 4 N 4 256

H&S

ine!f-
fi-

cien-
Cies

N1
word total
Caret 16bit
per wad
msg in

65.53
6

64 256

transm= 1times within 65.536 and distributed to both H/K and H&

inef-
fi-

cien-
cies

Scc

-1
count 16bit
per wad
msg ill

6553
6

each time.
Processing NOTES.
[this was extraction from working notes and contains what was there plus enhancements)
7.2.7 must be processed 7.2.8 processed (point-t-point serial readout)

5.4 RelationshipsBetweenRate and Distributionof SampledData

Depending upon the encoding associated with the telemetry gather requests, the CTIU can place the
data into one or more telemehy datastreams. These datastreams are the I-UKtelemetry, the H&S
telemetry and the SCC closed loop.

TableXII. Rate and Distribution

H/K H&S Scc

Table Rate Return word Rate Returnword Rate R
count count

VII 1/1 2 1/64 3 —
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1/8 8 1/64 8

IX 1/8 2 1/64 4

x 1/1 6 1/8 8

XI 1/1 4 m 4

Combinationof Ratesand Distribution

1/1 1/1

1/1 1/8

1/1 1/64

1/8 1/8

1/8 1/64

1/8 1/64 .512

1/8

1/64 1/64

.064

.128

.128 .512

.512

5.5 I.neffieieneies

TableXIII. Inefficiencies

Table Inefficiencies

VII The sampled data transmitted from any C&T RT to the Cl”IU uses a word size
of l~bits. The fmt analog signal supplies 8 bits to the BDU. The BDU stores
the 8–bit analog data in word 1 in the MSB bit (bit O)of a l~bit word. The
second analog signal (8-bits in length) is stoxrxlin word 1 starting at the LSB
(bit 8). The third analog signal is stored in MSB of word 2 in the RT subad-
dress.

VIII Each bilevel group represent 8 bilevels. A group contains only 1 type of bile-
vels (passive, active). Bilevcl data is represented by a single bit. 5 of the 8 bits
in this group were assigned. The inefficiency within the group is 3. The inefl%
ciency for a datastream within a master cycle depends on the sampling rate.

Ix None

x None

XI INone

5.5.1 BDU Sampling

.
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1553 Messagesand Message Lengthin Words

ABDU sample scheduIetable(TYPE 2 task) is one 1553B message. The associatedtelemetry gather
request (TYPE 4 task) is another 1553B message. In only one instance, where the telemetry synch
is needed eve~ 1.024 seconds, is there no associated telemetry gather request. The fmware
algorithm and Bus Utilization ‘Ihble encoding will ensure this.

The number of data words used in the BDU sample schedule table is usually twice the number of
the associated telemetry gather request. The telemetry control word for an analog signal is 16-bit
data word the analog data is 8 bits. The same ratio applies to a group of bilevels and serial JIO.
No data appears whenever the telemetry control word is encoded as a telemetry synch or no-op

TableXIV. Numberof 1553BMessagesand Data Words

lbble SampleSchedule‘Ihble ‘lkIermmyGather Other ‘IkIernemyGather
If required

Rate Messagesin 16-bit Rate Messagesin 16-bit Rate Messagesin 16-bit
65.536 word 65.536 Word 65.536 Word

count count count

VII 1/1 64 6 1/1 63 2 1/64 1 3

VII-I 1/8 8 16 1/8 8 8 1/64

lx 1/8 8 4 1/8 7 2 1/64 1 4

x 1/1 64 12 1/1 64 6 1/8

XI 1/1 64 16 1/1 64 4 1/1

This design note uses the premise that the BDU sample schedule table is transmitted even though
all the sampled data is not returned each time. The number of messages to the RT nxnain the same
but the word count of the message increases. The number of messages from the RT and the number
of words in a message do not change. The BDU has a fixed amount of time set aside for sampling
regardless of number of telemetty control words in the BDU sample schedule table. This approach
reduces the number of BDU sample schedule tables stored by the C17U. This pmnise minimizes
the number of unique BUT sample/gather operations (CELL usage reduced)

A complete 13DUsample schedule table must be sent each time because the BDU
requires the last telemetry control word to have the EOT data field bit set.

Table VII and Table VIII only differ because Table VIII l~bit word count is the same whether
gathering and distribution algorithm uses 7 out of 8 times for H/K and 1 out of times for both H/K
and H&S.

The active C’ITUneeds two telemetry gathers stored at most stored in addition to the
BDU sample schedule table plus the encoding used to determine when to issue each
telemetry gather and how to distribute the sampled data associated with the specific
telemetry gather.

Table X: This sample table transmitted 64 time in 65.536.-once per major cycle
and always same minor cycle in each major cycle (this ensunx a deterministic time
for sampling). Out of the 64 times sampling occurs, 56 times will be for H/K only
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and 8 times will be for both H/K and H&S. H&S sampling will be spaced evenly
over the total 64 sample times. Start-Code value nmges fkom @7 then every eighth
time there after. Since 1/1 is once per major cycle, the major cycle counter can be
used to derive the subsequent intexvais given the start code.

Table XI has two telemetry synchs and six no+p codes. This reduces the number of data words
gathered since they do not cause data to be sampled
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6 CONCLUSIONS

As shown, the Command and Telemetry Bus meets the requirements of the EOS-AM spacecraft.
The GN&C closed-loop control commands and telemetry have been allocated and meet the timing
requirements. There are 32 commands in every major cycle for upli.nkcommand distribution. Of
the command cells left, the GN&C commands are allocated 24. This leaves 168 command cells
available for absolute time stored commands, relative time sequence commands, FDIR commands,
etc.

The telemetry allocations include 21 cells for the gathering of memory dumps. The remainder has
been allocated between the several subcommutation rates. Table XV shows the allocations and
assignments for the bus utilization table. The 354 unique table entries is less than the previous
estimate in the software memo “CTISJ Firmware ROM Estimate, EOS-WW-247” of 403 unique
tables. Therefore, the memory usage should be less. In addition, methods will be used to decrease
the number of unique tables required to reduce memory requirements and produce little or no impact
on processing throughput ~quixcments. The C&T bus has the margin to accommodate any changes
as the spacecraft design progesses.

Table XV. SubcnmRates

SubcomRate Allocation Assigned Spare Percent 1

(occurrence/ (#of Tables) (#of Tables) (#of Tables) Utilization
second)

1/.064 2 2 0 loo%~

1/.128 9 3 6 33%

1/.512 13 4 9 31%

1/1 114 40 74 35%

1J8 88 54 34 61%

1/64 128 6 122 5%

Totals 354 109 ~ 245 3170

[❑ Veritled with GN&C engineers to be su.ftlcient. i

A table is defined to be 1 to 16 telemetry control words in length.

4s



Eos-DN-c&DH448
27August 1993

7 FOLLOW-ON

The current source of the command and telemetry for the spacecraft will be updated as the spacecraft
design progresses. This will require that the C&T bus utilizationschedule updated to assess the
impacts to the utilization values. The changes will be controlled and documented in the Command
and Telemetry Database (OPD-140 and OPD-150). The SECN process will be used initially. The
frequency of the SECNS is expected to be low; however, each SECN may represent many changes.

The automation of the data for the bu utilization table analysis and generation is being investigated.

The downlink packet structure is generated by the C’ITU’splacement of gather messages in the
packet in the order received across the C&T bus. l%erefo~, the packet formats can generated
because of the bus utilization table is now ftied in. This effort will be done after the next bus
utilizationtable update. The possibility is being investigated to determine if the packet structure can
be a product of the C&T database.

The BUT will reside in the CTIU and, therefore, a method of producing the binary format for the
table will be investigated. ‘IWOpromising methods would be that it is a product of the rule driven
software for creating the table or, less likely, a product of the C&T database.
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2 GN&C BDU

NoteColumn:

1. EOS-DN-REM27 1.2.6.1C&DH-BDU

2. EOS-DN-RE=27 1.2.7.1GN&C—AttitudeCcntrolElectronics(ACE)

3. EOS-DN-RES-027 1.2.7.2GN&C—InettialReferenceUnitTelemetry

4. EOS-DN-RES-027 1.2.7.5GN&C—Star‘hacker

(this coversboththe embeddedRTand SSSTtelemetrygatheredfromthe GN&CBDU)

5. EOS-DN-REM27 1.2.7.6GN&C—ThreeAis Magnetometer(TAM)

6. EOS-DN-RES-027 1.2.7.8GN&C—BodyMountedCoarseSun Sensor(CSS)

T. EOS-DN-RES4127 1.2.7.10GN&C-PowerSwitchingUnit (PSU)

8. DN-GN&C-039-Rev A.

GN&C Journal

2.2.9 GN&C Serial I/O Interface processingNcXes

ZOS-DN-RES-027 1.2.7.1GN&C—AttitudeControlElectronics(ACE)
his is a point-t-point serial I/O interface. ACE A and ACE B each have one. The subparagraphs describe
he sampling/gathering in regard to this interface.

~1] This datais providedto the SCC andis includedin the SCCtelemetry.

[2] The samplingrate of this IRU telemetrycanbe reducedif there is a needfcxbandwidth.

:3] This is a potentialgotcha. Firs(enablemustoccurnot earlierthan 1.032secondsafterthe ACETLMsync. 48thbyte must
be gatheredbeforenext ACEtlmsync. This can be handledin diffemtt ways. It will take 3 BDU samplescheduletables
(@ 16 entenes per table) to readat a singleACE and it must be done beforethat ACE receivesanothertelemetrysynch.
TLM syncs to an ACE arespacedat 4 EOSseconds.

COMS Journal:

C&DH Journal

~uestionsto ask:

311iott

1,2.7.1ACEhas TAMfield strength(all axes)
1.2.7.6TAMhas field strength (all axes)
Heaseexplain.both are AA both have total of 48 bits

Footnotes

~1] The samplingrate of rhisIRU telemetrycan be reduced if there is a need for telemeuy

2.1 Scc closed Loop

AI)p -1
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BDU SampleScheduletable 2.L12.1.1

[

Ss
table

GN
&c

2.1.1

tlm Rate SS table
sync
hs # lti

msg it
wad

E;S Coun
mirl t

o .128 512 16

Gather I H&S Scc

inef- Word tcial inef- Word
fi- coun 16bit fi- Coun

cien- ts word cien- ts
eies Cies

6:5
36

N 8

# 1= inef- word taal
msg it fi- Coun 16bit
in word cien- ts word

EOS Coun ties
min t 6;5

36

tual
16bit
word

6!5
36

TrrE 7iiR

ITotal tlm ~athers is@.128 is 8 per major cycles @ 5 lfi-bit words. 512 gathers per master cycle !

—
mad Tekmc-

Ad- ~

dress channel

E
i-
n
0
r

w T Dat
i a a
n- b Wm
d 1 ~
0 e
w #

0

0

1

1

2

2

3

3

4

4

5

5

6

St Len
= N
t

: Bits

B

0 8

8 8

0 8

8 8

0 8

8 8

0 8

8 8

0 8

8 8

0 8

8 8

0 8

H&S l-VK

3
Scc

Rate

.128

ii
e
d
u
1
0

TelemetxyPoint Rate Rate

IRUX(AO pulsex XMl byte 1) (ACE
A)

IRU X(AOpulses:YMl byte 1) (ACE
A)

IRU X(AQ pulses:ZM1 byte 1)(ACE
A)

IRUX(AO pulses:XM2byte 1) (ACE
A)

IRUX(AOpulses: YM2byte 1) (ACE
A)

1.-

.128

-3x

.128

IRU X(A~ pulses:ZM2byte 1)(ACE
A)

-zii8. IRU !Z(AO pulses:XMl byte 1j (ACE
B)

8. IRU X(AOpulses: YM1byte 1) (ACE
B) 2

s .128

8. IRUX(AO pulses:ZM1 byte 1)(ACE
B)

s .128

8. IRUZ(AO pulses:XM2byte 1) (ACE
B)

s .128

IRUZ(AO pulses: YM2byte 1) (ACE
B)

s .128

IRUZ(AO pulses:ZM2 byte 1) (ACE
B)

s .128

IRUZ(AiBpulses:XMl byte 2) (ACE s
A)
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N
o
t
e

TelemetryPoint

~
RedlinesfromEllic%dated7/30/93

Board
Ad-
dress

Tekmc- M M w
~ i- ~ i

channel n d n-
0 u- ct
r 1 0

0 w

Dat St Len H&S WK Scc
a ar gth

Wa t

d ; Bits Rate Rate Rate

B

6 8 8 .128

7 0 8 .128

7 8 8 .128

2.1.2 BDU Sample Scheduletable 2.1.2

Ss tlm Rate SS table Gather H&S Scc
table sync

hs # 1&b # 16-b inef- word tual inef- Word mal inef- Word total
msg it msg it fi- coun 16bit fi- Coun 16bit fi- coun 16bit
in word in word cien- ts word cien- ts wad cien- 1s word

EOS coun EOS coun ties ties ties
min t rnin t 6;5 6?5 6;5

36 36 36

GN 0 .128 512 16 512 8 N 8 4096
&c

2.1.2

Total tlm gathem is@.128 is 8 per major cycles @ 5 16-bit words. 512 gathers per master cycle

N Teleme- M M w T‘1’yp Board ~ Data st Len H& H/K Scc
0 e Ad- i- 0 i a w~ ar @h s
t dress channel n d n- b t
e 0 u- d 1

TelemeuyPoint r 1 0 e y Bits Rate Rate Rate;
o w # B

8. IRUZ(A@pulses:YM2byte 2) (ACE s o 0 8 .128
A)

8. IRUX(AQpulses:ZM2 byte 2) (ACE s o 8 8 .128
A)

8, IRUX(ASXIpulses:XM1 byte 3) (ACE s 1 0 8 .128
A)

3. IRUZ(A@pulses:YM1byte 3) (ACE s 1 8 8 .128
A)

3. IRUX(AQpulses:ZM1 byte3) (ACE s 2 0 8 .128
A)

3. IRUZ(AQ pulses:XM2 byte3) (ACE s 2 8 8 .128
A)

4
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N
o
t
e

TelemetryPoint

i IRUZ(A* pulses:YM2byte 3) (ACE
A)

3. IRU2(AO pulses:ZM2 byte3) (ACE
A)

3, IRUX(AOpulses:XMl byte2) (ACE
B)

3. IRUX(AOpulses:YMl byte2) (ACE
B)

Il.- ~-U X(AOpulses:Zh41byte2) (ACE
B)

I1. IRUX(AO pulses:XM2 byte2) (ACE
B)

3. IRUX(AOpulses:YM2byte2) (ACE
B)

1. IRUX(A9 pulses:ZM2 byte2) (ACE
B)

1. IRUX(AOpulses:XMl byte 3) (ACE
B)

3. IRUX(AOpulses:YMl byte 3) (ACE
B)

Redlinesfrom Elliotdated7/3U93

TP
e

T

s

-i-

s

s

-r
-r

St Len H& I-UK Scc
m g~ s
t
M Bits Rate Rate ‘e
;

0 8 .128

8 8 .128

0 8 .128

8 8 .128

0 8 .128

8 8 .128

0 8 .128

8 8 .128

0 8 .128

8 8 .128

2.1.3 BDU Sample Schedule table 2.1.3

Ss tlm Rate SS table Gather H&S Scc
table sync “ #

hs 16-b # 16-b inef- word tual inef- word tcxal inef- word total
rnsg it msg it fi- coun 16bit fi- coun 16bit fi- coun 16bit
in wad in word cien- ts word cien- ts wad cien- ts word

EOS coun EOS cm ties ties ties
min t min t 6;5 6;5 6;5

36 36 36

GN 0 .128 512 10 384 2 N 768
&c

2.1.3
!
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GN o .512 128 5 N 640
&c

2.1.3

Total tlm gathers is@.128 is 8 per major cycles@ 5 l~bit words.512 gathers per master cycle

Total tlm gathers is@.512 is 2 per major cycles@ 5 l~bit words. 128 gathers per master cycle

Each time sample table is sent its word count-10
6/8 of times per major cycle only word count of 2 gathered
2/8 of times wr maior cvcle onlv word count of 5 gathered

TelemetryPoint

IRUZ(AO pulses:ZMl byte 3) (ACE
B)

IRUZ(A* pulses:XM2byte 3) (ACE
B)

IRUZ(AO pulses:YM2byte 3) (ACE
B)

IRUZ(AO pulses:ZM2 byte 3) (ACE
B)

Y

N
) o

t
e

8.

8.

8.

8.

5.

i.

5.
8.

—
5. ~

i. I

5.1

i.

5.

i.

5.,
8.

no
from botb

rAM 2 FA&%m@+Y-axis Ug@

s:
DN-GN&C-039-Rev A. and DN-RES-027

Ione BDU sample schedule for SCC closed loop and one for telemetry

Redlinesfrom Ellis dated7/30/93
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2.1.4 BDU SampleScheduletable 2.1.4

SS table I GatherSs thn Rate
table sync

hs

GN o .512
&c

2.1.4

Total tlm gathem

H&S

inef- Word tcxal inef- Word
fi- Coun 16bit fi- Coun

cien- ts word cien- ts
ties ties

6?.5
36

I Scc

Tr
16-b # 16-b

it msg it
Wcrd in word
eoun EOS court

tmint

#
msg

E;S
min

x &
wad cien- ts word

ties
6!5 ti:5
36 36

N 16 1024m16 128 8

s 2 per major cycles@ eight l-bit words. 128 gathers per master cycle—

Fizii
o
t
e

ExT
Ad-
dress

ii
i-
n
0
r

w T
i a
n- b
d 1
0 e
w #

m
e

TelemetryPoint Rate

~1 RWAX(2.1.4pulses RWA1, byte 1) s
I(ACEAj

.512‘13. RWAX(Tachpulses:RWA2,byte1)
(ACEA)

s

,512I3, RWAZ(Tachpulses:RWA3, byte 1)
(ACEA)

s

.512IB. RWAX(Tachpulses:RWA4, byte 1)
(ACEA)

.512RWAX(Tachpulses:RWA1,byte 2)
(ACEA)

.512RWAX(Tachpulses:RWA2, byte 2)
(ACEA)

RWAX(Tachpulses:RWA3, byte 2)
(ACEA)

RWAX(Tachpulses:RWA4, byte 2)
(ACEA)

RWAX(Tachpulses:RWA1,byte 1)
(ACEB)

RWAX(Tachpulses:RWA2, byte 1)
(ACEB)

RWAX(Tachpulses: RWA3, byte 1)
(ACEB)

RWAZ(Tachpulses:RWA4, byte 1)
(ACEB)

RWAZ(Tachpulses:RWA1,byte 2)
(ACEB)

8

c 8

8

c 8

—
(

—
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Ad- Oiaatrt
t dress channel n d n% a ~
e o u- d 1 w

TelemetryPoint r 1 0 e
o

Bits Rate Rate Rate
o w # :

8. RWAX(Tachpulses:RWA2, byte 2) s 6 8 8 .512
(ACEB)

8. RWAZ(Tachpulses:RWA3, byte 2) s 7 0 8 .512
(ACEB)

8. RWA22(Tachpulses:RWA4, byte 2) s 7 8 8 .512
(ACEB)

RedlinesfromEllis dated7/30/93

2.2 H/K and/or H&S Telemetry

2.2.1 BDU Sample Schedule Table 2.2.1

Ss
table

tlm
sync
hs

Rate SS table

msg it
in wad

EOS cm
t

-R

Gather

+

msg it
in word

EOS coun
min

8

I 7izFm word
Coun

ts

tad
16bit
word

in

Scc

T
inef- wmd taal
fi- coun 16bit

cien- ts word
ties in

tit

65.5 6?5
36 36

GN 1/8 N 8 64
&c

2.2.1

Total tlm gathers one every 8 major cycles@ eight 16-bit words. 8 gathers per master cycle

App -7



BUTWorkingNotes
August 1993

&att Len H& H/K Scc
MSB gth s

Bits Rate Rate Rate

M M w T
i- 0 i a
n d n- b
0 u- d 1
r 1 0 e

0 w #

Ei
a

Wor
d

7

qyp Board
e Ad-

Teleme-
m

channeldress

TelemeUyPoint

I 1 1 ,

0 I 16 I 1/8 I 1/8 ICSSI,YPosn Errcr Sig M

CSS 1$ Posn Errcr Sig AA

CSS2,Y Pc6nErrorSig AA

CSS22 Pam Err(xSig M

RW~ TachA Count M

RWU TachconuolA Count M

RW~ TachA Count M

RW~ TachA Count AA

RWU TachB Count M

RW& TachB Count M

RWA2TachB Count M

RW&lTachB Count AA

Uinesfrom E1.liUdated7/30/93

1 I 1

0 I 16 I 1/8 I 1/8 I

0 16 1/8 1/8

o 16 1/8 1/8

o 8 1/8 1/8

8 8 1/8 1/8

o 8 1/8 1/85
1 1 ,

8 I 8 I 1/8 I 1/8 I5

0 8 1/8 1/8

8 8 1/8 1/8

o 8 1/8 1/8

8 8 1/8 1/8

6

6

BDU SampleScheduleTable2.2.22.2.2

SccK
ple

Sche
dule
Tabl

e

xx- H&Sthn I SSTABLE

+

wad tual
coun 16bit

ts word

6;5
36

#in 16-b inef- Word
EOS it fi- Coun
min data cien- ts

word ties
s

8 7 N 7

Gi
16bit
word

6?.5
36

?

inef-Word tual
fi- coun 16bit

cien- ts wad
ties

6;5
36

N 7 56

‘WC #in 16-b
hs EOS it

min data
wad

s

2 8 16

2

inef-
fi-

cien-
cies

GN
&c

2.2.2

1/8

GN
&c

2.2.2

1/64

Total t.lm gathers one every g _major cycles

I
~ Board

e Ad-
dress

1/8

L
i-
n
0
r

ii
0
d
u.
1
0 T

Dat Start

a MSB
Wor

d

TH& H/K
s

SccLen
m

Bits

N
o
te

TelemetryPoint
+

Rate Rate Rate

I

1. ] ACE A TelemetrySynch 1B -1- -1-
1
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mrNote UP
e

TelemetryPoint

1. ACE B Telernemy SynchlB

2. TAM1~~ . .

2. TAM1~Y-ax~s W!ML. .
1

2. TAM1~%ams Ug@. .

2. TAM2 ~~ . .

I I I I
“1/8 - -

0 8 1/64 1/8 .512
I I I 1

81 8 I 1/64 I 1/8 I ,512
1 1 1 1

01 8 I 1/64 I 1/8 I .512LAA
1 1 1 1

81 8 I 1/64 I 1/8 1.512
I ! 1 I

01 8 I 1/64 I 1/8 I .512
1 , 1

81 8 I 1/64 I 1/8 I .512

24 1/64 1/8AA

24 1/64 1/8

8

8

8

AA

t
?

I

AA

t AA

rAA

t= -18111
\

? Y~ . .

? Z~ACEB
. .

Elliottredline he hadnued telemeuymissing.

t= +&tt AA

rPt ;the abovethe sameasTAMfield strengthappearsin boththe SCCclosed
lC

F
Dandtelemetw downlinks. Untilclarifitxlassumethey are identical.

TAM-1Atemperature(electronics& AA 3 0 8 1/64 1/8
sensor)

TAM-lB temperature(electronics& AA 3 8 8 1/64 1/8
sensor)

TAM-2Atemperature(eleclmn.ics& AA 4 0 8 1/64 1/8
sensor)

TW-2B temperature(electronics& AA 4 8 8 1/64 1/8
sensor)

ACEA +5, 15Reg Voltage AA 5 0 8 1/64 1/8
GNc_vR_AcEA_P5vREG

ACEB +5,15 Reg Voltage AA 5 8 8 1/64 1/8
GNc_vR_AcEB_P5vREG

ACE A-15, 28 Reg Voltage M 6 0 8 1/64 1/8
GNc_vR_AcEA_P28vREG

ACEB -15,28 Reg Voltage AA 6 8 8 1/64 1/8
GNc_vR_AcEB_P28vREG

T.

dlinesfrom Elliot dated7/30/93 I
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-

BDU SampleScheduleTable2232.23

SSTABLE GATHER I H&S I Scc

#in I&b #in 16-b inef-
EOS it EOS it fi-
m.in data min data cien-

Wad wad ties
s s

8 16 8 7 y

times gather 7/8 only to I-l/l

sam-
ple

Sche
dule
Tab]

e

x
&c

2.2.3

x
&c

2.2.3

tlm
sync
hs

total incf-Word total

16bit fi- coun 16bit
word cien- ts word

ties
;5 ti:5
36 36

56

word total inef- Word
Wurt 16bit fi- coun
ts word cien- ts

ties
6;5
36

7 56

Y 7

1/8 to both H/K& H(

2

2

s8 times sample; t

INEFFICIENCIES:
Each tlm gather has reserved bits (PB) in them

Len H& HrK Scc
@ s

Bits Rate Rate Rate

. —

- -

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

I
Ward Tetemc-

Ad- w
(heSs chsnnel

M M w T
i- 0 i a
n d n- b
0 u- d 1
r 1 0 e

0 w #

N[ IVP Dat
a

Wa
d

start

MSBD
T I I e

I
TelemetxyPoint

1 I

2. I ACEA TelemetrySynch la I 1/8
1 1

2. I ACE B TelemeuySynch la I 1/8
1 1

2. I ACEA on/ACE B off I AB o
GNC_BR_ACE_AONBO~

?. TAM 1 Powercdoff AB
GNC_BR_ACE_TAMl_ON

2. TAM 2 Power onoff AB
GNC_BR_ACE_TAM2_ON

2.1CSM A Tmer State I AB
I

2. I CSMB Timer State I AB
I

2. I CSM A Inhibit I AB 5

T

T

II

2. I CSM B Inhibit I AB
I

IReserved IAB
I

4. ISSST-1 Power Status I PB 8
I

4. ISSST-1 Heater relay status I PB 9

5. TAM-1A Heater relay status (electron-
ics & sensor)

10

5. TAM-2A Heater relay status (electron- PB
ics & sensor)

11

App -10
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L

N Typ Board TcleuB- M M w T Dat start Len H& I-UK Scc
0 e Ad- QY i- 0 i a a MSB gth s
T dress chmel n d n- b Wa
E

TelemetryPoint
o u- d 1 d
r 1 0 e Bits Rate Rate Rate

0 w #

7. psu EPC oDjOffWltllsl PB 12 1 1/64 1/8

7. PSU StarTrackerPowerrelaystatus1 PB 13 1 1/64 1/8

7. PSU EarthSenscrEke. (ESE)Power PB 14 1 1/64 1/8
RelayStatus 1

3. IRUHeatercontrolRelayStatus 1 PB 15 1 1/64 1/8

4. SSST-2 PowerStatus PB 1 0 1 1/64 1/8

4. SSST-2 Heaterrelaystatus PB 1 1 1/64 1/8

5. TMv-lB Heaterrelay status(ekXtrOn- PB 2 1 1/64 1/8
ics & sensor)

5. TAM-2BHeaterrelay status(electron- PB 3 1 1/64 1/8
ics & sensor)

7. psu Em On/offstatus2 PB 4 1 1/64 1/8

7. psu Sm TrackerPowerrelaystatus2 PB 5 1 1/64 1/8

7. PSU ~ SensorElec. (ESE)Power PB 6 1 U64 1/8
RelayStatus 2

3. RIJ Heatercontrol RelayStatus2 PB 7 1 1/64 1/8

7. PSU IRUPowerrelay status 1 PB 8 1 1/64 1/8

7. psu mu power relay status2 PB 9 1 1/64 1/8

i’. PSIJ IRUPowerrelaystatus3 PB 10 1 1/64 1/8

7. PSIJFine Sun SensorElectronicsPow- PB 11 1 1/64 1/8
er Relaystatus

3. IRUPulse rate mode(high/low)~ PB 12 1 1/64 1/8

3. IRU pulse rate m~e (higMow) ~ PB 13 1 1/64 1/8

3. IRUPulserate mode(higMow) C PB 14 1 1/64 1/8

reserved PB 15 1 1/64 1/8

3. ~ PB 2 0 1 1/64 1/8

3. ~ PB 1 1 1/64 1/8

3 ~ PB 2 1 1/64 1/8

5 ~ PB 3 1 1/64 1/8

App -11
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l-up
e

TelemetryPoint

~ PB

BDU-GN&CHeaterControlRelay PB
status2

BDU-N&C HeaterControlRelay PB
status2

reserved PB

IRU VoltagesA AA

IRUVoltagesE AA

IRU VoltagesC AA

ACEA +15 Reg Voltage M
GNc_vR_AcEA_P15 vREG I
ACEB +15 Reg Voltage IAA
GNC_Vl_ACEB_P15VREG

ACEA EPC inputcuxrentl IAA

ACE B EPC input current1 IM

BDU-N&C EPC Upcurrentl AA

BDU-GN&CEPc i/p CUlRXlt2 AA

TGr
Ad-
dms

G
w

channel

;
i-
n
0
r

W w
o i
d n-
u- d
1 0
0 w

—

c

T Dat start Len H& H/K Scc
a a MSB gth s

b Wa
1 d

Bits Rate Rate Rate
;

4 1 1/64 1/8

5 1 1/64 1/8

6 1 1/64 1/8

7 1 1/64 1/8

2 8 1/64 1/8

3 8 1/64 1/8

8 1/64 1/8

4 8 1/64 1/8

8 1/64 1/8

5 8 1/64 1/8

8 1/64 1/8

6 8 1/64 1/8

8 1/64 1/8
1

RedlinesfromEllict dated 7/30/93:decidedto leavethe data in to remainin keepingwith the snapshot

2.2.4 BDU Sample Schedule Table 2.2.4

sam- Rate tlm SSTABLE GATHER
ple

Sche s~ #in l~b #in 16-b inef- Word ted inef-

dule
EOS it EOS it fi- coun 16bit fi-

Tabl min data min data cien- ts w(xd cien-

e
wmd word ties ties

s s 6:5
36

GN 1/64 0 1 14 1 7 Y 7 7
&c

2.2.4

H&S Scc

word taal inef- word told
coun 16bit fi- coun 16bit

ts Wcxd cien- ts word
ties in

6:5 65.5
36 36

App -12
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c

GN 1/64 o Y 7 7
&c

2.2.4

1 times sample; 1 times gathen

[EFFICIENCIES:
Each tlm gatier has reserved bits (PB) in tiem

N I IVP
o e
te

TelemetryPoint

2. CardCageTemperature~ PA

2 PA

2 ~ PA

WvO
ACE A EPCTemnM_

2. EPC ~ PA

2. %xque-Wirve ElecTemp- ACE PA

7. PSI_JEPC temperature PA

7. PSU EPC temper~rel PA

6. CSS-1 Heater control relay status PB

6. CSS-2 Heater control n?.laystatus PB

IReserved I
4. I SSST–1TrackerTemperature I PA

4. I SSST–2TrackerTemperature I PA

1. BDU-GN&CTemperature PA

1. BDU43N&CTemperature PA

]RedlinesfromElliot dated7/30/93

start Len H& H/K Scc
MSB @ s

Bits Rate Rate Rate

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1 1/64 1/64

9 1 1/64 1/64

10-15 6 1/64 1/64

8 1/64 1/64
1 1 ,

I 8 I 1/64 I 1/64 I

App -13
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2.2.5 BDU Sample Schedule Table 2.2.5

L

sam- Rate tlm SSTABLE GATHER H&S Scc
ple sync #~ l~b #~ 16_b ~&. w& t~ inef- word taal inef- Word K%al

Sche hs
dule

EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit

Tabl min data min data cien- ts word cien- ts word cien- ts word
W(xd

e
word ties ties ties

s s 6% 6!5 ti:5
36 36 , 36

GN 1/1 0 64 16 64 8 N 8 512
&c

2.2.5

GN 1/8 0 N 8 64
&c

2.2.5

64 times sample; 63/64 h/K only; 1/64 both H/K& H&S

INEFFICIENCIES:

APp -14



BUT WorkingNotes
August 1993

-

M M WT Dat start Len H& H/K Scc
i- o- ia a MSB @h s
n d n- b Wa
o u- dl ~
r 1 oe Bits Rate Rate Rate

0 w#

0 8 1/8 1/1

0 8 1/8 1/1

1 8 1/8 1/1

1 8 1/8 1/1

2 8 1/8 1/1

2 8 1/8 1/1

3 8 1/8 1/8

3 8 1/8 1/8

4 8 1/8 1/8

4 8 1/8 1/8

5 8 1/8 1/8

5 8 1/8 1/8

6 8 1/8 1/8

6 8 1/8 1/8

7 8 1/8 1/8

7 8 1/8 1/8

N lyp Bosrd TG&I-
0 e
te

Ad-
dress chaund

TelemeuyPoint

2 IRUX we hold posn- ACEA AA

2 IRUX safehold posn- ACEB AA

21 IRUY safehold pcxn- ACE A IAAI I

27 ‘RU Y &ifehold posn- ACEB IAAl I

2 IRUZ safehold pctm- ACEA AA

2 IRU Z safehold pan - ACEB M

~. _MIR X DriveJiCurrentA AA
GNC_IR_TORQ_DRVX.A

?. _MTE XJl DriveCurrent% M
GNC_IR_TORQ_DRVX_B

1. _M’13i Y DriveL Current-A AA
GNC_IR_TORQ_DRVY_A

2“ em YJ2 DriveCummt-B AA
GNC_IR_TORQ_DRVY_B

I2. %rqae-m Z lkive~ Current4
GNC_IR_TOR~DRVZ_A Id I
-MTR Z Drive& Current-B
GNC_IR_TORQ_DRVZ_B Pl I

2. I RWAl~Control Voltage1 IAAI I
2. ]RWA2 Drive ControlVoltage2
2. RWA3-Control Voltage3 AA

~. RW&3DriveControlVoltage4 AA

2.2.6 BDU Sample Schedule Table 2.2.6

Sam- I Rate I tlm I SSTABLE I GA~R I I H&S I Scc

$che hs
dule
Tabl

++

e

GN 1/1 o
&c

2.2.6 J
win 16-b
EOS it
min data

wcrd
s

646

I

‘1
#in lt=b
EOS it
rnin data

word

I s

t

643

I L
inef-
ti-

cien-
cies

N

+

word tad
coun 16bit

ts word
in

65.5
36

3 192!
inef-
fi-

cien-
cies

word
coun

ts

total
16bit
word

6:5
36

inef-
fi-

cien-
cies

word
coun

ts

total
16bit
word

6?.5
36

App -15
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L

GN 1/1 o N 3 192

&c
2.2.6

64 times sample; 63/64 h/K only; 1/64 both H/K& H&S

INEFFICIENCIES:

N Typ Board
o e Ad-
te dress

TelemeayPoint

2. IR~~ AA
[1]

2. IRu JWaaWx%xmli@mk AA

2.2.7

hrn-
ple
Sche
dule
Tabl

e

x
&c

2.2.7

x
&c

2.2.7

BDU Sample ScheduleTable2.2.7

Rate

64 times

M M w T Data start Len H& I-UK Scc
i- o- i a wad MSB gth s
n d n- b
0 u- d 1
r 1 0 e Bits Rate Rate Rate

0 w #

0 8 1/1 1/1

0 8 1/1 1/1

1 8 1/1 1/1

1 8 1/1 1/1

2 8 1/1 1/1

2 8 1/1 1/1

tlm I SSTABLE I GATHER I I H&S I Scc
sync #~ 16+ #in 1&b inef- Word tcxd @f”hs EOS it EOS it fi- coun 16bit fi-

min data min data cien- ts word cien-
Word wad ties ties

s s 6:5
36

0 64 6 64 3 N 3 192

0 N

sample; 63/64 h/K only; 1/64 both H/K & H&S

word tlxal inef- word tctal
coun 16bit fi- Coun 16bit

ts word cien- ts word
ties

6?5 6?.5
36 36

3 192

INEFFICIENCIES:
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I
N
o
te

3.

3.

3.

3.

3.

3.

TelemetryPoint

IRUMotorCurrentl

IRUMotorCurrent2

IRUMotorCurrent3

IRUGyro temperimueA

IRUGyrotemperatureE

IRUGyrotemperatureG

‘Iyp Board Te~- IM
e Ad- i-

dsess chsnnel n
0
r

AA

AA

AA

PA

PA

PA

2.2.8 BDU Sample Schedule Table 2.2.8

i
i
n
d
0
w

T Dat start Len
a a MSB ah
b Wcr
1 d

Bits
;

0 8

0 8

1 8

1 8

2 8

2 8

31
H& I-UK SCC
s

Rate Rate Rate

1/64 1/1

a1/64 1/1

1/64 1/1

1/64 1/64

1/64 1/64

1/64 1/64

sam- Rate tlm SSTABLE GATHER H&S Scc
ple sync #fi 16_b #in ]6_b ~ef. wad lcial inef- word tall inef- wmd tdSche hs
dule EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit

Tabl min data min data cien- ts word cien- ts word cien- ts wad
wcrd word ties ties tiese s s 6;S 6;5 6;5

36 36 36

GN 1/8 0 8 16 8 8 N 8 ~
&c

2.2.6

GN 1/64 0 N 8 8
&c

2.2.6

8 times sample; 7/8 h/K only; 1/8 both H/K& H&S

INEFFICIENCIES:
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o
t
e

e Ad-

~ACF A SafeMale Elec Status Isl

2. ~Safe ModeElecStatus s

2. ACE.lLSafeModeElecStatus s

2. ACE I%AuxilliaryStatus s

2. ~uxilliaty status s

2. ~uxilliary status s

2. ~uxilliary status s

J
Teteme- M

- i.

channel n
o
r

,

I

-t-

EE-
I

August 1993
L

N] TelemeuyPoint 1~ I Board M w T Data start Len H& H/K Scc
: : : Weld MSB @ s

u- d 1
1 0 e Bits Rate Rate Rate
0 w #

0 16 1/8 1/8

1 16 1/8 1/8

2 16 1/8 1/8

3 8 1/8 1/[

3 8 1/8 1/8

4 16 1/8 1/8

5 16 1/8 1/8

6 8 ]/8 1/8

6 8 1/8 1/8

7 16 I 1/8 1/8 4

-H8

2.2.9 BDU Sample ScheduleTable2.2.9

This is a point-t-point serial I/O interface. ACE A and ACE B each have one. The subparagraphs
describe the samplirtg/gatitering in regard to this interface. The following table is used only to show
the overall point-t-point interface.

This is fm only one of the 6 bdu samplescheduletablesfcxbusfraffie
however mly one table needbe residentin storagesinceone wcxddbe identicalto the other I
sam- Rate tlm SSTABLE GATHER I I H&S I Scc I
ple

Sche
SF #in 16-b #in

dule
EOS it EOS

Tabl
min data min

e
word

s

GN 1/8 0 8 16 8
&c

2.2.9

GN 1/8 0
&c

2.2.9

8 times sample; 8/8 h/K both H/K (

INEFFICIENCIES:

16-b inef- Word
it fi- coun

data cien- ts
word ties

s

8 N 8

: H&S There art

Kxal
16bit
Wcrd

6%
36

+

inef-word
fi- coun

cien- ts
Cies

mill inef- word total
16bit fi- coun 16bit
word cien- ts word

ties
6?.5 6;5
36 36

1N181641I I I
5such tables.

ApP -18



BUT WorkingNotes
August 1993

L

N l’yp Bosrd Tckmc- M M w T Da~ start Len H& I-I/K Scc
0 e Ad- q i- o- i a word MSB gth s
t dress chsnnel n d n- b
e 0 u- d 1

TelemeuyPoint r 1 0 e Bits Rate Rate Rate
o w #

2. ACE A SafeHoldDigitalpm s 384 1/8 1/8
cessorData

2. ACE B SafeHoldDigitalproees- S 384 1/8 1/8
sor Data

T’hishas to be handled c~fully. First enable must occur not earlier than 1.032 seconds after the ACE
~M sync. 48th byte must be gathered before next ACE tlm sync. This can be handledin @Temnt ways.
[twill take 3 BDU sample schedule tables (@ 16 enteries per table) to ~adout a single ACE and it must
be done before that ACE receives another telemetry synch. TLM syncs to an ACE = spaced at 4EOS
seconds.

2.2.9.1 BDU SampleScheduleTable2.2.9.1

TelemetryPoint

-Safe HoldDigitalpr~
cessorData
Part lof6

KUMife HoldDigitalproees-
mr Data
Paxtlof6

Redlines from Ellict dated7/30/93

Board

Ad-
dress

Tekme-
W

chsnnel

ii
i-
n
0
r1

MW
~i
d n-
U- d
10
Ow

2.2.9.2 BDU Sample Schedule Table 2.2.9.2

T Data Sm Len H& I-UK Scc
word MSB gth s

:
1

Bits Rate Rate Rate
;

o-3 0 64 1/8 1/8

4-7 0 64 1/8 1/8

m
e

Bosrd

Ad-
dress

Telcme-
W

channel

MIMIWITI Datal Start [Lenl H& 11-V KISCC
i-1111Oia
nd n-b
011-fll

‘d ‘B :U

Redlinesfrom Elliotdated7/30/93
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2.2.93 BDU Sample Schedule Table 2.2.93

w T Data start Len H& H/K Scc
i a word MSB gth s
n- b
d 1
0 e Bits Rate Rate Rate
w #

0-3 0 64 1/8 1/8

4-7 0 64 li8 1/8

N l’yp Bosrd
0 e Ad-
t dress
e

TelemetryPoint I
MM
i- o
nd
o u-
rl

0

AQNM.fe HoldDigitalpm s
cessorData

?3E2E5t
dlinesfromElliU dated7/30/93

2.2.9.4 BDU Sample Schedule Table 2.2.9.4

T
MW
@i
d n
U- d
10
Ow

T

Board Tekme- llfj

Ad- W i-
dress channel n

0
r

‘m
e

TelemetxyPoint Rate Rate

64

-G

1/8 1/8ACILtLSafeHold Digitalpro s
xxsor Data
Part40f6

o-3

1

ACUNife HoldDigitalproces- I S 4-7 0 1/8 1/8
w Data
Part40f6 I

2.2.9.5 BDU Sample Schedule Table 2.2.9.5

z
i-
n
c)
r

ii
o-
d
u-
1
0

Datal Start lLenl H& ix

E%

Tir

E

N Typ Bosrd
0 e Ad-
t dress
e

TelemetryPoint

Tekme-
V

chsnnel
word MSB m s

Bits Rate

(L3 0 64 1/8

4-7 0 64 1/8

2. ACE A SafeHold Digitalpro

II

s
cessorData
Pan50f6

2. ACE B SafeHoldDigitalproces- s
sm Data
Part50f6

Redlinesfrom Ellis dated7/30/93
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2.2.9.6 BDU Sample Schedule Table 2.2.9.6

N
o
t
e

TelemetryPoint

m
e

Board Te~mc-M M w T D~
Ad- V ‘- ~ i a word
dress chsnuel n d n- b

0 u- d 1
r 1 0 e

0 w #

start Len H& I-UK Scc

MSB gth s

Bits Rate Rate Rate

. . . .- -.
82. ACE A SafeHoldDigitalpr~ s (P3 o 64

cessorData
Part60f6

2. ACE B SafeHoldDigitalproces- s 4-7 0 64
sor Data
Part60f6

Redlinesfrom Elliotdated7/30/93

2.2.10 BDU Sample Schedule Table 2.2.10

1/8

II

M

1/8

II

1/1

sam- Rate tlm SSTABLE GATHER H&S Scc
ple

Sche
SF #in 16-b #in 16-b inef- word total inef- word total inef- Word total

dule EOS it EOS it fi- Coun 16bit fi- coun 16bit fi- coun 16bit

Tabl mill data min data cien- ts wad cien- ts word cien- ts word
word word ties ties ties

e s s 6g5 6:5 6:5
36 36 36

GN 1/8 0 8 2 8 1 N 1 8
&c

1.2.10

GN -
&c

!.2.10

8 times sample; 8/8 h/K both H/K& H&S There are 6 such tables.

[EFFICIENCIES:

N Typ Board TeI;me- M M w T Da start tin H& ~ Scc
0 e Ad- i- e i a a MSB m s
t dress channel n d n- b Wa
e 0 u- d 1 d

TelemetryPoint r 1 0 e Bits Rate Rate Rate
o w #

7. PSU EPC input current1 AA o 8 - 1/8

7. PSU EPC inputcurrent2 AA o 8 - 1/8
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3 Power BDU

NUeColumn:

1. EOS-DN-RES-027 1.2.6.1PWR-BDU

z. EOS-DN-RES-027 1.2.7.7GN&C—MagneticTorqueRods (MT’R)

3. EOS-DN-RES427 1.2.7.9GN&C—FineSun Sensor(FSS)

4. EOS-DN-RES427 1.2.9.3EPS-Power DistributionUnit (PDU)

5. EOS-DN-IWX127 1.2.9.4EPS-Power BatteryConditioner(BPC)

6. EOS-DN-RES-027 1.2.9.4EPS-Power BatteryConditioner(WC)

‘7. EOS-DN-RES-027 1.2.9.5EPS-Battery Interfaces

8. EOS-DN-RE=7 1.2.10.3HGAPym telemetry

g. DN-GN&C-039-Rev A.

Journal

FSS Jouma.1:

4ug 12, 1993
Mwd with Mariann-She will talk with vendorand confirm next 250 usec windowcan do readoutof serialbtier

3.2.9 and 3.1.1 both access the same FSS telemetry data could table 3.1.1 be used only

Journal

Questionsto ask:

Footnotes:

[1]

3.1

3.1.1

[

sam-
ple

Sche
dule
Tabl

e

Pw
R

3.1.1

Scc closed Loop

BDU Sample Schedule Table 3.1.1

T
Rate tlrn

sync
hs

--L-
.512 1

SSTABLE I GATHER

#in
EOS
rnin

128

Tl~b #in
it EOS

data min
word I

s I
5 128

16-b
it

data
word

s

2

H/I” —-1—- ~&s ,

inef-
fi-

cien-
cies1

word total
coun 16bit

ts word

6;5
36

inef-
fi-

cien-
cieszword t(xal inef-

coun 16bit fi-
ts word cien-

cies
ti:5
36

Scc

T
word total
coun 16bit

ts word

6;5
36

2 256

lIN’EFFIcD3NcEs:

App -22
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N Typ Board Te-
0 e Ad- leme-
t dress ~
e

TeIemetryPoint chan-
nel

). TLM SYNCH

I1. FSS Sun angles& presencedata 1
). lsl I
1. FSS Sun angles& presencedata 2 s
2.

1. FSS Sun angles& presencedata 3 s
?.

1. FSS Sun angles& presencedata 4 s
).

M w T Data start

: : : Wcrd MSB-
u- d 1
1 0 e
0 w #

Au@st 1993

I-e H&S I-UK Scc
ngt

h

Bit Rate Rate Rate
s

8 - 1/8 .512

8 - 118 .512

8 - 1/8 .512

8 - 1/8 .512

3.2 Telemetry

3.2.1. BDU Sample Schedule Table 3.2.1

T
Sam- Rate
ple

Sche
dule
Tabl

e

Pw 1/1
R

3.2.1

Pw 1/8
R

3.2.1

tlm SSTABLE GATHER H&S Scc

SF #in 16-b #in 16-b inef- word taal inef- word taal inef- Word tcta.1
EOS it EOS it fi- Coun 16bit fi- coun 16bit fi- Coun 16bit
min data mill data cien- ts word cien- ts word cien- ts word

w-d word ties ties ties
s s 6!5 6?5 6;5

36 36 36

0 64 12 64 6 N 6 384

N 6 48

INEFFICIENCIES:
I
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BUT Working Notes
August 1993 -

start Le I-L&s H/K Scc

MSB “:

Bit Rate Rate Rate
s

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

8 1/8 1/1

I
Board Te-

Ad- leme-

dress ~
chan-

nel

-Ez
Wmd

M w T
o- i a
d n- b
u- d 1
1 0 e
0 w #

1prime m
2 redundant e

TelemetryPoint I

PDUBus VoltageFull Rangel AA
1

IPDUBus VoltageFull Range2 AA

PDUBus Voltage,ExpandedRangel AA 1I

PDUBusVoltage,ExpandedRange2 M

PDU SA LoadCumntl M

PDU SA LoadCurmnt2 M

PDU Battery 1 ChargeCwent M
I

*
PDUBattexy2 ChargeCument IM

PDU Battery 1DischargeCurrent M

PDUBatte~ 2 DischargeCurrent M

4

4

PDUBattery 1 Voltagel M

PDU Battery1 Voltage2 M

PDU Battexy2 Voltagel M

PDUBattery2 Voltage2 M

6

6

3.2.2 BDU Sample Schedule Table 3.2.2

m SSTABLE I GATHER I H&S I Scc
word total inef- word tetal
coun 16bit fi- coun 16bh

ts word cien- ts word
ties

6?5 fi?5
36 36

8 8

#in 16-b #in 16-b
EOS it EOS it
min data min data

word word
s s

64 16 63 7

1 8

inef- word total inef-
fi- coun 16bit fi-

cien- ts word cien-
cies ties

6?5
36

Y 7 448

Y

dule
Tabl II

tt

e

Pw 1/1 o
R

3.2.2 I I

m
[NEFFICIENCIE

PB reserved

Board Te- M w T Data

Ad- leme- : : : Word
dress ~

chan- u- d 1

nel 1 0 e
0 w #

z
ngt

h

Bit
s
xH&S H/K SCC

Rate Rate Rate

1prime T’YP
2 redundant e

TelemetryPoint

o
t
e

App -24



BUT Working Notes
August 1993

a

M w T Data start

: : : word MSB

u- d 1
1 0 e
0 w #

0

0 “

1

1

2

2

3

3

4

4

5

5

6

6

7 0

1

2

3

4

5

6,7

7 8

9

10

11

I-e H&S I-UK Scc
ngt

h

Bit Rate Rate Rate
s

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

8 1/64 1/1

1 1/64 1/64

1 1/64 1/64

1 1/64 1/64

1 1/64 1/64

1 1/64 1/64

1 1/64 1/64

2 1/64 1/64

1 1/64 1/64

1 1/64 1/64

1 1/64 1/64

1 1/64 1/64

Board Te-

Ad- leme-

dress ~
chan-

nel

N
0
t
e

4.

4.

4.

4.

4.

4.

4.

4.

4.

4.

4.’

4.

4.

4.

4.

4.

5.

5.

7.

7.

5.

5.

5.

5.

1prime
2 redundant

w
e

TelemetryPoint

PDU Instrument n Feed A cument
-1.7 1

LA

PDU Instrument n Feed A current
PL7 2

AA

PDUInstrument n Feed A curnmt
*1-7 3

AA

PDU Instrument n Feed A current
-1”7 4

AA

zPDUInstrument n Feed A cument
*1.7 5

PDU Instrument n Feed A cumnt
D-1-7 6

PDU Instrument n Feed A current
II-1.7 7

PDU Instrument n Feed B current
-1.7 1

PDU Instrument n Feed B current
U-1.7 2

PDU Instrument n FeedB current
IP1”7 3

AA

PDU Instrument n Feed B current
XI-1..7 4

AA

PDUInstrument n FeedB current
IA-7 5

PDUInstrument n FeedB current
D-1-7 6

PDUInstrument n FeedB cument
D-1-7 7

PDU–1CommandDeccderstatus

PDU–2CommandDecoderstatus

BPCheatercontrolrelay status

BPCheatercontrolrelay status

Battery1pyro bus enable

%ttery 2 pyro bus enable

teserved

3PC#l fail statusA

3PC#1 fail status B

3PC#1 fail statusc
3PC#l fail statusB PB
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ii
o
t
e

5.

1prime
2 redundant

Telemeq Point

BPC##2fail StatUSA

BPC#2failatatus B

BPC#2 fail statusC

BPC#2 fail statusD

5P
e

-i%

PB

Board

Ad-
dress

3.2.3 BDU Sample Schedule Table 3.2.3

Te-
leme-

W
chan-

nelE
MWT

di;
udl
loe
ow#

Data

word

14

-i?

Le H&S H/K Scc
ngt

h

Bit Rate Rate Rate
s

1 1/64 1/64

1 1/64 1/64

1 1/64 1/64

1 1/64 1/64

sam- Rate tlm SSTABLE GATHER H&S Scc
ple

Sche
ST #in 16-b #in 16-b inef- Word total inef- Word taal inef- Word taal

dule
EOS it EOS it fi- Coun 16bit fi- cmln 16bit fl- Caln 16bit

Tabl
min data min data cien- ts word cien- ts word cien- ts word

e
wad word ties ties ties

s s 6:5 6;5 6;5
36 36 36

Pw 1/1 0 64 16 64 8 N 8 512
R

3.2.3

Pw 1/64 N 8 8
R

3.2.3

INEFFICIENCIES:
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BUT Working Notes
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L

1-N 1prime
I
TYP

o 2 redundant e

e
TelemetryPoint

I

I

4. IPDUBattery12 CellvoltageAl IAA
I m

4. IPDUBattery12 CellvoltageA2 IAA

4. PDUBattery1,2CellvoltageA3 AA

4. PDU Battery12 CellvoltageA4 AA
1

4. IPDU Battexy1j! CellvoltageB1 IAA
I ,

4. IPDUBatterY12 CellvoltageB2 IAA1 1

4. IPDU Battery12 CellvoltageB3 IAA
#

4. IPDUBattery1,2CellvoltageB4 IAA

4. IPDUBatterv12 CellvoltageCl Iu
1 .- 1

4. IPDU Battery1,2Cell voltageC2 IAA
I ,

4. IPDUBattexyIz Cell voltageC3 IAA,
4. IPDUBattexylZ CellvoltageC4 IAA

I

4. IPDUBattery1,2CellvoltageD1 IAA
4. [PDU Battery12 Cell voltageD2 Iu

1

4. IPDUBattery12 Cell voltageD3 IAA

4. IPDUBattery1,2CellvoltageD4 IAA

Board

Ad-
dress

3.2.4 BDU Sample Schedule Table 3.2.4

v 7? -1 A -. n ●-

EOS it fi-
-; -t data cien-

.. ---
e

word ties
s s

Pw 1/8 0 8 16 7 7 N
R

Te-
leme-

W
chan-

;
i
n
d
0
w

Data start Le H&S I-UK Scc
Wcrd MSB n$

Bit Rate Rate Rate
s

0 8 1164 1/1

0 8 1/64 1/1

1 8 1/64 1/1

1 8 1/64 1/1

2 8 1/64 1/1

2 8 1/64 1/1

3 8 1/64 1/1

3 8 1/64 1/1

4 8 1/64 1/1

4 8 1/64 1/1

5 8 1/64 1/1

5 8 1/64 1/1

6 8 1/64 1/1

6 8 1/64 1/1

7 8 1/64 1/1

7 8 1/64 1/1

sam- Rate tlm SSTABLE I GA~R I H&S Scc
ple

Sche s~ #in 16+ ‘ ‘i;” ‘ le i~n’+- Iword tctal inef- wmd tad inef- Word total

dule
EOS it coun 16bit fi- Coun 16bit fi- coun 16bit
min dauz IIAU,

Tabl I
ts woId cien- ts word cien- ts word

Wrrd ties ties
6:5 6:5 6;5
36 36 36

7 56

3.2.4

Pw 1/64 1 8 N 8 8
R

3.2.4

INEFFICIENCIES:
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Typ Board Te- M w T Data start Le H&s H/K Scc
e leme-Ad- y i ; Wad MSB “:

1prime
2 redundant

TelemetryPoint

1

PDUTemperature1

PDU‘Ikmperature2
I 1

PDUEPCTemperature

PDUEPCTemperature
1 n

PA I I 1111111 I 81 1/641 1/81 I
, , 1

Ml I Ill Ii 21 I ., -.!8 I 1/64 1/8
.-

1 : 1 1 1 1 1 ,
AA I 3 8 1/64 1/8

M 3 8 1/64 1/8

PDUEPC inputcumentl

PDUEPC input current2
1 1 m

AAl I I I I I I 21 I 8 I 1/64 I 1/8 I

PDUGroundfault cument
1

PDUBAT1 ChgRateSelectedl

PDUBAT1 ChgRate Selected2 M 4 8 1/64 1/8

AA 4 8 1/64 1/8PDUBAT2 ChgRate Selectedl

PDUBAT2 ChgRate Selected2
1

M 5 I 8 I 1/64 I 1/8 I I
AA 5

‘ 8“’64+--1

PDUBAT1 V/T CurveSelectedl
1 1 1 ,

Ml I 11111 61 I 8 I 1/64 1/8 IPDUBAT1 V/T CurveSelected2

PDUBAT2 V/T Ctuve Selectedl Ml I I I I I I 61 I 8 I 1/64 1/8
I

Aq I Hill 71 I 8 I 1/64 I 1/8 I
I

PDUBAT2 V~ CurveSelected2

BPC#1 overridestatusA PB 8 1 1/64 1/64

PB 9 1 1/64 1/64BPC#1 overridestatusB

BPC#1 overridestatusC
1 1 1 1 1 I 1 1 , m

PB ] I I I 10 I 1 I 1/64I 1/64 I I
I

PB 11 1 1/64 1/64

PB 12 1 1/64 1/64

PB 13 1 1/64 1/64

BPC#1 overridestatusD

BPC#2 overridestatusA

BPC#2 overridestatusB

PB 14 1 1/64 1/64

PB 15 1 1/64 1/64

BPC#2 overridestatusC

BPC#2 overridestatusD

3.2.5 BDU Sample Schedule Table 3.2.5

%m- I Rate I tlm I SSTABLE I GATHER I H/K I H&S Scc
ple
Sche

SC #in

dule
EOS

Tabl min

e

Pw 1/8 o 8
R

3.2.5 z16+ #in
it EOS

data min
wad

s

16 8I
1(AI inef-

it fi-
data cien-
word ties

s

8N

tad inef-
16bit fi-
word cien-

in ties
65.5
36

word tad
coun 16bit

ts word

6!5
36

wrxd
coun

ts

7

cien- ts wad
ties

6;5
36

m
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BUT Working Notes
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c

Pw 1/64 N 8 8
R

3.2.5

IN13FWlCIENCIES:

N 1prime Typ Board Te- M w T Data start Le H&S I-UK Scc
0 2 redundant e Ad- Ieme- o i a Wad MSB ‘~
t dress ~ d n- b h
e chan- u- d 1

TelemetryPoint 1 0 e Bit Rate Rate Rate
nel

o w # s

4. PDUBatteq 1half VoltageA AA o 8 1/64 1/8
I

4. PDU Battery1half VoltageB AA o 8 1/64 1/8

4. PDU Battety2 half VoltageA AA 1 8 1/64 1/8

4. PDUBattery2 half VoltageB AA 1 8 1/64 1/8

4. PDU Battety 12 PyroBus Voltagel AA 2 8 1/64 1/8

4. PDU Battety 12 Pyro Bus Voltage2 M 2 8 1/64 1/8

4. PDUBattexy12 PyroBus Voltage3 AA 3 8 1/64 1/8

4. PDU Battery14 PyroBus Voltage4 AA 3 8 1/64 1/8

5. BPC #1 channelcurmnti AA 4 8 1/64 1/8

5. BPC #1 channelcurrentB AA 4 8 1/64 1/8

5. BPC #1 channelcurrentC AA 5 8 1/64 1/8

5. BPC #1 channelctnmmtD AA 5 8 1/64 1/8

5. BPC#2 channelcurnm.A AA 6 8 1/64 1/8

5. BPC#2 channelcurrentB AA 6 8 1/64 1/8

5. BPC#2 channelcunentC AA 7 8 1/64 1/8

5. BPC#2 channelcumm.D AA 7 8 1/64 1/8

3.2.6 BDU Sample Schedule Table 3.2.6

sam- Rate tlm SSTABLE GATHER HJK H&S Scc
ple

Sche s~ #in l~b #in 16-b inef- Word total inef- Woxd tcxal illef- word total

dule EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit

Tabl min data min data clen- 1s wad cien- ts word cien- 1s word

e
word wad ties ties ties

s s 6!5 6;5 6:5
36 36 36

Pw 1/64 0 8 14 8 7 N 7 56
R

3.2.6

Pw 1/64 N 7 7
R

3.2.6

[EFFICIENCIES:

APp -29



BUT Working Notes
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f
N 1prime Typ Board Te- M w T Data Statt Le H&S H/K Scc
0 2 redundant e Ad- leme- : : ; wad MSB n:
t dress ~
e chan- u- d 1

TelemetryPoint 1 0 e Bit Rate Rate Rate
nel

o w # s
1 !

7. Battery 1temp A PA o 8 ‘ 1/64 1/8

7. Battery 1temp B PA o 8 1/8

7. Battery 1temp C PA 1 8 1/8

7. Battery 1 tenlp D PA 1 8 1/8

7. BatteIY1temp E PA 2 8 1/8

7. Battery 1temp F PA 2 8 1/8

7. Battery 1temp A PA 3 8 1/8

7. Battery2 temp B PA 3 8 1/8

7. Battery2 temp C PA 4 8 1/8

7. Battery2 temp D PA 4 8 1/8

7. Battery2 temp E PA 5 8 1/8

7. Battery2 temp F PA 5 8 1/8

1. BDU-PWR Temperature PA 6 8 1/64

1. BDU-PWR Temperature PA 6 8 1/64

1/64

x
-R

1/64

1/64

1/64

1/64

Y&i
-m

1/64

1/64

-iEi
1/64

3.2.7 BDU Sample Schedule Table 327

sam- Rate tlm SSTABLE GATHER H&s Scc
ple WC #~ l~b #~ 1~ in~. ~ Cd jnef. word tual inef- Word taalSche hs

dule EOS it EOS it fi- catn 16bit fi- Coun 16bit fi- Coun 16bit

Tabl min data min data cicn- ts wad cien- ts word cien- ts word

e Wd wad ties ties ties in
s s 6;3 6:5 65.5

36 36 36

Pw 1/64 0 1 16 1 8 N 8 8
R

3.2.7

Pw 1/64 N 8 8
R

3.2.7

HICIENCIES:
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N 1prime -fyp Board Te- M w T Data start Le H&S I-VK Scc
0 2 redundant e Ad- leme- 0 i a Wad MSB “f
t dress ~ d n- b
e chan- u- d 1

TelemetryPoint nel 1 0 e Bit Rate Rate Rate
o w # s

3. FSS-1 Temperature(electornics& sen- PA 0 8 1/64 1/64 -
SOKhead)

3. FSS-2 Temperature(electanics& sen- PA 0 8 1/64 1/64 -
scr head)

2 ADEA Temperature PA 1 8 1/64 1/64

2 ADEB Temperature PA 1 8 1/64 1/64

5. BPC#1 TemperatureA PA 2 8 1/64 1/64

5. BPC#1 TemperatureB PA 2 8 1/64 1/64

5. BPC#1 TemperatureC PA 3 8 1/64 1/64

5. BPC #1 TemperatureD PA 3 8 1/64 1/64

5. BPC#2 TemperatureA PA 4 8 1/64 1/64

5. BPC #2 TemperatureB PA 4 8 1/64 1/64

5. BPC#2 TemperatureC PA 5 8 1/64 1/64

5. BPC#2 TemperatureD PA 5 8 1/64 1/64

2. MagneticTorqueRods (MT’R)Templ PA 6 8 1/64 1/64

2. MagneticTorqueRods (MTR)Temp2 PA 6 8 1/64 1/64

2. MagneticTorqueRods (MTR)Temp3 PA 7 8 1/64 1/64

5. BPC#1 statusA PB 7 8 1 1/64 1/64

5. BPC#1 statusB PB 9 1 1/64 1/64

5. BPC#1 statusC PB 10 1 1/64 1/64

5. BPC#1 statusD PB 11 1 1/64 1/64

5. BPC #2 statusA PB 12 1 1/64 1/64

5. BPC #2 statusB PB 13 1 1/64 1/64

5. BPC#2 statusC PB 14 1 1/64 1/64

5. BPC#2 statusD PB 15 1 1/64 1/64

3.2.8 BDU Sample Schedule Table 3.2.8

sam-
ple

Sche
dule
Tab]

R
3.2.8

Rate

1/8

tlm SSTABLE GATHER H&S Scc
SPC #~ 1~b #in 1~b inef- word tora.1 inef- word tual inef- word ttihs EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit

min data min data cien- ts word cien- ts wad cien- ts word
wad word ties ties ties

s s 6:5 6;5 6?5
36 36 36

0 8 16 8 8 N 8 64
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BUT Working Notes
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c

Pw 1/64 N 8 8
R

3.2.8

INEFPICI13NCIES:

hidden inefflciences: See Reserved.
This happened because the PB were at tierent rates. Need to check U H~

shouldn’t be 1/8 instead of 1/44 for status which are 1 bit.

T
N 1prime
o 2 redundant
t
e

TelemetryPoint

‘1

4. PDU Instrumn Feed A On (Off)-1.7
1

4. PDU Instrumn Feed A On (Off)D-1-7
2

4. PDUInstrumn Feed A On (Off)II-1.7
3

4. PDU Instrumn Feed A On (Off)IA-7
4

4. PDU Ixtstrumn Feed A On (Off) II-1-7
5

4. PDU Instrumn Feed A On (Off)II-1-7
6

4. PDU Instrumn Feed A On (Off)-1-7
7

4. PDU Instmm n Feed B On (Off)II-1.7
1

4. PDU Instrum n Feed B On (Off) IE=L.7
2

1-4. PDU Instrumn FeedB On (Off)IFL.7
3

I4. PDUMtrum n Feed B On (Off)IA”7
4

I4. PDU Instrumn Feed B On (Off)11-L.7
5

I4. PDUImx.rumn Feed B On (Of~ D-L.7
6

4. PDU Instrumn FeedB On (Off)n-L.7
7

4. PDU HGAFeed A On (Off)

4. PDU HGAFeed B On (Off)

4. PDU BPC 1/2TransconductanceStatus
1

M w T Data start Le H&S I-UK Scc

; : : Wad MSB ny.
u- d 1
1 0 e Bit Rate Rate Rate
0 w # s

0 0 1 1/64 1/8

1 1 1/64 1/8

2 1 1/64 1/8

3 1 1/64 1/8

4 1 1/64 1/8

5 1 1/64 1/8

6 1 1/64 1/8

7 1 1/64 1/8

8 1 1/64 1/8

9 1 1/64 1/8

10 1 1/64 1/8

11 1 1/64 1/8

12 1 1164 1/8

13 1 1/64 1/8

T

14 1 1/64 1/8

15 1 1/64 1/8

1 0 1 1164 1/8
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N 1prime
o 2 redundant
t
e

TelemetryPoint

e Ad-
dress

I 1 1

4. IPDU BPC 1/2ThnsconductanceStatus I AB I
2

4. PDU CSMA enabltVinMbitstatus AB
1

4. IPDU CSMB enablehhibit status IABI

IResemd IABI
1

7. IBatteryHeatercontrolstatus1 I PB I

7. IBatteryHeatercontrolstatus2 IPBI

7. IBatteryHeaterCOIltd status3 IPBI,
7. IBatteryHeaterCOIltIdstatus4 I PB I

7. IBatteryHeatercontrolstatus5 IPBI,
7. IBatteryHeaterCOItUd status6 I PB I

I 1 I

7. IBatteryHeaterCOIltd status7 I PB I

7. BatteryHeatercontrolstatus8 PB

8. HGAPyro RelayStatusl PB

8. IHGAPyro Relay Status2
1 m

8. IHGAPyro RelayStatus3 I PB I

8. IHGAPyroRelayStatus4 IPBI

8. HGAPyro RelayStatus5 PB

8. HGAPyroRelay Status6 PB

8. HGAPyroRelayStatus7 PB

8. HGAPyro RelayStatus8 PB

8. HGAPyroRelay Status9 PB

8. HGAPyro RelayStatus10 PB

3. FSS–1 HeaterRelay Status PB

3. FSS-2 HeaterRelay Status PB

4. PDU-1 Heaterwm.rolrelay status PB
I 1 I

4. IPDU–2Heatercontrolrelay status I PB I
1 I ,

IReserved IPBII I I

7. IBattery 1pressureA IAAI
I I ,

7.IBattery 1 pressmeB IAAI

E===lE7. Battery2 pressureB

Te-
leme-

m
chan-

nel

VIw T

d :- :
0

u- d 1
1 0 e
0 w #

Data

word

2

3

3

4

4

5

5

start L-e H&S H/K Scc

MSB n%

Bit Rate Rate Rate
s

1 1 1/64 1/8

2 1 1/64 1/8

3 1 1/64 1/8

4-7 4 1/64 1/8

8 1 1/64 1/8

9 1 1/64 1/8

10 1 1/64 1/8

11 1 1/64 1/8

12 1 1/64 1/8

13 1 1/64 1/8

14 1 1/64 1/8

15 1 1/64 1/8

0 1 1/64 1/8

1 1 1/64 1/8

2 1 1/64 1/8

3 1 1/64 1/8

4 1 1/64 1/8

5 1 1/64 1/8

6 1 1/64 1/8

7 1 1/64 1/8

8 1 1/64 1/8

9 1 1/64 1/8

10 1 1/64 1/8

11 1 1/64 1/8

12 1 1/64 1/8

13 1 1/64 1/8

1415 2 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8
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c

N 1prime Typ Board Te- M w T Data start Le H&S HfK Scc
0 2 redundant e Ad- leme- : : : word MSB nf
t dress m
* .L-- UI d 1

2 e Bit Rate Rate Rate“ TelemetryPoint cnml-
nel 1 c

0 w # s

7. Battery2 pltSSlUf2C M 6 8 1/64 1/8

7. Battery2 p=- D AA 6 8 1/64 1/8

1. BDU-PWREPC ilp currentl M 7 8 1/64 1/8

1. BDU-PWR= tip CUITCXM2 AA 7 8 1/64 1/8

3.2.9

sam-
ple

Sche
dule
Tabl

e

x
R

3.2.9

F
R

3.2.9

K

BDU Sample Schedule Table 3Q.9

Rate tlm
sync
hs

1/1 1

1/8

?ICIENCIE

SSTABLE I GATHER

+

16-b #in
EOS

d&min
wcrd

s

5 56

8

164

d~
word

s

I H&S I Scc I
inef- word
fi- coun

cien- ts
ties

Y 1

1
tad inef- Word total inef- wffd tti
16bit fi- coun 16bit fi- coun 16bit
word cien- ts word cien- ts word

ties ties
6;5 ti:s ti:5
36 36 36

64

Y 5 40
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N Typ Board
o e Ad-
t dress
e

TelemetryPoint

~ PDUTual HousekeeDin$!Current IAAI1 .-
1 I

3. ITLM SYNCH I
3. iFSS Sun angles& Dresenm data 1 I Si

I .
I I

3. IFSS Sun angles&presence data 2 I SI
3. IFSS Sun amzles& mesencedata 3 I SI1 . I 1

3. IFSS Sun angles& presencedata 4 I SI
1

4. IPDUBPC-lA Current IAAI

4. PDUBPC-lB Current AA

4. PDUBPC-2A Cument AA

4. IPDUBPC-2B Current IAAI

3.2.10 BDU Sample Schedule Table 32.10

ple I
Sam- I Rate tlm

sync “<b #in ll~b
Sche hs LWI

dule ;0: it

Tabl min datz
word

II
word

s se

II
EOS it

amin data

I H&S I

Le H&S H/K Scc
ngt

h

Bit Rate Rate Rate
s

8 - 1/1

8 - 1/8 512

8 - 1/8 .512

8 - 1/8 .512

8 - 1/8 .512

8 - 1/8

8 - 1/8

8 - 1/8

8 - 1/8

1 ,

Pw
R

4642II

Scc
inef- Word tctal inef- Word tual inef- word tcial
fi- coun 16bit fi- Coun 16bit fi- coun 16bit

cien- ts word cien- ts word cien- ts word
ties ties ties

6;5 6:5 6:5
36 36 36

N 2 128
II

i.2.lo

Pw 1/8 N 2 ’16
R

I.2.1O

DVEFFICIENCIES:
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c

N 1prime l’yp Board Te- M w T Data start u H&S H/K Scc
0 2 redundant e Acl- leme- : : ; Wad MSB n:
t dress ~

.
e

TelemetryPoint chan- u- d 1

nel 1 0 e Bit Rate Rate Rate
0 w # s

$. PDU Battery1ExtendedRangeVolt- AA 8 1/8 1/1
agel

4. PDUBattery1 ExtendedRangeVolt- AA 8 1/8 1/1
age2

4. PDUBattery2 ExtendedRangeVolt- AA 8 1/8 1/1
agel

$. PDU Battery2 ExtendedRangeVolt- AA 8 1/8 1/1
age2
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4 Reaction Wheel Assembly BDU

4.1 Scc closed Loop

Not Applicable

4.2

4.2.1 BDU Sample Schedule Table 4.2.1

1/8 HIK Wordcount=7
1/64 I-UK,H&S Word count-7
hidden irtefflciencies: see Reserverd 4 bits PB both on 1/8 and 1/64

N PRIMESide Board Te- Data Stan Le H&S H/K Scc
0 Redundant Ad- leme- Wad MSB “f
t dress ~
e TelemetryPoint TYP chan- Bit Rate Rate Rate

e nel s

1 RWA1A WheelStatus (on/Off) PB 1 0 1 1/64 1/8
RWAWheel Status (OnlO@ 1

1 RWAWheel!kitus(On/off)2 PB 1 1 1/64 1/8

1 RWAWheelStatus(On/off)3 PB 2 1 1/64 1/8

1 RWAWheelStatus(On/off)4 PB 3 1 1/64 1/8

1 RWAHeaterCattrol RelayStatus 1 PB 4 1 1/64 1/8

1 RWAHeaterC@rol RelayStatus2 PB 5 1 1/64 1/8

1 RWAHeaterCcmtrolRelayStatus3 PB 6 1 1/64 1/8

1 RWAHeaterCcntrolRelayStatus4 PB 7 1 1/64 1/8

1 RWAHeaterCcntrolRelayStatus 5 PB 8 1 1/64 1/8

1 RWAHeaterCaItrol RelayStatus 6 PB 9 1 1/64 1/8

1 RWAHeaterCamel RelayStatus7 PB 10 1 1/64 1/8

1 RWAHeaterCent rol RelayStatus 8 PB 11 1 1/64 1/8

Reserved PB 12–15 4 1/64 1/8

1 RWAMotorCurrent1 AA 2 8 1/64 1/8

1 RWAMotorCurrent2 AA 2 8 1/64 1/8

1 RWAMotm Current3 AA 3 8 1/64 1/8

1 RWAMotorCurrent4 AA 3 8 1/64 1/8

2 RWATemperatureStatus 1 PA 4 8 1/64 1/8

2 RWATemperatureStatus2 PA 4 8 1/64 1/8

2 RWATemperatureStatus3 PA 5 8 1/64 1/8

2 RWATemperatureStatus4 PA 5 8 1/64 1/8

2 RWATempemtureStatus5 PA 6 8 1/64 1/8

2 RWATemperatureStatus6 PA 6 8 1/64 1/8
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IINPRIMESide
o Redundant
t

He TelemetryPoint b-n
e

2 RWATemperatureStatus7 PA
1

2 IRWATemperatureStatus 8 I PA

I
Nue
1 EOS-DN-RES-027 1.2.7.3 RWA

Bawd lb” Dete start
Ad” 1=” wad Mm

drim ~
Chext”

nel

7

7

Le

h

Bit
s

—
8

8 i/64 1/8

1
Scc

Rate

1

-i

2 EOS-DN-RES-027 1.2.102 spacecraftstructures I

4.2.2 BDU Sample Schedule Table 42.1

1/64 H/K, H&S word cotlnt=4
hidden ineftlciencies: None

N PRIMESide Board Te- Data Stan Le H&S H/K Scc
0 Redundant Ad- leme- Wad MSB “:
t dress ~
e TelemetryPoint ZYP chan- Bit Rate Rate Rate

e nel s

1 RWASpin BearingTemperature1 PA o 8 1/64 1/64

1 RWASpin BearingTempemture2 PA o 8 1/64 1/64

1 RWASpin BearingTempenuure3 PA 1 8 1/64 1/64

1 RWASpin BearingTemperature5 PA 1 8 1/64 1/64

1 RWASpin BearingTemperature5 PA 2 8 1/64 1/64

1 RWASpin BearingTempemture6 PA 2 8 1/64 1/64

1 RWASpin BearingTempemture7 PA 3 8 1/64 1/64

1 RWASpin BearingTemperature8 PA 3 8 1/64 1/64

Nae
1 EOS-DN-REM27 1.2.7.3 RWA
2 EOS-DN-REW27 1.2.102 SpacecraftStructures
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5 Propulsion Module BDU Telemetry

5.1 Scc closed Loop

N/A

5.2 Telemetry

5.2.1 BDU Sample Schedule Table 5.2.1

sam- Rate tlm SSTABLE GATHER H&S Scc
ple Swc #~ 16_b #~ 1&b ~ef. WId tti inef- Word total inef- Word t~Sche hs
dule

EOS it EOS it fi- Ccnln 16bit fi- Coun 16bit fi- ccxm 16bit

Tabl min data min data cien- ts word cien- ts word cien- ts word
word

e
word ties in ties ties

s s 65.5 6;5 6:5
36 36 36

PRO 1/8 1 8 15 7 2 N 2 14
P

5.2.1

PRO 1/64 1 7 N 7 7 N 7 7
5.2.1

tlm synch contained within sample schedule table
hidden irtefilciencies: none
Tables 5.2.1 and 5.2.2 should be sent in adjacent minor cycles of same major cycle
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FEE

Rate

1 EOS-DN-RES427 1.2.8,DN-0N&C439 Rev A and Ephriam

-i5z
Wud

VIw
e i
d n
u- d
1 0
u- W
1
0

~

7
0
t
e

i

i

i

i

i

i

i

UP
e

Board

Ad-
dress

Te-
leme-

@
chan-

nel

SideA

TelemetryPoint

#

Bits Rate Rate

- 1/64 1/8
—

TLM SynchPMEAConfigurationrelay
statussideA I

48 I 1/64 I 1/8PMEASide A Relay!latus(l~) I S
I

PMEAsecondarydp vokagesl ]lQk 4

PMEAsecondaryc4pvoltages2 M

PMEAsecondarydp voltages3 AA

8 I 1/64 I 1/84

=mt=5

PMEAsecondarydp voltages4 AA

HCESon/off 1 PA %=1=6

%=i=
1

HCESOIt/Off2 I PA 6

7 EOS-DN-RES-027 1.2.6.1.PROPBDU

SeparateserialJ/O interfacethan thrustercontrol
Synchutilizedfor latchingup relaypmition status I
;ynchnot neededfor moving serialbufferpointerbecausereadingis a serialchahx thereforeno pointerrequired
Readoutcan begin250 usecs followingreceiptof sync~ hence,keeptlm synchentry in sameBDU samplescheduletablewith
ierialdatareadout I

5.2.2 BDU Sample Schedule Table 5.22

inef- word
coun

ts

mid
16bit
word

6?5
36

mid
16bit

“

a

II

‘d
e

Wu
s

m AA.

EOS
mirt

.“ “

it
data
word

s

. ..-
fi-

cien-
cies

.. -. s

Coun
ts

-.—
fi-

cien-
cies

-----
ccmn

ts
16bit
wad

fi-
cien-
cies

word

6?5
36

6;5
36

PRO 1/8 1 8 15 7 2 N 2 14
P

5.2.2

PRO 1/64 1 7 N 7 7 N 7 7
P

5.2.2

hidden inefficiencies: none
Tables 5.2.1 and 5.2.2 should be sent in adjacent minor cycles of same major cycle
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M w T
& i a
d n- b
11-d 1
1 0 e
u- W #
1
0

Leng H&S H/K Scc
th

Bits Rate Rate Rate

- 1/64 1/8

48 1/64 1/8

1
0
t
e

i

i

i

i

i

i

i

Board

Ad-
dress

Te-
leme-

try
chan-

nel

Data

Word

start
MSB

SideA

relemetryPoint

rLM SynchPMEAcordlgurationrealy
statusside B

PMEASideB RelayStatus(148) s
-5i

o-3 0

HCESOIL/Off3

HCES(Xl/Off4

4

HcEs On/off5 5

8 I 1/64 I 1/8 IHCESOdOff 6

HCESCX1/Off7
[ ! 1

8 I 1/64 I 1/8 I6

8 I 1/64 I 1/8 IHCESon/off8
1 I 1

We:
[ EOS-DN-REw7 1.2.8.DN-GN&C-039 RevA andEuhriam

;eparateserialVOinterfacethan thrustercontrol
lynchutilizedfor latchingup relayposition status
lynchnot neededfor movingserialbufferpointerbecausereadingis a serirdchaimthereforeno pointernquired
kadout can begin250 useesfollowingreceiptof synclxhence,keeptlm synchentry in sameBDUsamplescheduletable with
;erialdatareadout

5.2.3 BDU Sample Schedule Table 5.23

sam- GA~R
ple

Sche #in 16-b inef- Wcxd taal = Word total inef- Word tual

dule
EOS it EOS it fi- Cam 16bit fi- coun 16bit fi- ccun 16bit

Tabl min data min data cien- ts word cien- ts word cien- ts word
worde

I

wed ties
s s

6Nciesl 16$51cies 65

Rate Urn
sync
hs

SSTABLE Scc

! 1 r ,

PRO 1/8 1 8 16 8 8 N 8 64
P

5.2.3

PRO –
P

5.2.3

tlm synch for serial data in both 5.2.3 and 5.2.4 appear in minor cycle O per Elliots design note
is in Table 5.2.7
readout must be no sooner minor cycle than minor cycle 4
The readouts of both tables should be in adjacent minor cycles of same major cycle
hidden inefficiencies: none
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v PMEA ThrusterControlStatus l’yp Board Te- M w T D Sta Le H& I-UK Scc
0 SideA e Ad- leme- 0 i a a n ngt s
t dress ~ d n- b t M h
e chan- u- d 1 a SB

nel 1 0 e w
TelemetryPoint u- W # o Bit Rate Rate Rate

1 s
0 :

1 Safe Mode ONIOFF s o 0 8 - 1/8

1 Last Command s o 8 8 - 1/8

1 Cmnrnand Cycle Error s 1 0 8 - 1/8

1 REA 10N/OPF s 1 8 8 - 1/8

1 REA 2 ON/OFF s 2 0 8 - 1/8

1 REA 3 ON/OFF s 2 8 8 - 1/8

1 REA 4 ON/OFF s 3 0 8 - 1/8

1 REA 5 ON/OFF s 3 8 8 - 1/8

1 REA 7 ON/OFF s 4 0 8 - 1/8

1 REA 9 ON/OFF s 4 8 8 - 1/8

1 REA 11 ONIOFF s 5 0 8 - 1/8

1 REA 13 ONIOFF s 5 8 8 - 1/8

1 REA 15 ON/OFF s 6 0 8 - 1/8

1 Reserved s 6 8 8 - 1/8

1 Prop ModuleEPC VPCurrentl M 7 8 - 1/8

1 Prep ModuleEPC I/P Current2 AA 7 8 - 118

Uote:
1 EOS-DN-RES-027 1.2.8, DN-ON&C-039 Rev A and Ephriam

%cessing Notes
1. All thruster ffig are synchronized to the BDU tlm synch pulse for this serial I/O interface
L Tlm sampling utilizes the same tlm synch pulse.
) If tlm synch is issued in Minor Cycle N, Readout of serial data is available no sooner than Minor
:ycle N+3 and data remains undisttubed until the aext tlrn synch pulse to this serial I/O interface
I this tlm synch pulse is coordinated with thruster fring verification. TLM synch pulse occurs ev-
ry 1.024 seconds-rhere is a total of 112 unique sample points and this samples 13 tlm points each 1.024
econds and 8 sampling intervals provide the 112 unique sample points

5.2.4 BDU Sample Schedule Table 5.2.4

sam- Rate thn #in 16-b #in 1&b inef- wad tcial inef- Word tual inef- word mill
ple sync EOS it EOS it fi- Coun 16bit fi- coun 16bit fi- coun 16bit

Sche hs min data min data cien- ts word cien- ts Wcud cien- ts word
dule wad word ties Cies ties
Tabl s s 6?5 6?5 6;5

e 36 36 36
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PRO 1/8 1 8 14 8 7 N 7 56
P

5.2.4

PRO -
5.2.4

tlm synch for both 5.2.3 and 5.2.4 appear in minor cycle Oper Elliots design note is in Table 5.2.7
readout must be no sooner minor cycle than minor cycle 4
The readouts of both tables should be in adjacent minor cycles of same major cycle
hidden inefllciencies: none I

ITelemetryPoint II

1 Safe Mode ON/OFF s

1 Last Command s

1 Command Cycle Error s
I I ,

1 IREA 1 ON/OFF I SI
1 1 ,

1 IREA 2 ON/OFF I SI
I ,

1 IREA 3 ON/OFF I SI
1 m

1 IREA 4 ON/OFF I Si
1 REA 6 ON/OFF s
1 REA 8 ON/OFF s
1 REA 10 ONIOFF s

1 REA 12 ONJOFF s
1 REA 14 ON/OFF s

1 REA 16 ON/OFF s
I I 1

1 Reserved I s
Note:
1 EOS-DN–RES-027 1.2.8, DN43N&C4139 Rev A and Ephriarn

Le H& H/K Scc
ngt s

h

Bit Rate Rate Rate
s

8 - 1/8

8 - 1/8

8 - 1/8

8 - 1/8

8 – 1/8

8 - 1/8

8 - 1/8

8 – 1/8

8 - 1/8

8 – 1/8

8 - 1/8

8 - 1/8

8 - 1/8

8 - 1/8

Processing Notes
1. All thruster ffig are synchronized to the BDU tlm synch pulse for this serial I/O interface
2. Tlm sampling utilizes the same tlrn synch pulse.
3 If thn synch is issued in Minor Cycle N, Readout of serial data is available no sooner than Minor
Cycle N+3 and data remains undistrubed until the next thn synch pulse to this serial I/O interface
4 this tlm synch pulse is coordinated with thruster fwing verification. TLM synch pulse occurs ev-
ery 1.024 seconds—there is a total of 112 unique sample points and this samples 13 tlm points each 1.024
wconds and 8 sampling intervals provide the 112 unique sample points
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5.20s BDU Sample Schedule Table 5.2.5

sam- Rate tltn #in 16-b #in
ple sync EOS it EOS

Sche hs min data Inin
dule Wcrd
Tabl s

e

PRo 1/8 0 8 16 8
P

5.2.5

PRO 1/64
I

N 8 8
P

5.2.5 I I I I I I I I I I I I I I
hidden ineftlciencies: none

16-b inef- word total inef- Word total inef- W(xd taal
it fi- Coun 16bit fi- coun 16bit fl- Coun 16bit

data cien- ts word cien- ts word cien- ts word
word ties ties ties

s 6:5 6?5 6?.5
36 36 36

8 N 8 64
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c

N SideA Typ Board Te- M w T Data start Leng H&S I-UK Scc
0 e Ad- leme- 0 i a wad MSB m
t dress ~ d n- b
e chan- u- d 1

nel 1 0 e
TelemetryPoint u- W # Bits Rate Rate Rate

1
0

1 REATempl PA o 8 1/64 1/8

1 REATemp2 PA o 8 1/64 1/8

1 REATkmp3 PA 1 8 1/64 1/8

1 REATemp4 PA 1 8 1/64 1/8

1 REATemp5 PA 2 8 1/64 1/8

1 REATemp6 PA 2 8 1/64 1/8

1 R&%Temp7 PA 3 8 1/64 1/8

1 REATemp8 PA 3 8 1/64 1/8

1 REAlkmp9 PA 4 8 1/64 1/8

1 REATemp10 PA 4 8 1/64 1/8

1 REATempl1 PA 5 8 1/64 1/8

1 REATemp12 PA 5 8 1/64 1/8

1 REATemp13 PA 6 8 1/64 1/8

1 REATemp14 PA 6 8 1/64 1/8

1 REATemp15 PA 7 8 1/64 1/8

1 REATemp16 PA 7 8 1/64 1/8

NOTE:
1 EOS-DN-RES-027 1.2,8 PROPS

5.2.6 BDU Sample Schedule Table 5.2.6

sam- Rate Urn #in 1= #in 16-b inef- word total inef- word tual inef- word total
ple sync EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit

Sche hs min data min data cien- ts word cien- ts word cien- ts word
dule wad word ties ties ties
Tabl s s 6?5 6;5 6;5

e 36 36 36

PRO 1/8 0 8 16 8 8 N 8 64
P

5.2.6

PRO 1/64 N 8 8
P

5.2.6

hidden inefficiencies: none
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T
H&S H/K

—
a w

: :.
u- ci
1 0
u- W
1
0

:
0
t
e

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

r
;

Board

Ad-
dress

Te-
leme-

V
chan-

nel

Data

Word

start
MSB

Leng
th

Bits

SideA

TRate RateTelemetryPoint

CatalystBedTemwraturel o 8

$
I/M- 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1164 1/8

CatalystBedTemperature

CatalystBed Temperature

CatalystBed Temperature

CatalystBed Temperature

CatalystBed TemPemture6

CatalystBed Temperature PA

x

3

+

1/64 1/8

1/64 1/8CatalystBed Temwrature8 3

CatalystBed Tempemture9

CatalystBed Temperature10

4

+

1/64 1/8

1/64 1/8

.,

4

Utalyst BedTempemwurel1 5

$
1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1%talyst BedTemPerature12 5

%talyst Bed Temperatu.re13 PA

Walyst Bed TkmPeratu@4 PA

%talyst Bed TemPemture15

%talyst Bed Temperature16
—

EOS-DN-R.ES-027 1.2.8 PROPS

5.2.7 BDU Sample Schedule Table 5.2.7

sam- Rate Urn #in 1(Lb #in l~b inef-
ple sync EOS it EOS it fi-

Sche hs min data mill data cien-
dule wad word ties
Tabl s s

e

PRO 1/8 2 64 16 0 0 N
P

5.2.7

PRO 1/64
P

5.2.7

wcxd
coun

ts

tail inef- word total
16bit fi- Coun 16bit
word cien- ts word

ties
6;5 6~5
36 36

0

N 7 7

inef- word tad
fi- coun 16bit

cien- ts word
ties

6?5
36

1/1 only tlm synch word count=O
1/64 HfK, H&S word coLmt=7
hidden inefllciencies: odd number of 8-bit data words
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c

M w T
o- i a
d n- b
u- d 1
1 0 e
u- W #
1
0

VP
e

Board

Ad-
dress

Te-
leme-

V
chan-

nel

Data

Wcrd

start
MSB

k
ngt

h

Bit
s

I-I&sN
0
t
e

RateTelemetryPoint

Tlmsynchto PMEA 1/1.

1/1Tlmsynchto PMEA
—

1 HCEtemp

1 PMEATempemturel

PA

PA

PA

PA

PA

PA

PA

M

PA

PA

PA

PA

PA

PA

o 8 1/64

o 8 1/64

1 IPMEATemperature 1 8 1/64
—

1 8 1/641 IPrc@hmt TankTempemtuml
—

1/641 ~llat TankTempenUure2

1 PropellantTankTemperatu.m3

2 8

2 8 1/64
—

8 1/641 PropellantTltnkTempemture4

1 Prqx91antTankPressure

3

3 8 1/64

8 1/647 PROP BDUEPC temperature

7 PROPBDUEPC temperature

4

4 8 1/64
—

5 8 1/64

5

6

8

7
-i—1 EPC Temp4

NOTE

6

11 EOS-DN-RES-027 1.2.8 PROPS

5.2.8 BDU Sample Schedule Table 528

tlm #in 16-b #in
sync EOS it EOS
hs mill data min

werd
s

o 8 14 7

1

iciencies: See Reservec

Kid inef- word
16bit fi- cotm
word cien- ts

ties
6;5
36

21

7 N 7

izF
it

data
word

s

Erl
16bit
wmd

6:5
36

7

inef-
fi-

cien-
cies

word
cm

ts

total
16bit
word

6;5
36

sam-
ple

Sche
dule
Tabl

e

Rate inef-
fi-

cien-
cies

wad
coun

ts

T

-m

N
P

5.2.8

~
P

5.2.8

N

Riii
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L

w T
i a
n- b
d 1
0 e
w #

~

Scc

Rate

i
0

d
u!
1
u
1
0

Data

Wefd

start
MSB

T

I-e
ngt

h

Bit
s

7

7

H&S I-UKSideA

relemetryPoint

UP
e

Board

Ad-
dress

Te-
leme-

W
chan-

nel

4
Rate Rate

1/64 1/8oLatchValve(Open/Close)l PB
—

1 1/64 I 1/8LatchValve(Open/Close)2 PB

1/64 I 1/8ProPModuleEPC On/offl PB 2
—

3 1/64 I 1/8PropModuleEPC on/off2 PB
—

4 1/64 I 1/8PrqI ModuleEPC on/off3 PB

1/64 I 1/8prepMcduleEPC on/off4 PB

1/64 I 1/8PMEASide Status (OnlOfl)l PB

PMEASide Status (On/Of.1)2 PB 7 1/64 I 1/8

oPROPBDU EPC i/p cument1 AA

PROPBDUEPC i/P current2 M 1 1/64 I 1/8
—

1 0
*

PROPBDU HeaterControlRelayl PB
—

1/64 I 1/8PROPBDU HeaterControlRelay2 PB 1
—

2-7 !EIAReserved PB
—

1/64 I 1/8PropModuleEPC ~ Cument3 AA 2 i

PropModuleEPC I/P Current4

SUUctmeTempl

StructureTemp2

StrucnueTemI)3

SUuctweTemp4

StructureTemp5

StructureTemp6

StructuxeTemp7

StructuxETemp8

1/64 I 1/64

1/64 I 1/64

1/64 I 1/64

1/64 I 1/64

1/64 I 1/64

1/64 I 1/64

6 1/64 I l/6L

8 1/64 I l/&

Nom
1 EOS-DN-RES-027 1.2.8 PROPS
1 EOS–DN-REWJ27 1.2.6.1 BDU

5.2.9 BDU Sample Schedule Table 5.2.9

App -48



BUT Working Notes
August 1993

:

Sam- Rate
ple

Sche
dule
Tabl

e

PRO 1/64
P

5.2.9

PRO 1/64
P

5.2.9

hidden inc.

tlm
sync
hs

#in
EOS
min

7

es: 1

1Gb #in 16-b inef-
it EOS it fi-

data rnin data cien-
Word word ties

s s

16 1 8 N

me

word
coun

ts

8

F&i
16bit
word

6?.5
36

7

inef-
fi-

cien-
cies

N

word
coun

ts

-F

tcxal irlef- Word tad
16bit fi- coun 16bit
word cien- ts word

ties
6?5 6?5
36 36

8

N Side A Typ Board Te- M w T
0 e Ad- leme- o- i a
t chess ~ d n- b
e chan- u- d 1

nel 1 0 e
TelemetryPoint u- W #

1
0

1 Line Temperatuml PA
(includeslatchvalvetemperature)

1 Line Temperatum2 PA
(includeslatchvalvetemperature)

1 LineTemperatum3 PA
(includes latch valvetemperature)

1 Line TemperatuE4 PA
(includeslatchvalvetemperature)

I

1 Line Temperatuti
(includeslatchvalvetemperature) IPAI I 1111

1 LineTemperature PA
(includeslatchvalvetemperature)

II
1 Line Temperature

(includeslatchvalvetemwxature) IPAI I 1111

H
1 Line Temperatum8

(includeslatchvalvetemperature) IPAI I 1111

1 Line Temperature PA
(includeslatch valvetemperature)

1 Line TemperatureO PA
(includeslatchvalvetemperature)

1 Line Temperature11 PA
(includeslatchvalvetemperature)

1 Line Temperature12 PA
(includeslatch valvetemperature)

Data start
wad MSB

+

o

0

$
1

1

2

2

3

+

3

4

*

4

5

5

h

wBit Rate Rate Rate

H
s

8 1/64 1/64

8 1/64 1/64

i---l-
8 1/64 1/64

8 1/64 1/64

II
t t 1--–- 1

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64

8 1/64 1/64
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N Side A m Bard T& M w T Data Stan Le H= HJK Scc
o e A& letne” @ i a w~ MSB ‘:t dreal ~ d n= b
e Cllm u= d 1

nel 1 0 e
TelemettyPoint u=w # Bit Rate Rate Rate

1 s
o

1 Line Temperatum13 PA 6 8 1/64 1/64
(includeslatchvalvetemperature)

1 LineTemperatuxe14 PA 6 8 1/64 1/64
(includeslatchvalvetemperamre)

1 Line Temperatum15 PA 7 8 1/64 1/64
(includeslatchvalvetemperature)

1 Line TemperatuIe16 PA 7 8 1/64 1/64
(includeslatch valvetemperature)

Yom.
EOS-DN-REW)27 1.2.8 PROPS

I
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6 DAS BDU

6.1. SCC Closed -P

6S.1 BDU Sample Schedule Table 6.1.1

Source: DN-GN&C-039-Rev A.

rRate Scc
total
16bit
word

6:5
36

G
ple

Sche
dule
Tabl

e

SST~LE I GATHER r
word
Coun

ts

H&S

tual inef- Word tcial inef-
16bit fi- Coun 16bit fi-
Word cien- ts word cien-

cies ties
6% 6?.5
36 36

N

tlm
sync
hs

word
coun

ts

#in 16-b
EOS it
min data

word

#in l~b inef-
EOS it fi-
min data cien-

word ties
s

128 4

I
s

3
512

I
DAS .512
6.1.1

0

+

128 8 4

DAS
6.1.1

I I I BdlTelm-l~mlSMl~n@lH&S IH/Kl I

TelemetryPoint
dl I Ill
o 0 8 NIA NIA 512

0 8 8 NIA NIA .512

ESA1E&XError@ine&Qws@4 IAAl I

ESA1E&XError@&e-4+Coars@41] AA I 1
I I [

ESA1lZ5EHError@n~ I M [ I
, ‘

11 01 8 I N/AI N/AI .512
I 1 I 1 1

11 8! 8 I N/AI N/AI 512ESA1E&H ErrorQ%?e-&Cozus@4 M

ESA2E&MError@n~ m
1 I I [ [

21 01 8 I N/A i N/A I 5121 1 I I I
2/ 81 81 N/Al N/AI .512ESA2E&HError@iaeACoarse$42 AA

ESA2E&H Error@n~ AA 3 0 8 N/A NIA .512

3 8 8 N/A N/A 512ESA2IZ&HError@ine-&Coarse%t I JL41 I

6.2

6.2.1

Telemetry

BDU Sample Schedule Table 6.2.1

GAHR ImRate tlm SSTABLE

‘~ #in 16-b
EOS it
min data

wad
s

GE
ple

Sche
dule
Tabl

e

H&S I Scc
word
coun

ts

K
EOS
minm16-b inef- WCXd Kid

it fi- coun 16bit
data cien- ts word
word ties

s 6;5
36 III

inef- word total inef-
fi- coun 16bit fi-

cien- ts word cien-
cies ties

6:5
36

total
16blt
word

6?.5
36
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L

DAS 1/1 o 64 8 56 2 N 2 128
6.2.1

DAS 1/8 8 4 N 4 32 Y 4 32
6.2.1

hidden inefflciencies:see PB reserved; odd number of 8-bits

—
M w

: i.
u- d
1 0
0 w

—

T D
a at
b a

1 w
e or
# ~

iiE

iiz

-n
-iF
-iii
-m
-ix
-n
T
T

IR

iiz

7
-iii
7
T
-m
-m
-m
T7i

Board

Ad-
dress

Telem-
etry

channel

start
MSB

Len
@

Bits

:

v
3
t
e

TelemetryPoint

AA 8

8

AA 8

AA 8

1 EOS-DN-RES-027 1.2.5.5DAS Waveguide(COMS)
2 EOS-DN-RES-027 1.25.6 DAS SSPA-(COMS)
3 EOS-DN-RES427 1.2.5.8DAS UWOxtverter(COMS)
4 EOS-DN-REWt27 1.2.7.2 EaxthSensor (GN&C)
5 EOS-DN-RES-027 1.2.10.1 WCstructure(sMS)

FOOTNOTES:
[1] DAS Modulator Telemetry List—The DAS modulator interfaces with the DAS panel BDU.
[2] DAS Waveguide Switch Telemetry List-The DAS LO Cross-strap Switch interfaces with the DAS
panel BDU. This switch cross-straps the two DAS Modulator IF outputs with the two DAS Upeonverter IF
inputs. Standard status monitoring only is required.
[3] Unique ( internallycross-strapped)
[4] DAS SSPA Telemetry List—The DAS transmitters interfaee with the DAS BDU. Standard status
monitoring only is required.
[5] Sampling rate of this telemetry can be redueed if there is a need for bandwidth
[6] SSMtempsensorare not f~y placed at this poin~ RWA has their bandwidth allocation.

6.2.2 BDU Sample Schedule Table 6.2.2

tlm SSTABLE GATHER H&S Scc

SF #in l~b #in 16-b inef- Word total inef- Word taal inef- Word total
EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit
min data min data cien- ts word cien- ts word cien- ts wad

%im- Rate
ple

Sche
dule
Tabl

Iw:dlIw:dlcieslHciesl1+24e

I
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L

DAS 1/8 o 8 15 8 8 y 8 64
6.1.1

DAS 1/64 Y 8 8
6.2.2

hidden inefflciencies:see PB reserved odd number of 8–bits

w T D start
i a at MSB
n- b a
d 1 ~
0 e
w # :

0

0

1

1

2

2

3

3

4

4

5 0

1

2

3

4

5

6

7

5 8

9

10

Len H&S H/K Scc
m

Bits Rate Rate Rate

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

Board Telem-

Ad- ‘~
dress channel

N
0
t
e

TelemetryPoint

1

2 IDAS SSPAEPC input CmTent1

2 DASSSPAEPC input Current2

5 DAS TempStatus[6]l

F==-

1

AA

z
-1%

1
4

2

2

2

2

IESA-2 ScannerRPM

DAS SSPAStatus (On0ff)2[8]

DAS SSPAHeatercontrolrelaysta-
tus 1[1]
(sharedwith Up convener)

DAS SSPAHeatercontrolrelay sta-
tus 2[1]
(sharedwith Up converter)

4 ESA-1 HeaterControlRelayStatus
(scannerA)

4 ESA–1HeaterControlRelayStatus
(scannerB)

4 ESA-2 HeaterControlRelayStatus
(scannerA)

PB

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8B
PB

1 ‘-

4 E$IA-2 H~kr Control RelayStatus
(scannerB)

4 IEsA-l TorqueMode(Norm/High)

4 IESA_2 T’que Mode (Nmigh)

4 EsA–l Angle Mode (wideJnonnal)
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Telenmy Point o e ~ J511S Rate Rate Rate
w # (j

I ESA.2 Angle Mode (wideJnamal) PB 11 1 1/64 1/8

I EsA-1 LeadingEdge (SuntNoSun) PB 12 1 1/64 1/8

I ESA-2 LeadingEdge (SunlNoSun) PB 13 1 1/64 1/8

$ EsA-1 nailing Edge(SunlNoSun) PB 14 1 1/64 1/8

$ ESA-2 nailing Edge (SunlNoSun) PB 15 1 1/64 1/8

1 DASWavegtddeSwitchPo6ition PB 6 0 1 1/64 1/8
Status[2][3]

$ DASBDUHeatercontrolrelay sta- PB 1 1 1/64 1/8
tus 1

s DAS BDUHeatercontrolrelay sta- PB 2 1 1/64 1/8
tus 2

Reserved PB 3-7 5 1/64 1/8

Ncie
1 EOS-DN-RES027 1.2.5.5DAS Waveguide(COMS)
2 EOS-DN-RES-027 1.2.5.6DAS SSPA(COMS)
3 EOS-DN-REW27 1.2.5.8DfN3Upcmverter (COMS)
4 EOS-DN-REW327 1.2.7.2 Earth Senscx (GN&C)
5 EOS-DN-RES-027 1.2.10.1 S/C structwe (SMS)
6 EOS-DN-RES-027 1.2.2.6 BDU

FOOTNOTES:
[1] DAS Modulator Telemetry List—’l%e DAS modulator interfaces with the DAS panel BDU.
[2] DAS WaveguideSwitch Telemetry List-The DAS LO Crms-strap Switch interfaces with the DAS
xmel BDU. This switch cross-straps the two DAS Modulator IF outputs with the two DAS Upconvetter IF
nputs. Standard status monitoring only is required.
[3] Unique (internally cross-strapped)
[4] DAS SSPATelemetryList-The DAS transmiturs interface with the DAS BDU. Standard status
monitoring only is required.
[5] Samplingrate of this telemetry can be reduced if tire is a need for bandwidth
[6] SSMtemp sensor are not firmly placed atthispoint. RWAhastheirbandwidth allocation.

6.23 BDU Sample Schedule Table 6.23

sam- Rate urn SSTABLE GATHER H&S Scc
ple sync #~ l~b #in l= in~. wad taal inef- word tual ind- Word t+Sche hs
dule

EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16blt

Tabl
min data min data cien- ts wad cien- ts word cien- ts word

ward word ties ties ties
e s s 6;5 ;:5 6!5

36 36 36

DAS 1/8 0 8 16 7 2 N 2 14
6.2.3
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c

DAS 1/64 1 8 N 8 8 N 8 8
6.2.3

hidden inefficiencies: none

6 DAS BDIJ EPC ilp current 1

6 DAS BDU EPC i/p current 2 AA

6 DAS BDUEPCtempexaturel PA

6 DAS BDIJ EPC temperature PA

2 DAS SSPABaseplateTemperature PA

2 DAS SSPABaseplateTemperature PA

2 DAS SSPABaseplateTemperature PA

2 DAS SSPABaseplateTempemture4 PA

I
3 DAS UpconvexterBox lkmpera-

1
PA

turel

3 DAS UpconverterBox lkmpera- PA
ture2

4 ESA-1 ElectronicsTemperature PA

4 ESA-2 ElectronicsTempemture PA

4 ESA-1 ScannerTemperature PA

4 ESA-2 ScannerTemperature PA

Nae

T
Board Telem-

Ad- ‘u
dless channel

I

TF
Len H&S H/K
@

Bits Rate Rate

#

8 1/64 1/8

8 1/64 1/8

-7-=-l=

3+8 1/64 1/64

8 1/64 1/64

TF8 1/64 1/64

8 M% V64

Scc

iiz

‘1 EOS-DN-RES-027 1.2.5.5DAS Waveguide(COMS)
2 EOS-DN-RES-027 1.2.5.6DAS SSPA(COMS)
3 EOS-DN-RES-027 1.2.5.8DASUpConverter(COMS)
4 EOS-DN-RES-027 1.2.7.2 Earth Sensor (GN&C)
5 EOS-DN-RES-027 1.2.10.1 S/C stmctum (SMS)
6 EOS-DN-RES-027 1.2.6.1BDU
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c

7 COMM/C&DH BDU

We Colurnm

1. EO$DN-RES-027 1.2.5.1COMS-S-band Transponder
(2 serialpoint-to-point interfaceseach interfacehas a FrameA andFrameB)

2. EOS-DN-RES-027 1.2.5.2COMS-S-band InterfaceUnit (SBIU)

3. EOS-DN-RES-027 1.2.5.7COMS-Master Oscillator(MO)

A. EOS-DN-RES-027 1.2.6.2C&DH<ommand andTelemettyIntaface Unit (CITU)

S. EOS-DN-RES-027 1.2.6.3C%DH-Spacecmft Computer(SCC)

6. EOS-DN-RES-027 1.2.9.1EPS-Sequential ShuntUnit (SSU)
(2 serialpoint-to-point interfaces)

7. EOS-DN-RES-027 1.2.9.2EPS-Solar Amy Drive (SAD)and kray DriveElectronics(A.DE)
(2 serialpoint-t*point interfaces)

8. EOS-DN-RES4!7 1.2.10.1SMS-HGA DeploymentSystem

g. EOS-DN-RES-027 1.2.10.2SMS-SA Pyro telemetry

EPS Journal
m 7/30/93met with calvinandangelo

reviewedwith him and madechanges. printedcopy andgave to EPS to take to KeithandFritz.

SSU Serial VO Interface ProcessingNotes
:ead+n of telemeuy can occurwithin250 usecsof the telemeuy synchexecution
h?re are 17tlm controlwordswithoutcamting the Urnsynch. this meansa minimumof three BDU samplescheduletables.
onefor bd synchs(primeandredundant) andfmt set of telemetry(primeandredundant). one of prime sideto readrest of
telemeuyand one to redundantsideto read rest of telemetry. BetwenUrnsynchserialbufferon buh sideshaveto be mad
nn. What is in DATAWORDand STARTMSB is strawmananswer.

IAD & ADE Serial I/O Interface: ProcessingNaes
r/30/93 pm D~e ~bb-~is is ~der _ ~~t sin~ ~~e is a prime~d redundantsick TWO BDU MItlpk
chedule tables minimallyeachcontaininga tlrn synchat the beginningfollowedby the 4 readouts fromthe serialbuffer
tlm readoutcan beginon next tlm controlwordfollowingthe tlm controlwcrd containingthe tlm synch.

:OMS Journal:

llm synchto S-band Xpndr 1 andXpndr2 is a delayof 1 msec. Tlm synchfor frameA must be sent befat readoutof
“rameA occurs. Tlm synchfcr frameB must be sentbeforereadoutof frameB occurs.

:&DH Journal

juestions and followup:

~1] Dale Con ADEA arrayRotationangles— didn’tthink 1sawtiem in his list

:2]

%otnaes

:1]

:2]

7.1 Scc closed Loop
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7.1.1 BDU Sample Schedule Table 7.1.1

H&SSSTABLE GATHERSam- I Rate tlrn
sync
hs

7

Scc
word
Coun

ts

-i

ple
Sche
dule
Tabl

e

inef-
fi-

cien-
cies

iai
16bit
word

6?.5
36

word
Coun

ts

Giz
16bit
word

6;5
36

inef- ixi
16bit
word

6?.5
36

m

inef-
fi-

cien-
cies

#in
EOS
min

#in
EOS
min

word
Coun

ts
fi-

cien-
cies

T
—.

CO I .512 128 2 128 1

-1-

M
7.1.1

1
Board Telem-

Ad- ~
dress channelII

MMWT
i- Gia
nd n-b
ou-dl
rloe

ow# T
Data start

Wend MSB

E
H&S I-UK SCC

Rate Rate Rate

- .512

- .512

1prime
2 redundant

m
e

z

Len
gth

Bits

T

T

TelemeuyPoint

ADE A armyRaAon angles

ADEB arrayRotationangles AA I

7.2 Telemetry

7.2.1 BDU Sample Schedule Table 7.2.1

sam- Rate tlrn SSTABLE GATHER I-UK H&S Scc
ple

Sche SF #in 16-b #in 16-b inef- Word taa.1 inef- Word taal inef- Word taal

dule EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit

Tabl min data min data cien- ts word cien- ts word cien- ts word

e wcrd wad ties ties ties
s s 6?5 6;5 6:5

36 36 36

co 1/8 4 8 16 8 6 N 6 48
M

7.2.1

co 1/64 N 6 6
M

7.2.1

I tlm synchs; therefore maximum of 6 16-bh data words returned
lidden inefficiencies: partial PB (see reserved 12 bits whenever 1/64 tlm gather)
qote: see BDU Sample Schedule Tables 7.2.2 and 7.2.3 for rest of SSU serial 170 telemetry
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ii
c?
d
u
1
0

v T Data
i a Wa
n- b
d 1

d

Q e
N #

0

0

0

1

start Le
~~ ngt

h

Bit
s

- -

- -

- -

- -

0 1

1 1

2 1

3 1

4 1

5 1

6 1

7 1

8 1

9 1

10 32
Q

0 1

1 1

2 1

3 1

4 1

TrH&s I-UK Scc‘Boiird

Ad-
dress

Te-
leme-

W
chan-

nel

v
0
t
e

TelemetryPoint w
1/64 I 1/8 I

I

i Itlm synchSSU prime

=i’=t-i tlm synchSSU redundant

[. tlm synchXpndr 1FrameB w[. thn synchXpndr2 FrameB

5. SAAElevationHingeLatchedSSU
PrimePixtlof2

i. Selectedblanket-boxsepemtionmua
statusSSU Prime Part 1of 2

-Ii

s

-G1j: SAABlauketBox Sep. senseSSU
PrimePart lof2

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

j. IMastmotor inhibitOverndestatusSU s

s

i End of deploymentlimit switchover-
ride status SSU PrimePart 1of 2

3. Heatercontrolrelay statusSSU Prime
Part lof2

?. Heatercontrolcross-couplestatus SSU
Prime Pmtlof2

j. SSU ShuntStatus
1 ...6 SSU Prime Part 1of 2

i SAAElevationHingeLatchedSSU
RedundantPart 1 of 2

1/64 1/8

1/64 1/8

1/64 1/8

=

1/64 1/8

1/64 1/8

5. Mast motor inhibit Overndestatus SSU
RedundantPart 1of 2

I5. Selectedmast deploymentmaor status
SSU RedundantPart 1of 2
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Le H&S H/K Scc
ngt

h

Bit Rate Rate Rate
s

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

32
6 z E

8 1/64 1/8

8 1/64 1/8

1 1/64 1/8

1 1/64 1/8

k
V T Data

iawor
n- b
dl

d

oe
w#3

Te- M
leme- i-

tryn

Chan- 0
nel r

Z
e
d
u-
1
0

—

I
I

I

ryp Boaxd

Ad-
dress

s

s

s

s

s

s

AA

AA

PB

PB

PB

TelemetxyPoint

Muor directionStatUSSSURedundant
Part lof2

SAAendof deploysenseSSURedun-
dantPart 1of 2

Endof deploymentlimit switchover-
ride Statm-SSU RedundantPart 1of 2

1

1

2

2

3

HeatercontrolrelaystatusSSURedtm-
dantPart 1of 2

Heaterccm.rolcross-couplestatusSSU
RedundantPart 1 of 2

SSU Shunt!%rttuS
1 ... 6 SSURedundantPart 1 of 2

SAD/ADEEPC inputcurrent1

SAIYADEEPC inputcurrent2

SAD-1 RelayStatusA

SAD-1 RelayStatusB
I

I
1 1

I I 1 I 1/64 I 1/8 ISAD-1 RelayStatusC
n

PB

PB

PB

PB

PB

PB

PB

PB

PB

PB

PB

PB

ISAD-1 RelayStatusD

SAD-1 RelayStatusE
1

I
1 m

I I

E FEE
1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

SAD-1 RelayStatusF

SBIU-1 RF SignalRoutingA

SBIU-1 RF SignalRoutingB

E
8
s

lC

11

SAD-2 RelayStatusA

SAD-2 RelayStatusB

13 1 1/64 1/8

14 1 1/64 1/8

I 15 1 1/64 1/8

tEw
PB

PB

PB

PB

SAD-2 RelayStatusC

SAD-2 RelayStatusD

SAD-2 RelayStatusE

SAD-2 RelayStatusF

SBIU-2 RF SignalRountingA

SBIU-2 RF SignalRotmtingB

See–l On/off

HGA–I HCErelaystatus2

Reserved
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L

T Data start Le H&S I-UK Scc

a Wor MSB ‘~
b ~ h
1

Bit Rate Rate Rate
: s

8 1 1/64 1/64

9 1 1/64 1/64

1o-1 6 1/64 1/64
5

5 8 1/64 1/64

8 1/64 1/64

ZFd
Ad-

tiss

Te- M
leme- i-

Uy n

chan- 0
nel rT

MW
ci
d n.
u- d
10
Ow

m
e

TelemetryPoint

SCC-2 Woff

HGA-2 HCE relaystatusz

PBReserved

MO-1 Tempemture

MO-2 Temmxature

BDU Sample Schedule Table 7.2.27.2.2

K
ple

Sche
dule
Tabl

e

z
M

7.2.2

SSTABLE GATHER SccH&Sthn
sync
hs

Ezi
16bit
wad

6%
36

:

#in l~b
EOS it
min data

wad
s

8 15$
#in 16-b
EOS it
min data

word
s

88

+

word total
coun 16bit

ts word

6?5
36

864

inef- Word
fi- coun

cien- ts
Cies

inef-
fi-

cien-
cies

turd
16bit
word

tim5
36

inef-
fi-

cien-
cies

word
coun

ts

0 Y

-ico
M

7.2.2

1/64

I

]its retumaiciences: odd number =
NOTE: Table 7.2.1 must be sent prior to this table since it contains the necessary telemetry synch

+ reserved

The read-out was split this way to avoid the splitting of a single data field between two telemetry
fields [note: the~ are an odd number of data bits (SSU shunt status) followed by 8-bit data fields.

z
i-
n
0
r

ii
i
n
d
0
w

r Data start L-e H&S H/K Scc

a Wcr MSB ‘~
b ~ h
1

Bit Rate Rate Rate
i s

0 0 32 448 444
: m M

1 0 Q

1 6 8 1/64 1/8

i
0
t
e

i.

i.

m
e

+

Board Te-

Ad- leme-

dress ~
chan-

nel
Telemetry Point

SSU Shunt Status
7...28 SSUPrime Part20f2

SSU controlvoltageSSUPrimePart 2 5
of 2 I
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TelemetryPoint

DEU4@@nverter outputSSUPrime
Patt20f2

Sfi ElevationHingePositionSSU
PrimePart20f2

SAAMastRatecf DeploySSU Prime
Part20f2

SAA MastMaor TempSSUPrime
Part20f2

S#A Isc n CttrrW SSUPrime Part
2of2

SA4 Iscn Temp@=21SSU PrimePart
2of2

SAAVocn Volts~) SSUPrimePart
2of2

SAA Vccn Temp@=& SSUPrime
Patt20f2

c Cl-(&$COUD- cumentSsu
PrimePart2d2

EPC inputcurrentSSUPrimePart 2 of
2

SSU*Temp ~
mQ-SSUPtime Patt20f2

Reserved

;

VP
e

s

s

s

Board ] Te-

Ad- leme-

dress ~
chan-

+

nel

*

i-t

s

s

1 I
I

I

E
s

s

7.23 BDU Sample Schedule Table 7.2.3

K
i-
n
0
r

BUT Working Notes
August 1993

c

d w T Data start k H&S I-UK Scc
> i a Wlor MSB ‘~
i n- b d h
1- d 1
1 0 e Bit Rate Rate Rate
3 w # s

1 15 8 1/64 1/8

2 6 8 448 1/8

2 15 8 448 1/8

3 6 8 1/64 1/8

3 15 8 1/64 1/8

4 6 8 1/64 1/8

4 15 8 1/64 1/8

5 6 8 1/64 1/8

5 15 8 1/64 B

6 6 8 1/64 1/8

6 15 8 1/64 J.&

7 7 1

H&S Scc

inef- )word I taal inef- Iword I total

C2-lcw I%ICLIC?7 Ii’%

Ciesl 1151ciesl li5

“lml wad wurd ties
e s s 6;5

36

co 1/8 o 8 15 8 8 y 8 64
M

7.2.3
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L

co 1/64 N 8 8
M

7.2.3

hidden inefflciences:
NOTE: Table 7.2.1 must be sent prior to this table since it contains the necessary telemetry synch
The read-out was split this way to avoid the splitting of a single data field between two telemetry
fields [note: them are an odd number of data bits (SSU shunt status) followed by 8-bit data fields.

N Typ Board Te- M M w T Data start Le H&S H/K Scc
0 e Ad- leme- i- o- i a w~ MSB nf
t dress try n d n- b ~
e

TelemetryPoint chan- 0 u- d 1

nel r 1 0 e Bit Rate Rate Rate
0 w # s

6. SSU Shunt Status s o 0 32 w 44
7...28 SSURedundantPart 2 of 2 22 Jlf?4 m

1 0

6. SSU controIvoltageSSU Redundant s 1 6 8 1/64 1/8
Part20f2

6. DEUWonverter outputSSURe- S 1 15 8 1164 1/8
dundantPart 2 of 2

6. SAAElevationHingePositkmSSU s 2 6 8 448 1/8
RedundantPart 2 of 2

6. S& MastRate of DeploySSU Rahm- S 2 15 8 4+8 1/8
dant Part20f2 w

6. SAA Mast MotorTempSSU Redun- S 3 6 8 1/64 1/8
dant Part20f2

6. S& Isc n Curr~ SSURedundant s 3 15 8 1/64 1/8
Part20f2

6. SAA Isc n Temp~ SSU Redundant s 4 6 8 1/64 1/8
Part20f2

6. S@ Vcxn Volts(j@ SSURedundant s 4 15 8 1/64 1/8
Part20f2

6. SAA Vocn Temp@=2)SSU Redun- S 5 6 8 1/64 1/8
dant Part 2 of 2

6. s 5 15 8 1/64 m

~ Ssu
RedundantPart 2 of 2

6. EPC input currentSSU RedundantPart s 6 6 8 1/64 1/8
2of2
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i

MWT
Gia
dn-b
u-all
loe
ow#

mpYP T
leme-

V
chan-

nel

G
i-
n
0
r

Board

Ad-
dress

Data

Wor
d

start

MSBe

TelemetryPoint

BE!
s

8 1/64 B

1

6 15SSU-ShaakTemp~ s
E@)SSU RedundantPart 2 of 2

Reserved 7 7

7.2.4 BDU Sample Schedule Table 7.2.4

Rate tlrn SSTABLE GATHER H&s Scc

ST #in l~b #in 16-b inef- word tctd inef- Word tcxal inef- Word
EOS it EOS it fi- coun 16bit fi- Coun 16bit fi- Colm
min data min data cien- ts word cien- ts wad cien- ts

wad word ties ties ties
s s 6% 6;5

36 36

1/8 2 8 16 8 7 N 7 56

1/64 N 7 7

G
ple

Sche
dule
Tabl

e

x
M

7.2.4

taal
16bit

co
M

7.2.4

2 tlm synchs limits max number
hidden inefilciences none

N 1prime m
o 2 redundant e
t
e

TelemetryPoint

-ix
ngt

h

Bit
s

—

—

-i

-i

H&S H./K Scc

Rate Rate Rate

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

Board

Ad-
dress

7. TLM SynchSAIYADEprime

7. TLMSynchSADIADEredundant

7. SAD & A.DEprime s
rate adjustmentbit 8

7. SAD & ADEprime s
rate adjustmentbit 7

7. SAD & ADEprime s
rate adjustmentbit 6

7. SAD & ADEprime s
rate adjustmentbit 5

7. SAD& ADEprime s
rate adjustmentbit 4

1

1

1

—
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1prime
2 redundant

TelemetryPoint

SAD& ADEprime
rateadjustmentbit 3

SAD & ADEprime
rateadjustmentbit 2

SAD& ADEprime
rate adjustmentbit 1

SAD& ADEprime
rateadjustmentbit O

SAD& ADEdataprime
Maor On

SAD& ADEdataprime
RateSelectBit 1

SAD& ADEdata prime
RateSelectBit 2

SAD& ADEdata prime
SADDirectiaI

SAD& ADEdata prime
CcnmnandDirecticn

SAD& ADEdata prime
SADeployed

SAD& ADEdataprime
SADeployedOvernde

SAD& ADEdataprime
SafeHold onbff

SAD & ADEdataprime
SafeHold 1 Mode

MD’& ADE data prime
We Hold 1 ModeEnable

SAD & ADEdata prime
SafeHold 1 ModeExeeute

SAD & ADEdata prime
We Hold 1 Rate Bit 1

MD & ADEdata prime
SafeHold 1 Rate Bit 2

MD & ADEdata prime
We Hold 1 Indicator

MD & ADEdataprime
ACESafeHold 1 SolarArrayat Index

lAD & ADEdataprime
hfe Hold2 On/Off

s

s

s

s

s

s

s

7

-F

-F

-5

7

-5

-s
s

s

s

s

s

s

Board Te- M

Ad- leme- i-

dress try n

chall- :
nel

IA H&S H/K Scc
ngt

h

Bit Rate Rate Rate
s

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 )/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8
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N 1prime l-y-p Board Te- M M w T Data start I-e H&S I-UK Scc
0 2 redundant e Ad- leme- i- e i a Wotd MSB n:
t dress try n d n- b
e

TelemeayPoint chan- 0 u- d 1
r 1 0 e Bit Rate Rate Rate

nel
0 w # s

7. SAD& ADEdataprime s 9 1 1/64 1/8
SafeHold2 Mode

7. SAD& ADEdataprime s 10 1 1/64 1/8
SafeHold2 ModeEnable

7. SAD& ADEdataprime s 11 1 1/64 1/8
SafeHdde 2 ModeExecute

7. SAD& ADEdataprime s 12 1 1/64 1/8
SafeHdd 2 RateBit 1

7. SAD& ADEdataprime s 13 1 1/64 1/8
SafeHdd 2 RateBit 2

7. SAD& ADEdataprime s 14 1 1/64 1/8
SafeHold2 Indicator

7. SAD& ADEdataprime s 15 1 1/64 1/8
ACE SafeHolde2 SolarArrayat Index

7. SAD& ADEredundant s 2 0 1 1/64 1/8
ratead@stmentbit 8

7. SAD& ADEredundant s 1 1 1/64 1/8
rate adjustmentbit 7

7. SAD& ADEredundant s 2 1 1/64 1/8
rate adjustmentbit 6

7. SAD& ADEredundant s 3 1 1/64 1/8
rate adjustmentbit 5

7. SAD& ADEredundant s 4 1 1/64 1/8
rate adjustmentbit 4

7. SAD& ADEredundant s 5 1 1/64 1/8
rate adjustmentbit 3

7. SAD& ADEredundant s 6 1 1/64 1/8
rate adjustmentbit 2

7. SAD& ADEredundant s 7 1 1/64 1/8
rate adjustmentbit 1

7. SAD& ADEredundant s 8 1 1/64 1/8
rate adjustmentbit O

7. SAD& ADEdata redundant s 9 1 1/64 1/8
Mucx On

7. SAD& ADEdata redundant s 10 1 1/64 1/8
Rate SeleetBit 1

7. SAD& ADEdata redundant s 11 1 1/64 1/8
Rate SelectBit 2

7. SAD& ADEdata redundant s 12 1 1/64 1/8
SADDirection
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1prime
I
m

2 redundant e

TelemetryPoint

SAD & ADEdata redundant
I

s
CommandDiredh

SAD& ADEdata redundant s
SA Dep@d

SAD & ADEdata redundant s
SA DeployedOvernde

SAD & ADEdata redundant s
SafeHoldodoff

SAD& ADEdata redundant s
SafeHold 1 Mode

SAD & ADEdata redundant s
SafeHold 1Mcde Emble

SAD& ADEdata redundant s
SafeHold 1 Male Execute

SAD& ADE dataredundant s
SafeHold 1 Rate Bit 1

SAD& ADE data redundant s
SafeHold 1Rate Bit 2

SAD & ADE data redundant
I

s
SafeHold 1Indicator

SAD & ADEdata redundant
I

s
ACE SafeHold 1 Solar ArraY at Index

SAD& ADEdata redundant s
SafeHold2 On@ff

SAD & ADE data redundant s
SafeHold 2 Mode

SAD& ADE dataredundant s
SafeHold2 ModeEnable

SAD& ADE data redundant s
SafeHolde2 ModeExecute

SAD & ADEdata redundant s
SafeHold2 Rate Bit 1

SAD & ADE data redundant s
SafeHold 2 Rate Bit 2

SAD & ADEdata redundant s
SafeHold 2 Indicator

SAD & ADE data redundant s
ACE SafeHolde2 SolarAmy at Index

SAD stePPermotortemperature 1 PA

SADhousingtemperature PA

ADEA temperature PA

Board

Ad-
dress

L

M w T Data start Le H&S H/K Scc
o- i a word MSB ny
d n- b

13 1 1/64 1/8

14 1 1/64 1/8

15 1 1/64 1/8

3 0 1 1/64 1/8

1 1 1/64 1/8

2 1 1/64 1/8

3 1 1/64 1/8

4 1 1/64 1/8

5 1 1/64 1/8

6 1 1/64 1/8

7 1 1/64 1/8

8 1 1/64 1/8

9 1 1/64 1/8

10 1 1/64 1/8

11 1 1/64 1/8

12 1 1/64 1/8

13 1 1/64 1/8

14 1 1/64 1/8

1-1I I 151111’6411/81I
4 8 1/64 1/8

4 8 1/64 1/8

11111 I 81 1/641 1/8! .
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Le H&S H/K Scc
ngt

h

Bit Rate Rate Rate
s

8 1/64 1/8

8 1/64 1/8

8 1/64 1/81
klMWT
i- ia
ndnb
oudl
rloe

ow#

Y
leme-

m
chan-

nel

1prime
2 redundant

Board

Ad-
dress

Stan

MSB

TelemetryPoint

5ADEB temperature

ADEA Pc6iticn(SADPotnetiometer)

ADEB Position(SADpunetiometer)

6

6

7.2.5 BDU Sample Schedule Table 7.2.5

Sam-l Rate ltlm I SSTABLE I GATHER SccH&S

inef- Word tual inef- word
fi- coun 16bit fi- coun

cien- ts word cien- ts
ties ties

6?.5
36

Y 8 64

Y 8

ple rsync ##~
Sche hs
dule

EOS

Tab] min

e

16-b #in
it EOS

data rnin
wad

s

16 8

inef- word total
fi- coun 16bit

cien- ts word
ties

6:5
36

tual
16bit
word

6;5
36

.

+&
co 1/8 O 8
M

7.2.5

co 1/64
M

7.2.5

8

hidden irtefflciences: 6 tits for tlm gather — see reserved

M M w T Data start Le H&S H/K Scc
i- o i a Wad MSB ‘~
n d n- b h
0 u- d 1
r 1 0 e Bit Rate Rate Rate

0 w # s

0 8 1/64 1/8

0 8 1/64 1/8

1 8 1/64 1/8

1 8 1/64 1/8

2 8 1/64 1/8

2 8 1/64 1/8

3 8 1/64 1/8

3 8 1/64 1/8

4 8 1/64 1/8

4 8 1/64 1/8

N 1prime ~ Boasd Te-
0 2 redundant e Ad- leme-
t dress ~
e

TelemetryPo~t chan-
nel

5. SCC-1 HeaterControlRelay-A AA

5. ISCC-1 HeaterControlRelay- B IAAI I
1 1 1 I

5. ISCC–1HeaterControlRelay- C IAAI I
5. SCC–2HeaterControlRelay- A AA

5. SCC-2 HeaterControlRelay-B AA

5. SCC–2HeaterCmnrolRelay- C M

5. SCC–1ilp currentto BDU AA

5. SCC–2 ilp currentto BDU AA

5. SCC-1 temperature
-think thisshouldbe 1/64,1/64

PA

5. SCC-2 temperature PA
-think his shouldbe 1/64, 1/64
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L
,

N 1prime l-y-p Board Te- M M w T Data Stan Le H&S I-UK Scc
10 2 redundant e Ad- leme- i- o- i a word MSB n:

t dress try n d n- b
e chan- 0 u- d 1

TelemetryPoint r 1 0 e Bit Rate Rate Rate
nel

o w # s

8. HGA-1 Potentiometerstatusz AA 5 8 1/64 1/8

8. HGA-2 Potentiometerstatusz AA 5 8 1/64 1/8

8. HGATemperatureStatus] AA 6 8 1/64 1/8

8. HGATemperatureStatus2 AA 6 8 1/64 1/8
I
8. HGATempexatumStatus3 AA 7 8 1/64 1/8

3. MO-1 PowerStatus (OnK3fll PB o 1 1/64 1/8

7. ADE SideA onloff status PB 1 1 1/64 1/8

7. SADHeaterControlRelayStatusl PB 2 1 1/64 1/8

4. CTITJ-lHeaterCamel relaystatusA PB 3 1 1/64 1/8

4. CTIU-1 HeaterControlrelaystatusB PB 4 1 1/64 1/8

Reserved PB 5-7 3 1/64 1/8

3. MO-2 PowerStatus (WO13 PB 8 1 1/64 1/8

7. ADESideB On/offstatus PB 9 1 1/64 1/8

7. SADHeaterControlRelayStatus2 PB 10 1 1/64 1/8

4. CITU-2 HeaterCarol relay statusA PB 11 1 1/64 1/8

4. CITU-2 HeaterControlrelaystatusB PB 12 1 1/64 1/8

Reserved PB 13-15 3 1/64 1/8

7.2.6

saln-
ple

Sche
dule
Tabl

e

co
M

7.2.6

co
M

7.2.6

BDLJSample Schedule Table 7.2.6

Rate tlm
sync
hs

1/8 o

1/64

SSTABLE G/UTIER

“#in 16-b #in l~b
EOS it EOS it
min data min data

wcxd word
s s

8 4 7 2

1 4

I H&S I Scc I

inef-
fi-

:ien-
cies

N

,
word taal inef-
coun 16bit fi-

ts word cien-
cies

6?5
36

8 16

N

word total inef-
coun 16bit fi-
ts word cien-

cies
6;5
36

1 4

word
mun
ts d

mid
16bit
word

6!5
36
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N
o
t
e

4

4

4

4

5

5

5

5

5

5

5

5

4.

4.

4.

4.

1prime Typ Board Te- M M w T Data start Le H&S I-UK Scc
2 redundant e Ad- ‘eme- ‘- o i a wad MSB “f

dress try n d n- b

TelemetryPoint chan- 0 u- d 1
r 1 0 e Bit Rate Rate Rate

nel
0 w # s

AA 8 1/64 1/8

AA 8 1/64 1/8

PA 8 1/64 1/8

PA 8 1/64 1/8

AA 8 1/64 1/8

AA 8 1/64 1/8

PA 8 1/64 1/8

PA 8 1/64 1/8

~ AA 8 1/64 1/8

1~ ~ 8 1/64 1/8

~ AA 8 1/64 1/8

~ M 8 1/64 1/8

C1-Iu-l EPc +5 volts AA o 8 1/64 1/8

CTTU-2EPc +5 volts AA 8 1/64 1/8

CT’IU-lTemperature PA 1 8 1/64 1/64

CTIU-2 Temperature PA 8 1/64 1/64

7.2.7 BDU Sample Schedule Table 7.2.7

sam- Rate tlm SSTABLE GATHER H&S Scc
ple

Sche ST #in 16-b #in l~b inef- word total inef- Word tcaal inef- word tctal

dule EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit

Tabl min data min data cien- ts word cien- ts word cien- ts word

e
word word ties ties ties

s s 6:5 6:5 6:5
36 36 36

co 1/1 8 64 16 64 4 N 4 256
M

7.2.7

co 1/1 N 64 256
M

7.2.7

7.2.7 processed before 7.2.8 processed before
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FrameApart lof3 Broad Telem- Data start len H& H/K Sc
w km s TLM c

TL Clo
M Sed

P
TelemetryPoint ~ Address Ctiel word MSB Bits Rat Rate IUlt

e e e

. tlm synchxpndr 1frameA - 1/1 1/1

,. tlm synchxpndr2 frameA - 1/1 1/1

.. No-op

,. N-

. No-op

. Ncmp

. N-

. N-

. Xpndr 1ReceiverProcessingStatel s o 0 4 1/1 1/1

. Xpndr 1PN Lock Statusl s 4 1 1/1 1/1

. Xpndr 1 SubcanierLock Statusl s 5 1 1/1 1/1

. Xpndr 1TDRSSETDN ModeSta- S 6 1 1/1 1/1
~~1

. Xpndr 1DopplerInitiatorSelectedl s 7 1 1/1 1/1

. Xpndr 1carrier LockStatusl s 8 1 1/1 1/1

Xpndr 1 Detecm Lock Statusl s 9 1 1/1 1/1

Xpndr 1Long Code SyncStatusl s 10 1 1/1 1/1

Xpndr 1Cycle Slip Detected] s 11 1 1/1 1/1

. Xpndr 1 Slow SquelchStatusl s 12 1 1/1 1/1

Xpndr 1CW Detectl s 13 1 1/1 1/1

Xpndr 1Resewed s 14 1 lllt I/It

Xpndr 1TransponderAddressl s 15 1 1/1 1/1

Xpndr 1 CommandDataRate s 1 0 3 111* l/1*

. Xpndr 1DigitalAGCl s 4 13 1/1 1/1

Xpndr 1WidebandAGC s 2 0 8 1/1 1/1

Xpndr2 ReceiverProcessingStatel s 8 4 1/1 1/1

. Xpndr2 PN Lock Statusl s 12 1 1/1 1/1

Xpndr2 SubcarrierLock Statusl s 13 1 1/1 1/1

Xpndr2 TDRSS/STDNModeSta- S 14 1 VI 1/1
tusl

Xpndr2 DopplerInitiatorSelectedl s 15 1 1/1 1/1

. Xpndr2 CarrierLock Statusl s 3 0 1 1/1 1/1

. Xpndr 2 DetectorLock Statusl s 1 1 1/1 1/1 !
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<

FrameApart lof3 Broad Telem- Data Staxt len H& I-UK Sc
etry gtll s TLM c

TL Clo
M sed

P
TelemetryPoint m Address c~d word MSB Bits Rat Rate Rat

e e e

,. Xpndr2 LongCode SyncStatusl s 2 1 1/1 1/1

,. Xpndr2 CycleSlip Detectedl s 3 1 1/1 1/1

,. Xpndr2 SlowSquelchStatusl s 4 1 1/1 1/1

.. Xpndr2 CWDetectl s 5 1 1/1 1/1

Xpndr2 Reserved s 6 1 lllt lllt

. Xpndr2 TransponderAddress1 s 7 1 1/1 1/1

Xpndr2 CormnandDataRate s 8 3 1/1* 1/1 *

Xpndr2 DigitalAGC1 s 11 13 1/1 1/1

,. Xpndr2 WidebandAGC s 3 8 8 1/1 1/1

‘: Rate could have been less but location forced it to different rate

Qote1: Required for TONSsimulation

“:Reserved (fWer/don’t ~)

rue 1: Required for TONSsimulation

: Used for TONS simulation on Ground
.C-–—.t-—... ——,, L,. .-l —-l-—--—s.

7.2.8

samp-
le

Sche
dule
Tabl

e

3
M

7.2.8

I co

I

M
7.2.8

BDU Sample Schedule Table 7.2.8

Rate I tlm I SSTABLE
!

ST #in
EOS 1
min

1/8 8 8

1/8

I

16-b

&
wcfd

s

T

GATHER I I H&S

#in 16-b inef- Word mill inef-
EOS it fi- coun 16bit fi-
min data cien- ts word cien-

Word ties ties
s 6;5

36

8 6 N 6 48

N

!=liott Cm I ~atier second Part of this data on another minor cycl

word
:oun

ts

-i

tad
16bit
W&d

6?5
36

48

inef-
fi-

cien-
cies

word
coun

ts

total
16bit
wad

6?5
36
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~

~

TelemetryPoint m
e

1. Xpndr 1Reserved s

1. Xpndr 1SelectedPN Cede s

1. Xpndr 1ReceiverFrequency2 s

1. Xpndr2 Reserved s

1. Xpndr2 SelectedPN Code s

1. Xpndr2 ReceiverFrequency2 s
*: ~~ co~d ~ve ~en less but l~tion forced it ~

TGiii

Address

Note 1: Required for ‘IONSsimulation

* Reserved (f~er/don’t ~)

Telem-
etry

channel

a

.

.

.

.

.

.

.

.

T
Data start

*

Wad MSB

o 8

9

12 0

3 8

9

4> 0

len H& I-UK Sc
gth s TLM c

TL
M

Bits Rat Rate Rat
e e

1 l/8t l/8t

7 1/8 1/8

32 1/8 1/8

1 l/8t l/8t

7 1/8 1/8

32 1/8 1/8

Nae 1: Required for TONSsimulatim

1:Used for ‘IONS simulation on Ground I
2: Must begin on 16-bit Word Boundary I

7.2.9 BDU Sample Schedule Table 7Q.9

sam- Rate tlm SST~LE GATHER Scc
ple

Sche SF #in 16-b #in lti inef- Word taal inef- wcrd taal inef- wcud total

dule
EOS it EOS it fi- Coun 16bit fi- cam 16bit fi- coun 16bit

Tabl min data min data cien- ts wcxd cien- ts word cien- ts word

e Wa-d word ties ties ties in
s s 6;5 6:5 65.5

36 36 36

co 1/8 8 8 14 8 7 N 7 56
M

7.2.9

co 1/64 N 7 7

7.2;

ELliott can I gather second part of this data on another minor cycle.
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L

FrameA-part 30f3 Broad Telem- Data start len H& I-UK Sc
etry gth s TLM c

TL
M

TelemetryPoint ~ Address &~el word MSB Bits Rat Rate Rat
e e e

1. Xpndr 1FrameA Identifier s o 0 1 1/64 1/8

1. Xpndr 1Resewed s 1 1 1/64 l/8t
t

1. Xpndr 1ReeeiverOffsetFreq.Word s 2 13 1/64 1/8

1. Xpndr 1Reserved s 1 0 1 1/64 1/87
t

1. Xpndr 1MOiTCXOSelect s 1 1 1/64 1/8

1. Xpndr 1MOA/B Seleeted s 2 1 1/64 1/8

1. Xpndr 1TransmitterOffsetFreq. s 3 13 1/64 1/8
word

1. Xpndr 1Rec. 1stLO StaticPhase s 2 0 8 1/64 1/8
Error

1. ~$ 1Xmit 2st LO StaticPhase s 3 8 8 1/64 1/8

1. Xpndr2 FrameA Identifier s 4 0 1 1/64 1/8

1. Xpndr2 Reserved s 1 1 1/64 l/8t
t

1. Xpndr2 ReceiverOffsetFreq.Wad s 2 13 1/64 1/8

1. Xpndr2 Reserved s 5 0 1 1/64 l/8t
t

1. Xpndr2 MO/TCXOSelect s 1 1 1/64 1/8

1. Xpndr2 MOA/B Seleeted s 2 1 1/64 1/8

1. Xpndr2 Tbnsmitter OffsetFreq. s 3 13 1/64 1/8
Word

1. Xpndr2 Rec. 1stLO StaticPhase s 6 0 8 1/64 1/8
Error

1. Xpndr2 Xmit 2st LO StaticPhase s 6 8 8 1/64 1/8
Error

*: Rate could have been less but location forced it to different rate

NoteI: Required for TONSsimulation

h Reserved (filler/don’t ~)

NoteI: Required for TONSsimulation

1:Used for ‘IONS simulation on Ground

2:Must begin on 16-bit Word Boundary
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7.2.10 BDU Sample Schedule Table 7.2.10

sam- Rate
ple

Sche
dule
Tabl

e

Tco 1/8
M

1.2.10

Urn I SSTABLE I GATHER
sync #fi 16+ #in 16-b
hs EOS it EOS it

min data min data
wad word

s s

8 8 16 8 8

gather second part of this data on another minor cycle.

co 1/8
M

r.2.lo
1

ELliott Czu

H&S Scc

inef- word tctal inef- Word tctal inef- Word t~
fi- Coun 16bit fi- coun 16bit fi- coun 16bit

sien- ts Wd cien- ts word cien- ts word
ties ties ties

6;5 6~5 6~5
36 36 36

N 8 64

N 8 64

FrameBPartlof2 Boaxd Telem- Data stall Len H&S H/K
@Y gth Scc

TelemetryPoint m Ad- -- Wcrd MSB Bits Rate Rate Rate
chess nel

1. Xpndr 1DopplerFrequencySum s o-3 0 64 1/8 1/8

1. Xpndr2 DopplerFrequencySum s 4-7 0 64 1/8 1/8

7.2.11 BDU Sample Schedule Table 7.2.11

sam- Rate
ple

Sche
dule
Tabl

e

+

co 1/8
M

7.2.11

co 1/64
M

7.2.11

thn SSTABLE GA~R H&S Scc
sync ‘##h ~~ #~ 16_b in&. word total inef- word tcnal in~- w’~ t~hs Em it EOS it fi- Coun 16bit fi- Coun 16bit fi- coun 16bh

min data min data cien- ts word cien- ts wad cien- ts word
wad Wmi ties ties ties

s s 6;5 6:5 S*5
36 36 36

8 8 16 7 6 N 8 48

1 8 N 8 8

FrameB Part20f2 Board Telem- Data start Len H&S H/K
gth Scc

TelemetryPoint w Ad- C: Wcxd MSB Bits Rate Rate Rate
dress nel

1. Xprtdr1Channel2 TelemetryStatus s o 0 1 1/64 1/8

1. Xpndr 1Channel2 TelemetryInput s 1 1 1/64 1/8
Selected 1
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FrameB Part20f2 Board Telem- Data start Len H&S I-VK
m Scc

TelemetryPoint ‘0-W Ad- C:; Weld MSB Bits Rate Rate Rate
dress

1. Xpndr 1Channel 1TelemetryStatus s 2 1 1/64 1/8

1. Xpndr 1Channel 1TelemetryInput s 3 1 1/64 1/8
Selected

1. Xpndr 1Channel2 EncoderStatus s 4 1 1/64 1/8

1. Xpndr 1Cannel 1EncoderStatus s 5 1 1/64 1/8

1. Xpndr 1Q PN CodeStatus s 6 1 1/64 1/8

1. Xpndr 1I PN CodeStatus s 7 1 1164 1/8

1. Xpndr 1 lYansmAterAut~h. Sta- S 8 1 1/64 1/8
tus

1. Xpndr 1TmnsmitterAuto-On Status s 9 1 1/64 1/8

1. Xpndr 1Thnsmitter ModeStatus s 10 3 1/64 1/8

1. Xpndr 1Q ChannelInterleave Sta- S 13 1 1/64 1/8
tus

1. Xpndr 1‘lYammitterCoherencySta- S 14 1 1/64 1/8
tus

1. Xpndr 1‘lhnsmitter PowerStatus s 15 1 1/64 1/8

1. Xpndr 1ReceiverCurrent[moved s 1 0 8 1/64 1/8
location]

1. Xpndr 1FrameB Identifier(always s 8 1 1/64 1/8
1)

1. Xpndr 1Reserved 9 5 1/64 118*
*

1. Xpndr 1Q/l PowerRatio s 14 2 1/64 1/8
1. Xpndr 1‘lkmsmitterCurnmt s 2 0 8 1/64 1/8

1. Xpndr 1ForwardRF Power s 8 8 1/64 1/8

1. Xpndr2 Channel2 TelemetryStatus s 3 0 1 1/64 1/8

1. Xpndr2 Channel2 TelemetryInput s 1 1 1/64 1/8
Selected

1. Xpndr2 Channel 1TelemetryStatus s 2 1 1/64 1/8

1. Xpndr2 Channel 1TelemeuyInput s 3 1 1/64 1/8
Selected

1. Xpndr2 Channel2 EncoderStatus s 4 1 1/64 1/8

1. Xpndr2 Cannel 1 EncoderStatus s 5 1 1/64 1/8

1. Xpndr2 Q PN Cede Status s 6 1 1/64 1/8

1. Xpndr2 I PN Code Status s 7 1 1/64 1/8

1. Xpndr2 ‘IRmsmitterAuto-CM. Sta- S 8 1 1/64 1/8
tus

1. Xpndr2 TransmitterAutcM3nStatus s 9 ‘1 1/64 1/8

1. Xpndr2 TransmitterModeStatus s 10 3 1/64 1/8
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FrameB Part20f2 Board Telem- Data start Len
etxy 0

TelemetryPoint TY-Pc Ad- Cye; Wcxd MSB Bits
dress

1. Xpndr2 Q ChaunelInterleave Sta- S 13 1
tus

1. Xpndr2 TransmitterCoherencySta- S 14 1
tus

1. Xpndr2 TkattsmitterPowerStatus s 15 1

1. Xpndr2 ReceiverCurrentlnwved s 4 0 8
locatwn]

1. Xpndr2 FrameB Ident.itler(always s 8 1
1)

1. Xpndr2 Reserved 9 5

1. Xpndr2 Q/I PowerRatio s 14 2

1. Xpndr2 lkansmitterCurrent s 5 0 8

1. Xpndr2 ForwardRF Power s 8 8

1. Xpndr 10scillator Temperature s 6 0 8

1. Xpndr 1PowerAmplifierTempera- S 8 8
ture

1. Xpndr2 OscillatorTemperature s 7 0 8

1. Xpndr2 PowerAmplifierTempera- S 8 8
ture

‘: Rate could have been less but location forced it to differentrate
Wxe 1: Reuuired for TONSsimulation

H&S H/K
Scc

Rate Rate Rate

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/8

1/64 l/8*
*

1/64 1/8

1/64 1/8

1/64 1/8

1/64 1/64

1/64 1/64

1/64 1/64

1/64 1/64

7.2.12 BDU Sample Schedule Table 7.2.12

G
ple

Sche
dule
Tabl

e

=
M

.2.12

x
M

.2.12

iiz-

-iii-

1/64

Urn I SSTABLE 1 GATHER 1
sync #fi 16+ #in 161) y- yghs EOS it EOS it -

min data min data cien- ts
wed word ties

s s

8 64 2 64 1 Y 1

H&S Scc

ta.al inef- wcrd tual inef- Word total
16bit fi- coun 16bit fi- coun 16bit
Wod cien- ts word cien- ts word

ties ties
a:5 tires 6:5
36 36 36

64

Y 1 1

Inefficiency very high
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5. SCC-1 OK signal PB 4 0 1 1/64 1/1

Reserved PB 1-7 7 1/64 1/1

5. SCC-2 OKsignal PB 8 1 1/64 1/1

Reserved PB 9-15 7 1/64 1/1

App -77



BUT Working Notes
August 1993

8 MODIS BDU

8.1 Scc closed Loop

Not Applicable

8.2

8.2.1 BDU Sample Schedule Table 8.2.1

1/8 WK Wordcount=2
1/64 H/K, H&S Wordcount=3
hidden inefficiencies: see ReserverdPB both on 1/8 and l/6A odd number of 8 bits

v PRIMESide Board Te- Data start Le H&S H/K Scc
0 Redundant Ad- leme- Wad MSB n:
t dress ~
e TelemetryPoint TYP chan- Bit Rate Rate Rate

e nel s

1 BDU-MODISEPC ilp currentl M o 8 1/64 1/8

1 BDU–MODISEPC tip current2 AA 8 1/64 1/8

1 BDU-MODISHeaterControlRelay PB 1
status2

o 1 1/64 1/8

1 BDU-MODISHeaterControlRelay PB 1 1 1164 1/8
status2

Reserved PB 2-7 6 1/64 1/8

1 BDU-MODISTemperature PA 1 8 1/64 1/64

1 BDU-MODISTemperature PA 2 8 1/64 1/64

Nae:
1 EOS-DN-RES427 1.2.6.1 BDU data
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9 ASTER BDU

9.1 Scc closed hop

Not Applicable

9.2

9.2.1 BDU Sample Schedule Table 9.2.1

1/8 HfK Wordcount=2
1/64 WK, H&S Word count=3
hidden inefficiencies: see Reserverd PB both on 1/8 and l/6~ odd number of 8 bits

v PRIMESide Board Te- Data start IA H&S I-UK Scc
0 Redundant Ad- leme- Wwd MSB “f
t dress ~
e TelemetryPoint TYP chan- Bit Rate Rate Rate

e nel s

1 BDU-ASTEREPC ilp currentl AA o 8 1/64 1/8

1 BDU–ASTEREPC iip cument2 m 8 1/64 1/8

1 BDU–ASTERHeaterControlRelay PB 1 0 1 1/64 1/8
Status2

1 BDU-ASTERHeaterControlRelay PB 1 1 1/64 1/8
status2

Reserved PB 2-7 6 1/64 1/8

1 BDU-ASTERTemperature1 PA 1 8 1/64 1/64

I BDU-ASTERTemperatum2 PA 2 8 1/64 1/64

We:
EOS–DN–RES427 1.2.6.1 BDU data
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10 MOPITT/CERES~HR BDU

10.1 Scc closed Loop

Not Applicable

10.2

10.2.1 BDU Sample Schedule Table 102.1

1/8 I-UK Wordcount=2
1/64H/K,H&S Wordcount=3
hidden inefficiencies: see ReserverdPB both on 1/8 and 1/64 odd number of 8 bhs

u PRIMESide Board Te- Data start l-e H8cS H/K Scc
0 Redundant Ad- leme- Wmi MSB “$
t dress ~
e TelemetryPoint VP chan- Bit Rate Rate Rate

e nel s

1 BDU-MOPI’IT/CERES/IVllSREPC tip AA o 8 1/64 1/8
cummt1

1 BDU-MOPI’IT7CEREWMISREPC itp M 8 1/64 1/8
curmnt2

1 BDU-MOPIT’IVCERESRVIISRHeater PB 1 0 1 1/64 1/8
Cent.mlRelay Status2

1 BDU-MOP~/CERESIMISR Heater PB 1 1 1/64 1/8
ControlRelayStatus2

Reserved PB 2-7 6 1/64 1/8

1 BDU-MOPITTICEREWVIISRTempec- PA 1 8 1/64 1/64
aturel

1 BDU-MOPITTICERES/IVfISRTemper- PA 2 8 1/64 1/64
ature2

we
EOS-DN-RES-027 1.2.6.1 BDUdata
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11 Recorder Equipment BDU

I-UK H&S I KSA [ DSA

I
SFE SSR

34

,25 ,125

G

%
1/64

samp-
le

Sche
dule
lhble

=
11.2.1

1 2

word total I-UK
CQunt 16bit H&S

s word
.

65:53
6

(5.5) 6 2,75 2.375

7 7 1 1.5

6 6 .5

—

4 4 1 1

inef- word total tlrn
fi- Count 16bit sync

cien- S word hs
ties

.

6?53”
6

Y 6 48 4
16 (5.5)

Y 5 40 -
3

Y 5 40 -
3

Y 7 56 1
1

Y 6 48 1
1

N 6 48 -

N 5 40 -

N 4 4 0

inef-
fi-

cien-
cies

tlrn
sync
hs

4 Y
3.5

t
5REc

11.2.2

E
11.2.3

E
11.2.4

E
11.2.5

1/8
—

1

5l/8,-

%
1/64

m
1/64

1

T
1/8

T
1/16

+=

4.5

5.5

1.5 4.5

1

1

REc
11.2.6

1/8 1 —

z.5 4.5

2

REc
11.2.7

=
11.2.8

1/8
—

x
1/64

-R

23 3.75 4.375 12.25 19.125
*8 *8 *8 *8

— . . —
1*1 1*1 1*2
— —

31 36 98 155

2.75 2.375 .25 .125
1.00 1.500 4.500
1,00 .500 5.500

1.000 2.000
— — — —
4.750 5.375 .25 12.125
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REC BDU—forbus utilization analysis
BDU SS 1/8 TLM Gather
1 @7.5wc (@5.5wc
3 @5.5wc @5wc
1 @7.5wc (@7wc
1 @6.5wc @6wc
1 @5.5wc @5wc
BDU SS 1/64
1 @4wc @4wc

App -82



BUT Working Notes
August 1993

c

REC BDUfor BandwidthAnalysis

Naes Column H/K H&S

DN– 16-bit Actuals DN- 16-bit Actuals
RES-027 wmdd65.53 RES-027 word#65.5

6 seconds 36 seconds

KSA 9 36.9 31 1.3 5.3 4.75
under under

5.9 .55

DAS 9 36.9 36 1.3 5.3 5.375
under over

.9 .075

SFE 14 57.3 98 .06 .3 .25
over under
40.7 .5

SSR 29.19 119.6 155 6.27 25.7 12.125
over35.4 under

13.575

totalfor REC BDU 61.19 253.7[1] 324 8.93 36.6[1] 23
over under
70.3 13.6

Nae Columm
1 DN-RES-027 RevE, 1.2.5.3,COMS,Ku–bandSingleAccess(KSA)ModulatcxTelemetryList

2 DN–RES-027RevE, 1.2.5.4,COMS,DireztSingleAccess(DSA)ModulatmTelemetry

3 DN-RES-027 RevE, 1.2.6.4,C&DH,ScienceFormattingEquipment(SFE)@R)

SFEdelta cost withupdate 1–2monthswill impactthis telemeq data-as of July 7, 1993per Jce Sansino

Founddifferences:
Onlyone of the two serialinterfaceswasaccountedfor.
Also,the temperatureand supplyvoltagesweretreatedas serialbut shoulhavebeen analog

4 DN–RES-027RevE, 1.2.6.5,and 1.2.6.6.,C&DHS,SolidstateRtxrder

differences
an updateof individualdatahas beenincorporated,

[1]
I-UK
(61.19”65.536)/ (16)= 253.78wordsper EOSminute
H&S
(8.93*65.536)/ (16)= 36.6wordsper EOS minute

11.1 Scc closed Loop

NIA
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11.2 Telemetry

11.2.1 BDU Sample Schedule Table 11.2.1

Ku–bandSingle Access (KSA)ModulatorTelemetry: There are two point-tc+point I/O interfaces
with the BDU. Each is representedbelow.

DAS Modulator TelemetryList There are two point-to-point I/O interfaceswith the BDU. Each
is representedbelow.

samp-
le

Sche
dule
Tabl

e

REc
11.2.1

=
11.2.1

=

1/8

1/64

m

thn
sync
hs

4

Kii

SSTABLE

+

#in l~b
EOS it
min data

wad
s

8 16

PB reserved

GATHER I H/K H&S I Scc
1

#in 16-b inef- Word
EOS it fi- coun
min data cien- ts

word ties
s

8 6 Y 6J
total inef-
16bit fi-
word cien-

cies
6%
36

48

Y

word total inef- word tual
coun 16bit fi- ccun 16bh

ts word cien- ts word
ties

6:5 ti:5
36 36

6 6

samp-
le

Sche
dule

Table

REc
11.2.1

Rate

1/8
1/64

H/K I H&S

thn
sync
hs

n

inef- word total tlrn inef- word total
fi- Count 16bit sync fi- COunt 16bit

cien- S word hs cien- S word
ties ties

6:53 65:53
6

G.

Y 6 44 4 Y 6 6
16 3.5

‘MA DSA SEE SSR
1 2 3 4

H&S

2.75 2.375 ,25 .125
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I I I I I I I 2.7512,375 I .251 ,125

H/K-=1tlm gather request * 8 major cycles* 6 l~bit data words
ineftlciencies:7 bits per telemetry gatherKSA-1

7 bits per telemetrygatherKSA-2
7 bits per telemetry gatherDAS-1
7 bits per telemetry gatherDAS–2
ODD Number of 8 bits returned

H&S=l tlm gather request* 1 major cycles * 6 16-bit data words
inefficiencies:7 bits per telemetg gather

7 bits per telemehy gatherKSA–2
7 bits per telemetrygatherDAS-1
7 bits per telemetry gatherDAS-2
ODDNumber of 8 bits returned

i
o
t
e

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

Data

Wor
d

Length H&S H/K Scc

Bits Rate Rate Rate

1/64 1/8

+

Board Telem-
etry

Ad- Chan-
dress nel

start

MSBTelemetryPoint

KSAM-1 tlm synch

KSAM-1 ModulatorMcxie(1 or s
PN)l

KSAM-1 Input Clock Switch s
KSAM-1 IF CarrierPhaseLak s

o 0 1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

7 1/64 1/8

1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

1 1/64 1/8

KSAM-1 150MHzPLL Status s

KSAM-1 On-LineAStandbyStatus s

3

4

KSAM-1 EPC 1Fail Status s

KSAM-1 EPC 1Fail Status s

KSAM-1 EPC 2 Fail Status s
KSAM-1 EPC 2 Fail Status s

KSAM-1 ReservedTelemeuy s

KSAM-2 tlm synch

KSAM-2 McdulatorMcxie(1 or s
PN)l

KSAM-2 Input ClockSwitch s

-i -6

-i
-7KSAM-2 IF CarrierPhase Lock Is

1

1 1/64 1/8

1 1/64 1/8
1

KSAM-2 EPC 1Fait Status s

KSAM-2 EPC 2 Fail Status s 7 1 I 1/64 I 1/8 I I
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N Board Telem- Data start Length H&S H/K Scc

0 etry

t TelemetryPoint m A~- Cye; w’: MSB Bits Rate Rate Rate
e dress

1 KSAM-2 EPC 2 Fail Status s 8 1 1/64 1/8

KSAM-2 ReservedTelemeuy s 9-15 7 1/64 1/8

DAS-1 tlm synch 1/64 1/8

2 DAS-1 ModulatorOutputSwitch s 2 0 1 1/64 1/8

2 DAS-1 Malulator Mode (1,2,3or s 12 2 1/64 1/8
PN)

2 DAS-1 ModulatorInput Clock s 3 1 1/64 1/8
Switch

2 DAS-I McdulatorIF CarrierPhase s 4 1 1/64 1/8
Lock

2 DAS-1 Modulator150MHzPLL s 5 1 1/64 1/8
status

2 DAS-1 Modulator210 MHzPLL s 6 1 1/64 1/8
status

2 DAS-1 ModulatorEPC 1 Fail Status s 7 1 1/64 1/8

2 DAS-1 ModulatorEPC 2 Fail Status s 8 1 1/64 1/8

DAS-1 ReservedTelemetry s 9-15 7 1/64 1/8

DAS-2 tlm synch 1/64 1/8

2 DAS-2 ModulatorOutputSwitch s 3 0 1 1/64 1/8

2 DAS-2 McchdatorMode (1,2,3or s 1 2 1/64 1/8
PN)

2 DAS-2 ModulatorInput Clcck s 3 1 1/64
Switch

1/8

2 DAS–2ModulatorIF CarrierPhase s 4 1 1/64 1/8
Lock

2 DAS-2 Modulator150MHzPLL s 5 1 1/64 1/8
status

2 DAS-2 Modulator210 MHzPLL s 6 1 1/64 1/8
Status

2 DAS-2 ModulatorEPC 1Fail Status s 7 1 1/64 1/8

2 DAS-2 ModulatorEPC 2 Fail Status s 8 1 1/64 1.8

DAS-2 ReservedTelemetry s 9-15 7 1/64 1/8

1 KSAM-1 EPC 1 Power Status PB 4 0 1 1/64 1/8

1 KSAM-2 EPC 1 Power Status PB 1 1 1/64 1/8

2 DASModulatorHeatercontrolrelay PB 2 1 1/64 1/8
status 1

2 DAS MtxIulatorEPC 1Power Sta- PB 3 1 1/64 1/8
tusl
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N Board Telem- Data start Length H&S WK Scc

0 etry

t TelemetryPoint m A~- chan- Wa MSB Bits Rate Rate Rate
e dress nel d

2 DASModulatorEPC 1 PowerSta- PB 4 1 1/64 1/8
tus2

3 SFEA power On/Off PB 5 1 1/64 1/8

3 SFEHeatercontrolrelaystatus 1 PB 6 1 1/64 1/8
*(sharedwith KSAmodtdamr)

4 DCU-1 PowerStatus (ordoff) PB 7 1 1/64 1/8

1 KSAN-I EPC 2 Power Status PB 4 0 1 1/64 1/8

1 KSAM-2 EPC 2 Power Status PB 1 1 1/64 1/8

2 DASModulatorHeatercontrolrelay PB 2 1 1/64 1/8
status2

2 DAS ModulatorEPC 2 PowerSta- PB 3 1 1/64 1/8
tusl

2 DAS ModulatorEPC 2 PowerSta- PB 4 1 1/64 1/8
tus2

3 SFE B PowerOn/Off PB 5 1 1/64 1/8

3 SFEHeatercontrolrelay status2 PB 6 1 1/64 1/8
*(sharedwithKSAmodulator)

4 DCU–2PowerStatus (on/of~ PB 7 1 1/64 1/8

1 KSAM-1 EPC 1 Input Current AA 5 8 1/64 1/8

1 KSAM-2 EPC 1 Input Current AA 8 1/64 1/8

Nae Column:
1 DN-RES-027 RevE, 1.2.5.3,Ku-band SingleAccess(KSA)ModulatorTelemeuyList

2 DN-RES-027 RevE, 1.2.5.4,DirectSingleAccess(DSA)ModulatorTelemetry

3 DN-RES-027 RevE, 1.2.6.4,ScienceFormattingEquipment(SFE)(TBR)

SFEdeltacost with update 1–2monthswill impactthis telemetrydata-as of July 7, 1993per Joe Sansino

Founddifferences:
only one of the two serial interfaceswas accountedfa.
Also,the temperatureand supplyvoltagesweretreatedas serialbut shoulhavebeenanalog

4 DN-RES-027 Rev E, 1.2.6.5,and 1.2.6.6.,SSR (T13R

differences:
anupdateof individualdata has been incorporated,it was withinthe bandwidthallocationof the DN-RES-027
REVE

11.2.2 BDU Sample Schedule Table 11.2.2

ScienceFormatting Equipment (SFE) (TBR):The SFE A and SFE B each have a point-t-point
I/O serial interface with the Recorder BDU.
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H&S SccSSTABLE GAHsam-
ple

Sche
dule
Tab]

e

Rate tlm
sync
hs

KG

$a
wad

s

inef-
fi-

cien-
cies

word
Coun

ts

ZEi
16bit
word

;5
36

wad
Coun

ts

K
EOS
min

#in
EOS
min

16-b

d:
word

s

inef-
fi-

cien-
cies

word
Coun

ts

total
16bit
Wd

6;5
36

inef-
fi-

cien-
cies

Kid
16bit

6;5
36

REc
11.2.2

1 8 11 8 5 Y 5 401/8

IREc
11.2.2

IINEFFICIENCIES:
I PB reserved

Ri
2

G
ple

Sche
dule
Table

Rate

x
sync
hs

inef-
fi-

cien-
cies

Y
3

x
16bit
word

65?53
6

40

inef-
fi-

cien-
cies

%bit t

word
count

s

?

8 ma.

tlm
sync
hs

word
Count

s

total
16bit
word

65:53
6

--1-
-iiiz—1/8
11.2.2 -

1

m

H/K-1 tlm gather Rquest * Ircycles-
inefficiencies: 3 bits per tlm gather

ata words

N
o

t TelemetryPoint
e

I Board Telem- Data Stalt Length

}

H&S
euy

Chan- Wa MSB Bits Rate
nel d

+

Scc

Rate RateIW Ad-
dress

SFEtlm synchA

3 SFE A Bus ControllerStatus
111 -1-

+t-

-1
0 8 -

8 -

St
3 SFE A CHI KSA Connection

3 SFE A CH2 KSA Connection -#-- -+-

, 1 , 1

I 11 I 81 -

3 SFE A CH1DAS Connection

3 SFE A CH2 DAS Connection

*

s
s
s

8 -

2 8 -

8 -

3 8 -

8 -

4 0 1 -

1 1 -

+-k
3 ISFE A InternalFunctionStatus

TI3 SFE A High Rate interface
I

s
Performance

$1/8

1/8

3 SFE A ScienceBus Performance s

3 SFE A High rate interfaceStatus 1 s
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N Bored Telem- Data start Length H&S H/K Scc
0 etry

t TelemetryPoint T’YPe A~- Cye; w: MSB Bits Rate Rate Rate
e dress

3 SFE A Highrate intexfaceStatus3 s 2 1 - 1/8

3 SFE A Highrate interfaceStatus4 s 3 1 - 1/8

3 SFE A Highrate interfaceStatus5 s 4 1 - 1/8

3 SEA H@ me interfaceStatus6 s 5 1 - 1/8

3 SFE A Highrate interfaceStatusi’ s 6 1 - 1/8

3 SFE A Highrate interfaceStatus8 s 7 1 - 1/8

3 SFE A ScienceBus Status s 8 1 - 1/8
(kbud&bus primary sndBCstub)

3 SFE A KSAModulatorStatus s 9 1 - 1/8
(A-side/B-side active)

3 SFE A DASModulatorStatus s 10 1 - 1/8
(A-side/B-side active)

3 SFE A Built-in TestFlag (GdNo s 11 1 - 1/8
Go)

3 SFE A ClockPresentStatus(On/ s 12 1 – 1/8
Off)
Reserved 13 3 - 1/8

Nae Colurmx
1 DN-RES-027 RevE, 1.2.5.3,Ku-band Single Access(KSA)ModulatcxTelemetryList

2 DN–RES-027RevE, 1.2.5.4,DirectSingleAcsess (DSA)ModulatorTelemetxy

3 DN-RES-027 RevE, 1.2.6.4,ScienceFormattingEquipment(SFE)(TBR)

SFEdeltacost with update 1-2 monthswill impactthis telemetxydata-as of July 7, 1993per Jce Sansino

Founddifferences:
Onlyoneof the two serirdinterfaceswas accountedfcr.
Also,the temperatureand supplyvoltagesweretreatedas smia.1but shoulhavebeenanalog

processingNUes:
Tlmsynchandfirst readoutof 8 bits canoccurin adjacentBDUtelemetrycontrolwordsin the sametable.

11.2.3 BDU Sample Schedule Table 11.23

Science FormattingEquipment(SFE) (TBR): The SFE A and SFE B each have a point-t-point
I/O serial intexfacewith the Recorder BDU.
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sam- Rate thn SSTABLE GATHER H/K H&S Scc
ple sync #~ ~~b #~ 16+ ~(f. word t@ inef- Wcn-dK@ ~ef- W’ord t~Sche hs
dule

EOS it EOS it fi- Coun 16bit fi- coun 16bit fi- Coun 16bit

Tabl min data min data cien- ts word cien- ts Wd cien- ts word

e
wad word ties ties ties

s s 6;5 6:5 6;5
36 36 36

REc 1/8 1 8 11 8 5 Y 5 40
1.2.3

REc -
1.2.3

NEFFICIENCIES:
PB reserved

sam- Rate I-UK H&S KSA DSA SFE SSR
ple 1 2 3 4

Sche
dule

tlrn inef- word total tlrn inef- word total H/K

Thble
sync fi- Count 16bit sync fi- Count 16bit H&S
hs cien- S wad hs cien- S word

ties ties
6?53 65:53

6 6

REc l/8,- 1 Y 5 40 - - - - 5
11.2.3 3

—

H/K-1 tlm gather request* 8 major cycles * 5 16-bit data words
inefficiencies:3 bits per tlm gather

N Board Telem- Data start Length H&S I-UK Scc
0 w

t TelemetryPoint m Ad- chan- Wa MSB Bits Rate Rate Rate
e dress nel d

3 SFE B Bus ControllerStatus s o 8 - 1/8

3 SFE B CH1 KSAConnection s 8 - 1/8

3 SFE B CH2 KSA Connection s 1 8 - 1/8

3 SFE B CH1 DAS Connection s 8 - 1/8

3 SFE B CH2 DAS Connection s 2 8 – 1/8

3 SFE B InternalFunctionStatus s 8 - 1/8

3 SFE B ScienceBus Perfonnancc s 3 8 – 1/8

3 SFE B HighRate interface s 8 – 1/8
Perfomtance

3 SFE B Highrate interfaceStatus 1 s 4 0 1 - 1/8

3 SFE B High rate interfaceStatus2 s 1 1 - 1/8

3 SFE B Highrate interfaceStatus3 s 2 1 - 1/8
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c

N Boaxd Telem- Data start Length H&S H/K Scc
0 etry

t TelemetryPoint m Ad- c~- W: MSB Bits Rate Rate Rate
c dress nel

3 SFE B High rate interfaceStatus4 s 3 1 - 1/8

3 SFE B High rate interfaceStatus5 s 4 1 - 1/8

3 SFE B High rate interfaceStatus6 s 5 1 - 1/8

3 SFE B High rate interfaceStatus7 s 6 1 - 1/8

3 SFE B High rate interfaceStatus8 s 7 1 - 1/8

3 SFE B ScienceBus Status s 8 1 - 1/8
(fi-budkt)us primsry sndBCstub)

3 SFE B KSA ModulatorStatus s 9 1 – 1/8
(A-sideJB-sideactive)

3 SFE B DAS ModulatorStatus s 10 1 - 1/8
(A-siddB-side active)

3 SFE B Built-in TestFlag (Go/No s 11 1 - 1/8
Go)

3 SFE B Ckxk PresentStatus (On/ s 12 1 - 1/8
off)

Reserved 13 3 - 1/8

Nae Colunux
1 DN-R.ES-027Rev E, 1.2.5.3,Ku–bandSingleAccess(KSA)ModulatffTelemeuyList

2 DN–RES-027Rev E, 1.2.5.4,DirectSingleAccess(DSA)ModulatorTelemeuy

3 DN-RES-027 Rev E, 1.2.6.4,ScienceFormattingEquipment(SFE)(TBR)

SFEdeltacost withupdate 1-2 monthswill impactthis telemetrydata-as of July 7, 1993per Joe Sansino

Founddifferences:
Onlyone of the two serial interfaceswas accountedfor.
Also,the temperahre and supplyvoltagesweretreatedas serialbut shoulhavebeenanalog

Proxssing Naes:
Ilm synchand first readoutof 8 bits can cccur in ad~cent BDUtelemetrycontrolwordsin the sametable.

11.2.4 BDU Sample Schedule Table 11.2.4

Solid State Recorder (SSR) (T13R):The SSR A and SSR B each have a point-to-point I/O serial
interface with the Recorder BDU.

sam-
ple

Sche
dule
Tabl

e

Rate Urn SSTABLE GATHER H/K H&S Scc
sync ##h ~~b #~ 16_b jnef. w~d t~ inef- word tall inef- w~d t~hs EOS it EOS it fi- coun 16bit fi- coun 16bit fi- coun 16bit

min data min data cien- ts word cien- ts word cien- ts word
word word ties ties ties

s s 6?.5 6:5 6;5
36 36 36
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L

REc 1/8 1 8 15 8 7 Y 7 56
11.2.4

REc 1/64 Y 7 7
11.2.4

INEFFICIENCIES:
I PB reserved I

T Ei=E-
3

sam-
ple

Sche
dule
Table

x
11.2.4

m

Rate I H&S

G
fi-

cien-
cies Q

total tlm inef-
16bit sync fi-
word hs cien-

cies
65;3

6
56 1 Y

1/8

ZGr
16bit
word.

65!53
6

7 T
H&S

1 1.5

tlm
sync
hs

word
:ount

s

word
:Ount

s

1/8
1/64

Y
1

4.5

4.5
1 ,

mcycles * 7 I&bit I ,ta wordstlm gather request
!neftlciencies:2 bits per tlm gather
3&S=l tlm gather request* 1 major cycles * 7 1&bit data words
nefflciencies: 2 bits per tlm gather

N
o
t TelemetryPoint
e

DCU–1Tlm Synch A

4 DCU–1OperatingMode

BoaRI Telem- Data
etry

m Ad- Ch~- Word
e dless nel

s 0

s

s

s

MSB

– 1/64 1/8

16 1/64 1/8

32 1/64 1/8

8 1/64 1/8

10 1/64 1/8

2 1 1/64 1/8

3 1 1/64 1/8

4 1 1/64 1/8

5 1 1/64 1/8

4 DCU-1 ErrorCorrectionActivity

4 DCU-1 BIT BER Result

DCU-1 SFEDCU–DMUInterface
Config

4 DCU-1 CommandError Status

4 DCU-1 BIT Result (GOINOGO)

4 DCU–1SFE RecordClockPresent

4 DCU-1 SFE PlaybackClockPresent

4 Reserved

1 KSAIVI-1 WC 2 Input Current

++-+

s

1
AA
AA 2

AA

6,7 1 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8

1 KSAM-2 EPC 2 Input Current

2 DAS-1 ModulatorEPC 1Input Current

2 DAS ModulatorEPC 2 Input Cument

2 DAS ModulatorEPC 2 Input Current

8 1/64 1/8

8 1/64 1/8
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c

N Board Telem- Data start Length H& H/K Scc

0 etry s

t TelemetryPoint m Ad- Ch:; word MSB Bits Rate Rate Rate
e e dress

NoteColurnm
1 DN-RES-027 RevE, 1.2.5.3,Ku-band Single Access(KSA)ModulatcrTelemeuyList

2 DN-R.ES-027RevE, 1.2.5.4,DirectSingleAccess(DSA)ModulatorTelemetry

3 DN-RES-027 RevE, 1.2.6.4,ScienceFormattingEquipment(SFE)(TBR)

SFEdeltacost withupdate 1-2 monthswill impactthis telemetrydata-as of July 7, 1993per Joe Sansino

Founddifferences:
Onlyone of the two serialinterfaceswas accountedfcc
Also,the temperatureand supplyvoltagesweretreatedas serialbut shotdhave beenanalog

4 DN-RES-027 RevE, 1.2.6.5,and 1.2.6.6.,SSR (TBR)

differences
anupdateof individualdatahas beenincorporated,it waswithinthe bandwidthallocationof the DN–RES-027REV E

PrcmssingNues:
Tlmsynchandfirst readoutof 8 bits can recur in adjacentBDUtelemetxycontrolwordsin the sametable.
TlmsynchA and Tlm synchB will be used to havethe outputregixterreflectthe two different~gistem. Thereis one
registerfcr regularI-UKtelemeuy. Thereis anotherfor the TrickleTIMpoints-data fieldsarememorypowerMap,
BufferPointer locations,supersetutilizationMap, supersetqualitymap.

11.2.5 BDU Sample Schedule Table 11.2.5

Solid State Recorder (SSR) (TBR):The SSR A and SSRB each have a point-t-point I/O serial
interface with the RecorderBDU.

sam- Rate tlm SSTABLE GATHER I H&S I Scc
ple sync #~ l~b #~ 16-b inef- wordSche hs
dule

EOS it EOS it fi- coun

Tabl min data min data cien- ts

e
wad word ties

s s

REc 1/8 1 8 13 8 6 Y 6
11.2.5

REc 1/64
11.2.5

INEFFICIENCIES:
PB nxerved

t(xal inef- word taal inef- Word tclal
16bit fi- Coun 16bit fi- coun 16bit
word cien- ts word cien- ts word

ties ties
6?.5 6:5 6?5
36 36 36

48

Y 6 6
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a

sarn- Rate H/K H&S KSA DSA SFE SSR
ple 1 2 3 4

Sche tlm inef- word total tlm inef- word total H/K
dule

Thble
sync fi- Count 16bit sync fi- Count 16bit H&S
hs cien- S word hs cien- S word

ties ties
65753 65y53

6 6

REc 1/8 1 Y 6 48 1 y 6 6 .5 5.5
11.2.5 1/64 1 1/16

.5 5.5

H/K-l tlm gather request * 8 major cycles* 7 ltiit data words
inefficiencies: 1 bits per tlm gather
H&S=Eltlm gather request* 1 major cycles * 7 16-bit data words
inefllciencies: 1 bits per tlm gather

N
o

It TelemetryPoint
e

1

IDCU-2 Tlm SynchA

4 DCU-2 OperatingMode

4 DCU–2EtTorCmection Activity

4 IDCU-2 BIT BER Result

4 DCU–2SFE DCU-DMU Interface
Config

4 DCU-2 CommandEITorStatus

4 DCU-2 BIT Result (GOINOGO)

4 DCU-2 SFE Recotd ClockPresent

4 DCU-2 SFE PlaybackClockPnxent

4 Resemed

4 DCU–1Input line cument

4 DCU-2 Input line cument

2 DAS-2 Modulaux EPC 1Input Cument

s

s
T

s
-F

1
Beard Telem-

etry

Ad- Chan-
dress nel

1
I

*

Data

Wofd

0
1,2

3

start Length H& I-UK Scc
s

MSB Bits Rate Rate Rate

- 1/64 1/8 “

o 16 1/64 1/8

32 1/64 1/8

8 1/64 1/8

10 1/64 1/8

3 1 1/64 1/8

4 1 1/64 1/8

5 1 1/64 1/8

6 1 1/64 1/8

7 1 1/64 1/8

8 1/64 1/8

8 1/64 1/8

8 1/64 1/8
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N Board Telem- Data start Length H& H/K Scc

0 etry s

t TelemetryPoint m Ad- chan- w~ MSB Bits Rate Rate Rate
e e dress nel

Nae Cohnnn:
1 DN-RES-027 RevE, 1.2.5.3,Ku-band SingleAccess(KSA)ModulakxTelemeuyList

2 DN-RJ3S-027RevE,.1.2.5.4,DirectSingleAccess(DSA)ModtdatcxTelemetry

3 DN-RES-027 RevE, 1.2.6.4,ScienceFormattingEquipment(SFE)(TBR)

SFE deltacost withupdate 1-2 monthswill impactthis telemetrydata-as of July 7, 1993per Joe Sansino

Founddifferences:
Onlyone of the two serialinterfaceswas accountedfw.
Also,the temperatureand supplyvoltagesweretreatedas serialbut shoulhavebeenanalog

4 DN–RES-027RevE, 1.2.6.5,and 1.2.6.6.,SSR

differences:
anupdateof individualdatahas beenincmporated,it was withinthe bandwidthallocationof the DN-RJZW327REVE

Prwessing Nues:
Tlmsynchandfirstreadoutof 8 bits canoccurin adjacentBDUtelemetrycontrolwordsin the sametable.
T’lmsynchA andTlm synchB will be used to havethe outputregixterreflectthe two differentregistem. Thereis one
registerfor regularH/Ktelemetry. Thereis anotherfor the TrickleTIMpoints-data fieldsare memorypowerMap,
BufferPointerlcations, supersetutilizationMap, supersetqualitymap.

11.2.6 BDU Sample Schedule Table 11.2.6

Solid State Recorder(SSR) (TBR): The SSR A and SSR B each have a point-to-point I/O serial
interface with the RecorderBDU. ‘lkickleTelemetry (Telemetry Synch B) -

sam- Rate tlm SSTABLE GATHER H&S Scc
ple sync ‘#~ 16_b #~ 1~ i@’. word t~ inef- wmd total inef- Word taal

Sche hs
dule

EOS it EOS it fi- Coun 16bit fi- coun 16bit fi- Coun 16bit

Tabl rnin data min data cien- ts word cien- ts word cien- ts word

e
wcrd word ties ties ties

s s 6?5 6?5 6!5
36 36 36

REc 1/8 1 8 13 8 6 Y 6 48
11.2.6

REc -
11.2.6

INEFFICIENCIES:
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G
ple

Sche
dule

Table

iGF

4
REc 1/8

11.2.6 -

I-UK H&S I KSA

E
tlm inef- word
sync fi- Count
hs cien- s

ties

1N6

1 1

I I

H/K-l t.lmgather request* 8 maj
inefficiencies:None

ntotal tlm inef-
16bit sync fi-
word hs cien-

cies
6;>3

1 m

I I
~rcycles * 5 ltiit {

word total H/K
count 16bit H&S

s word

65!53
6

ata words

DSA SFE SSR
2 3 4

1.5 4.5

—

N
o
t
e

4

4

4

3

3

3

No
1

Board Telem- Data start Length H& H/K Scc
m s

TelemetryPoint w Ad- Cqe; w~ MSB Bits Rate Rate Rate
dress

DCU-1 TelemetrySynchB — - 1/8

DCU–1ID field s o 0 3 - 1/8
identifies1 of 5 TLM points

DCU-1 ID ReadoutSequence s 3 6 - 1/8
Identifiesdata segment

,DCU-1 DataField s 8 63 - 1/8

tSFEA InternalTemperzmm SPA 8 8 - 1/8

SFEB InternalTemperature Sa 5 8 - 1/8

SFE A hternzd Power Supp]y vO&t&S SAA 8 - 1/8

te Colurmx
DN-RES-027 Rev E, 1.2.5.3,Ku-band SingleAccess(KSA)ModulatorTelemetryList

2 DN-RES-027 Rev E, 1.2.5.4,DirectSingleAccess(DSA)Modulatorlklemetry

3 DN-RES-027 Rev E, 1.2.6.4,ScienceFormattingEquipment(SFE)(T’BR)

SFE deltacat with update 1-2 monthswill impactthis telemetg data-as of July 7, 1993per Joe Sansino

Founddifferences:
Onlyone of the two serialinterfaceswasaccountedfa.
Also,the temperatureand supplyvoltagesweretreatedas serialbut shoulhavebeen analog

4 DN-RES-027 Rev E, 1.2.6.5,and 1.2.6.6.,SSR

difference%
an updateof individualdatahas beenincorporated,it was withinthe bandwidthallocationof the DN-RES-027 REV E

ProcessingNaes:
Tlm synchand first readoutof 8 bits cancxcurin adjacentBDUtelemetxycontrolwords in the sametable.
Tlm synchA and Tlm synchB will be used to havethe outputregixterreflectthe two differentregistem. There is one
‘egisterfcr regularH/K telemetry. Thereis anotherfor the TrickleTIMpoints+iata fields arememorypowerMap,
BufferPointerlocations,supersetutilizationMap, supersetqualitymap.
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11.2.7 BDU Sample Schedule Table 11.2.7

Solid State Recorder (SSR) (TBR):The SSR A and SSR B each have a point-t~point I/O serial
intetface with the RecorderBDU. ‘hickle Telemetry (Telemetry Synch B)

sam-
ple

Sche
dule
Tabl

e

iiEE
11.2.7

E
11.2.7

m

Rate I tlm
sync
hs

T1/8 1

I
1

SST
K
EOS
min

8

BLE

it
data
wcrd

s

T

GAI’HER

#in 1&b inef- word
EOS it fi- coun
min data cien- ts

word ties
s

8 6 Y 6

taal
16bit
word

6?.5
36

H&S I
inef- word t(xal inef-
fi- coun 16bit fi-

cien- ts word cien-
cies ties

6?5
36

Scc
word
coun

ts

t(xal
16bit
word

6:5
36

Sam-I Rate I H/K H&S I KSA
ple

Sche
dule
Table

REc

11.2.7

tlrn inef- word
sync fi- count
hs cien- S

ties

1/8 1 N 5

total
16bit
word

6;>3
6

40

urn
sync
hsE

inef-
fi-

cien-
cies

word
count

s

total
16bit
word

65:53
6

WK=l tlm gather request* 8 major cycles * 4 l~bit data words

1

H&S

DSA SFE
2 3

.5

SSR
4

4.5

—

N Board Telem- Data start Length H& H/K Scc
0 etry s

t TelemetryPoint TYP Ad- c~- Word MSB Bits Rate Rate Rate
e e dress nel

DCU-2 TelemeuySynchB — - 1/8

4 DCU-2 ID field s o 3 – 1/8
identifies1of 5 TLM points

4 DCU-2 ID ReadoutSequence s 6 - 1/8
Identifiesdatasegment

4 DCU-2 DataField s 0,3 63 - 1/8

3 s~. .Power DD]VVol= S.A 3 8 - 1/8
A
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c

N Board Telem- Data start Length H& H/K Scc
0 etry s

t TelemetryPoint m Ad- ye~ word MSB Bits Rate Rate Rate
e e dress

Nae Column:
1 DN-RES-027 Rev E, 1.2.5.3,Ku-band SingleAccess(KSA)ModulatcrTelemetryList

2 DN-RES-027 Rev E, 1.2.5.4,DirectSingleAccess(DSA)ModulatorTdemeq

3 DN-RES-027 Rev E, 1.2.6.4,ScienceFormattingEquipment(SFE)(TBR)

SFEdeltacost withupdate 1-2 monthswill impactthis telemetrydata-as of July 7, 1993~ Joe Sansino

Founddifferences:
Onlyone of the two serial interfaceswas accountedfm.
Also,the temperatureand supplyvoltagesweretreatedas seriatbut shod havebeen analog

4 DN-RES-027 Rev E, 1.2.6.5,and 1.2.6.6.,SSR

iifferencex
anupdateof individualdata has been incorporated,it was withinthe bandwidthallocationof the DN-RES-027 REVE

ProcessingNaes:
Tlmsynchand fnt readoutof 8 bits can occurin ad~cent BDUtelemetrycontrolwordsin the sametable.
TlmsynchA and Tlm synchB will be used to havethe outputregixterreflectthe two differentmgistem. Thereis one
registerfm regular I-UKtelemetry. Thereis anotherfor the TrickleTIMpoints-data fields arememorypowerMap,
BufferPointer lccations, supersetutilizationMap, supersetqualitymap.

11.2.8 BDU Sample Schedule Table 11.2.8

sam- Rate tlm SSTABLE GATHER H&S Scc
ple sync #~ 16_b #~ 16_b jn&. w~ t~ inef- wmd total inef- word taalSche hs
dule EOS it EOS it fi- coun 16bit fi- Coun 16bit fi- coun 16bit

Tabl min data min data cien- ts word cien- ts word cien- ts word
worde word ties ties ties

s s 6:5 6?.5 ti:5
36 36 36

REc 1/64 1 1 8 1 4 N 1 8
11.2.7

REc 1/64 N 1 8
11.2.7

INEFFICIENCIES:

GE
ple

Sche
dule

l%ble

Rate

TR-
Sync
hs

I-UK

inef-
fi-

cien-
cies

word
count

s

total
16bit
word

6;:3
6

H&S I KSA

tlm
sync
hs

irtef-
fi-

cien-
cies

word
count

s

*
16bit H&S
word

65?53
6 ti

DAS SFE SSR
234
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c

REc 1/64 o N 4 4 0 N 4 4 1 1 2
11.2.8 1/64

1 1 2

H/K-l tlm gather request* 8 major cycles * 4 16-bit data words
H&S-1 tlm gather request* 1 maior cycles * 4 l~bit dam words

N Board Te- Data start Length H&S H/K Scc
0 leme-
t try

e TelemetryPoint Ad- Chan- Word MSB Bits Rate Rate Rate
dress nel

1 KSAM-1 Oscillator Temp PA o 8 1/64 1/64

1 KSAM-2 Oscillator Temp PA 8 1/64 1/64

2 DAS-1 ModulatorOscillatorTem- PA 1 8 1/64 1/64
perature

2 DAS-2 Mdulator OscillatorTem- PA 8 1/64 1/64
perature

4 DCU-1 Temperzmm1 PA 2 8 1/64 1/64

4 DCU-1 Temperature2 PA 8 1/64 1/64

4 DCU-2 Temperature1 PA 3 8 1/64 1/64

4 DCU–2Temperature2 PA 8 1/64 1/64

Note Columxx
1 DN–RES-027RevE, 1.2.5.3,Ku–bandSingleAccess(KSA)ModulatorTelemetryList

2 DN–RES-027RevE, 1.2.5.4,DirectSingleAccess(DSA)ModulatorTelemetry

3 DN–RES427 RevE, 1.2.6.4,ScienceFormattingEquipment(SF’E)(TBR)

SFE delta cost withupdate 1-2 monthswill impactthis telemetrydata-as of July7, 1993per Jce Sansino

Founddifferences:
Onlyone of the two serialinterfaceswas accountedfm.
Also,the temperatureand supplyvoltagesweretreatedas serialbut shoulhavebeenanalog

4 DN–RES-027RevE, 1.2.6.5,and 1.2.6.6.,SSR

differences:
an updateof individualdata has beenincorpomted.it waswithinthe bandwidthallocationof the DN-RES-027 REV
E
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3D

Nc

ACE

ACS

ACS

ADAC

ADE

ADP

ADPE

ADR

ADRS

ADs

ADs

AGE

AI

aka

ANSI

AOS

APs

AR

EOS-AM Spacecraft Acronym E&t

Three-Dimensional

Air Conditioning

Analog to Digital

As Required

Attitude ControlElectronics

Attitude Control System

AmmoniaChargeStation

AttitudeDetermination and Control

Array Drive Electronics

AutomaticData Processing

AutomaticData Processing Equipment

AutomatedDiscrepancyReport

AutomatedDiscrepancyReportingSystem

AncillaryData Support

AttitudeDetermination System

AwardFee Milestone

AerospaceGroundEquipment

Mlcia.1 Intelligence

also knownas

AmplitudeModulation

Ante Meridiem (before noon)

AmericanNational StandardsInstitute

Acquisitionof Signal

AuxiliaryPower Supply

AcceptanceReview

Ada Reference Manual

1
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ARo

ASB

ASCII

ASD

ASG

Asoc

ASSIST

ASSY

ASTER

ASTER-CSP

ASTER-MPS

ASTER-SWIR

ASTER-TIR

ASTER-VEL

ASTER-VNIR

ASTER-VSR

ASTM

ATC

ATC

ATG

ATP

Am

AWG

B/L

BAC

BAT

BBL

After Receipt of Order

Ada SourceBuilder

American Standardfor Code Interface Interchange

AccelerationalSpectral Density

Ada StructureGraph

Actual State of Change

AerospaceSupportfor Systems, Integration, Software, and Test

Assembly

AdvancedSpaceborneThermal Emission and Reflection Radiometer

ASTERCommon SignalProcessor

ASTER MasterPower Supply

ASTER Short WaveInfrared Radiometer

ASTERThermal Infrmd Radiometer

ASTERVNIR Electronics

ASTER visible and Near Infrared Radiometer

ASTER VNIR ScanningRadiometer

American Societyfor Testingand Materials

Absolute Time Command

AlignmentTool Cube

AerospaceTest Group

AcceptanceTest Procedure

Automated TestProcedure

AmericanWm Gauge

Baseline

Budget at Completion

Bench AcceptanceTest

Burst %fore Leak

DCC082693 2
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BC

BCVM

BDD

BDU

BER

BM

BOE

BOL

BOM

BPC

BPM

bps

BPSK

BRF

BRKT

BSR

BTU

c

C&DH

C&DHS

C&T

C&m

C-spec

Uscsc

CAD

cAD/cAM

LBus Controller

Battery Cell VoltageMonitor

Baseline DescriptionDocument

Bus Data Unit

Bit Error Rate

Body Mounted

Basis of Estimate

Beginning of Life

Beginning of Mission

Battery Power Conditioner

Battery Pressure Monitor

Bits Per Second

BinaxyPhase Shift Keying

Band Reject Filter

Bracket

Bit SlippageRate

British Thermal Unit

Celsius (temperature)

Commandand Data Handling

Commandand Data Handling Subsystem

Commandand Telemetry

Commandand TelemetryBus

Control Speci.ilcation

Charge/Discharge

Cost./ScheduleControl System Criteria

Computer-Aided Desi@Drafdng

Computer-Aided Design/Computer-Aided Manufacturing

DCC0826933
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CADU

CAM

CAM

CAPL

CASE

CB

CCB

CCD

CCHP

CCI

CCOD

CCP

CCSDS

Ccw

CD

CDD

CDHF

CDOS

CDR

CDRL

CE

CEI

CERT

CFs

Channel Access Data Unit

Computer-Aided Manufacturing

Cost AccountManager

Capillmy-Assist Pumped Loop (GSFCFlight Experiment)

Computer–AidedSoftwareEngineering

Control Board

Conf@ration Control Board

ChargedCoupledDevice

Constant ConductanceHeat Pipe

Common Carrier Interface

Contract Change OrderDate

ContaminationControl Plan

Consultive Committee for SpaceData Systems

Counter Clockwise

Contmct Directive

ComponentDescriptionDocument

Central Data Handling Facility

Customer Data and OperationsSystem

Critical Design Review

Contract Data RequirementsList

ConductedEmissions

Contract End Item (Speciilcation)

Clouds and the Earth’s Radiant Energy System

Composite Electrical ReadinessTest

Control Flow Diagram

Cubic Feet Per Minute

Conflict Free Schedule

DCC082693
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CG

CI

CI

CLcw

CLTU

CM

cm

CMD

CMJYTLM

CMF

CMOS

CMS

co

COB

COMM

COMMS

COP

CP

CP

CPHTS

CPI

CPR

CPu

CR

CRc

Center+f~vity

Con.f@urationItem

ConsoleInput

Critical Items List

CommandLink Control Word

CommandLink TransferUnit

Conf@urationManagement

Centimeter

Command

ComrnancVTelemetry

Cotilguration ManagementFaciJity

ComplementmyMetal-Oxide Semiconductor

CommandManagementSystem

Console Output

Close of Business

Communications

CommunicationsSubsystem

CommandOperationsProcedure

Cold Plate

ControlPanel

Capillary-Pumped Heat TransportSystem

Cost Performance Index

Cost PerformanceReport

ComprehensivePerformanceTest

Central Processing Unit

ChangeRequest

CyclicRedundancy Code

DCC082693
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CRT

Cs

Csc

CSCI

CSD

CSP

Css

CSTOL

Csu

cT&c

CTCA

CTs

Cv

CVCDU

CVCM

Cw

CY

D/A

DAIC

DAC

DACS

DADS

DCC082693

Charge Rate Reset

CathodeRay ‘IME

ConductedSusceptibility

ComputerSoftvvareComponent

ComputerSoftware Conf@ration Item

ContractStart Date

CommonSignalProcessor (ASTER)

CoarseSun Sensor

Colorado(Universityof’)Stand@ Test and OperationsLanguage

ComputerSoftwareUnit

Command,Telemetry,and Control

Commandand TelemetryComputerAssembly

Coeftlcientof Thermal Expansion

Commandand TelemetryIntetiace Unit

ComprehensiveTestPlan

CompatibilityTest Section

CompatibilityTest Van

CheckValve

CodedVial ChannelData Unit

CollectedVolatileCondensableMass (or Material)

Clockwise

CalendarYear

Digital to Analog

DistributedActive Archive Center

Digital-to-Analog Converter

Data Acquisitionand Control System

Data Archive and Distribution System
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DAR

DAS

dB

DB

DB

DBMS

dc

DCC

DCR

DCU

DDL

DEC

deg

DEL

DET

DEU

DFD

DG

DG1

DG2

DHC

DID

DIF

DIS

DIU

DMSP

DMU

Data AcquisitionRequest

DixectAccess System

Decibel

Database

Direct Broadcast (DASService)

DatabaseManagementSystem

Direct Cumnt

Data CoordinationCenter

Design CertificationReview

Data ControlUnit (Solid-State Recorder)

Direct Downli.nk

Digital Equipment Corporation

Degree

Data EvaluationLaboratory

Direct EnergyTransfer

DeploymentElectronicsUnit (Solar Array Assembly)

Data Flow Diagmm

Data Grade

Data Group 1 (TDRSS)

Data Group 2 (TDRSS)

Data HandlingCenter

Data Item Description

Data Intetiace Facility

Data Inttxface System

Data InterfaceUnit

Defense MeteorologicalSatellite Program

Data MemoryUnit (Solid+ate Recder)

DCC082693
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DN

DOD

DoD

DoDI

DOE

DOF

DOS

DOY

DP

DPA

DPM

DPR

DR

DRC

DRD

DRL

DRWS

DSE

DSN

DT

DT

DTC

DTR

E-mail

EAC

EAGE

DCC082693

Design Note

Depth+f-Discharge

Department of Defense

Department of Defense Instruction

Department of Energy

Degree of Freedom

Disk Operational System

Day of Year

Direct Playback (DAS Service)

DestructivePhysical Analysis

Deputy Program Manager

Data Pedigree Review

DocumentationRequirement

Document Retention Center

Data RequirementsDocument

Data RequirementList

Defect Resolution Worksheet

Design Sensitive Editor

Deep Space Network

Data Transfer

Decision Table

Drill TemplateCube

Daily Test Report

Electronic Mail

Estimate at Completion

Electrical AerospaceGround Equipment

Electrical AccommodationSubsystem
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ECA

ECEF

ECI

ECL

ECN

ECOM

ECP

ECR

ECS

EDAC

EDB

EDC

WCN

EDM

EDocs

EDos

EGSE

EICD

EIRP

ELv

EM

EM STE

EMC

EMI

EnvironmentallyControlled Area

Earth Centered Earth Fixed

Earth Cente~d Inertia

Emitter-Coupled Logic

Engineering Change Notice

EOS CommunicationSystem

Engineering ChangeProposal

Engineering ChangeRequest

EOS Core System

Error Detection and Correction

EngineeringDatabase

EOS Document Center (Martin Marietta Astro Space)

EOS Document Center (Log) No.

Engineering Development Model

EOS Data, Operationsand CommunicationsSystem

EOS Data and Operations System

Electro-explosive Device

Electrical, Electronic, and Electromechanical

Electro-explosive Subsystem

Electrical Ground Support Equipment

Electrical Interface Control Drawing

Effective Isotropically Radiated Power

ExpendableLaunch Vehicle

Equipment Module

Equipment Module Special Test Equipment

Electromagnetic Compatibility

Electromagnetic Interference

DCC082693
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EMISM

EMS

ENA

ENG

EOC

EOL

EOM

EOS

EOS-AM

EOS-PM

EOSC

EOSDIS

EOSMIS

EPc

EPI

EPM

EPs

ES

ESA

ESC

ESD

ESE

ESH

~MC

ESMC/WSMC Joint Eastern/WesternSpace and Missile Center

ESN EOS Science Network

ElectromagneticInterferenceSafety Margin c

Engineering Master Schedule

Energetic Neutral Atom

Engineering

EOS OperationsCenter

End-of-Life

End of Mission

Earth ObservingSystem

Earth ObservingSystem (AM Mission)

Earth Observing System (PM Mission)

EOS-AM CDRL(Log No.)

EOS Data InformationSystem

EOS ManagementInformationSystem

Electronic Power Conditioner

EngineeringProcess Improvement

EngineeringProgram Manager

Electrical Power Subsystem

Earth Rotation – Nutation- Precession

Equipment Section

Earth Sensor Assembly

Engineering Support Center

Electro-Static Discharge

Earth SensorElectronics

Earth Sensor Head

Eastern Space Missile Center

DCC082693 10
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ESTOL

ETE

ETM

ETR

ETSS

EUT

EW

F

F/D

F/L

F/W

FAR

FAR

FARM

FAT

FBA

FCA

FCC

FDB

FDD

FDF

FDIR

FDM

FDv

FEc

FED-STD

FEM

EOS StandardTest and OperationsLanguage=

End-TAZnd

EngimxxingTestModel

Eastern TestRange

ExpansionTube SeparationSystem

Equipment UnderTest

Extreme Ultraviolet

Fahrenheit (temperature)

Fluid Disconnect

Forward Link

Fimnware(also FW)

Federal AcquisitionRegulation

Flow AlterationRecord

Frame Acceptanceand ReportingMechanism

Factory AcceptanceTest

Fuse Board Assembly

Functional Cmf@uration Audit

Flat ConductorCable

Fuse Distribution Box

Flight DynamicsDivision (GSFC)

Flight DynamicsFacility

Fault Detection, Isolation, and Recovery

FrequencyDivision Multiplexing

Fill &Drain Valve

Forward Emr Correction

Federal Standard

Finite Element Model

11
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FF

FMEA

FMECA

FO

FOB

FOC

FORTIUIN

FOS

FOT

FOV

fpm

FS

FSE

FSS

FST

FSTB

FSW

FSWS

ft

ft+

Frs

NS

DCCOS2693

Fast Forward c

Failure Modes &Effects Analysis

Failure Modes,Effects, & Criticality Analysis

Free MolecularHeating

Flight Operations

Free on Bead

Full OperationalCapability

Formula ‘Ilanslation (A programminglanguage)

Flight OperationsSegment

Flight OperationsTeam

Field of View

Feet per minute

Failure ReviewBoard

Flight ReadinessReview

Factor of Safety

Flight SupportEquipment

Fine Sun Sensor

Field SupportTerminal

Flight SoftwareTestbed

Flight Software

Flight SoftwareSystem

Feet

Foot Candle

Flight TerminationSystem

Flight VehicleSystem

Firmware (il.kOF/W)

Forward

12
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FY

g

Ii?

GiL4s

GDE

GE

GEVS-SE

GFP

GN

GHz

GIA

GIIS

GIS

GMT

GN

GN&C

GN&CS

GPS

Gr/Ep

GRO

GS

GSE

GSERD

GSFC

GSI

Fiscal Ym

Accelerationof Gravity

Gram

Galium-nide

GimbalDrive Electronics

GeneralElectric Company

GeneralEnvironmentalVeri.tlcationSpecifkation for STS and EL-VPayloads

GovernmentFurnished Equipment

GovernmentFurnished Property

GovernmentFiscal Year

Gigahertz

GovernmentInspection Agency

GeneralInstrument Intetiace Specflcation

General Interface SpecKlcation

GreewichMean Tu

GroundNetwork

Guidance,Navigation,and Control

Guidance,Navigation,and Control Subsystem

GlobalPositioning System

GraphiteEpoxy

GravityRoot Mean Square

GammaRay Observatory

Ground System

GroundSupportEquipment

GroundSupportEquipment Requimnents Document

GoddardSpace Flight Center (NASA)

GovernmentSource Inspection

13
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GSIWS

GSTDN

GSW

GUI

H&S

H/c

mm

HCE

HDE

HDR

HF

HGA

HOL

HP

HQ

hr

HR

HRBS

HRDL

HRs

HTS

HVAC

HWCI

DCCOS2693

Ground System Integration WorkingGroup -

Ground Space Flight hacking and Data Network

Ground Software

Graphical User Interface

Health and Safety

Honeycomb

Housekeeping

High Rate Intexface

Hardware (ZihOHw)

Heater Control Electronics

Hinge DeploymentElectronics

Header

High Frequency

High Gain Antenna

High Order Language

Heat Pipe

Headquarters (NASA)

Hour

High Rate

High Rate Bit Synchronizer

High Rate Data Link

High Rate Modulator

High Rate Science

Horizontal Test Stand

Heating, VCmtilation,and Air Conditioning

Hardwm (also H/W)

Hardware Conjuration Item
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Hx

Hz

I&C

I&T

J/F

I/o

IAc

IAs

IBDU

Ic

ICC

ICD

ICF

ID

ID

IEEE

IFou

FOV

IGC

IGSE

IIc

IIs

IM

IMs

Heat Exchanger

Hertz

Installation and Checkout

Integration and Test

Interface

Input/output

Instrument Alignment Cube

Instrument AssemblyPort

Instrument AccommodationStructure

Instrument Bus Data Unit

Interface Connector

Instrument Control Center

Intetiace Control Document/ Drawing

Instrument Control Facility

Identi.fler

Inside Diameter

Institute of Electrical and ElectronicsEngineers

Instrument Flight Operation Understanding(Ops document)

InstantaneousField of View

Incoming GSFC Comespondence

Instrument Ground Support Equipment

Instrument Interface Cube

Integrated Information System

Instrument Module

Instrument Mounting Plate

Information Management System

Inertial Measurement Unit
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in

INSP

INST

IP

IPA

IR

lRc

IRu

ISAR

ISDS

ISP

1SS

IST

ITs

Iu

Iv&v

IWG

J

JCL

JIcc

JPL

JSC

DCC082693

inch

Inspection

Instrument

International

InstrumentProvider

k@ro@ Alcohol

Infizued

Inertial Reference Cube

Interface Requkments Document

Inertial Reference Unit

InstrumentSupport ActivityRequest

InadvertentSeparationDestruct System

Specific Impulse

Instrument Secondary Structure

Instrument Support Terminal

InceptionToDate

I.ndiumTm Oxide

IntegrationTest Stand

Interface Unit

IndependentVerificationand Validation

Interface VerificationTest

Investigator WorkingGroup

Joules

Job ControlLanguage

Japan InsfxumentControl Center

Jet PropulsionLaboratory

Johnson Space Center (NASA)
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kb

Kbps

kg

kHz

km

kpa

KSA

KSC

KSLOC

Ku

kW

LAN

LaRC

LASP

lb

LBB

lbf

LC

LCC

LEO

LeRC

LET

LHc

LLcsc

LOB

KinematicMount (also KM)

kilobit

Kilobits per Second

Kilogram

Kilohertz

kilometer

KinematicMount

Kilopascal

Ku-band SingleAccess

KennedySpace Center (NASA)

Thousand SourceLines of Code

RF band (Gigs hertz range)

Kilowatt

Local Aea Network

LangleyResearch Center (NASA)

Laboratcnyfor Atmosphericand SpacePhysics (Universityof Colorado)

Pound (Mass)

Leak - Before - Burst

Pounds of Force

Launch Complex

Launch Controlcenter

Low Earth Orbit

Lewis Research Center (NASA)

Linear EnergyTransfer

Left-hand Cimtdar

Lower Imel ComputerSoftware Component

Launch OpemtionsBuilding
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LOC

LOCC

LOE

LOS

LOS

LRs

LSB

LSB

LSE

LSSP

L~

L=

LTOP

L~

LTSP

LV

LVC

LVIC

LVS

L~

m

M&SD

M&SS

DCC082693

Lines of Code

Launch Operations Control Center

Level of Effort

Line of Sight

Loss of Signal

Latest Revised Estimate

LanguageReference Manual

Launch ReadinessReview

Low Rate Science

Launch Services Building

Least Significant Bit

Launch SupportEquipment

Launch Site SupportPlan

Long Term InstrumentPlan

Long Term Mission Plan

Long Term OperationsPlan

Long TermPlan

Long Term SciencePlan

Launch Vehicle(also IJV)

Launch VehicleContractor

Launch VehicleInterface Contractor

Launch VehicleSystem

Launch VehicleTechnicalPlan

Meter

Micrometeoroid & Space Debris

Mission & Simulation Software

MalceJBuy

18



Eos-DN-sE&1425D
26Au@st 1993

M2

XrA

MACS

MAG

MAGE

Mb

MB

Mbps

MDP

MeV

METS

mF

Mfg

mg

MGSE

mh

MHz

rni

MICD

MIL-STD

min

MIPS

MISR

MU

MMI

Mode 2

Mini-Amperes

MultipleAccess

Modular Attitude Control Subsystem (MMS)

Magnetometer

MechanicalAerospaceGround Equipment

Megabit

Megabyte (also Mbyte)

Megabits per second

Maximum Design Pressure

Mega-Electron Volt

Mobile EnvironmentalTest System

Mini-Farad

Manufacturing

Milligram

MechanicalGround SupportEquipment

Mic-Henxy

Mega Hertz

Mile

Mechanical Interface Control Drawing

Military Standard

Minute

Million Instructions per Second

Multi-angle Imaging Spectro-Radiometer

Multi-Layer Insulation

Millimeter

Man Machine Interface

c

19
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MMS14S

MO

MO&DSD

MOC

MOD

MODIS

MOM

MOPI’IT

MOR

MOSFET

MOU

MPDU

MPF

MPs

MRc

MS

MSB

msec

MSFC

MST

MTBF

M’1%1

MTBM

MTM

DCC082693

Martin Marietta SpaceLaunch Systems L

Master Oscillator

Mission Operationsand Data Systems Directorate (GSFC Code 500)

Mission OperationsCenter

Modulator

ModerateResolutionImaging Spectrometer

MissionOperationsManager

Measurementsof Pollution in the ‘lloposphere

Mission OperationsReview

MOS Field Effect Transistor

Memorandumof Understanding

MultiplexedProtocol Data Unit

Multi-hpose Fixture

MasterPower Supply (ASTER)

ManagementReserve

MaterialReviewBoard

Master ReferenceCube

ManufacturingReadiness Review

Margin of Safety

Most SignificantBit

Mini-second

Marshall SpaceFlight Center (NASA)

Mobile ServiceTower

Mean Tme Between Failure

Mean Tme BetweenIntermpts

Mean Tme BetweenMalfunction

MeehaniealTest Model
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MTU

MUA

N

NIA

NASA

NASA/GSFC

NASCOM

NASTRAN

NAV

NB

NB

NBc

N-BP

NBR

NBRC

NBs

NC

NCAR

NCC

NCG

NDE

NDT

LMagnetic Tmque Rod

Mean Tne to Repair

Master Ttig Unit

Materials Usage Agreement

Mission Unique Hardware

Multiplexer

Newton

Not Applicable (also NA)

National Aeronauticsand Space Administration

NASWGoddardSpaceFlight Center

NASA CommunicationsNetwork

NASA Structural Analysis (computerproe)

Navigation

Narrowband

Navigation Base

NavigationBase Cube

Navigation Base Plate

Navigation Base Reference

NavigationBase Refenmce Cube

National Bureau of Standards

Normally clOSed

National Center for AtmosphericResearch

Nehvork Control Center

NoncondensibleGas

NondestructiveEvaluation

Non-Destructive Testing

NASAHandbook

DCC082693
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NiH2

nm

NM

Nms

NOAA

NP

NSI

NSMAR

NSPAR

NSPL

NSTR

NSTS

NTs

Nus

NWs

o&c

O&M

OASIS

OBC

OCD

OD

OGC

OHA

OPD

OPS

DCC082693

Nickel Hydrogen (Battery)

Nautical Mile

NASA ManagementInstruction

Newton Meter Seconds

National Oceanic and AtmosphericAdministration

NavigationPort

NASA StandardInitiators

Non-Standard Material ApprovalRequest

Non–StandardPart ApprovalRequest

NASA StandardPart List

NASA StandardTapeRecorder

National Space TransportationSystem (the Space Shuttle)

Not to Exceed

NASA TelemetryStation

No Upper Stage

Non-Volatile Residue

National WeatherService

Operations & Checkout

Operations and Management

Operations and Science Instrument Support Softwae

On-Board Computer

Operational ConceptDocument

Outside Diameter

Outgoing GSFC Correspondence

Opemtions Hazard Analysis

Operations Document

Operations
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ORG

ORR

0s

OSR

OTC

Ovs

PP

P/B

PIL

P/s

P/v

PA

PAS

PAI

PAIP

Pa

PAM

PAMPL

PAPE

PAPL

PAPS

PAR

PAT

PB

Pc

Pc

PCA

Organization

OperationsReadiness Review

OperatingSystem

Optical Solar Reflector

Ofllcial Test Copy

OperationalVoiceSystem

Peak-to-Peak

Playback

Payload

Planning and Scheduling

Photovoltaic

Product Assurance

Platform Analysis System

Product AssuranceInstruction

Product AssuranceImplementationPlan

Program AcronymList

Product AssumnceManager

Program ApprovedMaterials and ProcessesList

Produce AssuranceProgram Engineer

Programi@pI’OVCdParts List

Product AssuranceProcedures

Product AssuranceRequirementsDocument

Process Activation ‘Ihble

Playback

Printed circuit

Personal Computer

Physical Conf@mtion Audit

23
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PCA

Pcc

PCI

PCM

PCSM

PD

PDA

PDF

PDL

PDLC

PDR

PDU

PER

PF

PH

PHS&T

PHSF

PI

PI

Pm

PIR

Pm

Pm

PLF

PM

PM

PM

DCC082693

Recision CleaningAgent

Potential ContractChange

Periodic ConvolutionalInterleave

Pulse Code Modulation

Power Control and Status Monitor

Program Directive

Percent of Defective Allowable

ProgrammableData Formatter

Program Design Language

Preliminary Design Load Cycle

Prehnimuy Design Review

Power Distribution Unit

Pre-Environmental Review

Protoflight

Power Harness

Packing, Handling, Storage,and ‘Xlansportation

Payload Hazardous ServicingFacility

Principal Investigator

programmed Input

Principle Investigator/TeamLeader

Program InformationRelease

Power Interface Unit

Packet

Payload Fairing

Phase Modulated @F)

Program Manager

Propulsion Module
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PMA

PMAD

PMCS

PMEA

PMEGSE

PMO

Pm

PMS

PMSR

PN

Po

Pocc

POD

PPM

PPR

PPR

pps

PPs&c

PR

PRA

PREG

PROM

PROP

PROPS

Ps

Ps

PSCN

Program ManagementAssessment

Power Managementand Distribution

Power Managementand Control Software

PropulsionModule Electronics Assembly

PropulsionModule Electrical Ground SupportEquipment

Program ManagementOffIce

Program ManagementReview

PerformanceMeasurement System

PerformanceMeasurement System Report

PseudorandomNoise (COmrn)

Programmed Output

Payload Operations Control Center

Precision Orbit Determination

Parts-Per-Million

Payload Preparation Room

Primary Power Reference

Pulses per second

ProgrammingPractices, Standards, and Conventions

Problem Report

PyrotechnicRelay Assembly

Pressure Regulator

ProgrammableROM

Propulsion

Propulsion Subsystem

Power Supply

Probability of Success

Program Support CommunicationNetwork

25
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psia

PSK

PSR

PSR

Pss

Psu

PT

PTr’s

Pv

PWM

PWR

PXD

QA

QAE

QC

QPSK

QS

QTM

R&D

R&I

IUiGCS

RCS

Pounds per Square Inch, Absolute

Phase Shift Key

PreshipmentReview

Program Status Review

Portable Simulation System

Power SwitchingUnit

Propellant Tank

Prior to Encapsulation

Platform Test and 71ainingSystem

Pyro Valve

Pulse-Width-Modulation

Power

Pressure Transducer

Quality Assurance

Quality AssuranceEngineer

Quality Control

QuadraturePhase Shift Key

Quasi-static

QualificationTest Model

Research and Development

Receiving and Inspection

Return Link

Real-Time (also RT)

Radiator Ground Cooling System

Random Access Memory

Responsibility AssignmentMatrix

Reaction Control System
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RCV

RD

RDBMS

RDD

RE

REA

REM

revs

RF

RFQ

RFsoc

RH

RHc

RLcc

RMs

ROM

ROM

RR

RS

RS

RSS

RT

RTC

RTCS

RTL

Receive c

RequirementsDocument

RelationalDatabaseManagementSystem

RequirementsDriven Developer (requirementstraceability software tool)

RadiatedEmissions

RocketEngine Assembly

RecorderEquipmentModule

Revolutions

Radio F~quency

Radio FrequencyInterference

Request for Proposal

Request for Quote

RF SimulationOperationsCenter

Relative Humidity

Right-hand Circular

RemoteLaunch Control Center

Root Mean Square

Read Only Memory

Rough Order of Magnitude(Quote)

RequirementsReview

Radiated Susceptibility

Resistor, series

Root Sum Square

Remote Terminal

Relative Tne Command

Relative Tme Command Sequence

Run-Time Library
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RTM

RTN

RTN

RTS

RTS

RTSE

RTSS

RWA

S&R

Slc

Sfc

s/L

S/No

Sls

Stw

SA

SA

SA

SAA

SAAS

SAD

SAES

SAMTEC

SAP

SAPS

SAR

SAR

DCC082693

Requirements TraceabilityMatrix

Return

Requirements ‘Ihceability Number

Relative Time Sequence

Run Time System

Run Time SystemEnvironment

Real-Time System Simulator

Reaction Wheel Assembly

Search and Rescue

Spacecraft (also SC)

Subcontract

Static Load

Signal-T@Noise Ratio

Subsystem

Software (also SW)

Solar Array (also S/A)

Single Access

Structured Analysis

Solar Array Assembly

Spacecraft Analysis and Archive SoftwaR

Solar hay Drive

Solar Aray Electrical Simulator

Space and Missile Test Center

System Alignment Plate

Solar Army Position Sensor

Software Assurance Requirements

Schedule Add Request
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SAS

SBIU

SBT

Sc

SCA

SCAPE

Scc

SCE

SCM

SCR

Scs

SCr

SD

SD

SDF

SDF/SIM

SDP

SDR

SDS

SE

SE&I

sEAMIs

Sec

SECN

SECO

SEL

SEM

SpacecraftAnalysis Software

S-band Interface Unit

S-band Transponder

structureChart

SpacecraftAdapter

Self ContainedAtmosphereProtection Ensemble

SpacecraftControlsComputer

SpacecraftCommandEncoder

Software Conjuration Management

System ConceptReview

Spacecraft CheckoutStation

Stored CommandTable

Space Division

StructuredDesign

SoftwareDevelopmentFacility

SoftwareDevelopmentFacility/Simulator

SoftwareDevelopmentPlan

System Design Review

SpacecraftDynamic Simulator

SupportEquipment

SystemsEngineeringand Integration

Software EnvironmentAnd Management Information System

Seeond

System EngineeringChange Notice

Stage II Engine Cutoff

Single Event Latchup

State/EventMatrix
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SEMP

SEN

SERD

SEU

SFE

SHDP

S1

S1

SIG

SIRD

S1S

SLC

SLC-3

SLOC

SMA

SW

SMC

SMM

SMP

SMS

SN

SNC

SOA

Soc

SOP

sow

SPA

SystemsEngineeringManagementPlan -

Sensor

SupportEquipment RequirementsDocument

SingleEvent Upset

ScienceFormattingEquipment

SafeHold Digital Processor

SystemeInternationaldUnites (InternationalSystem of Units)

SystemIntegrator

Signal

SupportInstrumentationRequirementsDocument

SpacecraftInterface Simulator

SpaceLaunch Complex

SpaceLaunch Complex- 3 (VandenbergAir Force Base)

SourceLines of Code

S-band Multiple Access (TDRSS)

SoftwareManagementand Assuranceprogram

SystemManagementCenter

ShapeMemory Metal

SoftwareManagementPlan

Structureand MechanismsSubsystem

SpaceNetwork

SpaceNetworkControl

S-band Omni Antenna

SimulationOperationsCenter

StandardOperatingProcedure

Statementof Work

S-band Power Arnpliiier
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SPA

SPF

SPI

SPR

SQA

SQE

SQL

SQPN

SQPSK

SRA

SRA

SRM

SRM&QA

SRMU

SRP

SRR

SRS

SRT

SSA

SSA

SSA

SSB

SSB

SSD

SSE

SSIM

SSIP

SoftwareProduct Assurance

SoftwareProduction Facility

Schedule Performance Index

SoftwareProblem Report

Software Quality Assurance

Software QualityEngineer

StructuredQueryLanguage

StaggeredQuadraphasePseudo-noise

Staggered QuadraphaseShift Keying

SpacecraftReference Axis

Slip Ring Assembly

Solid Rocket Motor

Safety,Reliability, Maintainability,and QualityAssurance

SolidRocket Motor Upgrade

Signal ReferencePlane

System RequirementsReview

SoftwareRequhements Speci.tlcation

SystemReadiness Test

S-band Single Access (TDRSS)

Sun Sensor Assembly

Source Selection Authority

Solid-State Buffer

Source Selection Board

Space Systems Division

Sun Sensor Electronics

Spacecraft Simulator

System Safety ImplementationPlan
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SSPA

SSR

SSST

Ssu

ST

STD

STD

STDN

STE

STGT

STIP

STOL

STOP

STP

STP

STR

STS

STS

Sv

Svc

Sw

Swm

SWCDR

SWCI

SWCR

SWIR

SWPDR

DCC082693

Solid-State Power Amplifler

Solid-State Recorder

Solid-State Star Tracker

Sequential Shunt Unit

Star Tkacker

Standard

State TransitionDiagram

Spaceflight‘I!rackingand Data Network

Special Test Equipment

SecondTDRSS Ground Terminal

Short Term InstrumentPlan

Standard Test and OperationsLanguage

Short Term OperationsPlan

Short TermPlan

SoftwareTest Plan

System TestReview

Short Term Storage

Space lla.nsportation System (the Space Shuttle)

Space Vehicle

Satellite VehicleContractm

Software (also S/W)

Software AcceptanceReview

Software Critical Design Review

Software Customer Inspection

Software Concept Review

Short WavelengthJnfhmd Radiometer (ASTER)

SoftwarePrelimhary Design Review
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SWRR

SWTRR

SYS

T-O

T/B

T/V

TA

TA

TABS

TAM

TAP

Tb

TBD

TBR

TBs

TC

TCPS

TCS

TD

TD

TDM

TDM

TDRS

TDRSS

TF

TFEc

SoftwareRequirementsReview

SoftwareTestReadinessReview

System

T-Minus-Zero

Thermal/Balance

Thermal Vacuum

TaskAssignment

Thruster Assembly

Thermally-activated By–pass Switch

Three-Axis Magnetometer

l%ree-kis Positioner

Terabyte

To Be Determined

To Be Reviewed

To Be Supplied

Thermocouple

Test Cold Plate System

Thermal Control Subsystem

TechnicalDirective

TestDirective

Time-Division Multiplexing

TechnologyDemonstrationModel (Thermal)

Tracking and Data Relay Satellite

Trackingand Data Relay Satellite System

Tm.nsferFrame

TransferFrame Error Control

TechnicalInterchangeMeeting

DCCOS2693
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TIRos

TL

TLcsc

TLM

TMcs

TMON

TO

TONS

TP

TQCM

TSAS

TSP

u/D

UARS

Uc

UCF

UDF

UHMS

UIDA

DCC082693

ThermalInfrardRadiometer (ASTER) c

Televisionand Infrmd ObsemationSatellite (NOAA)

TeamLeader

To@xvel Computer SoftwareComponent

TLD Systems,Ltd. (companyname)

Telemetry

TeamMember

Thermal Monitor and Control Soflsvare

TotalMass LOSS

Thermal Math Model

TelemetryMonitor

Technical0i31cer

TDRSS OnboardNavigationSystem

Test Procedure

Temperattuwcontrolled Quartz Crystal Microbalance

TestReview Board

TestReadiness Review

TDRSS SchedulingAssistanceSystem

‘l%istedShieldedPair

Update

Upper AtmosphereResearch Satellite

Upconverter (DAS)

Uplink CommandFile

Unit DevelopmentFol&r

Ultra-High Modulus (graphite)

Unique IntexfaceDocument A~ment

Unique Instrument Intetiace Document
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UQPSK

USAF

Usccs

USGCRP

UT

UT

UTc

w

v

v&v

Vhn

vi-r

VAB

VAFB

Vc

VCDU

VCGW

VW

Vdc

VDT

VIo

VIs

UnbalancedQuadraphaseShift Keying -

United States Air Force

User SpacecraftClock Calibration System

United States Global ChangeResearch program

Umbilical Tower

Universal Time

UniversalTme Code

Unit Under Test

ultraviolet

Voltage

Veriilcationand Validation

Voltsper meter

Voltage/Temperature

VehicleAssemblyBuilding

VandenbergAir Force Base

virtual Channel

VirtualChannel Data Unit

Virtual Channel Gateway

VeriilcationCross Reference Matrix

Volts,dkct curnmt

VideoDisplay Terminal

VNIRElectronics (ASTER)

VeryHigh Frequency

vectored Input/output

Visible

VandenbergLaunch Site

Visible and Near Inbred Radiometer (ASTER)
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VP

Vs

VSR

VTRs

Vxo

w

WBs

WBSE

WG

WG

WGSW

Ws

Wsc

WSGT

WSMC

WSMCR

WSMR

WTs

XDc

XIo

XMT

z

ZOE

VerificationPlan

VerificationSpec~lcation

VNIR ScanningRadiometer (ASTER)

VandenbergTelemetryReceiver Site

VoltageControlledCrystal Oscillator

Watt

work Bnx.kdownStructun?

WorkBnxdcdownStructureElement

WallopsFlight Facility

Waveguide

WorkingGroup

WaveguideSwitch

Workstation

White Sands Complex

White Sands GroundTerminal

WesternSpace and Missile Center

WesternSpace and Missile Center Regulation

White Sands Missile Range

WesternTestRange

Wallopshacking Station

Transducer

Transfer

Execute Input/Output

Transmit

Transmitter

Impedance

Zone of Exclusion
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c MARTIN MARIETTA
ASTRO SPACE

DESIGN NOTE SUMMARY

DN# Eos–DN–sE&I-034 Revision: ~ Date: ~

‘IWe:

Autho~ ~ Sou’ce ~ @TA> PD?Me”oJ etc”):

Purpose/ Questions Answered:

Completea traceabilityanalysis to ver@ thateach requirementin the EarthObserving
System (EOS)RequirementsDocument for theEOS-AM Spacecraft(42&10-01,
dated30 Ott 1992, Revision B, CH-06) has been fully addressedin the ContractEnd
Item Speeitlcation (PS20005396, dated 15 April 1993).

Summarv/Answers:

The reportattachedto this summarysheet vefiles that everyrequirementimposedon the
Spacecraftsystemby the RD has been addmsed within the CEI. The CEI is the toplevel
MartinMariettapetiormance specit3cation,all lower tier subsystem,assembly,and component
performancespectilcationswill be derivedIiom requirementspasseddownby the CEI. This
analysisensuresthat by meetingthe CEI requirementsthese lower tier specificationsalso
meet the overallprogramrequirementsas defined in the RD. See attachedsheet for a list of
discrepanciesidentifkd in tracing from the RD to the CEI. All disc~pancies have an agreed
to resolutionand will not impact the PDR design.

Recommendations: (Be Specific) Accepted Rejected Baselined Date

Open Items/Action Required Responsible Person Due Date

Comments

Form Completed By
W.Tebay 812ti93

Date p=e 1 of 2
——

EOS Form 007-02/01/9



DESIGNNOTE SUMMARY -

(CONTINUED)

Below is a summag of those areas in which the CEI does not properly reflect the RD:

RDRequirement CEIRequirement Comment
L

ComplywithMOPI’ITUUD CcxnplywithMOPI’ITUIID The UIIDreferencedin the CEI
422-41-05 (RD,3.1.2J) 422-12-1- will Somlbe on,contract

ComplywithUDC-501 Not addressed It is unclearhowwe shouldapply
(RD,3.2.l.l.b) this documentto EOS.
Spacecraftdry mass+ launchhard- Spaeeemftdrymass+ launchhard- RD requirementreeentlychanged.
W~ = 10,650 W== 10,655 CEIto be UpCkttd.

(RD,3.2.l.l.d)

Testequipmentshatlna overstress The test qdpment will nd sub- Not writtenas a requirement. Will
m damageequipmentundertest. my flighttXy@Ellt tO C311Vi.KXl- be correctedin CEI.
(RD,3.2.l.9.5.d) mentsbeyondthree defiied in

PS20005404,Verifhtion specifL
cation.

SupplyManagersReservesof 500 Manager’sReawes no longerallo GSFCagreedto deleterequirement
lband150W. - ally margin. fkau RD.
(RD.3.2.l.13.a&b)

Orbitdata to be suppliedto insuu- Intervalbetweenepochand deliv- Intervalbetweendeliverieswill be
mentsat intervalofTBD ery spec.d,but net intend between 1.024see. This Will be includedin
(RD,3.2.2.6.3.2.b) deliveries. CEIupdate.

Allowchangesto virtualchannel Net addressed. The channelsaredesignatedin the
designationsuntil launch. UIIDsand aren’texpectedto need
(IQ 3.2.2.8.3.5.d&e) changing.

Supplynavdatawith latencyno Data’sageat deliveryneverto ex- GSFCnaified of our suggestedres-
momthan TBD(1.0)see. eeed2.048~R) sec. olutionto theirTBD
(RD,3.2.2.8.3.8.a)

Wirebundles,fiberoptics,&fluid Wirebundles,fiber cptics,& fluid Agreedto by GSFCverbally during
lines readableat bcth endsandat lines readableat both ends. CEIreviewin March93.
every5 meters
(RD.3.3.5.d)



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

.0 INTRODUCTION

.O.a This dooument establishes the
top-level requirements for the
design, development, fabrication,
test, and verification of the Earth
Observing System (EOS) AM
Spacecraft (EOS-AM), so named
due to its sun-synchronous orbit
and 10:30 AM descending node.

.O.b The spacecraft consists of a
mission-unique housekeeping bus
and the AM instrument set.
First-level performance and
interface requirements for the
housekeeping bus are defined
herein.

I.O.c The contractor is responsible for a
hierarchy of lower-tier
specifications which derive and r
allocate requirements to
subsystems, modules, and
components.

1.O.d The AM instrument set will be
provided as
Government-Furnished Equipment
(GFE) to the spacecraft contractor.
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CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance ~
Comments

1.O.e Instrument performance
requirements are not within the
scope of this document.

2.0 APPLICABLE DOCUMENTS

2.O.a The following documents, of the
exact issue shown, form a part of
this Requirements Document to
the extent sped fled herein.

2.O.b Where no issue is shown, the
revision in effect as of the issue
date of this document shall be
used.

2.O.C In the event of conflict between
this document and the oontract
Statement of Work (SOW), the
SOW shall take precedence.

2.O.d In the event of a confliot between r
this document and any other
document referenced herein, this
document shall take precedence.

2.1.a EOS Program Documents

2.1 .b Reserved

2.2 EOS Project Documents

2 28 August 1993
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

2.2.a 420-03-02 General
Instrument Interfaoe Specification
(GIIS), dated December 1992

2.2.b 420-05-02 Performance
Assurance Requirements for the
EOS-AM Spacecraft, Rev. B,
dated May 14, 1992, and Change
CH-01

2.2.C 421-10~3 EOS-AM Project
Spacecraft Bus Software
Management Plan, dated April 6,
1992

2.2.d 421-204)4 EOS-AM
Spacecraft-to-TDRSS Interface
Control Document (TBR)

2.2.e 421-12-11-01 Unique Instrument
Interface Dooument for the r
Advanced Spaceborne Thermal
Emission and Reflection
Radiometer (ASTER), dated
January 28,1883

3 28 August 1993
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

?.2.f 421-12-04-01 Unique
Instrument Interface Document for
the Moderate-Resolution Imaging
Spectroradiometer (MODIS),
Revision A, dated 6 November
1992, and Chang- CH-01 and
CH-02

2.2.9 421-12-12-02 Unique Instrument
Interface Document for the Clouds
and the Earth’s Radiant Energy
S@em (CERES), Revisfon A,
dated March 1993

2.2.h 422-3645 Unique Instrument
Interface Document for the
Multl-Angle Imaging
Spectroradiometer (MISR), dated
TBD

2.2.i 422-41-05 Unique Instrument
Interface Document for the
Measurement of Pollution in the r
Troposphere (MOPllT), dated
TBD

2.3 Other NASA Documents

2.3.a SMAP NASA Software
Acquisition Life Cycle, Version 4.0
Feb. 1989

4 28 August 1993
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

2.3.b NASA-STD-21 00-91 NASA
Software Documentation
Standard, dated July 29,1991

2.3.c STDN 101.2 Space
Netvvork (SN) User’s Guide, Rev.
6

2.3.d GEVS-SE General
Environmental Verification
Specification for STS and ELV
Payloads, Subsystems and
Componnets, January 1990

2.4 Other Government Doouments

2.4.a MIL-HDBK-5 Military
Handbook, Metallic Materials and
Elements for Aerospaca Vehicle
Structure, Rev E., Change Notice
2

I
2.4.b MIL-HDBK-017 Military

Handbook, Polymer Matrix
Composites, Vol. 1: Guidelines,
Rev. B, Change Notice 1

2.4.c WSMCR 127-1 Western
Space and Missile Center Range
Safety Specification, December
1989
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

2.4.d MIL-STD-1522A Standard
General Requirements for Safe
Design and Operation of
Pressurized Missile and Space
Systems

2.4.e TBD EOS-AM
Spacecraft-to-Launch Vehicle
Interface Controi Document, dated
TBD

2.4.f UDC-501 -69 Universal
Documentation System Handbook,
Volumes 1-3, August 1989

2.4.g Joint Eastern/Western Spaoe and
Missile Center (ESMCANSMC)
Policy for Ground
Transportation/Handling of
Hazardous Materials and
Pressurized Vessels used on
Missiles and Space Vehicles f

2.4.h Joint Eastern/Western Space and
Missile Center (ESMC/WSMC)
Polioy for Encapsulated Paylaods

2.5 Other Documents

6 28 August 1993
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

~.sma CCSDS 701.00-B1 Consultative
Committee for Space Data
Systems (CCSDS)
Remmmendations for Advanced
Orbiting Systems (AOS) Networks
and Datalinks Architectural
Specification, Biue Book Issue 1,
October 1989

2.5.b CCSDS 201.0-51
Consultative Committee for Space
Data Systems (CCSDS)
Recommendations for
Telecommand, Part 1, Channel
Service, Biue Book, January 1987

2.5.c CCSDS 202.O-B-1
Consultative Committee for Space
Data Systems (CCSDS)
Recommendations for f
Teiecommand, Part 2, Data
Routing Setvice, Biue Book,
January 1987

2.5.d CCSDS 203.0-51
Consultative Committee for Space
Data Systems (CCSDS)
Recommendations for
Teiecommand, Part 3, Data
Management Service, Biue Book,
January 1987
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

?.5.e CCSDS 301.0-51
Consultative Committee for Space
Data Systems (CCSDS)
Recommendations for Time C&fe
Formats, Blue Book, January 1987

2,5.f CCSDS 700.O-G-2
Consultative Committee for Space
Data Systems (CCSDS)
Recommendations for Advanced
Orbiting Systems, Networks and
Data Links Summary of Concept,
Rationale and Performance,
Green Bock, October 1989

3.0 REQUIREMENTS

3.1 System Definition

3.1.1 Orbital Requirements

3ol.1.a The EOS-AM spacecraft shall 3.2.1 .5.2.1 .a The Spacecraft Bus shall be capable, Yes
meet the needs of the Earth through ground-mmmanded f

Observing System by providing propulsive maneuvers, of maintaining
required instrument resources and a nominal Operational Phase orbit
stable viewing in high inclination, which is near circular and
sun-synchronous orbit. sun-synchronous with the following

characteristics

28 August 1993



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.1 .5.2.2.a The Spacecraft Bus shall be capable, Yes
through ground-commanded
propulsive maneuvers, of establishing
and maintaining a nominal Operational
Phase ground track in which the
subsatellite point will follow a path
which repeats as follows:

3.7.l.l.l.a Each Spacecraft BUSsubsystem shall Yes
perform all functions allocated to it,
unless otherwise specified, throughout
mission life.

3.7.l.l.l.b Each subsystem shall provide Yes
resources or services as required for
Spacecraft and Instrument survival.

3.7.1.1 .6.a Each subsystem shall contribute no Yes
more than its allocated error to the
Spacecraft pointing accuracy, pointing
knowledge, pointing jitter, and pointing
stability, in accordance with Tables X11I I
through XVi.

3.1.l.b a) The spacecraft shall be capable 3.2.1 .5.2.1 .a The Spacecraft Bus shall be oapable, Yes

of maintaining an orbit with the through ground-mm manded
following characteristics propulsive maneuvers, of maintaining

(1) Descending Node 10:30 a nominal Operational Phase orbit
am +/- 15 min (local mean solar which is near circular and
time) sun-synchronous with the following

characteristics:
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RD Rqmt #

1,1O1.C

3.1.l.d

3.1.1.0

3.1.l.f

RD Requirement Text

(2) Ground Track: +1-20
<m,3 sigma, at all latitudes, cross
track

(3) Repeat Cycle: 233
rev., 16 days

(4) Radial Orbit Position
Repeatability: +/- 5 km
(TBR), 3 sigma, at a given latitude

b) This results in an orbit with the
following nominal parameters

(1) Equatorial Altitude:

(2) Semi-Major Axis: 7078
+/- 5 km (mean)

CEI R

3.2.1.5.2,

3.2.1.5.2,

3.2.1.5.2

3.2.1.5,2

3.2.1.5.2

CEI Rqmt Text Comply Compliance
Comments

Descendhm Node 10:30 am I Yes I
+/-15 min (loca~mean solar time) I I

The Spacecraft Bus shall be capable,
through ground-commanded
propulsive maneuvers, of establishing
and maintaining a nominal Operational
Phase ground track in which the
subsatellite point will follow a path
which repeats as follows:

Repetition Accuracy:
+/-2Okm, 3 sigma, at all latitudes,

Yes

Yes

cross track I 1
m I

Repetition Interval:
revs (16 days)

233 I Yes I
I I
I I

[ I

IRadial Orbit Position Repeatability: Yes
+10/-5 km, 3 sigma at a given I

3.2.1 .5.2.1.b Equatorial Altitude 705 Yes
+/-5 km

3.2.1 .5.2.1 .C Semi-Major Axis: 7078 +1-5km Yes
(mean)

3.1.l.g
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RD Rqmt #

L1.1.h

Llol.i

).1.l.j

1.1.2

1.1.2.a

3.1.2.b

3.1.2.C

3.1.2.d

RD Requirement Text

(3) Inclination: 98.2 +1-
0.15 degrees

(4) Eccentricity: 0.0012 +/-
0.0004

(5) Argument of Perigee:
80 +/-20 degrees

EOS-AM Instrument Set

The Spacecraft shall
accommodate the EOS-AM
instrument set, mmplying with all
requirements defined in the
Unique Instrument Interface
Documents (UIIDS) listed in Table
10

ASTER 421-12-11-01

CERES 421-12-12-02

MISR 422-12-03-02

CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

1.2.1.5.2.1 .d Inclination: 98.2 degrees Yes
+ /-0.15 degrees

1.2.1.5.2.1.e I Eccentricity .0012 +/-0.0004 I Yes I

1.2.1 .5.2.1.f Argument of Perigee 90 +/-20 Yes
degrees

3.1.5.1.2.a

3.1.5.1.2.ai

3.1.5.1.2.aj

3.1.5.1.2.ak

The Sr)acecraft Bus shall comply with I Yes

A!!wt terface requirements of the
-AM Instrument set listed in

!!kxtion 3.1.3, as described in the
Unique Instrument Interface
Documents (UIIDS). The Spacecraft
Bus shall comedywith the
requirements of-the UIIDS. -

m I

ASTER interface requirements are N/A
defined in UIID 422-12-11-01.

CERES interface requirements are Yes N/A
defined in UIID 422-12-12-02.

MISR interface requirements are Yes N/A
defined in UIID 422-12-03-02.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.1.2.e MODIS 422-12-04-01 3.1.5.1 .2.al MODIS interface requirements are Yes NIA
defined in UIID 422-12-04-01.

3.1.2.f MOPlll’ 422-41-05 3.1.5.1 .2.am MOPllT interface requirements are No Update when
defined in UIID 422-12-15-02. MOPllT UIID

placed on
contract.

3.1.3 System Diagram

3.1.3.a Figure 1 shows a system level
pictorial diagram delineating the
relationships between the
spacecraft and other space.lground
operating elements.

3.1.4 Interface Requirements

3.1.4.1 User Interfaces

3.1.4.1.1 EOSDIS

3.104.1.1.a The spacecraft shall functionally 3.1.5.4.a The Spacecraft shall interface with the Yes r

interface with all users through the EOSDIS via the NASA GN. Interfaces
EOS Data and Information System which are compatible with GN maybe
(EOSDIS). assumed to be compatible with the

Deep Space Network (DSN) and the
Wallops Traoklng Station (WTS).
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3.2.1 .2.2.1.a The Spacecraft Bus shall format and Yes
multiplex Instrument data packets,
along with the Spacecraft
Bus-generated housekeeping
telemetry packets and ancillary data
packets, for transmission to the
EOSDIS.

3.2.l.2.4.3.a The Spacecraft Bus shall be capable Yes
of simultaneously storing the science
data and transmitting it to the EOSDIS
in real time.

3.2.3.l.b The ability to transmit all recorded Yes
scienoe data to the EOSDIS via
Ku-band TDRSS or X-band DAS links
shall be considered the minimum
scienoe transmission capability
required for success.

3.1.4.1.2 Spacecraft Bus-to-Instrument
Interfaces

3.1.4.1 .2.a The spacecraft bus interface with 3.1.5 .l.l.a The Spacecraft Bus shall comply with Yes
each of the EOS-AM instruments the Instrument interface requirements
shall comply with 420-03-02, specified in the General Instrument
General Instrument Interface Interface Specification (GIIS), GSFC
Specification (GIIS), except where 420-0342.
deviations or waivers have been
approved in the UIIDS.

13 28 August 1993



—

CEI Compliance to RD

-

:

:

.

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.1.5.l.2.a The Spacecraft Bus shall comply with Yes
the interface requirements of the
EOS-AM Instrument set listed in
Seotion 3.1.3, as desoribed in the
Unique Instrument Interface
Doouments (UIIDS). The Spacecraft
Bus shall comply with the
requirements of the UIIDS.

3.1.5.1 .2.b If the UIIDS and the GIIS oonflict, the Yes
UIIDSshall govern.

1.1.4.l.2.b In these cases, the provisions of 3.1.5.1 .2.b If the UIIDS and the GIIS oonflict, the Yes
the UIIDS shall take precedence. UIIDS shall govern.

3.1.4.2 Launch Vehicfe Interfaces

r
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Comments

3.1.4.2.a Management roles and
responsibilities, integration data,
and the definition of the technical
activities, interfaces, and schedule
requirements among the EOS-AM
project, the Launch Vehicle
Program Office, and the Western
Space and Missile Center
(WSMC) are contained in TBD
(EOS-AM Spacecraft-t&Launch
Vehicle Interface Control
Document) and UDC-501
documents.

3.1.4.2.b The spacecraft shall be capable of 3.1,5.6.b Ascent telemetry shall be provided to Yes
providing telemetry during ascent the Launch Vehicle Interface.
to the launch vehicle for
transmission to the ground. 3.2.1 .7.1.4.a The Spacecraft Bus shall be oapable Yes

of transmitting and receiving data in
aooordanoe with the rates (which
incfude all CCSDS overhead) shown in I

Tables V and V1. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
associated Data Rate, Path, and
Return Link Service Columns.
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3.2.1 .7.1.4.Y The hardiine umbiiicai service shall Yes
support a 1 kbps i and Q channel
return iink for Launch/Ascent Health
and Safety teiemetry to Launch
Vehioie.

3.7.1 .6.3.b During the Launch/Ascent Phase, the Yes
C&DHS shaii provide the reai-time
health and safety teiemetry stream to
the Launch Vehicle interface.

3.1.4.3 Reserved

3.1.4.4 Radio Frequency interfaces

3.1.4.4.1 Tracking and Data Relay Satellite
System (TDRSS)

l“
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1.1.4.4.1.a Primary communications between 3.2.1 .7.1.3.a The Spacecraft Bus shall be capable Yes
the ground and the spacecraft of supporting all Science Mode
shall be through TDRSS. mission operations with no more than

20 minutes per orbit of TDRSS single
access service, Scheduled as
necessary to meet the navigation
requirements of the Spacecraft, and to
satisfy any additional command and
telemetry contact needs during
non-nominal operations. Multiple
Access and Single Access contacts
will be scheduled as necessary to
meet the navigation requirements of
the Spacecraft, and to satisfy any
additional mmmand and telemetry
contaot needs during non-nominal
operations.

3.2.1 .7.1.4.a The Spacecraft Bus shall be capable Yes
of transmitting and receiving data in
accordance with the rates (which I
include all CCSDS overhead) shown in
Tables V and VI. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
associated Data Rate, Path, and
Return Link Service Columns.
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Comments

3.2.1 .7.1.4.b The TDRSS SSA HGA service shall Yes
support a 10 kbps forward link for
Normal High Rate Commanding.

3.1.4.4.1.b These communications shall 3.1.5.3.1 .a Spacecraft interfaces to the TDRSS Yes
conform to the Space Network shall oomply with the Space Network
User’s Guide (STDN 101.2). (SN) User’s Guide, NASA STDN

101.2.

3.1 .503,2.a Spacecraft interfaces to the TDRSS Yes
shall mnform to the RF ICD between
the EOS AM Spacecraft and the
Spaceflight Tracking and Data
Network, 1S20008504.

f
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L1.4.4.1.C The spacecraft shall provide the 3.2.1 .7.1.3.a The Spacecraft Bus shall be oapable Yes
capabilities to accomplish all of supporting all Science Mode
communication operations in no mission operations with no more than
more than 20 minutes per orbit of 20 minutes per orbit of TDRSS single
TDRSS single aocess service: zwoess service, Scheduled as

necessary to meet the navigation
requirements of the Spacecraft, and to
satisfy any additional command and
telemetry oontact needs during
non-nominal operations. Multiple
Access and Single Acmes contacts
will be scheduled as necessary to
meet the navigation requirements of
the Spacecraft, and to satisfy any
additional mmmand and telemetry
contaot needs during non-nominal
operations.

3.1.4.4.1.d The TDRSS Multiple Access
Service may be utilized when
additional wntaot time is needed I
to satisfy navigation requirements.

3.1.4.4.2 Direct Acoess Service (DAS) User
Ground Stations

3.1.4.4.2.a The Spacecraft shall provide the 3.1.5.5.a The Spacecraft shall transfer data to Yes
capability for X-band telemetry DAS users via X-band links.
communications with DAS user
ground stations
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3.2.1 .7.1.4,a The Spacecraft Bus shall be capable Yes
of transmitting and receiving data in
accordance with the rates (which
include all CCSDS overhead) shown in
Tables V and V1. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
assodated Data Rate, Path, and
Return Link Service Columns.

3.2.1 .7.1.4.h DB (X-Band) DAS service shall Yes
support a 12.5 Mbps return link on
both I and Q channels for real-time
direct broadcast of low-rate science
data.

3.2,1 .7.1.4.i Real-time DB shall not be Yes
simultaneous with DP. It shall be on
the l~hannel only if DDL or DP’ is
aotive,otherwisethe same data shall
be I and Q channels.

3.2.1 .7.1.4.j The DAS DDL service shall support a Yes
12.5 Mbps return link on the I channel
and 105 kbps return link on the Q
channel for real-time direct downlink of
high-rate science data.
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CEI Rqmt #

1.2.1.7.1.4.k

3.2.1.7.1,4.1

3.2.1.7.1.4.m

3.2.1.7.1.4.n

3.2.1.7.1.4.0

3.2.1.7.1.4.P

3.2.1 .7.1.4.q

3.2.1.7.1.4.s

CEI Rqmt Text

when the DAS DDL service is active,
DB low-rate science data shall be on
the I channel with the DDL high-rate
data on the Q channel.

DAS DDL shall not be simultaneous
with DP or ~P’

The DAS DP earth coverage service
shall support a 75 kbps return link on
both I and Q channels for playback of
the science data records to provide a
backup to the TDRSS KSA science
data downlink.

The DP downlink data shall be
bit-interleaved.

The DAS system shall suppott DP
only. DAS DP shall not be
simultaneous with DB, DP’, OR DDL.

The DAS DP’ service Shall support a
12.5 Mbps return link on the 1channel
and 105 kbps on the Q channel.

The DP downlink data shall be bit
interleaved.

When DP’ is active on the Q-channel
only, DB maybe on the I channel.

=u==
Yes

Yes

Yes

Yes I
Yes I
Yes I
Yes I
Yes
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Comments

3.2.1 .7.1.4.y The GN S-band Omni emergency link Yes
service shall support a 16 kbps data
rate on the 1channel for Housekeeping
or Diagnostic/Dump data anda512
kbps data rate on the Q channel for
Housekeeping playback only.

1.1.4.4.3 Ground Network (GN)/Deep
Space Network (DSN)/Wallops
Tracking Station (WTS)

3.1.4.4.3.a The spacecraft shall provide the 3.1.5.4.a The Spaci?oraft Shall interface with the Yes
capability for S-Band telemetry EOSDIS via the NASA GN. Interfaces
and command mmmunications whioh are compatible with GN maybe
with GN/DSN/WTS stations. assumed to be compatible with the

Deep Space Network (DSN) and the
Wallops Traoldng Station (WTS).

3.2.1 .7.4.1.a The Spacecraft Bus shall be capable Yes
of emergency command and telemetry
communications with the Ground
Network (GN).

{

3.1.4.4.3.b The design of the RF link shall be 3.1 .5.4.a The Spacecraft shall interface with the Yes
compatible with GN/DSWS EOSDIS via the NASA GN. Interfaces
operational capabilities and shall which are compatible with GN maybe
permit the simultaneous assumed to be compatible with the
transmission of realtime and Deep Space Network (DSN) and the
playback emergency telemetry. Wallops Tracking Station (WTS).
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3.2.1 .3.2.2.4.a The Spacecraft Bus shall be capable Yes
of simultaneous transmission of
real-time and recorded telemetry data
via the GN link.

3.2.1 .7.4.1.a The Spacecraft Bus shall be oapable Yes
of emergency command and telemetry
communications with the Ground
Network (GN).

).1.4.5 Support Equipment Interfaces

L1.4.5.a The spa-aft shall make 3.1 .5.7.a The Spacecraft shall interface with Yes
provisions for Interfacing with the GSE and facilities as necessary to
GSE and facilities necessary for aii suppori Spacecraft integration, test,
spacecraft development and and prelaunch operations.
pr~launch operations.

3.1.5.7.b The Spacecraft shaii interface with Yes
Launch Vehicie System suppiied GSE
and facilities defined in the EOS AM
Spacecraft to Launch Vehicle Interface
Requirements Document,
1S20008503.

1.2 System Requirements

1.2.1 General System Requirements
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Comments

L2.1.1 Launch Vehicle and Launch Site
Compatibility

L2.1.1 .a The spacecraft shall be mmpatible 3.1.5.6.a The Spacecraft shall be capable of Yes
with the TBD intermediate class launching on a launch vehicle which
launch vehicle which is described meets the requirements specified in
in TBD. the EOS AM Spacecraft to Launch

Vehicle Interface Requirements
Document, 1S20008503.

L2.1.l.b The spacecraft shall comply with 3.1 .5.6.a The Spacecraft shall be capable of Yes
TBD (EOS-AM launching on a launch vehicle which
Spacecraft-to-Launch Vehicle meets the requirements specified in
Interface Control Document); the the EOS AM Spacecraft to Launch
Universal Documentation System Vehicle Interface Requirements
Handbook (UDG501, Volumes Document, 1S20008503.
1-3); the Western Space and
Missile Center (WSMC) Range 3.3.5.1.1 .a The Spacecraft safety program shall Yes

Safety Specification (WSMCR meet the programmatic requirements

127-1); and the Joint of GSFC 420-05432, Performance

Eastern/Western Space and Assurance Requirements for EOS I
Missile Center (ESMCMSMC) Spacecraft and the Joint

Policy for Encapsulated Paylaods Eastern/Western Space and Missile

(if applicable). Center (ESMCANSMC) Policy for
Encapsulated Instruments (if
applicable). .

3.3.5.l.2.a The Spacecraft shall comply with the Yes WSMCR Cdk

requirements of WSMCR 127-1. out
MlL-STD-l 57(
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9.9.9,9.a Nomatch in Contract End Item No It is unclear
Specification PS20005386 that UDC-501

applies to
EOS, thus we
believe we are
still compliant.

L2.1.1.C The spacecraft and associated 3.2.5 .2.2.a The Spacecraft shall perform as Yes
flight support equipment shall be speoified herein before, during and
designed to withstand the most after exposure to worst case launch
severe environmental levels environment induced by the Titan IV
imposed by the worst case and Atlas IIAS launch vehicles, as
existing intermediate class ELVS. defined in the Titan IV Users

Handbook, and in the Mission
Planners Guide for the Atlas Launch
Vehicle Family.

1.2.l.l.d The dry mass of the spacecraft 3.2.l.12.a The Spacecraft Bus structure shall be No Current CEI
plus the mission-peculiar launch designed to support a total Spacecraft allocates out a
hardware shall not exceed 10,650 mass the wet mass of the spacecraft dry mass os
Ibs. plus any available margin as specified 10,655 lb. f

in Table X. , CEI will be
updated.

3.7.1.1 .2.a Each subsystem shall not exceed its Yes
mass allocation as indicated in Table
x.

L2.1.2 Operational Lifetime
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L2.1.2.a The spacecraft shall have a 3.2.3.1 .a The Spacecraft Bus shall provide the Yes
minimum operational lifetime of Instruments with the minimum
five years. resources and services specified

herein for a mission life of five years.

L2.1 .3 Spacecraft Coordinate Systems

L2.1.3.a A right-hand, orthogonal, 3.2.2.2,a A right-hand, orthogonal, body-fixed Yes
body-fixed reference coordinate reference coordinate system shall be
system shall be used for the used for the Spacecraft.
spacecraft.

1.2.1.4 Environmental Definition

}.2.1.4.1 Natural Environment

1.2.1.4.1.a The spacecraft shall be designed 3.2.5.l.a The Spacecraft Bus shall meet the Yes
tom eat all performance performance requirements specified
requirements for operations in the herein during and after exposure to the
natural environment conditions, environmental renditions defined in
e.g., atmospheric density and the General Interface Specification (

composition, plasma, charged (GIS), 1S20008501.
particle and electromagnetic
radiation, meteoroids and space
debris, magnetic and gravitational
fields, thermal, pressure, physical
constraints, etc.
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1.2.l.4.l.b The spacecraft shall be designed 3.2.5.4.a Where practical, the Spacecraft shall Yes
with no operational constraints not impose operational constraints due
relative to naturai environment to naturai environment conditions
conditions during checkout, during checkout, iaunch, and on-orbit
launch, and on-orbit operations. operations.

9.2.1.4.2 induced Environment

12.1 .4.2.a The spacecraft shall be designed 3.2.5.1 .a The Spaoeoraft Bus shaii meet the Yes
to meet all performance performance requirements specified
requirements foiiowing exposure herein during and after exposure to the
to check-out and launch environmental conditions defined in
environments and during exposure the General Interface Specification
to the on-orbit induoed (GiS), iS20008501 .
environments (eieotromagnetic,
electrostatic, vibration, acoustic,
shock, iinear acceleration, thermai,
humidity, reduced atmosphere,
contamination, piasma, and (
radiation).

3.2,1.4.2.b The spacecraft shaii meet the 3.1.5.l.l.a The Spacecraft Bus shaii comply with Yes
requirements defined in this the instrument interface requirements
document when exposed to the specified in the General instrument
environment induced by the interface Specification (GilS), GSFC
instruments. 420-03-02.
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3.2.1.4.2.c The total contamination Induced 3.2.5,2.3.a The Spacecraft Bus shall comply with Yes
by the spacecraft shall be the mntamination requirements set
managed in accordance with the forth in NASA 420-05-02, and with the
requirements of 420-05-02, requkements of the Contamination
Performance Assurance Control Plan.
Requirements for the EOS-AM
Spacecraft.

3.2.1.5 Autonomy

3.2.l.5.a The spacecraft shall monitor the 3.2.l.13.l.a In the event of a failure on the Yes
housekaeplng data of subsystems Spacecraft, the Spacecraft Bus shall
and instruments. provfde those resources and services

required for Spacecraft Bus and
Instrument survival.

3.2.1.1 3.2.2.a The Spacecraft Bus shall perform Yes
on-otilt health and status checks of all
subsystems and Instruments to verify
Spacecraft integrity and status. 1!

I
3.2.1.5.b Upon detection of predefine 3.2.1 .6.4.1.a The Spacecraft shall autonomously Yes

anomalous renditions and sets of enter Safe Mode under either of the
conditions, the spacecraft shall following renditions: a) detection that
issue commands to restore full the processors or flight software are
operations safely, achieve incapable of supporting safe
degraded or partial operations Spacecraft operations or b) the GN&C
safely, or achieve a safe subsystem fails to maintain the
configuration in which to await spacecraft attitude within
action from the ground. predetermined thresholds.
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3.2.1.1 3.3,2.2.a The Spaoeoraft shall autonomously Yes
transition to a safe operating mode in
eaoh of the following oases:

a. When a failure occurs after
whioh continued Spacecraft operation
may threaten the survival of the
Spacecraft; and

3.2.1 .13.3 .2.2.c The Spacecraft shall maintain the Yes
achieved safe configuration until
otherwise oommanded by the ground.
(This does not preclude further
autonomous response and safing)

3.2.l.13.3.2.3.b The Spacecraft Bus shall be oapable Yes
of issuing predefine command
sequences in response to selected
anomalous conditions that do not
require entry into a safe configuration.

3.7.l.10.5.b Upon deteotion of an active trigger Yes
condition, the Telemetry Monitor shall f
issue a predefine command or shall
trigger excwtion of a predefine
RTCS.
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3,2.1.5.c The spacecraft shall save the data 3.2.1 .3.2.1.1 .e d. Indications of resource usage, Yes
defining the cause of the anomaiy
for transmission to the ground, and 3“2”‘ “3”2”’ “Z”a Spacecraft t-feaith and Safety Yes

shail generate, record and transmit teiemetry shaii contain data indicative

safe mode teiemetry to the ground of the current status of on-board

until a normai operations mode is subsystems and Instruments.

achieved, 3.2.1 .3.2.1.2.b The Spacecraft shall be oapable of Yes
transmitting the data in a seperate 1
kbps stream.

3.2.1 .3.2.1.2.c l%e Spacecraft shali aiso inciude this Yes
Heaith and Safety telemetry in the
housekeeping telemetry stream.

3.2.1 .3.2.1.4.a The Spacecraft Bus shail retain in Yes
storage at least four orbits of
housekeeping teiemetry data
seleceted to support ground-based
anomaiy diagnosis.

3.2,1 .3.2.2.2.a The Spaoeoraft Bus shaii be capable Yes
of gathering and transmitting telemetry
during all modes employed after initial f
on-orbit communications with the
ground have been established.

3.2.l.13,4.b The Spacecrat Bus shali transmit the Yes
data to the ground for check-out, fault
deteotion, and location of fauits to the
point at which a redundant path is
availabie.
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3.2.1.5.d The spacecraft shall monitor the 3.2.1 .6.4,1.a The Spacecraft shall autonomously Yes
health of its C&DH processors enter Safe Mode under either of the
and, upon detection of anomalous following renditions: a) detection that
operation, enter the GN8LCsafe the processors or flight software are
mode. incapable of supporting safe

Spacecraft operations or b) the GN&C
subsystem fails to maintain the
spacecraft attitude within
predetermined thresholds.

3.2.1.5.e The spacecraft shall be capable of 3.2.l.13.3.2.3.b The Spacecraft Bus shall be capable Yes
detecting and reacting to selected of issuing predefine command
anomalous conditions onboard the sequences in response to selected
spacecraft by issuing predefine anomalous renditions that do not
command sequences. require entry into a safe configuration.

3.2.1,5.f During periods of abnormal 3.2.l.13.l.a In the event of a failure on the Yes
operations, the spacecraft shall be Spacecraft, the Spacecraft Bus shall
capable of maintaining the provide those resources and services
resources required for its survival. required for Spacecraft Bus and

Instrument survival.

3.2.l.13.3.2.3.b The Spacecraft Bus shall be capable Yes
of issuing predefine command
sequences in response to selected
anomalous conditions that do not
require entry into a safe configuration.
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).2.l.5.g The spacecraft shall be capable of 3.2.1 .6.4.1.a The Spacecraft shall autonomously Yes
autonomously transitioning to a enter Safe Mode under either of the
safe condition. following conditions: a) detection that

the processors or flight software are
incapable of supporting safe
Spacecraft operations or b) the GN&C
subsystem fails to maintain the
spacecraft attitude within
predetermined thresholds.

3.2.1 .6.4.4.a If the Spacecraft enters safe mode due Yes
to an attitude maintenance anomaly
the Spaoeoraft Bus shall acquire and
maintain a thermal- and power-safe
attitude.

3.2.1 .13.3.1 .a The Spacecraft Bus shall continuously Yes
provide resouroes and services as
required for Spaoeoraft Bus and
Instrument survival.

3,2.1.5.h All autonomous funotions shall be 3.7.1 .1.8.1.5.a All subsystems shall accept and Yes
capable of being overridden by execute commands to override or (

ground oorrtrol. inhibit the exeoution of autonomous
funotions which may interfere with
Spacecraft operations or jeopardize
the health of the Spacecraft.

3.2.1.6 Safety

3.2.1.6,1 General Safety Requirements
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L2.1.6.1.a The spacecraft flight and ground 3.3.5.1.1 .a The Spacecraft safety program shall Yes
systems safety program shall meet meet the programmatic requirements
programmatic requirements of of GSFC 420-0S02, Performance
420-0542, Performance Assurance Requirements for EOS
Assurance Requirements for the Spacecraft and the Joint
EOS-AM Spacecraft. Eastern/Western Space and Missile

Center (ESMC/WSMC) Policy for
Encapsulated Instruments (if
applicable).

1.2.1.6.1.b Actions for satisfying safety 3.3.5.2.1 .a Where practical, hazards shall be Yes
engineering requirements shall be eliminated or removed through
in the following order of appropriate design measures.
precedence:

a) Hazard elimination or 3.3.5.2.1 .b Hazards which oannot be eliminated or Yes

removal by appropriate design removed shall, where practical, be

measures prevented through incorporation and
use of safety devices or features.

3.3.5.2.1 .C Remaining hazards shall be controlled Yes
through the use of warning devioes !
and/or special procedures.

3.2.1.6.1 .C b) Prevention of hazards 3.3.5.2.1 .b Hazards which oannot be eliminated or Yes
through use of safety devices or removed shall, where practical, be
features prevented through incorporation and

use of safety devices or features.

3.2.1.6.1.d c) Control of hazards through 3.3.5.2.1 .C Remaining hazards shall be controlled Yes
use of warning devices and/or through the use of warning devices
special procedures and/or special procedures.
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.2.1.6.2 Malfunction Detection and Control

1.2.1.6.2.a Any automatic safing or switohover 3.2.1 .13.3.2.1 .a The Spaoaoraft shall allow the override Yes
capability of functional paths shall of all autonomous anomaly responses
be oapable of being overridden by by ground oontrol.
the ground control

3.7.1 .1.8.1.5.a All subsystems shall accept and Yes
exeoute oommands to override or
inhibit the exeoution of autonomous
functions which may interfere with
Spacecraft operations or jeopardize
the health of the Spacecraft.

1.2.1,6.2.b Safety interlocks, hardware and/or 3.3,5.2.3.a The Spacecraft Bus shall incorporate Yes
software shall be implemented safety interlock mechanisms
whenever practical to prevent implemented in hardware or software
unsafe operations from being to prevent the execution of predefine
executed. commands which are potentially

hazardous to personnel or to the
Spacecraft without prior confirmation
or arming by ground operators.

L2.1.6.2.c Fail safe modes shall be 3.2.1 .13.1.2.a Redundant functional paths shall be Yes
implemented that prevent or separated or protected such that no
minimize damage resulting from single credible event will cause loss of
failures. both paths.

3.2,1 .13.1.3.a No single Spacecraft functional or Yes
physical failure shall cause other
failures external to the component in
which the failure ocours.
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1.2.1.6.3 Pressurized Elements/Propellants

3.2.1.6.3.a All pressurized components shall 3.3.5 .4,2.a All Spacecraft Pressurized Yes
be designed in accordance with components shall be designed to
MlL-STD-l 522A. withstand the testing described in

ML-STD-1 522A, Section 5, Approach
A, using appropriate factors of Saftey
(FS) as defined in the 1S20008501,
General Interface Specification.

3.2.1.6.3.b Pressurized vessels shall be 3.3.5.4.2.a All Spacecraft Pressurized Yes
deslgntxl In accordance with components shall be designed to
MlL-STD-l 522A, SectIon 5, withstand the testing described in
Approach A. ML-STD-1522A, Section 5, Approach

A, using appropriate factors of Saftey
(FS) as defined in the 1S20008501,
General Interface Specification.

3.2.1.6.3.c Factors of Safety shall be used per 3.3.5 .4.2.a All Spacecraft Pressurized Yes
Table VII!. components shall be designed to

withstand the testing described in I
ML-STD-1522A, Section 5, Approach
A, using appropriate factors of Saftey
(FS) as defined in the 1S20008501,
General Interface Specification.

3.2.1.6.4 Explosive Devices
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).2.1.6.4.a Explosive devices shall be armed 3.3.5.4.1 .a The Spacecraft Bus shall incorporate Yes
as near to the time of expected arming mechanisms which allow
use as feasible. explosive devices to be armed as near

to the time of expected use as
feasible, and to be disarmed promptly
when no longer in use.

1.2.1.6.4.b Explosive devices shall be 3.3.5.4.1 .a The Spaoeoraft Bus shall incorporate Yes
promptly disarmed when no longer arming mechanisms which allow
in use. explosive devioes to be armed as near

to the time of expected use as
feasible, and to be disarmed promptly
when no longer in use.

3.2.1.6.4.c Pyrotechnic Devices shall meet 3.3.5.1 .20a The Spacecraft shall mmply with the Yes WSMCR CdkI

the design requirements specified requirements of WSMCR 127-1. out
in WSMCR 127-1 and MiL-STD-1576
MlL-STD-l 576.

3.2.1.6.5 Hazardous Materials

3.2.1.6.5.a Spacecraft requirements for 3.3.5.2.5.a The design of subsystems and Yes (
hazardous materials, flammability, components which utilize liquids or
and outgassing shall be as gasses shaii preclude hazards due to
specified in 420-05-02, the release of such fluids.
Performance Assurance
Requirements for EOS-AM
Spacecraft.
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3.3.5,3.a The Spacecraft Bus shall select only Yes The PAML
materials identified in the Program includes
Approved Materials and Processes requirements
List, 20008650. for hazardous

materials,
flammability,
and
outgassing as
specified in
the PAR

1.2.1.6.6 Ground Safety

1.2.l.6.6.a Hazard detection and safing shall 3.3.5 .2.2.a Automated detection and safing of Yes
be provided with an appropriate hazards which may cause personnel
level of independence from those injury or loss of the Spacecraft shall be
subsystems being monitored. independent of those subsystems

being monitored.

3.3.5 .2.2.b Where praotical, the detection and Yes
safing of lesser hazards shall also
follow this practice.

I

1.2.1.6.6.b Special emphasis shall be placed 3.3.5.2.2.a Automated detection and safing of Yes
on hazards which may result in hazards which may cause personnel
human death or system loss. injury or loss of the Spacecraft shall be

Independent of those subsystems
being monitored.
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3.4.l.a Design decisions shall be made to Yes
aooommodate compliance with safety
requirements speoified in this
document before accommodating any
other considerations (e.g., cost,
sohedule. performance).

).2.1.6.6.c Protective features shall be 3.3.5.2.1 .a Where practical, hazards shall be Yes
employed to preclude personnel eliminated or removed through
injury for all ground maintenance appropriate design measures.
actions.

3.3.5.2.1 .b Hazards which oannot be eliminated or Yes
removed shall, where practical, be
prevented through incorporation and
use of safety devices or features.

3.3.5.2.1 .C Remaining hazards shall be controlled Yes
through the use of warning devices
andlor special procedures.

3.3.5 .2.2.a Automated detection and safing of Yes
hazards which may cause personnel
injury or loss of the Spacecraft shall be (
independent of those subsystems
being monitored.

3.3.5.2.2.b Where practical, the detection and Yes
safing of lesser hazards shall also
follow this practice.
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3.3.5,2.3.a The Spacecraft 8USshall incorporate Yes
safety interlock mechanisms
implemented in hardware or software
to prevent the execution of predefine
commands which are potentially
hazardous to personnel or to the
Spacecraft without prior confirmation
or arming by ground operators.

3.3.5.2.5.a The design of subsystems and Yes
components which utilize liquids or
gasses shall preclude hazards due to
the release of such fluids.

3.3.5 .2.6.a Test equipment shall incorporate any Yes
safety interlocks or other safety
features.

3.3.5.2.7.a Any safety feature included in any Yes
Spacecraft test equipment shall give a
visual, auditory, or electronic indication
of activation when it is activated. f

3.2.1.7 Reliability

3.2.l.7.a Non-critical functions shall be 3.2.l.13.3.2.3.b The Spacecraft Bus shall be oapable Yes
designed to fail safe. of issuing predefine command

sequenoes in response to selected
anomalous conditions that do not
require entry into a safe configuration.
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1.2.1.7.1 Failure Tolerance

1.2.1.7.1.a Spacecraft functions shall, as a 3.2.l.13.l.l.a The Spacecraft Bus shall perform the Yes
minimum, be tolerant of a single functions specified herein after any
credible hard failure. single credible hard failure.

1.2.1.7.1.b Functional redundancy required to
provide this failure tolerance may
be achieved by considering the
spacecraft as an Integrated
system.

L2.1.7.1.c Failures critical to spacecraft 3.2.1 .13.3 .2.2.a The Spacecraft shall autonomously Yes
survival shall be detectable and transition to a safe operating mode in
shall cause the spacecraft to each of the following cases:
transition to a safe mode. a. When a failure occurs after

which continued Spacecraft operation
may threaten the survival of the
Spacecraft; and

3.2.1 .13.3,2.2.b b. When it is unknown whether or Yes (
not continued Spacecraft operation
may threaten the survival of the
Spacecraft.

1.2.1.7.1.d Non-critical functions shall be
designed to fail safe.
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3.2.1 .13.3.2.3.b The Spacecraft Bus shall be capable Yes
of issuing predefine command
sequences in response to selected
anomalous conditions that do not
require entry into a safe configuration.

1.2.l.7.l.e Spacecraft design shall be such 3.2.1 ,13.1.3.a No single Spacecraft functional or Yes
that one failure does not cause physical failure shall cause other
additional failures. failures external to the component in

which the failure occurs.

3.2.1.7.1.f The spacecraft shall preclude the 3.2.l.13.l.3.a No single Spacecraft functional or Yes
propagation of instrument failures physioal failure shall cause other
to other instruments and failures external to the mmponent in
spacecraft subsystems. whioh the failure ooours.

3.2.1.7.2 Redundancy

3.2.1.7.2.a The spacecraft design shall 3.2.l.3.2.l.l.a Spacecraft Bus communications return Yes
provide redundancy management links shall contain housekeeping (

and redundancy status to the telemetry which includes
ground.

3.2.1 .3.2.1.1 .C b. Data indicative of the current status Yes
of the on-board subsystems and
Instruments,

3.2.1 .3.2.1.1 .h g. Notification of all autonomous Yes
switching between redundant paths,
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3.7.1.1 .8.2.4.b Subsystem Housekeeping telemetry Yes
shall, as a minimum, contain the
following:
(a) Redundancy status of the
subsystem and components;
(b) Health and safety status data;
(c) Indications of resource usage;
(d) Indications of sensed faiiures or
anomalies, if any;
(e) Data suitable for verifying
exeoution of each Spacecraft
command;
(f) Notification of aii autonomous
switching between redundant paths.

L2.1.7.2.b Alternate or redundant spacecraft 3.2.l.13.l.2.a Redundant functional paths shail be Yes
functional paths shaii be separated separated or protected such that no
or proteoted such that any event single credibie event wiii cause ioss of
which causes the loss of one both paths.
functional path wiii not resuit in the
ioss of the aitemate or redundant
functional path(s). I

3.2.1.8 Reserved

3.2.1.9 Maintainability

3.2.1.9.1 Generai (Maintainability) Design
Requirements
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RD Rqmt #
I

RD Requirement Text

L2.1.9.1.a

1.2.1.9.1.b

a) The spacecraft shall be of
modular construction to the extent
practical to support integration and
test.

b) Redundant functional paths
shall be designed to permit
verification of their operational
status without removal of
1spacecraft equipment.

).2.1.9.1.C c) Software and its associated
hardware shall be designed so
that software revisions/corrections
can be uplinked to the spacecraft.

L2.1 .9.1.d d) Security and operating software
installation shall inciude software
integrity and revision checking as
part of the software development
environment.

CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.4.1 .6,a The Spacecraft shall be of modular Yes
construction to the extent practical to
facilitate l&T.

3.7.1.1 .8.2.4.a The housekeeping telemetry provided
by each subsystem shall allow ground
controllers to assess the operational
state of the subsystem, monitor critical
subsystem function, and aid in fault

I det~tion and correction.
I

3.2.1 .14.1.2.a

I
Spacecraft Bus components which
comprise mmputer programs shall,
where practical, be implemented as
software and be reprogram mable on

I orbit.
n

3.2.l.14.l.l.a The Spacecraft Bus flight software
shall incorporate provisions for
veri~lng the integrity of and the
revision of ioaded software via
telemetrv.

r

Yes

Yes

Yes

r
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L2,1.9.1.e e) Standardization shall be 3.2.4.3.1 .a The Spacecraft Bus shall utilize Yes
incorporated where practical in standardized hardware, software, data
flight hardware, ground hardware, formats, and procedures to facilitate
software, technical data formats, maintenance.
format aooess, and procedures as
praotioai to facilitate integration
and test.

L2.1.9.1.f f) Spacecraft subsystems shall 3.1 .5.7.a The Spacecraft shali interface with Yes
support pre-launch integration and GSE and facilities as necessary to
checkout of the spacecraft through support Spacecraft integration, test,
simulation, status checks, and and prelaunch operations.
execution of sample command
loads.

3.2.4.3.5.a The Spacecraft shall support Yes
prelaunch integration and cheokout of
the Spacecraft by incorporating
interfaces for external stimuli or
simulators, where appropriate, and by
performing status checks and
executing sample command loads.

1.2.1.9.1.g g) The spacecraft shali be capable 3.2.4 .3.5.b Command and housekeeping Yes
of being tested on the ground with telemetry oapabiiities shall be
or without a direct RF iink. avaiiable both with and without RF

links.

.
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L2.1.9.1.h h) The Spacecraft shall be capable 3.1.5.8.a The Spacecraft shall participate in Yes
of being tested with the command end-to-end testing of the command
and data handling elements of the and data handling elements of the
EOS ground system. EOS Ground System.

).2.1.9.1.i i) The spacecraft shall have the 3.2.1 .3.2.a The Spacecraft Bus shall collect and Yes
capability for onabit verification transmit to ground Spacecraft
consisting of health and status telemetry data.
checks.

3.2.1 .3.2.1.1 .a Spacecraft Bus communications return Yes
links shall contain housekeeping
telemetry which includes

3.2.1 .3.2.1.1 .b a. Indication of the current Spacecraft Yes
System Mode,

3.2.1 .3.2.1.1 .C b. Data indicative of the current status Yes
of the on-board subsystems and
Instruments,

3.2.1 .3.2.1.2.a Spacecraft Health and Safety Yes
telemetry shall contain data indicative (
of the current status of on-board
subsystems and Instruments.

3.2.1 .3.2.1 .2.c The Spacecraft shall also include this Yes
Health and Safety telemetry in the
housekeeping telemetry stream.

3.2.l.13,2.2.a The Spacecraft Bus shall perform Yes
on-orbit health and status checks of all
subsystems and Instruments to verify
Spacecraft integrity and status.
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3.7.1.1 .8,2.2.b These data shall indicate the current Yes
status of the subsystem, and shall
allow assessment and monitoring of
the subsystem.

3.2.1.9.2 Accessibility

3.2.l.9.2.a a) Items which for safety reasons 3.2.’4.1.1.a Items which for safety reasons may Yes
may require rapid maintenance require prelaunch maintenance shall
shall be readily accessible. be readily accessible.

3.2.1.9.2.b b) Items requiring frequent access 3.2.4.1 .2.a items requiring frequent access during Yes
during integration and test or other l&T or other prelaunch operations shall
pre-launch operations shall be be accessible during i&T.
readiiy accessible.

3.2.1.9.3 Reserved

3.2.1.9.4 Human Factors

3.2.1.9.4.a a) items of the same or similar 3.2.4.3.2.a Items of identical or similar form which Yes
form which have different have different functional

I

functional properties shall be characteristics shall be readily
readily identifiable and identifiable and distinguishable
distinguishable. through marking or other means.
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3.2.1.9.4.b b) Calibration or adjustment 3,2.4 .2.2.a Controls and aotuators for calibration Yes
controls shall be provided with or adjustment shall incorporate
appropriate stops to prevent mechanical stops where necessary to
damage. prevent damage.

3.2. 1.9.4.c c) All items shall be located or 3.2.4.2.1 .a All Spacecraft components which are Yes
guarded so that they wiil not be fragile or otherwise susceptible to
susceptible to damage. damage shall, where practical, be

guarded or iooated so as to reduce
this susceptibility.

3.2. 1.9.4.d d) Sensitive adjustment points 3.2.4 .2.3.a Sensitive adjustment controls and Yes
shall be located or guarded so that actuators shaii be located or guarded
adjustments will not be disturbed to proteot them from inadvertent
inadvertently. perturbation.

3.2.l.9.4.e e) Valve position (open, closed, 3.2.4 .4.4.a The position (open, closed, Yes
intermediate) shall be readily intermediate) of ali valves shall be
ascertained. electronically or analytically

ascertainable. I

3.2.1 .9.5 Test Equipment

3.2.1 .9.5.a a) Specialized maintenance 3.2.4 .3.3.a The Spacecraft Bus shall be designed Yes
equipment shall be kept to a to use existing ground equipment to
minimum. perform maintenance functions,

wherever practical, rather than
requiring the design of new equipment.
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3,2.4 .3,4.a When new maintenance equipment is Yes
required to maintain Spacecraft
elements which are part of a group of
physically or functionally identical or
similar elements, the equipment shall
be designed to perform its task(s) on
eaoh element of that group, where
praotioal.

3.2.1.9.5.b b) All test equipment shall be 3.2.4.3.7.a All test equipment shall be functionally Yes
functionally verifiable. verifiable.

3.2.1.9.5.c c) The use of test equipment shall 3.3.5.2.6.a Test equipment shall incorporate any Yes
not introduce a safety hazard. safety interlocks or other safety

features.

3.3.5 .2.7.a Any safety feature included in any Yes
Spacecraft test equipment shall give a
visual, auditory, or electronic indication
of activation when it is activated.

3.2.1.9.5.d d) Test equipment shall not 3.2.4 .3.6.a The test equipment will not subject any No Not written asf
overstress or damage equipment flight equipment to environments a requirement.
under test. beyond those defined in PS20005404, Will be

Verification Specification. updated.

3.2.1.9.5.e e) The test equipment shall have 3.3,5.2.6.a Test equipment shall incorporate any Yes
built-in-safety features and/or safety interlocks or other safety
safety interlocks which shali give features.
an indication when aotivated.
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3.3.5.2.7.a Any safety feature included in any Yes
Spacecraft test equipment shall give a
visual, auditory, or electronic indication
of activation when it is activated.

3.2.l.9.5.f 9 Test equipment shall be 3.2.4 .3.8.a Spacecraft test equipment shall be Yes
calibrated in conformance with calibrated in accordance with GSFC
420-0542, Performance 420-0542.
Assurance Requirements for
EOS-AM Spacecraft.

3.2.1.9.6 Reserved

3.2.1.9.7 Reserved

3.2.1.10 Transportability

3.2.l.10.a The spacecraft shall be capable of 3.2.6.1 .a The Spacecraft shall be capable of Yes
being transported in a suitable, being transported in an
environmentally-control led environmentally-controlled shipping
shipping container. container. The imposed (

environmental levels will not exceed
those specified for transportation in the
GIS.

3.2.1.11 Reserved

3.2.1.12 Spacecraft Mode Transition
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1.2.l.12.a The spacecraft shall be capable of 3.1.4.C The Spacecraft mission phase Yes
being configured into a mode transition shall begin in the Pre-launch
consistent with launch on the phase.
specified launch vehicle and
capable of transitioning to on-orbit 3“7”’”1”’”a Each Spacecraft Bus subsystem shall Yes

operations. perform all functions allocated to it,
unless otherwise specified, throughout
mission iife.

3.7.l.l.l.b Each subsystem shall provide Yes
resources or services as required for
Spacecraft and Instrument survival.

3.7.l.l.3.a All subsystems shall provide the Yes
minimum capability demanded of them
during each mode defined in 3.1.4.2
without drawing greater than the
power levels presented in Table Xl for
that mode.

3.2.1.13 Manager’s Reserve

3.2.l.13.a A 500 lb Manager’s Reserve shall 9.9.9.9.d N&match in Contract End Item No Missing from
be carried in the spacecraft mass Specification PS20005386 CEI. GSFC
budget. has stated

that this will
be removed
from the RD.

●
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1.2.l.13.b A 150 W Manager’s Reserve shall 9.9m9.9.d No-match in Contract End Item No Missing from
be carried in the spacecraft power Specification PS20005386 CEL GSFC
budget. has stated

that this will
be removed
from the RD.

3.2.2 Performance Requirements

3.2.2.1 Reservti

3.2.2.2 Mechanical

3.2,2.2.1 Instrument Mass

3.2.2.2.1.a The spacecraft shall be capable of 3.1.5.1 .2.a The Spacecraft Bus shall comply with Yes
accommodating the instrument set the interface requirements of the
mass as defined in the UilDs. EOS-AM Instrument set listed in

Seotion 3.1.3, as described in the
Unique Instrument Interface

I

Documents (UIIDS). The Spacecraft
Bus shall comply with the
requirements of the UIIDS.

3.1.5.1 .2.b If the UIIDS and the GIIS conflict, the Yes
UIIDS shall govern.

3.1.5.1 .2.C UIID Instrument parameters defined Yes
below shall be assumed for Spacecraft
Bus design activities.
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3.1.5.1 .2.d The spacecraft shall accommodate Yes
ASTER’s 992.3 lb mass,

3.1.5.1 .2.e The spacecraft shall accommodate Yes
MISR’S 297.7 lb mass.

3.1.5.1 .2.f The spacecraft shall accommodate Yes
MODIS’S 613.0 lb mass.

3.1.5.1 .2.g The spacecraft shall accommodate Yes
CERESS 198.5 lb mass.

3.1.5.l.2.h The spacecraft shall accommodate Yes
MOPill% 352.8 lb mass.

1.2.2.2.2 Mechanical Requirements

L2.2.2.2.a The spacecraft and associated 3.2.5.l.a The Spacecraft Bus shall meet the Yes
flight equipment shall be of performance requirements specified
adequate strength and stiffness to herein during and after exposure to the
resist without failure all imposed environmental conditions defined in
environmental loads Including the General Interface Specification
ground testing, ground transport, (GIS), 1S20008501. (

launch, and orbital operations. In
addition, the following specific
performance requirements shall be
adhered to.
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3.2.5 .2.2.a The Spacecraft shall perform as Yes
specified herein before, during and
after exposure to worst case launch
environment induced by the Titan IV
and Atlas IIAS launch vehicles, as
defined in the Titan IV Users
Handbook, and in the Ivlssion
Planners Guide for the Atlas Launch
Vehicle Family.

3.7.1 .7.1.5.4.a The SMS structure design shall Yes
preclude creep strain leading to
rupture, detrimental deformation, or
creep buckling of compression
members during their design life.

3.2.2.2.2.1 Failure Tolerance

3.2.2.2.2.1.a The spacecraft shall be designed 3.7.1 .7.1,562a The structure shall withstand any Yes
so that failure of a single structural credible failure of any single structural
member shall not degrade the member while retaining sufficient
strength or stiffness of the strength and stiffness to preclude

I

spacecraft to the extent that the catastrophic Spacecraft failure or
mission is placed in jeopardy or a jeopardy to mission success.
catastrophic failure of the
spacecraft results.

3.2.2.2.2.1.b Where that is not practical, 3.7.1 .7.1.5.3.a The credibility of failures of structural Yes
adequate load testing and analysis members which are critical to
shall be used to verify that a single Spacecraft integrity or mission
structure member failure is not suocess shall be precluded via load
credible. testing and analysis.
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3.2.2.2.2.2 Damage Toleranoe

3.2.2.2.2.2.a The spacecraft structure and 3.2.5.l.a The Spacecraft Bus shall meet the Yes
associated flight equipment shali performance requirements specified
be toierant of damage from herein during and after exposure to the
sources such as impaot by both environmental conditions defined in
micrometeroids and spaoe debris. the Generai interface Specification

(GiS), iS20008501 .

3.2.2.2.2.3 Structural Reliability

3.2.2.2.2.3.a All spacecraft hardware shail 3.2.3.3.a The Spacecraft Bus reliability program Yes
adhere to the structural reliability shaii compiy with the requirements of
requirements as defined in GSFC 420-05-02.
420-054)2, Performance
Assurance Requirements for the
EOS-AM Spacecraft.

3.2.2.2.2.4 Fatigue

3.2.2.2.2.4.a Safe-iife design shall be adopted 3.7.1 .7.1.5.5.a Any required “safa-iife” or “faii-safe” Yes
for aii major Ioadartying analyses of structural elements shall
spacecraft structures. be performed in accordance with f

GSFC-731-0005-83.
I
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1.2.2.2.2.4.b These structures shall be capable 3.7.1 .7.1.5.6.a All primary Ioad-oarrying structures Yes
of surviving, without failure, a total shall be capable of enduring four times
number of mission cycles that is a the number of thermal cycles expected
minimum of four times greater. in service.
than the total number of mission
cycles expected in service (shown
by analysis or by test through a
rationally derived cyclic loading
and temperature spectrum). This
does not preclude fail-safe
structural features.

3.2.2.2.2,5 Creep

3.2,2.2.2.5.a The spacecraft structure design 3.7.1 .7.1.5.4.a The SMS structure design shall Yes
shall preolude cumulative creep preclude creep strain leading to
strain leading to rupture, rupture, detrimental deformation, or
detrimental deformation or creep creep budding of impression
buckling of compression members members during their design life.
during their design life.

L2.2.2.2.5.b Analysis shall be supplemented by 3.7.1 .7.1.5.3.a The credibility of failures of structural Yes
test to verify the creep members which are critical to
characteristics for the critioal Spacecraft integrity or mission
combination of loads’ and suooess shall be precluded via load
temperatures. testing and analysis.

3.7.1 .7.1.5.5.a Any required “safe-life” or “fail-safe” Yes
analyses of structural elements shall
be performed in accordance with
GSFC-731-0005-83.

r
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3.2.2.2.2.6 Thermal Distortion

3.2.2.2.2.6.a The effects of thermal distortions 3.7.1.1 .5.a Each subsystem shall mntribute no Yes
in the spacecraft structure shaii be more than its aiiocated error to the
included, where applicable, in high gain antenna pointing error as
interface specifications, anaiyses indicated in Tabie Xiii.
of attached systems, and
deformation analyses such as 3.7.1.1 .6.a Each subsystem shail contribute no Yes

ioads and pointing anaiyses. more than its aliocated error to the
Spacecraft pointing accuracy, pointing
knowledge, pointing jitter, and pointing
stabiiity, in accordance with Tables Xiii
through XVi.

3.7.1 .7.1.5.8.a The SfvlS design shaii ensure that heat Yes
ioad changes due to any of the
foliowing Spacecraft changes do not
induce a creep strain at any interface
which could compromise Spacecraft
structural performance:

3.7.l.7.2.3.a The SMS shali provide mechanisms Yes
where needed at EM interfaces to iimit (

reiative thermai distortion and transfer
of ioads from the Spacecraft.
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L2.2.2,2.6.b The spacecraft structure design 3.7.1 .7.1.7.a The SMS shall comply with the Yes
shall minimize the effects of allocated pointing and stability
thermal distortion on other requirements under ail conditions
subsystems. wherein SMS components are

maintained within specified
temperature ranges.

3.7.1 .7.2.3.a The SMS shall provide mechanisms Yes
where needed at EM interfaces to limit
relative thermal distortion and transfer
of loads from the Spacecraft.

3.2.2.2.2.7 Reserved

3.2.2.2.2.8 On-Orbit Loads

Y2.2.2.2.8.a The spacecraft structure shall 3.7.1 .7.1.5.2.a The structure shall withstand any Yes
withstand on+rbit operational credible failure of any single structural
loads. member while retaining sufficient

strength and stiffness to preolude
catastrophic Spacecraft failure or
jeopardy to mission success. I

3.7.1 .7.1.5,3.a The credibility of failures of structural Yes
members which are critical to
Spacecraft integrity or mission
suocess shall be precluded via load
testing and analysis.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
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3.7.1 .7.1.5.4.a The SMS structure design shall Yes
preclude creep strain leading to
rupture, detrimental deformation, or
creep buckling of compression
members during their design life.

3.7.1 .7.1.5.8.a The SMS design shall ensure that heat Yes
load changes due to any of the
following Spacecraft changes do not
induce a creep strain at any interface
which could compromise Spacecraft
structural performance

3.7.l.7.2.3.a The SMS shall provide mechanisms Yes
where needed at EM interfaces to limit
relative thermal distortion and transfer
of loads from the Spacecraft.

3.2.2.2.2.9 Standard Structural Interfaces and
Commonality

3.2.2.2.2.9.a The spacecraft shall employ 3.7.1 ,7.1.3.a The SMS shall employ standard Yes
standard fasteners for structural fasteners for structural and mechanical f
and mechanical attachments attachments where practical.
where practical.

3,2.2.2.3 Mechanisms Requirements
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Comments

1.2.2.2.3.a The requirementsiistedbelow are
applicableto the mechanicalor
eleotromechanioaidevices that
controlthe movementof a
meohanicaipart relativeto another
part.

3.2.2.2.3.1 Spacecraft Deployment
Mechanisms

3.2.2.2.3.l.a Mechanismsshali be providedon 307.1.2.6.b The EPS shall providethe Yes
the spacecraftfor deploymentof mechanismsfor deployment of the
spacecraft equlpmant. Solar Array boom and blanket.

3.7.1 .7.2.2.a The SMS shall provide the HGA boom Yes
and mechanisms for deploying the
HGA.

3.2.2.2.3,2 Solar Array Drive Meohanism

3.2.2.2.3.2.a The spacecraft shall include 3.7.1 .7.2.1.2.a The SAD shall accommodate rotation Yes
mechanisms which rotate the solar

f
of the solar array at all rates consistent

array at selectable rates suitable with the rate selectability requirements
to mission applications. of the EPS.

3.2.2.2.3.3 Antenna Pointing Meohanism
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3.2.2 .2.3.3.a The spacecraft shall provide 3.2.1 .7.1.9,a The Spacecraft Bus shall maintain Yes
pointing mechanisms to meet ephemeris data for up to four TDRS
antenna tracking requirements. spacecraft, and shall autonomously,

track seleoted TDSR spacecraft with
the HGA as selected by ground
command.

3.2.2.3 Thermal Control

3.2.2.3.a The spacecraft shall provide an 3.7.1 .3.1.a The TCS shall maintain all Spacecraft Yes
integrated thermal control Bus assemblies, and other subsystem
subsystem which maintains components within their specified
structures, components, thermal limits during all mission
subsystems, and instrument phases.
interfaces within their specified
thermal limits.

3.2.2.3.1 Reserved

3.2.2.3.2 Design Performance
Requirements

3.2.2 .3.2.a The spaoeoraft shall be designed 3.7.1 .3.1.a The TCS shall maintain all Spacecraft Yes f
to provide continuous heat Bus assemblies, and other subsystem
rejeotion of waste thermal energy components within their specified
for the housekeeping equipment thermal limits during all mission
and for instruments which cannot phases.
rejeot heat with local radiators for
all planned vehicle operating
environments and orientations.
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3.7.1 .3.1.b The TCS shall perform heat Yes
acquisition, transport, and rejection for
Spacecraft Bus subsystems and
assemblies, and for Instruments which
are thermally controlled by the
CPHTS.

3.2,2.3.2.1 Quiesoent Operation

3.2.2.3.2.1.a The instrument coldplate design 3.7.1 .3.3.a The TCS shall maintain coldplate Yes
shall be capable of operation over interface temperatures within the
a range of 10VOto 100?40of the full specified operational range under all
thermal load capacity of the coldplate heat load conditions between
coldplate. 10?40of the maximum cold plate

capacity and 100?.40of the projected
Insturment maximum heat loads.

3.2.2.3.2.2 Orientation Requirements

3.2.2.3.2.2.a The Spacecraft shall maintain 3.7.l.l.l.a Each Spacecraft Bus subsystem shall Yes
thermal control of subsystems and perform all functions allocated to it,
instruments during all expected unless otherwise specified, throughout I

mission phases. mission life.

3.7.l.l.l.b Each subsystem shall provide Yes
resources or services as required for
Spacecraft and Instrument survival.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
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3.7.1 .3.1.a The TCS shall maintain all Spacecraft Yes
Bus assemblies, and other subsystem
components within their specified
thermal limits during all mission
phases.

L2.2.3.2.3 Automation

L2.2.3.2.3.a The spacecraft thermal design 3.2.l.13.l.a In the event of a failure on the Yes
shall be automated to Spacecraft, the Spacecraft Bus shall
accommodate system operating provide those resources and services
modes, changing heat loads, required for Spacecraft Bus and
power profiles, and failures. Instrument survival,

3.2.l.13.l.b The minimum services shall include: Yes
a. Acoepting and executing commands
from ground delivered via contingency
or emergency links;

3.2.l.13.l.g f. Maintaining spacecraft attitud~ and Yes

3.2.l.13.l.h g. Providing thermal control both for Yes
operating equipment (i.e. survival
critical equipment) and non-operating
equipment.
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3.7.1 .3.5.a The TCS shall maintain all Instrument, Yes
subsystem, and component interfaces
within specified limits under all
combinations of the following:
a.) Changing Spacecraft operating
modes and mnfigurations within
normai operating bounds
b.) Changing instrument operating
modes and configurations within
normal operating bounds; and
c.) Changing oomponent power
profiies within normal operating
bounds.

3.2.2.3.3 Structures/Environ mental
Protection

3.2.2.3.3.a All external thermal control
coatings must be nondegradable
or degradation limited.

3.2.2.3.4 Thermal Control f

3.2.2.3.4.1 Housekeeping Equipment

3.2.2.3.4.l.a The thermal oontrol subsystem 3.7.1 .3.1.b The TCS shall perform heat Yes
shall provide mllection, transport, acquisition, transport, and rejection for
and rejection of waste heat Spacecraft Bus subsystems and
generated by spacecraft assemblies, and for Instruments which
housekeeping equipment. are thermaiiy controlled by the

CPHTS.I
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1.2.2.3.4.1.b The spacecraft equipment 3.7.1 .3.1.a The TCS shall maintain all Spacecraft Yes
modules shall each be locally Bus assemblies, and other subsystem
controlled using their own integral components within their specified
radiators. thermal limits during all mission

phases.

L2.2.3.4.2 Instruments

L2.2.3.4.2.a The thermal mntrol subsystem 3.2.l.13.l.a In the event of a failure on the Yes
shall provide redundant capability Spacecraft, the Spacecraft Bus shall
for mllection, transport, and provide those resources and services
rejection of waste heat generated rrquired for Spacecraft Bus and
by spacecraft Instruments Instrument survival.
identified in 3.1.2 which oannot
reject waste heat by local 3.2.l.13.l.h g. Providing thermal control both for Yes

radiators. operating equipment (i.e. survival
critical equipment) and non-operating
equipment.

3.7.1 .3.1.b The TCS shall perform heat Yes
acquisition, transport, and rejection for
Spacecraft Bus subsystems and f
assemblies, and for Instruments which
are thermally controlled by the
CPHTS.

1.2.2.3.4.2.b The spacecraft shall support 3.1.5 .l.l.a The Spacecraft Bus shall comply with Yes
instrument radiative heat rejection the Instrument interface requirements
by accommodating the instrument specified in the General Instrument
radiator Fields of View (FOVS) Interface Specification (GIIS), GSFC
defined in the UIIDS. 420-03-02.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.1.5.1 .2.a The Spacecraft Bus shall comply with Yes
the interface requirements of the
EOS-AM Instrument set listed in
Section 3.1.3, as described in the
Unique Instrument Interface
Documents (UIIDS). The Spacecraft
Bus shall comply with the
requirements of the UIIDS.

5.2.2.3.4.3 Thermal Interfaces

L2.2.3.4.3.a The thermal design shall easily 3.7.1 .3.8.a TheTCS shall allow Instrument or Yes
interface with housekeeping Major Assembly removal from the
equipment and instruments. Spacecraft prior to launch without

requiring disassembly of the TCS.

1.2.2.3.4.4 Leak Detection

L2.2.3.4.4.a The spacecraft shall provide the 3.7.l.3.9.a The TCS and/or GSE shall incorporate Yes
capability to detect the existence the necessary sensors to enable the
of a leak in the thermal control detection of leaks in the TCS during
subsystem.

f
ground operations.

3.7.1 .3.9.b The TCS shall provide telemetry Yes
suitable for the detection of leaks in
the TCS on-orbit.

3.2.2.3.5 Thermal Margins

65 28 August 1993



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
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3.2.2.3.5.a As a goal, the spacecraft shall” 3.7.1.3.11 .a As a goal, each TCS heater shall be Yes
provide a minimum heater margin capable of providing 25?A0more heat
of 25% and an active heat than the maximum heat required to
rejeotion margin of 10?40.Heat comply with the thermal control
rejeotion margins oan be requirements.
demonstrated by hot case
temperature results which are 3.7.1 .3.12.a As a goal, TCS radiators which are Yes

lower than the maximum allowable actively controlled (i.e. modulated), if

design temperatures. any, shall have a hot+ase heat
rejection margin of at least 1OOA.

3.2.2.4 Electrical Power

3.2.2.4.1 General Description

3.2.2.4.1 .a The spacecraft shall use 3.7.l.2.6.a The EPS shall incorporate photovoltaic Yes
photovoltaic array(s) for solar GaAs solar cell arrays for the
energy conversion and batteries conversion of incident solar energy to
for energy storage to electrical energy.
accommodate power delivery.

3.2.2.4.2 Primary Functions,
f

3.2.2 .4,2.a a) The spacwaft shall provide all 3.7.l.l.l.b Each subsystem shall provide Yes
instrument and housekeeping resources or services as required for
electrical power during all mission Spacecraft and Instrument survival.
phases.

3.7.1 .2.1.a The EPS shall provide all necessary Yes
power to all subsystems and
Instruments.
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L2.2.4.2.b b) Reserved

L2.2.4.2.c c) The spacecraft shall have the 3.2.1 .3.2.1.1 .a Spacecraft Bus communications return Yes
capability to monitor and control links shall contain housekeeping
performance to the degree telemetry which includes:
required to isolate and clear faults,
provide alerts for emergencies, 3.2.1 .3.2.1.1.e d. Indications of resource usage, Yes

and control loads by appropriate 3.2.l.3,2.l.l.h g. Notification of all autonomous Yes
load shedding. switching between redundant paths,

3.2.l.13.4ob The Spacecrat Bus shali transmit the Yes
data to the ground for check-out, fault
deteotion, and Iooation of faults to the
point at which a redundant path is
availabie.

3.7.1. 1.8.2.4.b Subsystem Housekeeping telemetry Yes
shall, as a minimum, contain the
foilowing:
(a) Redundancy status of the r
subsystem and components;
(b) Health and safety status data;
(c) Indications of resouroe usage;
(d) Indications of sensed failures or
anomalies, if any;
(e) Data suitable for verifying
execution of each Spacecraft
command;
(f) Notification of all autonomous
switching between redundant paths.
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3.7.1.1 .8,2.4.d Any autonomous corrective actions Yes
taken shall be reported to the ground
via housekeeping telemetry. This
report shaii be periodically repeated
untii acknowledged from the ground.

3.7.1 .2.5.a The EPS shall incorporate fuses to Yes
clear system faults.

3.7.1 .2.5.b The EPS shall protect power sources Yes
against overioads and faults in the
distribution subsystem or in user
loads.

3,7.1 .2.5.C The EPS shali protect user ioads Yes
against adverse impact or damage
due to other user ioad faults.

3.7.1 .2.5.d The EPS shall protect its distribution Yes
subsystem against fauits or overloads
in the EPS or in user loads.

3.7.1 .2.5.e Ali power distribution wiring shall be Yes
either m rrent-iimited or short-circuit I

protected.

3.7.1 .1002.a lTe FSWS shall initiate spacecraft Yes
load shedding upon sensing that the
orbit average spacecraft power load
exceeds the spacecraft power
generation capability.
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1.2.2.4.2.d d) The spacecraft shall provide
protection for:

k2.2.4.2.d.a power sources against overloads 3.7.1 .2.5.b The EPS shall protect power sources Yes
or faults in the distribution function, against overloads and faults in the
subsystems, or instruments. distribution subsystem or in user

loads.

1.2.2.4.2.d.b the distribution function against 3.7.l.2.5,d The EPS shall protect its distribution Yes
overloads and faults in the power subsystem against faults or overloads
subsystem, other subsystems, or in the EPS or in user loads.
instruments.

L2.2.4.2.d.c the user loads to prevent adverse 3.7.1 .2.5.c The EPS shall protect user loads Yes
impact or damage due to faults in against adverse impact or damage
other subsystems or instruments. due to other user load faults.

3.2.2.4.2.e 3) The spacecraft shall provide 3.7.l.2.l.a The EPS shall provide all necessary Yes
power management and power to all subsystems and
distribution for selecting, Instruments.
connecting and disconnecting the
instruments and selected 3.7.1 .2.1.b The EPS shall provide the capability to Yes

housekeeping equipment to the conneot and disconnect individual

main electrical bus. feeds to Instruments and the HGA.

3.2.2.4.3 Performance Requirements

3.2.2.4.3.1 Power Levels
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RD Rqmt #
I

RD Requh’ement Text

3.2.2 .4.3.1.a The spacecraft shall be capable of
providing the instrument set power
requirements as defined in the
UIIDS after 5 years of mission life.

CEI Rqmt #

3.1.5.1 .2.a

3.1.5.1 .2.b

3.1.5.1 .2.C

3.1.5.1 .2.y

3.1.5.1 .2.2

CEI Rqmt Text

The Spacecraft Bus shall mmply with
the interface requirements of the
EOS-AM Instrument set listed in
Section 3.1.3, as described in the
Unique Instrument Interface
Documents (UIIDS). The Spacecraft
Bus shall comply with the
requirements of the UIIDS.

If the UIIDS and the GIIS conflict, the
UIIDS shall oovern.

UIID Instrument parameters defined
below shall be assumed for Spacecraft
Bus design activities.

The spacecraft shall provide ASTER a
maximum 1 orbit average of 525
Watts, a 2 orbit average of 470 Watts,
and a maximum peak of 761 Watts
electrical power.

The spacecraft shall provide MISR a
maximum 1 orbit average of 80 Watts,
a 2 orbit average of 75 Watts, and a
maximum peak of 135 Watts electrical
oower.

Comply

Yes

Yes

Yes

Yes

IYes

Compliance
Comments
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3.1.5.1 .2.aa The spacecraft shall provide MODIS a Yes
maximum 1 orbit average of 245
Watts, a 2 orbit average of 240 Watts,
and a maximum peakof315 Watts
electrical power.

3.1.5.1 .2.ab The spacecraft shall provide CERES a Yes
maximum 1 orbit and 2 orbit average
of 95 Watts each and a maximum
peak of 185 Watts electrical power.

3.1.5.1 .2.ac The spacecraft shall provide MOPllT Yes
a maximum 1 orbit and 2 orbit average
of 250 Watts each and a maximum
peak of 250 Watts electrical power.

3.2.3.1 .a The Spacecraft Bus shall provide the Yes
Instruments with the minimum
resources and services specified
herein for a mission life of five years.

3.7.1 .2.1.a The EPS shall provide all necessary Yes
power to all subsystems and
Instruments.

3.2.2.4.3.2 Bus Voltage

3.2.2.4.3.2.a The spacecraft shall distribute 120 3.7.l.2.3.a The EPS shall deliver 120 Vdc +/- 4?40 Yes
+/- 4V0 VDC regulated power to power to Instrument and subsystem
the instrument(s) and subsystem interfaces.
interfaces.

3.2.2.4.3.3 Power Generation
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3.2.2.4.3.3.a The spacecraft shall oonvert 3.7.1 .2.6.a The EPS shall incorporate photovoltaic Yes
incident solar energy by means of GaAs solar cell arrays for the
photovoltaic solar arrays. conversion of incident solar energy to

electrical energy.

3.2.2.4.3,4 Energy Storage

3.2.2.4.3.4.a The spacecraft shall provide 3.7,1 .l.l.b Each subsystem shall provide Yes
energy storage to meet power resources or services as required for
requirements during the eciipse Spac&raft and Instrument survival.
portion of the orbit.

3.7.1 ,2.7.a The EPS shail utilize batteries to store Yes
electrical energy to accommodate
power needs during the eclipse portion
of the orbit.

3.2.2.4.3.5 Power Management and
Distribution

3.2.2.4.3.5.a Ail power distribution wiring shall 3.7.l.2.5,e Ali power distribution wiring shall be Yes
be either short-circuit protected or either ourrent-limited or short-circuit
current limited. proteoted.

r

3.2.2.5 Communications

3.2.2.5.1 General Description
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RD Rqmt #

.2.2.5.1 .a

RD Requirement Text

“hespacecraft shall provide for
le transmission and reception of
ousekeeping telemetry,
ommands, and tracking data and
lstrument telemetry, commands,
Ind science data.

CEI Rqmt #

).2.1.3,2.a

1.2.l.4.b

1.2.l.4.l.a

3.2.1.7.1.4.a

3.2.1.7.1.4.b

CEI Rqmt Text

rhe Spacecraft Bus shall collect and
:ransmit to ground Spacecraft
:elemetry data.

411navigation and tracking services
shall be communicated via the links
shown in Table IV.

The Spacecraft Bus shall be capable
of determining Spacecraft position and
velocity vectors by processing Doppler
data extracted from signals from
TDRSS satellites. This is known as
the TDRSS On-board Navigation
System (TONS).

The Spacecraft Bus shall be capable
of transmitting and receiving data in
accordance with the rates (which
include all CCSDS overhead) shown in
Tables V and W. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table Vi Usage
column over the link specified by the
associated Data Rate, Path, and
Return Link Service Columns.

The TDRSS SSA HGA service shall
support a 10 kbps forward link for
Normal High Rate Commanding.

Comply

‘es

(es

(es

10s

Yes

Compliance
Comments
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CEI Rqmt #

3.2.1.7.1.4.c

3.2.1.7.1.4.d

3.2.1.7.1.4.e

3.2.1.7.1.4.f

3.2.1.7.1.4.g

3.2.1 .7.1.4.h

3.2.1 .7.1.4.i

74

CEI Rqmt Text

The TDRSS SMA HGA service shall
support a 1 kbps forward link for
Normal Low Rate Commanding.

The TDRSS SSA Omni service shall
support a 125 kbps forward link for
Contingency Commanding.

The GN S-band Omni service shall
support a 2 kbps forward link for
emergency commanding.

The hardline umbilical service shall
support a 2 kbps forward link for
pre-launch GSE commands.

The TDRSS KSA HGA service shall
support a 75 kbps return link on both I
and Q channels for real-time or
playback of science data.

DB (X-Band) DAS service shali
support a 12.5 Mbps return link on
both I and Q channeis for real-time
direct broadcast of low-rate science
data.

Real-time DB shall not be
simultaneous with DP. It shall be on
the l-channel only if DDL or DP’ is
active, otherwise the same data shall
be I and Q channels.
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3.2.1 .7.1.4.j

3.2.1 .7.1.4.k

3.2.1 .7.1.4.1

3.2.1 .7.1.4.m

3.2.1 .7.1.4.n

3.2.1 .7.1.4.0

3.2.1 .7.1.4.p

CEI Rqmt Text

The DAS DDL servioe shall support a
12.5 Mbps return link on the I channel
and 105 kbps return link on the Q
channel for real-time direot downlink of
high-rate science data.

When the DAS DDL service is active,
DB low-rate soience data shall be on
the I channel with the DDL high-rate
data on the Q channel.

DAS DDL shall not be simultaneous
with DP or DP’.

The DAS DP earth mverage service
shall support a 75 kbps return link on
both 1and Q channels for playback of
the scienoe data reoords to provide a
backup to the TDRSS KSA scienoe
data downlink.

The DP downlink data shall be
bit-interleaved.

The DAS system shall supporl DP
only. DAS DP shall not be
simultaneous with DB, DP’, OR DDL.

The DAS DP’ service Shall support a
12.5 Mbps return link on the I channel

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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3.2.1.7.1 .4.q

3.2.1 .7.1.4.r

3.2.1 .7.1.4.s

3.2.1 .7.1.4.u

3.2.1 .7.1.4.v

3.2.1 .7.1.d.W

3.2.1.7.1 .4.x

CEI Rqmt Text

The DP downlink data shall be bit
interleaved.

DAS DP’ shall not be simultaneous
with DP or DDL

When DP’ is active on the Q-channel
only, DB maybe on the I channel.

The TDRSS SSA HGA service shall
support a 16 kbps I channel return link
for housekeeping or diagnostic4dump
telemetry and 256 kbps Q channel
return link for housekeeping playback
onlv.

The TDSRSS SSA Omni service shall
support a 1 kbps Q channel.
Health/Safety telemetry or
Diagnostic/Dump for contingency.

The TDRSS SMA HGA service shall
sumort a 16 kbm Q channel
housekeepingteiemetry.

The hardline umbilical service shall
support a 16 kbps I and Q channel
return link for pre-launch
housekeeping and diagnostic4dump
telemetrv to GSE.

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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3.2.1 .7.1.4.y The hardline umbilical service shall Yes
support a 1 kbps 1and Q channel
return link for Launch/Ascent Health
and Safety telemetry to Launch
Vehicle.

3.2.1 .7.1.4.y The GN S-band Omni emergency link Yes
service shall support a 16 kbps data
rate on the I channel for Housekeeping
or Diagnostic/Dump data anda512
kbps data rate on the Q channel for
Housekeeping playback only.

3.2.1 .7.1.4.2 The Gn S-Band Omni Service shall Yes
support an emergency 1 kbps Q&1
channel return link for Health/Safety
telemetry.

1.2.2.5.2 Functional Requirements

1.2.2.5.2.1 General
(

3.2.2.5.2.1.a The spacecraft shall have the 3.1.5,3.1 .a Spacecraft interfaces to the TDRSS Yes
capability of communicating with shall mmply with the Space Network
the other space and ground (SN) User’s Guide, NASA STDN
elements shown in Figure 2. 101.2.

3.1.5.3.2.a Spacecraft interfaces to the TDRSS Yes
shall conform to the RF ICD between
the EOS AM Spacecraft and the
Spaceflight Tracking and Data
Network, 1S20008504.
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3.1 .5.4,a The Spacecraft shall interface with the Yes
EOSDIS via the NASA GN. Interfaces
which are compatible with GN maybe
assumed to be compatible with the
Deep Space Network (DSN) and the
Wallops Tracking Station (VWS).

3.1.5.4.b Spacecraft Interfaces to the GN shall Yes
meet the requirements of 1S20008504.

3.1.5.5.a The Spacecraft shall transfer data to Yes
DAS users via X-band links.

3.1.5.6.b Ascent telemetry shall be provided to Yes
the Launch Vehicle Interface.

1.2.2.5.2.1,b Command reception capability 3.7.1 .5.5.a The COMS shall support Yes
shall be available at all times. communications via the mntingency

and emergency links in all Spacecraft
Modes during all Mission Phases
following launch vehicle separation, in
accordance with the antenna coverage ‘1
requirements of Section 3.21.7.

3.7.1 .5C5.C The COMS shall be able to accept Yes
ground commands immediately upon
separation from the launch vehicle.
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3.7.l.5,5.d COMS equipment associated with Yes
contingency communications forward
(oommand) links shall at all times and
after all single failures be capable of
aooepting oommands. (

3.7.1 .5,5.e It shall not be possible to command Yes
the COMS into a state which
compromises this capability.

1.2.2.5.2.1.C Commands shall be received and 3.2.1 .7.1.4.b The TDRSS SSA HGA service shall Yes
processed through the S-band support a 10 kbps forward link for
links. Normal High Rate Commanding.

3.2.1 .7.1.4.c The TDRSS SMA HGA service shall Yes
support a 1 kbps forward link for
Normal Low Rate Commanding.

3.2.1 .7.1.4.d The TDRSS SSA Omni service shall Yes
support a 125 kbps forward link for
Contingency Commanding.

[

3.2.2.5.2.1.d During launch phases, the 3.2.1 .7.1.4.a The Spacecraft Bus shall be oapable Yes
command path shall be through of transmitting and receiving data in
the SSA link or through the launch accordance with the rates (which
vehicle umbilical. include all CCSDS overhead) shown in

Tables V and V1. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
associated Data Rate, Path, and
Return Link Service Columns.
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3,2.1 .7.1.4.c The TDRSS SMA HGA service shall Yes
support a 1 kbps forward link for
Normal Low Rate Commanding.

3.2.1 .7,1.4.d The TDRSS SSA Omni service shall Yes
support a 125 kbps forward link for
Contingency Commanding.

3.2.1 .7.1.4.e The GN S-band Omni service shall Yes
support a 2 kbps forward link for
emergency commanding.

3.2.107.1.4.f The hardline umbjlical service shall Yes
support a 2 kbps forward link for
pre-launch GSE commands.

1.2.2.5.2.1.e The spacecraft shall interface to 3.1.5.6.b Asoent telemetry shall be provided to Yes
the launch vehicle umbilical to the Launch Vehicle Interface.
provide connectivity for spacecraft 321714a
telemetry and commands and ““””’” The Spacecraft Bus shall be oapable Yes

intrument engineering telemetry of transmitting and receiving data in

and commands. accordance with the rates (which
include all CCSDS overhead) shown in
Tables V and W. The Spacecraft Bus

I

shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
associated Data Rate, Path, and
Return Link Service Columns.

3.2.1 .7.1.4.f The hardline umbilical service shall Yes
support a 2 kbps forward link for
pre-launch GSE commands.
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3.2.1 .7.1.4.r DAS DP’ shall not be simultaneous Yes
with DP or DDL.

3,2.1 .7.1.4.x The hardline umbilical service shall Yes
support a 16 kbps I and Q channel
return link for pre-launch
housekeeping and diagnostic4dump
telemetry to GSE.

3.2.1 .7.1.4.y The hardline umbilical service shall Yes
support a 1 kbps I and Q channel
return link for Launch/Ascent Health
and Safety telemetry to Launch
Vehicle.

3.2.2.5.201.f The spacecraft shall provide for an 3.2.1 .4.2.2.a The Spacecraft Bus shall transmit an Yes
S-band GN/DSN/WTS down link or S-band carrier for one-way Doppler
TDRSS return iink with adequate tracking via TDRSS or GN without
frequency stability to permit carrier frequency modelling, on the
one-way doppler tracking on the Doppier tracking iinks identified in
ground without carrier frequency Table IV
modeling.

3.2.2.5.2.2 TDRSS Communications
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L2.2.5.2.2.a Primarycommunicationsbetween 3.2.1 .7.1.3.a The Spacecraft Bus shall be capable Yes
the ground and the spacecraft of supportingall Soience Mode
shall be through TDRSS. mission operations with no more than

20 minutes per orbit of TDRSS single
access service, Scheduled as
necessary to meet the navigation
requirements of the Spacecraft, and to
satisfy any additional command and
telemetry mntact needs during
non-nominal operations. Multiple
Access and Single Access contacts
wili be soheduled as necessary to
meet the navigation requirements of
the Spacecraft, and to satisfy any
additional mmmand and telemetry
contacf needs during non-nominal
operations.

3.2.2.5.2.2.b The spacecraft shall be capable of 3.2.1 .7.1.4.b The TDRSS SSA HGA service shall Yes
normal operations using the support a 10 kbps forward link for
TDRSS K-Band Single Access Normal High Rate Commanding.
(KSA) return service and the I

S-Band Single Access (SSA) or 3.2.1 .7.1.4.c The TDRSS SMA HGA service shall Yes

S-Band Multiple Access (SMA) support a 1 kbps forward link for

forward and return services. Normal Low Rate Commanding.

3.2.1 .7.1.4.g The TDRSS KSA HGA service shall Yes
support a 75 kbps return link on both I
and Q channels for real-time or
playback of science data.
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3.2.1 .7.1.5.a The Spacecraft Bus design shall allow Yes
the simultaneous downlink use of the
K-band Single Access (KSA) service
and either S-band Single Access
(SSA) or S-band Multiple Access
(SMA) service.

12.2.5 .2.2.c The spacecraft design shali allow 3.2.1 .7.1.5.a The Spacecraft Bus design shall allow Yes
the simultaneous downlink use of the simultaneous downlink use of the
the KSA service and either SSA or K-band Single Access (KSA) service
SMA service. and either S-band Singie Access

(SSA) or S-band Multiple Access
(SMA) service.

3.2.2.5.2.2.d The TDRSS SSA services shall be 3.2.1 .7.1.4.d The TDRSS SSA Omni service shall Yes
used for contingency operations. support a 125 kbps fotward link for

Contingency Commanding.

3.2.2.5.2.2.e The spacecraft shall extract 3.2.1 .4.1.a The Spacecraft Bus shall be oapable Yes
Doppler data from TDRSS signals of determining Spacecraft position and
and process these signals to velocity vectors by processing Doppler (

determine spacecraft position and data extracted from signals from
velocity vectors. TDRSS satellites. This is known as

the TDRSS On-board Navigation
System (TONS).

3.2.2.5.2.2.f The spacecraft shall support the 3.2.1 .4.b Ali navigation and tracking services Yes
TDRSS S-Band range and shall be communicated via the links
Doppler tracking mode. shown in Table IV.
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3.2.1 .4.2.1 .a The Spacecraft Bus shall time Yes
synchronize the TDRSS return link
ranging channel PN code with the
TDRSS forward link ranging channel
PN code for TDRSS ranging links
identified in Table IV.

3.2.1 .402.2.a The Spacecraft Bus shall transmit an Yes
S-band carrier for one-way Doppler
tracking via TDRSS or GN without
carrier frequency modelling, on the
Doppler tracking links identified in
Table IV

3.2.2.5.2.2.g The spacecraft shall monitor and 3.2.1 .7.1.9.a The Spacecraft Bus shail maintain Yes
control the High Gain Antenna ephemeris data for up to four TDRS
(HGA) in response to objectives spacecraft, and shall autonomously,
set by ground command. track selected TDSR spacecraft with

the HGA as selected by ground
command.

3.2.2.5.2.2.h Provision shall be made for direct 3.7.l.5.7.a The COMS shall point the HGA in Yes [
ground control of HGA pointing response to the latest azimuth and
during early-orbit operations and elevation rate command data received
as needed during mission via the C&DH subsystem and shall
operations tore-establish the return azimuth and elevation status via
TDRSS high rate iink. C&DHS.

3,2.2.5.2.3 GN/DSN/WTS Communications
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L2.2.5.2.3.a The GN/DSN/VVTSS-Band 3.1.5.4.a The Spacecraftshall interfacewith the Yes
servicesshall be used for EOSDIS via the NASA GN. Interfaces
emergency operations. which are compatible with GN maybe

assumed to be compatible with the
Deep Space Network (DSN) and the
Wallops Tracking Station (WTS).

3.2.1 .7.1.4.e The.GN S-band Omni service shall Yes
support a 2 kbps forward link for
emergency commanding.

3.2.1 .7.1.4.z The Gn S-Band Omni Service shall Yes
support an emergency 1 kbps Q&i
channei return link for Health/Safety
telemetry.

3.2.1 .7.4.1.a The Spacecraft Bus shali be capable Yes
of emergency command and teiemetry
communications with the Ground
Network (GN).

3.2.2.5.2.3.b The spacecraft shaii support a 3.2.1 .7.1.4.a The Spacecraft Bus shaii be capabie Yes
backup direct upiink and downiink of transmitting and receiving data in
through GN/DSN/WTS in the accordance with the rates (which
event of TDRSS iink unavailability. inciude aii CCSDS overhead) shown in

Tables V and Vi. The Spacecraft Bus
shaii be capabie of transmitting the
data shown in the Table VI Usage
column over the iink specified by the
associated Data Rate, Path, and
Return Link Service Columns.
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3.2.1 .7.1.4.e The GN S-band Omni serviceshall Yes
supporta 2 kbps forwardlinkfor
emergencycommanding.

3.2.1 .7.1,4,2 The Gn S-Band Omni Serviceshali Yes
supportan emergency 1 kbpsQ&i
channei return iinkfor Health/Safety
teiemetry.

3.2.1 .7.4.1 .a The Spacecraft Bus shaii be capable Yes
of emergency command and telemetry
communications with the Ground
Network (GN).

1.2.2.5.2.4 Direct Access Service (DAS)

L2.2.5.2.4.a a) The spacecraft shaii provide a 3.2.1 .7.5.a The Spacecraft Bus shali provide a Yes
Direct Access Service (DAS), Direct Access Service (DAS), inciuding
which shaii inciude Direct a direct downlink (DDL), broadcast
Broadcast (DB), Direct Downiink (DB), and piayback (DP) capability for
(DDL), and Direct Piayback (DP) the Instruments as shown in Table Vii.
capabilities for the instruments as
shown in Tabie ii. !

1.2.2.5.2.4.b The servica shaii not reiy on HGA 3.2.1 .7.5.b These services shali not rely on HGA Yes
operability. operability.

L2.2.5.2.4.c Aster data shaii be inciuded in the 3.2.1 .7.5.6.1 .a The Spacecraft Bus shaii accept DDL Yes
DP and DDL services. data from the seiected Instruments via

the same data transmission path as is
used for instrument science data.
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3.2.1 .7.5.7.1 .a The Spacecraft Bus shall, on Yes
command, play back recordedscience
and housekeeping data at a rate,
commensurate with the maximum DP
link rate specified in Table V1.

1.2.2.5.2.4.d CERES data shall be included in 3.2.1 .7.5.7.1 .a The Spacecraft Bus shall, on Yes

the DP service. command, play back recorded science
and housekeeping data at a rate,
commensurate with the maximum DP
link rate specified in Table V1.

3.2.2.5.2.4.0 MISR data shall be included in the 3.2.1 .7.5.7.1 .a The Spacecraft Bus shall, on Yes

DP service. command, play back recorded science
and housekeeping data at a rate,
commensurate with the maximum DP
link rate specified in Table V1.

3.2.2.5.2.4.f MOPITT data shall be included in 3.2.1 .7.5.7.1 .a The Spacecraft Bus shall, on Yes

the DP service. command, play back recorded science
and housekeeping data at a rate, f
commensurate with the maximum DP
link rate speoified in Table V1.

3.2.2.5.2.4.g MODIS data shall be included in 3.2.1 .7.5.5.1 .a The Spacecraft Bus shall accept DB Yes

the DB and DP servioes. data from the selected Instruments via
the same data transmission path as is
used for Instrument science data.
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3.2.1 .7.5.7.1 .a The Spacecraft Bus shall, on Yes
command, play back recorded science
and housekeeping data at a rate,
commensurate with the maximum DP
link rate specified in Table Vi.

L2.2.5.2.4.h Anciiiary Data shall be inciuded in 3.2.1 .7.5.5.1 .a The Spacecraft Bus shaii aooept DB Yes
the DE and DP services. data from the selected instruments via

the same data transmission path as is
used for instrument soience data.

3.2.1 .7.5.7.1 .a The Spacecraft Bus shaii, cm Yes
command, piay back remrded science
and housekeeping data at a rate,
commensurate with the maximum DP
iink rate specified in Tabie Vi.

3.2.2.5.2.4.i b) When operating in science 3.2.1 .7.5.1.a During soienoe operations, the Yes
mode, the spacecraft shaii spacecraft shall accommodate the
accommodate the commanded commanded seleotion of each of the
selection of each of the following DAS modes represented in Table V, at
DAS modes at any duty cycie, any duty cycie, when measured over r
when measured over one orbit, up one orbit, up to 100 percent:
to 100’?40:
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1.2.2.5.2.4.j (1) DDL, DB, and DP OFF; 3.2.1 .7.5.1.a During science operations, the Yes
spacecraft shall accommodate the
commanded selection of each of the
DAS modes represented in Table V, at
any duty cycle, when measured over
one orbit, up to 100 percent:

L2.2.5.2.4.k (2) DB only; 3.2.1 .7,1.4.i Real-time DB shall not be Yes
simultaneous with DP. It shall be on
the I-hannel only if DDL or DP’ is
active, otherwise the same data shall
be I and Q channels.

1.2.2.5.2.4.1 (3) DB and DDL only; and 3.2.1 .7.1.4.i Real-time DB shall not be Yes
simultaneous with DP. It shall be on
the I-ohannel only if DDL or DP’ is
aotive, otherwise the same data shall
be I and Q channels.

3.2.1 .7.1.4.1 DAS DDL shall not be simultaneous Yes 1
with DP or DP’.

3.2.1 .7.1.4.s When DP’ is aotive on the Q-ohannel Yes
only, DB maybe on the I channel.

3.2.1 .7.1.4.y The GN S-band Omni emergency link Yes
service shall support a 16 kbps data
rate on the I channel for Housekeepin g
or Diagnostic/Dump data and a512
kbps data rate on the Q channel for
Housekeeping playback only.

/
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3.2.205$2.4.m (4) DP only. 3.2.1 .7.1.4.0 The DAS system shall support DP Yes
only. DAS DP shall not be
simultaneous with DB, DP’, OR DDL,

3.2.1 .7.1.4.s When DP’ is active on the Q-ohannel Yes
only, DB maybe on the I channel.

3.2.1 .7.1.4.y The GN S-band Omni emergency link Yes
service shall support a 16 kbps data
rate on the I channel for Housekeeping
or Diagnostic/Dump data and a 512
kbps data rate on the Q channel for
Housekeeping playback only.

3.2.2.5.2.4.n c) The DAS modes are mutually
exclusive.

3.2.2.5.2.4.o The DB, DDL, and DP services 3.2.1 .7.5.1.b The duration of any interruption in DB Yes
may be interrupted momentarily service during transitions between
during mode transitions. modes shali not exceed 5 sec.

3.2.2.5.2.4.p d) The spacecraft shall transmit 3.2.1 .7.1.4.h DB (X-Band) DAS service shall Yes I
the DAS data streams in real-time support a 12.5 Mbps return link on
via X-band downlink both I and Q channels for real-time

direot broadcast of low-rate soienoe
data.
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RD Rqmt #

L2.2.5.2.4.q

3.2.2.5.2.4.r

3.2.2.5.2.4.s

3.2.2.5.2.4.t

RD Requirement Text

e) The spacecraft shall provide the
following Effective Isotropic
Radiated Power (EIRP) levels at
the indicated ground elevation
angles. (NOTE: This will provide
a Odi3 link margin at each
elevation angle under the following
conditions: BER of 10-5, 3m class
ground antenna, and 4mm/hr rain
rate.)

Elevation Angle 5 degress, EIRP
(dBW) 13.6.

Elevation Angle 40 degress, EIRP
(dBW) 1.5.

Elevation Angle 70 degress, EIRP
(dBW) -2.6.

CEI Rqmt #

3.2.1.7.1.4.j

3.2.1 .7.1.4.k

3.2.1 .7.5.8.a

3.2.1 .7.5.8.b

3.2,1 .7.5.8.c

3.2.l.7.5.8.d

CEI Rqmt Text

The DAS DDL service shall support a
12.5 Mbps return link on the I channel
and 105 kbps return link cmthe Q
channel for real-time direct downlink of
high-rate science data.

When the DAS DDL service is active,
DB low-rate science data shall be on
the I channel with the DDL high-rate
data on the Q channel.

The Spacecraft Bus shall transmit the
DAS data such that, in the direction of
a ground antenna with the given
elevation angle, the following Effective
lsotripically-Radiated Power (EIRP) is
acheived:

Comply

Ves

Yes

Yes

Compliance
Comments

Elevation (deg) =5; EIRP (dBW) = Yes
13.6

Elevation (deg) = 40; EiRP (dBW) = Yes
1.5

Elevation (deg) = 70; EiRP (dBW) = Yes
-2.6
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3.2.2.5.2.4.u Elevation Angle 90 degress, EIRP 3.2.l.7.5.8.e Elevation (deg) = 90; EIRP (dBW) = Yes
(dBW) -3.9. =3.9

3.2.2.5.2.4.v f) The spacecraft shall provide the 3.2.1 .7.5.1.a During science operations, the Yes
DB servioe whenever the “DB spacecraft shall accommodate the
only” or “DB and DDL only” mode commanded selection of each of the
is seleoted. DAS modes represented in Table V, at

any duty cycle, when measured over
one orbit, up to 100 percent:

3.2.2.5.2.4.w g) The spacecraft shall provide the 3.2.1 .7.5.1.a During solence operations, the Yes
DDL service whenever the “DB spacecraft shall accommodate the
and DDL only” mode is selected. commanded selection of each of the

DAS modes represented in Table V, at
any duty cycle, when measured over
one orbit, up to 100 percent:

3.2.l.7.5.6.a The Spacecraft Bus shall provide the Yes
DDL service whenever the “DB and
DDL only” mode is selected. [

3.2.2.5.2.4.x h) The spacecraft shall provide the 3.2.1 .7.5.1.a During science operations, the Yes
DP service whenever the “DP spacecraft shall accommodate the
only” mode is selected. commanded selection of each of the

DAS modes represented in Table V, at
any duty cycle, when measured over
one orbit, up to 100 percent:
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3.2.2.5.2.4.y i) The DP servioe is not required to
be available simultaneously with
the TDRSS K-band return link
service.

3.2.2.5.3 Performance Requirements

3.2.2.5.3.1 General

3.2.2.5.3.1.a The spacecraft shall be capable of 3.2.1 .7.1.4.a The Spacecraft Bus shall be capable Yes
transmitting and receiving data in of transmitting and receiving data in
accordance with Tables Ill and IV. accordance with the rates (which

include all CCSDS overhead) shown in
Tables V and W. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
assodated Data Rate, Path, and
Return Link Service Columns.

3.2.2.5.3.l.b Note that the transmission rates I
include all overhead (e.g.,
packetizing, encoding, framing,
etc.).

3.2.2.5.3.1 .C The spacecraft shall be capable of 3.2.1 .4.b All navigation and tracking services Yes
supporting navigation via links as shall be communicated via the links
shown in Table V. shown in Table IV.

3.2.1 .7.1.4.c The TDRSS SMA HGA service shall Yes
support a 1 kbps forward link for
Normal Low Rate Commanding.

.- ----
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3.2.2 .5.3.1.d The characteristics of radio 3.1.5.3.1 .a Spacecraft interfacesto the TDRSS Yes
communications with TDRSS shall shall comply with the Space Network
conform to the Space Natwork (SN) User’s Guide, NASA STDN
(SN) User’s Guide (STDN 101.2). 101.2.

3.2.2 .5.3.1 ,e Values of specific selectable 3.1.5.3.2.a Spacecraft interfaces to the TDRSS Yes
parameters (such as PN codes, shall oonform to the RF ICD between
radio frequencies, PCM codes, the EOS AM Spacecraft and the
modulation modes, etc.) shall be Spaceflight Tracking and Data
defined in the EOS-AM Network, 1S20008504.
Spacecraft-to-TDRSS ICD.

3.2.2 .5m3.1.f The TDRSS SSA HGA service 3.2.1 .7.1.4.b The TDRSS SSA HGA service shall Yes
shall support a 10 kbps forward support a 10 kbps forward link for
link for normal commanding. Normal High Rate Commanding.

3.2.2 .5.3.1.g me TDRSS SMA HGA servfce 3.2.1 .7.1.4.c The TDRSS SMA HGA service shall Yes
shall support a 1 kbps forward link support a 1 kbps forward link for
for normal commanding. Normal Low Rate Commanding.

3.2.2 .5.3.1 .h The TDRSS SSA Omnl service 3.2.1 .7.1.4.d The TDRSS SSA Omni service shall Yes
shall support a 125 kbps forward support a 125 kbps forward link for
link for contingency commanding. Contingency Commanding. (

3.2.2.5.3.1 .i The GN/DSN/VVTSS-band Omni 3.2.1 .7.1.4.e The GN S-band Omni service shall Yes
service shall support a 2 kbps support a 2 kbps forward link for
forward link for emergency emergenoy commanding.
commanding.

3.2.2 .5.3.1.j The hardline umbilical service 3.2.1 .7.1.4.f The hardline umbilical service shall Yes
shall supporl a 2 kbps forward link support a 2 kbps forward link for
for pre-launch GSE commands. pre-launch GSE commands.
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3.2.2.5.3.1.k The TDRSS KSA HGA service 3.2.1 .7.1.4.g The TDRSS KSA HGA service shall Yes
shall support a 75 kbps return link support a 75 kbps return link on both 1
orI both 1and Q channels for and Q channels for real-time or
real-time or playback of science playback of science data.
data.

3.2.2.5.3.1.1 The DAS DB earth mverage 3.2.1 .7.1.4.h DB (X-Band) DAS service shall Yes
service shall support a 15 kbps support a 12.5 Mbps return link on
return link on both I and Q both I and Q channels for real-time
channels for direct broadcast of direct broadcast of low-rate science
science data. data.

3.2.2.5.3.1.m The DAS DDL earth coverage 3.2.1.7.1 .4.j The DAS DDL service shall support a Yes
service shall support a 105 kbps 12.5 Mbps return link on the I channel
return link on the Q channel for and 105 kbps return link on the Q
direct downlink of scienoe data. channel for real-time direct downlink of

high-rate soience data.

3.2.2.5.3.1 .n When the DAS 001 and 06 3.2.1 .7.1.4.k When the DAS DDL service is active, Yes
services are active DB low-rate DB low-rate scienoe data shall be on
scienoe data shall be transmitted the 1channel with the DDL high-rate r
on the I channel with the DDL data on the Q channel.
high-rate data on the Q channel.

3.2.2.5.3.1.o The DAS DP earth coverage 3.2.1 .7.1.4.m The DAS DP earth coverage service Yes
service shall support a 75 kbps shall support a 75 kbps return link on
return link on both I and Q both I and Q channels for playback of
channels for playback of the the science data records to provide a
science data reoorders to provide backup to the TDRSS KSA science
a backup to the TDRSS KSA data downlink.
science data downlink.
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1.2.2.5.3.1 .p The TDRSS SSA HGA service 3.2.1 .7.1.4.u The TDRSS SSA HGA service shall Yes
shall supporta 16 kbps 1channel support a 16 kbps I channel return link
return link for health and safety for housekeeping or diagnosticldump
telmetry and a 256 kpbs Q telemetry and 256 kbps Q channel
channel return link for diagnostic return link for housekeeping playback
and memory dump telemetry. only.

3.2.2.5.3.1.q The TDRSS SSA Omni service 3.2.1 .7.1.4.v The TDSRSS SSA Omni service shall Yes
shall suppoft a 1 kbps Q channel support a 1 kbps Q channel.
return link for contingency critical Health/Safety telemetry or
health and safety telmetry or Diagnostic/Dump for contingency.
diagnostic telmetry.

3.2.2.5.3.1.r The TDRSS SMA HGA service 3.2.1 .7.1.d.W The TDRSS SMA HGA service shall Yes
shall support a 16 kbps Q channel support a 16 kbps Q channei
return link for health and safety housekeepingtelemetry.
teimetry.

3.2.2.5.3.1 .S The GN/DSN/WTS S-band Omni 3.2.1 .3.2.2.4.a The Spacecraft Bus shall be capable Yes
service shall support a 16 kbps I of simultaneous transmission of
channel return link for emergency real-time and recorded telemetry data
critical health and safety telmetry via the GN link.
and a512 kbps Q channel return f
link for diagnostic and memory
dump telemetry.

3.2.2.5.3.l.t The hardline umbilical service 3.2.1 .7.1.4.r DAS DP’ shall not be simultaneous Yes
shall support a 16 kbps I and Q with DP or DDL.
channel return link for health and
safety telmetry.
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RD Rqmt #

3.2.2.5.3.1.U

3.2.2.5.3.1.V

3.2.2.5.3.1.w

3,2.2.5.3.1.X

3.2.2.5.3.1 .y

RD Requirement Text

The hardline launch vehicle
~ntenna service shall support a 1
(bps I and Q channel return link
Ior health and safety telmetry.

The spacecraft shall be capable of
supporting navigation via links as
described below.

The TONS on-board navigation
md tracking service shall be
supported on the TDRSS SSA
HGA forward link, the TDRSS
SMA HGA forward link, and the
TDRSS SSA Omrl forward link.

The TDRSS ranging navigation
and tracking service shall be
supported on the TDRSS SSA
HGA forward and return links, the
TDRSS SMA HGA forward and
return links, and the TDRSS SSA
Omni forward and return links.

The TDRSS doppler tracking
navigation and tracking service
shall be supported on the TDRSS
SSA HGA return link, the TDRSS
SMA HGA return link, and the
TDRSS SSA Omni return link.

CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.1.7.1.4.r I DAS DP’ shall not be simultaneous I Yes I

m I I

3.2.1.4.b
I
All navigation and tracking services

I
Yes

shall be communicated via the links I
shown in Table IV.

3.2.1.4.b All navigation and tracking services Yes
shall be communicated via the links

I shown in Table IV. 1 I

3.2.l.4.b

3.2.1 .4.b

I

All navigation and tracking services
I
Yes

shall be communicated via the links I
shown in Table IV. I I

I

All navigation and tracking services
shall be communicated via the links
shown in Table IV. IyesI
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3.2.2 .5.3.1.2 The DSN doppler tracking 3.2.l.4.b All navigation and tracking services Yes
navigation and tracking service shall be communicated via the links
shall be supported on the f2SN shown in Table IV.
S-band Omni return link.

3.2.2 .5.3.1 .aa The characteristics of radio 3.1,5.3.1 .a Spacecraft interfaces to the TDRSS Yes
communications with TDRSS shall shall oomply with the Space Network
conform to the Space Network (SN) User’s Guide, NASA STDN
(SN) User’s Guide (STDN 101.2). 101.2.

3.2.2 .5.3.l.ab Values of specific selectable 3.1.5.3.2,a Spacecraft interfaces to the TDRSS Yes
parameters (such as PN codes, shall conform to the RF ICD between
radio frequencies, PCM codes, the EOS AM Spacecraft and the
modulation modes, etc.) shail be Spaceflight Tracking and Data
defined in the Network, 1S20008504.
spacecraft-to-TDRSS ICD.

3.2.2 .5.3.2 TDRSS Servioe

r
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Comments

L2.2.5.3.2.a Spacecraft mmmunication links 3.2.1 .7.1.3.a The Spacecraft Bus shall be capable Yes

shall provide transmissions of of supporting all Science Mode
command data, computer data, mission operations with no more than
real time and playback telemetry 20 minutes per orbit of TDRSS single
data, and tracking data, in access service, Scheduled as
combinations to permit mission necessary to meet the navigation
operations to be performed during requirements of the Spacecraft, and to
scheduled TDRSS single access satisfy any additional command and
support periods. telemetry contact needs during

non-nominal operations. Multiple
Access and Single Access contacts
will be soheduled as neoessary to
meet the navigation requirements of
the Spacecraft, and to satisfy any
additional mmmand and telemetry
contact needs during non-nominal
operations.

1.2.2.5.3,3 Contingency/Emergency
Communications (

L2.2.5.3.3.a Provisions shall be made for a 3,2.1 .7.4.1.a The Spacecraft Bus shall be capable Yes
command and telemetry link via of emergency command and telemetry
TDRSS and GN/DSN/WTS (but communications with the Ground
not simultaneously) in the event Network (GN).
that the primary Communication
links fail. 3.2.1 .7.4.2.a Spacecraft Bus emergency Yes

communications via GN shall not
occur and will not be attempted
simultaneously with contingency
communications via TDRSS.
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Comments

1.2.2.5.3.3.b Provisionshall be made for 3.2.1 .7.1.4.6 The TDRSS SSA Omni service shall Yes
contingency command and support a 125 kbps forward iink for
teiemetry communications using Contingency Commanding.
spacecraft omnidirectional
antennas and the TDRSS SSA 3.2.1 .7.1.4.v The TDSRSS SSA Omni service shali Yes

service. support a 1 kbps Q channei.
Heaith/Safety teiemetry or
Diagnostic/Dump for contingency.

L2.2.5.3.3.c The iink shali be adequate for 3.2.1 .3.2.1.2.a Spacecraft Heaith and Safety Yes
acquisition of spacecraft data teiemetry shaii contain data indicative
needed to determine the causes of of the current status of on-board
anomalies and adequate for subsystems and Instruments.
commanding reconfiguration
needed to return to normai 3.7.1.1 .8.2.2.a The heaith and safety teiemetry Yes

communications. provided by each subsystem in aii
Spacecraft modes shail be sufficient to
support ail operations.

307.1.1.8.2.2.b These data shaii indicate the current Yes
status of the subsystem, and shaii
aliow assessment and monitoring of
the subsystem. f

3.7.1.1 .8.2.2.c Subsystem and component faiiures Yes
which threaten Spacecraft survivai
shali be detectable in heaith and
safety telemetry.
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Comments

3.7.1.1 .8.2.4.a The housekeeping telemetry provided Yes
by each subsystem shall allow ground
controllers to assess the operational
state of the subsystem, monitor oritical
subsystem function, and aid in fault
deteotion and correction.

3.7.1.1 .8.2.4.b Subsystem Housekeeping telemetry Yes
shall, as a minimum, oontain the
following:
(a) Redundancy status of the
subsystem and components;
(b) Heaith and safety status data;
(c) Indications of resourrx usage;
(d) Indications of sensed failures or
anomalies, if any;
(e) Data suitable for verifying
execution of eaoh Spacecraft
command;
(9 Notification of all autonomous
switching between redundant paths. f

3.7.1 .5.5.d COMS equipment associated with Yes
contingency communications forward
(mmmand) links shall at all times and
after all single failures be capable of
accepting commands.
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Comments

3.7,1 .6.9.a The C&DHS shall at all times and after Yes
all single failures be capable of
accepting from the COMS and
exeouting those commands needed to
reoorrfigure on-board subsystems to
restore normal operations. Command
errors shall be incapable of
compromising this capability.

1.2.2.5.3.3.d Provisions shall be made for 3.1.5.4.a me Spacecraft shall interface with the Yes
emergency mmmand and EOSDIS via the NASA GN. Interfaces
telemetry oommunioations using which are compatible with (3N maybe
GN/DSN/WTS services In the assumed to be compatible with the
event that TDRSS services oannot Deep Space Network (DSN) and the
be used. Wallops Traoking Station (WfS).

3.2.1 .7.1.4.e The GN S-band Omni service shall Yes
support a 2 kbps forward link for
emergency commanding.

3.2.1 .7.1.4.2 The Gn S-Band Omni Service shall Yes
support an emergency 1 kbps Q&1
channel return link for Health/Safety I

telemetry.

3.2.1 .7.4.1.a The Spacecraft Bus shall be capable Yes
of emergency command and telemetry
communications with the”Ground
Network (GN).
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1.2.2.6 Guidance, Navigation,and Control
(GN&C)

3.2.2.6.1 Generai Description

3.2.2.6.1.a The spacecraft shall provide for 3.2.1 .5.1.1.a The Spacecraft Bus shall be capable, Yes
attitude control and orbit through ground-commanded
maneuvers to accommodate propulsive maneuvers, of acquiring the
EOS-AM instrument requirements. Operational Phase orbit when injected

by the iaunch vehicle into the foilowing
nominal orbih

3.2.1 .5.1.1.b Perigee Radius 6927 km +5/-0 Yes
km

3.2.1 .5.1.1 .C Apogee Radius 7075km +0/1Okm Yes

3.2.1 .5.1.1.d Inclination 98.2 deg +/-0.1 deg Yes
(TBR-4)

3.2.1 .5.1.1.e Argument of Perigee 168 deg Yes f
(TBR-4)

3.2.1 .5.1.1.f Descending Node 10:15-10:45 Yes
AM (local mean solar time)
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RD Rqmt # RD Requirement Text CEI Rqmt #

3.2.1 .5,2.1.a

3.2.1 .5.2.1 .b

3,2.1 .5.2.1 .C

3.2.1 .5.2.1 .d

3.2.1 .5.2.1 .e

3.2.1 .5.2.1.f

3.2.1 .5,2.1.g

3.7.1 .4.2.a

CEI Rqmt Text

The Spacecraft Bus shall be capable,
through ground-commanded
propulsive maneuvers, of maintaining
a nominal Operational Phase orbit
which is near circular and
sun-synchronous with the following
characteristics:

Equatorial Altitude 705
+/-5 km

Semi-Major Axis: 7078 +/-5 km
(mean)

Inclination: 98.2 degrees
+ /-0.15 dearees

Eccentricity .0012 +/-0.0004

Argument of Perigee 90 +/-20
degrees

Descending Node 10:30 am
+/-15 min (local mean solar time)

The GN&CS shall utilize
reaction-wheel assemblies (RWAS) for
~

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments

104 28 August 1993



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

1.2.2.6.1.b The spacecraftshall provide 3.7.l.4.4.a The GN&CS shall rotate or slew the Yes
control for spacecraft appendages. solar array to support power

requirements during all modes except
Safe Mode during all
post-array-deployment operations.

3.7.1 .4.4.b The GN&CS shall control pointing of Yes
the Solar Array based crnSolar Array
position data by providing step rate
commands to the Solar Array Drive.

3.7.1 .4.4.C The GN&CS shall, on command, Yes
cease commanding the solar array
motion.

3.7.l.4.5.a The GN&CS shall control pointing of Yes
the HGA based on position data
reoeived from the COMS.

3.7.1 .4.5,b . The GN&CS shall, cmcommand, Yes
control the HGA.

!
1.2.2.6.2 GN&C Primary Functions

1.2.2.6.2.a The spacecraft shall provide the 3.7.1 .4.2.a The GN&CS shall utilize Yes
following functional capabilities: reaotion-wheel assemblies (RWAS) for
a) Establish and maintain the primary attitude control.
spacecraft attitude relative to an
Earth-based referenoe frame.
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3.7.1 .402.3.a The GN&CS shall maintaina standby Yes
statuswhen attached to the launch
vehicle and shali initiate attitude
acquisition upon launch vehicle
separation.

3.7.l.4.2.3.b The GN&CS shall acquire an Yes
Earth-based Spacecraft attitude within
30 minutes from the launch vehicle
separation.

1.2.2.6.2.b b) Estabiish and maintainthe 3.2.l.4.a The Spacecraft Bus shall maintain Yes
spacecraftorbitpositionand reai-time, on-board estimatesof
veiocityand accapt updates of Spacecraftpositionand velocitybased
same from a second source (e.g., uponon-board measurement
ground). processingktate propagationand

based on ground-commandedorbit
data estimates.

3.2.l.5.l.l.a The Spacecraft Bus shall be capable, Yes
throughground-commanded
propulsivemaneuvers, of acquiringthe
Operational Phase orbitwhen injected (

by the launch vehicle into the following
nominai orbit:

3.2.1 .5.1.1.b Perigee Radius 6927 km +5/-0 Yes
km

3.2.1 .5.1.1.c Apogee Radius 7075km +0/1Okm Yes

3.2.1 .5.1.1.d inclination 98.2 deg +/- 0.1 deg Yes
(1’BR-4)

106 28 August 1993



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt #

3.2.1 ,5.1.1.e

3.2.1 .5.1.1.f

3.2.1 .5.2.1.a

3,2.1 .5.2.1.b

3,2.1 .5.2.1.C

3.2.1 .5.2.1.d

3.2,1 .5.2.1.e

3.2.1 .5.2.1.f

3.2.1 .5.2.1.g

CEI Rqmt Text

Argument of Perigee 168 deg

Descending Node 10:15-10:45
AM (local mean solar time)

The Spacecraft Bus shall be capable,
through ground-commanded
propulsive maneuvers, of maintaining
a nominal Operational Phase orbit
which is near circular and
sun-synchronous with the following
characteristics:

Equatorial Altitude 705
+/-5 km

Semi-Major Axis: 7078 +/-5 km
(mean)

Inclination: 98.2 degrees
+ /-0.15 degrees

Eccentricity .0012 +/-0.0004

Argument of Perigee 90 +/-20

~+/-15 min (local mean solar time)

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Comments

L2.2.6.2.c Maintain spacecrafttime and 302.1,4.1.1.a The Spacecraft Bus shall receive Yes
accept periodic time correction timing signals from the ground via
updates from the ground. TDRSS satellites and shall process

these signals to allow ground
measurementof errors in the spacecraft
clock using the User Spacecraft Clock
Calibration System (USCCS).

3.7.1 .6.5.b The C&DHS shall propagate a master Yes
Spacecraft Clock synchronously with
the master frequency reference.

3.7.1 .6.5.d The C&DHS shall accept and execute Yes
commands to set and adjust the
Spacecraft Clock time.

3.2.2.6.2.d c) Provide state vector (orbit data, 3.7.l.4.7.a The GN&CS shall derive all Spacecraft Yes
attitude data, and time) and other orbital position, velocity, attitude, and
special purpose information to attitude error rate information for
support individual instrument inclusion In ancillary data.
functions on the spacecraft.

3.7.l.4.7.b The GN&CS shall derive solar and Yes
lunar position information for inclusion f
in ancillary data.

3.7.1 .4.7.C The GN&CS shall provide magnetic Yes
torquer wit current information for
inclusion in ancillary data.
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Comments

1.2.2.6.2.e d) Provideattitudecontrolfor 3.7.1 .4.4.b The GN&CS shall control pointing of Yes
spacecraft appendages. the Solar Array based on Solar Array

position data by providing step rate
commands to the Solar Array Drive.

3.7,1 .4.5.a The GN&CS shall control pointing of Yes
the HGA based on position data
received from the COMS.

3.7.l.4.5.b The GN&CS shall, on command, Yes
control the HGA.

1.2.2.6.2.f e) Provide oontrd commands for 3.7.l.4.6.a The GN&CS shall suppoti propulsive Yes
propulsion thruster operation. operations for delta-V and attitude

control maneuvers, and for backup
momentum unloading.

3.7.l.4.6.b The GN&CS shall control PROPS Yes
thrusters for these operations by
providing thruster selection and pulse
width commands to PROPS on a
periodic basis. f

L2.2.6.2.g f) Provide algorithm flexibility to 3.7.1 .4.1.a The GN&CS shall determine and Yes
accommodate anticipated control the Spacecraft attitude in all
spacecraft mass variations. modes during all phases following the

LaunchlAsoent phase.

12.2.6.2,h g) Provide momentum 3.7.1.4.1 .a The GN&CS shall determine and Yes
management while controlling the control the Spacecraft attitude in all
spacecraft attitude. modes during all phases following the

Launch/Asoent phase.
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3.7.1 .4.2.b The GN&CS shall utilize magnetic Yes
torquersas the primarymeans for
momentumunloading.

L2.2.6.2.i in the normaioperatingmode, 3.7.1 .4.2.b The GN&CS shali utilize magnetic Yes
primarymomentummanagement torquersas the primarymeans for
shall be performedwithoutuse of momentumunloading.
propulsiveconsumables.

L2.2.6.2.j h) The spacecraftshall provide 3.7.1 .4.7.d The GN&CS shall reference all Yes
pointinginformationreferencedto pointingdata in ancillary data to the
the navigation base. navigation base, and accuracy and

knowledge to the earth’s center.

1.2.2.6.3 Performance Requirements

).2.2 .6.3.1 Attitude Control

Y2.2.6.3.1 .a In the normal operational mode, 3.2.1.1 .2.4.a The Spacecraft Bus shall maintain the Yes
the spacecraft shall meet all following parameter limits at the
attitude control requirements instrument interfaces with the r
specified below. The attitude Spacecraft Bus:
control requirements are speoified a. 150 ar-see, 3 sigma, per axis
with respect to an earth-centered pointing accuracy during Scienoe
coordinate reference system. Mode operations

3.7.l.4.l.a me GN&CS shall determine and Yes
control the Spacecraft attitude in all
modes during all phases following the
Launch/Ascent phase.
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3.7.l.4.7.d The GN&CS shall reference all Yes
pointing data in ancillary data to the
navigation base, and accuracy and
knowledge to the earth’s center.

3.2.2.6.3.l.b Pointing Knowledge: 90 arc-see, 3.2.1.1 .2.4.b b. 90 arc-see, 3 sigma, per axis Yes
3 sigma, at the instrument pointing knowledge during Science
interface Mode operations;

3.2.2.6.3.1 .C Pointing Accuracy: 150 arc-see, 3.2.1.1 .2.4.a The Spacecraft Bus shall maintain the Yes
3 sigma, at the instrument following parameter limits at the
interface Instrument interfaces with the

Spacecraft Bus:
a. 150 arc-see, 3 sigma, per axis
pointing aoouracy during Science
Mode operations;

3.2.2.6.3.1 .d Stability TBD 3.2.1.1 .2.4.c c. TBD stability; Yes
(arc-see)

d

3.2.2 .6.3.1.e Jitter: TBD (arc-see) 3.2.1 .102.4.d d. TBD jitter; and Yes I

3.2.2 .6.3.2 Orbit Determination and Control
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L2.2.6.3.2.a The spacecraft shali be oapabie of 3.2.1 .5.2.1.a The Spacecraft Bus shall be capable, Yes
orbit determination and oontrol through ground-oommanded
consistent with the requirements propulsive maneuvers, of maintaining
speoified in 3.1.1. a nominai Operational Phase orbit

which is near circular and
sun-synchronous with the following
characteristics:

1.2.2.6.3.2.b llm~tagged orbti data shali be 3.2.1.1 .2.3.a The Spacecraft Bus shall provide Yes
provided to the instruments at an anciiiary data to instruments such that
accuracy and intervai of TBD. the age of any data at delivery wili

never exceed 2.048 (TBR-1) seconds.

3.7.1 .4.7.a The GN&CS shali derive ali Spacecraft Yes
orbital position, veiooity, attitude, and
attitude error rate information for
inclusion in anciiiary data.

3.7.1 .4.7.e The GN&CS-provided anciilary data Yes
shail be time-oorreiated such that
validity times may be determined, and
shaii be provided within 0.5 seoonds of
the time of vaiidity. Position data shail (
be time-correlated to 0.1 msec (0.8
meters equivalent). Attitude data shail
be time-correlated to within 3 mseo.

9.9.9.9.e No-match in Contract End item No Missing from
Specification PS20005386 CEi. Design

supplies the
data every
1.024 SEX.
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1.2.2.6.3.3 Orbit PositionKnowledge

1.2.2.6.3.3.a The spacecraft shall providethe 3.2.1.1 .2.4.e e. Spacecraft positionknowledge of Yes
instrument interfaces with a +/-l5Om, 3 sigma, per axis during
spacecraft position knowledge of Science Mode operations.
+/-150m, 3 sigma, per axis during
science mode operations.

1.2.2.6.4 Modes of Operation

1.2.2.6.4.a This section defines the functional
requirements for the various
spacecraft operational modes.

3.2.2.6.4.1 Launch Mode

1.2.2.6.4.1.a The spacecraft shall be capable of 3.7.1.1 .3.a All subsystems shall provide the Yes
being configured into a mode minimum capability demanded of them
consistent with launch, and shall during eaoh mode defined in 3.1.4.2
be capable of initiating the without drawing greater than the
acquisition mode upon launch power levels presented in Table Xl for
vehicle separation. that mode. P

307.1.4.2.3,a The GN&CS shall maintain a standby Yes
status when attached to the launch
vehicle and shall initiate attitude
acquisition upon launch vehicle
separation.

3.2.2.6.4.2 Acquisition and Normal Operation
Modes
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3.2.2.6.4.2.a The spacecraft shall be capable of 3.2.1 .6.4.4.a If the Spacecraft enters safe mode due Yes
acquiring and maintaining the to an attitude maintenance anomaly
speoified attitude accuraoy to an the Spacecraft Bus shall acquire and
Earth-based reference frame from maintain a thermal- and power-safe
any initial arbitrary attitude. attitude.

3.7.1 .4.2.2.a The GN&CS shall perform attitude Yes
slew maneuvers for Earth aoquisltion,
reacquisition, orbit acquisition, orbit
trim and orbit maintenance delta-V
maneuvers.

3,7.1 .4.2.3.b The GN&CS shall acquire an Yes
Earth-based Spacecraft attitude within
30 minutes from the launch vehicle
separation.

3.2.2.6.4.3 Orbital Maneuvers

3.2.2.6.4.3.1 Orbit Adjust Mode

3.2.2.6.4.3.1 .a The spacecraft shall, upon receipt 3.2.1 .5.2.1.a The Spaoeoraft Bus shall be capable, Yes I
of an external command, provide through ground-commanded
the appropriate spacecraft attitude propulsive maneuvers, of maintaining
and aotuator sequencing for Orbit a nominal Operational Phase orbit
Adjust exeoution. which is near circular and

sun-synchronous with the following
characteristics:
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3.2.1 .5.2.2.a The Spacecraft Bus shall be capable, Yes
throughground-commanded
propulsivemaneuvers, of establishing
and maintaininga nominalOperational
Phase groundtrack in whichthe
subsatellitepointwill followa path
which repeats as follows

3.2.2.6.4.3.2 Orbit Transfer

3.2.2.6.4.3.2.a The spacecraft shall, upon receipt 3.2.l.5.l.l.a The Spacecraft Bus shall be oapable, Yes
of an external command, provide through ground-commanded
the appropriate spacecraft attitude propulsive maneuvers, of acquiring the
and actuator sequencing for Orbit Operational Phase orbit when injected
Transfer execution. by the launch vehicle into the following

nominal orbit:

3.2.2 .6.4.3.3 Reserved

3.2.2 .6.4.4 Safe Hold Mode

3.2.2 .6.4.4.a The spacecraft shall provide an 3.2.1 .6.4.4.a If the Spacecraft enters safe mode due Yes
independent back-up oontrol to an attitude maintenance anomaly
funotion or safe mode oapable of the Spacecraft Bus shall acquire and
orienting and maintaining the maintain a thermal-and power-safe
spacecraft in a power and thermal attitude.
safe attitude for an indefinite
period of time.
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3.2.2.6.4.4.b Activationof this safe mode 3.2.1 .6.4.1.a The Spacecraft shall autonomously Yes
control funotion shall be possible enter Safe Mode under either of the
through both onboard autonomous foilowing renditions: a) detection that
prooessor failure detection and the processors or flight software are
ground command. incqpable of supporting safe

Spacecraft operations or b) the GN&C
subsystem fails to maintain the
spacecraft attitude within
predetermined thresholds.

3.7.1 .4.8.a The GN&CS shall provide Safe Mode Yes
functions independent of the C&DHS
that are automatically activated or
ground aotivated and ground
deactivated, during all post-separation
mission phases to:
a.) Reserved;

3.7.l.6.11.b The C&DHS shall initiate Safe Mode Yes
entry immediately upon command
from the ground.

3.2.2.6.4.4.c The safe hold mode shall be 3.2.l.6.4.4.a If the Spacecraft enters safe mode due Yes i
independnet of the primary control to an attitude maintenance anomaly
system processors and data the Spacecraft Bus shaii acquire and
system networks. maintain a thermal- and power-safe

attitude.
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3.2.1 .6.4.4.b If the Spacecraft enters safe mode due Yes
to a computer or software anomaly,
the Spacecraft shall maintain a
thermal-and power-safe attitude
independently of the primary flight
computers and flight software.

1.2.2.6.4.5 Calibration and Checkout Mode

3.2.2.6.4.5.a The spacecraft shall be capable of 3.7.l.4.9.a The GN&CS shall provide telemetry Yes

performing on-orbit alignment data which will enable ground
calibration of GN&C sensors and operators to calibrate the on-orbit
actuators. alignment of sensors and actuators.

3.2,2.6.4.5.b The Spacecraft shall provide the 3.2.1 .3.3.a The Spacecraft Bus shall aooept Yes
capability to perform control commands and provide telemetry to
system equipment checkout. support verification of end-to-end data

throughput capabilities of flight and
ground elements, and to support
prelaunch and on-orbit Spacecraft
checkout. I

3.7.l.4.9.a The GN&CS shall provide telemetry Yes
data which will enable ground
operators to calibrate the on-orbit
alignment of sensors and actuators.

3.2.2.7 Propulsion
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

L2.2.7.a The spacecraft shall provide thrust 3.2.1 .5.2.1.a The Spacecraft Bus shall be capable, Yes
for attitude mntrol torque and through ground-commanded
orbital velocity mrrection during all propulsive maneuvers, of maintaining
flight phases. a nominal Operational Phase orbit

which is near circular and
sun-synchronous with the following
characteristics:

3.2.l.13.l.g f. Maintaining spacecraft attitud~ and Yes

3.7.1 .4.1.a The GN&CS shall determine and Yes
control the Spacecraft attitude in all
modes during all phases following the
Launch/Ascent phase.

3.7.1 .8.1.a The PROPS shall provide all Yes
propulsive thrust required by the
Spacecraft to support attitude and orbit
control during all mission phases

lm._A,
I uata UII LIIK2u KAIaIIIIGI. I I

. . .,

nAc nni -h-11 -a+ ha aim,,i+em=fii,= v.. I
3.2.2.7.1 General Description

I

3.2.2.7.1.a The spacecraft shall provide thrust 3.2.1 .5.2.1.a The Spacecraft Bus shall be capable, Yes
for orbital velocity control and through ground-commanded
torques for three-axis attitude propulsive maneuvers, of maintaining
control. a nominal operational Phase orbit

which is near circular and
sun-synchronous with the following
characteristics:

3.2.l.13.l.g f. Maintaining spacecraft attitud~ and Yes
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3.7.1 .8.1.a The PROPS shall provide all Yes
propulsive thrust required by the
Spacecraft to support attitude and orbit
controi during all mission phases
following the iaunch/ascent phase.

3.7.1 .8.1.b The PROPS shall provide impulses for Yes
orbit circularization after injection, and
for orbit maintenance at operational
altitude, including atmospheric drag
make-up and inclination correction.

L2.2.7.2 Requkements

!.2.2.7,2.1 Attitude Controi

L2.2.7.2.1 .a The spacecraft shall provide the 3.7.1 .4.2.1.a The GN&CS shall maintain an Yes
impulse required for three-axis Earth-based attitude to support the
controi of the spacecraft during Spacecraft science mode pointing
accomplishment of the following requirements. t
functions attitude stabilization,
attitude reorientation, and 3.7,1 .8.1.a The PROPS shali provide all Yes

momentum management. propulsive thrust required by the
Spacecraft to support attitude and orbit
controi during all mission phases
following the launch/ascent phase.

307.1.8.1.C The PROPS shall provide impulsive Yes
torques for on-orbit three-axis attitude
control, three-axis attitude slews, Earth
acquisitions, and reaction wheel
momentum unloading.
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).2.2 .7.2.2 Orbital Velooity Control

L2.2.7.2.2.a The spacecraft shall provide the 3.7.1 .4.2.2.a The GN&CS shall perform attitude Yes
impulse required for control of the slew maneuvers for Earth aoquisltion,
spacecraft orbital velocity vector. reaoquistion, orbit acquisition, orbit
This control is required for the trim and orbit maintenance delta-V
following purposes atmospheric maneuvers.
drag compensation, orbit
adjustments, and orbit transfers. 3.7.1 .8.1.a The PROPS shall provide all Yes

propulsive thrust required by the
Spacecraft to support attitude and orbit
control during all mission phases
following the launch/ascent phase.

3.7.1 ,8.1.b The PROPS shall provide impulses for Yes
orbit circularization after injection, and
for otilt maintenance at operational
altitude, including atmospheric drag
makeup and inclination correction.

3.2.2.7.2.3 Propellants

I
3.2.2.7.2.3.a Mission orbit maintenance shall be 3.7.1 .8.2.a The PROPS shall use hydrazine as a Yes

accomplished via a monopropellant for all thrusters.
monopropellant hydrazine
subsystem.

3.2.2.7.2.3.b The spacecraft orbital 3.7.1 .8.2.b The PROPS shall carry at launch a Yes
maintenance propellant capacity propellant quantity equal to11 070 of
shall be sized for 7.5 years of orbit that needed to accomplish
maintenance. maintenance of the operational orbit

for a period of 7.5 years.
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Comments

L2.2.7.2.3.c A propellant reserve margin of 3.7.1 .8.2,b The PROPS shall carry at launch a Yes
10?40beyond a 7.5 year mission propellant quantity equal to11 0?40of
shall be provided. that needed to accomplish

maintenance of the operational orbit
for a period of 7.5 years.

L2.2.7.2.3.d The spacecraft shall provide a 3.7.1 .8.1.d The PROPS shali perform all functions Yes
method for determining available related to the storage and
propellant balance. management of on-board propellants,

including tankage, valve actuation,
pressure sensing, flow sensing, leak
detection and leak isolation.

3,7.1 .8.2.c The PROPS shall provide means Yes
whereby the remaining quantity of
propellant on board maybe
determined to within 3?40 of the amount
of propellant caried at launch.

1.2.2.7.2.4 Propulsion Thruster Selection ,t

3.2.2.7.2.4.a The spacecraft shall be capable of 3.7.l.8.3.d PROPS thruster firings shall be Yes
I

selecting/deselecting to the commendable such that either the
individual thruster engine. primary or redundant set of thrusters

may be selected for firing.

3.7.l.8.3.g The PROPS shall accept and execute Yes
commands for selecting and
deselecting each individual thruster
engine.
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3.7.1 .8.3.h When a thruster is deselected, Yes
commands to fire that thruster from
any source shall be ignored by the
PROPS.

L2.2.8 Command and Data Handling
(C&DH)

L2.2.8.1 General Description

L2.2.8.1 .a The spacecraft shall provide for: 3,2.1 .l.3.l.a The Spacecraft Bus shall collect, and Yes
a) the storage and distribution of transmit to the ground, Instrument
commands, telemetry and data telemetry data.
between instruments, subsystems, 32114a
and the ground; . . . . . The Spacecraft Bus shall receive, Yes

validate, and deliver all Instrument
commands

3.2. 1.3.4.a The Spacecraft Bus shall provide for Yes
the distribution of data between and
within subsystems. [

3.7.l.5.2.d The COMS, when commanded to the Yes
proper state, shall transmit all valid
data provided by C&DH for
transmission to the ground.

3.7.1 .6.1.a THE C&DHS shall provide: Yes
a. Distribution of realtime and stored
commands generated on the ground
or by the onboard software.

.

i!
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RD Rqmt # RD Requirement Text CEI Rqmt #

1.7.1.6.1.b

L7.1.6.1.C

1.7.1.6.1.d

L7.1.6.1.e

).7.1.6.1.f

1.7.1.6.1.h

CEI Rqmt Text

b. The periodic collection of
Spacecraft Bus telemetry and
instrument housekeeping telemetry
and the formatting of these data for
transmission to the ground and the
onboard software.

c. Delivery of these formatted data to
COMS and to the FSWS.

d. The gathering, formatting,
multiplexing, and recording of multiple
streams of packetized instrument
science data.

e. The generation and distribution of
precise, accurate time and frequency
references.

f. The onboard communication of
digital data between and among the
distributed hardware and software
components of Spacecraft subsystems
and between Spacecraft subsystems
and Instruments.

h. The input and output of data
from/to subsystem sensors/effecters
and instruments, including appropriate
signal conditioning and conversion of
signals between the analog and digital
domains.

Comply

{es

ies

tes

Ves

Yes

Yes

Compliance
Comments

I
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3.7.1 .6.1.i i. Accepting the SCC-based Fiight Yes
Software Subsystem prepared and
formatted anciiiary data message, then
repiioating and delivering the anciliary
data message to the onboard
instruments and transmitting it to the
ground for ground system use.

3.7.l.6,2.d The C&DHS shail distribute vaiidated Yes
commands to the appropriate
Spacecraft eiements as identified by
addressing information in the
commands.

3.7.l.6.2.g The C&DHS shaii receive processor Yes
ioad data via the normai command
interfaces and distribute the ioad data
to the destination Spacecraft eiement.

3.7.1 .6.3.i The C&DHS shaii transmit the Yes
telemetry data streams, the diagnostic
data stream, and the piayback data
stream to the S-band transponder. (

3.7.l.6.3.m The C&DHS shali provide teiemetry to Yes
the GSE and LSE as specified in the
Ground Support Equipment
Requirements Document, 20001430.
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RD Rqmt #

3.2.2.8.1.b

RD Requirement Text

b) the storage and execution of
application software, and the
operating environment of that
software;

CEI Rqmt #

3.7.1 .6.1.g

3.7.1 .6.2.a

3.7.1 .6.7.a

3.7.l.6.7.b

3.7.1 .6.7.c

3.7.l.6.7.d

CEI Rqmt Text

g. Providing the processing and
software resources required for the
execution and storage of the programs
and data belonging to the onboard
subsystems.

The C&DHS shall accept, decode, and
distribute command data transfers
from the SCC-based FSWS
Spacecraft elements.

The C&DHS shall provide all
computing devices required to provide
memory storage and program
execution services to SCC-based
FSWS software.

The C&DHS shall, as a minimum,
provide the following computing
resources to FSWS software:
(a) 1.5 MIPS DAIS throughput, and
(b) 1 Mword processor memory for
programs and data.

~

The C&DHS shall provide command
services m support of mochfnatlons to

The C&DHS shall provide telemetry
services which allow ground
controllers to insnect FSWS.

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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Comments

3.7.1 .6.7.e The C&DHS shall provide interfaces Yes
whereby SCC-based FSWS software
may aoess the various C&DHS data
communications services.

3.7.l.10.11.a The FSWS shall provide a Yes
standardized software operating
environment for the execution of
subsystem application software.

1.2.2.8.1.C c) the input and output of data 3.7.1 .6.1.h h. The input and output of data Yes
to/from subsystems and from/to subsystem sensorsleffectors
instruments, including appropriate and instruments, including appropriate
signal conditioning and conversion signal conditioning and conversion of
of data between the digital and signals between the analog and digital
analog domains; domains.

3.7.1 .6.6.f The C&DHS shall perform appropriate Yes
signal mnditioning and signal
conversion between the analog and
digital domains in support of the input
and output of data to and from
subsystems and Instruments. r

3.2.2.8.1.d d) the distribution of time, 3.2.1 .3.2.1.1 .j i. Periodic samples of the Yes
frequency, and navigational navigation/attitude state vector, and
information to instruments,
subsystems, and the ground. 3.7.l.4.7.a The GN&CS shall derive’all Spacecraft Yes

orbital position, velcxity, attitude, and
attitude error rate information for
inclusion in ancillary data.
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RD Rqmt # RD Requirement Text CEI Rqmt #

3.7.l.4.7.b

3.7.1 .4.7.C

3.7.1 .6.1.d

3.7.1 .6.1.e

3.7.1 .6.1.i

CEI Rqmt Text

The GN&CS shall derive solar and
lunar position information for inclusion
in anciiiary data.

The GN&CS shaii provide magnetic
torquer coii current information for
inclusion in ancillary data.

d. The gathering, formatting,
multiplexing, and recording of muitiple
streams of packetized instrument
science data.

e. The generation and distribution of
precise, accurate time and frequency
references.

Ii. Accepting the SCC-based Flight
Software Subsystem prepared and
formatted anciilary data message, then
replicating and delivering the anciiiary
data message to the onboard
instruments and transmitting it to the
around for around svstem use.

Comply

Yes

Yes

Yes

Yes

Yes

,

Compliance
Comments

r
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3.7.1 .6.5.c

3.7.l.6.8.a

3.7.l.10.6.a

3.7.l.10.6.b

3.7.1 .1O.6.C

CEI Rqmt Text

The C&DHS shall support ground
measurement of the Spacecraft Clock
time via the USCCS, in accordance
with NASA 531-TR-001. This includes
providing telemetry data indicating the
transmission time of telemetry stream
synchronization patterns, and the
receipt time of COMS-generated
epoch signals.

The C&DHS shall accept formatted
ancillary data messages from the
FSWS.

~The Flight Software System shall
accept ancillary data generated by
subsystems.

lTe FSWS shall provide the C&DHS
with formatted ancillary data for
distribution to the Instruments.

The FSWS shall provide ancillary data
message to the C&DHS. The duration
of FSWS processing of any data will
never exceed .924 seconds.

Comply

Yes

Yes

Yes

Yes

Yes

Compliance
Comments

128 28 August 1993



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
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L2.2.8.1 .e e) the initiation on command of the 3.2.1 .6.4.1.a The Spacecraft shali autonomously Yes
independent GN&C safe mode. enter Safe Mode under either of the

foliowing conditions: a) detection that
the processors or flight software are
incapable of supporting safe
Spacecraft operations or b) the GN&C
subsystem fails to maintain the
spacecraft attitude within
predetermined thresholds.

3.7.l.4.8.a The GN&CS shall provide Safe Mode Yes
functions independent of the C&DHS
that are automatically activated or
ground activated and ground
deactivated, during all post-separation
mission phases to
a.) Reserved;

3.7.1.6.11 mb The C&DHS shali initiate Safe Mode Yes
entry immediately upon command
from the ground. !

3.2.2.8.2 Functional Requirements

).2.2 .8.2.1 General
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RD Rqmt #

1.2.2.8.2.1.a

RD Requirement Text

I_hespacecraft shall support the
:ransmlssion, reception,
recessing, mntrolling, storage,
md distribution of operational data
and commands.

CEI Rqmt #

3.2.1,1,3.l.a

3.2.1.1 .4.a

3.2.l.2.3.a

3.2.l.2.4.l.a

3.2.1 .3.2.2.1 .a

3.2.1 .3.4.a

3.7.1 .502.a

CEI Rqmt Text

The Spacecraft Bus shall collect, and
transmit to the ground, Instrument
telemetry data.

The Spacecraft Bus shall receive,
validate, and deliver all Instrument
nommands

The Spacecraft Bus shall be capable
of storing at least 140 (TBR-2) Gbits of
Instrument science data, ancillary
data, and Spacecraft health and status
data.

T!re Spacecraft Bus shall, on
command, transmit real-time or stored
science data to the ground.

The Spacecraft Bus shall transmit
stored housekeeping telemetry data to
the ground as commanded by the

The Spacecraft Bus shall provide for
the distribution of data between and
within subsystems.

The COMS shall perform the reception
and demodulation of all digital data
transmitted to the Spacecraft from the
around.

Comply Compliance
Comments

Yes

Yes

I

Yes

Yes

Yes

r
Yes

Yes
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3.7.1 .5.2.b

3.7.1 .5.2,c

3.7.l.5.2.d

3.7.l.5.2,e

3.7.1 .6.1.a

CEI Rqmt Text

The COMS shall perform the
modulation and transmission of all
digital data to be transferred from the
Spacecraft to the ground.

The COMS shall perform the
convolutional encoding (rate 1/2,
constraint length 7), prior to
modulation and transmission, of digital
data to be transferred to the ground
via all COMS-provided
communications links which require
such encoding.

The COMS, when commanded to the
proper state, shall transmit all valid
data provided by C&DH for
transmission to the ground.

The COMS shall provide the interface
for mmmand function through the
launch vehicle umbilical for DrelaWCh
checkout.

THE C&DHS shall provide:
a. Distribution of realtime and stored
commands generated on the ground

Comply

Yes

Yes

Yes

Yes

Yes

Compliance
Comments

131 28 August 1993



CEI Compliance to RD

RD Rqmt # RD Requirement Text
I

CEI Rqmt #

3.7.1 .6.1.b

3.7.1 .6.1.C

3.7.1 .6.1.d

3.7.1 .6.1.e

3.7.l.6.l.f

3.7,1 .6.1.g

CEI Rqmt Text

b. The periodic collection of
Spacecraft Bus telemetry and
instrument housekeeping telemetry
and the formatting of these data for
transmission to the ground and the
onboard software.

c. Delivery of these formatted data to
COMS and to the FSWS.

d. The gathering, formatting,
multiplexing, and recording of multiple
streams of packetized instrument
science data.

e. The generation and distribution of
precise, accurate time and frequency
references.

f. The onboard communication of
digital data between and among the
distributed hardware and software
components of Spacecraft subsystems
and between Spacecraft subsystems
and instruments.

g. Providing the processing and
software resources required for the
execution and storage of the programs
and data belonging to the onboard
subsystems.

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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3.7.1.6.1.h

3.7.1.6.1.i

3.7.1.6.1.j

3.7.1.6.1.k

3.7.1 .6.2.a

CEI Rqmt Text

h. The input and output of data
from/to subsystem sensors/effecters
and instruments, including appropriate
signal conditioning and mnversion of
signals between the analog and digital
domains.

L Accepting the SCC-based Flight
Software Subsystem prepared and
formatted ancillary data message, then
replicating and delivering the ancillary
data message to the onboard
instruments and transmitting it to the
~round for ground system use.

The C&DHS shall format all data
streams to be transferred from the
Spacecraft to the EOSDIS and shall
provide these streams to the COMS.

All encoding (with the exception of
convolutional encoding, which is
performed by the COMS) of baseband
data in these streams for the purpose
of return link error control shall be
performed by the C&DHS.

The C&DHS shall accept, decode, and
distribute command data transfers
from the SCC-based FSWS
Spacecraft elements.

Yes I

Yes

Yes

Yes I

Yes
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RD Rqmt # RD Requirement Text CEI Rqmt #

3.7.l.6,2,b

3.7.1.6.2.d

3.7.1.6.2.g

3.7.1.6.3.c

3.7.1 .6.3.1

3.7.1 .6.3.m

3.7.l.6.4.a

134

CEI Rqmt Text

The C&DHS shall accept and process
all uplink command data transfers
demodulated by COMS.

rhe C&DHS shall distribute validated
>ommands to the appropriate
Spacecraft elements as identified by
addressing information in the
>ommands.

The C&DHS shall receive processor
oad data via the normal command
nterfaces and distribute the load data
:0 the destination Spacecraft element.

The C&DHS shall sample, gather,
format, and deliver to FSWS that data
which the FSWS requires to control
the Spacecraft.

The C&DHS shall transmit the
telemetry data streams, the diagnostic
data stream, and the playback data
stream to the S-band transponder.

The C&DHS shall provide telemetry to
the GSE and LSE as specified in the
Ground Support Equipment
Requirements Document, 20001430.

The C&DHS shall format the science
data in accordance with 1S20008658.

28 August 1993
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1 .6.4.b The C&DHS, on command, shali Yes
format, encode as necessary, and
forward to the COMS, for transmission
via TDRSS KSA or DAS links,
reai-time science data streams at
formatted data rates as needed to
transmit the peak instrument science
data rates along with the ancillary and
housekeeping telemetry data.

3,7.1 .6.4.c The C&DHS, on command, shall Yes
format, encode as necessary, and
store for iater piayback, a science data
stream at a formatted data rate
sufficient to accommodate the
aggregate of the instrument science
data rates along with the anciiiary and
housekeeping telemetry data.

3.7.l.6.4.e The C&DHS shali, on command, Yes
playback and route the recorded data
to the COMS at a final total bit I

transmission rate commensurate with
the piayback of a nominai orbit within a
scheduied TDRSS totai contact time of
20 minutes. The piayback rate shaii
be within the constraints of the TDRSS
SA service utilization and within the
Spacecraft-ievei constraints on
maximum iink data rate.
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RD Rqmt # RD Requirement Text CEI Rqmt #

3.7.l.6.6.a

3.7.l.6.6.b

3.7.1 .6.6.C

3.7.l.6.6.d

3.7.l.6.6.e

3.7.l.6.6.f

CEI Rqmt Text

The C&DHS shall be capable of
providing data transport services in
support of the following data transfers:

a. Within Spacecraft subsystems
between on-board subsystem
hardware mmponents which are not
directly interconnected.

b. Within Spacecraft subsystems
between hardware and software
subsystem components.

c. Within Spacecraft subsystems
between software subsystem
components.

d. Between Spacecraft subsystems.

e. Between Spacecraft subsystems
and Instruments.

The C&DHS shall perform appropriate
signal conditioning and signal
conversion between the analog and
digital domains in support of the input
and output of data to and from
subsystems and Instruments.

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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RD Rqmt #

1.2.2.8.2.1.b

RD Requirement Text

spacecraft shall use
ndures to preserve the
@y of data it processes and
‘ibutes.

CEI Rqmt #

,2.1.2.2.2.a

,2$1.2.4.4.a

.2.1.2.5.a

.2.1,8.2.2.a

CEI Rqmt Text

The Spacecraft Bus shall meet Grade
of Service 2 as defined in CCSDS
701.00_B_l for all science data.

During science operations, the
Spacecraft Bus shall not cause the
loss (i.e. dropped bits, fragmented
transfer frames, etc.) of any instrument
science data other than that due to
random bit errors.

The spacecraft Bus Shali contribute
no more that 10E-7 (TBR-3) bit
errorslbit BER to the insturment
science coiiected during any orbit,
when measured between the
insturment interface and the output on
the ground of the CCDS Grade 2
processing. This does not inciude the
BER, inciuded by the mmmunications
iinks extemai to the Spacecraft.

The Spacecraft Bus shaii accept
FEC-coded upiinked data and transfer
frames via the S-band forward iinks
and shaii perform Error Detection

Comply

Yes

Yes

Yes

Yes

Compliance
Comments
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.1 .8,2.2.b When errors are detected, the Yes
Spacecraft shall discard the erroneous
data, notify the ground of the error and
accept retransmission of the
erroneous data in accordance with the
COP-1 protoool.

3.7.1 .6.2.c The C&DHS shall perform all functions Yes
associated with the validation and
error oontroi of the data reoeived from
the COMS, inciuding the ciosure of
any end-to-end retransmission
protocois used on the forward iinks
from the EOSDiS to the Spacecraft, in
accordance with 1S20008658.

3.2.2.8.2.2 Commands

3.2.2.8.2.2.a The spacecraft shaii vaiidate, 3.2.1.1 .4.a The Spacecraft Bus shali receive, Yes
store, and distribute commands vaiidate, and deiiver ali instrument
intended for subsystems and commands
instruments.

3.2.l.8.2.2.a The Spacecraft Bus shaii accept Yes
FEC-coded uplinked data and transfer
frames via the S-band forward iinks
and shaii perform Error Detection
decoding.
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RD Rqmt # RD Requirement Text CEI Rqmt #

.2.l.8.2,2.b

.2.l.8.2.4.a

.7.1.6.1 .a

.7.1.6.1 .C

.7.l.6.l.g

.7.1 .6.2.a

CEI Rqmt Text

When errors are detected, the
Spacecraft shall discard the erroneous
data, notify the ground of the error and
accept retransmission of the
erroneous data in accordance with the
COP-1 protocol.

The Spacecraft Bus shall provide both
Absolute-Time and Relative-Time-
Command Sequence (RTCS) stored
command services.

THE C&DHS shall provide:
a. Distribution of realtime and stored
commands generated on the ground
or bv the onboard software.

c. Delivery of these formatted data to
COMS and to the FSWS.

g. Providing the processing and
software resources required for the
execution and storage of the programs
and data belonging to the onboard
subsystems.

The C&DHS shall accept, decode, and
distribute command data transfers
from the SCC-based FSWS
Spacecraft elements.

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1 .6.2.C The C&DHS shall perform all functions Yes
associated with the validation and
error control of the data received from
the COMS, including the closure of
any end-to-end retransmission
protocols used on the forward links
from the EOSDIS to the Spacecraft, in
accordance with 1S20008658.

3.7.1 .6.2.d The C&DHS shall distribute validated Yes
commands to the appropriate
Spacecraft elements as identified by
addressing information in the
commands.

3.2.2.8.2.2.b The spacecraft shall store and 3.2.l.8.2.a The Spacecraft shall accept Yes
provide delayed delivery for commands for both real-time and
time-tagged commands and stored command exeoution.
command sequences.

3.2.1 .8.2.4,a The Spacecraft Bus shall provide both Yes
Absofut&Time and Relative-Tim&
Command Sequenoe (RTCS) stored
command servioes. (

3.2.1 .8.2.4.1 .a The Spacecraft shall accept Yes
commands and associated execution
times for Absolute-Time stored
commanding.
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3.2.1 .8.2.4.1 .b Each command shall be distributed Yes
within 1.024 seoond after the
Spacecraft time reaches the execution
time.

3.2.1 .8.2.4.2.a The Spacecraft Bus shall accept and Yes
store sequences of commands and
associated relative execution times.

3.2.1 .8.2.4.2.c Each command in the sequence shall Yes
be executed at the relative time
associated with it, starting at the
initiation time of the sequence.

3.2.2.8.2.2.c Spacecraft subsystems and 3.2.l.3.l.l.a Spacecraft Bus subsystems and Yes
components shall be components shall be commendable to
commendable to known states known states regardless of earlier
regardless of their previous states. states.

3.2.2 .8.2.2.d No oommands which oause state 3.2.1 .3.1.2.a Spacecraft Bus commands shall each Yes
changes which differ as a function have only one implementation.
of current state shall be required to
achieve this. 3.2.1 .3.1.2.b The function initiated by any oommand Yes

shall not vary as a function of the
existing state of the Spacecraft
equipment executing the command.

3.2.2 .8.2.2.e Spacecraft mmmands which have 3.2.1 .3.1.2.a Spacecraft Bus commands shall each Yes
different functionality depending have only one implementation.
on current state (e.g., “toggle”
commands) shall not be allowed.

r-
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.1 .3.1.2.b The function initiated by any command Yes
shall not vary as a function of the
existing state of the Spacecraft
equipment executing the mmmand.

3.2.2.8.2.3 Engineering and Ancillaty Data
and Telemetry

12.2.8.2.3.a The spacecraft shall provide for 3.2.1 .1.3.1 .a The Spacecraft Bus shall collect, and Yes
the mllaction and distribution of transmit to the ground, Instrument
engineering and andllary data. telemetry data.

3.2.l.3.2.a The Spacecraft Bus shall oollect and Yes
transmit to ground Spacecraft
telemetry data.

3.2.1 .3.2.2.2.a The Spacecraft Bus shall be capable Yes
of gathering and transmitting telemetry
during all modes employed after Initial
on-orbit communications with the
ground have been established.

3.2.1 .3.4.a The Spacecraft Bus shall provide for Yes
f

the distribution of data between and
within subsystems.

3.7.1 .6.1.e e. The generation and distribution of Yes
precise, accurate time and frequency
references.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1.6.1 .f f. The onboard communication of Yes
digital data between and among the
distributed hardware and software
components of Spacecraft subsystems
and between Spacecraft subsystems
and instruments.

3.7.1 ,6.1.i i. Accepting the SCC-based Fiight Yes
Software Subsystem prepared and
formatted anciiiary data message, then
repiioating and delivering the anoiliary
data message to the onboard
instruments and transmitting it to the
ground for ground system use.

3.7.l.6.6.e e. Between Spacecraft subsystems Yes
and Instruments.

3.7.l.6.8.a The C&DHS shali accept formatted Yes
anciiiary data messages from the
FSWS.

1
3.7.l.6.8.b The C&DHS shaii accept command to Yes

enabie and disable disseminationof the
anciiiary data message.

3.2.2 .8.2.3.b Time-tagged anciiiary data shaii 3.2.1.1 .2.3.a The Spacecraft Bus shaii provide Yes
be provided to instruments as anciiiary data to instruments such that
required. the age of any data at deiivery wiii

never exceed 2.048 (TBR-1 ) seconds.
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CEI Compliance to RD

CEI Rqmt #

L7.1.4.7.e

3.7.1.6.1.e

3.7.1.6.1.f

3.7.1.6.6.C

3.7.l.10.6.a

3.7.l.10.6.b

144

CEI Rqmt Text

The GN&CS-provided ancillary data
shall be time-correlated such that
vaiidity times may be determined, and
shall be provided within 0.5 seconds of
the time of validity. Position data shall
be time-correlated to 0.1 msec (0.8
meters equivalent). Attitude data shaii
be time-correlated to within 3 msec.

e. The generation and distribution of
precise, accurate time and frequency
references.

f. The onboard communication of
digital data between and among the
distributed hardware and software
components of Spacecraft subsystems
and between Spacecraft subsystems
and instruments.

c. Within Spacecraft subsystems
between software subsystem
components.

The Flight Software System shali
accept anciilary data generated by
subsystems.

The FSWS shall provide the C&DHS
with formatted ancillary data for
distribution to the Instruments.

28 August 1993
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1 .1O.6.C The FSWS shall provide ancillary data Yes
message to the C&DHS. The duration
of FSWS processing of any data will
never exceed .924 seconds.

L2.2.8.2.3.c The spacecraft shall transmit 3.2.1 .1.3.1.a The Spacecraft Bus shall collect, and Yes
engineering and safemode transmit to the ground, Instrument
telemetry to the ground via the telemetry data.
Communications subsystem.

3.2.l.3.2.a The’Spacecraft Bus shall oollect and Yes
transmit to ground Spacecraft
telemetry data.

3.2.1 .3.2.1.1 .a Spacecraft Bus communications return Yes
links shall contain housekeeping
telemetry which includes

3.2.1 .3.2.1.1 .k j. Any Instrument provided telemetry. Yes

3.2.1 .3.2.2.1 .a The Spacecraft Bus shall transmit Yes
stored housekeeping telemetry data to
the ground as commanded by the f
ground.

3.2.1 .3.2.2.2.a The Spacecraft Bus shall be oapable Yes
of gathering and transmitting telemetry
during all modes employed after initial
on-orbit communications with the
ground have been established.
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RD Rqmt #

3.2.2.8.2.3.d

RD Requirement Text

The transmitted telemetry shall
include health and safety data,
and indications of errors or
anomalies within spacecraft
subsystems.

CEI Rqmt #

).2.1.7.1.4.a

L7.1.5.2.d

3.7.l.5.5.a

3.2.1.3.2.1.1 .a

3.2.1.3.2.1.1 .C

CEI Rqmt Text

rhe Spacecraft Bus shall be capable
of transmitting and receiving data in
~ccordance with the rates (which
nclude all CCSDS overhead) shown in
Tables V and W. The Spacecraft Bus
Shallbe capable of transmitting the
data shown in the Table VI Usage
~olumn over the link specified by the
associated Data Rate, Path, and
Return Link Service Columns.

The COMS, when mmmanded to the
proper state, shall transmit all valid
data provided by C&DH for
transmission to the ground.

The COMS shall support
communications via the contingency
and emergency links in all Spacecraft
Modes during all Mission Phases
following launch vehicle separation, in
accordance with the antenna coverage
requirements of Section 3.21.7.

Spacecraft Bus communications return
links shall contain housekeeping
telemetry which includes

b. Data indicative of the current status
of the on-board subsystems and
Instruments,

Comply

(es

tes

Ves

Yes

Yes

Compliance
Comments
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3.2,1 .3.2.l.l.d

3.2.1 .3.2.1.1.f

3.2.1 .3,2.1.1 .i

3.2.1 .3.2.1.2.c

3.7.1.1 .8.2i2.c

3.7.1.1 .8,2.4.a

CEI Rqmt Text

c. Health and safety status data,

e. Indications of sensed failures or
anomalies, if any,

h. Warning and advisory data, if any,

The Spacecraft shall also include this
Health and Safety telemetry in the
housekeeping telemetry stream.

Subsystem and component failures
which threaten Spacecraft survival
shalt be detectable in health and
safety telemetry.

The housekeeping telemetry provided
by each subsystem shall allow ground
controllers to assess the operational
state of the subsystem, monitor critical
subsystem function, and aid in fault
detection and correction.

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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Comments

3.7.1.1 .8.2.4.b Subsystem Housekeeping telemetry Yes
shall, as a minimum, contain the
following:
(a) Redundancy status of the
subsystem and components;
(b) Health and safety status data;
(c) Indications of resource usage;
(d) Indications of sensed failures or
anomalies, if any;
(e) Data suitable for verifying
execution of each Spacecraft
command;
(9Notification of all autonomous
switching between redundant paths.

L2.2.8.2.4 Uplink Data

L2.2.8.2.4.a The spacecraft shall process, 3.2.1.1 .4.a The Spacecraft Bus shall receive, Yes
store, and distribute uplinked data validate, and deliver all Instrument
to instruments and subsystems. commands

3.2.1 .8.2.a The Spacecraft shall accept Yes
commands for both real-time and r

stored command execution.

3.2.1 .8.2.1.a The Spacecraft Bus shall accept and Yes
process uplinked command data and
computer memory load data at rates
commensurate with the capacities of
the ground-to-Spacecraft
communications links.
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RD Rqmt # RD Requirement Texl CEI Rqmt #

3.7.1 .6.1.a

3.7.l.6.2.a

3.7.l.6.2.b

3.7.1 .6.2.c

3.7.l.6.2.d

CEI Rqmt Text

THE C&DHS shall provide:
a. Distribution of realtime and stored
commands generated on the ground
or by the onboard software.

The C&DHS shall accept, decode, and
distribute command data transfers
from the SCC-based FSWS
Spacecraft elements.

The C&DHS shall accept and process
all uplink command data transfers
demodulated by COMS.

The C&DHS shall perform all functions
associated with the validation and
error mntrol of the data received from
the COMS, including the closure of
any end-to-end retransmission
protocols used on the forward links
from the EOSDIS to the Spacecraft, in
accordance with IS20008658.

The C&DHS shall distribute validated
commands to the appropriate
Spacecraft elements as identified by
addressing information in the
commands.

Comply

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1 .6,2.e The C&DHS shall deliver to the Yes
designated destination all command
from the FSWS within 100 msec of
receipt by the C&DHS.

3.7.1 .6,2.f The C&DHS shall deliver to the Yes
designated destination all command
data from the ground within 100 mseo
of receipt by the C&DHS.

3.7.1 .6.2.g The C&DHS shall receive prooessor Yes
load data via the normal command
interfaces and distribute the load data
to the destination Spacecraft element.

3.2.2.8.2.5 Instrument Data

3.2.2.8.2.5.a C&DH processing for instrument 3.2.1 .2.2.1.a The Spacecraft Bus shall format and Yes
data shall include formatting, multiplex Instrument data packets,
multiplexing, and on-board along with the Spacecraft
storage. Bus-generated housekeeping

telemetry packets and ancillary data I

packets, for transmission to the
EOSDIS.

3.7.1 .6.1.b b. The periodic collection of Yes
Spacecraft Bus telemetry and
instrument housekeeping telemetry
and the formatting of these data for
transmission to the ground and the
onboard software.
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RD Rqmt # RD Requirement Text CEI Rqmt #

.7.1.6.1.d

.7.1.6.1 .j

.7.1.6.3.c

.7.l.6.4.a

.7.l.6.4.b

CEI Rqmt Text

d. The gathering, formatting,
multiplexing, and recording of multiple
streams of packetized instrument
science data.

The C&DHS shall format all data
streams to be transferred from the
Spacecraft to the EOSDIS and shall
provide these streams to the COMS.

The C&DHS shall sample, gather,
format, and deliver to FSWS that data
which the FSWS requires to control
the Spacecraft.

The C&DHS shall format the science
data in accordance with 1S20008658.

The C&DHS, on command, shall
format, encode as necessary, and
forward to the COMS, for transmission
via TDRSS KSA or DAS links,
real-time science data streams at
formatted data rates as needed to
transmit the peak Instrument science
data rates along with the ancillary and
housekeenina telemetrv data.

Comply

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1 .6,4.c The C&DHS, on command,shall Yes
format, encode as necessary, and
store for later playback, a scienoe data
stream at a formatted data rate
sufficient to accommodate the
aggregate of the Instrument science
data rates along with the anciilary and
housekeeping telemetry data.

3.7.1 .6.4.f For relaibiiity analysis purposes, the Yes
miniumum C&DHS soience data
processing capability for success shall
be defined as the capability to format
and record all science data, and piay it
back via either the TDRSS Ku-band or
the DP links.

1.2.2.8.2.5.b Data to be prooessed shall be 3.2.1 .3.2.1.6.a The Spacecraft shall allow the on-orbit Yes
selectable by ground command. redefinition of housekeeping telemetry

stream contents.

3.2.1 .3.2.2.1 .a The Spacecraft Bus shall transmit Yes r
stored housekeeping telemetry data to
the ground as commanded by the
ground.
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3.7.l.6.4.b The C&DHS, on command, shall Yes
format, encode as necessary, and
forward to the COMS, for transmission
via TDRSS KSA or DAS links,
real-time science data streams at
formatted data rates as needed to
transmit the peak Instrument science
data rates along with the ancillary and
housekeeping telemetry data.

3.7.1 .6.4.c The C&DHS, on command, shall Yes
format, encode as necessary, and
store for later playback, a scienoe data
stream at a formatted data rate
sufficient to accommodate the
aggregate of the Instrument science
data rates along with the ancillary and
housekeeping telemetry data.

L2.2.8.2.5.c The C&DH subsystem shall 3.2.l.l.3.l.a The Spacecraft Bus shall collect, and Yes
forward streams of multiplexed transmit to the ground, Instrument (
instrument and subsystem data to telemetry data.
the Communications subsystem
for transmission to the ground. 3.2.1 .3.2.1.5.a The Spacecraft shall incorporate the Yes

Ancillary Data Messages defined in
the Command and Data Handling
section of the GIIS into the science
data stream along with the
Housekeeping telemetry defined in
3.2.1 .3.2.1.1 and the science data
itself.
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RD Rqmt # RD Raqulrement Text CEI Rqmt #

3.7.1 .6.1.b

3.7.1 ,6.1.C

3.7.1.6.1 .j

3.7.1 .6.1.k

3.7.l.6.3.h

3.7.1 .6.3.1

CEI Rqmt Text

b. The periodic collection of
Spacecraft Bus telemetry and
instrument housekeeping telemetry
and the formatting of these data for
transmission to the ground and the
onboard software.

c. Delivery of these formatted data to
COMS and to the FSWS.

The C&DHS shall format all data
streams to be transferred from the
Spacecraft to the EOSDIS and shall
provide these streams to the COMS.

All encoding (with the exception of
convolutional encoding, which is
performed by the COMS) of baseband
data in these streams for the purpose
of return iink error mntroi shall be
performed by the C&DHS.

The C&DHS shall format all spacecraft
telemetry in accordance with
1S20008568 for delivery to the COMS.

The C&DHS shall transmit the
telemetry data streams, the diagnostic
data stream, and the playback data
stream to the S-band transponder.

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments

154 28 August 1993



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1 .6.4.b The C&DHS, on command, shall Yes
format, encode as necessary,and
forwardto the COMS, for transmission
via TDRSS KSA or DAS links,
real-time science data streams at
formatted data rates as needed to
transmit the peak Instrument science
data rates along with the ancillary and
housekeeping telemetry data.

L2.2.8.2.5.d These streams shall oontain real 3.2.1 .2.4.1.a me Spacecraft Bus shall, on Yes
time data or stored data. command, transmit real-time or stored

science data to the ground.

3.2.2.8.2.5.e The C&DH subsystem shall be 3.2.1 .2.4.3.a The Spacecraft Bus shall be capable Yes
capable of storing data as it is of simultaneously storing the science
being forwarded for real-time data and transmitting it to the EOSDIS
transmission. in realtime.

3.2.2.8.2.5.f The spacecraft shall be oapable of 3.7.1 .6.4.e The C&DHS shall, on command, Yes 1
nominally transmitting all playback and route the recorded data
instrument data to the ground to the COMS at a final total bit
within one orbit of acquisition. transmission rate commensurate with

the playback of a nominal orbit within a
scheduled TDRSS total contact time of
20 minutes. The playback rate shall
be within the constraints of the TDRSS
SA service utilization and within the
Spacecraft-level constraints on
maximum link data rate.

I
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Comments

L2.2.8.2.6 Application Software

L2.2.8.2.6.a The spacecraft shall provide for 3.2.1 .8.1.2.a The Spacecraft Bus shall exeoute Yes
the storage and execution of ground oommands for redundancy
application software, and shall switching and loading and dumping of
support the modification or software and of programmable data.
reloading of software from the

3.2.1 .8.2.a The Spacecraft shall accept Yesground.
commands for both real-time and
stored mmmand execution.

3.2.1 .8.2.1.a The Spacecraft Bus shall accept and Yes
process uplinked command data and
computer memory load data at rates
commensurate with the capacities of
the ground-to-Spacecraft
communications links.

3.2.l.8.2.4.a The Spacecraft Bus shall provide both Yes
Absolute-Time and Relative-Time-
Command Sequence (RTCS) stored
command services.

3.2.1 .8.2.4.1 .a The Spacecraft shall accept Yes
commands and associated exeoution
times for Absolute-Time stored
commanding.

3.2.1 .8.2.4.2.a The Spacecraft Bus shall accept and Yes
store sequences of commands and
associated relative execution times.
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3.2.1 .8.2.4.2.b Execution of these sequences shall be Yes
initiated by commands from flight
software, and from the real-time and
stored command services.

3.2.1 ,8,2.4.3.a The Spacecraft shall allow the Yes
inspection and modification of stored
commands and command sequences
by ground controllers.

3.2.l.14.l.2.a Spacecraft Bus components which Yes
comprise computer programs shall,
where practical, be implemented as
software and be reprogram mable on
orbit.

3.7.1 .6.1.g g. Providing the processing and Yes
software resources required for the
execution and storage of the programs
and data belonging to the onboard
subsystems. I

3.7.1 .6.3.a Telemetry algorithms resident Yes
on-board the spacecraft shall be
modifiable by ground mntrol.

3.7.1 .6.7.a The C&DHS shall provide all Yes
computing devices required to provide
memory storage and program
execution services to SCC-based
FSWS software.
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3.7.l.6,7.b The C&DHS shall, as a minimum, Yes
providethe followingcomputing
resourcesto FSWS software:
(a) 1.5 MIPS DAIS throughput, and
(b) 1 Mword processor memory for
programs and data.

3.7.1 .6.7.c The C&DHS shall provide command Yes
services in support of modifications to
loaded FSWS software.

3.7.l.6.7.d The C&DHS shall provide telemetry Yes
services which allow ground
controllers to inspect FSWS.

3.7.l.10.7.a The FSWS shall acoept and prooess Yes
uplinked command data and computer
memory load data at rates
commensurate with the capacities of
the ground-to-Spacecraft
communications links.

3.2.2.8.2.6.b The spacecraft shall be oapable of 3.2.l.13.l.4.a The Spacecraft Bus shall maintain in Yes f
restoring memory loads required non-volatile storage all computer
for spacecraft survival, to allow memory loads whioh are critical to
subsequent recovery of Spacecraft survival. These loads shall
operational capability. be available for use in initiation of

mission operations and restoration of
operations after anomalies.

.

.
m
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3.7.l.l.11.a Each subsystem containing code used Yes
to ensure Spacecraft survival shall
maintain that code in non-volatile
media for initiation or restoration after
anomalies.

3.7.1 .6.9.a The C&DHS shall at all times and after Yes
all single failures be capable of
accepting from the COMS and
executing those commands needed to
reconfigure on-board subsystems to
restore normal operations. Command
errors shall be incapable of
compromising this capability.

3.2.2.8.2.6.c The spacecraft shall support 3.2.l.14.l.l.a The Spacecraft Bus flight software Yes
integrity and revision checking for shall incorporate provisions for
memory loads and modifications to verifying the integrity of and the
those loads. revision of loaded software via

telemetry.
f

3.2.2.8.2.7 Time and Frequency References

3.2.2.8.2.7.a The Spacecraft shali provide time 3.2.1.1 .2.3.a The Spacecraft Bus shall provide Yes
and frequency references to ancillary data to Instruments such that
subsystems and instruments. the age of any data at delivery will

never exceed 2.048 (TBR-1) seconds.

3.7.1 .6.1.e e. The generation and distribution of Yes
precise, accurate time and frequency
references.
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3.7.1 .6.5.a The C&DHS shall accept the master Yes
frequency reference from the COMS.

3.7.1 .6.5.b The C&DHS shall propagate a master Yes
Spacecraft Clock synchronously with
the master frequency reference.

3.7.1 .6.5.c The C&DHS shall support ground Yes
measurement of the Spacecraft Clock
time via the USCCS, in accordance
with NASA 531-TR-001. This includes
providing telemetry data indicating the
transmission time of telemetry stream
synchronization patterns, and the
receipt time of COMS-generated
epoch signals.

3.7.1 .6.5.d The C&DHS shall accept and execute Yes
commands to set and adjust the
Spacecraft Clock time.

3.7.1 .6.5.e Time information shall be presented in Yes
a format compatible with the CCSDS f
Day Segmented Time Code format
defined in CCSDS 301.1-51.

3.7.1 .605.f C&DHS-provided time references and Yes
time tags shall have a resolution of 1
microsecond or finer. These times
shall be accurate within 100
microseconds relative to Universal
Time, Coordinated.

h
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1.2.2.8.2.8 Navigation Data

L2.2.8.2.8.a The spacecraft shall distribute 3.2.1.1 .2.3.a The Spacecraft Bus shall provide Yes
navigation data to subsystems and anciliary data to Instruments such that
instruments as needed. the age of any data at deiivery will

never exceed 2.048 (TBR-1) seconds.

3.2.l.3.4.a The Spacecraft Bus shall provide for Yes
the distribution of data between and
within subsystems.

3.7.l.4.7.a The GN&CS shall derive all Spacecraft Yes
orbital position, velocity, attitude, and
attitude error rate information for
inclusion in ancillary data.

3.7.1 .4.7.b The GN&CS shall derive solar and Yes
lunar position information for inclusion
in anciliary data.

3.7.1 .6.1,f f. The onboard communication of Yes
digital data between and among the
distributed hardware and software r

components of Spacecraft subsystems
and between Spacecraft subsystems
and instruments.
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RD Rqmt # RD Requirement Text CEi Rqmt # CEi Rqmt Text Compiy Compliance
Comments

3.7.1.6.1 .i i. Aooeptingthe SCC-based Flight Yes
Software Subsystemprepared and
formattedancillarydata message, then
replicatingand deliveringthe ancillary
data message to the onboard
instrumentsand transmittingit to the
~

3.7.1 .6.5.c The C&DHS shall supportground Yes
measurementof the Spacecraft Clock
time via the USCCS, in accordance
with NASA 531-TR-001. This includes
providingtelemetry data Indicatingthe
transmissiontime of telemetry stream
synchronizationpatterns, and the
reoeipttime of COMS-generated
epoohsignals.

3.7.l.6,6.a The C&DHS shall be capable of Yes
providingdata transportservioesin
supportof the followingdata transfers:

a. Within Spacecraft subsystems f

between on-board subsystem
hardware mmponents which are not
directly interconnected.

3.7.1 .6.6.b b. Within Spacecraft subsystems Yes
between hardware and software
subsystem components.
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RD Rqmt # RD Requirement Text. CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1 .6.6.c c. Within Spacecraftsubsystems Yes
between software subsystem
components.

3.7.1 .6,6.d d. Between Spacecraft subsystems. Yes

3.7.1 .6.6.e e. Between Spacecraft subsystems Yes
and Instruments.

3.7.l.lQ.6,a The Flight Software System shall Yes
accept ancillary data generated by
subsystems.

3.7.l.10.6.b The FSWS shall provide the C&DHS Yes
with formatted ancillary data for
distribution to the Instruments.

3.7.1 .1O.6.C The FSWS shall provide ancillary data Yes
message to the C&DHS. The duration
of FSWS processing of any data will
never exceed .924 seconds.

4

3.2.2.8.2.9 Safemode

3.2.2.8.2.9.a The spacecraft shall be capable of 3.7.1 .4.8.a The GN&CS shall provide Safe Mode Yes
initiating the independent GN&C functions independent of the C&DHS
safe mode in response to ground that are automatically activated or
command. ground activated and ground

deactivated, during all post-separation
mission phases to:
a.) Reserved;
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.l.4.8,e The GN&C shall, as a backup mode, Yes
determine and provide to PROPS via
C&DHS, the hydrazine thruster
command sequencing to maintain a
power/thermal safe Earth-based
attitude during all phases following
launch vehicle separation.

3.7.1.6.1 1.b The C&DHS shall initiate Safe Mode Yes
entry immediately upon command
from the ground.

3.2.2.8.2.10 Instrument Support

).2.2 .8.2.10.a The spacecraft shall support 3.2.1 .3.2.1.1 .a Spacecraft Bus communications return Yes
planning and rescheduling by the links shall contain housekeeping
ground system. telemetry which includes

3.2.1 .3.2.1.1 .b a. Indication of the current Spacecraft Yes
System Mode,

3.2.1 .3.2.1.1 .C b. Data indicative of the current status Yes r
of the on-board subsystems and
Instruments,

3.2.1 .3.2.1.1 .d c. Health and safety status data, Yes

3.2.1 .3.2.1.1 .f e. Indications of sensed failures or Yes
anomalies, if any,

3.2.1 .3.2.1.1 .k j. Any Instrument provided telemetry. Yes

164 28 August 1993



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.2.8.2.10.b The spacecraftshall support 3.2.l.1,3.l.a The Spacecraft Bus shall collect,and Yes
assessmenton the groundof transmitto the ground, Instrument
resourceusage by instruments. telemetrydata.

3.2.1 .3.2.1.1 .e d. Indicationsof resource usage, Yes
J

3.2.2.8.2.1O.C The Spacecraft shall support 3.2.1 .1.2.1.a The Spacecraft Bus shall permitthe Yes
replanningfor unique instrument operation of each Instrument
targets of opportunity through independent of that of other
ground planning. Instruments.

3.2.2.8.2.11 System Support

3.2.2.8.2.11.a The spacecraft shall support the 3.2.1 .2.1.a The Spacecraft Bus shall allow the Yes
control of all onboard subsystems uplink commanded reallocation of
and shall support normal systems storage capacity
management funotions, including
the determination of spacecraft 3.2.1 .3.1.3.a The Spacecraft Bus shall accept and Yes

resource usage. exeoute commands reoeived over any
forward (mmmand) link.

3.2.1 .3.2.1.1 .a Spacecraft Bus communications return Yes
links shall contain housekeeping

r
telemetry which includes:

3.2.1 .3.2.1.1 .b a. Indication of the current Spacecraft Yes
System Mode,

3.2.1 .3.2.1.1 .C b. Data indicative of the current status Yes
of the on-board subsystems and
Instruments,

3.2.1 .3.2.1.1 .d c. Health and safety status data, Yes
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RD Rqmt # RD Requirement Text CEI Rqmt #

3,2.1 .3.2.1.1 .e

3.2.1 .3.2.1.1 of

3.2.1 .3,2.1.1 .g

3.2.1 .3.2.1.1 .h

3.2.1 .3.2.1.1.1

3.2.1 .3.2.1.1 .j

3.2.1 .3.2.1.1 .k

3.2.1 .8.1.2.a

3.2.1 .8.2.a

3.7.l.l.8.l.a

CEI Rqmt Text

d. Indications of resource usaae.

e. Indications of sensed failures or
anomalies, if any,

f. Data suitable for verifying execution
of each Spacecraft command,

g. Notification of all autonomous
switching between redundant paths,

h. Warning and advisory data, if any,

i. Periodic samples of the
navigation/attitude state vector, and

J. Any Instrument provided telemetry.

The Spacecraft Bus shall execute
ground commands for redundancy
switching and ioading and dumping of
software and of programmable data.

The Spacecraft shall accept
commands for both real-time and
stored command execution.

Each subsystem shall accept, and
execute upon receipt, commands
delivered to it via the C&DHS.

Comply Compliance
Comments

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes r
Yes
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1.1 .8.2.2.a The health and safety telemetry Yes
providedby each subsystemin all
Spacecraft modes shall be sufficient to
support all operations.

3.7,1.1 .8.2.4.c Each active Spacecraft subsystem Yes
shall provide, during all modes,
telemetry points necessary for
monitoring the operation of its
hardware and software components.

3.2.2.8.2.12 Direct Acoess Service

3.2.2.8.2.12.a The spacecraft shall be capable of 3.2.1 .7.5.a The Spacecraft Bus shall provide a Yes
collecting, and forwarding for Direct Aooess Service (DAS), including
transmission to the ground, a direot downlink (DDL), broadcast
streams of instrument and (DB), and playback (DP) capability for
ancillary data for the Direot Access the Instruments as shown in Table VII.
Service as shown in Table Il.

3.2.2.8.3 Performance Requirements
r

3.2.2 .8.3.1 General

3.2.2 .8.3.l.a The spacecraft shall employ 3.2.4.3.1 .a The Spacecraft Bus shall utilize Yes
standardized interfaces to standardized hardware, software, data
subsystems and instruments, and formats, and procedures to facilitate
standardized data formats for all maintenance.
instrument command, telemetry,
and data servioes.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.l.l.14.a Allsubsystemsand componentsshall, Yes
utilizethe standard interfacesdefined
in the GIS, unless an exception to this
Is explicitly noted in its specification.

L2.2.8.3.1 .b The C&DH subsystem shall 3.2.1 .7.1.4.a The Spa@craft Bus shali be capable Yes
support the Communications of transmitting and receiving data in
subsystem capability for accordanos with the rates (which
transmitting and recehdngdata as includeail CCSDS overhead) shown in
defined In Table Ill, IV, and V. Tables V and Vi. The Spacecraft Bus
Note that the transmission rates shall be capable of transmitting the
include all overhead (e.g. data shown in the Table VI Usage
packetizing, encoding, framing, column over the link specified by the
etc.). associated Data Rate, Path, and

Return Link Service Columns.

3.2.l.7.l.4.b The TDRSS SSA HGA service shali Yes
support a 10 kbps forward link for
Normal High Rate Commanding.

3.2.1 .7.1.4.c The TDRSS SMA HGA service shall Yes
support a 1 kbps forward link for
Normal Low Rate Commanding. r

3.2.1 .7.1.4.d The TDRSS SSA Omni service shail Yes
support a 125 kbps forward link for
Contingency Commanding.

3.2.1 .7.1.4.e The GN S-band Omni service shall Yes
support a 2 kbps forward link for
emergency commanding.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.1 .7.1.4.f The hardlineumbilicalserviceshall Yes
supporta 2 kbps forwardlinkfor
pre-launch GSE commands.

3.2.1 .7.1.4.g The TDRSS KSA HGA service shall Yes
support a 75 kbps return link on both i
and Q channels for real-time or
playback of soience data.

3.2.1 .7.1.4.h DB (X-Band) DAS service shall Yes
support a 12.5 Mbps return link on
both i and Q channels for real-time
direct broadcast of low-rate science
data.

3.2.1 .7.1.4.i Real-time DB shall not be Yes
simultaneous with DP. it shall be on
the i<hannel only if DDL or DP’ is
active, otherwise the same data shall
be i and Q channels.

3.2.1 .7.1.4.j The DAS DDL service shall suppofl a Yes r
12.5 Mbps return link on the i channel
and 105 kbps return link on the Q
channel for real-time direct downlink of
high-rate science data.

3.2.1 .7.1.4.k When the DAS DDL service is active, Yes
DB low-rate science data shall be on
the i channel with the DDL high-rate
data on the Q channel.
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CEI Compliance to RD

CEI Rqmt #

3.2.1 .7.1.4.1

3.2.1 .7.1.4.m

3.2.1 .7.1.4.n

3.2.1 .7.1.4.0

3.2.1 .7.1.4.P

,3.2.1 .7.1.4.q

3.2.1 .7.1.4.r

3.2.1 .7.1.4.s

CEI Rqmt Text

DAS DDL shall not be simultaneous
with DP or DP’.

The DAS DP earth coverage service
shall support a 75 kbps return link on
both I and Q channels for playback of
the science data records to provide a
backup to the TDRSS KSA science
data downlink.

The DP downlink data shall be
bit-interleaved.

The DAS system shall support DP
only. DAS DP shall not be
simultaneous with DB, DP’, OR DDL.

The DAS DP’ service Shall support a
12.5 Mbps return link on the I channel
and 105 kbps on the Q channel.

The DP downlink data shall be bit
interleaved.

DAS DP’ shall not be simultaneous
with DP or DDL.

When DP’ is active on the Q-channel
onlv. DB mav be on th~ I Ph=nn@l

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Yes

I Yes
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RD Rqmt # RD Requirement Text CEI Rqmt #

3.2.1 .7.1.4.u

3.2.1 .7.1.4.v

3.2.1 .7.1.4.w

3.2.1 .7.1.4.x

3,2.1 .7.1.4.y

CEI Rqmt Text

The TDRSS SSA HGA service shall
support a 16 kbps I channel return link
for housekeeping or diagnosticJdump
telemetry and 256 kbps Q channel
return link for housekeeping playback
onlv.

The TDSRSS SSA Omni service shall
support a 1 kbps Q channel.
Health/Safety telemetry or
DiagnosticJDump for contingency.

The TDRSS SMA HGA service shall
support a 16 kbps Q channel
housekeepingtelemetry.

The hardline umbilical service shall
support a 16 kbps 1and Q channel
return link for pra-launch
housekeeping and diagnostic/dump
telemetrv to GSE.

The hardline umbilical service shall
support a 1 kbps I and Q channel
return link for Launch/Ascent Health
and Safety telemetry to Launch
Vehicle.

Comply

Yes

Yes

Yes

Yes

Yes

Compliance
Comments

/’
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RD Rqmt # RD Requirement Text CEI Rqmt #

.2.1.7.1 .4.y

.2.1.7.1.4.2

.2.1.8.2.1 .a

.7.1.6.1 .k

CEI Rqmt Text

The GN S-band Omni emergency link
service shall support a 16 kbps data
rate on the I channel for Housekeeping
or Diagnostic/Dump data anda512
kbps data rate on the Q channel for
Housekeeping playback only.

The Gn S-Band Omni Service shaii
support an emergency 1 kbps Q&1
channel return link for Heaith/Safety
telemetrv.

The Spacecraft Bus shaii accept and
process uplinked command data and
computer memory ioad data at rates
commensurate with the capacities of
the ground-to-Spacecraft
com-munications iinks.

Aii encoding (with the exception of
convolutional encoding, which is
performed by the COMS) of baseband
data in these streams for the purpose
of return link error controi shall be
Derformed bv the C&DHS.

Comply

Yes

Yes

Yes

Yes

Compliance
Comments

I
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.7.1 .6.4.e The C&DHS shall, on command, Yes
playback and route the recordeddata
to the COMS at a final total bit
transmissionrate commensuratewith
the playback of a nominalorbitwithina
scheduledTDRSS total contacttime of
20 minutes. The playback rate shall
be withinthe constraintsof the TDRSS
SA service utilizationand withinthe
Spacecraft-levelconstraintson
maximumlink data rate.

3.2.2.8.3.1.c The spacecraftshali be insensitive 3.2.l.8.l.4.a The Spacecraft shall be Insensitiveto Yes
to the content of any data which is the data transported.
being transport

3.2.2.8.3.l.d The spacecraftshali be able to 3.2.1 .2.2.2.a The Spacecraft Bus shall meet Grade Yes
route, format, and apply forward of Service 2 as defined in CCSDS
error correction coding to real-time 701.00_B_l for all science data.
data to the SN.

3.2.1 .3.2,2.3.a The Spacecraft Bus shall meet the Yes
same correctional coding requirements r

described for science data in
3.2.1.2.2.2.
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RD Rqmt #

3.2.2 .8.3.1.e

RD Requirement Text

The final total (i.e., all framing
overhead inciuded) bit
transmission rate shall support the
instrument set and
spacecraft-generated peak packet
data rate and shall be within the
constraints on the maximum link
data rate in Table iV.

CEI Compliance to RD

CEi Rqmt #

3.1.5 .l.l.a

3.1.5.1 .20a

3.1.5.1 .2.j

3.1.5.1 .2.k

3.1.5 .1.2.1

CEi Rqmt Text

The Spacecraft Bus shall comply with
the instrument interface requirements
specified in the General instrument
interface Specification (GilS), GSFC
420-03-02.

The Spacecraft Bus shall comply with
the interface requirements of the
EOS-AM instrument set listed in
Section 3.1.3, as described In the
Unique instrument interface
Documents (UiiDs). The Spacecraft
Bus shail comply with the
requirements of the UiiDs.

ASTER shall have a maximum 2-orbit
average data rate of 8,300 kbps and a
peak data rate of 89,200 kbps

MiSR shall have a maximum 2-orbit
average data rate of 4,000 kbps and a
maximum peak data rate of 6,500
kbns.

MODiS shall have a maximum 2-orbit
average data rate of 6,200 kbps and a
maximum peak data rate of 11,000
kbt)s.

Compiy

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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RD Ftqmt# RD Requirement Text CEI Rqmt #

3.1.5.1 .2.m

3.1.5.l.2.n

3.2.1 .7.1.4.a

3.2.1 .7.1.4.g

i3.2.1.7.1 .4.h

CEI Rqmt Text

Each CERES shall have a maximum
1-orbit average data rate of 20 kbps
and a maximum peak data rate of 20
kbos.

MOPilT shall have a maximum 2-orbit
average data rate of 6 kbps and a
maximum peak data rate of 6 kbps.

The Spacecraft Bus shall be capable
of transmitting and receiving data in
accordance with the rates (which
include all CCSDS overhead) shown in
Tables V and V1. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
associated Data Rate, Path, and
Return Link Service Columns.

The TDRSS KSA HGA service shall
support a 75 kbps return link on both I
and Q channels for real-time or
playback of science data.

DB (X-Band) DAS service shall
support a 12.5 Mbps return link on
both I and Q channels for real-time
direct broadcast of low-rate science
data.

Comply

Yes

Yes

Yes

Yes

Yes

Compliance
Comments
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RD Rqmt # RD Requirement Text CEI Flqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.1 .7.1.4.j The DAS DDL service shall support a Yes
12.5 Mbps return link on the I channel
and 105 kbps return link on the Q
channel for real-time direot downlink of
high-rate scienoe data.

3.2.1 .7.1.4.m The DAS DP earth coverage service Yes
shall support a 75 kbps return link on
both 1and Q channels for playback of
the science data records to provide a
backup to the TDRSS KSA science
data downlink.

3.2.1 .7.1.4.P The DAS DP’ service Shall support a Yes
12.5 Mbps return link on the I channel
and 105 kbps on the Q channel.

3.2.1 .7.1.4.r DAS DP’ shall not be simultaneous Yes
with DP or DDL.

3.2.1 .7.1.4.u The TDRSS SSA HGA service shall Yes
support a 16 kbps 1channel return link
for housekeeping or diagnostioldump
telemetry and 256 kbps Q channel

(

return link for housekeeping playback
only.

3.2.1 .7.1.4.v The TDSRSS SSA Omni service shall Yes
support a 1 kbps Q channel.
Health/Safety telemetry or
Diagnostic/Dump for contingency.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

3.2.1 .7.1.4.w The TDRSS SMA HGA service shall Yes
support a 16 kbps Q channel
housekeepingtelemetry.

3.2.1 .7.1.4.x The hardline umbilical service shall Yes
support a 16 kbps I and Q channel
return link for pre-launch
housekeeping and diagnostiddump
telemetry to GSE.

3.2.1 .7.1.4.y The hardline umbilical service shall Yes
support a 1 kbps 1and Q channel
return link for Launch/Ascent Health
and Safety telemetry to Launch
Vehicle.

3.2.1 .7.1.4.2 The Gn S-Band Omni Service shall Yes
support an emergency 1 kbps Q&1
channel return link for Health/Safety
telemetry.

3.7.1 .6.4.b The C&DHS, on command, shall Yes f
format, encode as necessary, and
forward to the COMS, for transmission
via TDRSS KSA or DAS links,
real-time science data streams at
formatted data rates as needed to
transmit the peak Instrument science
data rates along with the ancillary and
housekeeping telemetry data.1
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

1.2.2.8.3.l.f The spacecraft shall be oapable of 3.2.1 .2.3.a The Spacecraft Bus shall be capable Yes
storingdata for later playback. of storingat least 140 (TBR-2) Gbits of

Instrument science data, ancillary
data, and Spacecraft health and status
data.

3.2.1 .3.2.1 .4.a The Spacecraft Bus shall retain in Yes
storage at least four orbits of
housekeeping telemetry data
seleceted to support ground-based
anomaly diagnosis.

3.7.1 .6.4.c The C&DHS, on command, shall Yes
format, encode as necessary, and
store for later playback, a science data
stream at a formatted data rate
sufficient to accommodate the
aggregate of the Instrument scienoe
data rates along with the ancillary and
housekeeping telemetry data.

r
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

1.2.2.8.3.1.g The spacecraft shaii be abie to 3,7.1 .6.4.e The C&DHS shaii, on command, Yes
piayback and route the reoorded piayback and route the recorded data
data to the SN at a finai totai bit to the COMS at a finai totai bit
transmission rate commensurate transmission rate commensurate with
with the piayback of a nominai the piayback of a nominai orbit within a
orbit within the nominai scheduied scheduied TDRSS totai contact time of
TDRSS oontact time for a single 20 minutes. The piayback rate shaii
orbit. be within the constraints of the TDRSS

SA service utilization and within the
Spacecraft-ievei mnstraints on
maximum iink data rate.

3.2.2.8.3.1.h The piayback rate shaii be within 3.7.l.6.4.e The C&DHS shaii, on mmmand, Yes
the constraints of the TDRSS piayback and route the reoorded data
singie access service utilization to the COMS at a finai totai bit
stated in 3.1.4.4.1 and within the transmission rate commensurate with
constraints on maximum iink data the piayback of a nominai orbit within a
rate in Tabie iV. scheduied TDRSS totai contact time of

20 minutes. The piayback rate shaii
be within the constraints of the TDRSS
SA service utilization and within the r

Spacecraft-ievei mnstraints on
maximum iink data rate.

3.2.2.8.3.2 Commands
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RD Rqmt #

L2.2.8.3.2.a

RD Requirement Text

he C&DH subsystem shall
rovide for real time command and
ontrol of the spacecraft,
onslstent with meeting spacecraft
performancerequirements.

CEI Rqmt #

L2.1.1.4.a

L2.1.3.1.30a

L2.1.8.2.a

3.2.1.8.2.1.a

3.2.1.8.2.3.a

3.2.l.8.2.3.b

3.7.1.6.1.a

CEI Rqmt Text

rhe Spacecraft Bus shall receive,
/alidate, and deliver all Instrument
:ommands

rhe Spacecraft Bus shall accept and
>xecute mmmands received over any
‘orward (command) link.

The Spacecraft shall accept
:ommands for both real-time and
stored mmmand execution.

The Spacecraft Bus shall accept and
process uplinked command data and
computer memory load data at rates
commensurate with the capacities of
the ground-to-Spacecraft
communications links.

The Spacecraft shall distribute
real-time commands within 1.024
second of receipt via the
communications links elsewhere.

The Spacecraft Bus shall distribute
commands in the same order
received.

THE C&DHS shall provide:
a. Distribution of realtime and stored
commands generated on the ground
or by the onboard software.

Comply Compliance
Comments

‘es

tes

(es

Yes

Yes

Yes
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance ‘
Comments

3.7.l.6.2.a l%e C&DHS shall accept, decode, and Yes
distribute command data transfers
from the SCC-based FSWS
Spacecraft elements.

3.7.l.6.2.b The C&DHS shall accept and process Yes
all uplink command data transfers
demodulated by COMS.

3.7.1 .6.2.d The C&DHS shall distribute validated Yes
commands to the appropriate
Spacecraft elements as identified by
addressing information in the
commands.

3.7.l.6.2.e The C&DHS shall deliver to the Yes
designated destination all command
from the FSWS within 100 msec of
receipt by the C&DHS.

3.7.l.6.2.f The C&DHS shall deliver to the Yes
designated destination all command r
data from the ground within 100 msec
of receipt by the C&DHS.
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RD Rqmt # RD Requirement Text CEI Rqmt # CEI Rqmt Text Comply Compliance
Comments

1.2.2.8.3.2.b Interlock mechanisms shall be 3.3,5.2.3.a The Spacecraft Bus shall incorporate Yes
provided to prevent the inadvertent safety interlock mechanisms
or unauthorized execution of implemented in hardware or software
hazardous commands. to prevent the execution of predefine

commands which are potentially
hazardous to personnel or to the
Spacecraft without prior confirmation
or arming by ground operators.

Y2.2.8.3.2.c When command frames are 3.2.l.8.2,2.a The Spacecraft Bus shall accept Yes
received from the Communications FEC-coded uplinked data and transfer
subsystem, the C&DH subsystem frames via the S-band forward links
shall test each frame for errors. and shall perform Error Detection

decoding.

3.7.1 .6.2,c The C&DHS shall perform all functions Yes
associated with the validation and
error control of the data received from
the COMS, including the closure of
any end-to-end retransmission
protocols used on the forward links
from the EOSDIS to the Spacecraft, in
accordance with 1S20008658.

3.2.2.8.3.2.d Every frame which is found to 3.2.1 .8.2.2.b When errors are detected, the Yes
contain an uncorrected error shall Spacecraft shail discard the erroneous
be rejected. data, notify the ground of the error and

accept retransmission of the
erroneous data in accordance with the
COP-1 protocol.

.

.

1’

a
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3.2.2.8.3.2.e The spacecraft shall report 3.2.1 .8.2.2.b When errors are detected, the Yes
rejected frames to the ground. Spacecraft shall discard the erroneous

data, notify the ground of the error and
aocept retransmission of the
erroneous data in accordance with the
COP-1 protocol.

3.2.2.8.3.2.f The spacecraft shall provide 3.2.1 .8.2.4.1 .C The Spacecraft Bus shall be capable Yes
storaging oommands, with of storing at least 3000 AbsoIute-Time
associated time tags, for 24 hours stored commands per day.
of operations.

3.2.2.8.3.3 Engineering and Ancillary Data
and Telemetry

3.2.2 .8.3.3.a Engineering and ancillary data 3.2.1 .2.2.1 .a The Spacecraft Bus shall format and Yes
shall be supplied in a wnsistent multiplex Instrument data packets,
format in packet form. along with the Spacecraft

Bus-generated housekeeping
telemetty packets and anciliary data
packets, for transmission to the r

EOSDIS.

3.2.2 .8.3.3.b The ancillary data shall include 3.2.1 .3.2.1.1 .a Spacecraft Bus communications return Yes
navigation state (attitude, orbit, links shall contain housekeeping
and time) information. telemetry which includes

3.2.1 .3.2.1.1.j i. Periodic samples of the Yes
navigation/attitude state vector, and
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3.7.l.4.7.a The GN&CS shall derive all Spacecraft Yes
orbital position, velocity, attitude, and
attitude error rate information for
inclusion in ancillary data.

3.7.l.4.7.e The GN&CS-provided ancillary data Yes
shall be time-correlated such that
validity times may be determined, and
shall be provided within 0.5 seconds of
the time of validity. Position data shall
be time-correlated to 0.1 msec (0.8
meters equivalent). Attitude data shall
be time-correlated to within 3 mseo.

L2.2.8.3.3.c The spacecraft shall be capable of 3.2.1 .3.2.1.4.a The Spacecraft Bus shall retain in Yes
storing up to two orbits of selecttxt storage at least four orbits of
engineering data in a non-volatile housekeeping telemetry data
medium in order to support seleceted to support ground-based
ground-based anomaly diagnosis. anomaly diagnosis.

12.2.8.3.3.e Playback rates of this data shall be 3.2.1 .3.2.2.1 .a The Spacecraft Bus shall transmit Yes
compatible with the TDRSS SSA stored housekeeping telemetry data to
and GfVDSN/WTS downlinks. the ground as commanded by the

r

ground.
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3.2.1 .7.1.4.a The Spacecraft Bus shall be capable Yes
of transmitting and receiving data in
aooordance with the rates (which
include all CCSDS overhead) shown in
Tables V and V1. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
associated Data Rate, Path, and
Return Link Service Columns.

3.2.1 .7.1.4.g The TDRSS KSA HGA service shall Yes
support a 75 kbps return link on both I
and Q channels for real-time or
playback of science data.

3.2.1 .7,1.4.r DAS DP’ shall not be simultaneous Yes
with DP or DDL.

3.2.1 .7.1.4.u The TDRSS SSA HGA service shall Yes
support a 16 kbps I channel return link
for housekeeping or diagnostic/dump f
telemetry and 256 kbps Q channel
return link for housekeeping playback
only.

3.2.1 .7.104.v The TDSRSS SSA Omni service shall Yes
support a 1 kbps Q channel.
Health/Safety telemetry or
DiagnostidDump for contingency.
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3.2.1 .7.1.4.w The TDRSS SMA HGA service shall Yes
support a 16 kbps Q channel
housekeepingtelemetry.

3.2.1 .7.1.4.x The hardline umbilical service shall Yes
support a 16 kbps I and Q channel
return link for pre-launch
housekeeping and diagnostiddump
telemetry to GSE.

3.2.1 .7.1.4.y The hardline umbilical service shall Yes
support a 1 kbps 1and Q channel
return link for Launch/Ascent Health
and Safety telemetry to Launch
Vehicle.

3.2.1 .7.1.4.2 The Gn S-Band Omni Service shall Yes
support an emergency 1 kbps Q&1
channel return link for Health/Safety
telemetry.

L2.2.8.3.3.f The spacecraft shall provide the 3,2.1 .1.3.1.a The Spacecraft Bus shall collect, and Yes
capability to distribute instrument transmit to the ground, Instrument I
health and safety data as part of telemetry data.
the engineering telemetry stream.

3.2.1 .3.2.1.2.c The Spacecraft shall also include this Yes
Health and Safety telemetry in the
housekeeping telemetry stream.
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3.2.2 .8.3.4.a

RD Requirement Text ,

The spacecraft shall be capable of
accepting and processing uplinked
data received at rates shown in
Table Ill.

CEI Rqmt #

3,2.1 .7.1.4.a

3.2.1 .7.1.4.b

3.2.1 .7.1.4.c

3.2.1 .7.1.4.d

3.2.1 .7.1.4.e

3.2.1 .7.1.4.f

CEI Rqmt Text

The Spacecraft Bus shall be capable
of transmitting and receiving data in
accordance with the rates (which
include all CCSDS overhead) shown in
Tables V and Vi. The Spacecraft Bus
shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
ass~iated Data Rate. Path, and
Return Link Service Columris.

The TDRSS SSA HGA service shall
support a 10 kbps forward link for
Normal High Rate Commanding.

The Tf3RSS SMA fiGA service shall
support a 1 kbps forward link for
Normal Low Rate Commanding.

The TDRSS SSA Omni service shall
support a 125 kbps forward link for
Contingency Commanding.

The GN S-band Omni service shall
support a 2 kbps forward link for
emergency commanding.

The hardline umbilical service shall
support a 2 kbps forward link for

Ime-launch GSE commands.

Comply

Yes

Yes

Yes

Yes

Yes

Yes
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3.2.1 .8.2.1 .a The Spacecraft Bus shall accept and Yes
process uplinked command data and
computer memory load data at rates
commensurate with the capacities of
the ground-to-Spacecraft
communications links.

3.2.2.8.3.5 Instrument Science Data

3.2.2.8.3.5.a The spacecraft shall accept 3.1.5.1 .2.a The Spacecraft Bus shall oomply with Yes
science data from the instruments the interface requirements of the
at the aggregate peak and EOS-AM Instrument set listed in
averaged data rates defined in the Section 3.1.3, as described in the
UIIDS. Unique Instrument Interface

Doouments (UIIDS). The Spacecraft
Bus shall oomply with the
requirements of the UIIDS.

3.1.5.1 .2.b If the UIIDS and the GIIS conflict, the Yes
UIIDS shall govern.

3.1.5.1.2.c UIID Instrument parameters defined Yes r
below shall be assumed for Spacecraft
Bus design activities.

3.1.5.1 .2.j ASTER shall have a maximum 2-orbit Yes
average data rate of 8,300 kbps and a
peak data rate of 89,200 kbps
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3.1.5.1 .2.k MISR shall have a maximum 2-orbit Yes
average data rate of 4,000 kbps and a
maximum peak data rate of 6,500
kbps.

3.1.5 .1.2.1 MODIS shall have a maximum 2-orbit Yes
average data rate of 6,200 kbps and a
maximum peak data rate of 11,000
kbps.

3.1.5.1 .2.m Each CERES shall have a maximum Yes
1-orbit average data rate of 20 kbps
and a maximum peak data rate of 20
kbps.

3.1.5.1 .2.n MOPllT shall have a maximum 2-orbit Yes
average data rate of 6 kbps and a
maximum peak data rate of 6 kbps.

1.2.2.8.3.5.b The C&DH subsystem shall be 3.1.5.l.l.a The Spacecraft Bus shall comply with Yes
capable of collecting and/or the Instrument interface requirements
reoording multiple channels of speoified in the General Instrument I
instrument and engineering data at Interface Specification (GIIS), GSFC
rates defined in 420-03-02, the 420-03-02.
General Instrument Interfaoe
Speoificaiton (GIIS).
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3.2.2.8.3.5.c

RD Requirement Text

The spacaraft shall provide data
interfaces to instruments as
required by the UIIDS.

CEI Rqmt

3.1.5.1 .2.a

3.1.5.1 .2.b

3.1.5.1 .2.C

3.1.5.1.2.o

3.1.5.1 .2.p

3.1.5.1 .2.q

3.1.5.1 .2.r

CEI Rqmt Text

The Spacecraft Bus shall comply with
the interface requirements of the
EOS-AM Instrument set listed in
Section 3.1.3, as described in the
Unique Instrument Interface
Documents (UIIDS). The Spacecraft
Bus shall comply with the
requirements of the UIIDS.

If the UIIDS and the GIIS conflict, the
UIIDS shall govern.

UIID Instrument parameters defined
below shall be assumed for Spacecraft
Bus design activities.

The spacecraft shall provide 4
high-rate interfaces to accommodate
ASTER science data.

The spacecraft shall provide 1
high-rate interface to accommodate
MISR science data.

IThe spacecraft shall provide 1
high-rate interface to accommodate

P

The spacecraft shall prowde 2 low rate
interface to accommodate CERES

190 28 August 1993

Comply

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Compliance
Comments



CEI Compliance to RD

RD Rqmt # RD Requirement Text CEI Rqmt #

3.1.5.1.2.s

3.1.5.1.2.t

3.1.5.1.2.u

3.1.5.1 .2.V

3.1.5 .1.2.w

CEI Rqmt Text

The spacecraft shall provide 1 low-rate
interface to accommodate MOPITT
science data.

The spacecraft shall provide 2
point-to-point command and telemetry
interface sets, 1 command and
telemetry bus interface, and 1 time
mark and frequency bus interface to
support ASTER operations.

The spacecraft shall provide 1
point-to-point command and telemetry
interface sets, 1 command and
telemetry bus interface, and 1 time
mark and freauencv bus interface to
support MISR operations.

The spacecraft shall provide 1
point-to-point command and telemetry
interface sets, 1 command and
telemetry bus interface, and 1 time
mark and frequency bus interface to
support MODIS operations.

The spacecraft shall provide 2
point-to-point command and telemetry
interface sets, 2 command and
telemetry bus interface, and 2 time
mark and frequency bus interface to
support CERES operations.

tes

Yes

Yes

I

Yes
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3,1,5.1 .2.x The spacecraft shall provide 1 Yes
point-to-point command and telemetry
interface sets, 1 command and
telemetry bus interface, and 1 time
mark and frequency bus interface to
support MOPllT operations.

3.2.2 .8.3.5.d The C&DH subsystem shall 9.9.9.9.b No-match in Contract End Item No Missing from
accommodate the prelaunch Specification PS20005386 CEI
selection of different virtual
channel and Instrument
configurations on the
spaceto-ground and
spact+to-space links.

3.2.2 .8.3.5.e Prior to launch, the spacecraft 9.9.9.9.b No-match in Contract End Item No Missing from
shall have the flexibility to assign Specification PS20005386 CEI
virtual channels to different
instrument high-rate data lines to
accommodate the Instruments.

3.2.2 .8.3.5.f During science operations, the 3.2.1 .2.4.4$a During soience operations, the Yes
spacecraft shall not cause the loss Spacecraft Bus shall not cause the I

(i.e., dropped bits, fragmented loss (i.e. dropped bits, fragmented
transfer frames, etc.) of any transfer frames, etc.) of any Instrument
instrument data other than random soience data other than that due to
bit errors. random bit errors.b
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3.2.2.8.3.5.i Spacecrafton-board randombit 3.2. 1.2.5.a The spacecraftBus Shall contribute Yes
error mechanisms shall contribute no more that 10E-7 (TBR-3) bit
no more than 10VOof the errors/bit BER to the insturment
end-t~end bit error rate (BER) for science collected during any orbit,
Quality of Servioe 11,as defined in when measured between the
the Consultative Committee for insturment interface and the output on
Space Data Systems (CCSDS) the ground of the CCDS Grade 2
Recommendation for Advanced processing. This does not include the
Orbiting Systems, Networks and BER, included by the communications
Data Links Summary of Concept, links external to the Spacecraft.
Rationale and Performance,
CCSDS Document Number
CCSDS 700.O-G-2, Green Book.

3.2.2.8.3.6 On-Board Data Recording

3.2.2.8.3.6.a The spacecraft shall be oapable of 3.2.1 .2.3.a The Spacecraft Bus shall be capable Yes
storing at least 140 Gbits of data of storing at least 140 (TBR-2) Gbits of
at the end of life. Instrument science data, ancillary

data, and Spacecraft health and status
data. f

3.2.2 .8.3.7 Time and Frequency References

3.2.2 .8,3.7.a Time references and time tagging 3.7.l.6.5.f C&DHS-provided time references and Yes
of data shall have a resolutionof 1 time tags shall have a resolutionof 1
microseoorrdor smaller. microsecondor finer. These times

shall be accurate within 100
microseconds relative to Universal
Time, Coordinated.
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L2.2.8.3.7.b The time reference shall be 3.7.1 .6.1.e e. The generationand distributionof Yes

continuous. precise, acouratetime and frequency
references.

3.7.l.6.5.b The C&DHS shali propagate a master Yes
Spacecraft Clock synchronously with
the master frequency reference.

L2.2.8.3.7.c The time referenoe shall be 3.7.l.6.5.f C&DHS-provided time references and Yes

accurate within 100 microsemnds. time tags shall have a resolution of 1
microsecond or finer. These times
shall be accurate within 100
microseconds relative to Universal
Time, Coordinated.

h2.2.8.3.7.d The spacecraft shall maintain the 3.2.l.4.l.l.a The Spacecraft Bus shall receive Yes

time reference and aocept periodic timing signals from the ground via
time correction updates from the TDRSS satellites and shall process
ground. these signals to allow ground

measurementof errors in the spacecraft
clod using the User Spacecraft Ciook
Calibration System (USCCS). 1

3.7.l.6.5.b The C&DHS shali propagate a master Yes
Spacecraft Clock synchronously with
the master frequency reference.

3.7.1 .6.5.d The C&DHS shall accept and execute Yes
commands to set and adjust the
Spacecraft Clock time.

1
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.2.2.8.3.7.e The time reference shall be 3,7.1 .6.5.f C&DHS-provided time references and Yes
maintained relative to an arbitrary time tags shall have a resolution of 1
ground referenoe (such as UTC). microsecond or finer. These times

shali be accurate within 100
microseconds relative to Universal
Time, Coordinated.

.2.2.8.3.7.f Time information shall be 3.7.1 .6.5.e ~me information shall be presented in Yes
presented in a format seleoted a format compatible with the CCSDS
from CCSDS 301.0-51, Time Day Segmented Time Code format
Code Formats. defined in CCSDS 301.1-B-1.

L2.2.8.3.8 Navigation Data

L2.2.8.3.8.a Navigation data shall be supplied 3.2.1.1 .2.3.a The Spacecraft Bus shall provide Yes
to instruments and subsystems ancillary data to Instruments such that
with a latency not to exceed TBD the age of any data at delivery will
(1.0) seconds. never exceed 2.048 (TBR-1) seconds.

3.2.l.4.2.3.a The Spacecraft Bus shall accept Yes
ground determined, uplinked
navigation data and shall use it on f

command.

9.9.9.9.f Nomatch in Contract End item No Recommend
Specification PS20005386 that GSFC

close TBD
and change
requirement tc
2.048 S@C.
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3.2.2.8.3.9 InstrumentSupport

3.2.2.8.3.9.a The spacecraftshall permit 3.2.1 .1.2.1.a The Spacecraft Bus shall permit the Yes
instrument operations which are operation of each Instrument
independent of each other. independent of that of other

Instruments.

3.2.2.8.3.9.b The spacecraft shall provide for 3.2.1 .2.1.a The Spacecraft Bus shall allow the Yes
reallocation of data resouroes to uplink commanded reallocation of
meet instrument priorities. storage capacity

3.2.2.8.3.9.c The spacecraft shall, in response 3.1.5.l.l.a The Spacecraft Bus shall comply with Yes
to emergency conditions, be the Instrument interface requirements
capable of reconfiguring specified in the General Instrument
instrument operations by initiating Interface Specification (GIIS), GSFC
exeoution of preplanned 420-03412.
commands.

3.2.1 .8.1.2.a The Spacecraft Bus shall execute Yes
ground commands for redundancy
switching and loading and dumping of
software and of programmable data. 6

3.2.1 .13.3.2.3.b The Spacecraft Bus shall be capable Yes
of issuing predefine command
sequenoes in response to selected
anomalous conditions that do not
require entry into a safe configuration.
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3.7.1 ,6.9.a The C&DHS shall at all times and after Yes
all single failures be capable of
aocepting from the COMS and
executing those commands needed to
reconfigure on-board subsystems to
restore normal operations. Command
errors shall be incapable of
compromising this capability.

.2.2.8.3.9.d The spacecraft shall support 3.1.5.l.l.a The Spacecraft Bus shall comply with Yes

Instrument loading, readout, or the Instrument interface requirements
dumps of on-board speoified in the General Instrument
instrument-provided computers Interface Specification (GIIS), GSFC
whioh meet C&DH interface 420-03-02.
requirements.

3.2.1 .8.1.2.a The Spacecraft Bus shall execute Yes
ground commands for redundancy
switching and loading and dumping of
software and of programmable data.

3.2.1 .8.2.4.3.a The Spacecraft shall allow the Yes (
inspection and modification of stored
commands and command sequenoes
by ground controllers.

3.7.1 .6.1.h h. The input and output of data Yes
from/to subsystem sensorsleffectors
and instruments, inciuding appropriate
signal conditioning and conversion of
signals between the analog and digital
domains.
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3.7.l.6.2.g l%e C&DHS shall reoeive prooessor Yes
load data via the normal command
interfaces and distribute the load data
to the destination Spacecraft element.

.2.2.8.3.10 System Support

,.2.2.8.3.10.a The spacecraft shall permit ground 3.2,1 .3.2.1.1 .a Spacecraft Bus communications return Yes
controllers to monitor spacecraft links shall contain housekeeping
functions and to override telemetry which includes
automated cmtrols in the event of
an emergency. 3.2.1 .3.2.1.1 .b a. Indication of the current Spacecraft Yes

System Mode,

3.2.1 .3.2.1.1 .C b. Data indicative of the current status Yes
of the on-board subsystems and
Instruments,

3.2.1 .3.2.1.1 .d c. Health and safety status data, Yes

3.2.1 .3.2.1.1 .e d. Indications of resouroe usage, Yes

3.2.1 .3.2.1.1 .f e. Indications of sensed faiiures or Yes
anomalies, if any, (

3.2.1 .3.2.1.1 .g f. Data suitable for verifying execution Yes
of eaoh Spacecraft command,

3.2.1 .3.2.1.1 .h g. Notification of all autonomous Yes
switching between redundant paths,

3.2.1 .3.2.1.1 .i h. Warning and advisory data, if any, Yes
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3.2.1 .3.2.1.1 .j i. Periodicsamples of the Yes
navigation/attitude state vector, and

3.2.1 .3.2.1.1 .k j. Any Instrument provided telemetry. Yes

3.7.1 .1.8.1 .5.a All subsystems shall acoept and Yes
exeoute commands to override or
inhibit the execution of autonomous
functions which may interfere with
Spacecraft operations or jeopardize
the health of the Spacecraft.

3.7.1 .6.9.a The C&DHS shall at all times and after Yes
all single failures be capable of
accepting from the COMS and
executing those commands needed to
reconfigure on-board subsystems to
restore normal operations. Command
errors shall be incapable of
compromising this capability.

3.2.2.8.3.11 Reserved I

3.2.2.8.3.12 Communications Standards
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L2.2.8.3.12.a Spacecraft Ku-Band and S-Band 3.2.1 .8.1.3.a They shallcomplywith the Yes
normal space./ground return recommendations of the Consultative
communications shall mnform to Committee for Space Data Systems
the Consultative Committee for (CCSDS) as follows: K-Band return
Space Data Systems (CCSDS) ans S-Band Return-CCSDS
Recommendation for Advanced 701.00-51 ,Grade 2; S-Band
Orbiting Systems (AOS), Networks Forward-CCSDS 201.O-B-1, CCSDS
and Data Links Architectural 202-51 (COP-1), CCSDS 203.0-0-1 ;
Specification, CCSDS Dccument and CCSDS 301.0-51, Time Code
Number CCSDS 701.00-0-1, Blue Formats using day segmented binary
Bmk Issue-1, dated October milestones and microseconds.
1989.

1.2.2.8.3.12.b Spacecraft S-Band normal 3.2.1 .8.1.3.a They shall comply with the Yes
space/ground forward reoommendations of the Consultative
communications shall conform to Committee for Space Data Systems
the CCSDS Recommendations for (CCSDS) as follows: K-Band return
Teleoommand, Parts 1-3, CCSDS ans S-Band Return-CCSDS
Document Numbers CCSDS 701.00-0-1 ,Grade 2; S-Band
201.O-B-1,202.O-B1, and Forward-CCSDS 201 .O-B-1, CCSDS
203.O-B-1, Blue Books, dated 202-0-1 (COP-1), CCSDS 203.0-0-1 ;
January 1987. and CCSDS 301.O-B-1, Ttme Code

Formats using day segmented binary
(

milestones and microseconds.
4

I
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3.2.2.8.3.12.c These CCSDS recommendations 3.2.1 .8.1.3.a They shall comply with the Yes
shall appiy to the space/ground reoommendations of the Consultative
communications channels and to Committee for Space Data Systems
the basic spacdground services (CCSDS) as foiiows: K-Band return
provided to instruments by the ans S-Band Return-CCSDS
spacecraft. 701.00-B1 ,Grade 2; S-Band

Forward-CCSDS 201.0-6-1, CCSDS
202-51 (COP-1), CCSDS 203.O-B-1;
and CCSDS 301 .O-B-1,Time Code
Formats using day segmented binary
milestones and microseconds.

3.2.2.8.3.12.1 CCSDS AOS Services

The spacecraft shaii provide the 3.2.1 .2.2.1.b This processing shali be in accordance Yes
3.2.2.8.3.12.1.c Path Paoket service with Grade of with the Path Packet Service as

Service 2 in conformance to the defined in CCSDS 701.00-B-I.
above CCSDS AOS
recommendations.

3.2.1 .2.2.2.a me Spacecraft Bus shall meet Grade Yes
of Service 2 as defined in CCSDS f

701.00_B_l for aii science data.
r
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Providing this service in 3.2.1 .2.2.1 .a The Spacecraft Bus shall format and Yes
1.2.2.8.3.12.l.t conformance with the AOS multiplex Instrument data packets,

reoommendations shall be defined along with the Spacecraft
to include supporting all instrument Bus-generated housekeeping
data structures that mnform to the telemetry packets and ancillary data
Path Paoket Service specifications packets, for transmission to the
(i.e. correotly formatted CCSDS EOSDIS.
Version-1 Packets of any valid

3.2.1 .2.2.1.b This processing shall be in accordance Yes
length up to a Project-specified
maximum, as per CCSDS AOS with the Path Packet Service as

Seotions 3.1 .b and 3.2.2.c). defined in CCSDS 701 .00-B-1.

3.2.l.2.2.2.a The Spacecraft Bus shall meet Grade Yes
of Service 2 as defined in CCSDS
701.00_B_l for all science data.

3.2.2.8.3.12.2 CCSDS Telewmmand Services

To support forward link 3.2.1 .8.1.3.a They shall comply with the Yes
3.2.2.8,3.12.2., transmission, the spacecraft and reoommendations of the Consultative

ground system shall implement Committee for Space Data Systems
Command Operation Procedure (CCSDS) as follows: K-Band return r
number 1 (COP-l). ans S-Band Return-CCSDS

701.00-B-1 ,Grade 2; S-Band
Forward-CCSDS 201 .O-B-1,CCSDS
202-B-1 (COP-1), CCSDS 203.0-51 ;
and CCSDS 301.O-B-1, Time Code
Formats using day segmented binary
milestones and microseconds.
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3.2.2.8.3.13 ProoessorResource Margins

3.2.2.8.3,13.a Processorswhich provide 3.2.l.14.2.5.a All Spacecraft Bus software shall Yes
computing resources for comply with the maximum utilization
spacecraft subsystems shall be requirements set forth in Table Vlll at
sized such that, at launch, in the the times of the various listed events.
normal spacecraft operating
modes, the following margins 3.2.l.14.2.5.b All Spacecraft Bus firmware shall Yes

(measured as a percentage of the comply with the maximum utilization

total available resource) are requirements set forth in Table IX at

maintained: the times of the various listed events.

(1) 50?/oof the instruction
exeoution capacity (i.e.
throughput);

3.2.2.8.3.13.b (2) 50% of the 3,2.1 .14.2,5.a All Spacecraft Bus software shall Yes
Input/Output(l/O) bandwidth; and comply with the maximum utilization

requirements set forth in Table Vlll at
the times of the various listed events.

3.2.l.14.2.5.b All Spacecraft Bus firmware shall Yes (

comply with the maximum utilization
requirements set forth in Table IX at
the times of the various listed events.

3,2.2.8.3,13.c (3) 40% of the 3.2.1 .14.2.5.a All Spacecraft Bus software shall Yes
Random-Acoess Memory (RAM) comply with the maximum utilization
capacity. requirements set forth in Table Vlll at

the times of the various listed events.
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3.2.1 .14.2.5.b All Spacecraft Bus firmware shall Yes
comply with the maximum utilization
requirements set forth in Table IX at
the times of the various listed events.

L2.2.8.3.13.d Dedioated, singk+function 3.2.1 .14,2.5.a All Spacecraft Bus software shall Yes
processorsfor which maximum complywith the maximumutilization
loadingcan be predsely computed requirementsset forth in Table Vlll at
shallbe sized such that, at launch, the times of the various listedevents.
in the worst-se operating
modes, the following margins 3.2.l.14.205.b Ali Spacecraft Bus firmware shall Yes

(measured as a percentage of the complywith the maximumutilization

totai available resource) are requirements set forth in Table IX at

maintained: the times of the various listed events.

(1) 20% of the instruction
executjon capad~

1.2.2.8.3.13.e (2) 20% of the i/O bandwidth; 3.2.l.14.2.5.a All Spacecraft Bus software shall Yes
and comply with the maximum utilization

requirements set forth in Table Vlli at
the times of the various listed events.

3.2.l.14.2.5.b All Spacecraft Bus firmware shall Yes r
comply with the maximum utilization
requirements set forth in Tabie iX at
the times of the various listed events.

1.2.2.8.3o13.f (3) 30?! of the RAM capacity. 3.2.l.14.2.5.b Ali Spacecraft Bus firmware shali Yes
comply with the maximum utilization
requirements set forth in Table IX at
the times of the various listed events.
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L2.2.8.3.13.g No margins are required for
Read-Only Memory (ROM)
capacity in any processor.

1.2.2.8.3.14 Architectural Growth

).2.2.8.3.1 4.a The C&DH architecture shaii 3.7.1 .6.13.a The C&DHS architecture shall Yes
facilitate increases in subsystem incorporate functional modularity
performance and/or functionality, where practical such that performance
prior to iaunch of any spacecraft, and functionality growth may be
through the replacement of reaiized via the incorporation of
subsystem mmponents with units hardware and technology upgrades to
incorporating hardware and/or individual moduies.
teohnoiogy upgrades whiie
otherwise meeting interfaoa
requirements.

3.2.2,8.3.15 Direot Access Service

3.2.2.8.3.15.a a) The spacecraft shaii accept DB 3.2.1 .7.5.5.1 .a The Spacecraft Bus shaii accept DB Yes
and DDL data from the data from the selected Instruments via
instruments as described in the same data transmission path as is f
3.2.2.5.2.4 via normai science used for Instrument science data.
paths.

3.2.1 .7.5.6.1 .a The Spacecraft Bus shaii accept DDL Yes
data from the seiectad instruments via
the same data transmission path as is
used for instrument science data.
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3.2.2 .8.3.15.b b) The spacecraftshall include 3.2.l.7.5.a The Spacecraft BUSshall providea Yes
packetized ancillarydata in the DB DirectAccess Service (DAS), including
data stream. a direot downlink (DDL), broadoast

(DB), and playback (DP) capability for
the Instruments as shown in Table V1l.

3.2.1 .7.5.3.a Ancillary Data transmitted in the DAS Yes
data shall be identical to that
transmitted in the Ku-band services.

3.2.2 .8.3.15.c These data shall be identical to 3.2.l.7.5.3.a Ancillary Data transmitted in the DAS Yes
those included with the science data shall be identical to that
data for transmission via the transmitted in the Ku-band services.
K-band return link.

3.2.2 .8.3.15.d c) The spacecraft shall process 3.2.1 .7.5.5.2.a The Spacecraft Bus shall add fill data Yes
the DB and DDL data in as necessary for transmission at the
aocordanoe with the Path Packet data rate in Table V1.
Service with Grade of Servioe 1!,
as defined in CCSDS 701.00-B-1. 3“2”’ “7”5”6”2’a The Spacecraft Bus shall process the Yes

DDL data in aooordance with the Path
Packet Service with Grade of Service
2, as defined in CCSDS 701.00-B-1. I
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3.2.1 .8.1.3.a They shall comply with the Yes
recommendations of the Consultative
Committee for Space Data Systems
(CCSDS) as follows: K-Band return
ans S-Band Return-CCSDS
701.00-51 ,Grade 2; S-Band
Forward-CCSDS 201 .O-B-1, CCSDS
202-B1 (COP-1), CCSDS 203.0-6-1 ;
and CCSDS 301.O-B-1, Time Code
Formats using day segmented binary
milestones and microseconds.

1.2.2,8.3.15.e d) The spacecraft shall, on 3.2.1 .7.1.4.a The Spacecraft Bus shall be capable Yes
command, play back recorded of transmitting and receiving data in
science, ancillary, and accordance with the rates (which
housekeeping data at a rate as include all CCSDS overhead) shown in
specified in Table IV. Tables V and V1. The Spacecraft Bus

shall be capable of transmitting the
data shown in the Table VI Usage
column over the link specified by the
associated Data Rate, Path, and f
Return Link Service Columns.

3.2.1 ,7.1.4.h DB (X-Band) DAS service shall Yes
support a 12.5 Mbps return link on
both I and Q channels for real-time
direct broadcast of low-rate science
data.
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3.2.1 .7.1.4.j

3.2.1 .7.1.4.m

3.2.1 .7.1.4.P

3.2.1 .7.5,5.2.a

3.2.1 .7.5.5.3.a

3.2.1 .7.5.6,2.b

CEI Rqmt Text

The DAS DDL service shall support a
12.5 Mbps return link on the I channel
and 105 kbps return link on the Q
channel for real-time direct downlink of
high-rate science data.

The DAS DP earth coverage service
shali support a 75 kbps return iink on
both I and Q channeis for piayback of
the science data records to provide a
backup to the TDRSS KSA science
data downiink.

The DAS DP’ service Shaii support a
12.5 Mbps return link on the I channei
and 105 kbps on the Q channei.

The Spacecraft Bus shaii add fiii data
as necessary for transmission at the
data rate in Table Vi.

The Spacecraft Bus shaii transmit the
DB data stream in reai time via a
QPSK-moduiated X-band downiink.

The Spacecraft shail add fiil data as
necessaw for transmission at the data

Comply

Yes

Yes

Yes

Yes

Yes

Yes
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3.2.1 .7.5.7.1 .a The Spacecraft Bus shall, on Yes
command, play back recorded science
and housekeeping data at a rate,
commensurate with the maximum DP
link rate specified in Table V1.

3.2.1 .7.5.7.2.a The Spacecraft Bus shall transmit the Yes
DP data stream via a
QPSK-modulated X-band downlink.

L2.2.9 Software

!.2.2.9.1 Spacecraft Software Life Cycle

1.2.2.9.1.a Ali spacecraft flight and ground 3.2.l.14.2,1.a Ali Spacecraft Bus software with Yes Language
operations software shali be greater than 5000 software lines of approved via
developed per the NASA Standard code to be implemented shali be GSFC’s
Software life cycle defined in developed in compliance with the approvai of
SMAP 4.0 and documentation NASA Standard Software Life Cycie contractor’s
standards defined in defined in SMAP 4.0 and Software
NASA-STD-21 00-91. documentation standards defined in Management r

NASA-STD-21 00-91, and in and
compliance with the policies defined in Development
421-10433 (EOS AM Project Pians.
Spacecraft Bus Software Management
Pian).

3.2.2.9.2 Programming Language
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L2.2.9.2.a The spacecraft softwareshall be 3.2.l.14.2.4.a Where practical,all Spacecraft Bus Yes
developed usingan ANSI standard software shall be developed in the Ada
high-level programming language programming language as per
(e.g., Ada). ANS1/MIL-STD-l 815A. Where Ada is

not used, another appropriate
high-level programming language shall
be used if practical.

3.2.l.14.2.4.b Spacecraft Bus software shall be Yes
developed using assembly language
only where dictated by software
performance
(i.e., speed) requirements or by the
lack of an appropriate high-level
language for the host processor.

L2.2.9.2.b The choice of programming 3.2.1 .14.2.1 .a All Spacecraft Bus software with Yes Language
language shall be approved by the greater than 5000 software lines of approved via
government. code to be implemented shall be GSFC’s

developed in compliance with the approval of
NASA Standard Software Life Cycle contractor’s
defined in SMAP 4.0 and Software
documentation standards defined in Management
NASA-STD-21OO-91, and in and
compliance with the policies defined in Development
421-104J3 (EOS AM Project Plans.
Spacecraft Bus Software Management
Plan).
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12.2.9.2.c This approval will be effected via
the Element Software
Development Plan (SDP).

12.2.9.2.d Where cost-effective, deviation 3.2.l.14.2.4.b Spacecraft Bus software shall be Yes
from the use of the approved developed using assembly language
programming language will be only where dictated by software
allowed and specifically approved performance
via the SDP. (i.e., speed) requirements or by the

lack of an appropriate high-level
language for the host processor.

3.2.2.9.3 Software Development
Environment

3.2.2.9.3.a A Software Development 3.2,1 .14.2.2.a Adaptations to the life cycles specified Yes
Environment shall be used for the in the documents of 3.2.1 .14.2.1 shall
life cycle management of EOS be considered when the Source Lines
spacecraft and associated ground of Code (SLOC) to be implemented
operational software. are greater than 500 and equal to or

less than 5000. Life cycle and r

documentation standards defined in
NASA-STD-21 00-91 do not apply
when the SLOC to be implemented
are equal to or less than 500.I
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3.2.2.9.3.b This environmentwill be that mix
of manual and automated tools
and procedures minimally
necessary to cost-effectively
perform software project
management; software
development; 100alsoftware
configuration management;
software test,
integration, and verification; and
long term software maintenance.

3.2.2.9.3.c The Software Development 3.2.1 .14.2.1.a All Spacecraft Bus software with Yes Language
Environment shall support greater than 5000 software lines of approved via
spacecraft policies and standards code to be implemented shall be GSFC’s
inofuding those for: standard developed in mmpliance with the
languages(s),

approval of
NASA Standard Software Life Cycle contractor’s
defined in SMAP 4.0 and Software
documentation standards defined In Management
NASA-STD-21 00-91, and in and
compliance with the policies defined in Development
421-104I3 (EOS AM Project Plans.
Spacecraft Bus Software Management f

Plan).
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3.2.l.14.2.4.a Where practical,all Spacecraft Bus Yes
software shall be developed in the Ada
programming language as per
ANS1/MIL-STD-l 815A. Where Ada is
not used, another appropriate
high-level programming language shall
be used if practical.

3.2.l.14.2.4.b Spacecraft Bus software shall be Yes
developed using assembly language
only where dictated by software
performance
(i.e., speed) requirements or by the
lack of an appropriate high-level
language for the host processor.

1.2.2.9.3.d operational user interfaces, and 3.2.l.14.2.l.a All Spacecraft Bus software with Yes Language
greater than 5000 software lines of approved via
code to be implemented shall be GSFC’s
developed in compliance with the approval of
NASA Standard Software Life Cycle contractor’s f
defined in SMAP 4.0 and Software
documentation standards defined in Management
NASA-STD-21 00-91, and in and
compliance with the policies defined in Development
421-10-03 (EOS AM Project Plans.
Spacecraft Bus Software Management
Plan).
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3.2.4.3.1 .a The Spacecraft Bus shall utilize Yes
standardized hardware, software, data
formats, and procedures to facilitate
maintenance.

L2.2.9.3.e documentation. 3.2.l.14.2.l.a All Spacecraft Bus software with Yes Language
greater than 5000 software lines of approved via
code to be implemented shall be GSFC’s
developed in compliance with the approval of
NASA Standard Software Life Cycle contractor’s
defined in SMAP 4.0 and Software
documentation standards defined in Management
NASA-STD-21 00-91, and in and
compliance with the policies defined in Development
421-10-03 (EOS AM Project Plans.
Spacecraft Bus Software Management
Plan).

3.2.1 .14.2.20a Adaptations to the life cycles specified Yes
in the documents of 3.2.1 .14.2.1 shall
be considered when the Source Lines
of Code (SLOC) to be implemented
are greater than 500 and equal to or

f

less than 5000. Life cycle and
documentation standards defined in
NASA-STD-21 00-91 do not apply
when the SLOC to be implemented
are equal to or less than 500.
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3.2.2.9.3.f The Software Development 3.2.l.14.2.l.a All Spacecraft Bus softwarewith Yes Language
Environmentand the Project greater than 5000 software linesof approved via
Integrated InformationSystem code to be implementedshall be GSFC’s
shall utilizethe same toolsfor developed in compliance with the approval of
similar functions and shall be able NASA Standard Software Life Cycle contractor’s
to exhange data as necessary to defined in SMAP 4.0 and Software
accomplish Project and Program documentation standards defined in Management
management. NASA-STD-21 00-91, and in and

compliance with the policies defined in Development
421-10433 (EOS AM Project Plans.
Spacecraft Bus Software Management
Plan).

3.2.4.3.1 .a The Spacecraft Bus shall utilize Yes
standardized hardware, software, data
formats, and procedures to facilitate
maintenance.

3.2.2.9.3.g Such data includes but may not be
limited to schedules, budgets, and
documentation (text and graphics). c

3.2.2.9.4 Software Management Plan
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12.2.9.4.a Spacecraft software shall be 3.2.l.14.2.l.a All Spacecraft Bus software with Yes Language
developed per the policies defined greater than 5000 software lines of approved via
in 421-1033 the EOS-AM Project code to be implemented shall be GSFC’s
Spacecraft Bus Software developed in compliance with the
Management Plan.

approval of
NASA Standard Software Life Cycle contractor’s
defined in SMAP 4.0 and Software
documentation standards defined in Management
NASA-STD-21 00-91, and in and
compliance with the poiicies defined in Development
421-1043 (EOS AM Project Plans.
Spacecraft Bus Software Management
Pian).

!.2.2.9.5 Flight Software

1.2.2.9.5.1 Ease of Revising Software

1.2.2.9.5.1.a Software shall be designed such 3.2.1 .8.1.2.a The Spacecraft Bus shall execute Yes
that revisions and corrections can ground commands for redundancy
be easily installed on-orbit. switching and loading and dumping of

software and of programmable data.
f

3.2.1,14 .l.2.a Spacecraft Bus components which Yes
comprise computer programs shall,
where practical, be implemented as
software and be reprogrammable on
orbit.

3.7.1 .6.7.c The C&DHS shall provide command Yes
services in support of modifications to
loaded FSWS software.
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3.7.l.6.7.d The C&DHS shall provide telemetry Yes
services which allow ground
controllers to inspect FSWS.

3.7.l.10.7.a The FSWS shall accept and prccess Yes
uplinked command data and computer
memory load data at rates
commensurate with the capacities of
the ground-to-Spacecraft
communications links.

3.2.2.9.5.2 Authorized Memory Load
Modification

3.2.2.9.5.2.a The spacecraft software shall 3,2.1 .8.1.2.a The Spacecraft Bus shall exeoute Yes
support services which effect ground commands for redundancy
authorized modifications to any switching and loading and dumping of
spacecraft memory load. software and of programmable data.

3.2.1 .14.1.2,a Spacecraft Bus components which Yes
comprise computer programs shall,
where practical, be implemented as f
software and be reprogrammable on
orbit.

3.7.1 .6.7.c The C&DHS shall provide command Yes
services in support of modifications to
loaded FSWS software.
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3.7.l.10.l.a The Flight Software System (FSWS) Yes
shall supply all Spacecraft Bus flight
software, and firmware for selected
C&DHS components which contain
embedded processors.

3.7.l.10.7.a The FSWS shall accept and process Yes
uplinked mmmand data and computer
memory load data at rates
commensurate with the opacities of
the ground-to-Spacecraft
communications links.

3.2.2.9.5.3 Integrity and Revision Checking

3.2.2.9.5.3.a Each spacecraft memory load 3.2.l.14.l.l.a The Spacecraft Bus flight software Yes
modification shall include an shall incorporate provisions for
integrity and revision checking verifying the integrity of and the
method. revision of loaded software via

telemetry.

3.2.2.9.5.4 Override and Inhibti f
3.2.2.9.5.4.a Flight application software shall be 3.7.1 .1.8.1.5.a All subsystems shall accept and Yes

capable of accepting and execute commands to override or
executing authorized inhibit the execution of autonomous
ground+ommanded override or functions which may interfere with
inhibit oommands of critical Spacecraft operations or jeopardize
functions included in the flight the health of the Spacecraft.
application software.
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3.2.2,9.5.5 FlightSoftware Developmental
Capacity Limitations

3.2.2.9.5.5.a Duringdevelopment, all flight 3.2.l.14.2.5.a All Spacecraft Bus software shall Yes
software shall meet the following comply with the maximum utilization
capacity limitations at PDR, CDR, requirements set forth in Table Vlll at
and FRR as defined in Table VII. the times of the various listed events.

3.2.l.14,2.5.b All Spacecraft Bus firmware shall Yes
comply with the.maximum utilization
requirements set forth in Table IX at
the times of the various listed events.

3.2.2.9.5.5.b The total ?40of memory capacity 3.2.l.14.2.5.b All Spacecraft Bus firmware shall Yes
used as allowed In 3.2.2.8.3.13, comply with the maximum utilization
70% at PDR, 85?40at CDR. and requirements set forth in Table IX at
95?40at FRR. the times of the various listed events.

3.2.2.9.5.5.c The total ?40of CPU capacity used
as allowed in 3.2.2.8.3.13, 70V’Oat
CDR, 859’oat PDR, and 959’oat 1’
FRR.

3.2.2.9.5.5.d The total YOof 1/0 capacity used
as allowed in 3.2.2.8.3.13, 70°A at
PDR, 85% at CDR, and 95’340at
FRR.

3.2.2.9.5.6 Automated Functions Override
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3.2.2.9.5.6.a The spacecraft software shall 3.2.1 .3.2.1.1 .a Spacecraft Bus communications return Yes
support a capability to provide links shall contain housekeeping
warning and advisory information telemetry which includes
necessary to safely override
functions via ground interaction. 3.2.1 .3,2.1.1 .h g. Notification of all autonomous Yes

switching between redundant paths,

3.2.1 .3.2,1.1 .i h. Warning and advisory data, if any, Yes

3.7.1 .1,8.1.5.a All subsystems shall acoept and Yes
execute commands to override or
inhibit the execution of autonomous
functions which may interfere with
Spacecraft operations or jeopardize
the health of the Spacecraft.

3.2.2,9.5,7 Software Identification Capability

3.2.2.9.5.7.a The spacecraft software shali 3.2.l.14.l.l.a The Spacecraft Bus flight software Yes
provide a self-identification shall incorporate provisions for
capability that will provide software verifying the integrity of and the
version information to reduoe revision of ioaded software via
ground time devoted to teiemetry. P
configuration management.

3.2.2.9.5.8 Anomaiy Deteotion and Correction

3.2.2.9.5.8.a The spacecraft shaii provide the 3.7.l.10.3.a The FSWS shail execute software Yes
flight software to support the controi, monitoring, FDiR, and other
implementation of the anomaiy algorithms required by other
detection and correction functions subsystems as aiiocated by the
defined in 3.2.1 .5.1.1 and subsystem specifications.
3.2.1.5.1.2.
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3.7.l.10.8.a Software FDIR shall monitorthe Yes
Spacecraftcentral computerand
related processingequipment
operation.

3.3 Design and Construction
Requirements

3.3.a Spacecraft design shall oonform to 3.7.l.l.l.a Each Spacecraft Bus subsystem shall Yes
the design and performance perform all functions allocated to it,
rsqulrements in thisdocument. In unless otherwise specified, throughout
addition, the design of the mission life.
spacecraft,subsystems, and
equipment modules shall conform

3.7.l.l.l.b Each subsystem shall provide Yes

to the following: resources or services as required for
Spacecraft and Instrument survival.

3.3.1 Mechanical Properties

3.3.1.1 Allowable Mechanical Properties
r

3.3.l.l.a Values for allowable mechanical 3.7.1 .7.1.1.2.a Values for allowable mechanical Yes

properties of structural materials in properties of structural materials in
their design environment, e.g., their design environment (e.g.,
subjected to single or mmbined subjected to single or combined
stresses, shall be taken from stresses) shall be taken from
MIL-HDBK-5, MIL-HDBK-17, or MIL-HDBK-5, MIL-HDBK-17, or other
other sources approved by NASA. sources approved by NASA.
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3.3.l.l.b Where values for meohanlcal 3.7.1 .7.1.1.4.a Where values are not available for Yes
properties of new materials or mechanical properties of new
joints or existing materiais or joints materials or joints, or for existing
in new environments are not materials or joints in new
available, they shall be determined environments, they shall be
by analytical or test methods determined by analytical or test
approved by NASA. methods approved by NASA.

3.3.1.1 .C When using MIL-HDBK-5, material 3.7.1 .7.1.1.3.a When using MIL-HDBK-5, material “A Yes
“A” allowable values shali be used allowabie vaiues shali be used where
in all applications where failure of failure of a single load path would
a single load path would result in result in loss of structural integrity.
loss of vehicie structural integrity.

3.3.l.l.d Material “B allowable values may
be used in redundant structure in
which the failure of a component
would result in a safe redistribution
of appiied loads to other
load-carrying members.

3.3.1.2 Margins of Safety (MS)
f

3.3.l.2.a All structures of the spacecraft 3.7.l.7.l.l.l.a Aii structures shall be designed using Yes
shali have positive MS for ali load appropriate Factors of Safety (FS)
conditions. defined in the mechanical section of

the General Interface Specification
(GIS).

3.7.1 .7.1.5,7.a All structures shall have positive Yes
Margins of Safety (MS) under all
predicted ioad conditions.
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3.3.1.3 Factorsof Safety (FS)

3.3.l.3.a The design of the spacecraft shall 3.7.1 .7.1.1.I.a All structures shall be designed using Yes
use the minimum factors of safety appropriate Factors of Safety (FS)
defined below for launch and defined in the mechanical section of
on-orbit operational environments. the General Interface Specification

((3s).

3.3.l.3.b Factors for safety shall be 3.7.l.7.l.l.l.a All structures shall be designed using Yes
consistent with those defined in appropriate Factors of Safety (FS)
WSMCR 127-1, MlL-STD-l 552A, defined in the mechanical seotion of
and Joint Eastern/Western Space the General Interface Specification
and Missile Center (GIS).
(ESMCNVSMC) Policy for Ground
Transportation/ Handling of
Hazardous Materials and
Pressurized Vessels used on
Missiles and Space Vehicles.

3.3.1 .3.C The general factors of safety for 3.7.l.7.l.l.l.a All structures shall be designed using Yes r
metallic flight structures with static appropriate Factors of Safety (FS)
testing shall be 1.25 for Yield and defined in the mechanical section of
1.4 for Ultimate. the General Interface Specification

(GIS).

3.3. 1.3.d The general factors of safety for 3,7.1 .7.l.l.l.a All structures shall be designed using Yes
metallic flight structures without appropriate Factors of Safety (FS)
static testing shall be 2.0 for Yield defined in the mechanical section of
and 2.6 for Ultimate. the General Interface Specification

i
(GIS).

I
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3.3.1.3.0 The general factors of safety for 3.7.107.1.1.1.a All structures shall be designed using Yes
nonmetallic flight structures verfied appropriate Factors of Safety (FS)
by analysis and static test shall be defined in the mechanical section of
1.4 Ultimate for nondisoontinuity the General Interface Specification
areas. (GIS).

3.3.1.3.f The general faotors of safety for 3.7.l.7.l.l.l.a All structures shall be designed using Yes
nonmetallic flight structures verfied appropriate Factors of Safety (FS)
by analysis and static test shall be defined in the mechanical section of
2.0 Ultimate for discontinuity areas the General Interface Specification
and joints. This is a minimum total (GIS).
factor, no other spaoial factors are
required.

3.3.1.3.g General factors of safety for 3.7.1 .7.1.1.1.a All structures shall be designed using Yes
pressure for engine.structures and appropriate Factors of Safety (FS)
components shall be 1.5x MOP defined in the mechanical section of
for proof pressure and 2.5 x MOP the General Interface Spaoification
for ultimate pressure. (GIS).

3.3.1.3.h General factors of safety for 3.7.l.7.l.l.l.a All structures shall be designed using Yes
hydraulic and pneumatic lines and appropriate Factors of Safety (FS)
fittings less than 1.5 Inohes defined in the mechanical seotion of

r
diameter shall be 1.5x MOP for the General Interface Specification
proof pressure and 4.0 x MOP for (GIS).
ultimate pressure.
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RD Rqmt #

3.3.1 .3.[

3.3.1 .3.j

RD Requirement Text

General factors of safety for
hydraulic and pneumatic iines and
fittings greater than 1.5 inches
diameter shall be 1.5x MOP for
proof pressure and 2.5 x MOP for
ultimate pressure.

General factors of safety for
hydraulic and pneumatic
reservoirs and pressure vessels
(tanks, resewoirs) shall be 1.25 x
MOP for proof pressure and 1.5 x
MOP for ultimate pressure. Proof
factor determined from fracture
mechanics service life analysis
must be used if greater than
minimum factor. There shall be no
detrimental deformation at noted
factor of safetv.

CEI Rqmt #
I

CEI Rqmt Text

3.7.l.7.l.l.l.a All structures shall be designed using
appropriate Factors of Safety (FS)
defined in the mechanical section of
the General Interface Specification
(GIS).

=u==
Yes

3.7.1 .7.1.1.1.a All structures shall be designed using
appropriate Factors of Safety (FS)
defined in the mechanical section of
the General Interface Specification
[GISL

Yes

P
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3.3.l.3.k General factorsof safety for 3.7.l.7.l.l.l.a All structuresshall be designed using Yes
hydraulicand pneumatic appropriateFactors of Safety (FS)
reservoirsand pressurevesseis defined in the mechanical section of
(nickel hydrogen ceils) shaii be 1.5 the Generai interface Specification
x MOP for proof pressure and 3.0 (GiS).
x MOP for ultimate pressure.
Proof factor determined from
fracture mechanios service life
anaiysls must be used If greater
than minimum factor. There shail
be no detrimental deformation at
noted factor of safety.

3.3.l.3.i General faotors of safety for 3.7.l.7.l.l.l.a Aii structures shaii be designed using Yes
hydrauiic and pneumatic appropriate Factors of Safety (FS)
reservoirs and pressure vesseis defined in the mechanical section of
other than those iisted shali be 1.5 the General Interface Specification
x MOP for proof pressure and 2.5 (GIS).
x MOP for uitimate pressure.
Proof factor determined from
fracture meohanics service iife
anaiysis must be usad if greater r
than minimum factor. There shaii
be no detrimental deformation at
noted factor of safety.

3.3.2 Materiais, Processes, and Parts
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3.3.2.a Materialsshall be selected on the 3.3.1 .2.a Materials shall be selected on the Yes
basis of induced environments basis of natural and induced
compatibility,functional environmentscompatibility,functional
acceptabilityand suitability, acceptabilityand suitability,extended
extended life, technological life characteristics, technological
maturity, manufacturability, $ maturity, manufacturability,
inspeotability, mntamination inspectability, contamination
charaoteristios, characteristics, specific strength,
specific strength, mutual mutual compatibility, availability, cost,
compatibility, availability, cost, and and safety.
safety.

3.3.2.b Materials selection and 3.3.1.1 .a Materials selection and documentation Yes
documentation requirements are shall oomply with the requirements of
defined in 420-05-02, Performance GSFC 420-05-02, Performance
Assurance Requirements for Assurance Requirements for EOS
EOS-AM Spacecraft. Observatories.

3.3.3 Environmental Control Standards

3.3.3.1 Electromagnetic Compatibility
f

3.3.3.l.a The spacecraft shall be consistent 3.2.5.3.1 .a The Spacecraft Bus shall comply with Yes
with the Electromagnetic the electromagnetic compatibility
Compatibility (EMC) guidelines requirements of EMC Control Plan
defined in the General PN20005869.
Environmental Verification
Specification for STS and ELV
Payloads, Subsystems, and
Components (GEVS-SE).
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1.3.3.l.b Detailed requirementsshall be 3.2.5.3,1 ,a The Spacecraft Bus shall comply with Yes
documented in the EMC Control the electromagnetic compatibility
Plan. requirements of EMC Control Plan

PN20005869.

1.3.3.2 Ionization Radiation and Plasma
Effects

1.3.3.2.a The spacecraft shall be designed 3.2.5.3.3.a Spacecraft hardware shall be immune Yes
to be compatible wfth the total to latch-up from single event upsets
ionizing dose radiation and single induced by cosmic rays where
event upset radiation levels for the possible.
EOS-AM spacecraft orbit.

3.2.5.3.3.b If this Immunity is not possible, the Yes
spacecraft hardware shall be protected
by appropriate latch-up detection and
recovery circuitry as defined within
section 6.4 of the General Interface
Specification, 1S20008501.

3.2.5 .3.3.c The Spacecraft hardware shall also be Yes
capable of withstanding single event f
upsets and transients induced by the
singular or combined effects of cosmic
rays, solar flares, and geomagnetically
trapped protons in the spacecraft
mission environment as defined within
section 6.4 of the General Interface
Specification, 1S20008501.
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1.3.3.2.b Spacecraft hardware shallbe 3.2.5,3.3.a Spacecraft hardware shall be immune Yes
immuneto cosmic ray ion induoed to iatch-up from singie event upsets
iatch-up in the spacecraft induoed by cosmic rays where
environment. possibie.

3.3.3.2.c if this immunity is not possible, the 3.2.5.3.3.b If this immunity is not possible, the Yes
fright equipment shaii be protected spacecraft hardware shall be proteoted
by appropriate iatch-up detection by appropriate iatch-up detection and
and recovery circuitry. recovery circuitry as defined within

section 6.4 of the Generai Interface
Specification, 1S20008501.

3.3.3.2.d The fright hardware shali aiso be 3.2.5 .3.3.c The Spacecraft hardware shail aiso be Yes
capable of tolerating singie event capable of withstanding singie event
data and transient upsets induced upsets and transients induced by the
by the singuiar or combined singuiar or combined effects of cosmic
effects of oosmic ray ions and rays, solar fiares, and geomagnetically
geomagnetkaliy trapped protons trapped protons in the spacecraft
in the spacecraft environment. mission environment as defined within

section 6.4 of the Generai interface
Specification, iS20008501.

3.3.4 Quaiity Assurance

3.3.4.a The spacecraft shaii be fabricated 3.2.3.3.a The Spacecraft Bus reliability program Yes
in aooordanoe with Quaiity shall oomply with the requirements of
Assurance requirements defined in GSFC 420-05-02.
Section 8 of 420-05-02,
Performance Assurance
Requirements for EOS-AM
Spacecraft.
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3.3.1.1 .a Materials selection and documentation Yes
shall oomply with the requirements of
GSFC 420-05-02, Performance
Assurance Requirements for EOS
Observatories.

3.3.102.a Materials shall be selected on the Yes
basis of natural and induced
environments compatibility, functional
acceptability and suitability, extended
life characteristics, technological
maturity, manufacturability,
inspectability, contamination
characteristics, specific strength,
mutual mmpatibility, availability, cost,
and safety.

3.3.5 Identification

3.3.5ma a) Equipment which is not suitable 3.3.2.1 .a Equipment not suitable for flight use Yes
for flight use should be marked shall be marked appropriately to
appropriately to prevent aooidental prevent aooidental substitution. r
substitution.

3.3.5.b b) Labeling shall be such that it is 3.3.2.2.a Component labeling shall be visible Yes
visible when installed in the parent when the component is installed in the
system or stowed. parent assembly or stowed.
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,3.5.C

.3.5.d

,.3.5.e

RD Requirement lem I CEI r3qmT*

3.3.2.2,b

I

Labels shall be secured to the
hardware in such a manner that
they are readabie by the unaided k
human eye and an automated type
reader device, I
c) Wire bundies, fiber optics and
fluid iines shaii be functionally
identifiable at each end and at
every 5 meters.

3.3.2.3.a

9.9.9.9.C

Id) Aii test point adjustment devices 3.3.2.4.a
and aiignment points shali be
positively identified and iabeied.

I

231

Labeis shaii be instaiied such that they
are readable by the unaided human
eye.

Labeis shali be instaiied such that they
are readabie by the unaided human
eye.

Wire bundies, cabies, and fiuid lines
shaii be functionality identifiable at
each end. -

N@match in Contract End item
Specification PS20005386

Aii test points, adjustment devices,
and aiignment points visibie at the
integrated S~acecraft ievel shaii be
iab~ed for positive identification.

28 August 1993

bomply

Yes

~ompnunw
Comments

Devices exist
which can
read whatever
human eye
reads.

Yes Devices exist
which can
read whatever
human eye
reads.

Yes

No IMissing from
CEi (“every 51

I meters”)

T
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3.3.5.f e) The proper orientation for an 3.3.2.5.a The proper orientation for placing Yes
item to be placed in its items in storage or transportation
transport/storage case shall be containers shall be obvious by design
obvious by its design or maridng. or marking.

3,3.6 Grounding

3,3.6.a Spacecraft power shall be 3.7.1.1 .9.d Each subsystem shall utilize the Yes
referenced at a singie point. EAS-provided single-point ground

reference.

3.3.6.b Secondary circuits shali be single 3.7.l.l.14.a Ali subsystems and components shali, Yes
point referenced at the subunit or utilize the standard interfaces defined
component at which the secondary in the GiS, unless an exception to this
power is generated. is explicitly noted in its specification.

4.0 PERFORMANCE ASSURANCE
REQUIREMENTS

4.O.a The PerformanceAssurance
requirementsfor spacecraftare
defined in 420-05-02, Performance
Assurance Requirements for the r
EOS-AM Spacecraft.

5.0 Verification REQUIREMENTS

5.O.a Verification requirements are
specified in 420-05-02,
Performance Assurance
Requirements for the EOS-AM
Spacecraft.
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For those instrumentsfor which no 3.1.5.1 .2.a The Spacecraft Bus shall comply with Yes
iO.O.a.APP.C.z UIID has been approved, the the interface requirements of the

instrument parameters defined EOS-AM Instrument set listed in
below shall be assumed for Section 3.1.3, as described in the
spacecraft design activities. Unique Instrument Interface

Documents (U1IDs). The Spacecraft
Bus shall comply with the
requirements of the UilDs.

3.1.5.1 .2.C UIID Instrument parameters defined Yes
below shall be assumed for Spacecraft
Bus design activities.

As UIIDS become approved and 3.1.5.1 .2.C UIID Instrument parameters defined Yes
10.O.b.app.C.b are incorporated into this below shall be assumed for Spacecraft

Requirements Document, the Bus design activities.
below-listed parameters will be
superseeded, as appropriate.

10.1.APP.C.1 Instrument Mass

ASTER shall have a mass 3.1.5.1 .2.d The spacecraft shall accommodate Yes r

10.1.a.APP.C. 1.allooation per UIID. ASTER’s 992.3 ib mass.

CERES shall have a mass 3.1.5.1 .2.g The spacecraft shall accommodate Yes
10.1.b.APP.C. 1.bilooation per UIID. CERES’s 198.5 lb mass.

MISR shall have a mass allocation 3.1.5.1 .2.e The spacecraft shall accommodate Yes
10.1.c.APP.C. 1per UIID. MISR’S 297.7 lb mass.

MODIS shall have a mass 3.1.5.1 .2.f The spacecraft shaii accommodate Yes
10.1.d.APP.C. 1.dllocation per LfllD. MODiS’s 613.0 lb mass.

I
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MOPilT shall have a mass 3.1.5.1 .2.h The spacecraft shall accommodate Yes
10.1.e.APP.C.l .ellocation per UIID. MOPITT’S 352.8 lb mass.

10.2.APP.C.2 Instrument Power

ASTER shall have a power 3.1.5.1 .2.y The spacecraft shall provide ASTER a Yes
10.2.a.APP.C.l allocation per its UIID. maximum 1 orbit average of 525

Watts, a 2 orbit average of 470 Watts,
and a maximum peak of 761 Watts
electrical power.

CERES shall have a power 3,1.5.1 ,2.ab The spacecraft shall provide CERES a Yes
10.2.b.APP.C.Z.IMoation per its UIID. maximum 1 orbit and 2 orbit average

of 95 Watts each and a maximum
peak of 185 Watts electrical power.

MISR shall have a power 3.1.5.1 .2.2 The spacecraft shali provide MISR a Yes
10.2.c.APP.C.2 ,cdlocation of 80 W 1 orbit average, maximum 1 orbit average of 80 Watts,

75 W 2 orbit average, and 135 W a 2 orbit average of 75 Watts, and a
peak. maximum peak of 135 Watts electrical

power.

MODIS shail have a power 3.1.5.1 .2.aa The spacecraft shall provide MODIS a Yes f

10.2.d.APP.C.2 ,dllooation per its UIID. maximum 1 orbit average of 245
Watts, a 2 orbit average of 240 Watts,
and a maximum peak of 315 Watts
electrical power.
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MOPITT shall have a power 3.1.5.1 .2.ac The spacecraft shall provide MOPllT Yes
0.2.e.APP.C.l .ellooation of 250 W 1 orbit a maximum 1 orbit and 2 orbit average

average, 250 W 2 orbit average, of 250 Watts each and a maximum
and 250 W peak. peak of 250 Watts electrical power.

10.3.APP.C.3 Instrument Data Allocations

ASTER shall have a data rate 3.1.5.1 .2.j ASTER shall have a maximum 2-orbit Yes
10.3.a.APP.C.C.allocation per its UIID. average data rate of 8,300 kbps and a

peak data rate of 89,200 kbps

CERES shall have a data rate 3.1.5.1 .2.m Each CERES shall have a maximum Yes

10.3.b.APP.C.2.Wxation per its UIID. 1-orbit average data rate of 20 kbps
and a maximum peak data rate of 20
kbps.

MISR shall have a data rate 3.1.5.l.2.k MISR shall have a maximum 2-orbit Yes

10.3.c.APP.C.2 allocation of 4,000 kbps average, average data rate of 4,000 kbps and a
6,500 kbps peak. maximum peak data rate of 6,500

kbps.
#

MODIS shall have a data rate 3.1.5.1.2.1 MODIS shall have a maximum 2-orbit Yes

10.3.d.APP.C.: .dllooation per its UIID. average data rate of 6,200 kbps and a
maximum peak data rate of 11,000
kbps.

MOPITT shall have a data rate 3.1.5.1 .2.n MOPITT shall have a maximum 2-orbit Yes

10.3.e.APP.C .2.ellooation of 6 kbps average, 6 average data rate of 6 kbps and a
kbps peak. maximum peak data rate of 6 kbps.

10.4.APP.C.4 I Instrument Thermal Requirements I
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ASTER shaii be allooated 2 3.1.5.1 .2.ad The spacecraft shall provide ASTER Yes
10.4.a.APP.C.4 .aoldplates per its UiiD. tvvocoldpiates for thermal control.

CERES shali be ailooated 3.1.5.l.2.ag The spacecraft shall provide O Yes
10.4.b,APP,C.4 .boidpiates per its UiiD. coldpiatesfor CERES.

MiSR shaii be abated O 3.1.5.1 .2.ae The spacecraftshall provideO Yes
10.4.c.APP.C.4 coldplates, mechanical interfaces coidpiatesfor MiSR.

shall be maintainedbetween 0-30

MODiS shali be aliocated 3.1.5.1 .2.af The spacecraft shaii provide MODiS Yes
10.4.d.APP.C.4 .doldplates per its UiiD. coidplates per its UiiD.

MOPilT shall be aliocated 1 3.1.5.1 .2.ah The spacecraft shali provide MOPiTT Yes
10.4.e.APP.C.4 .eoidpiate. one coidplate for thermai controi.

.

r
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Purpose/Questions Answered:

1. Describe the nominal early mission dtrteline, including the attainment of energy balance on-orbit.
2. Develop Spacecraft power profiles for launchhiscent mode and and survival mode using

Spacecraft thenxml model estimates of instrument and housekeeping heater power consumption.
3. Determine time margins for recovery from energy balance failure causes, and maximize these time

margins within the constraints of the baseline Spacecraft design.

Summary/Answers:

The time margin for recovery from a solar array deployment failure is at least 157 minutes, or 1.6 orbits.
This value assumes a one-time maximum allowable battery depth of discharge of 80% and the worst case
conditions of 30”C battery pre-launch charging temperature and 153 W of Instrument launch power. For
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2. Cotiider the impact of Instrument-requested launch power in
the thermal analysis of the Spacecraft in the LV fairing.

3. Implement a risk mitigation plan for solar array deployment
4. Maintain a goal of cooling the batteries to about 20°C during

charging operations in the LV fairing.
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SUMMARY1

This design note evaluates the capability of the EOS-AM Spacecraft to attain energy balance
on-orbit during the launchhscent phase and to recoverenergybalance after various types of power
subsystemand attitude control failures. An early mission timeline is providedwhich describes the
nominal scentio for attainingenergy balanceon+xbit during the launchhscent phase. Spacecraft
power profiles m developed for both the launchhscent and suxvivaloperating modes. These
Spacecraft power profdes are used to detexmine the time margins for recovery from three
power+ritical scenarios: (1) a solar army deployment failure, (2) a complete failure of power
generation on-orbit, and (3) an on-orbit failure of the solar array sun-tracking capability.

A number of parameters have changed since the initial release of this design note, as summarized
below:

. ~ch Pow~- This analysis considers the impact of providing
153 W of operationalpower to Instrumentsduring the launchhscent phase.
MOPI’IT and ASTER have requested this amount of power in order to
actively control the motionof moving mechanisms(e.g. cryocoolerpistons,
choppers) to prevent damage during launch loads.

● “”~-The altitude of the injection orbit perigee has been raised
from 300 km to 550 km.

.
● ~-The solar array has been nxized to ~flect smaller power

margins required for a maturingSpacecraft design. The new solar array has
a nominal end of life (EOL) power output of 5.022 kW,which is 18% less
than the nominal output of the former 6.131 kW amaydesign.

● Spacec~ SUIV al power l’dilaiv - The Spacecraft
average powersat dynamicsteady state for launchhscent modeand survival
mode have decreased by about 20% in comparison with the power profiles
used in the previous energybalance am.lysis. This decrease is primarilydue
to reductions in heater power consumption, as explained in Sections 3.2.1
and 3.2.2.

.
● ofF.~odule ~ - In the initialrelease of the

energy balance analysis, modulation of heat rejection from the recorder
equipment module(EM)radiators wasrecommendedas a meansof reducing
the total Spacecraft heater power consumption by more than 100 W.
However, the tape recorders have been replaced by a solid state recorder
(SSR) which has a more steady thermal dissipation profde. The smaller
thermal transients meansthat modulation is not required in the newrecorder
EM, and it is no longercarried as a parameterin the energybalanceanalysis.

. .
● ls~ - The sequence of events during the early mission

have changed. Solar may deployment is now assumed to occur
simultaneously with the earth acquisition process, and the High Gain
Antenna (HGA) is assumed to be deployed in the injection orbit.

1
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. .

● rv~ - Battery performance has been estimated using
characteristictest data ffom tests using 9 cells of the type to be used on the
EOS-AM Spacecraft. Data wasusedfor cells chargedat 20”C andat 30°C.

Shed~
. .

● -The ElectricalPowerSubsystem hasdefinedthe
criterion for autonomous shedding of non-essential Instrument and
housekeepingloadsto be abatterydepthofdiscargelevelof 40%. Thisvalue
is a lower stateof dischargethanthe 35%criterionwhichwasassumedin the
previousanalysis,so that it has slightlydecnased time marginsfor recovery
from energybalancefa.ilums.

As a result of thesechanges,the time mruginfor recoveryhorn a solar arraydeploymentfailure has
remainedessentiallythe same, and the time margins to recover horn other energy balance failures
havedecreasedslightlyfromthe previousestimates. However,this analysisconcludesthat the time
margins are still stilciently large to allow problem identification and recovery actions to be
completed.

2 INTRODUCTION

On-orbit energybalanceis necessaryfor the Spacecraftto sustainopemtionsduring its full mission
life. The energybalanceconditionis met when the solar array generatesenoughpower during the
daytimeportion of the orbit to supportboth Spacecraftoperationsand battery recharge, so that the
batteriescan supportSpacecraftoperationsduringeclipse. l%e~fore, energybalance is defined as
the batteries achievinga nominal, steady-state depth of discharge(DOD)profde.

Duringthe launchhscent phase,the Spacecraftis poweredonly by the batteriesuntil the solar array
is deployedandbeginstrackingthe sun. Becauseeachbatterynominallyhasonly 50 ampem-hours
of sto~d energy,the eventswhich lead to arraydeploymentand the achievementof energy balance
are time critical. Once the array is deploy~ it can generatepower whenthe Spacecraft is in either
the nominal eath-pointing attitude or a sun-pointing attitude. Then, operations become
non-time-critical because the Spacecrafthas enoughpowerto support at least survival operations
indefinitely.

The consequencesof failing to achieveenergybalancesoonafter launchthreatenthe success of the
mission. If adequatesurvivalpower is not availableto the Spacecraft,heaters will not operate and
components will be exposed to temperatures below their survival limits, which may cause
component failures. Also, if the batteries are drained before the solar may has been deployed,
power will not be available to run the mast motor and deploymentelectronics unit (DETJ)during
&ployment operations. Therefore,the time in whichactions can be taken to recover flom a solar
array deploymentfailu.mis limited.

On+rbit energy balance failures are also a concern for the safety of the EOS-AM mission.
Recovery actions become time critical in a power-critical situation because survival heatem and
minimumhousekeepingservicesmust be poweredby diminishingbattery stored energy resources
until power generationis stilcient to meet operatingpower demands.

2
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OF ENERGY BALANCE ON-ORBIT

3.1 Nominal Early Mission Tlmeline

The early mission timeline is the sequence of events which occur between the time that the
Spacecraft is switched to internal power on the launch pad until the fmt propulsive bums are
performed to raise the Spacecraft from the injection orbit to the operational orbit. Therefore, the
timeline covers events which occur during the launchhcent and orbit acquisition initialization
missionphases,as shownin Figure 1. Dtig the= eh~=, the SW* oPrates in launc~~cent

mode and standby mode.

The nominal early mission timeline is summarizedin TableI. Figure 2 illustrates apogee, perigee,
and the timing of the solar array deployment and sun-tracking. Launch is assumed to occur at the
summer solstice.

END OF SCIENCE MISSION

\

LAST ORBIT ACQUISITION
MANEWER COMPLETE

\
BEGIN

NORMAL OPERATIONS
(FULL RESOURCES TO INSTRUMENTS

LAUNCH VEIilCLE/SPACECRAFT
SEPARATION

\ BEGIN PREPARATION FOR
1STORBIT ACQUISITION MANEWER

(GROUND DECISION)

PRELAUNCX
GO TO INTERNAL

POWER

Figure 1. Spacecraft Mission Phases
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In this revision of the energy balance analysis, solar array assembly (SAW deployment has been
scheduled to occur immediately following separation of the Spacecraft tim the launch vehicle.
Deploymentof the array prior to completionof the earth acquisition process is feasible because the
injectionorbithas beenraised to 550 kmfrom 300 km. Lowerdrag at the higher altitude means that
attitude control thrusters will not be required to achieve earth acquisition. The advantages of
deploying the array as soon as possible following separation from the launch vehicle are:

a. to allow immediateentry into sun-pointing safe in the event of earth acquisition failure

b. to permit detectionof any anomalies in the deploymentsequence as soon as possible to
allow the greatest time margins for recovery

However,the deploymentof the solar array concurnmtlywith earth acquisition does not mean that
the arraywiIlbeginto generatepowersooneron orbit than if earth acquisitionand may deployment
were performed in series. Because the solar my deploys with the solar cells initially pointing
towardthe earth, the may must berotated before the cells are illuminatedby the solar vector. There
is not enough time to perform this rotation before the Spacecraft enters the fmt eclipse.

Althoughthe currentbaseline is to deploy the solar may concummtly with earth acquisition, there
remains an issue of thermaldistortion of the array. The array deploys with the blanket of solar cells
facing towardnadir,so that the sun will illuminate the rearofthe blanke~ Xfthemay does not begin
to rotate, the solar vector will be perpendicularto the cell normal (i.e. the sun will shine directly on
the thin side of the array)as the Spacecraftenters the fmt eclipse. Both of these orientations of the
axraymay cause excessive thermal distortion or warpage. The solar array vendor is planning to
conducta thermalanalysisof daytimedeploymentbeforethe SAACDRin order to assess anyrisks.
If thermal distortion is excessive,deployment can be delayed until the eclipse period.

3.1.1 Launch

Before launch, the commandsto accomplish all of the activities of the launchkiscentphase will be
stored in the SCC. On-board logic will enable the Spacecraft to autonomouslyexecute the early
missionactivities,includingearthacquisition,solararraydeployment,acquisitionof an S-band link
through TDRSS, and HGA deployment. Ground command will be able to ovenide any stored
command sequence.

About 5 minutes prior to liftoff while the Spacecraft is on the launch pa~ the Launch Team will
switch the Spacecraft to internal power and disconnect the T-5 umbilical. From the time of go to
internal power until the solar array is able to generate power on-orbit, the Spacecraft is operating
on energystored in the batteries, so that the intervening early mission activities leading up to solar
array deployment and sun-tracking axetime-critical. All event times throughout this memo are
referencedfrom “go to internal power” (G) to indicate how long the Spacecraft is operating on its
batteries before solar array sun tracking begins.

This document assumes that the launch vehicle (LV) will be the Atlas IIAS. Approximately 5
minutesafter the Spacecrafthas switchedto internal power,the Launch Vehiclebooster engine and
the fmt of two pair of solid rocket boosters will be ignited and liftoff will occur. The second pair
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of solidrccket boostexxwill be ignitedabout 1minuteafter liftoff. After the boosterengine has been
cutoff, the booster packagewill bejettisoned followed by thejettison of the payloadfairing. l%en,
the Centaur upper stage will sepamte from the Atlas vehicle. The Centaur engines will cmy the

Spacecmft the mst of the way to the 550 km perigee of its injection orbit. Separation of the
Spacecraftfrom the Centaurwilloccurapproximately20 minutesafter the Spacecraftwas switched
to internalpower. The nominaltimelineassumesthat theLVinjects the Spacecraftinto the injection
orbit at a nominal attitude so that the Earth is in the field of view of the earth sensors at separation.

3.1.2 Earth Acquidtion

The separationevent will enable the LaunchVehicle/Spacecraftseparationflag which is a hardline
signal to the Attitude Control Electronics (ACE), which provides telemetry of the signal to the
Spacecraft Controls Computer(SCC). Upon receiving thk flag, the SpacecraftFailure Detection,
Isolation, and Recovery (FDIR)system will be enabled The SCC will wait about 3 seconds a.tker
receiving the LV/Spacecraftseparationflag before commandingrate nulling,”in order to allow the
Spacecraft to drift away tim the LV. Simultaneous 3-axis rate nulling will be accomplished by
reaction wheels if rates are within a certain threshold otherwiserate nulling will be accomplished
by ffig attitude control thrusters.

Once all axes’ rates have been nulled for 5 seconds, the SCC will command the reaction wheels to
assume control of the Spacecraft attitude, and the GN&C FDIR algorithm will check the earth
sensors @As) for an indicationthat the Earth is in the fwld of view (FOV)of both of the sensors.
If the Earth is in both of the EM’s FOVS,then the SCC will commandlocal vertical acquisition in
which both roll and pitch signals from the ESAs will be nulled.

Table L Nominal Early Mission Timeline (500 km Perigee Injeetion Orbit)

I Event I Estimated Time I
IGo to internal power IG I
L r

Disconnect T-5 Umbilical G+TBD

Ignite Stage Oand liftoff G+5min
(tirneline assumesLV is Atlas IIAS/Centaur)

1

Jettison fmt pair of Solid Rocket Boosters I G + 6.6
,

Jettison second pair of Solid Rocket Boostem I G + 7.5 I
IBooster Engine Cutoff (BECO) I G+8 I—

Booster Package Jettison G + 8 oust after
BECO)

I

Jettison Payload Fairing I G+9 I
Atlas Sustainer Engine Cutoff (SECO) I G+1O

Atlas/CentaurSeparation I G + 10 (just after
SECO)

ICentaur First Main Engine Start (MESl) I G+1O I
1

Centaur First Main Engine Cutoff (MECO1) I G+19 I
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lkble L Nominal Early Mission limeiine (500 km Perigee Injeetion
(continued)

Orbit)

Event Estimated Time

Alignment to SeparationAttitude G + 19.5

Launch Vehicle/SpacecraftSeparation G+20

First perigee G+20

Launch Vehicle/SpacecraftSeparationFlag Enabled G+20

SCC commandsRate nulling of all Spacecraft axes G + 2003

Rate nulling accomplished G+21

SCC commandsRWAwheel control of S/C attitude G+21

Check for Earth in FOV of either ESA G+21

SCC commands roll/pitch acquisition G+22

SCC commands Solar Array hinge deployment G + 22.5

Solar Amy hinge deployment is completed G+24

SCC commands Solar Amy blanket deployment G+25

Roll and Pitch signals from the ESA are nulled G+27

SCC commands yaw axis acquisition G+27

Solar Array blanket deployment is completed G + 37.7

SCC sets flag indicating completion of Earth Acquisition G+39

Enter fmt eclipse (summer solstice launch) G+47

Begin Rotating Solar Army at 10 rate G+65

Pass fmt apogee G + 69.5 7

Exit fmt eclipse G+82

Solar Array Begins to Track the Sun G+82

Receive Coarse Orbit Determination From Ground (must receive in G+TBD
order to slew the HGA to acquire sight to TDRS)

SCC commands activation of HGA release mechanisms G+ 115

Pass second perigee G+ 118

HGA deployment completed G + 124

SCC commandsHGA slew to acquire sight to TDRSS G+TBD

S-band link to TDRSS established through HGA G+TBD

First Deha-V Burn to Circularize Operational Orbit G + 267
(assume third apogee is the earliest possible time for this event)
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Onceroll and pitch attitudeand roll/pitcMyawmtes have beencontrolled to within threshold limits
for 15 seconds, the SCC will command yaw acquisition. Yawacquisition is accomplished under
reaction wheel control by nulling both the roll and pitch signals from the ESASand the estimated
yaw attitude (obtainedthroughthe gyrocompassingtechnique). Whenroll/pitcWyawattitudes and
rates havebeenmaintainedwithin thresholdlimits for 30 seconds,the SCC will set a flag indicating
completion of Earth acquisition.

3.103 Solar Array Deployment

Concurnmtlywith the earth acquisitionprocess (whichbegins with the command to acquire local
vertical), the SCC will command the deploymentof the solar may. The solar may deployment
is achievedin two phases.Thefmt phaseis thedeploymentof the elevationhinge, inwhicha release
mechanism is activated to allow the spring-driven elevation hinge to deploy the cannister and the
blanket box from the launchpositionto theoperationalposition. The elevationhinge automatically
latches at end-of-travel. The second phase is blanket deployment. Once the the elevation hinge
has latched, motor-driven sepamtion of the blanket box top is complete~ Then, the Deployment
Electronics Unit (DEU)commandsthe mast motor to drive the continuouscoilable longeron mast
out of the cannister until it reaches its maximumextension. Telemetryis available to indicate the
status of the deploymen~including” angularposition of the elevation hinge, elevation hinge latch
status, blanket box top separationstatus, rate of mast extension,and boom deploymentcompletion
status.

Although the solar may will be deployedbefore the Spacecraftenters the fmt eclipse, as shown in
Figure 1, the array will not begin sun-tracking until the Spacecraft exits the fmt eclipse, at 82
minutesafter go to internalpower. Whenthe may is initiallydepioyed,the side with the solarcells
faces toward the earth. Therefore,the may must be slewedmore than 90° to point the cells toward
the sun, and, even at the fastest slew rate of 3Q the slew would not be completed until after the
Spacecm.fthad entered the fmt eclipse. This analysis assumes that the solar array will be
commanded by stored commandsto begin rotating at its normal rate of lWwhen the Spacecraft is
in the solar midnight position, 45 minutes after separationfrom the LV. Then, the amaywill be in
position to track the sun when the Spacecraftexits the fmt eclipse.

Because the solar anay will not actually begin trackingthe sun until G + 82 minutes, the variation
between shortest and longest &ployment durations will’not affect Spacecraftenergy balance time
margins. Elevation hinge deployment is estimated to take between 1 minute (best case) and 2
minutes (worstcase). Blanketdeploymentis estimatedto require 12.7minutesnominally,withbest
and worst case estimates of 11.5minutes and 15 minutes,respectively.

3.1.4 S-Band Lhdc Acquisition and HGA Deployment

The Flight OperationsTeam(FOT)will monitor the health and safety of the Spacecraftduring the
launch/ascent sequence via various S-band communications links. Before the Spacecraft is
switched to internal power, the Command and Telemetty Interface Unit (CTIu will have a
hard-wire connection to the T-5 umbilical. After the umbilical is removed, the CTIU will have a
hard-wire connectionto the LV,and the Spacecrafttelemetry will be downlinkedas part of the LV
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telemetry stream. The S-band transponders will be launched in automatic-n mode, with both
receivers operatingcontinuously.Whena signalradiatedbyTDRSSis pickedup byeither receiver,
the transmitter will automaticallycome on. Therefore, the Spacecraft should be able to establish
an S-band link through the onmi antennas very soon after separation ffom the LV. Although the
Spacecraftwill have this S–bandcommunicationlink throughthe omnis to TDRSS, it is desirable
to deploy the HGA in the injectionortit in order to have higher link margins.

Thereleasemechanismsforthe HGAm five shapedmemorymetalmechanismswhicheachrequire
about 50 W of heater power to activate. The~fore, an additional power load of 250 W will occur
for the 9 minutesrequiredto activatethe release mechanisms. This release can occuras soonas the
solar array deploymentis completed. For the purposesof the power proffle in ThbleII and Figu.m
3, it was assumedthat the release mechanismsare activated at G + 115minutes, midway through
the second daylight period. HGA deployment can be activated either by stored command or by
ground command,but the method is still to be determined.

After the release mechanismsare activated by heaters, the spxingdriven boom hinge will deploy
the antennafromthe stowedpositionto theoperationalposition. The boomhingewill automatically
latch at end-of-travel. ‘lMemetryto monitor.the status of the HGA deployment will consist of a
potentiometer signal which“indicatesthe angle of the boom relative to its stowed position. Once
ephemeris informationhas been uplinkedhorn the groun~ the SCC will be able to slew the HGA
to establish a line of sight to one of the TDRS spaced and the Spacecraft may begin to use the
HGA for S-band communication.

3.2 Early Mission Power Profile

A transientpowerprofilewas generatedfor the Launch/Ascentand Orbit AcquisitionInitialization
phases, which span the time from disconnectionof the T-5 umbilical to the fmt delta-V bum. An
attempt was made to minimize power consumption during these periods, in order to provide the
longest battery operatingtime.

Table II summarizes the Spacecraft power profde during launchhscen~ excluding heater power
consumption. Figure 3 is the profde of total Spacecraftpowerconsumptionduringnominal launch
ascent, includingboth the housekeepingpowersummarizd in lhble II as well as the heater power
required for Instrumentsand Spacecraftbus equipmen~ Figure 4 is the profde of total Spacecraft
power consumptionfor the scenarioof a solar may deployment failure.

3.2.1 Spacecraft Bus Equipment

Generally, the GN8cC,EPS, and TCS subsystems are at full pdxmance during Iaunchhscent.
Instrumentsam not operationalat launch, so that the science data handlingequipmentand K-band
and X-band communicationsequipmentdo not operate during this mission phase. The following
bullets list the major assumptionson which the power profde in Table II and Figure 3 is based

. All compment powerconsumptionsare basedon beginningof life estimates
plus a contingency based on component accuracy class. The power
consumptionof subcontractedcomponents (e.g. HGA, SSS’13,ESAS,etc.)
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is based on the power allocations in the component contract end item
spec~lcations. A 10% contingency has been added to all heater power
estimates.

. Prior to the jettisoning of the LVfairing at G + 9 minutes, the stowedHGA
is assumed to consume no heater power so that its power level is 13 W to
operate one antenna controller. Once the fairing is jettisoned the HGA is
assumed to consume its survival power allocation of 50 W. When the HGA
is deployed its powerconsumption is assumed to step up to its fidl tracking
mode power allocation, 135W.

. The RWASare at standby power levels (6.3 W each) during ground test and
launch. After body rates are nuI.ledat about G + 21 minutes, the RWAS
assume control of Spacecraftattitude and their average power consumption
increases to 15.75W each.

. The SolidStateRecorder(SSR) is assumedto haveonlyonedata controlunit
(DCU) and no memory units operational. The DCU is speciiled to have a
minimumstoragecapabilityof 384 Mbytes,whichis stilcient for st~g up
to four orbits worth of Spacecraft housekeeping data. Therefore, the data
memoryunits neednot be opemtionalduring launchhscen~ The power load
of one DCU is 27 W.

. At the beginning of the Iaunchhscent phase, the propulsion subsystem
(PROPS) is assumed to be contlgured for its Prelaunch/Ascent Standby
Mcxie in which it is prepared to pexform ti@f maneuvers when the
Spacecraft separates from the LV. In this mode, the propulsion module
electronicsassembly (PMEA)operates at a 5070duty cycle, six l-lb cat bed
heaters are operational,and the pressure transducer is operational. The total
power consumption of the PROPS in Prelaunch/Ascent Standby Mode is
33.4 W. Once the RWASassume control of Spacecraft attitude at G + 21
minutes, all of the PROPS equipment except the pressure transducer is
assumed to be turned off. Then, the PROPS consumes only 0.6 W.

. The may drive electronics (ADE) is assumed to be poweredduring launch,
with a power consumptionof 9.2 W.

. The S-band tmnspondersare assumedto be operating withbothreceiverson
and one transmitter on continuously. The combined power consumption is
76 W.

● Heater tum-ons are based on keeping non-operating equipment (both
instrument and housekeeping)at sumival temperature limits, and operating
equipment at operational limits.

The major difference between the nominal launchh.scentpower profde in F@u.re3 and the profde
for the case of a solar array deployment failure in Figure 4 is that the HGA power consumption
remains at 50 W throughout the deployment failure scenario. It is assumed that the HGA will not
be deployed until after the solar may has been deployed and begins to tmck the sun.
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Table II. EOS-AM Power Profile During Launch/Ascent, Excluding Heater Power

-—.-.—-— —--------------------- —.—— —--.. -.-.. -.- . . ..-.. -.-..-—..------. —
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..—.—---.-—--—
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. . . . . . . . . . . . . . . . . . . . . . . . . .--.. --- . . ..-.. -.-.. -.-. ---- . . ..-. -.-. --.—

------------------------- ----------------------------- : -.--.3-0------3-0---...3.0- -----3-0-: ----3-0- .----3-0------3-0- -----3-o------3-o------~-o------30- -----3-0------3-0- .--. -3-0- .----3-0- -----3-0- -..-.:-0------3-0---. -.3-0-
Tcs HCES I 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0
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73.0 73.0

13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2
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2.8 2.8
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The total housekeepingpower in Table II is about 136 W higher than the housekeeping power
assumedfor the previousenergybalanceanalysis. Principally,this differenceis due to the omission
of theHGAfrom the profilein the previousanalysisand the decision to operatethe star trackersand
ADEduring launch. Remainingdifferencesare due to updated component power consumption.

3.2.2 Spacecraft Heater Power

Figure 3 showsthe Spacecraftheater power requirements (for both instruments and housekeeping
equipment)during Iaunchhscent and orbit initialization.The cyclical heater power requirement in
thefigurecorrespondsto the&ytime/eclipse orbitcycle. Spacecraftheaterpoweris very lowduring
launchkscent and the fmt orbit of the OAI phase. For the fmt two orbits after the Spacecraftgoes
to internalpower,the averageheater poweris approximately35 W. However,averageheater power
requirementscontinue to increase throughout the fmt 10 orbits, reaching a level of 544 W.

The heater power r@red to maintain both instrument and housekeeping equipment at survival
temperaturesand operatingequipment at minimum operational temperatures was estimated using
Spacecraft-level TRASYSand SINDAthermal models. The Spacecraft-level model incorporated
thermalmodelsof the instrumentswhichweresuppliedby the InstrumentProvidersas well asHGA
and SW models provided by subcontractors. Based on the minimum air temperature in the LV
fairing, all Components were assumed to be at 5‘C at the time of separation. ASa worst case cold.
condition, the beta angle was assumed to be 15degrees.

After separation fkomthe LV,the nonoperational components begin to cool down, approaching
their minimum sumival tempemtures. To account for analysis uncetities, Spacecraft heater
powerwasestimated with heater setpoints set for tum+n at temperature 5‘C above components’
minimum survival temperatures. In actual operation, heater setpoints will be set 2°C above
minimum survival temperaturesto assure equipment safety.

Variableconductanceheat pipes are no longer used to modulate the heat transfer from equipment
moduleradiatorsin the currentEOS-AM Spacecraftdesign. Modulationis no longer a methodfor
significantlyreducingthe total Spacecraftheater powerconsumptionbecauseof componentdesign
changes. TheequipmenttorecordSpacecraftscienceandhousekeepingdatahasbeenchangedhorn
a tape recorderto a solidstaterecorderwhichhas a more steadypowerprofde. Wxthoutlarge power
transients, modulation offers no signi.llcantheater power savings. Therefore, modulation of EM
heat rejection is no longer consideredas a parameter in the energy balance analysis.

Spacecraft heater power requirements have decreased signitlcantly since the previous energy
balanceanalysis,from a dynamic steady state average of 946 W (with recorderEM modulation)to
an averageof614 W. There aretwo primaryreasonsfor this decrease: (1) reductionof the accuracy
class contingencyfactor fkom20% to 10%due to the EOS-A-Mprogram reaching the end of the
preliminary design phase, and (2) changes in equipment module layouts and equipment thermal
dissipation that have allowedthermal control to be achieved with less radiator area.

Several changes in equipment module layouts and equipment thermal dissipations have led to a
reduction in heaterpowerconsumption. Specificexamplesof these changes includethe following

. In the power EM, the battery dissipation has increased from an average of
36W to an averageof 64 W,which has reduced the heater power required.
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● In the RecorderEM, the equipmenthas been moved from the +2 panel to be
mounted directly on the +Y radiator panel. Because this new layout has
increasedthe efllciency of the thermal coupling between the equipment and
the radiator, the radiator size has been reduced. Variableconductance heat
pipes are no longer required to modulate the heat rejection from this EM’s
radiators.

. In the RWAEM, the reaction wheels have been relocated to mount all four
units on the +2 panel. This change has allowed the +X and -Y radiators to
be eliminated, and has reduced the average heater power of this EM.

3.23 Instrument Launch Power

During ascent, static loads and dynamic vibration loads are induced by the launch vehicle’s
acceleration and the Spacecraft structural modes. ‘IWOInstruments, MOPITI’ and ASTER, have
requestedthat powerbe providedduringlaunchto allow activepositioncontrol of mechanismswith
movingparts which are susceptibleto darnageif their positions cannot be controlled during launch
loads. Therefore, Instrument launch power has been considered as one of the parameters of this
energy balance analysis.

The Instrument Provider for MOPI’IT has requested 33 W of power during launchhscent to
maintain continuous motion of the choppx and the length modulation cells in order to prevent
brinelling of the bearings during launch-induced vibration loads. The operational scenario
proposedby the MOPITI’team mquims BDUcommandsand access to the 1553BC&T bus during
the launch/ascent phase. While the Spacecraft is on the launch pad in ground test mode, the
Instrument would be powered-up into its safe mode and the choppers and length modulation cells
would be turned on. Commands to the Instrument would be sent as BDU relay commands, and
veri.tlcationof theInstrumentlaunchconf@urationwouldbe accomplishedvia the 1553BC&Tbus.
A few minutes after the Spacecraft separates from the LV,MOPI’lT would be transitioned to its
survival mode by stored commands in order to reduce the Spacecraft power load. By this time, the
vibration loads of the ascent phase have pas@ and brinneling of the Instrument bearings is no
longer a concern.

The SWIR component of the ASTER Instrument has requested 120 W of power during
launchlascentinordertolockthe pistonsof itscxyocoolertopn?ventanydamagedue to launchloads.
The 120W consists of 70 W for the active psition conlrol of the cryocooler pistons and 50 W for
the power supply and controller. The TIR component of ASTER also has a Stirling Cycle cooler,
but TIR plans to apply a short circuit to the linear motor coils of its cooler so that no power
consumption is necessary to lock the pistons during launch. However,SWIR maintains that for its
cryocooler design the short circuit method is not effective against the magnitude of the static load
expected during the EOS-AM launch, so that active position control is necessary.

15



EO%DN-SE8JI-040
Rev A
U August 1993

— Total SpacecraftPower,
Including Instrument

TotalSpacecmftPower,
t

Launch Power

Instrumentand HousekeepingHeater Power
w

>!

o 100 200 300

Tne [minuteshorn go to internal power]

Figure 5. Comparison of EOS-AM Spacecraft Nominal Launch/Ascent Power Profile
With and Without Instrument Launch Power (Beta Angle = 15 degrees)

Figure5 showsthe Spacecraftlaunch/ascentpowerprofde withandwithoutthe 153W of Instrument
launch power. In order to limit the impactof Instrumentlaunchpoweron the time marginto recover
from an early mission energybalance failure, this analysis assumes that both MOPITT and SWIR
will be transitioned back to sumival mode (i.e. only heaters operational) 4 minutes following
separationof the Spacecraftfrom the launch vehicle. By this time, it is assumed that launch loads
have passed so that there is no longer a concern for damage. Following the transition to survival
mode, the power profde is the same as the nominal launch/ascentprofde.

One issuewhichmuststill be consideredis the impactof the additional 153W of thermal dissipation
from the Instrumentsin the launch vehiclefairing while the Spacecraft is in ground test mode. The
temperatureof the batteries is a concernbecause the higher the charging temperature, the lower the
charging capability. Martin Marietta and the LVvendors are discussing the addition of dedicated
air conditioninglines to cool the batteries during pre–launch charging operations. The impact of
Instrument launch power should be considered as part of the thermal analysis of the Spacecraft in
the launch vehiclefairing environmentwhich is scheduledfor completion prior to the TCS CDR in
May 1994.
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303 Survival Mode Power Profile

A transient power proffle was generated for the Spacecraft operating in sunival mode in order to
assess time margins for recovery from power subsystem failures which cause a loss of energy
balance on-orbit. Table III summarizes the Spacecraft survival mode power profile, excluding
heater power consumption.

Figure 6 showsthe Spacecraftheater powerfor thefmt 10orbits after the Spacecraftenters sumival
mode from the beginning+f-life (i.e., worst case cold) Science mode. The cyclical heater power
profde in the figure corresponds to the daytimeklipse orbit cycle. In order to have a conservative
estimate of survival m(xleheater power,the Spacti was assumedto transition to survival mode
from beginning of life (BOL)Science mode and the beta angle was assumed to be 15degrees. At
BOL, all initial temperate conditions would be worst case cold, so that the heater power in this
profde represents the maximum survival heater power consumption of the Instruments and
housekeeping equipment.

Survival heater powerconsumptionhas decreasedalmost35% sincethe initialrelease of this energy
balance analysis, from a dynamic steady state average of 946 W to an average of 614 W. As
explained in Section 3.2.2, this decrease is due primmily to changes in equipment module layouts
and reductions in equipment thermal dissipation that have allowed thermal control to be achieved
with less ndiator are~

Figure 6 is the profileof total Spacecraftsurvivalmodepowerconsumptionduring thefnt 10orbits
after entering survival mode from BOL science mode. This total Spacecraft survival mode power
includes both the housekeeping power summarized in Table III as well as the Instrument and
housekeeping heater power shown in Figure 6. The average BOL sumival power consumption at
dynamic steady state is 1400W.

3.4 Nominal Launch/Ascent Energy Balance

Battery charging temperature is one parameter considered in assessing the Spacecraft’s ability to
attain energy balance on+rbit. The batteries will be maintained at a state of full charge while in
the LV fairing prior to launch by continuous trickle charging, and the temperature at which this
pre-launch chargingoperation is performed affects the battery charge capacity. Chargingat 20°C
results in a capacity of 50 ampere-hours per battery (the nameplate capacity), but increasing the
charging temperature to 30°C decreases the capacity to 42 arnpere-houn. Based on existing LV
fairing cooling capabilities, the batteries are estimated to be at about 30°C during pre-launch
charging. However,Martin Marietta is exploring the possibility for bypass ducts in the fairing to
blow coolant directly on the battery panels in order to attain a lower battery-charging temperature,
and the interface control document for the LV specfles a maximum temperature of 20°C for the
battery panels. This analysis considers both 20°C and 30°C battery pre-launch charging
temperatures.

In the nominal launchhscent scenario, the Spacecraftwill begin to attain energybalance at G +82
minutes. This is the nominal sun trackingtime, at theexit tim the fmt eclipse,whenthe solar army
will begin generating power. For this nominal case, the battay DOD at the start of energy balance
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Figure 6. EOS-AM Spaceerafi Survival Mode Power Profile

is estimated to be 18.2%for a batterychargingtemperatureof 20”C, or 21.8%for a battery charging
temperature of 30°C. Figure7 showsthe profile of battery depth of dischargefrom the momentof
go to internal power until the batteries are filly rechargedon-orbit after exiting the f~st eclipse.

If ASTERand MOPITI’areallowedto consume 153W ofpowerduring launchto protectequipment
during exposure to launch loads, the battery DOD at the exit horn the fust eclipse is estimated to
be 23.0% for a battery charging temperature of 30°C. Figure 7 shows the profde of battery depth
of discharge for the power profdes with and without Instrument launch power. As shown by the
figure, Instrumentlaunchpowermakesonly a very smalldifferenceto the maximumDOD attained
before nominal sun tracking,at the end of the fmt eclipse.

In all of the nominallaunch/ascentscenariosconsidere~ the maximumbatteryDODreachedbefore
the solar array begins generating power on-orbit is well below the the 30% operational DOD
allowed for the EOS Spacecraft.
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I I SURVIVAL I
I IP(MERI
SUBSYSTEM COMPONENT I [w] I

EAS
.------------------------------------------------------- / -------------~:”-i
TCS HCES 73.0 I

CPHTSHCES / 13.2 I
I------------------------------------------------------ ----------------- I

IGN&C MTRs I 5.0 I
I RWAs I 63.0 I
I ESA I 21.0 I
I FSS 1 2.8 I
I SSSTS I 0.0 I
I TAMs I 1.9 I

IRu 28.0 I
ACE / 48.3 I

I-------------------------------- -- —.---- —------------- ------------------
EPs BPC I 36.0 /

Battery Panel 6.6 I
Hex Battery Panel / 6.6 I
PDU I 38.4 I
FDBs I 1.1 I
PropulsionEPC I 0.0 I
S/A AssembIyDEU I 0.0 I
S/A Ass’y Mast Motor I 0.0 I
ADE I 9.2 I
SAD 0.0 I
Ssu I 43.8 I
Psu I 15.5 I

I--------------------------------------------------- -----------------
/ C&DH Scc I 17.0 /
I I 62.2 I
I BDUS- H/K 55.2 I
I BDUS- htr / 32.4 I
I SSR I 27.0 I

SFE I 0.0I
-—---——----------— Ic——---—-------— -—-------—---

COMM S-bandTransponder 1 76.0 /
SBIU I 0.0 I
BRF I 0.0 I
KSA Modulator I 0.0 I

I 17.6 I
!~A I 50.0 I
HGA release mech. I 0.0 I
DAS I 0.0 I

I---.---- --.---—------- ----—-----—-—---—--—-—---------------
PROP PMEA I 0.0 /

Presswe Transducer I 0.6 I
1 lb thrusters I 0.0 I
5 lb thrusters I 0.0 I

I Cat Bed Heaters I 0.0 I
I -—------ ------------------ --—------ --—-—-----.--—- -------- --- —---
I Total Survival Power (ExcludingHeaters): / 754.4 /
——————
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4 TIME MARGINS FOR RECOVERY FROM ENERGY BALANCE FAILURES

The attainmentand maintenanceof Spacecraftenergy bal~ce is critical to the success of the EOS
mission. Anyoperatingperiodin whichpoweroutputfkomthe solaranay does not meet operational
and battery rechargingloads becomes a power+ritical situation.

Although improbable,a mechanicalfailure of the solar array drive is considered more likely than
anelectronicsfailureto causea power-critical situationon+rbit. Individualelectronicfailures tend
to have minimal impactsto powergenerationcapability. For example, there are 24 circuits of solar
cells on the array, so that loss of any one circuit or faihm of any one shunt switch reduces power
output by only about 4%. The solar array is designedto meet full power load requirements at EOL
after losing 11 strings to mndom failures, so that even multiple failures of this type could be
withstood. However, a mechanical faihm in the deployment or drive of the solar array could
signitlcant.lyEduce the Spacecraft’sability to generate power.

Three scenarios which lack Spacecraft energy balance wem defined for this study: (1) a failure in
the deploymentof the solararrayduring the launchhscent sequence,(2) a complete failure of power
generation on-orbit and (3) an on+rbit faihm of the solar may sun-tracking capability. These
cases do not comprise the gamut of all possible power-critical scenarios, but they are intended to
represent the type of time marginwhich is available to recover froma loss of energy balance. The
second case providesa worst case (i.e. lower bound) on the time margin to recover from a power
critical condition on+rbi~ The third case represents the most power that can be generated by a
stationary solar may, so that this case provides an estimate of the upper bound on the time margin
to recover from power critical conditions caused by SAD failures.

Time margins have been estimated that represent the time available for recovery operations in the
event that Spacecraftenergy balance is lost. The solar may deployment time margin is the time
available to recover from an array deployment failure. This margin is defined as the time from
nominal sun tracking (82 minutes after go to internal power) until the batteries reach maximum
allowable depth of discharge (80% DOD). For on+rbit power failure scenarios, the time margin
for recovery is defined as the time from failure occurrence until the batteries reach 80% DOD.

The operatiorudDODlimit for the batteries is 30%0undernominalconditions,and 35%with a single
cell failure. Basedon Martin Marietta’sexperience with geosynchronoussatellites which routinely
discharge NiH batteries to high levels of DOD, it is considered that a one time discharge of the
EOS-AM batteries to 80% DOD will not adversely affect batte~ lifetime or pdormance. Cell
voltage at 8(3%oDOD, at approximately 69V for 54 cells, will not degrade the efficiency of the
Battery Power Conditioner(BPC),whichcan operate nominallydown to 50V. Therefore, the time
margins will be estimated assuming a one-time maximumDOD of 80%.

Generally,DOD is calculated as a percentageof the nameplate capacity (50 ampere-hours) of the
battery. However,for the solar may deploymenttime margin,DOD is calculated as the percentage
of the chargingcapacity of the battexy,which is dependenton the pm-launch charging temperature
(20”C or 30”C). A battery chargedat 20”C has a capacity of 50 ampere-hours, so that 80% DOD
means 40 ampere-hours discharged A battery charged at 30”C has a spec~led capacity of 42
ampere-hours, so that 80% DOD means 33.6 ampere-hours discharged.
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5 SOLAR ARRAYDEPLOYMENT TIME MARGIN

The solar may deploymenttime margin is the time available to ~cover from an array deployment
failure. l?his margin is defined as the time from nominal sun tracking (G + 82 minutes) until the
batteries reach the maximumallowableDOD. Basedon requiredequipmentoperationaland heater
powerduring the early mission phases,battexyDODwascalculated as a fimctionof time assuming
that the solar array did not deploy.

Figure 8 shows the battery depth of discharge as a function of time for the EOS Spacecraft power
profde with and without Instrument launch power and for battery charging temperatures of 20”C
and 30”C. TheDODprofdes in the figure assumethat recoveryfkomthe deploymentfailure occurs
in time for the battery DOD to not exceed 80%. In each case, the time margin for recovery ffom a
solar array deploymentfailu~ is measuredfrom the nominalsun trackingtime, G + 82 minutes,and
is calculated as a percentage of the charging capacity of the battery for the particular battery
pre-launch charging temperature.

. The greatest time marginfor recovery tim a solar array deploymentfaihm
is 238 minutes (2.4 orbits) for the case of a 20”C battery charging
temperature and no Instrument launch power.

. The effect of increasing the battery chaging temperature to 30”C is to
decrease the time margin by 80 minutes, to 158 minutes (1.6 orbits). The
battery DOD has not quite reached 80% at 158 minutes past nominal sun
tracking, but this time limit for recovery was selected because it is the time
bywhichrecoverymustoccurif the batteryDODis not toexceed80%during
the following eclipse. Neglecting the timing of the eclipse, the decreased
batterychargecapacityat 30”C wouldreducethe time marginby 44minutes.

. Providing 153 W of Instrument launch power reduces the time margin by
about 1 minute, to 157 minutes (1.6 orbits) for the 30°C charging
temperature case.

Figure 8 also showsthat, in all of these cases, the batteriesrequire about two orbits to fully recharge
following recovery, assumingthat the Spacecraftremains at a survival mode power level.

The time marginfor the 20”C case is almost identical to the 237 minutes time marginestimated in
the previous energy balance analysis. The 44 minute reduction in the time margin due to a 30”C
battery chargingtemperature(neglectingtheeffectof eclipse timing)is very similarto the 47 minute
delta estimated in the previous analysis.

Since the FOT will have a nearly continuous communication link with the Spacecraft during the
launchhscent phase, a time margin of at least 1.6 orbits is considered adequate for problem
identilcation and nxove~ actions. The time ma@n is measured from the nominal sun tracking
time of G + 82 minutes. Actually,the time margin maybe as much as 60 minutes longer because
any problemswith the solararraydeploymentshouldbecomeevidentsoon afterthecommencement
of deployment at G +22 minutes.
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5.1 Assessment of the Adequacy of the Solar Array Deployment Tme Margin

In order to assess the adequacyof the calculatedtime marginfor solar arraydeployment,a strawman
recovery strategyhasbeendevelopedfor deploymentfailures. This willalsoprovidea startingpoint
for the detailed recovery proceduresthat will be developed prior to launch, in order to provide the
capability of recovering from a deployment failure in the least possible time.
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5.1.1 Solar Array Deployment Sequence

Deployment of the solar array will be initiated concumentlywith earth acquisition. Deployment is
achieved in two phases. Fret, pyr~activated cable cutters release the blanket box from the
Spacecraft. The spring~ven elevationhinge then deploysthe cannisterand blanketbox from the
launch position to the operational position, and automatically latches at end~f-travel. Once the
elevation hinge is latched, the Deployment Electronics Unit (DEU) commands an electrically
redundant motor to release the cable latches that secure the lid and bottom of the blanket box
assembly during launch. ‘IWOmechanically redundant brushless DC motors power the rotating
drum mechanism that deploys the continuous coilable longeron mast, which is driven out of the
cannister until it reaches its final position. End of deployment motor halt is controlled by limit
switches with a hard stop backup to ensure that the motor does not drive beyond the end of
deployment limit.

The following telemetxypoints are available to indicate the status of the deployment

c. Angular position of elevation hinge

d. Elevation hinge latch- yesho

e. Blanket box top separation- yes.ho

f. Rate of boom extension (from which boom position can be determined)

g. Boom deployment completion- yesho

The DEU electronics are fully redundant, but are not cress-strapped so that any failure requires
switching to the redundant DEU board. Switching is accomplishedin the Sequential Shunt Unit
(SSU)via ground command. Failures will be indicatedby telemetryand immediatelyaddressedby
the flight operations team on the ground. NearlycontinuousTDRSScontactvia the omni antennas
is the assumed communication path during this phase of the mission.

5.12 Possible Failures and Recovery Actions

The functional path diagram for solararray deployment is shownin Figure 9. Recovexyactionsfor
deployment anomalies fall into two categories those for first-stage deployment and those
associatedwith blanket deployment. These will be discussedseparatelybelow. Onlyfailure modes
for which recovery actions are possible will lx discussed. For example,no recove~ is possible in
the event of a double faih.ueof the cable<utters whichrelease the blanketbox, so this failure mode
is not relevant to the time margin analysis.

5.1.2.1 First-stage Deployment

Critical failure modes in the fret-stage deployment are binding-type modes of the hinge shaft
bearings and damper. There am two modes in this category whichwouldresult in failure to deploy
or partial deployment. Damper bindingcan be caused by seizedbearingsor ajammed vane. Seized
hinge-shaft bearingscan becausedbycontaminationof thebearingsor mechanicalfailure. Inorder
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to minimizethe possibility of thesefailures, all bearing surfacesare finishedwith a @ lube coating
to prevent galling. In addition, the FMEA recommends that a prelaunch inspection be performed
toverifythat thehinge triggerhasnotbeentrippedinadvertentlyby prelaunchactivities. Intheevent
ofeitherof thesefailures, thrustermaneuverswouldbe petionned to try tofkeethehinge by impulse.

Extreme low temperature beyond that predicted could also inhibit amaydeployment. In this case,
the ACS thrusters could be used to point the hinge directly at the sun for maximumheating. If this
alone was not effective in freeing the hinge, a combination of sun-pointing and thrust maneuvers
wouldbe attempted. As a last resort, dependingon the stuckpositionof the hinge,the blanket could
be deployedbeforethe hingeis latched,usingtheblanket’smomentof inertia to try to force the hinge
to a latched position.

5.1.2.2 Blanket Deployment

The only identfled failure mcde resulting in stopped blanket deployment is jamming of the truss
boom. (A multiplefaihne of theredundantmotorwindingswouldalsopreventdeployment,but this
failure would be non-recoverable.) Jamming, or increasedresistance of the drum nut mechanism,
couldbecausedby mechanicalfailures suchas separation,yielding,lossofmemo~ of thefiberglass
mas~ galling, or lack of lubrication. Contamination and tempatures that are too cold could also
increasethe resistanceto deployment. Theseconcerns are mitigatedthroughmaterial selection and
inspection,spec~led timelimits to maststowedstorage,anddry lubecoatingonall bearingsurfaces.
In addition, a three-to-one (200%) torque margin exists in the drive motor, which should be
adequate to overcome a jam. If not, recovery could be attempted by the following methods:

a. Stopping and restarting the motor

b. Reversing the motor for a short distance, then resuming deployment

c. Reversing the motor for increasing distances and resuming deployment

d. Rotating the solar array drive

e. Rotating the Spacecmft to increase the sun angle on the cannister, then resuming
deployment

If blanket deployment failure occurred after deployment was almost completed, a limited amount
of power would still be generated by the array, providing survival power and increasing the time
available for recovery operations.

5.1.2.3 Sun ‘Ikacking

Becauseof LV fairing constraints, the solar may is stowed on the Spacecraft such that it deploys
with the solar cells facing towardthe earth. The array mustbe rotated morethan 90 degrees in order
to align the cell-side normal with the solar vector for the commencementof sun tracking. A failure
of the solar array drive (SAD) mechanism could delay this rotation, causing a power+itical
condition. The deployedsolar may can generatea limited amountof powerwhile the cells face the
earth becauseof albedo illuminationof the cells. At beginningof life with the deployed solar array
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stationary in a nadir-pointig orientation,the averagepower outputduringthe 65 minuteswhen the
Spacecraft in in sunlight is approximately lWS W at 127Volts. The time margin to recover ffom
a failure of the SADwhich leavesthe solararrayht this nadir potiting orientationis about 4:8orbits.

One SADfailure mode is gallingof the drive bearingswhich could be causedby lack of lubrication
or by temperatures that are too cold. ‘l%eseconcerns are mitigated through material selection and
dry lube coating on all bezuingsurfaces. In addition, a three-to-one (200%) tonquemargin exists
in the SAD motor, which should be adequate to overcome additional resistance. If not, recovery
could be attempted by the following methodx

a. Stopping and restarting the motm

b. Reversing the dkction of rotation

c. Rotating the Spacecraftto increase the sun angle on the SAD

5.103 ‘Ilme Required for Recovery

In the case ofelevationhingefailure, it isexpectedthat the thruster-ftig andsun-pointing recovery
actions could be performed well within the establishedtime margin of about 2.6 to 5 hours.

For blanketdeploymentfailure, theoptionsformcovery are limitedtoswitchingon andoff theboom
drive motor and SAD, and a slight rotation of the Spacecraft to improve the sun angle on the
cannister. ‘Ilwseactions could also be performed well within the established time margin.

For a SAD failure which prevents the commencementof sun tracking, recovery actions could be
pexfonned will within the approximately4.8 orbit time margin.

5.2 Decreasing Risk Associated With Deployment

In order to identify failure modes with potentially catastrophic and critical consequences to the
Spacecraft, a Failure Modes and Effect Analysis (FMEA) and Critical Items List was performed
prior to the SAA PDR (Reference2). This analysis will be updated as the design progresses.

A pro-active approach to minimizingthe risk of solar array deploymentfailure should be taken, as
follows:

a.

b.

c.

Conduct literature search of on-orbit appendage deployment failures, and address
applicability of each failure mode found to EOS solar may

Developa risk mitigationplanfor solararray deploymentthat includesmodes identiiled
in theFMEA,Meratumsearch,andanyotherpossiblecausesofdeploymentmalfunction
not associated with specfilc component faihues

Establish a detailed recovery plan for solar array deployment anomalies, and run
simulations prior to launch

A separate risk mitigationplan, in additionto the overallSpacecraftRisk ManagementPlan, should
be generated for the solar arraydeploymentsystem, incorporatingall of the aboveelements. While
the Spacecraft plan addresses development risks that could lead to schedule delays, a separate,
speci.ilcplan for the solar array deploymentis justified becauseof the time-and mission-criticality
of the event.
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53 Options for Further Increasing lime Margin

This effort has identifkd options for ~mg the ~aY ~PloYment time -in within the .
constraints of the baselineEOS-AM Spacecm.ftdesign. To substantiallyincrease the time margin
established above, mtilcations to the SpacecraftconfQuration would have to be made, such as:

● AaUing a single-use, chemical battery. This would ~qti conilgumtion
trades to providea physical location,heat rejectioncapability,and interfaces
to the EPS.

● Adding a body-mounted solar panel. A limited amount of mounting -
could be made available for body-mounted solar cells, whichcould provide
some powergenerationcapability during launchhwent and in the case of an
amayfailure. However, the available cell-mounting area is not expected to
provide a signWlcantmargin increase, and would require a signtilcant
recon.tlgurationof the Spacecraft.

Because the cumentestimate of time marginfur recoveryfrom a solar array deployment failure is
consideredadequateforrecove~ operations,theseoptionsarenot beingpursuedfurther atthis time.
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6 WORST-CASE POWER GENERATION FAILURE

The absoluteworstcase powerfailure scenariowouldbe one in whichthe solararray stopsall power
generation. Although no credible failure scenario is known which would lead to this situation, it
wasconsidmd in order to determinehowlong the Spacecraftcouldsmive on batteries in the event
that a non-permanent failure on+xbit leads to loss of power generation capability. For example,
this situation could occur if the coarse sun sensors indicated that the array was in a position 180°
out of phase with its actual position, causing the array to face away 170mthe sun.

This failure scenario is defined by the following assumptions:

● The solar array generates no power.

. The initial condition on the batteries is a DOD of 40Y0, which is the level of
discharge at which the FDIR system will autonomouslydirect the.shedding
of nonessential housekeeping and Instrument loads.

. Thebatterycapacity is 50 ampere-hours, thenameplatecapacity. (Theactual
batte~ charging capacity at the 10”C maximum operational temperature is
57 ampere-houm)

. The Spacecraftpower Profdeis the one shownin Figure 6, for the Spacecraft
entering survival mode from a beginningof life (BOL)science mode. The
heater power in this case is worst case because (1) housekeeping and
Instmment components are coldest during the BOL part of the mission, so
that survival heater power requirements increase quickly after entrance to
survivalmode; and (2) the 15degree beta angle requiresthe greatest survival
heater powers.

For this scenario, the time to reach 80910DOD was estimated as approximately 149minutes, or 1.5
orbits,afterthe batteriesreach a 40%DOD. ThebatteryDODprofde for thiscase is showninFigure
10. Based on a non<redible, worst-case energy balance faihue scenario, this time margin
represents a lower bound for the length of time the Spacecraftcan survive solely on battery power
after entrance to survival mode.

The time margin of 149 minutes is 36 minutes less than the 185minutes which was estimated for
this worst case power failure in the previous energybalance analysis. The primary reason that the
current value is shorter is that the previous analysis assumed that the Spacecraft transitioned to
survivalmodeat a lowerDODof 35%because theFDIRcriteria hadnot yet beendefined. The 40%
DODcriteria hasbeen selectedbecause this is the higheststate of dischargefrom whichthe batteries
could be fully recharged within one orbit’s sun period. Also, this DOD value is somewhat greater
than 35%, which is the specilled maximum allowableDOD for the case of one battery cell failure.
There are no constraints whichwould precludechangingthis FDIRcriteria to shed load at a slightly
lower DOD (i.e. closer to 35%) in order to incmse the time margin.

This failure scenario combines many worst+i.se assumptions, and the actual time margin is
expected to be substantially longer than 1.5orbits becauseit is likely that the FOT would detect the
problem of increasing DOD and shed loads via groundcommand before a level of 40% is reached.
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Even if the FOT dces not detect the power critical condition prior to autonomous load shed, 1.5
orbits is considered adequate time margin for recovery actions to be completed. The EOS-AM
Spacecraftis baselinedto havetwo 10minuteTDRSScontactseachorbitfortranstission of science
data and housekeeping telemetry. N-Y, tie longest ~P* betw~n f~~ occ~nce ~d tie
reception of telemetry indicating the problem would be about 40 minutes. (This analysis does not
consider simultaneouspower failures and loss of TDRScontact.) Even in this case of a long delay
between problem occurrence and problem notilcation, there wouldstill be slightly more than one
full orbit of time margin remaining to identify the problem and command any ~covery actions.
Possible methods for increasing this time margin include:

a. verifying that all non+xsential loads are shed during survival mode;

b. optimizing radiator sizing through trim blankets to reduce heater power, and

c. re-evaluating the FDIR criterion for autonomous load shed to make it less than 40%
battery DOD so that non~ssential loads are shed sooner after any faihue.
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Figure 10. EOS-AM Battery Depth of Discharge (DOD) Profile For the Case of a
Worst Case Power Generation Failure
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7 SOLAR ARRAYTRACKING FAILURE

Anotherenergybalancefailure was consideredin whicha SADfailure causes the the solar array to
lose the capability of tracking the sun. A scenario was considered in which the cell-side normal
of the may points toward zenith, because this orientation allows the greatest power generation of
a stationary array. Therefore, this scenario provi&s an estimate of the upper bound of the time
marginto recoverfiom a powercritical situationcausedby a SADfailure. (Section5.1.2.3provides
an estimate of the lower bound of the time margin to recover fkoma solar array hacking failure.
The solar may oriented with the cell side facing nadir is the case in which the stationary may
generates the least amount of power.)

This failure scenario is defined by the following assumptions:

. The Spacecraft maintains an earth-oriented attitude.

s The solar array is stationary in a solar noon position, so that it does not track
the sun. The may position is one in which the plane of the solar cells is
parallel tothe SpacecraftXaxis withthecellsfacing towardzenith(-Z). This
cotilguration is shownin Figure 12.

. The conditions assumed for power generation include:
(1) mid-temn (2.5 years) solar cell properties
(2) worst case (lowest) solar constan~ which implies conditionsffom day

225 of the orbit with beta angle equal 23.9°.
(3) a constant solararraytempemtureof 71‘C (Theblankethasa very small

thermal capacitance, so that maximum temperature is achieved
soon after exit from eclipse. Variationsin blanket temperatureare
small during the daytime period.)

● At the time of the failure, the batteries are at a DOD of 22%, which is the
estimated level of battery discharge at exit from eclipse during nominal
Science Mode. The transition to survivalmodeis consideredto occurwhen
the Spacecraft exits eclipse.

. Thebatterycapacityis 50 ampere-hours, thenameplatecapacity. (Theactual
battery charging capacity at the 10”C maximum operationaltemperature is
57 ampere-hours.)

. Normal EPS opmtting efficiencies were assume~ including 98% harness
efficiency,94% battery discharge efficiency,93% battery chargeefficiency,
and 1.06chargeAiischarge(C/D) ratio.

. The Spacecraftpower consumptionremains at sciencemode levels until the
battery DODreaches 40910,when the Spacecraftautonomouslyshedsload to
a survival mode level. Once load shed occurs, the Spacecraftpower profile
is the oneshowninFigure 6. BOLconditionsanda 15degreebetaanglewere
assumed for worst case heater power values.

During nominal operations, the solar array always tracks to within a few degrees of normal to the
solar vector. However,the solar may is capable of generating reduced levels of power for a wide
range of sun anglesup to about70° from normal. In the scenarioof no suntracking,the arraystuck
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with the cell-side normal pointingtoward zenithreceivessome sunlightdwing a 50 minute period
each orbit, as compmd with 65 minutes during nominal conditions. The angle of the sun on the
solar array varies during the daytimeportionof the ofiit, sothat nominallevelsof poweroutput are
achievedfor only about 12minutesof each orbit. In this failurescenario,the averagepoweroutput
horn the array is 3295 W during the 50 minutes of sun time. The calculationsof the power output
of the solar array for this failure scenario are includedas an attachmentin AppendixA.

For this scenario in which the solar array does not track the sun, the Spacecraft is capable of
maintainingeneqgybalance with a 1393W average Spacecraftload. At dynamicsteady state, the
Spacecraft survival power is about 1400W (see Figure 6). Since the averageSpacecmft survival
power requirement at dynamic steadystate is greater than the sustainableload, this scenariocould
not sustain survival operations indefinitely. However, with additional scrubbing of the power
required by the Spacecraft in survival mode, it would be possible to survive indeftitely with this
particular orientation of stationarysolar array.

Figure 11illustratesthe batteryDODprofde for thispowercriticalscenario. Initially,the Spacecraft
is in science mode and remains at that level of power consumptionuntil the battery DOD reaches
40%. When the battery DODreaches the tlmshold level, the Spacecraftautonomouslysheds load
to transition to survival mode with a Educed power loacL The maximumbattery DOD reached
immediatelyfollowingload shed is about47%. Onceload is shd thebatteriesare able to recharge
partially while the Spacecraft power load is small, before heater power consumptionramps up to
its steady state value. As the heater power consumptionincreases,the batteries become unable to
fully ~charge each orbi~and the maximumbatteryDODincreasesabout3%perorbit. At this rate,
the batteries slowly approach the maximum allowable DOD of 80% over more than 24 orbits.
Thereforethe time marginto mxxwerfrom a loss of suntrackingcapabilitywouldbe approximately
40.5 hours, or 24.6 orbits, when the solar array becomesstuck with the cells facing zenith.

A time margin of 24.6 orbits is consideredmore than adequatefor attemptingall possiblerecovery
actions. The current estimate of the time marginfor recoveryfrom a solar array tracking failure is
less than the 55 orbits estimated by the previous analysis. The primary differences which have
caused the time margin to shrink m that (a) the solar arrayEOL poweroutput has been reduced
by 18%because of the reduced may size, and(b) load shed to survivalmodepower levels occurs
at 4090rather than at 25%.
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Figure 11. EOS-AM Battery Depth of Discharge (DOD) Profile For the Case of a
Solar Array ticking Faihue. Case of cell-side array normal pointing
toward zenith (-Z).
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8 CONCLUSIONS AND RECOMMENDATIONS

. Theearliestpossibletime for thesolaramay to begintrackingthesunis whentheSpacecraftexits
the fmt eclipse, at 82 minutes after go to internal power.

● Reco~ - Deploy the solar may concumendy with the earth
acquisition process in order to detect any anomalies in the deployment
process as seen as possible.

The final decision for timing of solar array deployment should be made after the solar array
subcontractor has performed a thermal analysis to determine if them is any risk of excessive
thermal distortions due to daytime deployment of the solar may, since the array would
experience direct sun on the rear of the blanket and on the thin side of the assembly.

● For the nominal launch/ascent scenario, the battery DOD at the start of Spacecraft energy
balance (at the exit from the fmt eclipse on-orbit) is estimated to be about 18% for a battery
charging temperatureof 20°C and about 22% for a battery chargingtemperatureof 30°C. The
provision of 153W of Instrument launch power to MOPITI’and ASTEWSWIRincreased the
30°C value by about 1%, to 23% DOD.

. The time marginforsolaratmy deploymentis at least 157minutes(1.6orbhs). This time margin
is the time measumd from the nominal sun tmcking time (G+82 minutes) which could elapse
before the battery DOD reaches 80%, assuming the worst case conditions of 30°C battery
charging tempemure and 153 W of Instrument launch power.

Removing the Instrument launch power would increase the time margin by about 1 minute to
158 minutes. Decreasing the batte~ charging temperature to 20°C would increase the time
margin to approximately 238 minutes (2.4 orbits).

The actual time margin may be as much as 60 minutes longer becausethe any anomalies in the
solar array deploymentshould become evident soon after the commencementof deploymentat
G +22 minutes.

The time ,marginof at least 1.6 orbits is considered adequate for problem identilcation and
recovery actions. The FOT will have a nearly continuous communication link with the
Spacecmft during the launchhiscentphase, so that any required response will be rapid.

● Implement a risk mitigation plan for solar may
deployment. The recommended plan is outlined in Section 5.2.

. 153W of Instrument launch power for MOPITI’and ASTER/SWIRhas only a small impact on
Spacecraft energy balance. The Instrument launch power increased the battery DOD in the
nominal launchhscent scenario by about 1?10.The Instrument launchpowerdecreased the time
margin to recover from a solar amaydeployment failure by about 1 minute.

● Reco~ “ GrantMOPITTand ASTER’srequestsfor launchpower
during the launch/ascent phase, with the understanding that power may be
removed a few minutes after launch loads have passed. Incorporate
Instrument launch power requi.tementsin the respective UllDs.

● ~ Seek ways to minimize the amountof powernx@.redby
Instruments during launch in order to presexveadequate time maxgins.
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● ~ Consider Instrument launch power as a factor in the
thermal analysis of the Spacecraft in the launch vehicle fairing in order to
assess the impact of this additional thermal dissipation on the battery
chargingtemperature. This analysis is scheduledfor completionprior to the
TCS PDR in May 1994.

. For a worstcase energybalancefailure in whichthe solar array ceases all power generation, the
Spacecraftcan surviveon battery powerfor at least 149minutes,or 1.5ofiits. This time margin
is considered adequate to receive telemetry indicating the problem, identify the problem, and
nxpond before the battery DOD exceeded 80%.

. For an energybalancefaihne caused by the inability of the solar array to track the sun, the time
margin for recovery is bounded by the range of 4.8 to 24.6 orbits (8 to 41 hours). The worst
orientation (i.e. smallest time margin) is the solar may with ceil-side normal pointing toward
nadir becausethe powergeneration is at a minimumfor a stationaryarray. The best orientation
is the solar army with cell-side normal pointing toward zenith because the power output is at
a maximum for a stationary array. This range of time margins is considered adequate to allow
problem identilcation and recovery actions.

. Battery chargingtemperature is a sign~lcant factor in the solar may deployment time margin
because it affects the charging capacity of the batteries. Increasing the pre-launch batte~
charging tempemture to 30”C horn 20°C nxiuces the battery capacity by about 16%.

.
● ~ Maintaina goalof ceding the batteriesto approximately

20°C duringchargingoperationsin the launchvehiclefairingprior to launch,
using localized coolant flow for the battery panels if necessary.
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Solar by Power Output for the Case of No Sun Tracking

(Assumptions are explained in Section 6.)
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1 INTRODUCTION

~- ~is design note det~s the developmentof Wocatims. p~dictions, and veritlcation
plans for the EOS-AM spacecraftpointingerrors. Allocationrationale and veriilcation status are
providedfor eachline item. The rationaleiseitherbasedon: 1)flightiest data fromotherspacecraft
programs; or 2) EOS-Al analysis;or 3) EOS-AM-specific worst+xse analysis. The verification
starus identities whether (A) detailed analysis indicates that the allocation is cumently met. (B)
prelitiary analysis supportstheallocationbutfurtheranalysisis requiredto validatetheallocation.
or (C) preliminary analysis indicates that the allocation is not currently met. For each panting
budget the applicable line items and the methodusedto combineboth the line items and categories
am clearly identifkd.

-- Allocationsandpredictionsforjittcrand stabilityare providedto the instrumentboresight.
Pointing knowledge and pointing accuracy allocations and predictions are provided to the
bus-tAmrument interface. The budgets allocate pointing enors to meet all of the insaument
requirements. Thejitter/stability budgetsare instrumentspec~lc,whereasthepointingaccuracyand
pointing knowledge budgets represent the worst case performancefor all line-items,

Section 2.0 defines coordinate ties. Section 3.0 defines pointing requirements. Section 4.0
defines the methodof st@ard deviationdetenn.ination.Section5.0 providespointingerror source
definitions and allocations. Section 6.0 provides the @nting budgets. Section 7.0 provides the
Contract End Item Specitlcation subsystemrequirements. The allczations listed in this document
am the “design-to” numbersfor preliminarydesign and an SECNcontrolled ‘I%epredictionsMe
based on the latest baseline information available at the time this design note is being published.

Revision A of this design incorporatesupdated predictions for specific Imowiedge,accuracy.and
jitter/stabiliry error categories as detailed in Section6.0. These updatesreflect analysesperformed
in preparationfor SpacecraftPDR. Nochangeshavebeen madeto theallocationsestablishedin the
initial release of this design note or in the recommendedCEI requirements.

1.1 summary

There are sevetal areas in the pointing budget where the current line item predictionsfall short of
the allocations. However, the ovemll predictions show that all system level requirements are
currently me~

1.1.1 Caveafa

Thejitter andstabilitypredictionsincorporatedin this releasegiveresultsat the instrumentboresight
based on the angular rotations recorded at the worst case node of the instrument provided Finite
Element Mmiels. Translations at these node points arc not available tim the analysis. h is
understoodthat this definition is not a true pictureof thejitter at the lxxesigh~howeverthe detailed
knowledgeof the instrumentsis not availableto the degreenecesaaq to modelthe optical path. The
analysis results do provi~ however an understanding of the significant jitter souxes. These
prel.iminaxy bomsight predictions do emphasize the need to reduce the effects of the StirlingCycle
Coolers in general, and the SWIR cooler s~cifically.

Pointing stability performance around the terminators has been identified as a risk area. Past
analysis has shown that Spacecraftdisturbance due to Solar Amy thermal snap may be largerhn

1
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desired. The solar array wnda (’TRW)has, however provided analysis to support the claim that
thermal snap will not be significantwith the type of array being used for the EOS AM Spacecraft.
In spite of this, it is importantfor instrumentsto evaluate the impact of largedisturbances(on the
order of 25 arc-seconds) aroundthe terminatorsand developplans to assure that any data taken in
theseareas are still usefil. Projectmanagementhas takenthe positionthat solarmay snap will not
drive the array design.

1.2 Allocation Chang~

Revision A of this design note includes no changes to the allocations as dcxxmented in the inmai
release of this document. Changes to the allocationsgiven herein, are under SECNControl.
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2 COORDINATE FRAMES

2.1 Orbital Reference Coordinate Frame

General Description - The Orbital ReferenceCoordinateFrame moveswith the satellite alongthe
space trajectory anddefines the desired inenial orientationof the satellite. ForEOS-AM. thistarget
pointing frame is geocenrnc. If pointingwere perfect,the axes definedby the instrumentboresight
would be alignedwith the OrbitalReferenceCoordinateFrameat eachpointin the orbit. The frame
is right-handed and orthogonal.

Detailed Aes Definition - The +z-axis is a line from the Spacecraftcenter of mass to the center
of the Earth (center of the Earth defined as the origin or the Earth CenteredInertial Frame). The
+y-axis is a line normal to the z-axis and to the Spacecraft’sinstantaneousvelocityvector (negative
orbit normal direction). The +x-axis completes the right hand set. Due to orbit eccentncuy, the
x-axis and the Spacecraft’sinstantaneousveiocity vector wiil not be c~aligned.

Illustration - Figure 1, below, illustrates the Ohital Rei%renceCoordinateFrame iri the plane of
the Spacecraft orbit for science mode. The z-axis is nadir. The y-axis is negative orbit normal.
The x-axis has the same polarity as the Spacecraft’sinstantaneousvelocityvector(v) and is located
in the plane formed by the z-axis and the instantaneousvelocity vector.

* 705 km at
equator

Figure 1.

-&
Orbital Reference Coordinate Frazm



EOS-DN-SEM443 Rev.A
August31,1993

L

2.2 Spaceemft Body-Hxed Reference Coordinate Fmme

A right-hand. otiogonal. body-fxed ~ference mrdinate systemshall be usedfor the Spacecraft
and its componentsas shownin Figure 2. Duringnormalsciencemodeoperationsthe Z-axis shall
pass through the center of the earth, with +2 being nadir (toward the earth). The Y-axis shall be
nominally along the orbit normal. with +Y toward the anti-sun side. The X-axis shall be normal
to the Spacecraft separationplanewith+X in the generaldirectionof theSpacecraftvelocity vector.

The Spacecraftorigin shall be locatedat the geomernccenterof thePrimaryStructureBulkhead#l.
the bulkhead to which the PM baseplateattaches.

2.3 Spacecraft Reference Axes

GeneralDescription - The SpacecraftReferenceAxisisdefinedbythe NavigationBaseReference.
The NavigationBaseReferenceis located intheGN&CSensorEquipmentModule(EM)enclosure
on the optical bench. The Spacecraft’sattitude control system attempts to align the Spacecraft
Referencefiis withtheOrbitalReferenceCoordinateFrame. Theobjectiveofalignmentis toalign
the instrument’soptical cube with the NavigationBase Reference.

Detailed Axes Definition - The x, y, and z axes of the SpacecraftReferenceAxis are nominally
aligned with the x, y, and z axes of the SpacecraftBody-Freed CoordinateFrame prior to launch.

Illustration - Figure 3, illustrates the SpacecraftReferenceAxis.

2.4 The Instrument Alignment Cube (lAC) Coordinate Frame

General Description - Instrumentsare either mountedon an InstrumentMountingPlate (IMP)or
directly mounted to the Spaceaaft truss. Each instrument will have an optical cube to suppon
instmment alignment. This IAC defines a coordinate frame to which the instrumentpointingcan
be referenced.

Detailed AxesDefinition - The x, y,and z axes of the IACCoordinateFramearenominallyaligned
to the x, y, andz axesaf theSpacecraftReferenceAxis.

Illustration - Figure 3, showsthe IACCoordinateFramefa a typicalinstrument Each insuument
may have a different locatioa for the optical cube, but it shall always be close to the instrument
boresight.
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Figure 3. SpacecmR Reference Axis and InstrumexI! Mounting Cube Coordinate Frame
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3 SPACECMm POINTINGREQUIREMENTS

Definitions - The Spacecraft’spointing requirements are divided into threedistinct categories:
pointing knowledge, pointing accuracy, pointing stabilityljitter. Figure 4, below. illusmates
graphical y the definitions for each aforementionedcategoq.
~.. ow!edsz~- the error in the determination of the actual pointing direction of the
instrument to Spacecraft intexface. Pointing howlcdge can refer to a real-time (on-board)
determinationor a post-processed (after-the-fact) determination. Requirementsand pefi-ormance
discussed herein are real-time.

Ace_ - the angle between the actual pointing direction and the desired pomng
direction of a selectedreference fiarne about a given axis. h the case of the EOS-AM Spacecraft
requirements, the actual pointing direction is the orientation of the Spacecraft to insuument
interface;the desiredpointingdirection is the center of theEarthcenteredInertialReferenceFrame.

. . . .~ - the peak-to-peak variationof the actual pointingdirectionover relatively long
time intends, per axis.

- the peak-tqeak variation of the actual pointing direction over relatively sho~
time intemls, per axis.

sic 0

---

Actual Pointing
Direction

PointingStabUity/JittccAeinAT I
-------------------

/
1

--------

I .
I .---- .-”;

\

---

+ I
I

Estimated Pointing
---

1 I Direction

I
~ AT~1

mh~ ~
Desired Pointing

I Dixcction
I I
I I

I

Tiie

F@c 4. Panting RequiremrU Definition
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3.1 Spacecmft Pointing KnowledgeRequimnents

TableL SpacecraftAttitude RequirementsFmm RX)

Requirementper ~st1jJ2J
(arc-sex)

Pointing Knowledge 90

Pointing Acctlraq 150

Pointing Stability ~D(3)

Pointing Jitter ~D(3)

Note: (1hfeaaurements appiyat tbc instmmentintcrhx
(2he qmeuaft mquircmcntsasshownam3u,and applyduringsciencemode
operations
(3)ThcUIIDs (see‘IhbieII)spcci$ * stabilityandjitter xquircments.

The RD specifiespointingknowledgercquircmcntsat the bu~instrument interface.as indicated
in Table L Pointing knowledgeis with respect to tbe Orbital ReferenceCoordinateFrame.

- For pointingknowledgeat the insaumertt interface,the scleacd reference frame
is defined by the IAC.

- The pointing Imowlcdgerequirementsarc rcal+ime requirements.

A pointingknowledgeerrorwill alsoexist betweenthe IACandthe axesdcfmed
by the instrument’sboresight.

3.2 Spacmdt PointingAccuracy Requirements

TheRD specifiesa pointingaccuracyrequirwncntat the bu=o-instrument interface.as indicated
in Table I. Pointing accuracy is relative to the Orbital Rcfercncc Coordinate Frame (the target
hame).

For pointing accuracy at the insaumcnt intcrfacc. tbe sdcctcd refe~nce fi~e
is defined by the MC.

A pointing accuracyenur will also exist bctwccnthe MC and the axes defined
by tbc instrument’sboresight.‘

3.3 Spacecmft Panting Stability and Jitter Req*xMs

TheRD currently indicatesTBD as the pointing stability and jitter requirementsat the instmmem
interface, as indicated in Table I.

For pointingstabilityandjitter at the instrumentinterface,the selectedreference
frame is dcfmcd by the instrument mountingcubes.

Pointingstabilityandjitterenors alsoexistbcnveenthe MC andtheaxesdefined
by the instrument’sbmsight.
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3.4 Instrument Specific PointingRequirements

Ovemiew - TheEOS-AM instrumentset is as follows:ASTER(S~, ~, ~d v~), CE~S,
MISR, MODIS, and MOPITT. The pointing requirements found in the RD referenced to the
bus-t-instmment interfaceare intendedto meet the needs of these instruments. The instrument
specific pointing requirements are detailed in the individual Unique Insuument Intert”ace
Documentsas summarizedinTableIL The pointingbudgetsgiven in section7 provideallocauons
that meet all of these requirements.

TableIL instrumentSpecific PointingRequirements[l]

UllD Date J~ = J-93 J-B Mar 93 July 93 Nw 92 JuIy93

Categmy SwlR TIR VNIR CERES MISR MODIS MOP1’IT

Pointing
Knowledge at
the Instrument

Bore@t
[arc-q 3U] 120 120 ~ PI 215 PI “ [4] 141 [21

x 120 M ~ 01 215 Q] 141 [4 ::
720 720 ~ [3] 215 PI 141 [21 300

:

Pointing Accu-
racy at the In-

strument
Boresight

[arcsq 30] 360 360 360 360 1373 3600 500
x 360 360 360 360 J373 3600 500
Y 1080 1800 360 360 1373 3600 500
z
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‘IhbleII (Cent’d) InstrumentSpeci!tchinting Requirements[ll

ASTER

category SWIR ITIR I VNIR CERES MISR MODIS MOPIT’r
I , 1 1 1 I 1 1

‘Pointing Jitter and Stability [ar~ 3(J]

lsec x 5.2 15.8
Y 5.2 15.8
z 13.7 40.9

1.8 SCCX 35
Y 33
z 9.1

6%X 79
79

; 79

9secx 18
Y u
z 60

1247 see x
Y
z

420 s% x

:

480sec x 26.4
Y 26.4
z 68.6

[1]- Unkothcmhse st8tec&the~=~~~--~m~u~w~ent
InterfaceDocuments.
[2]- m-Ht*~up-~htk8~ *8mMtir*p~hg
ofpoiutingandorbittitYn8ams
[3]- Real*

-LEE

322
322
322

20
20
20

[4]-l%MSRUIIDmcahatimmmcn t pomangbwdedge priortofli@ gmmetnccalibnfaonmust
bemlf5Cicnttovd&duttkdkxud” ~t===v~u=~u~~~
thnxgillallnc&ud dtuhlgiMttumQtOpcmaorn

Bold entries r’epment drMng reqdremalts
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4 METHODTO DETERMINESTANDARDDEVIATION

The EOS-AM pointingrequirements(Section 3.0) are specifiedas 30 values. Therefore, for each
error sourcewithineach pointingbudget,rationale is requiredto explain whythe allocationfor that
error sourcerepresentsa 30 standarddeviation. TOdetermine the proper statisticalrepresentation.
each error source will be classi.tiedinto one of two possiblecategories:

Category 1: Error Sources with a KnownProbability Distribution
Category2: Error Sourceswith an UnlmownProbability Distribution

For thoseemr sourcesthat have a knownor assumedprobabilitydistribution,the calculationof the
standarddeviation involves the use of standardstatistical procedures. For those emor sources that
do not havea knownor assumedprobabilitydistribution,anextreme worst+ase predict is assumed
to represent the 30 value.

4.1 Statistical Determination

Theprobabilitydistributionfor someemr sourceswillbe known. Fmthese error sources,statistical
propertieswillbe usedto determinethestandarddeviation,a. l%en, a multiplicationby threeyields
the 30 value. In these cases, the standarddeviation is calctdated using the following well-known
equation:

02 = E[x2] - @[X])2
or
(variance) - (standarddeviation)2 - {MeanSquare- (Mean)2}

Here, U2is the variance:u is the standard deviation; and E[x] is the mean which is calculated as:

J
T

E[x] = x(t) :

0

Here, x(t) is the value of the error source as a fhnctionof time: and T is the time interval.

4.2 Womt=Gse Analysis

The probabilitydistribution for some error sources will not be known. For these error sources,an
extreme worst-case analysis is pmfortned. ‘he extreme womt-case predict is assumedto represent
the30 value. Theextremeworst+xse predict, inmost cases, shouldrepresentstatisticallya standard
deviation greater than 3u, because extreme worst-case analyses often assume physlcally
unrealizableor highly improbablescenarios. Therefore,3u alkauons derivedby this methodare
consemative.

The 30 standarddeviationfor some error sources will be calculated via worst+ase analysisduring
the design phasesof the program and later verifmdvia testing supportedby statistical reducuca of
test data during the integ&ion and test phases of the program.
the worst<ase analysis is to provide an upper bound on the

11
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reductionof the w~~ ~st datashouldyieldlowers~tid deviations~m predictedvia Worst+ase
analysis. This providesa mechanismwherebythe predictedPinttig performanceof the EOS-W
Spacecraft improves as the program prognxses from the analytical verillcauon phase to the test
verillcation phase.

12
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5 POINTING -OR DEFINITIONSAND ALLOCATIONS

CATEGORIES- The Spacecraft @nting errors are subdividedinto @ming emorcategories.as
shown in Table KI below.

TableIII. Pointing ErrorCategories

Attitude DeterminationEmor
Attitude Control Error
Ephemeris Error
Stmctural Dpmics Error
Thermal Distotion Emor
Moisture Distortion Emr
MeasurementError
Positioning *or
Gravity Error
Launch Shift Error
Rernate ErrcK

dynamic
dymamic
dynamic
dynamic
both
static
static
static
static
static
static

General definitions for each enor category are provided= Each category is classified as either
dynamic, static, or both. A staticerror either does not vary with time or has along period relative
to the longest stability requirement (420 see). A dynamicerror varieswith time,the period is sho!t
relative to the stability requirement. Some categories have both static and dynamic pointingerror
components.

LINE ITEMS - A line item is a pointing error some within a pointingerror category. All emor
sources to the instrument interface arc defined. Although only IMP-mounted instrumen~ are
specificallyaddressed, the errors associatedwith direct-mount instrumentsare a subsetof thosefor
IMP-mounted instruments. Therefore these allocations arc considered consemauve for
direct-mounted instruments.

ALLOCA~ONS FOR LINE ITEMS - Each line item fcx pointing knowledge and poumng
accuracy is assigned an allocation. Pointingjitter/stability allocationsonlygo down to the pomtmg
error category level. These allocations are the “design to” numbers for preliminarydesign. The
rationale for each allocation is provided. Rationaleconsists either of 1)flightiest data from other
spacecr~t programYor 2) EO$A1; or 3)EOS-AM-specKlc worst+ase analysis. Eachal.locauon
is assigned a status as indicated in Table IV below.

lkbk IV. he Item Allocation Status Deilnidons

“A” Status => detailed anal@s indicates that dloation is cuxrentlymet
‘Bn Status => furtheranalpis is required to determine whether allocationis met
“c”status =~ preti~ and@indi-a thatPerformanceimprovement is

needed

An“*A”status indicatesthat stilcient analysis has beencompletedor that sufficientflightiest data
with appropriatesimilarityexists to assurethat the allocationcan be met. A“*B”status indicatesthat

13
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sufficient analysis has not been performed to date to justify the ahcation. Future analysis is
required. A ““C”status indicates that preliminary analyses of the current design indicate that the
allocation is not currentlymet. Designchanges from the baselineor changedrequirementsmaybe
necessary to meet these allocations.

Note: O-P means Zero-t@Peak, P-P means Peak-t&Peak.

5.1 Attitude DeterminationError

Category Definition- The Spacecraftattitude determinationalgorithmestimates the orientationot
the Spacecraft Control Coordinate Frame (Section 2.3) relative to Earth Centered Inerual
Coordinate hrne of date, Figure 5. This estimate is based on star tracker and gyro data. each of
whichhassome levelof noiseandsomeassociatedbias. Additionally,a starcatalogis used to mateh
up the sensed sightings with known star positions but the “kmown”positions are only known to
within some tolerance.

The attitude determinationerror categorydoes not includeerrors associatedwith the lmowledgeof
the transformation matrix betwem the star tracker optical boresightaxes and the Nav;gatlonBase
Reference optical cube. These errors do influence the Spacecraft’spointing capabiliues but they
arise due to thermal and moistum distortions, launch shifts, and measurememerrm. Theseerrors
are accounted for in the pointing budgets. However. they arc included in the aforemenuoned
pointing error categories. This method of bddteepi.ng must be kept in mind whencomparingthe
attitude determination performance of the EOS Spacecraft with other spacecraft to avoid
inappropriate comparison.

Line Items and Allocations - The attitudedeterminationerror categorycontainsseveral line Items.
These line items include star catalog error, coordinate frame emor.velocity alxm.ion error, and
update filter error. Each line item is a dynamic error. Therefore,allocationsare required not only
for the zero-to-peak error (used in knowledgeand accuracybudgets)but alsofor the peak-t-peak
error over various time periods Qitter/stability).

5.1.1 Star Catalog Error (Dynamic)

5.1.1.1 Line Item Defhition

Starcatalogsthat list starpoaitiats withrespectto an inertiallyf~edcoordinate frameat a giventime
are often used as a reference to select a smaller catalog for use on-bard a spacecraft. Catalog
reduction is generally based on the performance characteristics (magnitude, separation, spectral
class, etc.) of the spacecraft’s star sensing device. Unfortunatelythe star position data (which is
based on obsemations) listed in the reference star catalogarc na perfect. The star catalogerror line
item of the attitudedeterminationerror catego~ accountsfor theseuncertaintiesin thereferencestar
catalog at the given time. Because this error is dynamic, it also effects stability and jitter.

5.1.1.2 Allocation Rationale

Zero-t@Peak - A star catalog has been developed for EOS basedon a reductionof the SKYMAP
catalog. This EOScatalogcontainsclose to 700 sw whichrange in perceivedmagnitudefrom2-5.
The SKYMA.Pcatalog lists the one sigma uncertainty in the position of each star resident m the

14
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catalog. Out of tie close to 700 sws selected for the EOS catalog, the maximumpositionerror is
0.2 arc-see. one sigma. The threesigmaemoris three times theone sigmaerror or 0.6arc-see. This
is consewatively assumedto be the error on each axis. Theallocation is assignedan “A” statusdue
to the con.tldenceassociated with star position unceminty estimates provided by the SKYMAP
catalog.

5.1.1.3 PredictionSource

The prediction source is the same as that for the allocation. This prediction has not been updated
as part of the PDR analysis.

5.12 Coordinate FrameError

5.1.2.1 Line Item Definition

The coordinate frame uncertainty error accounts for several errors related to determining the
position of a star in an inertial tlame as a function of time. ‘I%esearm’s include: 1) precessionand
nutation of the inertial frame with time; and 2) proper motion of stars with time. These motions
are pmiictable an~ therefore, the magnitude of this line item is a fhnction of the on-board star
catalog update frequency. Star catalogupdates correct for these effects to within some tolerance.
This tolerance is thecoordinateframeuncertaintyerror. Becausethiserrorisdynamic, italsoeffects
stability and jitter.

Nutationand precession - Incxtialties rotate with time. For example. nutation and precession
of theEarth CenteredInertial(ECo CoordinateFrameaxesoccurdueto the gravitationalatrractlons
of the Sun and Moonon the asphencal Earth. Precessionof the northcelestial pole and a westward
movementof the vernalquinox result from a torqueon the Earthdue to the Sun. The periodof this
precession is 26000 years. Nutationof the north celestialpole resultsfmm a torque on the Earth
due to the Moon. The period of this nutation is 18.6 years. Figure 5 illustrates the nutation and
precession of the ECI coordinate frame. This inertial tie is commonly used on spacecraft to
represent star positions. These effects are well Imownand predictable.

ProperMotion - Starshavetheirownintrinsicmotionwithinthe Galaxy.Thechangein theposition
of the star is called its proper motion and is known and cataloged for most of the brighter stars
because star velocities anddistanca relativeto theEartharchow. I’keforc, thisemr source
can lx corrected for via star catalog updates.

5.122 Ak8ti0n R8tioMle

Nutation, pruxsaiat, and proper moth effects arc well known and predictive. Sign~lcant data
exists and has been compiled with regard to this topic. ‘l%isallocatkm is consistent with the
allocations for the GSFC butdsat. ‘Itte star catabg update frequency will be at least as frequent
(baseline is one week) for EOS. If rquirecL the catalogue update could be petfotmcd more often.
thus improving performance. The UARS updates are @xmcd every day. This allocation is
assigned an “A” status due to similarity with respect to other GE/GSFCspacecraft.

5.123 Prediction Source

The prediction source is the same as thatfor the allocation. This prediction has not been updated
as part of the PDR analysis.
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Period of
precession-26,000~ ,

~ Period of Nodding
or Notation= 18.6yrs

Figure 5. The Earth-Centered InextialFrame

5.103 VelocityAberration

5.13.1 Iine Item Deihition

Motionof anobswer relativetoa starresults inan apparentshiftinthepositionof thestaraswewed
by the observer. On a spacemft+ the star tracker is the obsmmr. ‘TIMstar sacker velocityrelauve
to the star results mainly hoctx 1) the Eanh’s velocity in its eccenaic orbit about the SWUmd z)
the velocityof the spacecraft in its cccenrnc orbit about the Earth. In general, the magnitudeof the
velocity aberratim ~ is proponional to the magnitudeof the obsctwr’s velocity mlativc to the
stardividcd bytlwspeedof light. The apparentdirectionof thestar shiftstowardsthe velomy vector
in the plane that contains both the VC1OCNYvector and the poaiticmvector tim the obsetwerto the
star. The velocity abcnatiat error is time varying due to the time varying nature of both the
magnitudeand direab of the velocity vector betweenthe obsexvcrand a star.

5.13.2 AUocationRationale

Zero-[&Peak - TheEOSattituckdeterminationsoftwarewillcontaina blockof code thatestimates
and corrects for the velocity aberration associated with the selcacd star. Each time a new star is
selected a velocity aberration correction will be applied to that star. ‘I%con-board ephemeris
softwareestimates the velocity of the spacecraft at a high frequency(the baseline is 2 Hz or evev
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0.5 seconds) to within 0.16 tisec. The velocity of the Earth in its orbit about the sun is also very
well known (UARS estimates the direction of this velmity to within -8 parts per million).
Therefore, it is consewatively assumed that velocity abemationeffectscan be corrected to within
1’%.The velocity of the earth in its orbit is approximately34 kmkc whereasthe velocityof the
Spacecra!”tin its orbit is approximately8 krrhec. In the physicallyunrealizableworst<ase, these
twovelocityterms wouldbe in the samedirectionandthe magnitudeswouldadd. Inthisworst<ase.
adding the two terms and dividing by the speedof light yieldsa maximumuncompensatedve10CNy
abemationemorof 30arc-see. Lftheerrorcouldonlybecorrectedtowithin 1%,a maximumveloclty
abemationerror of 0.3 arc-see wouldresult. The allocationassumesthatthis is the worst+ase emor
on each axis. This allocation is greater than the allocations for both the Landsat and UARS
spacecraft (they used 0.1 arc-see). This allocation is assigned an “A” status due to the results
indicated in the EOS analysis and due to similarity with respect to other GE/GSFCspacecraft.

5.13.3 Prediction Source

The prediction source is the same as that for the allocation. This predictionhas not been updated
as part of the PDR analysis.

5.1.4 Update FUterPerformance

5.1.4.1 Line Item Del%nition

The EOS primary attitude determination softwarecontainsan attitudeupdatefalter(Kalma.nFilter)
that estimates the orientation of @ Spacecraft Control Coordinate Frame relative to the Earth
Centered Inertial Frame of date. This estimate is based on data from one or two star trackers and
three-axis gyms. These sensors, however,have inherentnoise and bias error characteristics. Star
trackers errors arise due to star color. calibration residuals, interpolation.quantimion. lag. signal.
backgrouncLand dark cumentshot noise, detector readoutnoise,and videoamp~ler noise. and star
tracker dynamics. GyTOShave errors due to quandzation, scale fact=, gyro bias,rate noise. random
walk noise, alignment errors, and gyro dynamics. Additionally,the computerused to estimate the
attitude has associatedquantizationand lagemors.the attitudepropagationalgorithmbasedon gflo
outputs is not mathematicallypedect, and arelativealignmentemormayexistbetweenthetwosw
trackers. Also, objects such as the moon may bhxk the field of view of the star trackers for a
signiilcant period of time which fwther increases attituti propagationerrors. All these errom
contribute to the @ate fdtcr emr. This emr Conrnbutesto pointingknowledge,pointingaccuracy
and @Xirtg jittCdStAbility.

5.1.4.2 Alkdon R8tiormk

These allocations (Imowledge,accuracy,and jitter/stability) were takenfrom an EOS-AM specitlc
performance estimate, with margin added. Reference 1, Margin is requireddue to the prelimimuy
nature of the rclaticmshipbenveenGE and the star uacker vendm.

5.1.4.3 Prediction Source

Revised uplate falterpredicticmshave been made for Revision A of this document. The revised
estimates for pointing knowledge and accuracy are based on results of covariance analysis as
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documented in Reference 2. Revised estimates for pointing stability and jitter were taken from
simulationruns as documented in Reference3. All updateswere based on cases in whichone SUM
tracker was assumed to have faile~ the Fine Sun Sensor was not availableand moon interference
occurred in the orbit.

5.105 Star Position Accuracy

5.1.5.1 Line Item Definition

This line item includesall otherdynamicstar positionerrcmthatarenot trackedby the Kalmanfilter
and not included in the UpdateFilter simulation. In other words, the Kalmanfalterwill pass these
enors through as though they were actual spacecraft rotations. Slow and low spatial frequenty
thermal effects, star color effects, and CTE intensitydependenceerrors are included.

5.1.5.2 Allocation Rationale

The allocationsfor pointingknowledgeand pointingaccuracyarederivedtim the Solid Sute Star
Tracker Performance SpecWlcation. TIMspecification includes a requirement for reponed star
positionaccuracy. Becausethefi’equencycontentof thiserror isnotspec~led it isprudenttoassume
that some of this error is trackedby rhe Kalmanfalter. It was assumedthat 25%of the star Position
accuracy emor is passed through the falter.

The allocations for jitter/stability assumethat 25%of the passedenor occurswithin the 420second
period of interest and essentially none during the 9 or 1.8secondinternal.

5.153 PredictionSource

The prediction for knowledge is derived from the Ball Solid State Star Tracker Proposal and 1s
documented in Reference 4. 71wsource of the passedmm is star color shift

It is believed that an insignifkantamountof thisemr is actuallyuanslatedinto spacecraftmotion
during my 420 second time penal

‘INs prediction has na beenupdatedas part of the PDR analysis.

5.2 Attitude Control Error

CategoxyDeftition - The Spacecraft attitude control algorithm generates torque commandsfor
the reaction wheels in ader to align the Spacecraft Controi Coordinate Frame with the Orbital
Reference CoordinateFrame at each orbit point basedon attitudedetermination,ephemeris inputs
and a desired target fm.me. The attitude control system. however, C~CX ~@ these frames
perfectly.

Line Item Definitions and Allocations - The attitude control pointing emor category contains
several line items. These line items include control system performance errors, housekeeping
disturbance errors, and instrument errors. The line items were selected based on what wd.1be
included in the simulation to simpl~ verification.
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5.2.1 Control System Performance

5.2.1.1 Line Item Definition

Control system performanceemomincludethose pointingemorsinducedby attitudecontrol system
softwareand hardware limitations. l%ese errors inchde: wheel torque least significant bit. wheel
s~ed zero crossings, wheel viscousfriction, magnetic torque feedfonvad uncenainty,gyroscopic
torque feedfonvard uncenainty, lowfrequencyflexibledynamics,and environmentaldisturbances.
All these error sources are included in the attitude control system simulation which is used to
perform an analytical veritlcation of the control system’sperformancecapability.

Wheel TorqueLeast SignificantBit - The attitude control algorithmcalculatesdesired torques[o
be providedthereactionwheels. However.softwarelimitsthe resolutionof thesetotque commands.
Therefore, the desired torque is not exactly commanded or applied and a corresponding pointing
error results. Simulation and flight experience indicate that these errors are signtlcantly reduced
if a saw tooth type dither torque with a peak amplitude less than the LSB is superimposedon the
torque commands. This methodologyis included in the baseline EOS control algorithm.

WheelSpeedZero Crossings - ‘AVOpotentialetrors exist whena reactionwheelspeedcrosses zero
i.e., goes from positive to negative or vice-ve~ FirsL the static or coulomb wheel friction has
constant magnitude but assumes the same sign as the wheel speed l%ercfore,as the wheel speed
crosses zero the sign of the coulomb fiction also changes. Even without knowledge of the zero
crossing. the control system wouldeventually figure out that the sign change4 and accommodate.
However, the spacecraft’s attitude in the interim undergoes a small transienL The EOS control
system, by monitoring the wheel spds, commands a reaction wheel torqueequal and opposite to
the torque induced by the change in coulomb friction to reduce this Uansierm This feedfonvard.
however, is not perfect. ExTorsarise becausesoftware limits the resolutionof the wheelspeeddata.
because computer delays may inhibit the application of the feedfommrdpreciselywhen the wheel
crosses zero speed. and because the magnitude of the coulomb tiction, although verified via test
on each wheel. isonly knownto withinsometolerance. The secondetmrthat canarise whena wheel
crosses zero s~d is suction. Stiction only occurs if the wheel speed and the torque (change in
speed) of,the wheel are IX1OWcertain thresholds. If this is the case, the wheel will get stuck when
it crosses zero speed and will na spin again until the taquc exceeds the stiction torque. This is
similar to a wooden blockwhichwill na slide alcmga tableuntila force which exceeds a certain
magnitudeis applied. TIMEOScontrol system.bymonitoringwheelsped attemptsto alwayskeep
the wheel torqueabove the stiction torque threshold therebyeliminadnganypomibilityof stiction.
GE has developed several techniques to counteract this phenomenonand one design has flownon
the DMSP and TIROS spacecraft A torque is applied to the spacecraft to preventstiction but this
disturbanceresultsin anattitudeerror that is significantlylessthan if thewheelwereallowedto stick.

WheelViscousFriction - Wheelffictiongenerallyhas twocomponents.Thefmt component.static
or coulombfrictionwasdiscusscd inthe precedingsection. The secondcompcmen~viscousfriction.
changes as some non-linear function of wheel sped and usually the fmt and second order terns
dominate the fourierexpansion. Thus.as the wheelspeedschange the viscousfrictionchangesand,
if uncompensated a pointingcn’oris induced. For EOS.the wheelsspeedstcndtocycle atorbit rate.
therefore, uncompensated viscous friction induces a sinusoidal disturbance toque at orbit rate
which results in a correspondingcyciic pointing error.
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MagneticTorquerFeedfonvard Uncertainty - The magnetictorquerods (roll, pitch. and yaw) are
used tounloadreactionwheelmomentumwhichbuildsupdue toenvironmentaldisturbancetorques
that act on the spacecraft. The magneticmomentumunloadingalgorithmcalculatesthe appropriate
dipole strengths based on reaction wheelspeedsand knowledgeof the magnitudeand direction of
the earth’s geomagneticfield. The dipoles interactwith the geomagneticfield to producea torque
perpendicular to tie geomagnetic field and generally in the opposite direction of the wheel
momentumvector. Knowledgeof this torque is providedto the attitudecontrol system so that the
reaction wheels can provide an equal and opposite torque to eliminate any disturbance and the
correspondingattitudeerror. This knowledge,however,isnotpexfectbecausethegeomagneticfield
sensing device is not perfect and the magnetic toquers do not necessarily provide the exactly
commanded dipole.

GyroscopicTorqueFeecifonvardUncertainty- Frequently,the termzcr~momentum isusedwhen
discussing low earth orbiting spacecraft. Zero momentumrefers to the system momentumwhich
is defined as:

hysem “ Lore+ hrray+hwtwel
Here, the three terms on the right side of the equation mprtsent the cme momentum. the array
momentum and the wheel momentum. A gyroscopic torque acts on the spacecraftand is defined
as:

Here, w is the spacecraft’sangularvelocity vector (generally the pitch axis). ‘Ilms, if the roll and
yaw components of the system momentumarc not zero. then a gymacopictorque will act on the
spacecraft. The EOS control algorithmestimates the gyroscopic tcrque and generates a ~actmn
wheel torque command equal and opposite to the gyroscopictoque to eliminate any disturbances
and the correspondingattitudeerror. Unfcxtunately,this estimate is not perfectdue to wheelspeed
resolution, uncertainty of the exact core products of inertia. solar array center of mass l~atlon
uncertainty,and emrs in the predictionof the angularvelocity. For the EOS spacecraft.the wheei
momentum is the major conrnbutor to the roll and yaw system momentum

Flexible Dynamics - Attitudeerrorsarisedue to flexibledynamicsof the spacecraft’sappendages.
These appendages will flex at certain frequencies as the Spacecmft points at the Earth, and ths
flexing is stabilized via appropriate selection of the attitude ccmol system falterand controller
parameters. This line item includes those errors due to flexible dynamics which occur at low
tl’equencies(high gain antenna and solar array). TIMstructuraldynamicscategory includesemors
due to flexible dynamics thatacur outsidethe bandwidthof the attitudecontrolsystem. These
lower frequency effects arc typically included in an attitude control system simulation whereas
higher frequency effecls well beyond the controller’s bandwidth arc typically addressed by an
independentjitter simulation.

Environmental Disturbances - The dominant environmental tmques include thase due to the
atmosphere.due to eanh’s gravitationfielcLdue tosolarpxcssure,anddueto the geomagneticfield.
The atmosphereexertsa forceon the spacecraftwhichis a functionof the exposedatmosphericarea
of the spacecraft, the velocityof the spacecraftrelative to the atrnoa~em, tie anmpheric denslt~.
and the surface propertiesof the exposedarea. The earth’sgravitationalfield exerts a force on the
spacecraftdue to the variation in the gravitationalforce over the n~symmerncal spacecraft. The
radiation fmm the sunexens a face on thespacecraftwhichdependsuponthe intensityandspectral
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disrnbution of the kcident radiatim the orientation of the spacecraft relative to the sun. Md the
optical properties of the exposed surfaces. The geomagneticfield intemcts with the spacecraft’s
residual magneticdipole to prcducea torqueon the spacecraft. Thesedisturbancesgeneraily occur
at lowfrequency.onceor twiceorbit rate,and theamplitudeof thecyclicattitudeerrordependsupon
the disturbance rejectioncapability of the attitude controlsystem.

5.2.1.2 Allocation Rationale

The attitudecontrol systemerror line itemallocationwastakenfromanEOS-AM-specitic estimate
with margin added, Reference 5. This line item is assigneda *’B”status.

5.2.1.3 Prediction Source

The attitude control systemerror category predictionfor pointingaccumcy,with no marginadded.
was taken from the EOS-AM-spectlc estimate found in Reference6 and was based on simulation
runs using the normal modecontrollerdocumentedinReference7. Theattitudecontrolsystemerror
category predictions for jitter and stability were taken from the EOS-AA4-specitlcestimate usmtg
a sliding window can also be found in Reference6. These results arc still considered preliminary
and will be updated when Attitude Control design work is completedfor the GN&C CDR.

5.2.2 HousekeepingDisturbanceErrors

5.2.2.1 Line Item Definition

Housekeeping disturbance errm include those pointing e- induced by motion of Spacecraft
housekeeping equipment excluding the reaction wheel zero+rossings, torque rod, solar array.and
high gain antenna errors included under control system performance. Housekeepingdisturbance
errors include: highgainantennaslewingandtracking,solararrayrotation,sohrarmy thermalsnap,
reaction wheel imbalances and noise, the motion of fluid within the thermal control subsystem
mini-loops, and the motion of propellant within the tanks. RF transmissions, an external
disturbance, are assumed to be negligible.

High Gain Antenna - The high gain antenna inducesa torque at tie spacecraftas it searchesand
locks onto a TDRSS in order to establish San& K-band communications links or navigation
contacts. The disturbance is largest dwing antcnaa slews whichoccur when the high gain antenna
must switch from TDRSS East to TDRSS west or when the antennareachesa physicalazimuthor
elevation constraijtt, Tltechariwteristicsof this disturbancedependupon the inertiaof the antenna.
the desired slew rates, the spec~lcs of rhe high gain antenna control loop design. the
TDRSS-to-Spacecraft geometry and the gimbal azimuth and elevationranges.

Solar Array Rotation - ‘I%esolar array will induce a disturbanceon the spacecraft as it attempts
to rotate in order to track the sun. The largesterror willoccuras sped changesaxettquired to adjust
the array rotation tate to minimize solar incidenceangles.

Solar Anay Thermal Snap - Flight experience has indicated that some spacecraft undergo an
attitude transient as the spacecraftenters or exits eclipse. ‘TMenurestdts due to a thermal&nding
of the solar array induced by time-varying temperature gradientsacrossthesolararray boom and
panels. The characteristics of this disturbance depend upon the thermal expansion characterlsucs
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of the solar array structural elements. upon :U inefia of the SOIMmay, upon the fixed-based flex
frequenciesof rhe solar array,and upon the spacecraft-sun geometry.

ReactionWheelImbalance/Noise - Mostof thereactionwheelinduceddisturbanceswereincluded
within the control systemVrformance line item. Thiserror source is includedseparately.however.
because it occursoutside the bandwidthof the controller. As the reactionwheelsspin. if the center
of mass is offset from the spin axis (static imbalance)or if the wheel itself has productsof inerua
(dynamicimbalance),a disturbancewillbe inducedat spinfrequency.Thestatic imbalancedepends
upon the physical locationof the reaction wheels within the spacecraft.
Thermal Loop - Motionof fluid within the thermal control subsystem mini-loops will impart a
disturbance torque on the spacecraft. The characteristics of this disturbance depend upon the
plumbingandoperationalstrategiesfor the loopandon the massandaccelerationof the fluid within
the loop.
Ropellant Sloshing - Motion of the propellant will induce a disturbance to the spacecraft and
thereby effect the pointing. Propellant motion is induced by translationalor angular acceleration
of the spacecraft which results horn several sources. Flight experience has shown that pointing
emorsinducedby propellantsloshingfor lowearth orbitingspacecraftis smallduring sciencemode
operations.

5.2.2.2 Alkation Rationale

The housekeepingdisturbancealkations for pointingknowledgeand accuracyare assigneda ‘“B”
status because tier analysiswith more detailed FEMs is required to justify the allocations. The
allocations forjitterlstability arc assigned a “C” status as continuedstudy is requiredto fully assess
HGA and solar tiy diStUrb~CeS.
The allocations for jitter and stability are based on EOS-AM estimates with margin added.
Reference 8. The referenced rqmrt documents the foUowing mtilcations to the analyses
contained in Reference 9 1) The HGA slew disturbance response assumes 90~c effecuve
feedfonvard 2) The solar array thermal snap disturbancerespmse assumes the array will perform
90% better than the Solar Amy Flight Experiment (SAFE)array documentedin Reference8. The
EOS-AM solar may specificationrequirestie impulseduetosolarmay thermalsnapto be limlted
such that the spacecraftresponse is in line with the assumptionof a 90% improvementover SAFE.
The allocation fcxpoindng accuracyis based on the resultsof Reference8, with marginadded. The
same mtilcaaorts to Refetcncc 9 apply here as did for jitter/stability.

S.22.3 Pdiction Source

The PDR update to the housekeepingdisturbance predictions for jitter and stability are based on
analysis resultssupplied inReference 10and basedcmanalysisdocumentedinReference 11and 12.
The HGA slew analysis perfomcd utilized the HGA Fecdfotward conuoller as documented in
Reference 13. The housekeepingdisturbance predictionfor pointingaccuracy is basedon one half
of the result given therein.

5.23 Instnlllwnt Disturbance km

5.23.1 Line Item Definition

Insuumentswill inducetorques on the spacecraft due to motions within the instmment reqmredto
meet the mission’swience objectives. Instrument motions fall into two classillcations: repetmve
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and apericxiic. some instruments will institute a scanning pattern, genetdly along-track or
cross-track, to map a target area on the Earthor in spaceand repeatthe scanningpattern each orbit
or after somenumberof orbits. Other instmmentswill utilizecoolersthat imparta repetitive linear
force due to piston motion. The disturbance due to these compensatedor uncompensated linear
forces dependsupon the locationof the instrumentwith respect to the Spacecraft’scenter of mass.
Some instruments may rotate at essentially a constant rate continuouslyand impart a disturbance
to the spacecraft due to static and dynamic imbalances. Apericdicdisturbanceswill occur as
instrumentsdeploy requiredscience supportequipment,or as instrumentsperformcalibrations.or
as insauments slew to re-acquire their desired targets, or as instruments deploy and/or retract
protective shields. Obviously the characteristics of both the repetitive and aperiodic instrument
disturbances arc a complex function of several parameters including the instrument’s science
objectives, operating scenario, inertia, scan or slew rates, compensation strategy, calibration
requirements,and soon.

5.2.3.2 Allocation Rationale
The instrumentdisturbanceallocationsfor pointing knowledgeand pointingaccuracyare assigned
a ‘“B”status because further analysis is required to justify the allocations due to the prelimiruuy
nature of the finite element models models used. The allocationsfor jitter/stability are assigned a
“C” status as current predictionsslightlyexceed the allocations in some cases.
The jitter and stability allocationsarc basedon an EOS-AM estimate,Reference9. The following
rnoditlcationsto the referenced analysis were made to establish the allocations for 1.8,9 and 420
seconds: 1)A 30%challengewas placeda the responseto the SWIRre-pointing disturbance. 2I
A 20% challenge was placed on the previousallocationfor MODISdisturbanceresponse. and 3)
A 20% challenge has been placed on the response to Siding cycle cooler disturbances.
The challengesplacedon instrumentdisturbanceshavebeen issuedto “lamk downthe long poles”
andmeettheoverall instrumentboresightjitter/stability requirements.Theinstrumentdisturbances.
as they currently stand without the challenges, exceed the disturbance requirementsof the GIIS.
Whenthe challenges presentedabovearcmet, the associateddisturbanceinputs should be noted m
the U13Das applicable. These allocationsare consistentwithboth the U13Dborcsight reqwrement
for each instrument and the current predictions.

l%e pointing accuracy alkxaticm is basedon an EOS-AM-spectic estimate,Reference9, divided
by two, with some margin ackkl

5.22.3 Pmdidon Souma

The PDR updates fcxjitterandstabilityptdictions are based on an EO%Of-specific estimate
found in Reference 10. Reference 14details the Stirling Cycle Ccmlerjitter responses, which are
contained in summary form in Reference 10.The pointingaccuracypredictionis based on one half
of the EOS-AM-spectlc estimate found in Reference 10.

5.3 Epheumis Error

5.3.1 Category MWion

Varioustechniquesexist to determinethe posiuonandvelocityof a pointwithinthe bodyof the
spacecraft in some inertial frame as a function of ume. Somespacecraftutilize ground processing
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to determine this ephemeris informationand thenuplink it to the spacecraftat some interval. other
spacecraft, like EOS, that require a more precise determination. perform on-board real-time
navigation. Once the position and velocity of the spacecraft is determined, the Orbital Reference
CoordinateFrame can be defined for that specfIc point in the orbit (see explanation in Reference
15). Errors in the determinationof the positionand velocity of the spacecraftresult in an incomect
determinationof the target pointingframe for that point in the orbit. hcorrect knowledgeof the
target pointing frame results in a pointingerror.

An update or correction to the estimate of position or velocity will result in a change to the target
pointing frame. As a result the controller will command a spacecraft rotation adding to spacecraft
stability motions.

5.3.2 AllocationRationale

Figure 6 shows, in a simplifkd fmn. the 4.4 arc-see pitch-axis pointing knowledgeerror at the
Navigation Base Reference relative to the Orbital Reference CoordinateFrame inducedby a 150
meter along-track orbit position knowledgeemr.

The pitch-axis pointing knowledgeemorat the Navigation Base Referencerelative to the Orbital
ReferenceCoordinateFrame (ORCF)is the angle betweenthe desired and estimated z-axes of the
ORCF at the actual orbit point. Therefore,a 150meter along track orbit position knowledgeerror

“x - indicates the actual along-track orbit position
“o” - indicates the estimated a.long-tzackorbit position
.-. .&- indicates the estimated z-axis of the ORCF for actual point in orbit
~- indicates the desired z-axis of the ORCF for actual point in the orbit

Figure6. Pointing Error tnducai By EphemerisError
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corresponds to approximatelya 4.4 arc-see pitch-axis pointing knowledgeerror at the NBR. The
same applies to the roll emr.

The yaw error results from cross-track velocityerrors. The4.4 arc-second yaw emor results from
0.16 m/s cross-track velocityerror.

The ephemeris allocations are based on the expected pefiorrnance using the TONS navigations
system.

These allocationshave beenjustified via EOS-AM specificanalysisdetailed in References 16and
17.

5033 PredictionSource

The PDR updates to the ephemeriserror predictionare based on the most recentTONS algorithms
as documentedin Reference 18. Accuracyand stabili~/jitter estimates are provided in References
16and 17. The predictionsrepresent typical performanceassuming a strongcontact is missed.

5.4 Thermal DistortionErrors

Category Definition - Materials distort due to thermal gradients.Thesethermaldistordons will
possessboth long- and short-term varyingcomponents. The long-term varyingcomponentsarise
due to thechangein temperatureof the structuralelementsoverthe lifeof thespacecraft. Long-term
variations include material properties and sun beta angles (sun declination, orbit right ascension.
orbit inclination, as well as solar distance). The shat-term varying components arise due to the
changes in temperatureof materials throughouteach orbit EOS is eclipsed for approximatelyone
third of each orbit and equipment power pmfdcs change throughoutan (XblL Figure 7 shows the
geometry for a typical sun synchronousorbit to illustrate sun+rbit plane geomeay. For EOS the
nominal angle between the sun and the orbit plane is 22.5 degree (10.30 AM ascending node~but
this angle will vary for the reasons identified above.

5.4.1 Star lkaeker MountsThermal Distortion

5.4.1.1 Line Item Deilnhion

The star tracker mounts to the Navigation Base Plate will undergo thermal distortion. The star
tracker will essentially rotate relative to the Navigadoa Baae Plate. This motion changes the
transformation fim the star ttacker boresight to the Naviga(icmBase Reference. This motion will
have both a static and dynamic term dependingupon the nature of the gradientsacross the mounts.

5.4.1.2 Albcation Rationale

The allocationsare basedon those given in Reference 19. ‘1’ttcseallocationsshouldbe incorporated. .
in! e prehrrunarydesign as derived requirementson the star tracker mount. All allocations are
as> .ed a ‘“C”statusuntilEOS-AM mtilcations and subsequentsnalyses arc completed.

5.40103 PredictionSource

ThePDR updated static pointing error predictions are taken from Reference 20. and is computed
as the orbit average distortion relative to the ground ambient condition shape. The prehmmw
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results of this analysk indicate that the predictions far exceed the allocation. Further design and
analysis relative to the star trackermountarc on-going. lle dynamicpointingerror predictionsare
derived by diffcrcncingthe orbit average distortion with the peak distortim.

5.402 Navi@oQ Baae Plate ‘1’hermalDistortion

5.4.2.1 Line Item Definition

TheGuidance Navigaticmand Control (GN&C) Sensor Equipment Module (EM) houses most of
the GN&C subsystemquipment inciudingthe star uackers and the inerdai reference unit. These
attitude sensors arc mounted to the Navigation Base Plate portion of the EM’s structure. The
Navigation Base Plate will experience thermal distorticms. This plate bends due to tempemmre
gmtien~ from face to faceor from edge to edge. This motion changes the transfmtion from tie
star tracker boresight to the Navigatim Base Reference. This motion will have both a static and
dynamic term dependingupon the nature of the temperaturegradients across the plate.
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5.4.2.2 Allocation Rationale

The allocations are based on an EOS-AM specflc worst+ase analysis given in Reference 21.
Worst+ase temperaturedeltaswereassumed The star trackerand NavigationBaseReferencewere
assumed to be in the worst-case locationson the NavigationBasePlate whencalculating the efior
on each axis. Becausethe FEMand the thermalmodel used in this analysisare preliminaryandless
detailed than desired. the estimates weremultipliedby roughlya factorof five to establish thestatic
pointing error allocations. The dynamic pointing error allocation is derived by dividing the stauc
pointingerror allocation by four. Althoughthis is consideredconsctvative, the static and dynarruc
line items receive a “B” status until more detailed analyses are petforxned.

5.402.3 Prediction Source

The PDRstaticpointingem predictionis takenas theorbit averagedistortionfrom the preliminary
estimates contained in Reference 20. The dynamic pointing emor predictions are derived by
differencing the orbit average distortion with the peak distortion.

5.43 Navigation Base Plate Mounts Thermal Distortion

5.43.1 Ihe Item Definition

The Navigation Base Plate kinematic mounts that insext into Navigation Port of the Spacecraft
structure will experience thermal distortions. These mounts bend due to.temperature gradients
across the mounts. This bending of the mounts results”in a rotation of the Navigation Base Plate.
This rotation of the platechanges the orientation of the star tracker boresightrelative to instruments
mountedon the Spacecraft. This motionwillhave both a static and dynamic term dependingupon
the nature of the temperature gradients across the Navigation Base Plate mounts.

5.43.2 Allocation Rationale

The static pointing error terms are derived horn EOS-Al analyses which will need to be updated.
These errm were included in the EOS-Al analysis provided in Reference 22. The dynarmc
pointing error allocations arc derived by dividing the static allocations by ten.

5.4303 Pmlidon !30Qsme

‘he PDR updated static pointing error prediction is taken as the orbit average distortion from the
data supplied in Reference 20. l’lte dynamic pointing error predictionsare derived by differencmg
the orbit avetagc distortiat with the pe* distotion.

5.4.4 SpacKraft Struetum Thermal Distortion

5.4.4.1 he Item Definition

The Spacecraftstructurewill experiencethermaldistonions. ‘Ile structuralelementsbend due to
temperature gradientsacross each element. This bending of structural elements changes the
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orientation of the ins~ments relative to the star tracker. This motion will have both a static and
dynamicterm depending upon the nature of the temperaturegxadientsacrossthesauctural elements.
Spacecraft structure rhem.1 distortion is aJSOincluded in the pointingjitter and stability budgets.

5.4.4.2 Allocation Rationale

The staticanddynamicallocationsarebasedonthepreviousEOS-AM-specificanalysis.Reference
23. The static allocation has been reduced below the analysis result thereby presenting a design
challenge. This wasdone inorder to maintainanappropriateamountof systemleveimarginfor this
stage in the program. ‘llerefore the static emor is given a ‘*C”’status, and the dynamic portion ot
the error is given a ‘*B”status.

5.4.4.3 Prediction source

The PDR updated static@ming errorpredictionis taken as the orbit averagedistortion from the
preliminary estimates contained in Reference 20. The dynamic pointing error predictions are
derived by differencing the orbit average distortion with the peak distortion.

S*4S Instrument MountingPlateThermalDistortion

5.4s.1 Line Item DelinMon

Some instruments mount to Lnstmment Mounting Plates (IMPs). ‘l%eseIMPs will expemence
thermal distortions. The IMPs bend due to tern- gradients from face to face or from edge
to edge. This motion changes the orientation of an instrument mountedon an IMP relative to the
star tracker. This motionwill have both a static and dynamic termdependinguponthe natureof the
temperature gradients across the plate.

5.4S.2 Allocation Rationale

The allocation for the static term is derived from an EOS-AM-specific worst+xse analysis
presented in Reference 21. ‘Ihat analysis was prforrned to account for the mateti propenies
(coefficientof thermalexpansion)anddixnensionsassociatedwiththeEOS-AMPayloadMounting
Plates. Worst+se tempcmturc deltas of 5 degrees Celsius acrcxMthe plate and 3 degrees Celsius
through the plate were assumed lle instrumentswere assumedto be in the worst+ise locations
on the plate when calculating the etmr for each axis. ‘l%cpointing crron calculated using these
multiple worst- assumptions are assigned as the allocations. The allocation for the dynanuc
pointing error is assumed to be 10% of the static pointing etmr. Although the analysis was
consmative. it receives a ●’B”status because of the prehminary natt,mof the models used. Note:
these distortions do not exist for insuuments mounteddirectly to the suucture.

5.4s.3 Pmliction Source

?he PDR updated static @nting error prediction is taken as the orbit averagedistortion from the
preliminary estimates contained in Reference 20. 7?te dynamic pointing emor predictions are
derived by di.fferencingthe orbit average distortion with the peak distortion.
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5.4.6 Instrument Kinematic Mounts Thermal Distortion

5.4.6.1 Line Item Definition

The instrument kinematic mounts that insem into node fittings of the Spacecraft stmcture will
experiencethermaldistortions. These mountsbenddue to temperaturegradientsacrossthe mounts.
This bending of the mounts results in a rotation of the instrumentmountingplate. This rotationof
the instrumentchanges the orientation of the instrumentsmountedon the Spacecraftrelative to the
star tracker boresight. This motion will have both a static and dynamic term depending upon the
nature of the temperature gradients across the instrument mounts.

5.4.6.2 Allocation Rationale

The static pointing error terms are derived from EOS-Al amdyseswhichwill need to be updated.
These errors were included in the EOS-Al analysis provided in Reference 22. The dynanuc
pointingerror allocationsare derived by dividing the staticallocationsby ten. Theseallocationsare
@vena ‘-C”SULUS becauw the cunent estimate exceeds the alhcation.

5.4.6.3 Prediction Source

Predictions for kinematic mount static and dynamic thermal distortions are included in the results
for the Navigation Base Plate and the Instrument MountingPlates as appropriate. The predictions
used for the PDR update are taken tim Reference 20.

5.5 Structural Dynamics Emms

Category Definition - All the Spacecraft’s structural components possess flexible frequency
characteristics. The frequencies associated with these structural elements are well beyond the
achievable bandwidthof theattitudecontrolsystem. This meansthat theattitudeconuol systemwill
not attempt to reorient the spacecmfl to accommodate for these high frequenty vibrations. These
structural vibrationscontribute to tbe dynamicpatiaI of thepointingknowledgebudget. Structural
dynamicsemorsarc includedinthedisturbanceresponsecategorieswithinthepointingaccuracyand
jitter/stability allocation

5.5.1 Spacecraft Stmcture -=

5.5.1.1 Lina Item hihlitiOn

The Spacecraft structure has associated flexible frequency characteristics that will be excited by
various disturbances. This high ~uency motion of the Spacecraft structure will change the
orientation of instruments relative to the star tracker boresight.

5.5.1.2 Allocation Rationale

Theallocation is basedon the EOS-AM jiner analysis 1(MIsecondstabilityestimatedividedbytwo.
This analysis is documented in Reference 9, The alhxation is assigned a ‘“B”status because it
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requires more detailed analysis to determine whether the baseline EOS-AM spacecraft suuctum
design supports theallocation.

5.5.1.3 PredictionSource

PDR updates for this line item are derived by taking the Root Sum Squareof the i.nstmmemand
internal disturbances at 420 seconds, for the worst case Spacecraft-tc+insuument intefl”ace.and
dividing by two. Predictionsof instrumentand internaldisturbancesarc takenfrom Reference 10.

S.5.2 Attitude Sensor and NavigationBase Plate StructureDynamics

The star tracker, the Inertial Reference Unit, and the Navigation Base Plate all will also have
associated flexible fkequencycharacteristics. me high frequency vibrationsof these items wN
effect the attitude determination system’sattitude estimate. However,the Kalman filter smooths
thesehighfrequencyvibrationsand theattitudeandratefaltersfdterthese highkquency vibranons.
These errors are expected to be quite small and arc acccnmtedfor in the attitudedeterminationemor
category update falterperformanceline item.

5.6 Moisture Distortion Errors

CategoryDefinition- (Main spacematerialsabsorbwaterwhenon theEarth. Whenthe materials
enter the space environmentthis absorbedw~terevaporatesandthematerialvolumechanges.This
change in material volume is characterizedfor each materialby a c~fflcient of moistureexpansion
(CME). Thechange in volumeresultsin a bendingof the material. Thisbendingof materialsresults
in pointing emors. Other chemical products lxsides water may also be outgassed and result m
material volume changes, material bending, and pointing errors. Moisture distortion errors are
consideredto be a staticerrorsbecausetheoutgassi.ngperkxlisgenerallylong(typicallyon theorder
of months). Outgassingshouldceaseat some timeduringspacecmftor Instrumentsystemcheckout
prior to entry into the Spacecraft-level Science OperatingMode.

5.6.1 NavigationBaaePlate Moisture Distortion

5.6.1.1 U= Item Deflldtion

The NavigationBase Plate will experience moisturedistortiondue evaporationof water vapor and
outgassing once it enters the spce environment. This outgassing will change the volume of the
materials that comprise the plate in accordance with the coefficient of moisture expansion. The
change in volume bends the plate. l%is bending changes the transfcmnationfi’omthe star tracker
boresight to the Navigation Base Reference.

5.6.1.2 Allocation Rationale

Because of the symmetric nature of the Gr/Ep face sheet lay-ups of these plates. the analytical
prediction is zero, Reference 24. However in mlity some distortion will occur due to
non-uniformity of the material and due to effects associatedwithequipmentmountedon the plate.
The allocationof 4 arc-seconds originated ikom an agreement between GE and GSFC and was
documented in Reference 19. ‘llte allocation is assigneda “B” status.
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5.6.L3 Prediction source

PDR updates to the navigation base plate moisture distortion are taken from Reference 20.

5.6.2 Spacecraft Structure Moisture Distortion

5.6.2.1 Line Item Definition

The Spacecraft structure will experience moistum distortion due evapmtion of water vapor and
outgassing once it enters the space environment. This outgassing will change the volume of the
materials that comprise the Spacecraft structure in accordance with the associated coefficients of
moisture expansion. The change in volume bends the structural elements. This bending changes
the instruments relative to the star tracker boresight.

5.6.2.2 Allocation Rationale

This effect results fromthe lossof materialvolumedue to the outgassingof water that wasabsorbed
by the material during fabrication. assembly and testing. ~ically a maximumsaturation of 1%
of the mass of the component is obsemd. his analysis was prfoxmed using the same FEM that
was used for the thermal distcxtionanalysis and documentedin Reference24. The maindifference
is in substituting the Cl% with the Coefficient of Moisture Expansion (CME) and inputting a
strain/percentof mass gain in place of a temperature prc@c. The valuesused for the CME and the
moisture gain percent were based on actual test data fiotn the UARSprogram. The distoruons are
relativebetweena planedefinedby the kinematicmountportsforany instrumentanda similarplane
for the navigation base reference.

These allocations are assigned a “C” status because the current predictionsexceed the allocations.

5.6.2.3 Plwdiction Same

The predictionwas derivedfrom the results provided inReference20. The analysisconcludedthat
the @e roil dis~rtion is due to excessive shrinkage of bulkhead7 at the 3-axis KinematicMount
location, which causes the large roll distotion at MODIS.

5.63 tMPMo&tum IMordon

5.63.1 M Item ~tiOn

The Instrument Mounting Plate will exprience moisture distortion due to evaporation of water
vaporand outgassingonce it entm the spaceenvironment. This outgaasingwillchange the volume
of the materials that comprise tie plate in accordance with the coefficientof moisture expansion.
The change in volume bends the plate. This bending changes the orientation of the instruments
mounted on the plate relative to the star tracker boresigh~

5.63.2 AUocation Rationale

Because of the symmetric nature of the Gr/Ep face sheet Iay+ps of these plates, the analyucal
prediction is zero, Reference 24. However m reality some distortion will occur due to
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non-uniformity of the material and due to effects associatedwith quipment mountedon the plate.
The allocationassumedoriginatedfrom an agreementbetweenGEmd GSFCand wasdocumented
in Reference 19. The ailmation is assigneda ““C”status.

5.6.3.3 Prediction Source

UpdatedPDR predictions for IMP moisturedistortion are taken from Reference20. The analysis
concluded that excessive shrinkageof the PropulsionModulebase platecauses the largedistornon
shown in the pitch axis at CERES.

5.7 MeasurementErrors

CategoryDefinition- Twotypesof measurementerrorsare includedin thiscategory. The fiist type
accounts for the error in determiningthe orientationof one optical cube (1 arc-see cubes) relauve
to another. Here, emors may We due to optical cube non+xthogonalities, thealolite accuracies.
operator emors, and mirror errors. The number of times that one cube must be measuredrelative
to another cube dependsupon the implementationof thealignmentprocedure. Section4.0oudi.nes
the alignment procedurefor both IMP-mounted and direct-mounted instrumentsand indicatesthe
measurements requiredfor each procedure. The secondtype of measurementerror accountsfor the
error in determining the orientation of the bomsight of an item (a star tracker or an mstmment)
relative to the optical cube that resides on the item. l’le magnitudeof this error depends upon the
method used. This error category is static.

5.7.1 Star TrackerAlignmentKnowledge

This line item was renamed. It had been called Star Tracker BoresightMeasurementEnor.

5.7.1.1 Line Item Definition

The 1 arc-see optical cube that resides on the star uacker is not perfectlyaligned relauve to the
boresight axes of the star tracker. The star tracker vendor,however,via some type of cahbrauon
scheme. determines tie orientation of the star tracker cube relative to the borcsightaxes to wlthm
some tolerance. Errors in the knowledge of the euler angles for this tmnsformatlon result m
uncenamties in the transformation between the star tracker boresight and the Navigauon Base
Refenmce.

5.7.1.2 Allocation Rationale

The allocationis based on tlw EOS-AM Star“hackerspecflcation. This allocationshould be
incorporatedinto the prelimhuuydesignas a derivedrequirementon thestar tracker. Theallocation
isassigned an“C” status becau~ thecurrentvendorestimateindicatestheallocationwillnotbe met.

5.7.1.3 Prediction source

The star tracker bcxesight measuttment error prediction is based on the Ball proposal for the
EOS-AM Solid State Star Tracker.

5.7.2 Star ticker to NBR Cube

5.7.2.1 Line Item Definition

Measurementerrorsoccurwhenmeasuringtheorientationof one opticalcuberelativeto another.
These em’s depend upon the cube non+xt.hogonalities, theodolite accuracy,operator emor.and
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mirror error. It takes four thcodolite usages to detctminc the orientation of one cube relative to
another. This line item accounts for the emors when measuting the Star TrackerCube relative rO

the Navigation Base Reference cube.

S.7.2.2 Allocation Rationale

The allocation results from similarity to DMSP,LandSat,TIROS, and UARS allocations. The
allocation assumes that all optical cubes are accurate to within 1 arc-see, that the theodolite Is
accurateto 1arc-see. that theoperatorerror is 2MC-W, andthat fourtheodoliteusagesare required.
An additional 10arc-sex per axis was added to account for the fact that the two cubes may not be
nominally aligned The allocation is assigned an “A status due to extensive similarity relative to
other spacecmft programs.

5.72.3 Prediction Source

ThePDRupdateto the measurementen’orforStarTracker Cubeto NavigationBaseReferenceCube
has been increased from 5 to 7 arcseconds based on cun’ent assessments.

5.73 NBR Cube to MRC

5.73.1 Line Item DdlnMon

Measurementemorsoccur when measuring the orientationof one optical cube relative to another.
These errors depend upon the cube non+rthogonalities, theodolite accuracy,operator emor.Md
mirror emor. It takes four theodoiite usages to determine the oMwation of one cube relauve to
another. This line item accountsfor the emorswhen measuringthe NavigationBaseReferencecube
relative to the Master ReferenceCube that xesidesat a TBDlocationm the-X end of the Spacecrti”t
structure.

5.73.2 Allocation Rationale

Theallocation rationalepresented inSection5.7.2.2alsoappliesto this line item. Onlyanadditional
5 arc-seconds per axis was added as margin Each alhaticm reprcacntsthe error associated with
determining the orientation of one optical cube relative to another.

5.73.3 PredMon Same

The PDR update to the measurement emor for NBRCube to MRC has been increased from 5 to 7
arcseconds based on current assessments.

5.7.4 Instrument Alignment Cube to MRC

5.7.4.1 Line Item Definition

Measurementexms occur when measuring the orientationof one optical cube rdative to another.
These etrors depend upon the cube non-otiogonalities, theocioliteaccuracy,operator error. and
mirror error. It takes four theodolite usages to determine the orientation of one cube relative to
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another. This line item accounts for the errors whenmeasuringthe InstrumentMountingPlateCUIX
relative to the Master Reference Cube that resides at a TBD locationon the Spacecraftstmcture.

5.7.4.2 .41kxationRationale

TheallocationrationalepresentedinSection5.7.2.2alsoappliesto this lineitem. Onlyanadditional
5 arc-seconds per axiswas added as margin. Each allocation represents the error associated with
determining the orientation of one optical cube relative to another.

5.7.4.3 PredictionSource

The PDR update to the measurementerror for NBRCube to MRChas been increasedfrom 5 to 7
arcseconds based on current assessments.

5.8 Positioning Errors

Category Definition - Positioning errors represent the ability to absolutelyalign one optical cube
relative to another optical cube or to absolutely align a borcsight relative to an optical cube.
Positioning emors arise due to manufacturing tolerances such as: the ability to make surfaces
perfectlyplanar,theability todrill holes to a desiscddepth, theabilitytodrill holesadesireddistance
apart, the ability to orient an opticalcubeon a surfaceat adesiredorientation,andsoon. Positioning
errors due to manufacturing tolerances art typically reduced by the use of shims at certain
mechanical interfaces. Shims, however, have an associated nxolution that translates mto a
positioningerror. The number of places that shims are used to eliminate manufacturingtolerances
is a function of the alignment procedure and differs for IMP-mounted and direct-mounted
instruments (Section 4.0). Positioning emrs are static emors.

5.8.1 LManufacturingAssembly F~ture Clamp Release

5.8.1.1 Line Item Dellnition

This effect results from aligning the ports while the structureis clampedin the MAFwhichISnearly
perfectlyflat. The errors associated with this set-up arc tho6eresulting@m clampingthe str.. mre
down to secure it. The basis for this scenario is the UARSMAFon to whichthe Ccnterbodytruss
structure was clamped during tbe fabrication prmss. It is assumedthat the alignmentof pd.nting
sensitivecomponents is done while the strucnm is shimmedto the unclampedor stress-free shape
and clamped to the MAF.

5.8.L2 Allocation RiltiOMk

The allocation is based on statistical analysis of UARStest data found in appendixB of Reference
24. l’%eerror in duplicating the sttess-free structure on which to perform alignment is calculated
by subtracting the re+lamped measurement from the unclanpd measurement. The allocation is
assigned an ‘“B’*status until EOS test data axeavailable.

5.801.3 Prediction Source

Thepredictionis thesame as the allocation.No PDR update to the predictionhas been made.
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5.8.2 Instrument YawAlign and Shim Resolution

5.8.2.1 Line Item Definition

This error is due to the manufacturingtolerance whendrilling the locationof the kinematic mount
portson the primarystructureandof the instrumentinterfaceson theIMP’susingthedrill templates.
This causes the IMP or the instrument itself to be rotated in the Yawaxis.

Pitch androll errorsresult from therotationof the2 and 1axisxesuaintkinematicmountsaboutheir
lower bearings due to misalignments between the carrier ports and the instrument pats resulting
from the same manufacturingtolerance buildup. This arcing of the kinematicmountcauses an up
or down motionat the interfacewhichresults in a tilt of the instrumentin the Pitch and Roll angles.

The minimum shim thickness assumed for this operation is 0.002 inches, thus giving tilt emorsas
large as 0.001 inches. The erroris highlydependenton the distancebetweenthe kinematicmounts.

5.8.2.2 Allocation Rationale

The alkxation is basedon the RSSofhvoerrorsources, kinematicmcuntportlocationaccuracyand
the fourth point shim resolution effect. TIManaiysis rcsuits used for the shim resolutionemor arc
given in Reference 24. The analysis peviously used for the yaw alignment accuracy has been
updated for this qort as was the allocation which is based at the currentpredictionwithsome
marginadded. ‘IIXallocationisassignedan“C”statusbecausethepredictiatexcecds the allocation.

The allocation assigned represents the achievable, if &siKxLalignmentcapability.As signtilcant
margin exists in the accuracy budge~ this allocation may be relaxed as part of the Structures &
Mechanisms CDR.

5.8.2.3 Prediction Source

The 0.002 in. drilling tolerance for each mountcould rotate the instrument0.004 in. about the 18.3
in. shortest distance between kinematic mounts for the went case instrument.

The yaw misalignment values used in the caiculaticmof this error is .002 in. at either side of the
interface (total of .004 in.). Tllcrc is no yaw errcxintroduceddue to travelarc effect since the plate
is prevented km swinging by the 2-axis restraint kinematic mount. ?ltis error is considered
negligible.

The 0.001 in. shim thiclmesserror for each mountcould rotate the instrument0.001 in. in pitch and
roUabout the 183 in. shortest distance between kinematic motmtsfor the wmt case insuument.

No PDR update to the predictia has been made.

5.83 NBR YawAlign and Shim R@utioa

5.83.1 tine Item Definition

This error is due to the manufacturing tolerance when drilling the locationof the kinematic mount

pOrtS ~ the prifMIY structure using the drill templates. This causes the GN&C EM to be rotated
in the Yawaxis.
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Pitch and roll errors result from the rotationof the 2and 1axisrestraintkinematicmountsabouttheir
lower bearings due to misalignments between the camier ports and the GN&CEM ports rcsultmg
from the same manufacturingtolerancebuildup. This arcing of the kinematicmountcauses an Up

or down motion at the EM which results in a tilt of the EM in the Pitch and Roll angles.

The minimum shim resolution assumedfor thisoperationis 0.002 inches,thus giving tilt errors as
large as 0.001 inches. ‘Ile error is highlydependenton thedistancebenveenthekinematicmounts.

5.8.3.2 Allocation Rationale

Theallocationis basedon theRSSof twoerrorsources,kinematicmountportlocationaccuracyand
the fourth point shim resolution effect. ‘l’heanalysis results used for the shim resolutionerror are
given in Reference 24. The analysis previously used for the yaw alignment accuracy has been
updated for this report as was the allocation which is based on the current prediction with some
margin added. The allocation is assigned an ‘*B’*status until EOS test data are available.

The allocation assigned represents the
margin exists in the accuracy budget,
Mechanisms CDR.

5.82.3 Prediction Source

achievable. if desired, alignmentcapability. As signi.ticant
this allocation may be relaxed as part of the Stmctures &

The 0.002 in. drilling tolerance for each mountcould rotate the instrumentO.(D4in. about the 28.5
in. shortest distance betweenkinematic mounts for the GN&C EM.

The yaw misalignment values used in the calculation of this error is .002 in. at either side or’the
intetiace (total of .004 in.). There is no yawerror introduceddue to travelarc effect since the plate
is prevented from swinging by the 2-axis restraht kinematic mount. This error is considered
negligible.

The 0.001 in. shimthicknesserror for each mountcouldrotatetheGN&CEM0.001 in. inroll about
28.5 in. and 0.001 in. in pitch about the 62.5 m. distancebetweenkinematicmountsfor the GN&C
EM.

No PDR update to the prediction has been made.

5.9 Gravity Emom

CategoryDeftiticst - Gravityerrorsoccurwhenmeasuringtheorientationof one opticalcube to
another optical cube. When amass is placedon a strucrure,gravity inducesaforceonthestructure
in accordancewithNewton’slaws. This fo~e makesthestructureben& Whenthestructureand
the massenters micrc+gravityspaceenvironment.gravitynolongerinducesa forceonthestructure.
Therefore. in the spaceenvironmen~thestructuredoesnot bemi l%e bending effects due to gravity
are estimatable to within some tolerance.

5.9.1 Star Trackerto NBR Cube

5.9.1.1 Iine Item Ddnition

When the star sacker is placed on the Navigation BasePlate, gravity inducesa force which makes
the plate bend in accordance with Newton’s laws. If the plate is placed on a granite block. this
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bendingeffect is reduced. Whenthe GN&CSensorEM enters the zer-gravity spaceenvironment.
this bendingceases. An error occum when measuring the star tmckercube relativeto theNavigation
Base Referencecube on the ground This effects the knowledge of the transformation that relates
the orientationof the stu tracker boresight relative to the Navigation Base Reference.

5.9.1.2 Mlocation Rationale
The allocation is derived tlom an EOS-AM-specific worst<ase analysis Reference 21. The
analysis accounted for the mass of the EOS star trackers and the structural properties of the
NavigationBase Plate via a finite element model. This analysisassumed that the NavigationBase
Plate is supportedonly by the NavigationBase Plate Mountsand assumes a worst-case star tracker
mass. Theanalysisdid notassumethat theNavigationBasePlate would be placed on a granite block
during this prcxedure(whichwouldresultinsigniilcantlyloweremors). The analysis assumedthat
50% of the gravity induced bendingcould be compensatedbased on analytical predictions. The
allocation is assigned a “C” status as curnmt predictionsexceed the allocation..

5.9.1.3 PredictionSource
Reference 20 contains revised PDRanalysis of gravity distortions. ‘Thepredictions used assumed
the worst case distortions fortheSpacecraftin the-X cdlguration andtilted5 degreesin a +/-
directiontowardthe +/- Y andZ axes. lle predictionwas reducedby 75%to accountfor the
assessed accuracy of analytic compensationof these effects.

5.92 hstrument Al@ment Cube to NBR Cube

5.9.2.1 Line Item Deilnitioa
This distortion error results fkomthe l-g field acting on the mass of the primary stmcture and
whatever items are mounted to i~ When conducting an alignment vetilcation measurement the
spacecraft X axis is oriented parallel to gravity. The errors associatedwith this operation would be
due to the inability to perfectly level the bus structure on the pad thus generatingsome distortions
due to theresultantgravityvoctorin the lateraldirections.Fathis analysisa 5degree tilt is assumed.
The characteristics of the structuralbending also depend upon the loading of the structure. If the
structure is fully Ioackd the gravity error is bigger and vice-versa In the baseline alignment plan.
the IAC is measured relative to the NBR cube when the Spceaaft structure is fully loaded wn.h
housekeepingequipment ~
It must be noted that as was &me in the UARS program, the initial geometric characterizationof
the primay suucturc performed during the primary saucturc manufacturing phase in the
Manufacturing Assembly FKturc(MAF) will be the basis for eliminatingthe effects of primary
structureinduced gravity distmkm etmrs thmghat the alignment phase of the spacecraft. h
initial mapping between the MRC and the various cubes throughout the pritnq structure will be
generated in this facility for this use. when the primary structure is in its minimum supportedmass
conflation. It is important to nae that the alignment phase for the Spacec* takes place after
the structure modal testing is complete. This modal testing and subsequentfine-tuning of the FEM
allow for use of a 75% gravity error compensation value for EOS.

5.9.2.2 AuoCation Ratioade

The allocation is derived froman EOS-AM-specific worst+ase analysis, Reference 23. Which
calculates the total gravityerror due to measuringboth the NavigationBaseReferenceCubeand the
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InstrumentMountingcube relative to the MRCin a gravityenvironment. Theanalysisaccountsfor
the mass of the housekeeping equipment modules and Instrument Mounting Plates and the
propertiesof theSpacecraftstructureviaa finiteelementmodel.Theanalysisassumesa50?’c-~vity
error analyticalcompensation. The allocation is assigneda ““C status.

5.9.2.3 Prediction Source

Reference 20 contains revised PDR analysis of gmvity distortions. The ptwiictions used assumed
the worst case distortions for the Spacecraft in the -X cordlgurationand tilted 5 degrees in a +-
direction toward the +/- Y and Z axes. The prediction was reduced by 75% to account tor the
assessed accuxacyof analytic compensationof these effects.

5.93 IMP Bending

5.93*1 Line Item Definition

Whenan instrument is placed an InstrumentMountingPlate, gravity inducesa force whichmakes
the plate bend in accordance with Newton’slaws. If the plate is placed on a granite block, this
bending effect is reduced. When the Instrument Mounting Plate enters the zero-gravity space
environment,this bendingceases. Anemoroccurs whenmeasuting’theInstrumentAlignmentCube
on the ground. This effects the knowledgeof the Uansfcmnationthat relates the orientationof the
instrument boresight relative to the Navigation Base Reference.

5.93.2 Allocation Rationale

The allocation is derived from an EOS-AM-speci.flc worst<ase analysis Reference 21. The
analysis accountedfor the mass of the EOS plate mountedinstrumentsand the suuctural propernes
of the Instrument Mounting Plates via a ftite element model. This analysis assumed that [he
Instrument Mounting Plate is supported only by the Insuument Mounting Plate Mounts. The
analysis did not assume that the Instrument Mounting Plate would be placed on a granite block
during this pro@ure (which wouldresult in significantly lowererrors).Theanalysisassumedthat
50% of the gravity induced bendingcould k compensated based on analytical predictions. The
allocation is assigned a “*B”status until a more detailed analysis is completed.

5.93.3 Pmdk!ion Source

Reference 20 amtains revised PDR analysis of gravity distortiats. me predictionsused assumed
the WOISLcasedistcxtionsfor the Spacecraft in the -X configuration and tihed 5 de~es in a +1-
direction toward the +/- Y and Z axes. The prediction was reduced by 75% to account for the
assessed accuracy of analytic compensation of these effects.

5.10 LaunchShift km

Categoty Definition - The environment induced by the launch vehicle during the launch/ascenc
mission phase results in launch shfi. ‘l%eselaunch shifts can change the orientation of the star
tracker Imresightrelative to the NavigationBaseReferenceanch theorientationof the instmments
relative to the star tracker.
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5.10.1 Star TrackerBoresight LaunchShift

5.10.1.1 Line hem Definition

The star tracker boresight will shitl internal to the star Uackerrelative to the mounts. This shift is
induced by the launch vehicleduring the launcWascentmissionphase. Thischanges the knowledge
of the star tracker boresight relative to the NBR.

5.10.14 Allocation Rationale

The allocation is based on the EOS-AM Star Tracker specification requirements for alignment
stability. This allocation should be incorporated into the preliminary design as a derived
requirem It on the star tracker. The allocation is assigned an ●’B” statusIxcause Mher analysis
will be needed due to the preliminary nature of the star tracker development.

5.10.2 Star l’kackerMount LaunchShift

5.10.2.1 Line Item Definition .
Thestartrackermountswill experiencelaunchshiftduringthelaunchhscentmissionphase. This
launchshift changes the knowledgeof the star tracker boresight relative to the Navigation Base
Reference.

5.10.2.2 Allocation Rationale

Theallocationis less thanthe39 pointestimatederivedfrom UARSand from DMSP star tracker
pre- post+wironment test data. Test results are included in Appendix D of Reference 24. The
allocation is considereda challengeand shouldbe incorporatedas a derived requirementon the star
tracker mounts. All precautionswill be taken to avoid a mount configurationthat is susceptibleto
launch shift. These precautions include pinning, machining brackets, and selecting appropriate
materials. The allocation is assigned a “C-Wsti.

.-.

5.10.2.3 PredictionSourca

ThePDR uplatcd prediction is based on an assessment by Ball as to the shift expected.

5.103 Nav. Base Plate Kimmatic Mount bunch Shift

5.103.1 Line Item Defhition

The NavigauonBasePlatewillexperience launchshiftduringthe Iaunchhscent missionphase.
launch shift changes the orientation of the star tracker borcsight dative to the instruments.

5.103.2 Allocation Rationale

The allocation is based on the RSS of the following error sources, spherical bearing

This

liner
compression. residual moment effect and preload relaxation. Estimates for these efior sources are
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given in Reference 24. Bearing linear compmsion errors account for deformationof the Tetlon
impregnated fabric used as a bearing liner in the spherical seat of the bearing. Preload relaxation
accounts for preload losses due to material relaxation during launch. ‘T?teresidual momenteffect
accounts for shifts due to the actual prekxding. The allocation is assigneda “*B”status.

5.103.3 PredictionSource

- This error results from a permanentset in the 0.010 in. thick Teflon
impregnatedfabricusedas bearing liner in the spherical seat of the bearing. It is assumedthat a 10CC
deformation of this liner will occur as a result of environmentalloading. This 0.001 in. play is to
be taken as (+) in one end (-) in the other end of the plate in order to get the worstcase tiltfor emors
in the pitch, roll and Yaworientation. This effect considersboth sides of the kinematicmount.the
NBP side and the spacecraft side of the mounts where the one and twwucis restraint mounts use
additional spherical bearings.

~ - All kinematic mount spherical bearings am pm-loaded in order to
eliminate clearance problems which would degrade the rernate accuracy and which also would
produce unwanted launch shifts. These pm-loads howevercauses the plate to bend slightly and
therefore introduces a pitch and roll emor. lhe bending moment used in this calculation is 25.0
in-lbs. (the maximum possibleas suppliedby bearingvendor)and it is appliedat each comer of the
plate in the plane of the diagonals to the plate comers. Resultingdistortionswere calculated using
a preliminary GN&C Optical bench FEM. see Reference21.

~-A 10% 10ssof preloaddue to materialrelaxationbeforeduringandafter launch
was assumed for this analysis. This results in a 0.(HX)3increase in length of the mated mount
assembly. Only one mount is assumed to change in length.

No PDR update to the prediction has beenmade.

5.10.4 Spacecraft Structure hmnch Shift

5.10.4.1 Line Item Ddnition

The Spacecraft structure will experience launch shift duringthe Iaunchkcentmissionphase. Ths
launch shift changes the orientation of instruments relative to the star uacker bresight.

5010.402 Allocation Rationale

This effect results from structural pints slippages and material hysteresis due to handling and
environmentallcds testingon the groundand to launchloads. Tltearms estimated inthis analysis
am basedonlycmshifts in the boltedjoints of the prirmuystructure. Materialhysteresiseffectswere
not considered in this analysis since test experiencedictatesthatthiswould be of minimal effect.
This value represents the distortion betweena planerepresentingtheNavigationBasePlate(NBP)
and the worst<ase instrument interface plane. l%e allocationis based on an analysis found m
Reference 23.

The allocation is assigned a “B” status.

5.10.4.3 Prediction source

The prediction source will the same as the allocationuntil test data are available tim the stmcture
qutilcation program.
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NOPDR update to the prediction has been made.

5.10.5 Instrument Kinematic Mount LaunchShift

5.10S.1 Line Item Definition

The Instrument Kinematic Mount will experience launch shift during the IaunclUascentmission
phase. This launch shift changes the orientation of the instrument relative to the star tracker
boresight.

5.10.5.2 Allocation Rationale

The allocation is based on the RSS of the following error sources, spherical bearing liner
compression, residual momenteffect and preload relaxation. Estimatesfor these error sourcesace
given in Reference 24. Bearing linear compression emorsaccount for deformation of the Tetlon
impregnated fabric used as a bearing liner in the spherical seat of the bearing. Reload relaxation
accounts for preload losses due to material relaxation during launch. The residual momenteffect
accounts for shifts due to the actual prekwiing. TM allocation is assigneda “B’*status.

5.103.3 F%diction Same

~-This error m.suits fmm a permanent set in the 0.010 in. thickTeflon
impregnatedfabric usedas bearingliner in thesphericalseatof the bearing. It is assumedthata 10?C
deformation of this liner will occur as a resultof environmentalloading. This 0.001 in. play is to
be taken as (+) in one end(-) in the other end of the plate in cxdcrto get the worstcase tilt for errors
in the pitch, roll and Yaworientation. This effectconsidersboth sidesof the kinematicmounts,the
instrument side and the spacecraft side of the mount where the one and two-axis restraint mounts
use additional spherical bearings.

~ - AU kinematic mount spherical bearings are pre-loaded in oder to
eliminate clearance problems which would degrade the rematc accuracy and which also would
produce unwanted launch shifts. These p-loads however causesthe plateto bendslightly and
therefore introduces a pitch and roll emor. The bending moment used in this calculation is 25.0
in-lbs. (the maximum possibleas supplied by bearing vendor)and it is appliedateach comer of the
plate in the plane of the diagonals to the plate corners. Resultingdistcrticmswerecalculatedusing
a preliminary GN&C Optical bench F’EM,see Refetence 23.

.
~-A 10%lossof pmloaddue to materialrelaxationbefore during andafter launch
was assumed for this analysis. ‘I%isresults in a 0.CK)03increase in length of the mated mount
assembly. Only one mount is assumed to change in length.

No PDR uplate to the prediction has been made.

5.11 Remate Errors

Category Definition - The Spacecraft comsts of a number of modulaxpacking components.
Instruments are cinematically mounted to the Spacecraft’sstructure. Instrumentscan be removed
from their plates and the plates can be removed from the Spacecraft’sstructure. Also. star trackers
andother attitude sensors arc mountedto a NavlgatmnBasePlate(thebaseplateof theGN&CSensor
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@uipment Module) which intumis mounted tothe Spacecraft strucmm. In anticipation of
unscheduled events, the budget allows for certain modules to be initially installed and then later
removed to support funk module level integration and test. The orientation of the module
removed will not be exactly the same when it is reinstalled at a later date. These diHerencesare
denotedas remateerrors. The budgetallowsthat boththeflightNavigationBasePlateand theflight
Instruments be installed. removed,and later reinstalledto support integrationand test tlows.

5.11.1 NavigationBase Plate Removal

5.11.1.1 Line Item Definition

Should the Navigation Base Plate be removed and reinstalled a rcmate error will exist. In other
words,thestar-uacker orientationwillbeslightlydHerent this timeduetoa remateerror. Thisemor
will be measuredprior to shipment, therefore this error applies to pointingaccuracyonly.

5.11.1.2 Allocation Rationale

Theallocationis derivedfromstatisticalanalysisof UARStestdata,Reference24. Thisline item
is assigneda “B”status.

5.11.1.3 Prediction Source

Thecurrentpredictionis thesameastheallocation.NOPDRupdatetothepredictionhas beenmade.

5.11.2 Instrument MountingPlate Removal

5.11.2.1 Line Item Definition

Should the Instrument Mounting Plate be removed and reinstalled withouta re-measure a remate
emor will exist. In other words, tie instrument boresightorientation will be slightly different this
time due to a remate emor.

5.112.2 AllO@ion Rationale

Theallocationis derived-statistical analysisof UARStestdata,Reference24. Theallocation
is assignedan“B”status.

5.1123 P!tdiction Soume

Thecumentpredictionis thesameastheallocation.NoPDRupdatetothepredictionhasbeenmade.

5.12 Star Position Accuracy

5.12.1 Catqory hfhlitiOli

This is a new category, meant to replace star tracker stmcture static thermal distofiion.star tracker
structure moisturedistortb, and star trackerboresighthunch shifLThe categoryincludesallother
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static star position errors encompassed by tie sw position WC~CY requirement ~ tie Solid State
Star Tracker spcif’lcation. CCD Ci”E degradation. launch shift. static therrmddistortion and
moisture distortion em’s are included.

5.12.2 Allocation Rationale

The allocations for pointingImowledgeand pointingaccuracyare derivedfromthe SolidState Star
Tracker Petiormance Speci.flcation. The spec~lcation includes a requirement for reported star
positionaccuracy. Becausethefrequent ycontentof thiserror isnotspecifiedit isprudentto assume
that all of this error is static even though in reality this error is partiallydynamicand that dynanuc
portion is faltered..

5.123 Prediction Source

The prediction is derived fmm the Ball Solid State Star Tracker Reposal and is documented in
Reference 4.
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6 POINTING BUDGETS AND PREDICTIONS

This section contains allocation and prediction summaties for each area of pointing: pointing
knowledge. pointing accuracy and pointing jitter/stability. Also included for each area is a summary
of the venficauon plans for each area. Allocation status information fotmerly found in this secuon
is currently included only in section 5.

These budgets apply to direct-mounted instruments as well as instruments mounted on instmment
mounting plates. This 1strue even though there are several line items included in the budgets that
only apply [Oinstrument plate mounted instruments. Therefore these budgets can lx considered to
have tidded ‘“mwgin’”for direct-mounted instruments.

6.1 Pointing Knowledge

Figure 8 (next page) shows the applicable line items within each pointing error category for the
Pointing Knowledge budget and the method used to combine the line items and the pointing error
categories.

QMs - Table V shows the worst-case pointing knowledge budget, cument prediction and
venfic~tlon plan. Polntmg Knowledge ISa 30 Zer@m-PeaAallocanon.

Summary - Pointing knowledge ISdriven by launch shifts (star mackerboresight through insuument
mounts) as well as measurement emors assomated with the alignment procedure and themul
distortion ~predommantly of the Spacecraft structure).

Star tracker mount launch shift, moisture distornon, and dynamic thenmd distortion as well JS
spacecraft snucture static thermal distortion allocations in the pointing knowledge budget represen t
design challenges. Design and analysis of the star uacker mounting bracket are on-going. The
current prediction for both of these items exceeds the allocation, howeverthe overall assessment Still
meets [he UIID polnnng knowledge allocation.

The tightes[ boresigh[ pointing knowledge requirement is at ASTER VNIR at 120 arc-seconds, per
axis. 30. When 90 arc-seconds of pomtlng knowledge error to the interface is RSS’ed with the 60
arc-seconds of pointing knowledge emor allocated to the instmment, the knowledge requirement
ISstill met. Predictions ue compared against the LIID Spacecraft allocationof 90 arcseconds, 3a,
per axis for pointing knowledge.

&l
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Pointing Knowledgeat Instrument Interface

(“s)
ATTITLDF DFTEfWII NATION
1. Star Catalogue Emor
2. Coordinate Frame Error
3. Update Filter Error
4. Velocity Aberration

1. Star Tracker Mounts
2. Navigation Base Plate
3. Navigauon Base Plate .Mounts
4. Spacecraft Structure
5. Insaument .Mounting Plate
6. Insmument .Mountin~ Plate Mounts

I

I ~R[:CIT”RF DYsA.~ 1

Figure 8. Pointing Knowledge Line Items

Y

ERROR
1.Tracker A1ignment Knowledge
2. Star Tracker Cube To NBR Cube
3. NBR Cube to Master Ref. Cube
4. IIC to Master Ref. Cube

1. Star Tracker Mounts
2. Navigation Base Plate
3. Navigation Base Plate ,Mounts
4. Spacecraft Sttucture
5. [nsaument Mounting Plate
6. [nsuument Mounting Plate Mounts

I

1. Star Tracker Cube to NBR Cube
2. IIC to NBR Cube
3. IIC to IMP

1. Navigation Base Plate
2. Spacecraft Structure
3. Instrument Mountine Plate

1. Star Tracker Boresight
2. Star Tracker Mounts
3. Navigation Base Plate K!!
4. Spacecraft Structure
5. Inst. MountinizPlate KNl
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Table V - Dynamic Pointing Knowledge Errors

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw Verification

Mltude Determlnatlon
[Rss)

13.1 12.8 7.9 9.6 11.6 7.1

SlarCatalogueError 0.6 0.6 0.6 0.6 0.6 0.6 Analysis- Compkx, Reference25

CoordinateFrameError 0.5 0.5 0.5 0.5 0.5 0.5 AnaJysis- Complete, Reference 25

Analysis - System PDR, GN&C CDR.

Update Filter Error 12.4 12.1 6.9 9. I 11.2 6.5 Note: Combined simulation with ACS
‘ and Ephemeris errors.

Veloeity Aberration 0.3 0.3 0.3 0.3 0.3 0.3 AnaJysis - Complete. Reference 25

SIar Position Accuracy 4.0 4.0 4.0 2.8 2.8 2.8 TBD– Vendor.

r
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Table V (continued) - Dynamic Pointing Knowledge Errors

Allocation
1

Prediction

Roll Pitch Yaw Roll Pitch Yaw Verification

rhe~l Dl$Nod~ (RSS) 303 5.2 3.3 4=3 4.2 2.1

Star Ilackcr Mounts 0.5 0.5 0.5 4.3 4.I 2.0 Analysis- System PDR, Bus CDR

GN&C EM Bench
(Includes Bench Kinematic 1.3 I .3 1.3 0.4 0.2 0.1 Analysis - System PDR, Bus CDR
Mounts)

Spacecraft Structure 3.0 5.0 3.0 0.5 0.7 0.5 Analysis- SystemPDR,Bus CDR

instrument Mounting Plate
(includes IMP Kinematic 0.4 0.8 0.4 0.0 0.5 0.1 Analysis- System PDR, Bus CDR

Mounts)

Ephemeris Error 4.4 4.4 4.4 1.3 2.9 13
Analysis - System PDR, GN&C CDR.

Analysis - System PDR. Bus CDR.
Note: WC modal model validated’
during modal testing in Structure test

Structure Dynamks 605 5.2 5.7 3.0 5.9 $1 flow. Recommendation has been made
that GUS verilicalion matrix indicate
disturbance inputs verified by test byf
instrument provider.

Dynamic Pointing
Knowledge Subtotal

15.6 15.4 11.2 11.0 14.0 9.1
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‘lhble V (continued) - Static Pointing Knowledge Errors

Allocation Prediction

RoU Pitch Yaw Roll Pitch Yaw Verification

Measurement Error (RSS) 20.7 20.7 2&7 15.1 15.1 1s.1

Tracker Alignment
Knowledge

2 2 2 9.0 9.0 9.0 Analysis - SSST PDR, SSST CDR

SSST Cube to NBR Cube 15.O 15.0 15.0 7.0 7.0 7.0 Analysis – Complc[~, Reference 24.

NBR Cube to MRC Io.o 10.0 I 0.0 7.0 7.0 7.0 Analysis - Complete, Reference 24.

IAC to MRC 10.0 10.0 10.0 7.0 7.0 7.0 Analysis - Complete, Reference 24.

IWrmal Dlstortkm (R=) 10.5 35.9 10.1 27.4 39J 8.6

SIiir IYackcr Mounts 5.0 5.0 5.0 26.8 15.5 4.8 Analysis - System PDR. Bus CDR

GN&C EM Bench
(Includes BenchKinematic 5.4 5.4 5.1 2.7 0.0 2.2 Analysis- SystemPDR,Bus CDR

Mounts)

Spaceerafl Structure 7.0 35.0 7.0 5.2 36.0 7.0 Analysis - System PDR, Bus CDR

Instmment Mounting Plate
(Includes IMP Kinematic 2.2 3.1 I .4 0.1 0.5 0.2 Analysis - System PDR, Bus CDR f

Mount)



‘Ihble V (continued) - Static Pointing Knowledge Errors

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw Verification

Gravlw Error (Fl=) 12.0 38.0 20.4 75 38.6 14.8

SSST Cube [0 NBR Cube 4.0 14.0 I .0 1.3 7.9 2.2 AnaJysis - System PDR, Bus CDR

NBR Cube tO IAC 8.0 32.0 20.0 7.3 35.8 13.7 Analysis - System PDR, Bus CDR

IMP Bending 8.0 15.0 4.0 1.4 12.0 5. I Analysis - System PDR, Bus CDR
r

Moisture Distortion (RSS) 1U6 7.5 13.3 17.7 13.8 4s

GN&CEM Bench 4.0 4.0 4.0 2.9 0.9 0.6 Anaiysis - System PDR, Bus CDR

Spacecraft Stmcture 9.0 5.0 12.0 I 5.9 6.4 2.6 Analysis - System PDR, Bus CDR

IMP 4.0 4.0 4.0 7,3 12.2 3.1 AnaJysis - System PDR, Bus CDR
s

r



‘lhble V (continued) - Static Pointing Knowledge Errors

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw Verification

.aunch Shift (RSS) 30.9 29.5 22.8 28.1 23.1 31.5

SSST Boresight 6.0 6.0 6.0 3.0 3.0 3.0
Test - Vendor, before. and after
componem environmenttil test.

Test - Alignment Verification (Phase
4), before & after Acoustic/Shiwk.

SSST Mount 20.0 20.0 20.0 20.0 20.0 20.0 Verifycombinederror from NBC to
IAC

Test - Measure before and after static

GN&C Sensor EM Bench load test of kinematic mount EDM.
13.7 13.3 4.8 4.5 5.7 6.6

KM Measure before and af[cr module
vibration.

Test – Alignment Verificati(m (Phase
4), before & after AcoustidShock.

Spacecraft Structure 12.0 9.0 6.0 12.0 9.0 6.0
Verify combined error from NBC to
IAc

Test - Measure before and after static
load test of kinema{ic mount EDM(

Instrument KM 13.7 I 3.3 4.8 3. I 3.4 22.5
Measure before and after module
vibration.

Mar Po81tion Knowladge
Anatysis-Tmcker CDR, GN&C CDR.

10.0 10.0 10.0 3.1 3.1 3.1

Static Pointing
Knowladge Subtotai

43.0 64.8 41.7 44.0 63.2 39.3



Table V (continued) - Pointing Knowledge Error Summary

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw

Dynamic Pointing
Knowledge Subtotal

15.6 15.4 11.2 11.0 14.0 9.1

Static Pointing
Knowiatfge Subtotal

43.0 64.8 41.7 44.0 63.2 39.3

Sum of Subtotals S&6 80.1 53.0 55.0 77.2 4P 1

Unallocated 31.4 9.9 37.0

Interface Requirement 90 90 90

Interface To BorWght
Allocation

60 60 60

Boreslght Requirement 108 108 108

—
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6.2 Pointing Accuracy

Figure 9 (next page) shows the applicable line items within each pointing emor category for the
Polnung .+ccuracy budget and the method used to combine the line items and the pointing error
Categone S.

Predlcnons are comp~ed against the L ILDSpacecraft allocation of 150 arcseconds, 3cT,per axis for
polntmg wxurac).

W - Table V[ sho~> the ~orst<ase pointing accuracy budget which satisfiesall requirements.
Pomtlng accuracy is a 30 Zer*m-Peak allocauon.

~ - Poinung accuracy is tiven by launch shifts (star tracker boresight through RIP
mounts), by thermal distonlon of the Spacecraft’s structure, by measurements associated u ith [he
alignment procedure, and by positioning emors associated with manufacturing of the Spacecraft’s
structure. The same issues discussed in the knowledge summary section also apply to accuracy as
well.

The UIID allocation of 150 arc-seconds provides significant margin with respect to the tightes~
msmumentmtert”acerequirement. o~320 arc-seconds per axis 30.

The [lghte>t boreslgh[ pointing accuracy requirement are the CERES instrument at 360 arc-seconds
per WUS,30. When 150 arc-seconds of pointing accuracy error at the bus-t-insuument interface
LSRSS ‘ed with 194arc-seconds of pointing accuracy error between the bus-t-instrument mter?-~ce
and [he boresight, [he instrument boresight requirement is met. Therefore, the pointing accurx;
error allocated between the bus-to-instrument interface and the boresight, including margm, is 1W
arc-seconds per axis 3u. Additional unallocated margin per the UIID still exists.

This budget applies to direct-mounted instruments as well as instruments mounted on instrument
mounting plates. This is true even though there are sevetal line items included in the budgets that
only apply to mstmment plate mounted instruments. Therefore these instruments can be considered
to have added “’margm”.

Category Breakdowns - The only addinonal poinung errors relative to Pointing Knowledge are due
to the amtude control, rcmate, tid positioning error categories which do not effect knowledge but
do contnbute to accuracy. Each allocation 1sm arc-see three sigma.
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I POINTING ACCURACY AT INSTRU14ENT INTERFACE
I

1

I DY?JAMIC-I ~STATIC ERRORS I
. .—

A177TL_DF llFTER MINATION
1. Star Camlogue Error
2. Coordinate Frame Emor
3. L’pdate Filter Emor
4. Veloaty Aberrmion
: Cr.. DAe;P;fi-E-----

I

~

2. Navigation Base Plate
3. Navigation Base Plate Mounts
4. Spacecraft Structure
5. instrument ,Mounung Plate
6. instrument .Mountlng Pla;e .Mounts

1. Control System Peti”ormance
2. Housekeeping Disturbances
3. Instrument Disturbances

Note: Bold boxes represents
pomtmg cmor categories that
are in addltlon to knowledge
budget.

1

\-~

1. Tracker Ahgnment Knowledge
2. Star Tracker Cube To NBR Cube
3. LNBRCube to Master Ref. Cube
4. IIC Cube to Master Ref. Cube

I
1.
2.
3.
4.
5.
6.

Star Tracker Mounts
Navigation Base Plate
,NavigationBase Plate K!!
Spacecraft Smcturc
Instrument ,MountingPlate
[nstmment Mounting Plate K!!

1.Star Tracker Cube to NBR Cube
2. IIC to NBR Cube
3. Hc to IMP

1

I ~-roRTIo~ I1

1. Navigation Base Plate
2. Spacecraft Structu.m
3. [nstmment Mounting Plate

I
JAUNSHSUEI
1. Star Tracker Boresight
2. Star Tracker Mounts
3. Navigation Base Plate
4. Spacecraft Smcturc
5. lnsmment Mounting Plate

1
I

POSITIONING p-
1. .MAFClamp Release
2. .SBR Yaw A1ign/Shim Res.

1. Nav. Base Plate Removal
2. Instrument Removal

3. NIP Yaw Alim/Shim Res. \

Figure 9. Pointing Accuracy Line Items
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‘Ihble VI - Dynamic Pointing Accuracy Errors

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw Verification

Mule Detenninatlon
:Rss)

13.1 12.8 7.9 9.6 11.6 7.1

!NarCatalogue Error 0.6 0.6 0.6 0.6 0.6 0.6 Analysis - Cornplcw, Refercncc 25

Coordinate Frame Error 0.5 0.5 0.5 0.5 0.5 0.5 Analysis - Complete, Reference 25

Analysis - System PDR, GN&C CDR.

Update Filter Error 12.4 12.1 6.9 9.1 11.2 6.5 Note: Combined simulation with ACS
and Ephemeris errors.

Velocity Aberration 0.3 0.3 0.3 0.3 0.3 0.3 Analysis - Complete, Refcrcncc 25

SIar Position Accuracy 4.0 4.0 4.0 2.8 2.8 2.8 TBD - Vendor.
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‘1’hbleVI (continued) - Dynamic Pointing Accuracy Errors

Allocation Prediction

Roll Pitch Yaw Roti Pitch Yaw Verification

lhermal Distortion (RSS) 33 5*2 3.3 4.3 4.2 2.1

Star#IYacker Mounts 0.5 0.5 0.5 4.3 4.1 2.0 Analysis - System PDR, Bus CDR

GN&C EM Bench
(lnclu&s Bench Kinematic 1.3 I .3 1.3 0.4 0.2 0.1 Analysis - System PDR, Bus CDR
Mounts)

Spacecraft Structure 3.0 5.0 3.0 0.5 0.7 0.5 Analysis - System PDR, Bus CDR

insuwnent Mounting Plate
(Includes IMPKinematic 0.4 0.8 0.4 0.0 0.5 0.1 Analysis- SystemPDR,Bus CDR

Mounts)

Analysis - System PDR, GN&C CDR.

Ephemeris Error 4.4 4.4 4.4 1.3 2.9 1.3 Note:Combined simulation wi[h ACS
and ADS

r



‘Ihble VI (continued) - Dynamic Pointing Accuracy Errors

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw Verification

Mtitucte Control (RSS) 9.9 9.1 9.4 4.7 6.0 505

Analysis - System l)lX, GN&C CDR.

Control System Errm 7.5 7.5 7.5 3.6 I .0 1.9 Note: Combined simulation with
Ephemeris and ADS.

Analysis - System PDR, Bus CDR.

Housekeeping Disturbances 2.0 I.5 1.5 I .4 1.0 0.5
Note: S/C modal model validated
during modal testing in Structure test
flow.

Analysis - System PDR, Bus CDR.
Note: S/C modal model validated
during modal testing in Structure test
flow. Recommend ECN to GIIS

Instrument Disturbances 6.2 5.0 5.5 2.6 5.8 5.1
verification matrix (section
3.7.6.2.2. l) m indicate disturb~nce
inputs verified by test by instrument
prOvider.

Dynamic PolnUng
~CCU~C~ Subtotal

17.3 17.1 13.5 11.6 14.0 93
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Ihble VI (continued) - Static Pointing Accuracy Errors

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw Verification

Maasurernant Error (RSS) 20.7 20.7 20.7 15.1 15.1 15.1

Tracker Alignment
Knowledge

2 2 2 9.0 9.0 9.0 Analysis - SSST PDR, SSST CDR

SSST Cube to NBR cube 15.0 15.0 15.0 7.0 7.0 7.0 Analysis - Complcic, Reference 24.

NBR cube to MRC 10.0 10.0 10.0 7.0 7.0 7.0 Analysis - Complete, Reference 24:

IMC to MRC Io.o 10.0 10.0 7.0 7.0 7.0 Analysis - Complete, Reference 24.

rhamld Dlstortlon (FMS) 10.s 35.9 10.1 27.4 39.2 8.6

Star ~acker Mounts 5.0 5.0 5.0 26.8 15.5 4.8 Analysis - System PDR, Bus CDR

GN&C EM Bench
(Includes Bench Kinematic 5.4 5.4 5.1 2.7 0.0 I .2 Analysis - System PDR, Bus CDR
Mount)

Spacecraft Sttueturc 7.0 35.0 7.0 5.2 36.0 7.0 Analysis - System PDR, Bus CDR

Instrument Mounting Plate
(Includes IMP Kinematic 2.2 3.1 1.4 0.1 0.5 0.2 Analysis - System PDR, Bus CDR

Mount)
(

—
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‘Ihble VI (continued) - Static Pointing Accuracy Errors

Woeation Prediction

Roll Pitch Yaw RoU Pitch Yaw Verification

Gravity Error (RSS) 12.0 38.0 20.4 7s 38.6 14.8

SSST Cube to NBR cube 4.0 I 4.0 1.0 1.3 7.9 2.2 Analysis- System PDR, Bus CDR

NBR Cube to IAC 8.0 32.0 20.0 7.3 35.8 13.7 Analysis - System PDR, Bus CDR

IMP Bending 8.0 15.0 4.0 I .4 12.0 5.1 Analysis - System PDR, Bus CDR

Mo18tum Dlstoraon (Rss) lt16 75 13.3 17.7 13.8 405

GN&C EM Bench 4.0 4.0 4.0 2.9 0.9 0.6 Analysis - System PDR, Bus CDR

Spacecraft Structure 9.0 5.0 12.0 15.9 6.4 2.6 Analysis - System PDR, Bus CDR

1MP 4.0 4.0 4.0 7.3 12.2 3. I Analysis - System PDR, Bus CDR

r
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“Ihble Vi (continued) - Static Pointing Accuracy Errors

Allocation Prediction

RoU Pitch Yaw Roii Fitch Yaw Verification

Launch Shift (RSS) 30.9 29S 22.8 24.1 23.1 31.5

SSST Borcsigh[ 6.0 6.0 6.0 3.0 3.0 3.0
Test – Vendor, before and after
component envir{mmcntid [est.

Test - Alignment Verification (Phase

SSST Mount 20.0 20.0 20.0 20.0 20.0 20.0
4), before & after Acoustic/ShOck.
Veri~ combined error from NBC to
IAC

Test - Measure bcf(m and ii(tcr static

GN&C EM Bench KM I 3.7 13.3 4.8 4.5 5.7 6.6
load test of kinemiilic rmmnt EDM.
Measure before and iiflcr module
vibration.

Test - Alignment Verificiiti(m (Phase

Spacecraft SIrueture I 2.0 9.0 6.0 12.0 9.0 6.0
4), before & after Acouslic/Shock.
Verify combined error from NBC to
IAC

‘l&t - Measure before and after static
load test of kinematic mount EDM.(

Instrument KM i 3.7 I 3.3 4.8 3.1 3.1 22.5
Measure before and after module
vibration.

.



‘Ihble VI (continued) - Static Pointing Accuracy Errors

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw Verification

Romate Error 24.0 24.0 9.9 24.0 24.0 9.9

Nav. Base Removal 17.0 17.0 7.0 17.0 17.0 7.0
Test - Measure bcft)rc and after EM
removals.

Instrument Removal 17.0 17.0 7.0 17.0 17.0 7.0
Test – Measure bcftm and idler EM
removals.

Poalttonlng Error(RSS) 18,0 18.0 72.1 19.4 18.3 55.4

MAF Clamp Release I 4.0 14.0 I 4.0 14.0 I 4.0 14.0
Test - Measure unclamped struc[ure
and shimmed re-clamped structure.

NBC-Yaw Align/Shim ‘Rst - Alignment Veritlcation (Phase

Resolutitm
8.0 8.0 50.0 7.3 3.3 28.9

4), Post Acoustic/ShOck.

lMP-Yaw AligrVShim 8.0 8.0 50.0 11.3 11.3 45.1
Test - Alignment Verification (Phase

Resoluticm 4), Post Acoust ic/ShOck.

Star Posltlon Accuracy
Analysis -~acker CDR. GN&C CDR.

10.0 10.0 10.0 3.1 3.1 3.1
II

Static PolnUng Accuracy ~=
Subtotal

71.4 83.9 53.8 70.0 68.6



‘Ihble VI (continued) - Pointing Accuracy Error Summary

Allocation Prediction

Roil Pitch Yaw Roil Pitch Yaw

Dynamic Pointing
~CCU~Cy Subtotal 17.3 17.1 13.5 11.6 14.0 9.3

a

Static Pointing Accuracy ~~
Mbtotai

71.4 83.9 53.8 70.0 68.6

Sum of Subtota18 69Ai 880s 97.4 65.4 84.0 77.9

Unaiiocated 80.2 61S S2.6

Interface Raquiramant 1s0 150 1so

I

Intarface To Boraaight
Aiiocation

187 187 187

Bora$ight Raquiranwnt - ~ 240

I
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6.3 Pointing Jitter and Stability

The spacecraft reqwrements for jitter and stability are TBD. Therefore, the jitter and stability
allocauons are drtven by the instrument boresight requirements, Table II. The pointing jitter and
stability allocations are 3U Peak-tc+Peak.

Jlethtxioiogy - individual line item allocations were not established for jitter and stability. The
lowest level for which allocations are provided are the pointing error categories, shown in Tables
VII through IX. Section 3 lists all of the time intervals for which instrument requirements exist.
Four hundred twenty, 9, and 1.8 seconds were chosen to have budgets and predictions presented.
By meeting the requirements at these time internals, the requirements at all other time internals will
be met by dehult. For example, a spacecraft which meets the 18 arc-second roll requirement at 9
seconds will cefiainl y meet the 79 arc-second roll requirement in 6 seconds. Verification oi
satisfaction of boresight requirements for time intervals below 1 second is not reliable due to the
limitations of analysis models. Therefore, no budgets are carried for the high frequency
requirements. Predictions shown are based on the rotations at tie worst case node of the instrument
(designated as the instrument foresight).

The 1.8 second budge[ is based on performance at the SWIR instrument-to-spacecraft interface.
The 9 second budget is based on performance at the VNIR insmtment-t-spacecraft interface. The
420 second budget is based on performance at the MISR instrument-m-spacecraft interface.

LIIDlmmmwcFkx MkxaQR.“ - An allocation is required for motions of the instrument boresight
relauve [o the bus-to+ nstxument interface. The instrument design, which tives much of [his
Wocatlon, IS no{ under GE control, however the allocation is a function of housekeeping and
lnsmument disturbances. This allocation is as specified in instmment UUD’S.
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I POISHNG STABILITY AT IXSTRWVIE.NTBORESIGHT
I I

(-)ADD

INSTRUMENT INTERFACE TO
[NSTRUMENT BORESIGHT

ALLOCATION

I L ‘F~cFT0T4’ I‘%’

~
1 Star Catalogue Emor
2. Coordinate Frdme Emor
3 update Filter Emor
4 Veloclty Aberration

5~

~Star Tracker .Mounts
2. ?iavlgatlon Base Plate
3 Spacecraft Stmcture
4. Instntment .Mountmg Plate

m

CONTRO1
, ~ P[!NG

SY$IEM pFRFoUIAKE
I

Figure 10. Pointing Stability at The Instrument Boresight
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6.3.1 Pointing Stability @ 420 seconds at the MISR Instrument Boresight

Figure 10 shows the applicable line items within each pointing error category for the Pointing
S[ablll[} budget and the method used to combine the line items and the pointing error categories.
Table k’[1shows the polnung budget. From the table it can be seen that the MISR requirement of
20 arc-seconds per QXIS.for s[ability at 420 seconds is met with margin.

6.3.2 Pointing Stability @ 9 second at the VNIR InstrumentBoresight

Figure 10 shows the applicable line items within each pointing emor catego~ for the Pointing
stability budget and the method used to combine the line items and the pointing error categories.
Table VIII shows the poinnng budget. From the table it can be seen that the VNIRrequirememsare
met with margin.

6.3.3 Pointing Stability @ 1.8seconds at the SWIR InstrumentBoresight

Figure 10 shows the applicable line items witiin each pointing emor category for the Pointing
stabduy budget and the method used to combine the line items and the pointing emor categories.
Table IX shows the polntlng budget. From the table it can be seen that the SWIR requirements at
1.8 seconds are not met. The dominant emor source at this time can be seen to be instrument
disturbances. Detailed analysis of the instrument disturbances are provided in References 10 and
14, and show that the SWIR Stirling Cycle Cooler is the dominant jitter source at this time.
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‘1’hbleVII= Pointing Stability (420 Seconds-at MISR Boresight)

Allocation Prediction

RoU Pitch Yaw RoU Pitch Yaw

Analysis- System PDR, GN&C CDR.
4ttitude Determination Error 6.8 7.0 4.0 4.8 7.7 2.7 Note: Combined simulation with ACS

and Ephemeris.

Analysis - Sys[em PDR, GN&C CDR.
Zphemeris Error 4.4 4.4 4.4 2.3 3.6 2.3 Note: Combined simultition wilh ACS

and ADS.

Ilerrnal Distortion 0.9 0.4 0.1 2.3 2.1 1.0 Analysis- SysiemPDR,SMS CDR

Analysis- SystemPDR,GN&CCDR.
hntml System Erm 5.0 3.3 5.4 5.6 1.8 3.2 Note: Combined simulation with

Ephemeris and ADS.

Analysis - System PDR, Bus CDR.
System CDR. Note: S/C modal model

Ihwsekeepi.ng Disturbances 4.8 4. I 3.9 2.7 1.9 0.9
validated during modal testing in
Structure test flow.

Analysis - System PDR, Bus CDR.
System CDR. Note: S/C modal model
validated during modal testing in

Instrument Disturbances
8.1

Structure test flow. Recommend EC~

(With COOhs)
4.0 8.3 4.8 9.4 9.3

verification
?wti~!;.6.2.2.l ) [O

matrix
indicate

disturbance inputs verified by lest by
instrument provider.

Interfaee Total 13.4 10.6 12.2

UIID Allocation Intfc 10 Bore 1.2 1.2 1.2

Mwgin ( 10% t~f Requirement) 1.6 1.6 1.6

Ihmxight W.MI (Add) 16.2 13.4 12.2

Ihmsight Rcquircnwnl 20.() 20.() 20.() t).n 13.1 10.6



Table VI1l - Pointing Stability (9 Seconds at VNIR Boresight)

Allocation Prediction

Roll Pitch Yaw Roll Pitch Yaw

Analysis - System PDR, GN&C CDR.
!Ititude Determination *w 0.8 0.8 0.8 1.1 2.6 0.9 Note: Combined simulaticm with ACS

and Ephemeris.

Analysis - System PDR, GN&C CDR.
iphcmeris Error 1.5 1.5 I.5 0.4 0.9 0.4 Note: Combined simulation with ACS

and ADS.

i%ermal Distorticm 0.0 0.0 0.0 0.0 0.0 0.0 Analysis - System PDR, SMS CDR

Analysis - System PDR, GN&C CDR.
hntrcd System ErrcN 2.9 2.0 1.8 1.8 0.7 1.0 Note: Combined simulation with

Ephemeris and ADS.

Analysis - System PDR, Bus CDR,
System CDR. Note: WC modal model

housekeeping Disturbances 1.8 I .2 2.0 1.6 1.1 0.5
validated during modal testing in
structuretestflow.

Analysis - System PDR, Bus CDR.
System CDR. Note: S/C modal model
validated during modal testing in
Stmeture test flow. Recommend EC~

Insuument Disturbances 6.7 7.6 6.8 4.2 5.5 6.3
verificat iOn matrix

Pwtic%6.2.2.l ) to indicate
. disturbance inputs verified by test by

instrument provider.

InterfaceTotal 7.7 8.1 7.5

UIID Allocation Intfc to Bore I .2 I .2 1.2 i

Margin (10% of Requirement) 1.8 I .2 6.0

lhmsight Total (Add) 1t-).7 10.5 14.7

Iltwcsighl Rcquircmcnt IH.O I2.() 60.() 5.() 6.3 6.5



‘1’hbleIX - Pointing Stability (1.8 Seconds at SWIR Boresight)

Allocation Prediction

Roll Pitch Yaw RoU Pitch Yaw

Analysis- SystemPDR, GN&C CDR.
4tlitude Determination Error 0.2 0.2 0.2 0.3 0.6 0.2 Note: Combinedsimulation with ACS

and Ephemeris.

Analysis- SystemPDR, GN&C CDR.
3phcmerisError 0,4 0.4 0.4 0.1 0.2 0.1 Note: Combinedsimulation with ACS

and ADS.

I%errnalDistortion 0.0 0.0 0.0 0.0 0.0 0.0 Analysis - SystemPDR, SMS CDR

Analysis- SystemPDR, GN&C CDR.
hntrd System Emr 0.8 0.6 0.5 0.4 0.4 0.2 Note: Combined simultition with

EphemerisandADS.

Analysis - System PDR, Bus CDR,
SystemCDR. Note: S/C modal model

-housekeepingDisturbances 0.4 0.7 0.7 0.3 0.4 0.5
validated during modal testing in
Structuretesttlow.

Amdysis - System PDR, Bus CDR,
SystemCDR. Note: S/C modal model
validated during modal testing in
!Wueturelest tlow. Recommend EC

Inst.mmentDisturbances 1.9 1.8 1.3 3. I 4.7 8.4 verification rmatr x
~=ti~’!;.6.2.2.l ) to indicate
disturbanceinputs verified by test by
instrumentprovider.

Interface Tti Z2 2. I 1.6

UND Allocation Intfc to Bore 1.0 1.0 1.0

Margin ( 10% of Requirement) 0.4 0.4 0.9

Ih)rcsigh[T(wI1(Add) 3.5 3.4 3.5

lhmhwghtRclpllrcmcnl 3.5 3.5 ().() 3.2 4.K R..l
1
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7 Contract End Item Spification Allocation

This section provides an input to the ContractEnd Item (CEI)specification. Ile input is basedon
the allocations in the previous sections. As of the dateof this writing,the CEI reflects a previous
version of the ‘“EOSPointingError Budget”. The CEI ~d in turntheGN&Cand SMSsubsystems
spcciilcations should be updated to Meet these new requirements.

7.I Pointi@ Knowledge

GN&C Subsystem Dynamic Ermm - Attitude Determination.and Ephemeris Determinanon
Error errors arc RSS‘ed to establish the GuidanceNavigationand Control subsystem allocation.

GN&C Subsystem Static Errom - The Static Star Position Accuracy error establishes the
Guidance Navigation and Control subsystemallocation.

Stxwctures Subsystem Dynamic Emom - StructureDynamics and thermal distotion emorsare
RSS‘ed to establish the structures subsystemallocation.

Structures Subsystem Static Errors - Measurementen’ors. thermaldistortion errors. moisture
distortionerrors and launchshifterrorsaswellas gravityerrorsareRSS’edtoestablishthestructures
subsystem allocauon.

Recommended Con&act End Item Specifktioa
---

b

static

Roll Pitch Yaw Roll Pitch Yaw
L

GuidMce Na@@on 13.8 135 9.1 10.0
and Control

10.0 10.0

Strlxtln sand
Mechanisms

73 7.4 6.6 4L8 tM.o 405
,

CaEI’eatconhac thdxtemspdncatk
- ~-

1 I Smtic

Roll Fitch Ym Ron Fitch Yaw

Guidance N~tkm ~~ 135 83 192 192 192
and CommI

stxlKtmW ad
Medaniams 4s 6S Sa 523 I 7L9 56.4

7.2 Pointing Accuracy
GN&CSubsystem Dynamic Errom - Attitude Detetiarion. EP~mc~ ~tefination Efior.
Attitude Cont&l Error-(including insuumentand housekeepingdisturbanceresponses) are RSS‘ed
to establish the Guidance Navigationand Control subsystemallocation.
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GN&C SubsystemStatiC EITWS - The Static Star Position Accuracy error establishes the
Guidance Navigation and Control subsystem allocation.

Structures Subsystem Dynamic Errors -Thermal distortion errors
subsystemallocation.

establish the structures

Structures Subsystem Static Ernxs - Measurement errors, thermal distortion errors. moisture
distortion errors, launch shift errors. gravity errors, positioning and remate errors are RSS‘ed to
establish the structures subsystem allocation.

I Racomm-ded Gntract EmdItemSpeci6ation I
IMlwiDgAccUmq

I I static

Roll Pitch Yaw Roll Pitch Yaw

Guidance Navigation 17.0 163 13.1 10.0and Control 10.0 10.0

Stmemres and Mecha- ~J 52 33 51s 70.7 83.3
Oisms

Current Contract Ed Item Sped!Iation
Pointing Accumq

static

Roll Pitch Yaw Roll Pitch Yaw

Guidance Na@@ou
and Gmtrol 180S 172 13.1 21.9 21.9 21.9

s &UCtlUUandMdia- ~~
nisma 63 208 7L6 ~.8 129.4

7.3 Pointing Jitterfitabilky

GN&C Subsystem Dynandc ErmK - Attitude Determination,Ephemeris DeterminationError.
Attitude Control Etmx, housekeeping disturbance responses. and instrumentdisturbance response
emorsarc RSS‘cd to establish tic Guidance Navigatim and Cuxrol subsysum allocations for the
three time periods presented

Structures Subsystem
subsystem allocation.

Errors - Thermal distortion errors establish the stmctu.res
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Recommended (bntnct End Item s@f&ation
PoiBting Jiir/St8bUi@

la seconds 9 -da 420seconds

Hti W w- &w ad Pkb m

Guidance Navigation *Z ~~ ~~ 77 ~~ 75 13.4 10.6 122
and Control

● . . ● .

s tmcmreS8nd _ _ _ - - -
Mechanisms

0.9 0.4 0.1

Cnxmnt contract Eti Item s~ou
_ Jkter/Sti&

LO ~ 9Seconds 424studs

Ml - m m Pm m m Pircb hw

Gaidamce Navigation ~ ~J 33 ,~ 7.4 7.3 14.7 14.1 13.9
and Con&ol

s tmctnmlmd - _ _ - - - ~~ 33 *(-J
Mdanisms

.
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1 INTRODUCTION

The Previously Designed, Fabricated or Flown Hardware Data for the EOS Spacecraft Bus is
presented in this report. The hardwm listing containsall componentsin the spacecraftbus which
satisfy the selection criteria delineated in the GSFC Pm (420-02-05) and the Martin Marietta
Performance AssuranceImplementationPlan (20005397).

1.2 Scope

This is a preliminary listing rather than a final submittal as required by GSFC Data Requirement
PA-120. The listing is not fmalimd as not all of the subcontractshave been placed at this time and
the necessary information to complete the listing is not yet available. The Previously Designed,
Fabricated or Flown HardwareData is required to highlight &sign elements that the contractor or
subcontractor believes will satisfy the GSFC PAR mquimments based on heritage analysis or
testing. The listing willbe updatedafter thenmaining subcontractshavebeenplacedandhavegone
throughtheirPDRs. TheIistingis performedat thecomponentlevel withtheexceptionof anyPWBs
for which a heritage analysis (thermal,stress, etc.) is plannedto be used. Use of “heritage”for EEE
parts is controlled by the Parts Control Board which GSFC is a Ml participatingmember.A final
listing will be provided at spacecraftCDR.

1*3 Applicable Documents

The following documents, of the exact issue shown,forma part of this spec~lcation to the extent
speci.fki herein:

20005397 EOS PerformanceAssurance ImplementationPlan

PS20005404 EOS VerMcationSpecillcation

Source: Martin Marietta Astro Space
P. O. BOX 800
Princeton,NJ 08543-0800

1.4 Definitions

Previously Designed, Fabricated Hardwarethat the contractoror subcontractorbelieves or
~OWIl Hardwme will satisfy EOS Program requirements without

performing qual.iilcation testing or updated analysis
based on the hardware’spreviousheritage.

1 DCCOS2693
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2 PREVIOUSLY DESIGNED, FABRICATED OR FLOWN HARDWAREDATA

2.1 Previously Designed, Fabncatd or Flown Hardware for In-house Martin Marietta
Fabricated Items

All of the hardwareto be fabricatedby Martin Mariettawill be subjectedto qutilcation testing for
the EOS-AM environment.The qualification testing will consist of either a full qualMcation unit
(which does not fly after testing) or a Protoflightunit as specifkd in the VerificationSpecification
(PS20005404).The VerMcationSpecKlcationalso definesthe speciilc tests to be ptxformedon the
hardware There are no in-house fabrication items which Martin Marietta intends to qualify by
similarity for the EOS Program. llerefom the items contained on the attached Table are all
subcontractoritems.

2.2 Previously Designed, Fabricated or Flown Data for Martin Marietta’s
Subcontractors

Severalof Martin Marietta’ssubcontractorshave proposedthe useof “heritage”designsas a means
of reducing the total cost to the program by eliminating qualiilcation level testing. As many of the
subcontractorshave substantialflight heritagewith theirdesignson otherNASA programs,they am
considered lower rislGand in many cases have not yet been put on contract. Therefore, the listing
in Table I is somewhat incomplete and will be completed as each of the subcontractorsis put on
contract and is subjected to a Design Review.

2.3 Previously Designed, Fabricated or Flown Data Format

Table 1 is a listing of potentialheritage componentswhichwill not requrie4requali.tlcationfor the
EOS program. The listing is preliminary and will be updated as more information becomes
available.

As stated previously,the data listing is limited to the component (black box) level except where a
PWB assembly will be relying on a heritage analysis (i.e., thermal, stress, etc.) TableI, Previously
Designed, Fabricated or Flown Hardware, is tabulated with the followinginformation:

a. The item identification

b. The subassemblywhere the item is used in the EOS SpacecraftBus

c. The item’s manufacturer

d. The location of the manufacturer

e. Knownfailures, waivers or deviations

f. McxMcationsRequired for EOS Mission

g. ComrnentdOther

DCC082693



Table I. Previously Designed, Fabricated or Flown Hardware Data

Item Subassembly Manufacturer Manuf. Known Failures, Modifications Comments/Other
Location Waivers, Deviations for EOS

TAM GN&C Schonstedt Reston VA. None None UARS/EUVE
Instrument Co. heritage

Css GN&C Adcole MarlboroMA None None UAR!YEUVE
heritage

IRu GN&C Kearfott Little Falls NJ Bearing/retainerring None SKIRUD-II
failure on Magellan. packageto be
Problem traced to flown on
lubricant MACS(93),
contamination. XTE(95).

Msg. Torquer GN&C Ithaco Ithaca NY None None UARSIEUVE
heritage

ESA GN&C Ithaco Ithaca NY Bearing failures on New lubricant UARWEUVE
UARS,Landsat (?). to be used on heritage
problem traced to EOS
lubricant breakdown

FSS GN&C Adcole MarlboroMA None None UARS/EUVE/MO
heritage

f
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Table I. Previously Designed, Fabricated or Flown Hardware Data (Continued)

Item Subassembly Manufacturer Manuf. Known Failures, Modifications Comments/Other
Location Waivers, Deviations for EOS

Propellant Propulsion Pressure Commerce CA Waiverrequiredfor None Waiverapproved
Ihnk Module Systems Inc. MIIAYID-1522A to by NASAand .

permit analysis to WSMCRfor
ignore residual stress TDRSSProgram.
due inability to stress Preliminary
relieve weld due to discussionwith
diaphram NASAand

WSMCRfor EOS
indicatesthat same
approachis
acceptable.

1 lbf. Propulsion Rocket Redmond,WA None None Series 5000
Thrusters Module Researeh SatcomK1/K2

5 lbf. Propulsion Rocket Redmond,WA None None GGS heritage
Thrusters Module Research

Pressure XDC Propulsion $tatham Old Saybrook, None None Inmarsat,GGS,
Module CT SatcomKVK2,

ASC, Spacenet,
GSTAR,
ASTRA-lA,
BS-3A

Latch Valves Propulsion VACCO So. ElMonte, None Slight change Hughes601
Module CA to flow area.

r



Item

Fill/Drain
Valves

Filters

Waveguide
Switch

Table 1, Previously Desig

ISubassembly Manufacturer

Propulsion OEA Pyronetics
Module
Thermal
Subsystem

Propulsion VACCO
Module

Comm COMDEV
Subsystem

d, Fabricated or Flown Hardware Data (Continued)

Manuf.
Location

Denver, CO

So. ElMonte,
CA

Toronto,
Canada

Known Failures,
Waivers, Deviations

None

None

None

Modifications
for EOS

None

Changetube
stub from 1/2”
dia. to 3/8”
dia.

None

Comments/Other

Inmarsat,GGS,
SatcomKVK2,
ASC, Spacenet,
GSTAR,
ASTRA-lA,
BS-3A

Series 5000, IABS

MO
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1 INTRODUCTION

This preliminary Hazard Analysis (PI-IA)was prepared in accordancewith the Earth Observing
System (EOS)Product AssuranceRequirements(PAR)documentGSFC 420-05-02 Rev.A and
satisfies the Contract Data RequirementPA-200, SafetyHazard Analysis.

1.1 Purpose

ThePrelirn.inmyHazardAnalysiswas performedto providean initialhazardrisk assessmentof the
EOS–AM Spacecraft.This analysis is thefirst step in a systematicapproachemployed by Martin
Marietta Astro Space (Astro Space) to ensure that safety, consistent with the EOS-AM mission
requirements, is designed into the systemin a timely,cost+fective manner.

1.2 Scope

This analysisaddressesthehazardsidenti.iledpriorto thePreliminaryDesignReview (PDR)for the
design, fabrication, handling, test, transportation and launch of the EOS-AM Spacecraft’s bus
structure and housekeepingelectronics;and to a lesser degree, the instrumentscarried on the bus
structure.The instrument hazardportion will be expandedas informationabout the instruments is
received.

1.3 Applicable Documents

The following documents are applicableto the preparationof this reporc

GSFC420-05-02 Rev.A Earth ObservingSystem (EOS)PerformanceAssurance
Requirementfor the EOS-AM Spacecraft

WSMCR 127–1 WesternSpace and MissileCenter,Range Safety
Requirements;December 1989Revision

MHAYI’D-1574A System SafetyProgramfor Space and Missile Systems

MIL-STD-882C System SafetyProgramRequirements

MIL-STD-454M Req. 1 StandardGeneralRequirementsfor Electronic
Equipment

1.4 Acronym List

Ada A program language

C&DHS Commandand Data Handling Subsystem

CDR Critical Design Review

COMMS CommunicationSubsystem

CPHTS Capillary-Pumped Heat TransportSystem

——
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EAS

EGSE

EHs

EMC

EMI

EPs

FSWS

GN&CS

GSE

GSFC

HGA

MDP

MEOP

MLI

NFPA

NEc

PAR

PDR

PHA

PROPS

QC

RF

RWA

SMS

Ssu
TCS

TDRSS

TONS

TLv

VDc

WSMCR

Electrical AccommodationSubsystem

Electro-Explosive Device

Electrical Ground SupportEquipment

EnvironmentalHealth and Safety Department

Electro-Magnetic Compatibility

Electro-Magnetic Interference

Electrical Power Subsystem

Flight SofisvareSystem

Guidance,Navigationand Control Subsystem

Ground SupportEquipment

GoddardSpaceFlight Center (NASA)

High Gain Antenna

ManagingActivity

MaximumDesign Pressure

MaximumExpected OperatingPressure

Multi Layer Insulation

NationalFire Protection Association

NationalElectric Code

Product AssuranceRequirements

PreliminaryDesign Review

preliminary Hazard h@SiS

Propulsion Subsystem

Quality Control

Radio Frequency

Reaction Wheel Assembly

Structureand Mechanism Subsystem

Sequential Shunt Unit

Thermal Control Subsystem

Trackingand Data Relay Satellite System

TDRSS OnboardNavigation System

ThresholdLimit Value

VoltsDirect Cument

WesternSpace and Missile Center Requirements

DCC082593 2
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2 HAZARD RISK ASSESSMENT

2.1 Hazard Identification

The fnt step in assessing risk is the identification of hazardous components within the design.
Hazardous components include but are not limited to fuels, propellant, lasers, explosives, toxic
substances,pressure systems, flammable materials and energy sources. These identi.tiedhazards
may occur independentlyor maybe the result of actions, taken by personnel or signal generation
fkomother componentswithin the design.

2.2 Risk Assessment

Decisions regarding resolution of identifkd hazards are based on assessmentof the risk involved
characterized by hazard severity categories and hazard probability levels. For system safety,
eliminating the hazard by design is the priority,therefore a risk assessmentprocedure considering
onlyhazardseveritygenerallysufficesduringtheearlydesignphaseto minimizerisk. Whenhazards
arenot eliminatedduringthe earlydesignphase,a risk assessmentprocedurebased upon the hazard
probability,hazardseverity,as wellasrisk impac~is usedto establishprioritiesfor comectiveaction
andresolutionof identiled hazards.This will be the methodof updatingand evaluating the Hazard
Analysis for CDR.

2.2.1 System Safety Order of Precedence

The methodologyby whichrisk is eliminatedfrom or minimixd in identifiedhazards is called the
system safety order of precedence.The order of precedenceis as follows:

a. Design for minimumrisk-From the firs~ design to eliminatehazards. If an identiled
hazardcannotbe eliminated,reducetheassociatedrisk to anacceptablelevel, as defined
by the ManagingActivity (MA), through design selection.

b. Incorporatesafetydevices- IfidentKledhazardscannotbeelirninatedortheirassociated
risk adequatelyreduced through design selection, that risk shall be reduced to a level
acceptable to the MA through the use of find, automatic, or other protective safety
designfeatures or devices.Provisions shall be made for periodic functional cheeks of
safety devices when applicable.

c. Provide warning devices - When neither design nor safety devices can effectively
eliminate identiled hazardsor adequatelyreduce associatedrisk, devices shall be used
to deteet the conditionand to producean adequatewarningsignal to alert personnel of
the hazard. Warningsignals and their application shall be designed to mhimize the
probabilityof incorrectpersomel reactionto thesignalsandshall be standardizedwithin
like types of systems.

d. Developproceduresand training-Where it is impracticalto eliminate hazards through
design selection or adequately Educe the associated risk with safety and warning
devices,proceduresandtrainingshallbe used. Proceduresmay include the spedic call

3 DCC082593
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out for the use of personal protective equipment. Ihwautionary notations shall be
standardizedas specifiedby the MA. Tasksand activitiesjudged to be safety criticalby
the MA may requhe cetilcation of personnel proficiency.

2.2.2 Hazard Severity

Hazardseveritycategoriesaredefmedto providea qualitativemeasureof theworst credible mishap
resulting horn personnel emm, environmental conditions design inadequacies procedural
deficiency;or system, subsystemor component failure or malfunction. Catego~ deftitions are

a.

b.

c.

d.

CaGistrOI)hci - Extensive damage or loss of major facility, loss of the spacecraft,death
of personnel, or severe environmental damage.

-- severe injv, severeoccupationalillness,majorsystemloss, damageto major
facility, or major environmentaldamage.

IiLl@l@ - Minor injury, minor occupational illness, or minor system damage or
environmental damage.

~ - Less that fior inm$ occuPation~ fiess or less th~ minor sYstemor
environmental darnage.

2.2.3 Hazard Probabfity

The probabilitythat a hazardwill be createdduring the planned life expectancy of the system can
be described in qualitatively or quantitatively potential occurmces per unit of time, events,
population, items or activity. Assigning a quantitative hazanl probability to a potential design or
procedural hazard is generally not possible early in tie design process. A qualitative hazard
probability derived ffom research, analysis and evaluation of historical safety data from similar
systemswas used for this analysis.Hazard probability rankings arc

a.

b.

c.

d.

e.

~~[ - Likely to occur frequently during the life of the program. Probability of
occurrence (X >l@).

~-Will occurseveral times in the life of the program.Probability of occumence
(lo- l>X>1O+).
Occ asional – Likely to occur some time in the life of the program. Probability of
occurrence (l&2 >X >l&3).

=- u~ely but possible to occur during the life of the program. Probability of
occurrence (l&3 >X >lti).

Improbable – So unlikely,it can be assumed occumencemay not be experiencedin the
program’s life. Probability of occurrence (Id >X).

2.2.4 Hazard Risk Assessment Matrix

Inassessing the riskinvolved witha system thehazardseverity andprobabilityarecombinedtoform
a hazardrisk assessment matrix (see Table I). This matrix assists in prioritizing identifkd hazards
for ccnmctive action by subdividing the matrix into three main groupings; unacceptable,

.—
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undesirable,andacceptable,either withor withoutthe need for customerapproval.Thecomparison
of severityversus likelihoodof occurrencefocuses attention on the hazardswhichhave the largest
risk impact on the program independentof the hazard’s severity.

Table I. Hazard Risk Assessment Matrix

The Hazard Risk Index below for the Hazard Risk Assessment Matrix ident.iileswhere design
priority should be focused to eliminate/con@olhazards thereby reducing the risk factor for the
program.

1A. lB. lC. 2A. 2B. Unacceptable

lD. 2C. 3A. 3B. Undesirable (MAdecisionrequired)

lE. 2D. 2E. 3C. 3D. 3E. 4A. 4B. Acceptablewith review by MA

4C. 4D. 4E. Acceptablewithoutreview

——
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3 EOS-AM PRELIMIN ARYHAZARD ANALYSIS

3.1 Analysis prOCeSS

‘l%eEOS–AM subsystemswere individuallyevaluatedfor hazards and their contributingfactors.
The identifiedhazardsfrom each subsystemwe~ then evaluatedfor hazard severity,probabilityof
occurrence and operationalconstraintsusing the guidelinesof the PAR.This informationwas then
entered on the PHA worksheetalongwith applicablesafetyrequirements. Designfeatures already
incorporated into the bus design were identifiedalong proceduralsafety requirements.

3.2 EOS-AM Subsystems

3.2.1 Structures and Mechanisms Subsystem(SMS)

The SMS is designed to structurally support the instruments, equipment modules, and other
Spacecraft bus equipment. It provides the overall fkameworkfor mounting and positioning the
instruments while maintaining precise pointing and alignment. The primary structure of the
Spacecraft is constructed of lightweigh~ graphite-epoxy tubular members with titanium node
fittings that provide a stable framework for Spacecraft operations throughout the mission life.
Mechanismssuchas thesolaramaydriveandHGAdeploymentsystemprovidethemeanscooperate
the solar array and deploy the high-gain antenna.

3.2.2 Thermal Contd Subsystem (TCS)

The TCSwillmaintainall Spacecraftcomponentandinstrumentinterfaceswithinallowablethermal
limits. Passive thermal control techniques,used whertwerpossible, include multilayer insulation
(MLI), isolatomand thermalfinishes.Heaters are usedwherenecessary.Heat-pipe radiator panels
are used in the equipment modules to reject the heat dissipated by Spacecraft components. A
capillary-pumped heat transport system (CPHTS)provides thermal control to those instmments
which do not have stilcient radiator area. Temperaturetelemeq data is provided throughoutthe
Spacecraft in order to monitor the petiormance of this subsystem.

3.2.3 Electrical Power Subsystem (EPS)

The EPS providesall Spacecmftinstrumentsand Spacecraftbus equipment with electrical power
during all missionphases.The mainpowerbus willnormallybe regulatedto 120Vdc. The 120Vdc
system isdrivenbythehigh instrumentpowerrequirementsandthevolumeconstraintsof thelaunch
vehicle fairing. Power is genemtedby a single-wing photovoltaicsolar-cell may. Rechargeable
Nickel–Hydrogen (NiHz) batteries are used to store power,and the excess solar array power is
controlled through the use of a SequentialShunt Unit (SSU).

3.2.4 Electrical Accommodation Subsystem (EM)

The EAS providesall inter-subsystem andinter-componentelectricalconnection,and implements
the system and subsystem level grounding and EMC requirements of the EOS Spacecraft,
Additionally,the EASprovides the electronicsfor deploymentmechanismsused on the Spacecraft
such as the arming and ftig circuits of the pyrotechnicrelease mechanisms.
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3.25 Guidan~ Navigatio& and Control Subsystem (GN&CS)

The GN&CS&tennines the Spacecraftorbit and attitude,autonomouslycontrolsthe attitude, and
controls actuators for orbit adjustment and appendage pointing. Four reaction-wheel assemblies
(RWAS)are used for primary attitude control.Three magnetictorquerods are used for momentum
unloading. Thrusters and/or the RWASare used to perform slew maneuvem.Navigation se~ices
will be supported primmily via the TDRSSOnboard Navigation System (TONS). Jn all on-orbit
SpacecraftmodesexceptSafeMode,the GN&CSattitudedeterminationandcontrolalgorithms are
executed by flight software in the C&DHSSpacecraft ControlsComputer.

3.2.6 Propulsion Subsystem (PROPS)

ThePROPSprovidesthrust to supportattitudeand orbitcontrolduringall missionphasesfollowing
the Launch/Ascent Phase. After orbit achievemen~ the propulsion module provides delta-V
impulses for orbit maintenance (drag make-up and inclination comction) and attitude control
impulses for backup momentum management and attitude control. Thruster operations a.R
controlledin accordancewithcommandsreceived ftom the GN&CSorfrom groundcontrollers via
the C&DHS. Hydrazine is used as a monopropellantfor the attitudecontroland delta-V thrusters.

3.2.7 Coremand and Data Handling Subsystem (C&DHS)

The C&DH subsystem provides telemetry data acquisition and storage, collection, formatting,
routing,and storageof sciencedata for downlink,generationof time andfrequencyreferences, and
distributionof real-time and storedcommands.The C&DHSwill also providehard-line telemetry
to the launch vehicle umbilical interfacefor pm-launch check+ut.

3.2.8 Communication Subsystem (COMMS)

The COMMSprovides all external interfaces for Spacecraftdata and tracking signals. It receives
and demodulatesallcommanddata destinedfor Spacecraftsubsystemsand instruments,modulates
andtransmits all data from Spacecraftsubsystemsand instrumentswhichis destinedfor the ground,
and receives, decodes, and transmits, as appropriate, all signals used for Spacecraft tracking.

3.2.9 Flight Software System (FSWS)

The flight software system (FSWS) consists of both software and fmwme, distributed across
C&DHS components. The FSWS will monitor, control and provide the necessary services and
mission support needed to sustain the Spacecraft throughout its mission. The FSWS is primarily
implemented in the Ada programming language, although certain processor functions may be
programmedin assembly language.

.—
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303 Analysis Results

The preliminary hazard analysis identifkd 42 hazards associated with the spacecraft design and
launch preparation; 33 spacecraft bus and 9 instrumen~ The EOS-AM Hazard Risk Assessment
Matrix(TableIT)presentsthedistributionof the identiled hazardsbyhazardseverityandfkquency
of occurrence.Noneof the identiled hazardsfall into the unacceptablearea on the matrix and only
two ident.ifkdhazards fall into the undesirablearea. The undesirable hazards are:

- electrical energy high voltage and high current sources
- handlingof fully chargednickel-hydrogen batteries

Table IL EOS-AM Hazard Assessment Risk Matrix

HAZARD 1 2 3 4

cATEGoRy CATASTROPHIC CRITICAL MARGINAL NEGLIGIBLE
FREQUENCY

E) IMPROBABLE I 4,5,7,8 I 6,12,21 I 33 I I

All of the identi.fki hazardswill undergofurther investigationas to their severityand frequency of
occurrenceto determine their true position on the matrix. Safety will work with the designemto
eliminate the hazardor mitigate the hazardseveritythus repositioningit on the matrix in one of the
acceptableareas thus reducing program risk.

.—
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4 PRELIMINARY HAZARDS ANALYSISWORK SHEETS

The following pages contain the PHA work sheets.

.—
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- overcharging of the
battery
- battery heater stuck In
“ON” state raising tem-
perature and pressure
- krtemat/externat short
- material falfure
- weld failure
- cofflslon with other
flight hardware, E(3SE
or tOOf8

HAZARD ANALYSIS

DE81(IN PREVENTIVEMEA8UREe

OESION SAFETY REQUIREMENTSAND
0E81CiNFEATURES

SAFETY
REQUIREMENTS

EOS contract
battery shall have
a Safety Factor
X3,0 x MDP

WSMCR 127-1
para. 3.14.5.5
battery shall have
pressure rellef de-
vices or safetv
factor >4.0 x‘
MDP

WSMCR 127-1

!r%;;;$~;ate

WSMCR 127-1
pars. 3.14.6.q
case retention ft
rupture occurs

MIL-STD-454
Req. 1, para, 4.4;
guard8/8hields
over voltage/cur-
rent sources

DESIQN FEATURE8

The battery Is de-
sign for a Safety
Factor of 3.4x
MDP

The battery does
not contain pre8-
sure relief devfces
however, It Is de-
eigned to Leak Be-
fore Burst
Heaters are sized
to prevent exce8-
slve temperature/
pressure rakes
wlthln the battery
should the heater
latch up in the ON
state

A shield Is de-
signed to cover the
batteries to prevent
Inadvertent contact

Battery charging
rates are designed
to preclude thermal
runaway failures

The batterfes are
housed in sleeves
and have a shield
over the top both of
which minimize the
damage effects
should a battery
rupture

ADEQUACYOF DESION FEATURES

SAFETWOFERATION
TESTS

3atterfes have
~eMOn8ffateda
Safety Factor of
3.6x MDP during
~uallftcatfontesting

OESION
ANALYSIS

e
3rergy dissipated
rom a failed “ON”
leater Is not
mough to cause a
xrttery to rupture
w leak

PROCEDURALPREVENTIVE MEASURES

PROCEDURAL
EJAFETV

RE9UlREMENT8/
MEASURE8

All battery welds are
X-rayed durtng
manufacturing

Vendor verifies qualf-
ty of materlaf prior to
manufacturing the
battery housing

Operatore are
trafned In the proper
methods of handflng
Nkkel Hydrogen bat-
terfes

Batterks are only
handled In a dis-
charged state, which
relates to low pres-
8UrS

PROCEDURAL
VERIFICATION

)AT13 30 August 1993

!EVIS!ON

‘ACIE 12 OF 35

DISPOelTION
ANDIOR
REMARKe

iave developed a mon
toring system to shut
iown battery charging I
he charging rate, tem-
peratureor pressure
we too high

r
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IAZARO10ENTTFICATtONANIIEVALUATION 0E810N PREVENTIVEhWA8URES

HAZARD
Nickel Hydrogen Battery g ::

OESION8AFETY REQUIREMENTSANO AOEQUACYOF OESKIN FEATURES PROCEDURALPREVENTIVE MEASURES
DESION FEATURES

I
3$ ;

3

PRODUCINOPACTORS Ii RE:;:~~~S
8AFETYIOPERATION PROCEDURAL PROCEDURAL

DESN3NFEATURE8 TE8TS DEW(3N
OVIPOSITION

8AFETY VERIFICATtON
ANALWW3

ANOIOR
REfJUlREMENT8/

MEA8URES
REMARKS

=— . . . . .
) Personnel attemptkrg to I D Martin Marietta’s Procedures and training

switch batteries prior to
full dfaoharge

procedures require material will be re-
battertes to be fully viewed to ensure the
discharged prtor to Martin Martetta pollcy Is
removal properly addressed

I Dead short across the II D Battery panels are
battery terminals cause

Procedures wIII re-
daalgned with a qulre that the battery

exploslon or permanent non+onduotive
damage to battery

shields be In place
shield over the the
battery terminals to

prfor to energizing
the battertes

mlnlmlzeatddental
contact When workfng over

/
the batteries, teth-
ered tools wfll be re-
quired

1 Maffng battery discharge I E The battery panel
connectors cause a is equipped with a
spark which muld Ignite relay network to
a flammable vapor If dead face the dla-
preaent charge connsctor. 1’

After matkrg the
EGSE can close
the relays pannlt-
ting discharge.
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IAZAROlDENTIFiOATIONANO EVALUATION DEWONPREVENTWEMEASURES

HAZARD:
Hydrazlne

~ !:
DESKIN8AFElYREQUIREMENTSAND ADEQUACYOFDE81aNFEATURES PRDCIEDURALPREVENTIVEMEASURES

DESN3NFEATURES

I g!! g ‘a
o

PRODUOINOFACTORS OE SAFETY 8AFEI’WOPERATION
REOUIREMENT9

PROGEINJNAL8AFElY
I)ESIONFEATURES

PROCEDURAL DIsPOSITION
TESTS DESION ANALYSIS REQUIREMENT VERIFICATION ANDIOR

WASURES INWARK8
k — . . . . — . . — —
I Propellant tank fails, I E WSMCR 127-1 Tank is designed to Actual burst testing All material is im

Ieaklng hazardous mate-
Temperature and pres-

para. 3.12.11; a the worst case op of the tank has spatted prior to sure sensom are used
rlals Into the work area. 2:1 safety faotor eratlng tempera- proven burst safety manufacturing the to monitor the tank
Rupture may produce must not be VIO- ture; a safety faotor factor of 2 x MEOP tank. Lot sample of when the propellant Is
shrapnel which would Iated in the pres- of 1.5x MEOP kl
dama e flight hardware

7

the material Is used loaded
sure vessel by applhscf for burst testing

and inure personnel. any combination Hydrazine sensors are
cause of pressure and A shletd la de- All welds are X- placed around the
- elevated temperatures dynamically in- signed to be placed rayed spacecraft onoe the
and or overfilling result- duced strain over the propulsion
krg In tank over-pressur-

propellant has been
module to prevent The tank Is roof

f
Introduced

Ization WSMCR 127-1 falling objects from tested to 1.5 x
- materfal Imperfection para. 3.12.$ mon- strikhrg the tank. MEOP A deviation against
- oolllslon with flight itoring of hazard- The shield Is re- MIL-STD-1522A h

/ haowara GSE, falling ous material moved when the Hand tools used planned for the propul-
equlpmentmodules above the propulsion sion tank equatorial

- weld failure WSMCR 127-1 are Installed on the modufe wIIIbe teth- weld which cannot be
para. 3.12.~ hy- bua structure. ered thermal straas relleved
drostatic testing of because of the bladder
pressure vessels The propulalon Pemonnel are material

tank la dsslgned instructed In the
WSMCR 127-1 and tested to the pr~k~fmdllng of
para. 3.12.10.1; to the raqulrementa
an assembled of MIL-
system proof test STO-1 522A 1’
shall be per- (excaptlorx seers
formed at >1.25 x marks column)
MEOP

WSMCR 127-1
para. 3.12.1O.*
inspection for
damage due to
transportation

WSMCR 127-1
para. 3.12.4; use
of qualified tank
and tank design
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IAZARDlDENTIFIOATIONANDEVALUATION DESIONPREVENTIVEMEA8URE8

NAZARW
Hydrazkre g ~:

OESIONSAFETYREQUIREMENTSAND AOE@JACYOF0E810NFEATURES PROCEDURALPREVENTIVEMEA9URE8
01!810NFEATURES

I
& !j

a

PRODUCINOFACTORS @
8AFETV 8APETY10PERATlON

REOUIREMENHI
PROCEDURAL8APEW

DEOIONFEATURE8
PROCEDURAL

TE8T8
D18POelTlDN

OESNIN ANALYSIS REOUIREMENTIW VERIFICATION ANDIOR
MEA8URE8 REMARK8

— — .
1 Realdual hydrazine in II E WSMCR 127-1 Propulsion tank Is

tank after off-loading.
Develop procedures to

para. 3.11.7; off- dealgned with a low
Poaalbllity of spillage on

remove residual hydra-
Ioadlng

to flight hardware or ex-
polnt drain and tfll zlne from the tank and
valve, In the vertl- Ilnea In the event of an

K#%!w’’O’x-
cal position >99% off-load
of all hydrazlne can
be removed. In hor-
izontal posltfon
>95% can be re-
moved

r Durtng fueling operation, 1 E WSMCR 127-1 All electrical aervlces
spark from electrical har-

1 neas Ignltea fuel causing
para. 3.11.1.2 to the spacecraft will
sourcee of electri- be turned off prtor to

I explosion or Ike cat arcing near
fuel

beglnnlng fueling op
erations

Harness and sur-
faces adjacent to the
fill and drain valve
wIIIbe covered with
a bib to preclude
contact with hydra- r
zlne should It splash
or dribble out during
dlsmatlng of the fuel
hose

Batteries wIII be let
down prfor to loading
or off-loading propel-
lant on the space-
craft.
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IAZARDIDENTIFICATIONANO EVALUATION DE810N PREVENTIVEMEASURES

HAZAIW
Hydrszkre

s Iij

DESIGNSAFETY REQUIREMENrS AND ADEQUACYOF DESICN FEATURES
DESIQN FEATURES

PROCEDURALPREVENTIVE MEASURES

I @

PRODUCINfJFACTORS ~?
SAFETY 8AFEfY/OPERAllON PROOEOURALSAFETY PROCEDURAL DISPOSMCN

REQUIREMENTS DE8NIN FEATURE8 TESTS DEMON ANALY818 REQUIREMENle/ VERIFICATION ANDIOR
MEAsunE8 nEwrK8

I Weakening of the pro- 1 E WSMCR 127-1 All materfals used
pulslon system compc- pare, 3,11.1.3; In the propulsion
nents resulting In the ra- materfal compati- system are com-
Iease of hydrazlne dam- blllty with propel- patible with hydra-
aglng flight hardware cr Iant zlne.
Injury to person

Material selscfad
for the propulsion
system are oorn-
patible with each
other or are prc-
vlded with a ccat-
Ing to preclude gal-
vanic oomcslon

t
I

Unexpected condition Ill D WSMCR 127-1 Procedures will be Procedures to be devel-
(kx etorm or hardware para. 3.10.4;
failure) durfng the fuel back out proce-

develcpad to faclli- oped later In the pro-

Icadlng results In the
tate the backfng out gram based cn exparl-

dures of the propellant ence gained from other
need to remove the fuel loading to achieve a Martin Marietta pro-
or back out to a safe safe state grams
state

10 Pmpufafcn components II D WSMCR 127-1 Components am
Ieafdng hazardous mate

During hydrazlne
para. 3.12.10; de- deelgned to the

rfafs Into the work area.
loading, all unnecee- r

sign in accor- worat case pres-
Compcnent rupture may

sary personnel are
dance with MIL- sures and then evacuated from the

produce shrapnel which STD-1 552A have a safety fac- area. After loading 18
would damage flight tor of 2.5 x MDP completed, there will
hardware and injure per- MIL-STD-1522A aeeigned be a reefrfctton on
sonnel. Cause para. 5.3.1; com- what personnel are
- elevated temperatures pcnent safety fac- pennltted around the
reaulffng in over-pres- tcre spacecraft,
sutfzation
- material Imperfection WSMCR 127-1
- colllslon with fllght
hardware, GSE, falling

para. 3.12.10.1;
proof test assem-

tools. bly at 1.5 x MOP
- weld failure

!3
!9w
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!AZARD IDENNFIOATIONAND EVALUATION DESION PREVENTWEMEA9URES

HAZARD

I Hydrazkre ~ ~!j
0E810N 8AFETV REQUIREMENTSAND AOEQUACYOF OESIONFEATURES PROOEOURALPREVENTIVE MEASURES

DE810N FSATURE8

~1 ~!l

PRODUOrNOFAOTORS ![
8AFEfY 8AFEIWOPEILATION

REOLSR-NW
PROCEDURAL8APETY

0E81aN FEATURES TE8T8
PROCEDURAL

DESIQN ANALYSIS
DISPOSITION

REQUlREMENT8/ VERIFICATION ANOIOR
MEA8URE8 REMARK8

- ~ A . — —
11 Inattentive actions by Ill D WSMCR 127-1 Procedures oall out

personnel allow rags

Personnel are trained in
parao 3.11.3; the propar disposal

with hydrazlne and other
good housekeeping

good housekeep-.
chemicals to Ile around

of used raga/cloths practlcea. Approved
krg which may have

cra~atffg a potential fire
containers are provldad

been In contact with In the assembly areas
hydrazlne for used rags/cloths

12 Fill and drain valve does II E WSMCR 127-1 The fill and drain
not seal resulting in the para.3.11.14; pre- valve has three
release of hydrazine vent toxic efflu- seals to prevent

ents from entering tkz~ase of hy-
atmosphere

Fill and drain val-

/ uea are proof and
leak teated.

r
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IAZARDIDENTIFICATIONAND EVALUATION OEWJN PREVENTIVEMEASURES

HAZARD:
Elacbfcal

s !:
DESICINSAFETV REQUIREMENTSAND ADEQUACYOF DE8NIN FEATURES

DESION FEATURES
PROCEDURALPREVENTIVE MEASURE8

I $( ~ g

PROOUOINQFACTORS ox
SAFETV SAFEW/OPERATION PROCEDURAL8AFEIY PROCEDURAL DISPOSITION

REQUIREMENTS 0E81QN FEATURES TESTS DESION ANALYSIS REQUIREMENT VERIFICATtDN ANOIOR
MEASURES REMARKS

- — — — — — — ~ ~ - -
13 Control inhibits are by- 111 c WSMCR 127-1 Connectors are ln- Prfor to mating all

passed because para. 3.14.3.1; dlvidually keyad or connector are vlsu-
- connectors are lm- connector keying labeled to preclude ally cheoked for bent
property mated mismating pins and for contami-
- contamination on the WSMCR 127-1 nation on the con-
connactor para. 3.14.5.2; Connectom are the
- bent pins shorting out

nector facing and
prevent reverse scoop proof type to pins

signal polarlty
- software

preclude bending
of pins

14 The presence of 120 Ill D WSMCR 127-1 Sources for 120 Procedures will lden- Martln Martetfa assem-
VDC is a hazard to per- ~,::l&2N;$ VDC contact are tffy high voltage bly procedures prohibit
sonnet and fflght hard- shlelded from lnad- Sourcea the mating of live clr-

~ ware If Inadvertent con- NFPA 70, NEC vertent contact cults
, tact is made llo-in shieldlng Personnel will be fa-

of power sources Hot leads are on mlllar with the eya-
female connectors tern and be able to

Identify high voltage
aorncea as they
work on the hard-
ware

—
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tAZARO10ENllFICATION AUOEVALUATION DE810N PREVENTIVEMEASURES

NAZARW
Pyru Bus * 1$

0E810N 8AFElY REQUIREMENTSAND AOEQUAOYOF DE8N)N FEATURES PROCEDURALPREVENTIVE MEA8URE8

I
0E810N FEATURE8

!j# !3s ‘

PRODUCINGFACTORtJ u
8AFH’Y 8AFHWOPERAT10 N PROCIEOURAL8AFEIV

REQUIREMENTS
PROCEDURAL

0E810N FEATURES TESTS DESIGN ANALYSIS
018P08MON

REQUIREMENUU VERIFICATtON ANOIOR
MEASURES REMARKS

— — — — —
15 EEDs Inadvertently actl- 111 D WSMCR 127-1 Pyro harnesses Operatora are

vated due to:
- Improper shielding of

para, 3.13,3.2.4.1; are designed to
Shielding of pyro

trained In proper

the pyro bus harnesses shall
provide 20 dB of handling teohnlques
signal reduction of harnesses and py-

- muting the pyro bus provide >20 dB at- roteohnlc devlcee

too close to other har- tenuatlon Harness wkfng
nesses consists of twisted
- shottkrg due to worn WSMCR 127-1 shield pairs with
Insulation resulting from para.3.13.3.2.4.$ grounded shielding
exceeslve handllng or kr- flring circuit con-
solation breakdown ductora must be Wkes are derated

twisted shielded to 509’0of their cur-
palra rent carrying capa-

/ bility

There are three (3)
Inhibits to preclude
EED activation,
plus the Arming
plug

n

w
o
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IAZAROIDENTUWATIONANDEVALUATION DESIONPREVENTIVEMEA8URES

HAZARD
Pyro Bus

ii

!! ~

DESI13NSAFETYREWlRSMENr8AND ABE@JACYOFDESIONFEATURES PROCEDURALPREVENTIVEMEASURES

I
DE8tON FEATURE8

PRODUCINOPAOTOR8 1
SAFETY I)AFIZTWOPERATION

REQUIREMENTS
PROCEDURAL8AFETY

DE810N FEATURES
PROCEDURAL

TESTS
01C!P081TION

DE810N ANALYSIS Requirements/ VERIFICATION ANDIOR
MEASURES REMARKS

P —
16 Generatlonof hazardous II D WSMCR 127-1 There are three (3) Acceptance proce-

commands or the gen- para. 3.13.3.1.2; inhibits to preohrde dura for harnesses
eration of saflng signals safety crttical sys- EED activation, requlra afl wkea CO*
prevented because of: terns shall be plus Arming plug nectfons be checked
- conduotfve or non- slngle fault tcler-
conductfve contamlna- ant Connectors are
tlmt~mxmt pins on corr-

Conneotors will have
keyed and fabekrd

WSMCR 127-1
stray voltage tests

to preclude mls-
- Improper wiring of con-

performed to Insure
para. 3.13.7; stray mating voltages are not df-

nectors voltage testing rected to unwanted
- wire shoris due to ex- placee
ceashrehandling and W::;M:71-1

I routing around sharp ob
&;o;n&{o;

Insulattcnbreakdown
I jeots testing Is performed

and labeling on all hameaaea

Assembfy proce-
dures require par-
aonnel to vfsually
cheek oonnector for
contamination and
bent pfns

*
I

.,
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{AZARDlDENTIFtCATIONANO EVALUATION DESIGN PREVENTWEMEASURES

ttAZARLk
Pyro BurI

“ ~!j
DESION SAFETY REQUIREMENT AND ADEQUACYOF 0E810N FEATURES PROCEDURALPREVENTIVE MEASURES

I

#$

DIXIION FSATURE8

PRODUCINOFACTOR8 !li
SAFEW 8AFElY/OPERAl10 N

REQUIREMENTS
PROCEDURALEIAPETY

OESIONFEATURES
PROCEDURAL DISPOSITION

TE8T8 DE81QNANALYSIS REQUIREMENT VERIFICATION ANDIOtl
MEA8URE8 REMARK.S

— 4
17 Eleotro-Explosive De- ll D WSMCR 127-1 Pyro circuits are Detailed rooedures

vfces are Inadvertently para. 3.13,3,2,4.1; routed separately Pfor handl ng EEDs
aotivated due to: isolation and from all other har-

‘-Improper handling
wIIIbe developed

shielding neas to prevent and followed. WTR
- exposure to EMI crosstalk will approve all pro-
- testing or operator er- WSMCR 127-1 cedures prior to their
ror energizing the device para. 3.13.3.1.2; Pyro ckcults are
at the wrong time

use
fault tolerance r~ designed to attenu-
qulrements ate stray signals by When handling

>20 dB EEDs, the faclllty
WSMCR 127-1 and surrounding
para. 3.13.3; de Three (3) lndepen- area will be made RF

I sign in accor- dent signals Ius
r

quiet

I dance with MIL- Installatlon o the
STD-1576

%Jll%’%!m-%ate
During Installation of
EEDs, all power Is

MlL-STD-l 576 the pyre ckcuite. turned off In the
para. 5.2.a; 20 d13 Telemetry data pm- spacecraft
below min. rrefire vktea statue of kr-

hibite Battery power swttoh
MlL-STD-l 576 is set at DISABLE for
para. 5.2d; 360 EEDs and their

r
degree shielding harness are de-

pym drwriby. Verify
Safe plug Is Installed

MlL-STD-l 576 signed to provide
para. 4.2.1; fault 360 degree shleld- Durlng the lntegra-
tolerance Irrg tion cycle, the pym

circuit will be tested
MlL-STD-l 576 to verify compllarrce
para, 6.10; verifi- with EMC tWfUtKl-
cation of EMC ments
(perform test)
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IAZAROtDENllFiOAllONANDEVALUATION LIE(IIGNPREvENllVE MEA8URE8

HAZARD:
Anhydrous Ammonia g

‘ $( ~

i

OESN)N8AFElV REQUlREhlENf8 AND
0E81CINFEATURES

ADEQUAOYOF 0E810N I%ATUNES PROCEDURALPREVENTIVE MEA8URE8

I g
PRODUOINOFACTORS 0:

8AFEW aAFETVIOFERATION
REQUIRSMENT8

PROCEDURAL8APFW PROCEDURAL DIsPOSITION
DEamN FEATURE8 TESTS DE8113NANALY81S REQUIRE~Sl VERIFICATION ANOIOR

MEASURES REMARK8
~ ~ - — ~ ~ - 4
18 Component leakage re- 111 D WSMCR 127-1 The systems con- X-ray all welds In the

Ieaslng anhydrous am- para. 3.10,2; TLV takrlng anhydrous ammonia aubaystem
monia into the work exposure ammonia meet the
area, caused by:
- Improper weld WSMCR 127-1 :x’YE;2-

Dealgn the subays-

- fractured Jointor com-
tem to proper safety

para. 3.10.3; par- sure veasefs and factor levels
ponent due to over prea- 8onnel protadve components
rnnlzatfon or exce!mive WSMCR 127-1 Paraonnet working
machankal flexlng of para. 3.12.4; The design aafefy
thermal components

with ammonia oom-
8trucfural anafyais facfor for heat

- dissimilar metata re-
I?4

ponenfa wlil wear
&pa 2.5 x

sufflng In galvanio corro-
protecttve eqtdpment
as dlreoted by EHS

slon WSMCR 127-1
pera.3.12.ll; The design oon- All materfal used In

/ aafefy facfora talna flex hosing at the ammonia system
Crftkal bends to

WSMCR 127-t
and adjacent to tf will

permit movement be checked for com-
lx#i3srok of the plumblng patlblllty with ammo-

system without nla
placfng exceaslve
mechankaf motion Areas In whkh am-
en the system
The thermal sys-

monla Is used will
contain ammonia

tern uses the EOS aensora
bus struoture to r
provide support to Procedures wIII be
pressure Ifnes and developed with safe
components means to back out to

a safe position
should aomethlng in-
terrupt normal activ-
Ify flow

—
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IAZARDmENTIFIOAmONANOEVALUATmN DESION PREVENTIVEMEA8URES

tfAZARO:
RF Radlatlon ~ 1$

DESION8AFErVREQUIREMENTSAND AOEOUACYOFDESl(lNFEATURES PROCEDURALPREVENTIVEMEASURES
OESIONFSATURE8

I ~! !j ~
PRODUOINOFAC1OR8 OE SAFETY 8AFEIYIOFERATIDN

REaUlREMSNT8
PROCEDURAL8AF~ PROCEDURAL

0E810N FEATURE8 TESTS
018POSlltON

DESION ANALY81tI REWIREMENW VERIFICATION ANOIOR
MEASURES REMARK8

— —
19 Transmitter radiating Ill D WSMCR 127-1 Scoop proof type RF absorbers are All operators in the as-

wfth personnel In the para. 3.8.3.2; aonneatom will be mounted on all horns sembly area are trained
area caused by protection from in- used to preclude
- test glltch activating

when not in special In the hazards
advertent activa- bent pins transmitter testing

transmitter tlon
associated with the
spacecraft and safety

- mlswlre by passes EGSE Wlli be de- All harnesses will be
transmitter inhibit WSMCR 127-1 signed to require checked for insula- K::l&n’ ‘“at ‘Ust
;i&nt pin over rides ln- para. 3.13.3.1.2; operator interven- tion breakdown

single fault toler- tion for activation of All personnel entering
- stay out areas not ante system re- hazardous com- Wamlng Ilght to be the assembly area will
dearty marked r#rudor critical mands
- test personnel failed to

activated to alert per- be Instructed as to the

visually check area prior
sonrrel that transmit

circuits will be
warnings used and

testing Is In pmceas proper response to
[ to energizing transmitter WSMGR 127-1 single fault tolerant and to stay out of the them.

I pars. 3.f3.i; maln- ropad area
taln lowest practl- Martln Martetta pereon-
cal level of hazard Operators wlli er-

2
nel are ex rtenced

exposure form a vlaual eok Y
WSMCR 127-1

working w th transmit-
to ensure area fe tera in an assembly

para. 3.8.1.2; fail dearprtorto energiz- area and know the pre-
safe system will Ing the fransmltter
be incorporated

cautions neoeaaary to
ensure safety.

so that accidental
1’

operation Is pre-
vented

WSMCR 127-1
para.3.14.l.l;
safety critical re-
dundant systems
may not pass
through the same
connector
WSMCR 127-1
para. 3.14.3.1;
connector keyed,
marked to pre-
clude mismating
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OESKIN PREV~E MEASURES

ROJEOTPHASE PDR EVISION

Y8Tw8uBsYm* Commurrlcations

IAZAROlDENTIFICATIONANO EVALUATION
—

DESIGN 8AFElY REQUIREMENTSAND
DESION FEATURES

MZARD: PROCEDURALPREVENTIVE MEASURESADEQUACYOF OESIONFEATURES

SAFATWUPERATION
TESTS DES!(IN ANALYSIS

I

r

I
I

PROCEDURAL8APETY
ltE~U~r.ut~

‘ROCECURAL
lERlflCATION

DISP08MON
ANOIOII
REMARK8

8AFETY
REQUIKEMSNTSVIODUOINO FACTOR8 0E81CN FI?ATURE8

%esenoe of high energy
drculta. 120 VDC and

c MIL-STD-454
Req. 1, para.
4.4.6 energized
pins at disconnect

Connectors have
hot leads on the fa-
male side of the
connector

Connectors are de-
signed using scccp
proof technology to
preclude bent pins

Connectom are kr-
divldually keyed or
labeled to preclude
mismating

High energy source
contacts are
shielded from inad-
vertent oontact

Afterassembly the
mameaseewill be
tested to ensure no
Insulation break
down has ooourmd
during aeeembty
Ptfor to mating all
mnnectora are vlsu-
slly dreoked for bent
pins and for contami-
nation on the con-
nector facing and
pins

flartin Marletfa assem-
Jyprocedures prohlbif
he mating of live clr-
:Ulta

llgh ou-nnt sources,
maent a hazard to flight
lardware andperaonnel.
2aus*
- mlswlre
- hot Ikre on the male
JIdeof connector
nstead of female
- bent In

1’- unsh elded terminal
- damaged Insulation on
ivke or terminal

WSMCR 127-1
para. 3.14.3.1;
connector keying
WSMCR 127-1
para. 3,14.5.2;
prevent reverse
polarity

Procedures will iden-
tify high energy
sources

WSMCR 127-1
para. 3.14.2; ad-
here to the NEC
NFPA 70, NEC
11O-lZ shielding
of power sources

Personnel wIIIbe fa-
miliar with the aya-
tem and be abfe to
Identify high energy
sources as they
work on the hard-
ware 1’

—
WSMCR 127-1
para. 3.10.1; use
of toxic materfals

Norr-laauq literature ra-
search has found that
he amount of beryllium

!1 Connector Ins are com-
LPsed of a ryllkrm

Moy. Beryllium is a toxic
materfal

II E

used-asan alloy in wim
w pins does not pose a
health hazard to par-
sonnel

—
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iAZAltD IDENTIFICATIONAND EVALUATION OESIQN PREVENTIVEMEASURES

HAZARD
Hazardous signal gem @

[[

OESION SAFETY REQUIREMENTSAND AOEOLJACYOF DESIGN FEATURES PROCEDURALPREVENTIVE MEASURES

eration
DESION FEATURES

II !j!l a*

PRODUOINOFACTORS
8? SAFEIY SAFETY/OPERATION

REQUIREMENTS
PROCEDURALSAFEIY PROCEDURAL

DESIC!NFEATURE9 TESTS
DISP08MON

DESlaN ANALYSIS REQUIREMENTS VERIFICATION
MEASURES

ANO10R
REMARKS

22 Generation of hazardous II D Scoop proof con- Prior to mating all
commands or there+ nector wIII be used
moval of safety inhibits in the design of

pins are visually
check for stralght-

caused by: EOS harnesses
- bent connector pins

ness

- contamination on the Assign connector
face of the connector

Prior to mating all
pln placement that connectors are vlsu-

shorflng pins together hazardous signals ally check for any
cannot be easily ~1: of contamkra-
generated by short-
ing

?3I Power remains on a II D MIL-STD-454 Connectors and Prior to mating all
I supposedly dead con- Req. 1, para. harness design

nector resulffng In an 4.4.6; energized place the ‘hot’ side
pins are visually

elecfrfcal shock or dam-
cheok for strsight-

plns at disconnect of the connector on
age to flight hardware

ness
the female side

Prtor to mating all
Scoop proof con- connectore are visu-
nector will be used ally check for any
In the design of type of contamina- r
EOS hamessea tion

14 inability tore-safe an in- 11 D WSMCR 127-1 Assign connector Prior to mating all
hibtf after testing a circuit para. 3.t 3.3.1.2 pin placement that
may lead to the activa- fault tolerances hazardous signals

pins are visually

tion of an unplanned op-
check for stralght-

cannot be easily
eration or hazardous

ness
generated by short-

even~ causetu Ing Prfor to mating all
- bent pln connectors are visu-
- conductive or non-
conductive contamina-

ally check for any

tion on the oonnactor ?’
pa of contamlna-

ton
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4AZARDIDENTIFICATIONAND EVALUATION DE810N PREVENTIVEMEASURES

HAZ&R~
Hazardous signal gen- ~ 1:

0ESI(3N SAFETY REQUIREMENT ANO ADEOUAOYOF 0E810N FEATURES PROCEDURALPREVENTWE MEASURE8

eratfon
DESION FEATURES

I
~ it !j

a

PRODUOINQPACTORS
i 8AFIXV 8AFETYIOPERATION PROCEDURALSAFETV PROCEDURAL

REQ(SRSMENr8 0E81C!NPSATURE8 TESTS DE810N ANALYSIS
D18POSITIDN

REQUIREMENWU VERlflC!ATtDN ANO10$1
MEA8URE9 REMARK8

m —
25 Operational oodkrg re- 11 D WSMCR 127-1, Hazardous opera- Critlcal operations will

suits in hazardous op- Appendlx A3-4, tlonal codes are have their addresses
eratlons Initiated when para. 4.46 crttlcal unique In oodln to

%
and codes checked to

not expeotad; causes: addresses shall preclude single It verify unlquenees In
- system glltch causes be sufficlentfy dif- ~;inuelng a~
generation of hazardous ferent from non-

mdlng that a single bft
change of a non-orftioaf

operation code critical addressee address wllf not activate
- oodlng of hazardous that a single bit Hazardous opera- the critical command
and norMazardous op- fallure will not al- tlonal codes are
eratfons too similar, loss low access to crlt- stored In a library
of bit changes operation Ical functions durfng ground test-
sefeotion Ing and require op-

erator Intervention
1 for activation

r



>ROJEOfi EOS DATE 30 August 1993

~ROJECTPHA8~. PDR HAZARD ANALYSIS REv1810N

IY8TEW8UBSYSTEW Structure/Mechanism PA(3E 27 OF 35

{AZARD IDENTIFICATIONAND EVALUATION DESION PREVENTIVEMEASURES

HAzARm u
Stmctural failure

2 i

OESION SAFETY REQUIREMENTSAND AOEQUACYOF DESIGN FEATURES PROCEDURALPREVENTIVE MEASURES

I !j!l

# OESIONFEATURES

!3s ‘

PRODUCINOFACTORS gg SAFETY SAFEWIOPERATION PROCEDURAL8AFlZr’Y PROCEDURAL
REQUIREMENTS DESl(lN FEATURES TE8T8

DISPOSITION
DESIGN ANALYSIS REOUIREMENTIU VERIFICATION ANOIOR

MEA8URE9 REMARKS
- — . . . . . . — . —
26 Structural components Ill D Structural design

falls because:
Protective covering Martin Marietta Is expe-

uses the worst
- design Incapable of

are placed over the rlenced In the daelgn,
case loading and structural members fabrication and

supporting toad placed then have safety to lessen the effect construction of epoxy
on ft factors of 4:1 yield of Inadvertent colll- tube satellites. This ex-
--)rsmslwefoadlng of and 51 ultlmate slon with other ob

appllad to the de-
perience will ensure

- fracfura growth
jects

sign
sound construction of
the epoxy tubes and

- krdudrrg fautfs by miss Detailed procedures
handling of ttre compo- Dlsslmllar metals

proper care once the
will be developed for satellite Is assembled.

nenta. Colllslon wlfh oth- are avoidd how- fhe Installation of
er flight hardware or ever, when used fubes and fasteners
GSE
- Instatlatlon error

protective coatings
are applied to pre- Incomlng Inspection

/ - improper fasteners or vent galvarrlc cor-
Improper Installation of

procedures ensure
melon

fastenera
negligible fracture

- dissimilar metals caus-
growth potential

ing galvanic reactions

&
27 Honeycomb panels are ii D Panels are de-

weakened due to inade-
Revlew deslgna of

signed to permit honeycomb panels
quate panel venting dur-
ing thermal vacuum test-

proper venting to ensure proper

ing
venting has been in-
corporated

28 Gaivarric corrosion ill D Procedure will
causes faiiure of metal check for protective
components. Cause dis- coating when disslm-
slmllar metals in contact ilar metals are used
with each other and no in contact with each
protective coating other
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Structural failure e

[$
DESIGN SAFETY REIXIIREMENT8 AND AOEQUACYOF DESION FEATURES PROCEDURALPreventive MEASURES

a DESmN FEATURES

I ‘“
‘ $! ~

g

PROOUCINOFAOTOR8 E RE~/:~~s
SAFEW/OPENAllON PROCEDURAL8AFEW PROCEDURAL

DE810N FEATUREO TESTS DESIONANALYSIS
DISPOSITION

nEaulREMENle/ VERlflCATtON ANOt OR
WZA8URES REMARKS

~ - L
19 Sprin drtven hinges

Y
II D WSMCR 127-1 Activation of stored Connectors are

oonta nlng stored me- para. 3.13.3.1.2; energy devices re- checked for stray
chanfcal energy lnadver- fault tolerance
tentfy activate damaging

qufraa operator fn- voltagea bent plna
tervention title

fllght hardware and In ur-
and contamination

I
~~3M;:; ;7-1 p. ~etnnlng ground

fng paraonnek poaslb e
prior to mating

.

cause= tiis~ti ;hieidad
- stray voltage wire palra Circuits actfvattng
- EMI stored energy da-
- Impmper mmmands
from from ground sup

vices are fault tol-
erant

port,equipment or lnter-
naf computer Harnesses are
- operator emor twisted shielded

/ - failure of electronic pairs to eliminate
hardware EMI effects on the

wiring

Yo Separation nut with II D WSMCR 127-1 All pyrotachnlc wk- Actlvatlon of the aepa-
spting contains stored para. 3.13.3.2.4 Ing.conslsts of ration bolt ckouit while
mechanical energy and shielding attenua- twlsted shield pairs patformlng ground taat-
pyrotechnic. Inadvertent tion requirements Ing raqukea operator i
activation of these da- Pyrotachnlc buses tervention at the EGSr
vices could damage WSMCR 127-1 p. are design to atten-
flight hardware or injury

console.
3.13.3.2.4.1; 20dB uate signals by 20

peraonnef. Possible attenuation dB
causew
- atray voftage MlL-STD-l 576 Pyro circuits are
- EMI para. 5.2.d; pro- baing designed to
improper commands vide 380 degree
frum from ground sup

provide 380 degree
shielding for pyro shielding

port equipment or inter- ckcuits
nal oomputer
- operator error
~~-fa~mof electronic

l!
!$w
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HAZARD
Structural failure $~ ~~

LJESIONSAFETY REQUIREMENTSANO ADEQUACYOF DESION FEATURES PROCEDURALPREVENTIVE MEASURES
0E810N FEATURES

I

PROOUCINa FACTORS

g?i 1{ L
8AFETY 8A~Y/OPERATION PROCEDURAL8AFETY

REIXJIREMENrS
PROCEDURAL

DESIGN FEATURES TESTS
DlaPo51TloN

DESION ANALYSIS REOUIREMENTSI VERIFICATION ANOIOR
MEASURES REMARKS

- - <
11 Boom or antenna motor Ill D WSMCR 127-1 Circuit design Is Connectors are to Activation of the sepa-

1sactivation may cause para. 3.14.3.2; one fault tolerant, checked for stray
damage to flight hard- fault tolerance

ration bolt circuit while
voltages durtng the

ware or parsonnel injury. Design of the integration process
performing ground test-
ing requires operator ln-

Actfvatlon maybe WSMCR 127-1 p. checkout stations
caused by: 3.13.3.2.4.3; EMI requires operator

terventlon at the EGSE

- EMI
console.

shielding intervention for ac-
- Stray voltage tlvation of hazard-
- Improp computer ous commands
commands from ground
suppwl equipment or ln- Wiring harnesses
temaf computer provide shleldlng
- operator error against EMI
- faiiure of electrical

/ component

}2 Fasteners fail because it D Design of the fas- Detalled procedures
ok tener is based on
- maten!alfailure the worst case

are to be developed
for installation of fas-

- Installation error result- Ioading projections
Ing in excessive loading

teners and structural
tubes

- not designed for worst Safety margins are r

case ioadlng design into the siz-
ing of the fasteners

Fastenem are pro-
tected from inad-
vertent contact by
covering them or
providing some
~a~l~) physical

Dissimilar metals
are not used to pre-
clude galvanlc
reactions
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r

PRODUOINOFACTOR8 I
Loss of motor control
may result in an over-
speed condition, causes
arm
- bent pin
- mlswlre
- software glitch

Ill

I I

E I I RWA has redun-

1 Idant speed control-
lers which shut off

oower to the RWA

Imotor

I
The housing Is de-
signed to withstand
the energy if the
wheel/hub should

ADEQUACYOF DESION FEATURE8

8AFETWOPERATION
TESTS DESIGNANALYSIS

PROCEDURALPREVENTIVE MEASURES

PROCEDURALSAFETY

I

PROCEDURAL
REQUIREMENT VERIFICATION

MEAINJRES
1

QC maintains tight I
tolerances on the
fracture mechanics
of the wheeVhub

Visually check all
connectors prfor to
mating

Teat cables thor-
oughly prtor to using
with assembles I

DATE 30 August 1993
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D18P08MON
ANOIOR
REMARKS

Vendor selection has
not been made at the
time of this report. De-
sign features will be re-
flected In the hazard
analysis for CDR

I

r
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4AZAR0 lDENTlflCATION ANOEVALUATION OESIONPREVENTIVE MEASURES

HAZARD:

~ [:
OESIONSAFETY REQUIREMENTSAND AOEOUACYOF OESION FEATURES PROCEDURALPREVENTIVE MEASURES

DESION FEATURES

I ‘ !jt
!$a

PROOUCINC!FACTORS
so
of

SAFETY 8AFElY10PERAT10N PROCEDURAL8AFI?Iw
REQUIREMENTS DESIQN FEATURES

PROCEDURAL
TE8T8 OESIONANALYSIS

OISPOSMON
REQUIREKENTSl VERIFICATION ANDIOR

MEA8URE8 REMARK8
— — — ~

Electrical power

-1 The presence of high Ill D WSMCR 127-1 High energy Procedures will lden- Martin Marietta assem-
energy sources Isa haz- para. 3.14.2; ad- sources contact tify high voltage bly procedures prohibit
ard to personnel and here to the NEC are shielded from
flight hardware If inad-

souroes the mating of live clr-
NFPA 70, NEC Inadvertent contact cults

verient contact Is made 110-17; shielding Personnel will be fa-
of power sources Hot leads are on mlliar with the sys-

female connectors tern and be able to
Identify high voltage
sources as they
work on the hard-
ware

I Temperature Extremes

-2 While filling the coolers Ill c WSMCR 127-1 The systems con- Review lnstrument- Wlll verify the lnstru-
and the presences of the para. 3.12.4; taining cyro work-
fllled ooolers presents

er’s filling procedures mentem design to en-
structural analysis Ing fkrlds meet the

the possibility for per-

and ensure back out sure that the coolers
requirements of

sonnet to incur sever WSMCR 127-1 MlL-STD-l 522A
procedures are pro- and thek working fluld

frost bums.
vlded for varfous can be handled safely

para. 3.12.11; for pressure ves- polnts throughout the
safety factors sels and compo- fill procedure. r

Identify personnel pro-
nents tective equipment re-

WSMCR 127-1 quired while handling
para. 3. 10.4; back and filling the coolers.
out procedures

g
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HAZARDIOENTNTOATIONAND EVALUATION DESIGN PREVENTIVEMEASURES

HAZARD

; [~
DESION SAFETY REQUIREMENTSAND ADEQUACYOF DE8113NFEATURES PROCEDURALPREVENTIVE MEASURES

DE810N FEATURES

II j! ~~ ‘

PRODUCINa FACTORS SAFHV SAFHYIOPERATION
REOUIREMENT8

PROCEDURAL8A~Y PROCEDURAL DISPOSITION
DESION FEATURES TE8T$ OE810N ANALYSIS REQUIREMENTS/ VERIFICATION ANOIOR

MEASURES REMARK8

Toxic Material and
Health Concerns

I-3 The presence of toxic Ill c WSMCR 127-1 Procedures and pro- Contact with the cyro
materials, such as treryl- para. 3.10.1; Ilmlt
Iium, and material which the use of toxic

gram tralnlng will working flulds, nitrogen
Instruct personnel to and hetlum, can result

may cause skin rashes materlaf wash hands immedl- In skin damage. Re-
are a posslbfe health
hazard to personnel.

ately after coming lease In a confined vot-
Into contact with ume can cause oxygen
Identified fubrfcsrrts. depletion.

Machlnlng of berylll-
um parts requlrea
special precautions

1 krcludkrg the use of
personnel protective
equipment approved
by EHS

Flammable Materfaf

I-4 Flammable material lo- 111 D Materials used Can not be evaluated
cated near possible tgnl- near Ignltlon
tion sources.

until further In the de-
sources shaft pre- sign.
elude the propa-
gation on the

r
flame front.

Designs will limit
the use and loca-
tion of flammable
materfals
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DE8N3N FEATURE8

I ]!

PRODUCINOFACTORS II
SAFETY 8AF-YIOPERATION PROCEDURALSAFETY PROCEDURAL

REQUIREMENTS OESION FEATUREEJ TESTS
01SP081TION

DEW3N ANALYW3 REQUIREMENTLV VERIFICATION ANOIOI!
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Control Systems

-5 Control Inhlbita are by- 111 c WSMCR 127-1 Connectors are ln- Prlor to mating all
paeaed because para. 3,14.3,1; divldually keyed or connectors are VlLNJ-
- oonnaotora are im- connector keying labeled to preclude ally chaokad for bent
properly mated mismating pins and for contami-
- contamination on the WSMCR 127-1 nation on the con-
connector para. 3.14.5.2; Connectors are the nector facing and
- bent pins shotiing out prevent reverse scoop proof type to
dgnal

pins
polarity

- software
preclude bending
of pins

I
I

f’
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0E810N FEATURES

I I $!l

PRODUCIW3FAOTORS !!1
8AFEFV 8AFETYIOPERATION PROCEDURAL8AFETY

REQUIREMENTS
PROCEDURAL DISPOSITION
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Anhydrous Ammonia

:+0 Component leakage re- 11 D WSMCR 127-1 The systems con- X-ray all welds In the
leasing anhydrous am- para. 3.10.2: TLV tainlng anhydrous ammonia subsystem
monia Into the work exposure ammonia meet the
area, caused by raqulrements of Design the sub8ys-
- Improper weld WSMCR 127-1 -1 522A for pres-
- fractured joint or com-

tem to proper safety
para. 3.10.3; per- sure vessels and factor levels

ponent due to over pres- sonnel protective components
surfzatfon or excessive WSMCR 127-1 Personnef working
meohankal flexing of para. 3.12.4; The design safety
thermal components

with ammonia com-
sfrucfural analysls factor for heat

- dissimilar metals re-
ponents will wear

pip k 2.5X protective equipment
I suftlng In gafvanlc corro- MEOP as directed by EHS
I slon WSMCR 127-1

para.3.12.ll; The design con- Afl materfal used In
safety factors talns flex hosing at the ammonia system

crttkal bands to
WSMCR 127-1

and adjacent to It will
permit movement be checked for com-

para. 3.10.4; back of the plumblng pa~bllity with ammo-
out prrxecfures s stem without

Yp acfng excessive
mechankal motion Areas In which am-
en the system
The thermal ays-

monla 18 used wlff
contain ammonia f

tern uses the EOS sensors
bus stmcture to
provide support to Procedures wfff be
pressure lines and developed with safe
components means to back out to

a safe positfon
should something in-
terrupt normal actlv-
Ity flow
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StructureslMechanlsms/
Moving Devices

-7 Fasteners fail because II D Design of the fas- Detailed procedures
ok tener Is based on
- material failure

are to be developed
the worst case

- Installation error result-
for installation of fas-

Ioading projections
Ing In excessive loading

tenera and structural
tubes

- not designed for worst Safety margins are
case loading design into the slz-

Ing of the fasteners

-it Galvanlc corrosion Ill D Dlsslmilar metals Procedures will in-
, causes failure of metal are avoided how- ctude steps to check

components. Cause dis- ever, when used for protective coatingI similar metals in contact protective coatings when dlsslmllar met-
wlth each other and no are applied to pre- als are used in con-
protectlve coating vent galvanic cor- tact with each other

rosion

-9 Structural components Ill D Structural design
failuma becausw

Protective coverfngs Martin Marietta ISexpe-
uses the worst

- design Incapable of
are placed over the

case loading and
riencad in the design, (

structural members fabrication and
supporting load placed then have safety to lessen the effect construction of epoxy
on it factors of 4:1 yield
- excessfve Ioadlng of

of Inadvertent cclli- tuba satellites. This ex-

the structure
and 51 ultimate sion with other ob- perience will ensure
applled to the de- jects

- fracture growth
sound construction of

sign the epoxy tubes and
- Indudng faults by miss Detalfed procedures
handling of the compo-

proper care once the

nents. Collislon with oth-
wIII be developed for satelllte Is assembled.
the installation of

er flight hardware or tubes and fasteners
GSE
- Installation error
- improper fasteners or

Incoming Inspection

Improper installation of
procedures ensure

fasteners
negligible fracture

- dissimilar metals caus-
growth potential

ing galvanlc reactions
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1 INTRODUCTION L

1.1 Scope

The interfaces between the instrument and the Earth Observing System (EOS) Spacecraft

and instrument accommodation equipment are controlled through the use of the Unique

Instrument Interface Documents (UIID), the General Instrument Interface Specification

(GIIS), and the interface Control Documents (lCD). This document, the EOS General

Instrument Interface Handbook, hereafter referred to as the Handbook, provides

explanatory information on the Spacecraft and its interfaces.

1.1.1 Unique Instrument Interface Document

The purpose of the Unique Instrument Interface Document (UIID) is:

a. TO ALLOCATE Spacecraft resources to a specific instrument.

b. TO DOCUMENT exceptions to GIIS requirements, restraints and constraints
imposed by the instrument on the Spacecraft and instrument accommodation
equipment, and special accommodations to be provided for the instrument.

1.1.2 General Instrument Interface Specification

The purpose of the General Instrument Interface Specification (GIIS) is:

a. TO SPECIFY a comprehensive set of Spacecraft-to-instrument interface
requirements.

b. TO DEFINE the environments to which the Spacecraft will be subjected.

c. TO IDENTIFY the organization responsible for the implementation and verification
of the requirements.

1.1.3 Interface Control Documents

The purpose of the Interface Control Documents (lCDs) is:

a. TO DESCRIBE in detail the design implementation of each
Spacecraft-to-instrument interface and the interfaces with the instrument
accommodation equipment.

1.1.4 General Instrument Interface Handbook

The purpose of the General Instrument Interface Handbook is:

a. TO FAMILIARIZE users with the EOS-AM Spacecraft, its subsystems, and
capabilities.

b. TO EXPLAIN the current design implementation of each GIIS requirement and the
Spacecrati-ttinstrument interfaces.
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The General Instrument Interface Specification (GIIS) an~the General Instrument

Interface Handbook are companion documents. They are written and maintained as two ~

documents, separating the specification from the explanatory information. The GIIS

contains the requirements necessary to control the Spacecraft-to-instrument interfaces.

The General Instrument Interface Handbook, on the other hand, contains no interface

requirements, but provides explanation of the GIIS interface requirements and, where

applicable, describes the Spacecraft design and interface implementation. The

organization of the Handbook parallels the section headings of the GIIS, such that

information relative to a specific requirement in the GIIS can be located under the same

section heading in the Handbook.

1.2 Change Authority

The General Instrument Interface Handbook is controlled and maintained by the Martin

Marietta Corporation EOS-AM Program. Updates to the Handbook will be provided as

needed to remain current with the GIIS.

1.3 Terminology

Certain terminology is used consistently throughout the GIIS and Handbook, and are

discussed in the following paragraphs. Abbreviations and Acronyms appear in

Appendix B, Section 30.
...

Component - The EOS-AM mission instrument components are: (ASTER) MPS, CSP,

SWIR, TIR, VEL, VSR; (CERES) CERES-FORE, CERES-A~ MISR; MODIS; MOPllT.

Dimensions - All drawing dimensions are in millimeters. English values, when also

reported, are given in inches.

Fixed Base - For modeling purposes, the fixed base configuration of a component

attached to its mounting surface means that the interface degrees of freedom fixed at the

interface are only those restrained at the interlace. For a bolted joint, only the three

translational degrees of freedom are restrained. There is no moment or torsion constraint.

instrument - The EOS-AM mission instruments are: ASTER, CERES, MISR, MODIS,

and MOPll_K

Instrument Accommodation Equipment - Equipment required to interface the

instrument to the Spacecraft.

Instrument Housekeeping lelemet~ - The set of instrument data that is used, both

on-board and on the ground, to determine and maintain

operate the instrument. Examples are instrument status

the health and status of, and to

and critical temperatures.

DCC082793 2
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Safe Mode - A critical mode in which a fault(s) has occu@ with the Spacecraft’control

computers or its support systems or loss of precision attitude control. The control of the

Spacecraft is passed to a backup processor which maintains the Spacecraft in an

Earth+ riented, or sun-pointing attitude once safe mode is obtained. However, there is no

guarantee an Earth-oriented attitude will be maintained during transition to safe mode.

During Spacecraft safe mode, each instrument and housekeeping subsystem will

configure to a predefine state. The instrument safe mode will be a non-science

data~enerating state in which the instrument is in a reduced power standby state.

Spacecraft sewices available during safe mode will be as detailed in Appendix D of this

document.

Spacecraft - A fully integrated Spacecraft comprised of the Spacecraft bus and its

instruments.

Spacecraft Bus - The integrated assemblage of equipment which provides all

housekeeping resources and services necessary to support the operations of an

instrument set, including: mechanical support and alignment; attitude control; orbit

determination and guidance; electrical powe~ temperature control and excess heat

rejection; data communications; and data formatting, storage, and routing.

Survival Limits - The minimum temperature limits at which an instrument can be

maintained indefinitely without affecting the ability of the instrument to return to normal

operations.

Survival Mode - A power-critical mode in which a fault(s) seriously threatens the health

and safety of the Spacecraft. Transition into the survival mode will cause nonessential

housekeeping equipment and instruments to power down with power available only for

survival equipment. The Spacecraft control computer will maintain full control of the

Spacecraft while in the survival mode.

Units - In general, SIU units are utilized to define the interface requirements. In the event

that an item is manufactured in other units, these units will be used in requirement

specification. For example, if English inserts are utilized for mounting the associated

dimensions (diameter + thread) will be specified in English units (inches + threads per inch).
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2 REFERENCE DOCUMENTS L

The following documents are for reference and information purposes only. They do not

explicitly define requirements on the instruments.

GSFC 420-02-02
26 January 1990

MIL-HDBK–1553B

CCSDS 201 .O-W1
January 1987

CCSDS 202.O-&l
January 1987

CCSDS 203.0-6-1
January 1987

20005400

MlL-STD-l 246

SSP 30425
Rev. A, June 1991

SP-8013
March 1969

TM 100471
April 1989

Earth Observing System Configuration Management
Plan

Military Standard, Aircraft Internal Time Division
Command/Response Multiplex Data Bus

CCSDS Recommendation for Space Data System
Standards. Telecommand, Part 1: Channel Service,
Architectural Specification, Blue Book, lssu~l

CCSDS Recommendation for Space Data System
Standards. Telecommand, Part 2: Data Routing
Service, Architectural Specification, Blue Book,
ISSU*l

CCSDS Recommendation for Space Data System
Standards. Telecommand, Part 3: Data Management
Se;’, Architectural Specification, Blue Book,

Electroma netic Compatibility (EMC) Handbook for the
~EOS-AM pacecraft

Military Standard Product Cleanliness Levels and
Contamination Control Program

Space Station Program Natural Environment Definition
for Design

Meteoroid Environmental Model-1 969 (Near Earth to
Lunar Surface)

Orbital Debris Environment for Spacecraft Designed to
Operate in Low Earth Orbit

An Empirical Model of Energetic solar Proton Fluxes with Applications to Earth Orbiting
Spacecraft, E.G. Stassinopoulos and J.H. King, GSFC, December 1972.

New Interplanetary Proton Fluence Model, Joan Feynman, et al., Journal of Spacecraft,
Vol. 27, No. 4, July-August 1990.

AE-8: Trapped Electron Model,Vette, J. I., to be published.
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3 MECHANICAL REQUIREMENTS c

Structures and Mechanisms Subsystem (SMS)

The Structures and Mechanisms Subsystem (SMS) provides the necessary structural

support and mounting area for all instruments and housekeeping equipment. These

functions satisfy multiple constraints including: launch environment, fairing static

envelope, AM instrument set science and thermal fields-f-view (FOVS) and pointing

stability. The SMS provides the release and deployment mechanisms for the high-gain

antenna as well as the interface to the launch vehicle separation system. The EOS

Spacecraft structure consists of the primary structure, equipment modules (EMs),

equipment panels, and secondary structures which support harnessing and components

mounted to the primary structure, as well as instruments.

Primary Structure -

The EOS Spacecraft primary structure, shown in Figure 3-1, is configured into two major

substructures: a rectangular cross-section fonvard truss and a hexagonal aft structure.

The forward truss comprising Bays 2 through 7 consists of graphite/epoxy tubes bonded to

titanium node fittings. Bulkhead 7 is a panel structure closing out Bay 7. The forward truss

features steps in Bays 5 and 6 to provide fairing clearance for MODIS and ASTER-TIR.

The secondary structure interfaces with the primary structure at the node fittings.

The aft structure comprises Bay 1 and is also constructed of graphite/epoxy tubes bonded

to titanium node fittings. Bulkhead 1 closes out the aft structure and interfaces with the

Propulsion’ Module structure at six node fittings. The six node fittings will each house one

end of one of the six separation nuts used to separate the Spacecraft from the launch

vehicle. The aft structure supports the Propulsion Module tank internally from the aft panel

(Bulkhead 1). In addition, the aft structure supports one of the battery panels, power

module, and CERES instruments mounted on an aft Instrument Mounting Plate (IMP). The

hexagonal shape of the aft structure was chosen to facilitate load transfer to the launch

vehicle by providing a larger cross section than the rectangular forward truss. This

increases the bending stiffness and strength of the primary structure. The hex shape also

allows for efficient packaging of the Propulsion Module and supports thrusters and

propulsion system electronics. By designing the aft structure to be removable following

completion of the primary structure qualification testing (static and modal), the design

allows for the parallel processing of the Propulsion Module and the Spacecraft Bus.
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The forward truss and aft structure rely extensively on the s~cessful construction methods

implemented on the Upper Atmosphere Research Satellite (UARS) program. The tubular

graphite/epoxy members are adhesively bonded to titanium node fittings in the case of

Iongerons and titanium end fittings for the bulkhead and diagonal members. Precision

fixtures and tight dimensional tolerances are incorporated in the buildup of the truss

structure. This type of construction facilitates precise alignment of instruments and

housekeeping equipment. Also the graphite/epoxy members exhibit low thermal distortion

allowing the EOS Spacecraft to meet on-orbit pointing requirements. The graphite material

baselined for the tubes is an ultra-high modulus (UHMS) graphite which was successfully

tested on the EOS program in late 1989. The epoxy material has also been successfully

tested and has been used on other NASA programs (e.g., ACTS, Mars Observer).

Secondary Structures

The secondary structures are customized for each instrument depending on the

instrument’s location, volume, mass, thermal control configuration, FOV constraints, and

pointing requirements. For the EOS-AM instrument set there are two methods of

mounting: lMP-mounted and direct-mounted instruments. The lMP-mounted

instruments are attached to an aluminum honeycomb core panel which has graphite/epoxy

facesheets. These panels will be mounted to the primary structure cinematically via

ball-joint fittings. The thickness of each panel and facesheet will be derived based upon

the mass distribution and center-of-gravity offset of the respective instrument. The

mounting of the instrument to the panel will be a function of the instrument base material

and pointing requirements. The direct-mount secondary structures will incorporate tubular

truss structures or customized mounts which mount directly to the primary structure node

fittings.

Launch Vehicle Separation System

The launch vehicle separation system is comprised of six discrete separation nut systems.

The head of each separation bolt is housed in a Bay 1 node fitting. The launch vehicle side

of the interface houses the nut end and attaches to fittings which form part of the launch

vehicle adapter. This system was chosen to allow a simpler interface to the launch vehicle

and was more weight efficient than a continuous ring intetiace. Separation velocity is

achieved by employing a set of separation springs that push off the launch vehicle adapter.

The springs are designed such that a failure of one will not prevent the achievement of the

necessary velocity required for proper separation.

9 DCC082793
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3.1 Mechanical Interface Definitions L

3.1.1 Spacecraft Mounting Interface Definition

Instruments are mounted to the Spacecraft structure by using one of two methods: an

lMP-mount or a direct mount. The Spacecraft mounting interface for lMP-mounted

instruments is at the IMP facesheet beneath the instrument mounting surface footprint.

One or more individual instruments maybe mounted to an IMP, together with appropriate

accommodation equipment. The Spacecraft mounting interface for direct mounted

instrument is at the lower surface of the upper bearing of the kinematic mount.

The IMPs have a core of aluminum honeycomb bonded to graphite-epoxy facesheets.

Metal fittings are bonded to the facesheets and core at each corner of the IMP and some

intermediate points for attaching kinematic mounts. The IMPs are designed to provide high

stiffness and low thermal distortion.

“ Each IMP is structurally supported by the same kinematic mounts (KMs) used for direct

mount instruments. The KMs minimize structural loading of both sides of the kinematic

mount interface by not transmitting selected forces. This characteristic of the kinematic

mounts also reduces on-orbit thermal distortions, which has large benefits in component

alignment accuracy. An optical cube attached to the IMP is used for alignment purposes.

3.1.2 Coldplate Mechanical Interface Definition

The coldplate mechanical interface is between the instrument baseplate and the surface of

the thermally conductive filler material which is in contact with the instrument.

3.2 Envelopes

3.2.1 Instrument Envelope Allocation

The instrument envelope is the limiting volume of space allocated to the instrument for

growth during design and development and for its deployable appendages. This volume is

defined by the instrument’s location on the Spacecraft, its proximity to other instruments,

and its optical, thermal, and calibration FOV requirements as allocated in the Unique

Instrument Interface Document (UIID). Neither instruments nor Spacecraft components

may not intrude into the allowable envelope of any other instrument.

3.2.1.1 Instrument Launch Phase Envelope

The launch envelope defines the aliowabie iaunch configuration voiume of the instrument.

In addition to fright (operational) volume restrictions, iaunch enveiopes are restricted by the

intemai diameter of the iaunch vehicie shroud, any stowed depioyabies and launch vehicle

ground service access requirements.

DCC082793 10



20008502
30August1993

.

3.2.1.2 Instrument On+rbit Envelope -

The instrument on-orbit envelopes are derived from instrument configurations, field of view

requirements, including neighboring instrument FOV restrictions, and swept volume of

deployable, if any.

3.2.2 Instrument Envelope Documentation

The instrument envelopes are defined in the instrument UIIDS. They are used in the MlCD,

in addition to instrument configuration layouts, to completely define the instrument

interfaces.

3.2.3 External Configuration Changes

As part of instrument definition, the MICD will contain information which will define any

changes to instrument external configuration due to any deployable and/or moving parts,

as well as the volume required for operation.

3.3 Fields of View

3.3.1 Fields+f-View Allocation

FOV allocation, whether science, calibration, or thermal, will be documented in the UIIDS.

These FOV definitions will be referenced to the defined origin of the allocated envelope of

the instrument.

3.3.2 Fields-of-View Accommodation

The location of each instrument component

accommodate instrument optical and thermal

will be documented in the MICD and will

FOV requirements within the constraints of

the overall mission. The definition of each FOV should be of sufficient detail to specify the

actual requirement and any margins which are applied to the overall FOV requirement.

3.3.3 Fields-of-View Documentation

The actual science and calibration FOV accommodation is documented in the MlCD. The

actual thermal FOV accommodation is documented in the Thermal Interface Control

Document (TICD). These definitions will include the origin (or virtual origin) and the swept

or scanned field, represented as a FOV projetilon, as documented in the UIID. It will also

include a wide angle perspective of the FOVS, illustrating any intrusions to be mutually

agreed upon.
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3.4 Mass Properties c

3.4.1 Instrument Mass Allocation

Mass measurements of each instrument component will be used in predicting instrument

dynamic characteristics during launch, insertion into orbit, and orbital operations. The

parameters must be determined for all configurations (i.e., stowed, deployed, operational,

etc.) to evaluate flight performance in accordance with mission requirements. Instrument

mass allocations contained in the UIID represent the maximum allowable mass for all flight

components comprising an instrument, and represent all flight hardware provided by the

Instrument Provider.

3.42 Instrument Mass Measurement

The Instrument Provider will measure the mass of each separately-mounted instrument

component to the tolerance defined. The tolerance is specified in absolute terms, rather

than as a percentage because, for very large instruments, a large amount of uncertainty

would accompany the measurements, which would affect Spacecraft center of mass

results. The Spacecraft Provider will verify instrument component mass measurement

during the instrument receiving process.

3.4.3 Instrument Mass Documentation

The actual mass of each instrument component will be documented in the MlCD. This

information is used to generate the mass properties of the Spacecraft. Prior to flight

hardware delivery, the instrument mass is documented in terms of percentage estimated,

calculated, and measured. The final MICD mass should be 100’%measured.

3.4.4 Instrument Mass Property Report

The instrument mass property report submitted to GSFC by the Instrument Providers will

be forwarded to the Spacecraft Provider for inclusion into the MICD and from there into the

Spacecraft mass properties report.

3.4.5 Instrument Mass Variability

3.4.5.1 Instrument Mass Variability Allocation

Mass variability refers to the planned expulsion of mass by an instrument or other

subsystem during the course of the Spacecraft mission. For the Spacecraft, as an

example, this refers to the Propulsion Module which expels combustion by-products to

produce thrust. In the case of instruments, this could take the form of cryogenic

DCC082793 12
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expendable which may be used to cool detectors to ve@ow temperatures. Any mass

variability that is required for instrument operation should not be over and above the UIID

mass allocation.

3.4.5.2 Instrument Mass Variability Documentation

Any mass variability, which is allocated in the UIID, will be documented in the MICD

drawing. The minimum information required by the Spacecraft Provider for instruments

which use expendable is the type of substance, total mass expended, and a time history of

the mass loss.

3.4.6 Center of Mass Documentation

The instrument center of mass of each instrument component will be used in predicting

instrument dynamic characteristics during launch, insertion into orbit, and orbital

operations. The parameters must be defined for all configuration (i.e., stowed, deployed,

operational, etc.) to evaluate flight performance in accordance with mission requirements.

The center of mass of the instrument components will be documented in the instrument

MlCD, and be referenced to the instrument component origin point agreed to by the

Spacecraft Provider and Instrument Provider.

3.4.7 Moments of Inertia

3.4.7.1 Moments of Inertia Determination

The moments of inertia for each instrument component will be used in predicting instrument

dynamic characteristics during launch, insertion into orbit, and orbital operations. The

parameters must be defined for all configurations (i.e., stowed, deployed, operational, etc.)

to evaluate flight performance in accordance with mission requirements. The Instrument

Provider may choose either measurement or analysis for this determination.

3.4.7.2 Moments of Inertia Accuracy

The accuracy of the instrument moment of inertia values must be AI O% of the actual

moment of inertia.

3.4.7.3 Moments of Inertia Documentation

The MlCDs will document all mass property information, including the moments of inertia.

The MICD will also document whether the information was measured or calculated.
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3.4.7.4 Moments of lne~”a Variation Documentation -

For instruments with movable mechanisms, the variation of moments of inertia will be

documented in the MlCD. The documentation should be in the form of a nominal value with

a minimum and maximum variation from the nominal. In addition, if the instrument has a

launch position that is different from the nominal, then moments of inertia for the launch

configuration will also be documented in the MlCD.

3.4.8 Products of Inertia

3.4.8.1 Product of Inertia Determination

The products of inertia, for each instrument component, will be used in predicting

instrument dynamic characteristics during launch, insertion into orbit, and orbital

operations. The parameters must be defined for all configurations (i.e., stowed, deployed,

operational, etc.) to evaluate flight performance in accordance with mission requirements.

The Instrument Provider may choose either measurement or analysis for this

determination.

3.4.8.2 Product of Inertia Accuracy

The accuracy of the instrument product of inertia values must bekl O?40of the actual product

of inertia.

3.4.8.3 Product of lnetia Documentation

The MlCDs will document all mass property information, including the product of inertia.

The MICD will also document whether the information was measured or calculated.

3.4.8.4 Product of Inertia Variation Documentation

For instruments with movable mechanisms, the variation of product of inertia will be

documented in the MlCD. The documentation should be in the form of a nominal value with

a minimum and maximum variation from the nominal. In addition, if the instrument has a

launch position that is different from the nominal, then products of inertia for the launch

configuration will also be documented in the MlCD.

3.5 Mounting

3.5.1 Mounting Method

The two instrument component mounting methods in use are kinematic mounting and

plate-mounting. Plat-mounted instruments are attached to the Spacecraft secondary

plate structure by the use of a sufficient quantity of mounting bolts to effect an adequate

retention of the instrument. Kinematic mount instruments are attached by three or more ....

kinematic mounts directly to the Spacecraft structural node fittings.
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3.5.2 Mounting InterFace L

3.5.2.1 Mounting Interface Documentation

The MICD will document the instrument mounting Interface. This will take the form of

defining instrument specific location, surface properties, hole sizes, number of fasteners,

washers, thermal isolators, etc. In the case of cinematically mounted instruments, the

MICD will also define the kinematic mount bearing configuration with a full description of

hole sizes, their location and any surface preparation requirements.

3.5.2.2 Mounting Hole Coordinates and Dimensions

The mounting hole details will be defined in the MICD drawing. Identification of the

instrument component origin and its relation to the instrument mounting hole pattern as well

as the Spacecraft coordinate system will totally define the location of each mounting hole.

3.5.3 Mounting Hardware

3.5.3.1 Mounting Hardware Provider

Mounting hardware provided by the Spacecraft Provider includes fasteners and associated

washers and nuts which are used to fasten an instrument to the Spacecraft structure. The

specific hardware for each instrument will be different depending on the method of

mounting.

3.5.3.2 Mounting Hardware Documentation

The detailed definitions of bolts, washers, spacers and their locations and preload levels

will be defined in a table in the MICD drawing.

3.5.3.3 Mounting Boits

The mounting bolts to be used for instrument-t~Spacecraft fastening will be procured to

MlL-STD-l515A as required by the GIIS.

3.5.4 Kinematic Mounts

3.5.4.1 Kinematic Mount Provider

The kinematic mounts will be provided by the Spacecraft Provider. This includes a set of

test mounts and a set of flight mounts.

3.5.4.1.1 Test Kinematic Mount Delivery

The test mounts will be provided with mounting hardware which includes all bolts, washers

and bearing retaining plates. The test mounts will be functionally identical to the flight

mounts and are intended to be used for instrument testing.
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On a schedule that is mutually agreed to by the Instrument P@vider and the Spacecraft

Provider, one set of test mounts will be supplied to the Instrument Provider for each

component that uses the kinematic mount method of attaching to the Spacecraft. This set

would include bearing assemblies which would attach to the instrument mounting points,

mount bodies, mounting bolts and associated washers and retaining plates.

3.5.4.1.2 Flight Kinematic Mount Delivery

On a schedule that is mutuallyagreed to by the InstrumentProviderand the Spacecraft

Provider,the flightset ofbearingassemblies,mountbodies,mountingboltsand associated

washersand retainingplateswill be shippedto the InstrumentProviderby the Spacecraft

Providerfor installation onto the flight instrument.

3.5.4.1.3 Instrument Kinematic Mount Assembly

The Instrument Provider must install the flight kinematic mount bearing assemblies before

the instrument is shipped to the Spacecraft Provider. It is suggested that final alignment

measurements of the instrument be made after installation of the flight bearings.

3.5.4.2 Kinematic Mount Characteristics

3.5.4.2.1 Kinematic Mount Structure

The kinematic mounts consist of a bearing assembly that attaches to the instrument

mounting feet and a body assembly that differs for the type of mount (KMI, KM2 or KM3).

The body assembly attaches to the Spacecraft structure via bolts and provides a stud which

accepts the instrument bearing assembly. It is recommended that the kinematic mount

bearing assembly be attached at the neutral axis of the instrument baseplate.

3.5.4.2.2 Kinematic Mount Breakaway Torque

The breakaway torque of the kinematic mounts is a measure of the torque required to move

the mount bearings from a static position. This is important to control the alignment

performance during jitter.

3.5.4.2.3 Kinematic Mount Angular Freedom of Movement

The angular freedom of movement of a kinematic mount refers to the limit of its ability to

relieve thermal distortions and dynamic deflections. Distortions that exceed the indicated

limits would cause the mount to become rigid (non-kinematic).

3.5.4.2.4 Kinematic Mount Thermal Conductance

Kinematic mount thermal conductance refers to the capability of the mount to conduct heat

between mounted equipment and the primary structure. This is important for predicting

on-orbit component temperatures.
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3.5.4.3 Kinematic Mounting

The kinematic mount method of attaching instruments to the Spacecraft structure is used

for relatively large and/or alignment critical instruments. It provides a way of attaching an

instrument to the Spacecraft structure that minimizes any bending moments that maybe

transferred from the Spacecraf&to the instrument. This attachment method relies on the

use of three types of kinematic mounts. The mount types areas follows: a) the KM1 mount

which restrains translational motion in one axis normal to the mounting plane, b) the KM2

mount which restrains translational motion in two axes with one axis restraining motion

normal to the mounting plane, c) the KM3 mount which restrains translational motion in

three axes. It is required that the KM2 unrestrained axis of translational motion shall be

parallel to a line drawn between the KM2 and KM3 mounts.

Normally, an instrument would use one KM3, one KM2 and one or more KM1 mounts. Inthe

ideal case, a three point configuration is preferred since it provides the easiest and most

accurate mounting method for alignment purposes. The total number of mounting points

should be minimized, with three being the minimum, since it will not transfer any bending

moments to the instrument, except for the bearing breakaway torques which are very small.

In the case of a four point mount, the potential exists for additional torques caused by any

dimensional differences of the height of the fourth mount in relation to the other three. An

attempt will be made to shim the mounts, if required, in order to minimize this effect.

Deviations to the optional thre~oint mount configuration are documented in the UIID.

3.5.5 Spacecraft Mounting Surface

3.5.5.1 Spacecraft Mounting Surface Flatness

The Spacecraft mounting surface flatness requirement applies to plate mounting locations

only.

3.5.5.2 Spacecraft Mounting Surface Planarity

The Spacecraft mounting surface planarity requirement applies to plate mounting locations

only.

3.5.6 Instrument Mounting Surface

3.5.6.1 Instrument Mounting Surface Flatness

The instrument mounting surface flatness is documented in the MICD drawing.

3.5.6.2 Instrument Mounting Surface Planarity

The instrument mounting surface planarity is documented in the MICD drawing.
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3.5.7 Mounting Location L

3.5.7.1 Instrument Mounting Location

The Spacecraft Provider will determine the locations of all individual instrument and

Spacecraft subsystem components. The mounting locations are chosen based on

instrument and subsystem requirements such as volume, FOV, thermal requirements, and

deployable. The instrument mounting locations are developed from an iterative approach

that considers instrument requirements as they relate to other instruments or Spacecraft

subsystems in the proximity of the subject instrument. This process occurs with the full

knowledge of the Instrument Provider.

3.5.7.2 Instrument Accommodation Equipment Mounting Location

The location of the instrument accommodation equipment is the responsibility of the

Spacecraft Provider. instrument accommodation equipment includes Bus Data Units

(BDU), Fuse Distribution Boxes (FDB), Heater Controller Electronics (HCE), and interface

Connector Panels (ICP).

3.5.7.3 Mounting Location Documentation

The location of all instrument related mounting information, whether instrument

components or instrument accommodation equipment, will be defined and documented in

the MiCD drawing. The coordinates of the instrument components will be in the MICD

tables.

3.5.8 Driil Templates

3.5.8.1 Drill Template Usage

All instrument-to-Spacecraft mounting interfaces will be implemented using coordinated

tooling (drill plates). These drill plates are intended to be used for the drilling of both

instrument and Spacecraft sides of mounting interfaces, including all instrument

components and all Spacecraft-provided accommodation equipment.

3.5.8.2 Drill Template Fabrication Requirements

Requirements for surface flatness and finish are the very minimum acceptable, and the

Instrument Provider is encouraged to exceed these minimum requirements. in addition,

some judgement is required for the thickness of the drill plates. The 12.7 mm nominal

thickness for the drill plates is acceptable for relatively small drill plates, however, it is not

sufficient for relatively large drill templates.
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The drill template will be marked to indicate which siaof the template will used for

Spacecraft drilling and which side is used for instrument drilling. It is suggested that the

Spacecraft coordinates be marked on the plate to define the orientation of the plate for

drilling the Spacecraft interface.

It is suggested that the drill templates be manufactured with steel liners which will then

accept the proper size slip drill bushing for drilling the correct size holes. To ensure the

usability of the template for both sides of the interface, the template provider should verify

that the steel liners are installed below the level of both template surfaces. In this way the

drill templates can be used directly to drill all the interface holes required, including pilot

holes for both sides of the interface. This approach is recommended to be used for IMP

mounted as well as cinematically mounted instrument components.

3.5.8.3 Optically Aligned Component Drill Template Provider

For alignment critical instruments, the drill plate will provide an optical cube which will

enable the Spacecraft Provider to transfer instrument” alignment information to the

Spacecraft coordinate frame for drilling of the instrument-ttipacecraft interfaces. The

cube should be located in the approximate location of the flight instrument cube to allow for

more repeatable alignment test results. For the protection of the alignment cube, a cover

should be provided that is easily removed for alignment measurement.

3.5.8.4 Non-ptically Aligned Component Drill Template Provider

Unlike optically aligned components, the Instrument Provider will provide the drill template

for components that do not need optical alignment, such as electronics boxes.

3.6 Alignment

The following paragraphs discuss the various coordinate frames within which an

instrument is aligned, and procedures for alignment.

Orbital Reference Coordinate Frame - The Orbital Reference Coordinate Frame is

right-handed and orthogonal. The +Z–axis is a line from the Spacecraft CM to the center of

the Earth. The +Y-axis is a line normal to the Z-axis and to the Spacecraft instantaneous

velocity vector (i.e., negative orbit normal direction). The +X-axis completes the right hand

set. Due to orbit eccentricity, the X-axis and the instantaneous Spacecraft velocity vector

are not c-aligned.

Spacecraft Body-Fixed Coordinate Frame - The Spacecraft Body-Fixed Coordinate

Frame, depicted in Figure 3-2, is right-handed and orthogonal. The origin is the geometric

center of bulkhead 1. During normal science mode operations, the Z-axis passes through

19 DCC082793



Figure 3-7. Spacecraft Body-Fixed Reference Coordinate Frame

Iz

r



20008502
30August1993

the center of the earth, with +Z being nadir (i.e., toward theearth). The Y-axis is nominally

along the orbit normal, with the +Y toward the anti-sun side. The X-axis is normal to the

Spacecraft separation plane with +X in the general direction of the Spacecraft velocity

vector.

Spacecraft Reference Axes - The Spacecraft Reference Axes represents a

right-handed, orthogonal frame which is nominally aligned with the Spacecraft

Body-Fixed Coordinate Frame prior to launch. This coordinate frame is defined by the

Navigation Base Reference (NBR) which is located in the GN&C Sensor Equipment

Module on the optical bench. The Spacecraft attitude control system attempts to align the

Spacecraft Reference Coordinate Frame with the Orbital Reference Coordinate Frame.

Instrument Reference Axes - The Instrument Reference Coordinate Frame is

right-handed, fixed in the instrument, and nominally aligned to the Spacecraft Reference

Axes (when the instrument is mounted to the Spacecraft). The instrument alignment cube

defines the coordinate frame to which instrument pointing can be referenced.

The Instrument Provider is responsible for the alignment and alignment stability between

the instrument mounting base, the instrument cube, and the instrument boresight. The

Spacecraft Integrator is responsible for the determination and verification of the alignment

of the instrument optical cube with respect to the Spacecraft Reference Coordinate Frame.

The general approach for alignment of instruments is outlined below.

Step 1.

Step 2.

Step 3.

During manufacture of the Spacecraft structure, an optical cube, referred to as
the Master Reference Cube (MRC), is attached to the structure and aligned
precisely with the Spacecraft Body-Fixed Coordinate Frame. The MRC is placed
to maximize its visibility from each mounting location.

Following qualification and acceptance of the Navigation Base Plate (the portion
of the Guidance, Navigation and Control (GN&C) sensor Equipment Module
(EM) containing the NBR cube (NC)), the Navigation Base Plate is mounted to the
Spacecraft structure. The orientation of the NBR cube with respect to the MRC is
determined, and the transformation matrix between the reference frames is
derived.

As part of the Spacecraft alignment process, the instrument drill templates, along
with instrument Lin~f-Sight information, are used to position the instrument
mounting bolt pattern on the structure to null out positional errors and drill the
instrument mount interfaces. This process will attempt to null yaw errors as much
as possible. Pitch and roll errors will be nulled using shims if required. The
alignment process is basically the same whether the instrument is mounted on a
IMP or on kinematic mounts.
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Step 4. During instrument integration, the instrument is mounti on Spacecraft structure.
Alignment measurements are made that relate the instrument alignment cube to
the MRC. If measurements indicate that the initial alignment, derived from the
drill templates, has changed then are-shimming operation will attempt to null out
the remaining errors.

3.6.1 Instrument Optical Alignment Cube

The alignment cube surfaces are measured at the Instrument Provider’sfacilityto relate the

Instrument Line of Sight (LOS), which is a vector that defines the desired pointing direction

for the instrument, to the optical cube surfaces. These measured angles are provided to the

Spacecraft Provider along with the drill template. This information is used by the

Spacecraft Provider to drill the instrument mounting interface.

3.6.2 Optical Alignment Cube Requirements

3.6.2.1 Optical Alignment Cube Surface Area

An optical cube minimum size requirement is necessary to have a sufficiently bright optical

return from alignment cubes. This specified surface area of each face is a nominal value.

Small differences are acceptable when purchasing standard optical cubes.

3.6.2.2 Optical Alignment Cube SurFace Orthogonality

As a minimum, the instrument is expected to provide a cube that has two orthogonal sides

usable by the Spacecraft Provider for alignment measurement. The viewable sides of the

instrument cube are to be negotiated between the Instrument and Spacecraft Providers.

The required cube orthogonality is intended to minimize the measurement error

contribution to the instrument pointing error budget.

3.6.2.3 Optical Alignment Cube Documentation

The alignment cube location and size will be documented in the MICD drawing. The

instrument alignment data relating instrument LOS to the cube faces will be documented in

the MICD tables. The MICD tables will also be used for documenting all other instrument.
alignment information including final Spacecraft-to-instrument alignment measurements.

3.6.3 Alignment Responsibility

As part of the overall Spacecraft integration function, the Spacecraft Provider will align the

instruments to the Spacecraft structure. The alignment process will utilize the instrument

drill templates for the yaw axis alignment of the mounting bolt pattern.
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3.6.4 Alignment Angles L

Alignment angle information is documented in the MICD tables. The documented

information consists of instrument optical axis definition with respect to the instrument

alignment cube, which in turn is measured with respect to the instrument drill plate cube.

Any other alignment measurements that are used to define instrument pointing direction

with respect to the Spacecraft coordinate frame are also documented in the MICD tables.

This information is used for the location, alignment and drilling of the

instrument-to-Spacecraft interface.

3.6.5 Pointing Allocations

The UIID contains the pointing allocations that will be used by the Spacecraft Provider to

develop the overall Spacecraft pointing error budget and alignment plan for the Spacecraft.

3.7 General Structural Design Requirements

Instrumentstructuralloads apply in ail directions. For instruments composed of two or

more components, design loads for each component are to be determined based on the

individual component mass. Design loads in the GIIS may be updated by the Spacecraft

Provider as required after Spacecraft coupled loads analyses.

The design limit loads apply only to design of the mechanical interFace. Loads at locations

other than the interface are expected to be higher.

Instruments with large surface areas and low mass density require special consideration,

as airborne acoustic loads will be significant.

3.7.1 Structural Support

3.7.1.1 Instrument Structural Support

The instrument structural support consists of either an IMP or secondary/primary structure.

Secondary structure refers to Spacecraft structure which is attached to the primary truss of

the Spacecraft. Primary structure refers to the Spacecraft truss itself.

3.7.1.2 Coldplate Structural Support

If an instrumentusesa coldplate,the instrumentstructuremustbe designedto supportthe

massof the coldplate,since the coldplate attaches directly to the instrument. It is attached

to the instrument via 24 mounting bolts. The bolt pattern and placement with respect to the

instrument origin are mutually agreed to by the Instrument Provider and Spacecraft

Provider.
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3.72 Instrument Structural Dynamics L

The minimum fixed base frequency for instruments mounted on an instrument mounting

plate is specified for instruments rigidly fixed at the interface degrees of freedom that

connect the instruments to the plate. The exact definition of the “fixed base” is given in

section 1.3 of the GIIS and this document. For direct mounted instruments, the minimum

fixed base frequency is specified for the instrument including effects of the kinematic mount

flexibility. The minimum fixed base frequency requirement for the instrument was

established to ensure that dynamic responses of the instruments under launch

environments are within the design load specifications.

In order to minimize dynamic responses in the instruments, the minimum mounting

frequencies of instruments are also imposed on the integrated Spacecraft design. The

instrument mounting frequencies for the instruments are also specified at 35 Hz. Since the

instrument mounting frequencies are expected to drop below the instrument fixed base

frequencies due to compliance of the Spacecraft structure, it is desirable to design the

instrument structures to have a minimum frequency as high as possible for a given

instrument mass budget.

3.7.3 Interface Design Limit Loads Requirements

3.7.3.1 Limit Loads Application

The limit loads defined for the instrument components are to be applied at the center of

mass of the component, which, as referred to here, is for the iaunch configuration of the

component. The instrument iimit loads include the low frequency contributions from all

environments, including random vibration.

3.7.3.2 Limit Loads Application Axis

The limit loads, as discussed above, are to be applied one axis at a time and in such a way

as to result in maximum stresses to the instrument component.

3.7.3.3 interface Design Limit Loads

The intetiace design limit loads are defined separately and specifically for each instrument

component in Table 3-3 of the GiiS.

3.7.3.4 Random Vibration Leveis

The random vibration levels are defined separately and specifically for each instrument

component in Table 3-3 of the GIIS.
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3.7.4 Coupled-Loads Analysis L

3.7.4.1 Coupled-Loads Analysis Responsibility

Qualification of the Spacecraft for the expected structural loads environment requires a

combination of test and analysis. A test-verified finite element model of the Spacecraft

must be developed, and a coupled loads analysis of the Spacecraft/launch vehicle must be

performed. The analytical results define the limit loads forthe Spacecraft, and demonstrate

compatibility with the launch vehicle for all critical phases of the mission.

The coupled loads analysis will be performed by the Spacecraft Provider in conjunction with

the Launch Vehicle Provider. The instrument Finite Element Models (FEMs) will be used in

this analysis.

3.7.4.2 Coupled-Loads Analysis Results

The Spacecraft Provider will obtain results from the combined Spacecraft/launch vehicle

coupled loads analysis and fonvard this information to the Instrument Provider. The

Instrument Provider is encouraged to request information from the Spacecraft Provider that

would best benefit the instrument design. Unless otherwise requested, the Instrument

Provider will be supplied only interFace loads as a result of the coupled loads analysis.

3.7.5 Pressurized System Design

The design of pressurized systems within instruments will be governed by the requirements

of the GIIS.

3.7.6 Environmental Requirements

3.7.6.1 Launch Su?wivability Design Requirements

3.7.6.1.1 Shock

Design requirements are imposed on the Instrument Providers to ensure that instruments

survive and operate after being exposed to anticipated launch-specific environments. A

shock environment profile and specific peak shock values for each instrument are in the

GIIS.

3.7.6.1.2 Launch Pressure Profile

Atmospheric pressure decay design requirements are imposed on the Instrument

Providers to ensure that instruments survive and operate after being exposed to

anticipated launch-specific environments.
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3.7.6.1.3 ACOUStiCS

Acoustic level requirements are imposed on the

L

Instrument Providers to ensure that

instruments survive and operate after being exposed to anticipated launch-specific

environments. Acceptance and qualification/Protoflight acoustic level values are defined

separately in the GIIS.

3.7.6.2 Orbital Environment

Requirements pertaining to orbit environment are designed to limit the perturbing forces on

the Spacecraft by anyone instrument. In addition, levels are defined for maximum on-orbit

accelerations. The Instrument Provider will define and submit to the Spacecraft Provider a

definition of all disturbance sources so that a complete and accurate prediction of

Spacecraft performance can be made. The Instrument Provider will submit this information

for inclusion into the MlCD.

As a result of the analyses performed by the Spacecraft Provider, predictions of Spacecraft -

and instrument pointing performance will be made available to the instrument community.

It should be mentioned that the perturbing effects of one time events, such as door

openings, are also to be evaluated for their effect on Spacecraft control.

3.7.6.2.1 Acceleration

Acceleration design requirements are imposed on the Instrument Providers to ensure that

instruments survive and operate after being exposed to on-orbit acceleration.

3.7.6.2.2 Torque

Requirements pertaining to torque allowable are designed to limit the perturbing forces on

the Spacecraft by any one instrument. These include forces from continuously moving

parts as well as one-time actuations, such as door openings. This information will be

included in the MICD tables, including mass being moved, axis of rotation, and cycle

duration.

3.7.6.2.3 Force

Requirements pertaining to rotational torques are designed to limit perturbing forces on the

Spacecraft by any one instrument. This information will be included in the MICD tables,

including mass being moved, axis of rotation, inertia, cycle duration, step time, and

impulse.
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3.7.6.2.4 Angular Momentum L

Requirements pertaining to angular momentum are designed to limit the perturbing forces

on the Spacecraft by any one instrument. This information will be included in the MICD

tables, including mass being moved, inertia, dynamic imbalances and static imbalances.

3.8 Finite Element Model

The final test-verified instrument FEM will be used to support the verification load cycle. In

addition, the test-verified model will be used to predict the maximum expected load for

each critical loading condition, including handling and transportation, vibro-acoustic

effects during Iift+ff, insertion into final orbit, and otiltal operations.

The instrument Provider is responsible for the performance of a modal survey on the

instrument hardware to measure the actual dynamic behavior up to 70 Hz. The instrument

FEM will be adjusted by the Instrument Provider to agree with the measured frequencies

and mode shapes. Test verification for instruments with fundamental fixed-base modes

above 70 Hz may be limited to a frequency verification test such as a low level sine sweep.

Instruments which incorporate elements that are deployed on-orbit, or have mechanical

movements which affect Spacecraft stability, should also supply FEMs of the on-orbit

configurations. The FEMs of these mechanisms should be of sufficient fidelity to predict

modes up to 20 Hz.

Dynamic responses of the Spacecraft under launch environments will be investigated to

verify that the environments are within the original design specifications. Three load cycles

are planned to coincide with the completion of each of the following design and test phases:

Preliminary Design Review, Critical Design Review, and Flight Readiness Review.

Modal survey tests will be performed on the Spacecraft primary structure and Qualification

Test Models of the EMs and IMPs. The modal tests will verify the dynamic characteristics of

the structure, and the test results will be used to update the structure FEMS which will then

be used in the verification load cycle. This ensures that the load paths and dynamic

characteristics are properly represented in the FEM.

3.9 Instrument Mass Model

Instrumentmass models will be designed and built by the Spacecraft Provider to simulate

the mass properties of instrument components. These mass models will be used in

structural verification tests as well as alignment verification testing for 1g effects and

remount repeatability.
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As part of their design, the instrument mass models will also hue an optical cube that will

duplicate the function of the actual instrument cube. This cube will be used as a reference

so that after the structural verification testing of the Spacecraft structure, a measurement

can be made to verify that the instrument mounting structure meets its error budget

requirements.

3.10 Instrument Mechanisms

Currently, power is not available to the instruments at launch. Therefore, instrument

mechanism restraint must be accomplished by mechanical means.

3.10.1 Caging During Test and Launch

Instruments which have mechanisms requiring restraint for test or launch should be

designed so that they are able to be released and w-latched by instrument command and

by the use of a manual tool.

3.10.2 Caging 0n4rbit

Instruments which have mechanisms requiring restraint until some point on-orbit should

be designed so that they are able to be released and r-latched by instrument command.

This implies that all deployments and/or stows of mechanisms can only be performed as a

result of deliberate actions of Spacecraft controllers. The requirement disallows the use of

timers and implicit commands stored in the instrument’s memories for either the cage or

uncage functions of mechanisms.

3.10.3 Captive Hardware

All ground support equipment, attaching to or in the proximity of instruments and/or

Spacecraft, which is used in a protective or support role for instrument testing, shipping etc.

is expected to be designed and fabricated with captive hardware. The purpose of this

requirement is to prevent the inadvertent loss of fasteners or other potentially destructive

hardware near the instrument and/or Spacecraft. This rule is strictly adhered to during

Spacecraft testing and especially during launch operations.

3.10.4 Sealed Hardware

All electr~xplosive devices intended to be used on the EOS-AM Spacecraft are required

to be sealed to prevent the expulsion of resultant gasses. This requirement is imposed to

satisfy contamination requirements of the instruments as well as the Spacecraft.
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3.11 Venting Forces L

3.11.1 Continuous Venting Forces

Venting forces add to the disturbances imposed on the Spacecraft. These forces can be

the result of gas escaping from enclosed areas, as in outgassing blankets or other cavities.

They also can be the result of planned venting of expendable such as cryogens. These

disturbances will degrade the pointing performance of the Spacecraft.

3.11.2 Random Venting Impulses

Random venting impulses are limited due to the fact that they also can add to the

disturbances on the Spacecraft.

3.11.3 Thrust Direction Adjustment
For instruments which use expendable, away of directing the vented mass away from the

Spacecraft will be developed jointly by the Instrument and Spacecraft Providers. The effort

at the Spacecraft level will minimize the effect of this venting on the Spacecraft and other

instruments. The vent direction may also be used in a beneficial way to aid in orbit

maintenance.

3.11.4 Venting Force Documentation

The specifics of venting mass from instruments will be documented in the MICD tables. If

the venting is related to expendable, then a time history of mass loss will also be

documented in the MICD tables.

3.12 Coldplate Mechanical Interface Requirements

The mechanical specifications of the coldplate are listed in Table 3-6 of the GIIS. Line bend

radii and insulation thickness must be taken into account when determining the mounting

location of the coldplate. Tght clearances between instrument components limit the space

available for coldplate lines.

3.12.1 Coldplate Mounting

3.12.1.1 Coldplate Mounting Bolts
The instrument should be designed with threaded inserts to accept the mounting bolts

which attach the coldplate. The details of the type of bolts, washers etc. will be documented

in the instrument MICD drawing.

3.12.1.2 Coldplate Bolt Pattern

The bolt pattern specified in Figure 3-8 of the GIIS attempts to ensure a contact pressure

between the coldplate and the instrument which will meet the temperature gradient

requirements for the coldplate interface.
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3.12.1.3 Coldplate Mounting Hardware Provider c

The coldplate mounting hardware will be provided by the Spacecraft Provider with the flight

coldplate delivery.

3.12.2 Instrument Surface for Coldplate Mechanical Interface

3.12.2.1 Instrument Surface Flatness
The instrument surface flatness requirement applies to the instrument surface which will be

in direct contact with the Spacecraft-provided coldplate. Instrument thermal performance

depends on the quality of the surface. This will maximize the heat throughput and minimize

any gradients across the instrument-to-coldplate intetiace. Instrument Providers are

encouraged to meet or exceed, if at all possible, these minimum requirements.

3.12.2.2 Instrument Surface Finish
The GIIS requirements are a minimum to achieve proper contact pressure across the

coldplate interface.

3.12.3 Coldplate Drill Template
The coldplate drill template will be designed and built by the Spacecraft Provider. The drill

template will have steel liner bushings which will accept the appropriate slip drill bushings

for drilling the coldplate and the instrument interface. The Spacecraft Provider will provide

the slip drill bushings for instrument drilling.

3.12.3.1 Coldplate Drill Template Usage
Instrument-to-coldplate mounting interfaces will be implemented

tooling (drill plates). These drill plates are intended to be used for

instrument and Spacecraft sides of mounting interfaces.

3.12.4 Coldplate Mounting Surface Area

using coordinated

the drilling of both

The active coldplate mounting surface area is shown cross-hatched in Figure 3-8 of the

GIIS. The inactive area consists of plumbing manifolds.

3.12.5 Coldplate Mounting Surface

The coldplate mounting surface is the surface of the coldplate which will make contact with

the coldplate interface filler.

3.12.5.1 Coldplate Mounting Surface Flatness
The coldplate mounting surface flatness requirement applies to the surface of the coldplate

in direct contact with the instrument. Instrument thermal performance depends on the

quality of the surface. This will maximize the heat throughput and minimize any gradients

across the instrument-ttxmldplate interface.
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3.12.5.2 Coldplate Mounting Surface Finish L

The GIIS requirements are a minimum to achieve proper contact pressure across the

coldplate interface.

3.12.6 Coldplate Mechanical Interface Filler Installation Responsibility

The thermally conductive filler between the coldplate and the instrument will be provided by

the Spacecraft Provider.

3.12.7 Coldplate Mechanical Interface Filler Installation Responsibility
Documentation

The filler material used and the procedures for preparation and application will be

documented in the ICD.

3.12.8 Coldplate Mass Properties

The coldplate mass properties are defined in Table 3-6 of the GIIS.

3.13 Coldplate Plumbing

3.13.1 Coldplate Plumbing Provider

The Spacecraft Provider will supply the entire CPHTS. As part of this system, the coldpiate

plumbing will also be provided. Stainless steel, welded fluid lines are used to connect the

coldplate to the CPHTS radiator for both the primary and redundant systems. The

Spacecraft Provider performs the integration of the flight coldplate to the instrument.

3.13.2 Coldplate Plumbing Support Provider

The mechanical suppoti required for the coldplate plumbing will be designed and

implemented by a mutual effort between the Instrument Provider and Spacecraft Provider.

3.13.3 Coldplate Plumbing Support Documentation

The MICD drawing will show the details of the coldplate plumbing mechanical support.

3.13.4 Coldplate Plumbing Location

The location of all plumbing related to the CPHTS will be documented in the MICD drawing.

This will include details of the flight cooling loop plumbing as well as any required plumbing

for test purposes.

3.13.5 Coldplate Plumbing Clearance

The coldplate plumbing clearance is TBD. Plumbing layouts will be forwarded to the

instrument teams when that information is available. Eventually, these will be documented

in the MICD drawing.

31 DCC082793



20006602
30August1993

3.13.6 Coldplate Plumbing Documentation -

The MICD drawing will shown the details of the coldplate plumbing. This will include

plumbing layout, clearances and location.

3.13.7 Coldplate Plumbing Dimensions and Mass Properties

The coldplate plumbing dimensions and mass properties are defined in Table 3-6 of the

GIIS.

3.14 Harnesses

3.14.1 Harness Provider

The Spacecraft harness uses shielding and/or physical separation to segregate signal

categories and redundant cables from other harness assemblies. In particular, all

pyrotechnic cabling is physically isolated.

Major trunk segments are attached to structure Iongerons, and run beneath the EMs and

IMPs. Harness branches connect the trunks to the EMs, instruments, cor~mounted

equipment, umbilical, and Ground Support Equipment (GSE) connectors.

The Spacecraft flight harness will be provided by the Spacecraft Provider based on

interface definitions from Instrument Providers and Spacecraft subsystems.

3.14.2 Harness Hardware Documentation

Electrical hardware descriptions and physical harness information, such as service loops,

connector orientation, connector location etc. will be documented in the MICD drawing.

3.14.3 Harness Wiring Requirements

All instrument connector pin functions and connections will be documented in the ElCD.

This documentation will include the requirements for wire size and type as well as provide a

first level description of interface circuitry for all instrument-to-Spacecraft electrical

interfaces.

3.14.4 Tie Points

3.14.4.1 Tie Point Locations and Provider

The harness tie points may consist of individual cable clamps bolted to the instrument

accommodation hardware. They may also consist of lacing clips bonded with epoxy

adhesive to the instrument accommodation hardware.
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The definition of harness tie points and their locations sill be determined during the

Spacecraft harness mockup effort. The definition of the number, location and description of”

these tie points will be be determined by mutual agreement between the Instrument

Provider and Spacecraft Provider.

3.14.4.2 Tie Point Documentation

The harness tie points will be documented in the MICD drawing.

3.14.5 Connectors

3.14.5.1 Connector Mating

Connector mating is being planned as not requiring the use of special tools. However, the

use of standard tools such as screwdrivers is not precluded.

3.14.5.2 Connector Clearance

A minimum clearance envelope around each connector is specified in order to provide

adequate space for the mating of anyone connector without having to mate/demate other

connectors in its vicinity.

3.14.5.3 Connector Location

Connector areas will be detailed in the MICD drawing. The connector types will be in the

ElCD. Connector location will be used to define harness routing at the Spacecraft level.

3.14.5.4 Keying

Connector assemblies should be selected to protect against the inadvertent mating of

dissimilar functions. Distinctly different size or type of connector shells or a system of

unique keying can be employed. Unique keying includes different shell key polarizing or

different mating contacts.

3.14.5.5 Interface Connector Provider

3.14.5.5.1 Harness Connectors

The Spacecraft Provider will provide the connectors that are attached to the Spacecraft

harness.

3.14.5.5.2 Instrument Component Connectors

The Instrument Provider will supply the mating connectors on the instrument which mate to

the Spacecraft harness.
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3.14.5.5.3 Connector l)Ipes L

The GIIS contains a list of allowable connector types in Table 3-7.

3.14.5.5.4 Connector Type Documentation
A connector list is maintained in the EICD for the specific type of connectors used by the

instrument.

3.14.5.6 Flight Plugs

3.14.5.6.1 Flight Plug Installation

All special plugs should be installed as early as possible in the overall flow. If the installation

of special plugs does not endanger equipment or any activities which are planned for the

launch site, including transportation, they should be installed prior to shipment to the launch

site. In the unusual case where circuits must remain disconnected within the instrument

during transpiration and launch site testing, the flight plugs must be installed prior to fairing

installation or prior to transport to the launch tower, whichever comes first.

If, for technical or safety reasons, the flight plug must be mated as late as possible in the

launch sequence, it will be mated via a fairing access door prior to Mobile Service Tower

(MST) removal. Removal will occur some time prior to launch. Since a limited number of

fairing access doors are permitted, and since these doors are determined early in the

program development, it is imperative that a “flight plug installed via fairing access”

requirement be identified early. Flight plugs mated via fairing access doors must be located

within easy reach of the opening.

3.14.5.6.2 Flight Plug Responsibility

Flight plugs are electrical connectors which are purposely installed during specific

Spacecraft tests, or late in the prelaunch flow for safety of equipment and/or personnel.

Flight plugs are usually associated with ordnance arming or power circuits.

In general, the Spacecraft Provider prefers that no flight plugs be used on individual

instruments. Exceptions will be handled on a cas+by-case basis. Power and ordnance

arming circuits will be handled at the Spacecraft level.

3.14.5.6.3 Flight Plug Documentation

Flight plugs will be located in the MICD drawing.

3.14.5.7 Connector Protective Covers

For all instrument connectors that do not mate to flight harnesses, such as test connectors,

protective covers are required. These help ensure instrument and personnel safety by

protecting against inadvertent shorts or bent pins caused by debris or other sources.
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3.14.5.8 Test Connectors c

3.14.5.8.1 Test Connector Accessibility

instrument test connectors, if intended to be used during Spacecraft-level testing, whether

planned or unplanned, are to be located in accessible areas of the instrument without

having to remove any other equipment.

3.14.5.8.2 Test Connector Documentation

As with all other instrument connectors, the locations of the test connectors will be

documented in the MICD drawing.

3.14.5.9 Breakout Boxes

3.14.5.9.1 intra-instrument Breakout Boxes

Test tees and breakout boxes for unique instrument connectors will be provided by the

instrument Provider.

3.14.5.9.2 instrument-to~pacecraft interface Breakout Boxes

The Spacecraft Provider will have a supply of tees and breakout boxes for standard

connector types. A list of tees and breakout boxes will be included in the l&T ICD. This list

will delineate the specific responsibilities for each type of tee and breakout box.

3.14.5.10 Buffer Connectors and Connector Savers

3.14.5.10.1 Buffer Connector and Connector Saver Utilization

It is suggested that the instruments be delivered with the connector savers in place.

Instrument Bench Acceptance Test (BAT) will be performed with the connector savers in

place. The connector savers will be removed for instrument-to-Spacecraft integration

testing.

3.14.5 .10.2 Buffer Connector and Connector Saver Provider

Instruments will provide buffer connectors and connector savers for all instrument

connectors.

3.14.5.11 Eiectricai Connector Constraints

Connectors that car~ voltages above 60 volts are to be socket connectors for reasons of

instrument and personnel safety. Based on this requirement and safety concerns, all power

feeds from the Spacecraft to the instruments will be via female type connectors.
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3.15 Access L

3.15.1 Access Identification

All instrument access requirements will be documented in the l&T ICD. Specific access

requirements include when the access is desired, the duration of access desired, required

equipment, constraints and/or restraints, and any late access requirements.

3.15.2 General Access

The instruments will be designed to provide the capability to conduct alignment

measurements and to components on the Spacecraft, without disassembly of components

on the SpacecratL

3.16 Handling Fixtures

Handling fixtures are utilized to place Instruments into and to remove them from their

shipping containers and for installation of instruments onto and removal from the

Spacecraft. Any instrument or Spacecraft component weighing more than 16 kg requires a

lifting sling/fixture for its installation and removal. A description of these lifting devices will

be contained in the l&T ICD.

3.17 Launch Site Equipment Installation and Removal

3.17.1 Non-Flight Equipment

Non-flight equipment includes fixtures and components that are utilized in transportation,

handling, and launch processing of the Spacecraft and which must be removed prior to

launch.

Covers required during instrument and Spacecraft ground operations will be fastened in a

manner suitable to prevent loss during transportation and handling of the Spacecraft in any

orientation.

3.17.2 Flight Equipment

All flight equipment to be installed at the launch site will be of a natural or neutral color.

3.17.3 Flight and Non-Flight Equipment Documentation

The MICD table and l&T ICD will document all equipment used at the Launch site. The

information in the MICD will be used to develop a launch accountability kit which will contain

any and all hardware that must be installed or removed during the launch preparation cycle.
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4 THERMAL REQUIREMENTS L

Thermal Control Subsystem

The EOS AM Thermal Control Subsystem (TCS) is required to maintain all Spacecraft

components and instrument inten’aces within allowable thermal limits throughout all

operating and non-operating conditions. A functional diagram of the various thermal

control methods is shown in Figure 4-1.

The thermal design philosophy maximizes the use of passive thermal control techniques

for Spacecraft components and instruments, such as selective conductive couplings (e.g.,

low conductance standoffs for isolating equipment, and conductive gaskets for equipment

requiring good conductive couplings). Selective thermal finishes are also employed for

various components/structures (e.g., low emissivity tape or multilayer insulation (MLI) for

radiative isolation; and high emissivity/low absorptivity surfaces for radiators).

For components and instruments with more stringent requirements, active thermal control

methods are employed. Constant conductance heat pipe (CCHP) radiator panels are used .

to equalize temperature gradients in the equipment modules (EMs). A Spacecraft-

provided Capillary Pumped Heat Transport System (CPHTS) provides thermal control of

the instrument interfaces which cannot reject their heat locally from the instrument. Where

required, autonomously controlled heaters ensure that minimum temperature

requirements are maintained.

Thermal Design Parameters/Requirements

A combination of worst<ase operational and non-operational conditions, beginning- and

end-of-mission material properties, and margins are used to determine thermal control

hardware needs, such as required radiator areas; number, size, and configuration of heat

pipes; heater power requirements; etc.

Instrument Thermal Design Description

The Spacecraft TCS allows for two instrument thermal control strategies: local thermal

control and Spacecraft-provided thermal control using a CPHTS. Local thermal control is

normally accomplished passively by incorporating instrument radiators and MLI. Specific

designs must be based on the field of view available for radiative heat rejection.

Autonomously controlled heaters will be used where required.

The CPHTS, shown in Figure 4-2, is a fully redundant, two-phase fluid, capillary-pumped

thermal system which uses anhydrous ammonia as its working fluid. A coldplate/

evaporator in contact with the instrument acquires waste heat and transfers it to liquid
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ammonia which is thereby vaporized. The vapor flows to a radiator assembly on the cold

side of the Spacecraft. There the vapor is condensed within a heat exchanger which

transfers heat to a constant conductance heat pipe network on the radiator for rejection to

space. The condensed liquid exiting the heat exchanger is further sukooled via another

coolant passage on the radiator prior to being returned to the coldplate. Loop temperature

is maintained via temperature control of the resewoir, which is connected to the sub-cooled

liquid return line.

Radiator assemblies are body-mounted on the cold (+Y) side of the Spacecraft, as shown

in Figure 4-3, for a favorable view to cold space. The radiator sizing accounts for the effects

of peak instrument load by assuming load smoothing due to instrument/CPHTS thermal

mass effects.
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4.1 Thermal Interface Description L

The location of the thermal interface is identical to the location of the mechanical inte~ace.

In the case of lMP-mounted instrument components, the thermal interface is at the

mounting surface of the component. This thermal interface includes both conduction of

mating surfaces, and radiation coupling of the lMP-facing surfaces not in contact with the

IMP, to the Spacecraft.

Inthe case of cinematically-mounted instruments, the thermal interface is at the instrument

side of the kinematic mount and the thermal blanket at the underside of the instrument. This

thermal interface includes conduction through the mount, which is 0.05 M102 watts/°C per

mount, and radiation coupling of the Spacecraft facing surface (i.e., the side of the

instrument facing Spacecraft structure) to the Spacecraft.

4.2 Thermal Design

4.2.1 Instrument Thermal Design Provider

The Instrument Provider is responsible for the design and implementation of the instrument

thermal control system. The thermal design of the instrument must include sufficient

radiator area(s) to avoid the overheating of its components, and to cool sensitive detectors.

Either conductive paths through the instrument structure, or heat pipes should be

employed to ensure adequate heat transfer to the radiator area(s). Instruments that are

cooled via a CPHTS should be designed so that heat transfer to the coldplate interface is

maintained within the coldplate design limits. The Spacecraft Provider will provide

information which will be used in the design of the instrument thermal control system. This

information will be provided in the instrument Thermal ICD (TICD) and documentation

resulting from thermal model runs of the Spacecraft.

4.2.2 Instrument Thermal Design

The instrument must be designed to withstand the external thermal environment and to

maintain its internal temperature range within limits during normal operation. It must be

able to operate after a self-induced orbital anomaly and it must also be designed to survive

being powered off during Spacecraft survival operations.

The instrument design should include internal heaters and/or the use of MLI if critical

components are particularly sensitive to cold temperatures. Power for instrument heating

will be restricted when the Spacecraft enters survival mode. The instrument should be

designed to maintain its minimum turn-on temperature at all times with no more than the

power allocated in the UIID for survival mode power.
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Instrument thermal design must include thermal isolation from thSpacecraft. This maybe

in the form of gaskets, isolators, kinematic mounts, blankets etc. All of these are not .

necessarily instrument-provided; some items, such as kinematic mounts, are Spacecraft-

provided. The isolation is necessary to avoid excessive thermal loads that would degrade

the Spacecraft’s alignment precision.

4.3 Heat Transfer

4.3.1 Heat Transfer with the Spacecraft

4.3.1.1 Average Heat Flux

The specified heat flux at the Spacecraft mechanical interface refers to the average heat

transfer flux, by conduction and radiation, over the projected area (shadow) of the

instrument at the Spacecraft-t-instrument interface. Heat transfer across the interface is

limited in both directions to the specified overall heat transfer density.

4.3.1.2 Heat Transfer Distribution

The heat transfer between the instrument and IMP can affect the thermal distortion of the

IMP and hence, the pointing integrity of the IMP. The heat transfer distribution of

instruments with stringent pointing requirements will be evaluated by the Spacecraft

Provider. The purpose of this evaluation is to identify potential problem areas that may exist

due to hot/cold spots on the instrument interface. If the pointing requirements are not

attainable, further isolation between the instrument and the IMP must be incorporated in the

instrument design through the use of MLI or isolators at the mounting interface.

4.3.2 Heat Transfer with the Coldplate

The specified heat flux at the coldplate mechanical interface refers to the average power

density of thermal energy being conducted into the coldplate. The flux requirement is

imposed in order to meet the thermal gradient requirements across the face of the coldplate

as well as to provide for minimum temperature gradients across the instrument/coldplate

interface.

If the specified heat transfer flux is exceeded at the coldplate mechanical interface, the

maximum interface temperature gradient and the coldpiate interface temperature will

exceed the specification. Thus, instruments which are not highly sensitive to temperature

gradients greater than 5°C across the coldplate mechanical surface, or which do not

require a maximum coldplate mechanical interface temperature of 25°C, may exceed the

maximum allowable heat flux, provided that all impacts to the instrument, CPHTS, and

instrument-to-Spacecraft interface are closely evaluated.

DCC082793 42



20008502
30August1993

4.3.3 ‘Heat Transfer Distribution Documentation -

For instruments that have local hot spots on the coldplate interface that exceed 1 W/sq in,

the maximum specified interface temperature gradient, as well as the specified coldp!ate

interface temperature of 25°C will be exceeded. The Instrument Provider is expected to

provide sufficient information to the Spacecraft Provider to perform an evaluation. This

information should be available for inclusion in the TICD with the understanding that the

Spacecraft Provider will evaluate the nonconformance and, if acceptable, will agree to its

inclusion in the UIID.

In addition, the thermal math model which the Instrument Provider is required to submit,

must have the required detail to define the “hot spot” non-conformance.

4.3.4 Environmental Heat Transfer

The instrument must be designed to withstand all orbital conditions which it will be

subjected to during the EOS-AM mission. A discussion of the thermal environmental

fluxes specific to this mission can be found in Section 10.

4.3.5 Deleted

4.4 Temperature

4.4.1 Spacecraft Temperature Range

The IMP design will accommodate the expected on-orbit temperature ranges. No active

thermal control of the IMP, such as heaters, is planned to be used to maintain the IMP

interface temperature.

For cinematically-mounted instruments, it is intended that the normal operations

Spacecraft temperature range of 0° to 30°C applies to the bottom of the kinematic mounts

(i.e., kinematic mount-tc+Spacecraft structure interface). The control of heat flow between

the instrument and Spacecraft structure is accomplished by the Iowthermal conductance of

the kinematic mount body.

4.4.2 Coldplate Temperature Requirements

4.4.2.1 Coldplate Temperature Range

Control of the coldplate temperature is achieved by actively controlling the CPHTS

reservoir temperature. By maintaining a constant reservoir temperature, the coldplate

operating temperature is also held constant. With a constant reservoir temperature,

automatic adjustments to the liquid volume within the CPHTS heat exchanger are made as
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the heat load applied to the coldplate varies. As the coldplateheat load decreases, the

resewoir will expel liquid into the heat exchanger in order to decrease heat rejection to the

CPHTS radiator. When the coldplate heat load increases, liquid from the heat exchanger

flows back into the resewoir so that heat rejection to the radiator can increase to match the

coldplate load.

The temperature of the coldplate is not constant over its surface, due to the spacing of

evaporator pumps embedded in the coldplate. Under normal operations, the minimum

coldplate surface temperatures will be directly above the active evaporator pumps.

Surface temperatures will be higher as the distance from the active pump increases. If the

maximum heat flux of 1W/in* is exceeded, the coldplate surface temperature may exceed

25”C.

During suwival modes, the CPHTS is not active and the coldplate temperature floats with

the instrument temperature. Coldplate suwival heaters are activated by the Spacecraft to

maintain the coldplate minimum suwival temperature at or above -25”C. These heaters

are provided to protect the coldplate and are not designed to heat the instrument.

4.4.2.2 Coldplate Interface Filler Temperature Gradient

The gradient across the coldplate filler material will be less than 2.0°C. This is specified at

the maximum 264 W rating of the coldplate and also is bounded by the specified maximum

heat transfer flux of 1W/in2.

4.4.3 Instrument Temperature Range

Temperature limits should be established by the Instrument Provider for every instrument

component or component item which will be damaged by temperature extremes.

Temperature extremes may occur during testing, storage, and on orbit, whether the

instrument is turned on or off. Each of the affected components should have corresponding

instrument telemetry which indicates the temperature of the components. The

identification of the telemetry along with appropriate limits will be documented in the TICD.

In addition, the instrument Command and Data Handling (C&DH) ICD will list all instrument

telemetry, limits and corrective action plans for each telemetry point. The action plans will

be in the form of command sequences which will correct the out of limits condition.

4.4.4 Test Coldplate Temperatures During Instrument Qualification Testing

The test coldplate system is used during instrument and Spacecraft level ground testing for

the thermal control of those instruments which require the CPHTS for flight. The system

consists of a data acquisition system (DACS), recirculating chiller, auxiliary equipment, and

a test coldplate (TCP).
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Temperature control of the test coldplate is achieved by fluid-circulation within the system.

The woddng fluid, Fluorinert FC-77, is circulated by a positive displacement gear pump in

the chiller to the TCP. Instrument waste heatls collected via the TCP and transferred to the “

working fluid which returns to the chiller reservoir. In the chiller reservoir, the working fluid is

cooled via the refrigeration system within the chiller before returning to the TCP. The DACS

provides data handling, as well as chiller, heater, and temperature control.

The mechanical and thermal characteristics are similar to the flight CPHTS coldplate, and

the interface to the instrument will be identical (i.e., 24 bolts, Ch~Therm 1679 gasket).

Since the test coldplate is intended for use during instrument stand alone testing, the test

coldplate system will have the capability to maintain the test coldplate interface

temperature between +10° and +35”C. The test coldplate is designed to allow testing of the

instruments at the qualification temperature extremes.

4.4.5 Test Coldplate Temperatures During Instrument Acceptance Testing

The test coldplate system will maintain the test coldplate interface temperature between

+15° and +30”C to allow testing of the instruments at the acceptance temperature

extremes.

4.5 Temperature Monitoring

4.5.1 Mechanical Interface Temperature Monitoring

Spacecraft-provided sensors will monitor the mechanical interface for any out-of-limit

temperatures. This monitoring will be of sufficient detail to determine that the Spacecraft

side of the interface is at allowable temperature limits. In the case of lMP-mounted

instruments, temperature sensors will be located on the IMP in the vicinity of the instrument.

In the case of cinematically-mounted instruments, temperature sensors will be located in

the vicinity of the bottom portion of the kinematic mount assembly, (i.e., on the structure

fitiing that is supporting the kinematic mount).

4.5.2 Instrument Temperature Monitoring

The Instrument Provider supplies the temperature sensors required to monitor an

instrument’s critical items, for which health and safety temperature limits have been

established, in addition to establishing the corrective measures required to safeguard the

component should the temperature limits be approached or exceeded. The Spacecraft

must be able to monitor the health and safety of the instruments without the need for the

instrument to be powered. Therefore, it is required that passive telemetry be used for

critical temperature information.
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4.5.3 Temperature Sensor Location %

Temperature sensors should be placed on or near instrument components or component

items with critical health and safety temperature limits. The sensors can be internal or

external to the critical component or, where applicable, at the instrument side of the

mechanical interface.

The location of the instrument temperature sensors will be documented in the TICD. The

TICD will also document the telemetry acronyms and temperature limits associated with

the temperature sensor measurements, as well as the modes in which they will be

executed.

4.6 Thermal Control Hardware

4.6.1 Coldplate

4.6.1.1 Coldplate Capacity

The coldpiate is designed to a maximum capacity of 1 W/sq. in. across the active area(12“

by 22”) for a total capacity of 264 W. The minimum operational capacity to which the

coldplate has been designed is 0.1 W/sq. in. Therefore, the minimum instrument load on a

coldplate must be at least 109f0of the total coldplate capacity.

4.6.1.2 Coldplate Configuration

The coldplate configuration overall envelope is shown in Figure 3-8 of the GIIS. This figure

shows the overall size and active area of the coldplate. Only a certain portion of the total

area of the coldplate is active; the remaining area consists of manifolds connecting the

pumps.

4.6.1.3 Coldplate Mounting Orientation

The flight coldplates will be oriented such that their interface planes are parallel to the X-Y

plane of the Spacecraft. For coldplate performance testing, the plane of the coldplate

interface is required to be parallel to the ground due to the limited pumping ability of the

coldplate pumps within a 1-G environment. The coldplates are specified to operate with

an allowance for gravity effects on slightly non-parallel coldplates that could be due to

imperfections in the coldplate installation on the Spacecraft.
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4.6.1.4 Coldplate Mounting Elevation L

The height of the coldplate mechanical interface from the mounting interface is driven by

the limited pumping ability of the lines connecting the coldplatetothe rest of the CPHTS due

to gravity effects. The required height was chosen based on available test data

substantiating pump operation for that height.

4.6.1.5 Coldplate Mechanical Interface Filler Conductivity

The interface filler material currently defined for the coldplates is Ch@Therm 1679. This

material is supplied by the Spacecraft Provider for both the test coldplate and the flight

coldplate. The Spacecraft Provider will supply adequate suppori to the instrument teams to

allow application and installation of the filler material to the test coldplatehnstrument

interface.

4.6.1.6 Test Coldplate Requirements

For those instruments using the CPHTS, a test coldplate system (TCPS) will be supplied by

the Spacecraft Provider to enable testing of the instrument at the Instrument Provider’s

facility. The test coldplate is functionally identical to the flight coldplate. The mounting

interface will be identical to the flight coldplate interface, as will heat rejection performance.

The bolt pattern used to attach the coldplate to the instrument will be identical to the flight

coldplate pattern.

The TCPS will include attachment bolts and the ground support equipment required for

controlling the temperature of the coldplate during bench and Spacecraft level testing of the

instruments, The test coldplate system will be vacuum compatible since the test coldplate

will be used by the Instrument Provider for both ambient and vacuum testing. In addition,

the test coldplate will be designed to simulate the mass properties of the flight coldplate for

its use in instrument vibration tests. A recirculating chiller and data acquisition and control

system will be supplied by the Spacecraft Provider to maintain coldplate interface

temperatures nominally at 200C +5/-OOC by circulating Fluorinert FC-77 coolant fluid

through the test coldplate.

The instrument will be delivered to the Spacecraft Provider’s facility with the test coldplate

installed to allow standalone testing at the Spacecraft Provider facilities. The delivery

schedule for the TCPS is to be negotiated and agreed to by the Instrument and Spacecraft

Providers. The Instrument Provider is responsible for integrating the TCPS with the

instruments. As part of this effort, the Spacecraft Provider will supply support for the initial

installation and startup of the test coldplate system.
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4.6.2 Heaters L

4.6.2.1 Survival Heaters

Survival heaters will maintain the instrument within non-operating

during mission modes which require the instrument to be turned off.

temperature limits

These heaters will

supply sufficient power to bring instrument temperatures up to minimum turn-on levels.

Instrument-provided thermal control devices, such as thermostats, will control the survival

heaters.

During Spacecraft survival mode and other non-operating modes, power will be provided

to the instrument heaters and heater controllers only as is sufficient to maintain the

instrument temperature above survival limits. The suwival power required by the

instrument to control and maintain temperatur~ritical components within their survival

temperature limits is documented in the TICD and Electrical ICD (EICD).

The Spacecraft Provider will provide survival heaters for instrument accommodation

equipment (e.g., Bus Data Units (BDU), Heater Control Electronics (HCE) and Fuse

Distribution Boards (FDB)) and for CPHTS coldplates.

4.6.2.2 Suwival Heater Control

Survival heaters are intended to be locally controlled by thermostats, either electronic or

bimetallic. The Instrument Provider is responsible for the design and implementation of

their instrument’s survival heater system. The sutvival heater system should be operable

with instrument power off. In no case should an instrument require that it be powered on in

order to command its survival heater(s).

4.6.3 Thermal Control Hardware

4.6.3.1 Thermal Control Hardware Responsibility

The responsibility for various instrument thermal control components is listed in Table 4-1

of the GIIS. The flight coldplate will be installed at the Spacecraft Provider’s facility using

their procedures and materials. The installation will take place after the instrument Bench

Acceptance Test (BAT) and any calibration testing required by the Instrument Provider.

Current plans are to install the flight coldplate onto the instrument after mechanical

integration and alignment of the instrument on the Spacecraft. Any changes to the

assignments of thermal control hardware responsibility should be documented in the UIID.
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4.6.3.2 Thermal Control Hardware Documentation -

The TICD and MICD Drawing will be used to document all applicable details of instrument

and Spacecraft thermal control hardware. The MICD will be used to detail the envelope of

the instrument thermal blankets and any Spacecraft blankets which directly attach to any

part of instrument hardware. The MICD will also be used to detail any blanket grounding

configuration that is used by the instrument.

The TICD will contain details of the thermal and functional properties of thermal control

hardware. Details such as blanket outer surface properties, through emissivity, etc. will be

documented in the TICD. Thermostat set points, temperature telemetry limits, heater

location, heater power, etc. will also be documented in the TICD.

Details of instrument thermal blanket installation and closeout will be contained, in full or by

reference to instrument procedures, in the Integration and Test (l&T) ICD.

4.7 Thermal Models

Thermal math models are used to verify the viability of the instrument and Spacecraft

thermal system designs. GSFC will verify that the models meet previously agreed to

standards and also verify that the models do not generate any error messages during

verification runs. These verified models are then provided to the Spacecraft Provider for

inclusion into the Spacecraft integrated thermal model. Results from this model will be

provided by the Spacecraft Provider to GSFC. GSFC will provide these results to the

Instrument Providers.

4.7.1 Surface Model

Instrument surface models received from the instrument Providers will be used to

determine environmental loads and radiative couplings between instrument/Spacecraft

surfaces. These models are supplied by the Instrument Provider via GSFC. GSFC will

verify that the models meet the standards specified in Appendix E of the GIIS, and also

verify that the models do not generate any error messages during verification runs.

4.7.2 Reduced Node Thermal Math Model

Reduced node thermal math models are simplified versions of the instrument thermal

models. They are used by the Spacecraft Provider in Spacecraft level thermal analyses.

These models are supplied by the Instrument Provider via GSFC. GSFC will verify that the

models meet the standards specified in Appendix E of the GIIS, and also verify that the

models do not generate any error messages during verification runs.
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The node numbering range of these models for each instrument is documented in the

TICD.

4.7.3 Detailed Thermal Math Model

A detailed thermal math model of the assembly will also be developed by the Instrument

Provider with the objective of demonstrating that all internal assembly thermal

requirements are met for all expected mission modes and testing. Although the model itself

is not a deliverable item, a nodal description and the results of the analysis using the model

will be delivered to the Spacecraft Provider via GSFC as a test of the adequacy of the

reduced node thermal model and a means of making flight assembly predictions. The

Instrument Provider shall use the detailed thermal model to predict and analyze the results

of the assembly level thermal balance test, resulting in a validation of the math model.
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5 ELECTRICAL REQUIREMENTS L

Electrical Power Subsystem

The Electrical Power Subsystem (EPS) provides all Spacecraft instruments and

subsystem housekeeping equipment with power during all mission phases. The major

functional components of the EPS are shown in Figure 5-1.

The EPS provides energy generation, energy storage, and power conversion, regulation,

and distribution, utilizing a fully-regulated direct-energy-transfer (DET) configuration at

+120 Vdc. This configuration transfers power directly from the source to the loads with a

minimum of losses and without any intermediate power conversion, resulting in a system

which is both light-weight and efficient, while providing i4V0 regulation at the load interface.

The EPS is required to provide 5.0 kW entif-life (EOL) average, of which 2.53 kW is

allocated to operate all electrical loads, and 2.47 kW is available to recharge the batteries.

It is designed to provide single-fault tolerance and a high level of redundancy.

Power is generated by a single-wing photovoltaic solar-cell array which rotates via the

Solar Array Drive (SAD) in order to maximize solar exposure. Power for Spacecraft

operation during eclipse is stored in two rechargeable 50 ampere-hour nickel-hydrogen

batteries, and excess solar cell array power is shunted via a Sequential Shunt Unit (SSU).

During the eclipse phase, (32.7 to 34.8 minutes per orbit), the batteries provide power to

operate the Spacecraft loads via the Battery Power Conditioners (BPCS), which combine

discharge regulator and charge regulator functions in the same converter. During the sunlit

portion of the orbit, (66.2 to 64.1 minutes per orbit), the BPCS charge the batteries,

transforming energy from the +120 volt bus voltage level to the current required by the

batteries.

5.1 Electrical Interface Requirements

5.1.1 Electrical Interfaces

The instrument power interface consists of two feeds, A and B, for each of the redundant

power buses. The grounding interface is at a single point. The command and data handling

interface consists of an A and B side for each of the following: relay drive commands,

hi-level telemetry, passive analog telemetry, active analog telemetry, time mark and

frequency bus, command and telemetry bus, low-rate science bus, and high- rate science

bus.
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Figure 5-1. Electrical Power Subsystem (EPS) Block Diagram
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5.1.2 Electrical Interface Definitions -

5.1.2.1 Electrical Interface Location

Since each instrument utilizes accommodation equipment, the electrical interface is

located at the physical terminus of the Spacecraft-supplied equipment. This equipment

includes not only the Bus Data Unit (BDU), but the harnessing from this equipment to the

instrument-provided components. Hence the electrical interface location is at the mating

surfaces between the Spacecraft-supplied harness connector and the connector supplied

with the instrument.

5.1.2.2 Operational Power

Operational power is that power allocated to the instrument for normal operation. Normal

operation includes all operational modes of the instrument; science, calibration, standby,

etc. Operational power is specified in terms of “peak” and “average” power.

5.1.2.2.1 Peak Power

Peak power is the maximum instantaneous power required by the instrument. Often, an

instrument will only need peak power for brief periods of time. If these periods last less than

20 milliseconds, then their effects are considered negligible on the total power load of the

Spacecraft.

5.1.2.2.2 Average Power

Average power is the average power consumed in normal operation, specified as both

on~rbit average and two-orbit average. If oneorbit average power is not equal to

two-orbit average power, then on~rbit average power cannot be applied to two

consecutive orbits in analyses.

5.1.2.3 Survival-Mode Power

During the survival mode, all non-critical Spacecraft loads will be off. The instrument is

provided only enough power through the normal instrument power feeds for survival heater

operation during suwival mode.

5.1.2.4 Safe-Mode Power

Saf*Mode consists of nine submodes, referred to as Levels (reference Appendix D for a

definition of each level). Only in SafWode Level 8 will all normal Spacecraft loads be on,

including the instruments, and science be performed. In all other submodes, instruments

are off and only survival heaters and heater controllers are on.
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5.1.2.5 Launch Phase Power L

Currently, instrument requirements for power during the launch phase are being evaluated.

5.2 Power

The power distribution system is a star-radial system, as shown in Figure -2, which

utilizes a doubl~insulated single-bus bus configuration and redundant hardware

elements. The power distribution bus is voltage-controlled by the SSU and the BPC via a

control signal from the Power Distribution Unit (PDU); all are contained in the Power

Equipment Module (EM). The PDU provides the central regulation point for the power

system and power distribution bus for the Spacecraft loads. Power is distributed from fuse

distribution boxes (FDBs) in the Power EM via the Spacecraft harnesses to housekeeping

EMs and the instruments. The PDU EM contains relays in series with each instrument

power feed which are intended to be used only during Spacecraft integration for safety.

5.2.1 Instrument Power Allocations

The Spacecraft harnesses are required to support instrument power levels as allocated in

the UIID.

5.2.1.1 Operational Power Allocation

The operational power levels in the UIID are used to design the electrical accommodations,

such as harnesses, connectors and fuses, to support the instrument power requirements

and to ensure maintenance of the orbital EPS energy balance.

5.2.1.2 Survival Power Allocation

The suwival-mode power levels in the UIID will be the maximum power available for

survival heaters or other equipment necessary for instrument suwival during power~ritical

operations.

5.2.1.3 Launch Phase Power Allocation

Currently, no instruments have been allocated power during the launch phase.

5.2.1.4 Power Interface Allocations

All instruments have one set of two power interfaces, except for ASTER, which has two sets

due to high power requirements. Each set has one feed to power bus A and one feed to

power bus B.

5.2.1.5 Instrument Power-Level Documentation

The EICD will include power consumption profiles by mode, including significant mode

switching transients.
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5.2.2 Power Characteristics c

5.2.2.1 Voltage

The voltage at the power distribution bus in the Power EM PDU is nominally, 120 Vdc

+4/-2Yo. With an additional 2V0allocated for harness loss, the voltage tolerance at the

interface is therefore *4Y0.

5.2.2.1.1 Voltage Transients

PN20005869, Electromagnetic Compatibility Control Plan for the EOS-AM Spacecraft

specifies CS06 transients which may occur during science mode (perform), non-science

modes (operate) and absolute maximum due to fault conditions (survive). The power input

filter for a switch mode regulator typically has sufficient insertion loss to meet the perform

and operate limits if the CEO1/CE03 and CSO1/CS02 requirements are met. The

CEO1/CE03 and CSO1/CS02 requirements are typically the “design drivers” for insertion

loss needs of the input filter. Selection of components in the filter (e.g., transistors, diodes,

and capacitors) needs to address the amplitude of the CS06 suwive transient. Particular

attention to the feedback loop between the primary and secondary sides of the power

converter needs to address the application of CS06 common mode components to the

converter circuits.

5.2.2.1.2 Abnormal Steady+tate Voltage Limits

The abnormal voltage level range Os V <120 Vdc could exist during Spacecraft integration

and test, when the power is brought up gradually from Ovolts. The abnormal voltage level

range 120s V <132 could be caused by an on-orbit power system anomaly due to bus

voltage deregulation.

5.2.2.2 Power Source Impedance
The power source impedance at the power distribution bus in the Power EM PDU is less

than 0.1 ohm at frequencies below 100 kHz. However, due to the harness (specified for the

longest Spacecraft power run), fuses and connectors between the power distribution bus

and the interface, the impedance increases to the levels specified, which are seen

differentially from power line positive to power line return. The requirement is expressed in

terms of resistive and inductive asymptotes and includes mutual line-to-line coupling.

5.2.2.3 Current

5.2.2.3.1 Instrument Current Transients

The turn-on inrush current peaks and time duration are specified to be within the 12tenergy

limitations of the line fuses. The tur~n, turn-off and normal operation current transient

requirements are derived from the capabilities of the electrical accommodations, including
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fuses, connectors, and harnesses, to source the current rateof change without causing the

distribution bus voltage to deviate beyond specified limits. The overcurrent protection

device type and size will be described in the EICD schematic.

5.2.2.3.2 Instrument Conducted Common Mode Current

The common mode conducted current emissions are radiated from chassishtructure and

shield returns as emissions if not restricted to certain limits. These limits are described in

PN20005869, Electromagnetic Compatibility Control Plan for the EOS-AM Spacecraft.

5.2.2.3.3 Overcurrent Protection

The Spacecraft electrical accommodations and the EPS are protected by overcurrent

devices in the EPS and in the FDBs located on the nadir deck near the instruments. Other

overcurrent devices maybe utilized by the instrument as necessaty for the protection and

isolation of various instrument components.

5.2.2.3.3.1 Overcurrent Protection Device Size

Spacecraft overcurrent devices are derated 50% from the expected peak value of the load

(e.g., 1 amp peak load requires a 2 amp fuse).

5.2.2.3.3.2 Overcurrent Protection Device Size Documentation

The overcurrent protection devices supplied by both the Spacecraft and Instrument

Providers will be described in the EICD schematic.

5.2.2.4 Instrument Power Input Impedance

The requirement for input impedance insures EPS stability while operating within the

various regulation modes. The specification per individual user, as a function of power

level, guarantees that the combined input impedance exceeds the bus impedance by a

specified margin. The input impedance is allowed to be lower between 2 kHz and 10 kHz

than between DC and 2 kHz to account for a possible series resonance impedance dip of

the user input filter. It is also required that the instrument provide a symmetrical or balanced

common–mode and differential-mode input filter to minimize common-mode currents.

5.2.2.4.1 Instrument Common Mode Impedance

The instrument common mode impedance level specified in the GIIS describes a common

mode input filter equivalent maximum capacitance value of 0.01 pF. This requirement

ensures a high common mode impedance which will restrict the flow of power
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subsystem-generated noise into the instrument chassis. Thein.tent is to preclude the use

of capacitors as the input element. The use of a common mode choke as the input element

would then allow the use of sizable feedthrough capacitors of up to one-half the value

specified in Section 5.3.1.2.2.

5.2.2.4.2 Instrument Differential Mode Impedance

The differential mode impedance is at the instrument interface and includes the harness

impedance in series with the EPS-required minimum impedance. The allocation of

impedance, as a function power, assumes that the large power users will have larger input

filter components than will users of less power. The specification precludes the use of large

capacitors across the input lines and assumes the use of large series inductors in each

power feed and return line.

5.2.3 Power Control

5.2.3.1 Power Connections

The power connections are shown in Figure 5-2.

5.2.3.2 Power Application

Survival power will be continuously supplied to the instruments in all modes of operation,

including launch. Operational power will be continuously supplied to the instruments

following launch mode except in the event of a fault.

5.2.3.3 Power Fault Tolerance

The EPS is protected by overcurrent devices on the Spacecraft side of the interface. The

instrument may use various fault protection devices, such as fuses and doubl-insulation

techniques, at component levels to prevent singkpoint failures. Current limit devices are

not recommended but, if used, must be set to limit such that the total power does not exceed

the allocation.

5.2.3.4 Instrument Equipment Separation

Separation and independent operation of survival and operational equipment should

preclude the propagation of a failure due to collocation.

5.2.3.5 Instrument Power Control

The separation of power control extends through to the BDU and power sources for the

control devices, all of which have an A (primary) and B (redundant) side.
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5.3 Grounds, Returns, and References c

PN20005869, Electromagnetic Compatibility Control Plan for the EOS-AM Spacecraft,

defines the overall approach, planning, and design criteria to ensure EMC compatibility of

the EOS-AM Spacecraft. The EMC Control Plan provides the EMC requirements,

management organization, and design control procedures for the Instrument Provider and

Spacecraft Provider as they relate to EMC control. In particular, it specifies the

electromagnetic interferenccdelectromagnetic compatibility (EM1/EMC) levels and the

design considerations for bonding, grounding, and shielding to meet those levels.

The Spacecraft utilizes a hybrid grounding system composed of a single-point ground for

primary power and a multipoint signal reference plane (SRP) for secondary power and

interface signal referencing. The prime power system and the SRP are connected at a

single point, which is called the Prime Power Reference (PPR). The PPR is at the PDU.

Instruments each have local single-point fault grounds on the interface connector panels

which are mechanically bonded to the SRP and also connected to the PPR via safety

ground wires. The fault ground wires are to be routed to the users of prime power to provide

fault control and personal safety. Within each instrument or Spacecraft component the

secondary power return lead is to be referenced to chassis to provide a reference potential.

This is required for interface circuits but is a standard design practice for high-speed digital

and RF circuits. Return leads are required for all interfaces, signal and power, to preclude

crosstalk and chassis ground currents. The instruments are isolated from the SRP by the

kinematic mounts and are then bonded at a single location, the interface connector panel or

instrument ground interconnection. It is at this point that all cable shields, fault grounds,

and chassis grounds are electrically bonded to the SRP. The ground system configuration

for cable shields, secondary power, and signals is a multipoint ground system. The ground

plane is the SRP, and an instrument and its specific support electronics are configured

together on a ground island, and bonded to the SRP at a single point. Details of the

Spacecraft grounding concepts are shown in PN20005869, Electromagnetic Compatibility

Control Plan for the EOS-AM Spacecraft, and are further described in 20005400,

Electromagnetic Compatibility Design Handbook for the EOS-AM Spacecraft.

5.3.1 Power Leads and Returns

Primary power bus returns from the instrument are tied to the power bus return in the EPS

and from there, connected to the PPR for reference only. Primary power return current

does not flow through the PPR unless a fault occurs and current flows through a bonding

strap or safety ground wire. Cross strapping of the return leads is not allowed, as it would

reduce the effects of the twisted pair wiring.
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5.3.1.1 Power Harnessing L

Primarypower high side and return wires are twisted and shielded with an overall shield to

minimize radiative coupling between primary power ripple currents and instrument/

housekeeping equipment sensors and receivers. The overall shield for the power harness

will be 360° connected to power connectors at both the source and load ends.

The connection of the load end of the power harness overall shield will be a 360°

termination of the cable shield to the connector shell. This is illustrated and discussed in

detail in 20005400, the Electromagnetic Compatibility Design Handbook for the EOS-AM

Spacecraft.

5.3.1.2 Isolation

To maintain the integrity of the primary power single-point grounding system, prima~

power to secondary power isolation is required and is normally achieved by transformer

coupling in the power converters, the use of Faraday shields if required, and careful

mounting of converter switching transistors and secondary rectifier diodes to minimize

coupling to the chassis. The two sets of primary power feeds supplied to each user should

maintain the tightest coupling possible between the high side and returns of each feed. The

side A and side B high sides should not be connected together, nor should the side A and

side B returns be connected together. This isolation shall be maintained on the primary

circuit even if the power feeds supply redundant power converters or other redundant

loads, such as heaters.

5.3.1.2.1 Deleted

5.3.1.2.2 120 V Primary Power Isolation

The secondary power is referenced to signal return and chassis. The 120 V primary power

isolation is necessary to prevent ground loops and to prevent secondary failures from

propagating to the primary power. The prime power leads and returns are to be DC isolated

from chassis everywhere in the instrument. The capacitance limit of 0.5 pF allows the use

of feedthrough capacitors for effective common mode noise control. Note that this is the

limit on maximum allowed capacitance. The common mode impedance limit in

Section 5.2.2.4.1 in the GIIS provides additional design constraints.

5.3.1.2.3 Secondary Power Isolation

The prime power system is single-point grounded for failure control of ground faults. The

secondary side of the power converters is multipoint grounded. The primary-to-

secondary isolation is necessary to ensure control of prime power noise and transients

during load shifts.
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5.3.1.3 Power Reference L

There are three types of power references. The prime power reference (PPR) is the point

on the Spacecraft where the prime power bus returns and fault ground wires are bonded to

the Spacecraft structure. In the event of a fault to chassis, all current would be returned to

this point.

Secondary power is referenced to chassis locally at the power converter where it is

generated. This allows all parasitic currents to remain local to a component. The

requirement for secondary return leads limits the use of structure as a current path.

If the instrument needs power for a circuit and requires isolation from chassis, it may do so

as long as a resistive bleed path to chassis is provided. This isolated power is useful for

sensors but cannot be used for circuits which interface with the Spacecraft.

5.3.2 Signal Reference

The interfaces to the Spacecraft use the same ground point.

5.3.2.1 Signal Reference Constraints

If the chassis reference point is not used as a power conductor, chassis noise is reduced.

5.3.2.2 Differential Signal Isolation

The differential signal isolation requirement can be met by the use of RS-422 devices. The

capacitance requirement allows for filtering if necessa~.

5.3.3 Instrument Grounding

5.3.3.1 Instrument Ground Interconnection

The Spacecraft Provider will provide a ground plane to which the instrument and its

instrument accommodation equipment will be connected. This ground plane provides a

common signal reference between the instrument and the instrument accommodation

equipment it is communicating with. For instruments which are collocated with their BDU,

this ground plane will consist of a conductive foil adhered to the mounting plate which

supports the two boxes. For instruments which cannot be collocated with their BDU, the

interface connector panel which supports the harness connectors between the two

components will be the common ground plane. In each case, the instrument and its support

equipment, such as heater control electronics, is referenced to the Spacecraft ground

plane (SRP) via this instrument ground interconnection or interface connector panel.
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5.3.3.2 Component Grounding L

5.3.3.2.1 Component Ground Location

It is recommendedthat the instrumentplace the chassisgroundconnection,which will be

connected to the instrument ground plane, as close as possible to the interface connectors.

This localizes all the ground connections, minimizing the possibility of signal ground loops

in the instrument chassis.

5.3.3.2.2 Component Ground Connection

The ground connection can be a prepared surface with a tapped hole for a threaded

fastener in the instrument chassis.

5.3.3.2.3 Component Bonding Straps

The chassis ground can be bonded to the Spacecraft via a strap which is, in turn, bonded to

the instrument via an instrument–provided fastener.

5.3.3.3 Connector Grounding

The connectors will be used to terminate the overall cable shields.

5.3.3.4 Chassis Reference Current

The chassis reference current requirement is intended to prevent the use of chasis as the

return conductor for signals and power. It is not intended to prevent the use of coaxial cable

whose shield is bonded to chassis at each end.

5.3.4 Fault Ground

5.3.4.1 Instrument Fault Ground Requirements

The purpose of the Spacecraft fault ground system is to assure that each instrument or

Spacecraft box to which prime power is routed is properly grounded when the prime power

harness is mated to the box. This guarantees the safety of the l&T personnel and the

equipment on the Spacecraft by providing an isolated path for currents to flow back to the

PPR instead of through the chassis or signal reference plane if a fault should occur on the

Spacecraft.

5.3.4.1.1 Instrument Fault Ground Connection

The fault ground wire will be routed in the power harness along with the prime power feed

and return. Each instrument should provide a designated pin in the instrument-to-

Spacecraft interface power harness connector, separate from the power return, for the fault

ground connection.
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5.3.4.1.2 Instrument Fault Ground Routing L

The instrument is required to route a fault ground wire with the prime power feed and power

return to each component within the instrument that uses prime power directly. This insures

that the fault ground circuit is complete to all items on the Spacecraft which use prime

power. If an instrument does not comply with this, the purpose of the fault ground system

would be compromised, which presents a safety hazard to the Spacecraft.

5.3.4.1.3 Instrument Fault Ground Wire Grounding

The instrument is required to ground the fault ground wire to the chassis of each component

using prime power directly. The instrument may also attach the fault ground wire to the

instrument chassis at the instrument–to-Spacecraft interface power harness connector.

However, doing this is not acceptable in lieu of grounding at the internal components using

prime power.

5.3.4.2 Spacecraft Fault Ground Requirements

5.3.4.2.1 Spacecraft Fault Ground Routing

The Spacecraft will route the fault ground wire with the prime power feed and power return

to insure that the fault ground circuit is complete to every component using prime power.

Routing the fault ground wire with the power feed and return provides a low impedance path

with fewer connections and with the same integrity as the power feed.

5.3.4.2.2 Fault Ground Wire Connection to Instrument Ground Interconnection

The Spacecraft Provider will provide a fault ground terminal on the instrument ground

plane. This fault ground terminal provides for the localization of faults occurring in an

instrument or its accommodation equipment such that they cannot propagate to other

instruments or Spacecraft equipment.

5.3.4.2.3 Fault Ground Wire Connection to Primary Power Reference

The fault ground terminal on the instrument ground plane is connected to the PPR in the

Spacecraft power distribution unit by a fault ground wire routed with the prime power feed

and power return completing the fault ground circuit.

5.3.5 Signal Reference Ground

5.3.5.1 Instrument Ground Interconnection Referencing

The SRP is a low-inductance ground plane designed to provide less than 2.4 microhenries

of inductance over the length of the Spacecraft. The SRP is utilized such that low level, high

speed digital signals will have the same DC reference. All EMs, IMPs, and direct mount
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instruments are each bonded to the SRP. The SRP is composad of foil strips (4 roils thick

minimum) which are wrapped on the structural truss tubes and bonded to the end fittings.

The SRP, therefore, is a lattice of aluminum foil strips and each lattice strip has an

equivalent cross sectional area of a number 4 American Wire Gauge (AWG) wire.

Harness shields, coaxial shields, twin-axial shields and external shields on twisted pair

wiring are all bonded to the SRP and/or chassis at each end. All of the above shields are

tied to the SRP. Therefore, any noise current induced on Spacecraft shields are grounded

to chassis and do not pass the interface. Each IMP and EM is sitting on its own ground

plane which is bonded to the Spacecraft ground plane at only one point. Return currents

flowing in the Spacecraft ground plane are thereby prevented from using the IMP ground

plane as a conductor.

In order to properly utilize this ground system, the design of instruments and Spacecraft

interface electronics should be such that all secondary electronics (i.e., power which is

isolated from primary power) should be referenced to their respective chassis at the point

where the secondary power is derived. Spacecraft interfacing circuits are DC referenced to

chassis at this point. Optionally, the secondary signals maybe referenced to a local chassis

ground, which is not directly at the secondary power return but connected to it.

An example of this circuit is given in Figure ~. This diagram shows that interface circuits,

digital circuits, and secondary power is referenced to chassis ground at a single point.

Referencing these circuits at a single point allows maximum effectiveness of the chassis

shield. This grounding concept also allows instruments to have an isolated secondary

circuit to power instrument sensors and this circuit is referenced to chassis with a DC

resistance value suitable for instrument sensor performance. These isolated secondary

power circuits cannot however be used to power circuits which interface with components

not mounted on that particular IMP. This diagram also shows that the BDU interfaces do not

have a signal path which requires use of the instrument ground. Figure 5-4 shows the

ASTER grounding interface. This diagram is similar except that the BDU is grounded to the

instrument ground interconnectionhterface connector panel. Since this BDU is on the

instrument ground plane, interfaces which require a ground path for DC reference are

allowed.

All overall cable shields on IMPs or direct mount instruments are bonded to chassis at each

end. Internal shields on low level, low frequency analog signals do have the option of

bonding their chassis at one end only.
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Interface circuits between individual instrument compone- need not be true differential

signals if the instrument can demonstrate compliance with the emissions and susceptibility

of the EMC Control Plan. Interface signals to other Spacecraft mounted components are

required to meet the signal interface requirements in PN20005869, Electromagnetic

Compatibility Control Plan for the EOS-AM Spacecraft.

In each of these diagrams, secondary power is grounded to the chassis at a single point,

preferably at the return lead from the output filter. The secondary ground connection can be

made by a minimum-length wire to the chassis or other low-impedance path.

5.3.5.2 Thermal Blanket Grounding

5.3.5.2.1 Thermal Blanket Layer Interconnection

Thermal Blanketsare multiplelayersof metalizedmylarwhichhavetheir layers connected

together at a minimum of two points. The resistance between these points is specified to be

less than 3 ohms.

5.3.5.2.2 Thermal Blanket Chassis Grounding

The points of interconnection are to be connected to a wire or braid and be grounded to

local the chassis with less than one ohm. The inductance limit of this interface can be met

with a wire or strap depending upon length. It is required that the blankets used to “close

out” the installation between the Spacecraft and the instrument do not forma ground path

which circumvents the designated grounding path via the instrument ground

interconnection/interface connector panel.

5.4 Command and Data Handling Interface

The Spacecraft’s Command and Data Handling (C&DH) interface to the instrument

includes command and telemetry, science data, and time and frequency interfaces. These

interfaces are depicted in Figure 5-5.

There are two types of command and telemetry interfaces with the instrument, serial and

discrete (point-to-point). The serial command and telemetry interface is made directly

between the Spacecraft’s Command and Telemetry Interface Unit (CTIU) and the

instrument via the Command and Telemetry (C&T) Bus (1553B). This bus carries the

majority of commands and telemetry for the instrument. The discrete command and

telemetry interfaces are for point-to-point control and monitoring of the instrument relay

drivers and monitoring, temperature sensing, voltage and current monitoring. These

interfaces are between the instrument BDU and the instrument.
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L

Notes:
Legend:

1. Each Instrument has either a Iow+ate
or a high-rats science data link.

Oc-locatsd with Instrument ~~~

2. Each Intetiace Includes a signal wire
RT - Remote Termlmal

and a return wire. SC- Bus Oontrcller

3. CERES, MISR, and MOPrrr ehare 1 BDU.
MODIS and ASTER each have 1 BDU.

Figure 5-5. Instrument Electrical Interfaces

Sciencedata istransmittedfromthe instrumentinone oftwoways depending uponthe rate

of the data. instrumentswhose data are transmittedat less than 100 kbps are generally

allocated a remote terminal port on the 1553B Low–Rate Science Bus. Instruments with

higher rates are allocated point-to-point coaxial lines. Both science paths are connected

to the Spacecraft’s Science Formatting Equipment (SFE) which prepares the data for

transmission to the ground. The instruments are also provided with a clock and time

reference mark via the Time Mark and Frequency Bus, which is an RS-422 standard

interface containing a 1 MHz reference frequency with an encoded time mark signal every

1.024 seconds.
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5.4.1 General Signal Intertace Requirements _

5.4.1.1 Interface Conductors

The grounding scheme for the Spacecraft-t-instrument electrical intetface requires that a

dedicated return wire be routed back to the source of each interface signal along with the

wire supplying the signal. This is to help keep currents from the source component (i.e., the

Spacecraft) from traveling through the destination component (i.e., the instrument). If this

were to happen, voltage drops due to these currents could create noise in the destination

component. These currents would also have to find their way back to the source of the

signal through some other interface path. Such a path could be the primary power return,

causing noise on the power lines, or through the case of the component, causing radiated

emissions.

Coaxial cable is used as a transmission line between the receiver and transmitter for RF

and high speed digital signals. The center conductor in this cable is surrounded by a

grounded shield or braid. This shielding prevents capacitive coupling, or crosstalk,

between adjacent conductors. An alternative to coaxial cable is the twisted pair. The signal

wire and a ground conductor are twisted together to form a balanced transmission line.

Twisting the pairs form current loops in the opposing direction. This has the effect of

canceling the induced magnetic fields, thus reducing electromagnetic interference (EMI).

A shield is generally provided over the twisted pairs, either at “a pait’ or bundles of “twisted

pairs.” At lower frequencies (i.e., up to 4 MHz) shielded, twisted pairs provide better

shielding and lower crosstalk than coaxial cable. Their higher loss is a disadvantage for

higher frequencies. Twinax is a controlled impedance twisted shielded pair. This is the

cable type used for the MlL-STD-l 553 data buses. The connector used for this cable is a

triaxial connector (i.e., center pin and two coaxial shield contacts). The triaxial connector

center and intermediate contacts are used for the twisted pair conductors, while the outer

shield is carried by the connector body.

The high speed data link uses a dual coax interface. This comprises two adjacent coax

cables. The coax cables are matched in electrical length and are routed together to reduce

magnetic loop area.
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5.4.1.2 Interface Redundancy c

5.4.1.2.1 Redundant Interface Terminology

All Spacecraft-ttinstrument electricalinterfacescan be redundant. Componentswhich

have redundant signals should designate them as Side A or Side B to ensure proper

harnessing. There is no preference in the use of one side or the otheu there is no “prima~’

side.

5.4.1.2.2 Redundant Interface Usage

5.4.1 .2.2.1 Command Interfaces

The Spacecraft may use either side A or side B of any interface for commanding, therefore

the instrument must be able to receive commands on either side at all times. In the case of a

failure in the interface, command execution verification is determined by the ground, relying

on valid telemetry.

5.4.1 .2.2.2 Deleted

5.4.1 .2.2.3 Deleted

5.4.1.2.3 Interface Fault Tolerance

Both sides of the interface are fully redundant and tolerant to a single fault on either side.

The Spacecraft side of the interface is a part of the fully redundant Spacecraft C&DH

subsystem. The instrument side of the interface is required, as a minimum, to be redundant

in all circuitry in contact with the interface. For instance, the instrument side of the

Command and Telemetry Bus is required to be redundant through the transceivers

(instrument electronics in contact with the interface). In the case of a transceiver failing,

there is an alternate path through the redundant transceiver and its dedicated encoder

channel; thus the interface is tolerant to single fault.

5.4.1.3 Interface Circuitry Isolation

The instrument side A and side B interface circuitry are electrically isolated. They are

required to have separate connectors entering the instrument, separate interface

electronics, and separate interconnection. This is to prevent a failure on one side of the

instrument interface from affecting the other. Interface electronics for side A and side B

must be isolated from each other, but electrically isolated, dual packages maybe used. The

STC FCI 553921 dual transceiver is an example of such a package, with isolated channels

and separate power and ground pins for each half of the package. One half can be used for

side A and one half for side B.
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The signal reference for the entire instrument electrical interface (side A and side B C&DH

and Power) is required to be electrically the same point and connected to the instrument’s

Secondary Power Reference (SPR). This will ensure that the electronics on both sides of

the interface are referenced to the same point.

5.4.2 Point-to-Point Command and Telemetry Interfaces

Point-t~oint interfaces consist of all non-serial command and telemetry interfaces

between the Spacecraft and the instrument. There are four different types of point-to-point

interfaces as listed in the GIIS. The BDU provides these setvices as allocated to the

instruments in the UIIDS.

These interfaces are physically made between the instrument BDU and the instrument.

Typical fundlons include power control, redundancy management, temperature sensing,

and voltage and current monitoring. Point-to-point interfaces must be sufficient for all

instrument control and monitoring when the instrument is powered off. All critical

monitoring should be sufficiently covered with point-t-point interfaces. This is beneficial

because any critical Health and Safety covered by point-tepoint interfaces does not have

to be formatted and transmitted across the serial interface.

5.4.2.1 Relay Drive Commands

Relay drivecommandsare pulsed28 voltsignalsthat are used to directly drive the coils of

latching relays within the instrument. These commands are typically used for powering the

instrument on/off and for switching between redundant circuitry within the instrument. Only

latching relays are used and only one relay driver is activated at a time. An example of the

circuit for the relay drive command, including redundancy, is given in Figure 5-8.

The latching relay used is typically a double-pole/doubl~throw. This provides a set of two

contacts moving together when the relay drive command energizes the relay coil. One

contact is used for the function being performed (e.g., power control), and the other contact

is used to provide isolated monitoring of the relay’s position via passive hi-level telemetry.

These latching relays come in a compact package (TO-5) from Teledyne.

5.4.2.1.1 Deleted

5.4.2.1.2 Relay Drive Command Characteristics

The specified drive characteristics are suited to most latching relays. The Teledyne

latching relays have been used extensively in spaceflight equipment and are the

suggested implementation. They come in a variety of configurations, including the

double-pole/double-throw as mentioned in Section 5.4.2.1.

71 DCC082793



20008502
30August1993

BDU

Load
Driver A*—

*:,.*

BDU SIDE 1________— ——

BDU SIDE 2

Ki%.r.**

——

r
v’

——

RTP*

Side A___ ————

Side B

—.

l=)TP-

%SER

,----- ---, - ----- -,

,-,

%
1.

g
I

, ,

----- -- J-- --

!.
.

c’-:
c::
c;:

.r”

,

.-J

USER 1.————————————.

USER 2

,----- --l --- -----

I o

,

0

i.
.

c-.:
c-.:
c-.:

r’

---

-.,

E

,
L.-. ---- ---- ---,

● Redundantdriverson a BDUshall each be
Iooatedin a separate IC paokage.

%hield can be used for more than one twisted pair.

Note: Relay l/Fswill be sent in a wrapped
bundle with a single shield.

Figure 5-5. Standard Relay Drive Interface Circuit

DCC082793 72



20008502
30August1993

5.4.2.1.3 Relay Drive Command Load Characteristi-

Electronicdevices controlling inductive loads can be easily damaged by the current that is

initially forced to continue when the driver tries to turn off. Suppression diodes across the

inductor (relay winding), as shown in Figure %6, are the best solution. When the driver is

on, the diodes are back-biased (from the DC drop across the inducto?s winding

resistance). At turn-off, the diodes go into conduction, absorbing the current being forced

by the inductive load. The diodes must be sized to handle the pulse active load current,

which is equal to the current that will be seen by the diodes at turnaff. There should be two

diodes to provide fault tolerance.

5.4.2.2 Deleted

5.4.2.2.1 Deleted

5.4.2.2.2 Deleted

5.4.2.3 Passive Bi-Level Telemetry Interface

Passive bi-leve! telemetry lines enable the sensing of instrument relay positions by

determining switch closure. Relays to be monitored by these lines are typically configured

as double-pol~oubl~throw, with one half providing the function and the other

connected to the hi-level line as a monitor point. When the relay is commanded to change

position, the monitoring half of the relay also gets changed, enabling an isolated external

monitoring of the relay’s position. In the case of solid-state switches, a parallel circuit is

used to determine switch state. An example of the circuit forthe passive hi-level command,

including redundancy, is given in Figure 5-7. Passive hi-level telemetry from the

instrument should provide enough information to indicate if it is safe to apply power to the

instrument and should include the following:

a. Instrument Power ON/OFF

b. Survival Heater ON/OFF

c. Cooler Power ON/OFF (if applicable)

d. Instrument-specific device ON/OFF

e. Instrument Operating Mode

5.4.2.3.1 Deleted

5.4.2.3.2 Passive Bi-Level Telemetry Signal Characteristics

The signal characteristics of the passive hi-level telemetry signal are representative of the

closed (logical “O) and open (logical”1”) contact of a relay. In the logical “O” position, the

contact of the relay is closed and the interface sees a short circuit. In the logical”1” position,
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thecontati of therelay isopenand theintetiace se~aupen circuit. The Spacecraft

supplies the 1 mA current to sense the relay’s position and so the instrument need only

supply the routing of the signal between the interface connector and the relay being

sensed.

5.4.2.4 Passive Analog Telemetty Interfaces

Passive analog telemetry provides a method of measuring the resistance of sensors, and is

intended specifically for monitoring temperatures using thermistors mounted on the

instrument. An example of the circuit is given in Figure =. There is no electrical

connection between the instrument and the thermisto~ the thermistor is mounted on the

instrument, and a connection is supplied to the thermistor that is accessible during

integration to the Spacecraft. The Spacecraft provides all the drive electronics as well as

providing the 8-bit analog-ttiigital conversion. Passive analog telemetry will be

collected during normal operations as well as in Safe Mode. Typical telemetry points

include:

a. Power converter temperature

b. Passive cooler temperature

c. Instrument-specific device temperatures

d. Pressure transducer data

5.4.2.4.1 Deleted

5.4.2.4.2 Passive Analog Telemetry Signal Characteristics

The devices (thermistors) used by the Instrument for passive analog telemetry are required

to bes 5 kilohms. The Spacecraft will source a 1 mA current through the device and read

the voltage for inclusion in the housekeeping telemetry. This voltage is then convefled to a

temperature on the ground. Conversion cuwes should be supplied by the Instrument

Provider.

5.4.2.5 Active Analog Telemetry Interfaces

Active analog telemetry enables the high impedance monitoring of voltages within the

Instrument ranging from -1 5to+120 volts. The instrument scales down the signal to Oto

5 volts for the interface. The BDU provides 8-bit analog-ttiigital conversion (0.02 volt

resolution). An example of the circuit for the active analog telemetry, including redundancy,

is given in Figure 5-9. Typical examples of active analog telemetry points are the

monitoring of instrument input voltage and current.
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5.4J2.5.1 Deleted z

5.4.2.5.2 Active Analog Telemetry Signal Characteristics

ActiveAnalog Telemetry is providedto the Spacecraftas a O-to-5 volt signal.

5.4.3 Time Mark and Frequency Bus
t

The time mark and frequency bus is a single redundant serial interface providing a 1.0 MHz

reference frequency and a time mark at 1.024-second intervals. The reference frequency

is derived from a Master Oscillator (MO) in the Spacecraft CTIU and distributed to all

instruments as a means of establishing a reference clock between the Spacecraft and the

instrument. The time mark indicates when the time code data, transmitted on the command

and telemetry bus, is valid. The standard interface circuits for the time and frequency

interfaces are shown in Figure S1 O.

5.4.3.1 Reference Frequency Electrical Characteristics

The time mark and frequency bus utilizes the EIA-RS-422 differential signal interface

standard.

5.4.3.2 Time Mark Encoding

The time mark is embedded in the 1 MHz reference frequency by varying the pulsewidth of

the reference clock as shown in Figure 6-4 of the GIIS. This decreases the number of

interfaces required by having the reference frequency and the time mark use the same

interface.

5.4.3.3 Time Mark Encoding

Instrumentsshouldjam local clock with time code data at time mark, and propagate local

clock between the time marks using the Time and Frequency Bus frequency reference

(count cycles).

5.4.3.4 Time Mark Accuracy

The accuracy of the time mark will be maintained on the Spacecraft by two basic methods.

The first method is the initialization which will be commanded via the uplink. The

commands are to set the clock and a delta time. After initialization, the clock will increment

sequentially, unless a failure occurs requiring the Spacecraft clock to be reset.

The second method is the varying of the MO frequency. The MO frequency will be slightly

varied (cl part in 108) to account for measured drift rates and frequency offset. This

method will keep the Spacecraft clock within 100 psec of the Universal Time Code (UTC)

after initialization.
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5.4.4 Command and Telemetry Bus Electrical lnterfac-

The Command and Telemetry Bus is a standard 1553B serial multiplex data bus. The

Spacecraft CTIU is the Bus Controller (BC) on the bus and the instruments are remote

terminals (RT).

5.4.4.1 Command and Telemetry Bus Electrical Characteristics

The standard interface circuit for the 1553 interface is given in Figure 5-11. The Spacecraft

side of the interface consists of a fully redundant 1553B bus: separate CTLJ bus

controllers, isolated harnessing, individual coupling transformers, and separate external

connectors at the instrument interface. The instrument side of the interface is required to be

fully redundant up to and including the circuitry in contact with the interface (i.e., the

transceivers). The recommended transceivers are available in a dual package, with each

side of the package being isolated (i.e., separate power and ground), and the

recommended Manchester encoder having independent side A and side B interfaces. In

the event of a failure of any element on the bus, the redundant bus is isolated.

An increased level of redundancy can be accomplished, as shown in Figure 5-12, by

cross-strapping between separate sets of transceivers and encoders. This redundancy

configuration is appropriate for fully redundant systems (separate side A and side B) and is

used internal to the Spacecraft for interfacing to the command and telemetry bus. In the

event of a failure of an encoder, the other encoder in the instrument is still able to use the

interface for communications. The relays used in the cross-strapping are commanded with

relay drive commands.

5.4.5 Science Data Electrical Interface

The science data electrical interface transmits all instrument science and engineering data

to the Spacecraft for transmission to the ground. This interface is either a high-rate

interface, utilizing dedicated point-t-point coaxial lines; or a low-rate interface, utilizing

the 1553B bus standard.
.

5.4.5.1 Science Data Interface Control

Control of whether the instrument uses the low-rate or the high-rate interface, as well as

the allocated data rate, is documented in the instrument UIID.

5.4.5.2 Low-Rate Science Data Interface Electrical Characteristics

The low-rate science data bus is a standard 1553B serial multiplex data bus. The standard

interface circuit for the 1553 interface is given in Figure+12. The Spacecraft side of the

interface consists of a fully redundant 1553B bus: separate SFE BCS, isolated harnessing,
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coupling transformers, and separate externa&onnectors at the instrument

The instrument side of the interface is required to be fully redundant up to and

the circuitty in contact with the interface (i.e., the transceivers). The

recommended transceivers are available in a dual package, with each side of the package

being isolated (separate power and ground), and the recommended Manchester encoder

has independent side A and side B interfaces. In the event of a failure of any element on the

bus, the redundant bus is isolated.

5.4.5.3 High-Rate Science Data Interface Electrical Requirements

The high-rate science interface provides a high-bandwidth point-to-point interconnection

from the instrument to the Spacecraft SFE. This interface is typically used for instruments

with data rates in excess of 100 kbps. For instruments with data rates in excess of 50 Mbps,

multiple point-tqoint interconnections are provided. The interface is unidirectional, with

data flowing in only one direction from the instrument to the SFE. An example of the circuit

for the high-rate science interface is given in Figure 5-13.

5.4.5.3.1 High-Rate Interface Circuitry

5.4.5.3.1.1 Instrument High-Rate Science Data Interface Circuitry

The instrument drivers for the high-rate link are differential. The Advanced Micro Devices

Am7968 ‘TAXlchip” transmitter is recommended to the instrument for use on this interface.

The TAXI transmitter consists of an input latch, an encoder, a parallel-to-serial shift

register, a multiplying Phase Locked Loop, and some control logic. It has differential

“Pseudo” Emitter Coupled Logic (PECL) outputs which can drive 50 ohm terminated lines.

PECL is ECL type logic designed to be referenced at a positive 5 volt level. This capability

makes it easy to directly interface with coaxial cable.

5.4.5 .3.1.2 Instrument High-Rate Science Data Signal Interface Coupling

The media used will require that the link be terminated at the receiver and AC coupled at the

driver, so that an incompatible power supply and/or logic level requirement will not degrade

the link. The capacitor at the driver blocks the DC in the line, and the termination at the

receiver provides a DC bias level. Since only AC variations are passed through the

coupling capacitor, the bias level at the termination will be set to the midpoint of the signal

swing of the receiver, to equalize the voltage drop in both HIGH and LOW states.

5.4.5.3.1.3 Spacecraft High-Rate Science Data Interface Circuitry

The Spacecraft receivers for the link are differential. The Advanced Micro Devices

Am7969 “TAXlchip” receiver is the recommended implementation on the Spacecraft side of

the interface. The T4XI receiver accepts the PECL level-compatible encoded data stream
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into a serial-to-parallel converter, decodes and outputs the received data or commands

with an accompanying strobe. An on<hip data tracking PLL performs the necessary clock

recovery from the input serial data stream and outputs it at the same bfie rate of the

transmitter.

5.4.5.3.1.4 High-Rate Science Data Interface Polarity Inversion

For simplicity, no element (e.g., driver, cable, or receiver) of the interface will invert the

polarity of the differential signal. This will minimize the possibility of unintentionally

inverting the data due to a misunderstanding between the Spacecraft Provider and the

Instrument Provider.

5.4.5.3.2 High-Rate Science Data Interface Electrical Characteristics

The data throughput of the high-rate science data interface is 50 Mbps. However, each link

runs at 63.5 Mbps when transmitting data (regardless of the instruments data rate);

messages are bursted over the link. The data encoding scheme used to send the

messages over the link is based on the ANSI X3T9.5 [FDDI) committee’s 4-bit/5-bit

coding. This encoding is 80% efficient, using a 63.5 Mbps transmission rate to have an

effective data throughput of 50.8 Mbps. The extra 0.8 Mbps is necessary to handle the

overhead associated with generating a message to be passed over the link.

5.5 Other Interfaces

5.5.1 Test Point Interfaces

Test pointsare special test measurementswhich cannot be accomplished via telemetry.

They may also provide signal inputs which cannot be easily simulated via external targets in

a test environment. Test point parameters may include non-telemetered data. Electrical

interfaces required by the instrument for special test purposes at the Spacecraft integration

level are accessed through connectors separate from the instrument’s functional

connectors. These connectors are provided with flight quality captive covers.

5.5.1.1 Spacecraft Integration and Test Use

No provisionsare being made for any harnessing at the Spacecraft level beyond that

required for flight. Therefore, using test points during l&T is very undesirable.

5.5.1.2 Performance Verification Limitation

In addition to the problems of the harnessing, any special test equipment required to

interface to an instrument to verify operation and performance will be difficult to

accommodate and could disturb the test parameters.
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5.5.1.3 Keyed Connectors L

A test point should not be placed on a flight connection to preclude disturbance of the flight

interfaces with test signals. Isolation between signals provides a more fault tolerant design.

5.5.1.4 Power and Load Isolation

The Instrument shall not be powered through, nor significantly loaded, by test point

interface circuit~, including connection to external GSE.

5.5.1.5 Faiiure Propagation

A fault on the test connector orthetest point signals should not affect the performance of the

instrument.

5.5.1.6 Short-Circuit isoiation

The faults that should be tolerated are: shorts to the power bus, ground, or another test

point, and removal of the short.

5.5.1.7 Grounding Integrity

The test points and associated IGSE should not create ground loops during testing of the

instrument.

5.5.1.8 EM1/EMC

The EM1/EMCtesting or other electrically sensitive tests should not be compromised by the

test connection or the use of associated IGSE.

5.5.1.9 Fiight Standards

The standards used in building the instrument should be maintained when designing the

test point circuitry. Two sets of standards are difficult to maintain. Proof that the lower

standard design does not compromise the higher standard is very difficult.

5.5.1.10 Mechanical Requirements

All test points must be physically accessible with reasonable effort to allow for removal of

connectors and preparation for flight.

5.5.2 Test Point interface Documentation

All connectors, contact assignments, and functions for instrument-to-Spacecraft

connections will be identified by the instrument Provider and documented in the i&T iCD.
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5.6 Failure Modes and Effect Analysis G

The methods to be used for petiorming the required Spacecraft-to-instrument circuit~

FMEA are documented in 20008607.
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6 COMMAND AND DATA HANDLING REQUIREMENTS

The Command and Data Handling Subsystem (C&DHS) provides onboard computing

resources and digital communications resources. It also is responsible for the baseband

handling of all uplinked messages received from the Communications Subsystem

(COMMS) and for coordinating the telemetering of all Spacecraft and instrument generated

data to be down linked through the COMMS.

The principal services provided by the C&DHS to the instrument areas listed:

a.

b.

c.

d.

e.

f.

Distribution of real-time and stored commands uplinked from the ground, and of
Spacecraft Controls Computer (SCC) generated commands.

Periodic gathering of housekeeping telemetry (critical health and safety telemetry
and normal housekeeping telemetry), and the formatting of these data for
transmission to the ground.

Generation and distribution of precise, accurate time and frequency references.

Collection, storage and distribution of low-rate and high-rate science data.

Monitoring of housekeeping telemetry for instrument health and safety.

Collection, format organization, and distribution of an ancillary data stream for
onboard use by the instrument and for transmission to the ground.

Components of the C&DHS are distributed throughout the EOS-AM Spacecraft as shown

in the block diagram in Figure 6-1.

Control of most C&DHS functions is provided by redundant SCCS. These computers

implement the MlL-STD-l 750A instruction set architecture. SCC host firmware provides

basic power-up functions (e.g., a bootstrap loader and initialization routines). The SCCS

are nominally configured as one active and the other as cold-standby. The system can

operate with both SCCS powered on for diagnostic operations. The active SCC’S software

provides a real-time Operating System (OS) kernel which supports the execution of

application software. Almost all software is written in the Ada programming language.

The Bus Data Units (BDUS) are internally-redundant components whose function is to

provide a standard set of command and telemetry interfaces to Spacecraft instruments.

The BDUS implement the discrete instrument commands and gather analog and hi-level

telemet~.
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The Command and Telemetry Interface Unit (CTIU) is the central interface component for

the C&DHS. In either the active or standby operational state, a CTIU interacts with the

COMMS to receive uplinked commands data transfers. Only the active CTIU distributes

uplinked command data transfers and gathers and packetizes normal housekeeping

telemetry and health and safety telemetry for both the Spacecraft subsystems and

instruments.

The active SCC communicates with the CTIU via a pair of dedicated serial links (RS-422)

as well as the 1553B bus. The SCC-to-CTIU dedicated link is used to transfer SCC

generated commands to the CTIU, and the CTIU-t*SCC dedicated link is used to transmit

the normal housekeeping (16 kbps) telemetry and Spacecraft closed loop telemetry, which

contains no instrument telemetry, to the SCC. SC@enerated commands, such as stored

commands and those resulting from SCC functions, are dispatched by the CTIU to the

designated Command and Telemetry (C&T) Remote Terminal (RT) via the

Ml L-STD-l 553B C&T bus. The normal housekeeping data is used by monitoring

functions within the SCC. The C&T bus is used by the CTIU to issue real time commands to

the SCC and to gather SCC produced housekeeping telemetry. The CTIU also distributes

health status from the active SCC fortheautonomous hand-overof control to the Guidance,

Navigation and Control Subsystem (GN&CS) in the event of a detected malfunction.

The SCGbased Flight Software Subsystem (FSWS) uses normal housekeeping

telemetry to continuously monitor instruments and Spacecraft Bus subsystem health, and

will autonomously respond to anomalous conditions using predefine command

sequences called telemetry monitors (TMONS) to preserve Spacecraft safety and insure

Spacecraft survival. In the event of a serious loss of C&DHS or SCC-based FSWS

functionality, control autonomously is transferred to the Attitude Control Electronics (ACE)

which will place the Spacecraft into safe mode which is a power and thermal safe attitude.

During safe mode, in which the SCC is not functional, essential telemetry is supplied to the

down link for ground evaluation, and real–time commands will be processed to achieve

ground-commanded recovery.

A separate MlL-STD-l 553B bus, the Low-Rate Science (LRS) bus, handles low-rate

instrument science data. The Science Formatting Equipment (SFE) is the LRS Bus

Controller (BC) on the LRS bus, while the instruments and the CTIUS are RTs. Dedicated

point-t-point links carry high-rate instrument data to the SFE. The SFE generates

formatted science data for the COMMS and Solid State Recorder (SSR), issuing both

real-time and playback data.
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Command Distribution Processing Fiow L

The command distribution processing flow is shown as a block diagram in Figure *2. it is I

also shown in transactional analysis form in Figure 63.

In nominal operations, both S-band transponder receivers and both CTIUS are

continuously operating. Each CTIU has an interface with each S-band transponder. Each

CTIU selects one of its two transponder interfaces to accept the uplink data for processing.

The uplink command data transfers utilize the Consultative Committee for Space Data

Systems (CCSDS) telecommand format. This is described in further detail in Section 7.2.

Each CTIU has a unique Spacecraft identification and a unique C&T address. A CTIU will

verify the Spacecraft ID contained in the CCSDS transfer frame to determine if it should

process the transfer frame further. Later, a CTiU will verify the C&Taddress and determine

if this is a valid address. If it is valid, the CTiU will distribute it for delivery to the destination

via the C&T bus, or execute it.

Command processing varies with type of command. Responsibilities are split between the

CTIU and the SCC. Ground controller commands are processed whether or not the SCC is

operational.

Commands can be real-time commands, stored commands or Failure Detection, Isolation

and Recovety (FDiR) commands from the flight software. The active SCC flight software

command sequence function processes and transmits the SCC commands to the active

CTIU. This function utilizes a priority scheme to select commands to transfer to the CTiU

for distribution. The SCC priority scheme assigns the highest priority to FDIR commands,

the second highest priority to relative time command sequences (RTCS), and the lowest

priority to stored absolute time commands (ATCS). Stored commands have an associated

time tag. The Spacecraft will deliver a stored command within 1.024 seconds of time tag of

the command or the initiation of the command. If the length of time the command has been

waiting for transmission has exceeded the allowed time tolerance, its priority is adjusted to

the highest transmission priority.
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The active CTIU input/output (1/0) scheduler function@repares a series of 1553B

messages containing minor cycle tasks for a particular minor cycle from tasks waiting to be

sent. A minor cycle task can be a command to an instrument or Spacecraft subsystem, a

telemetry or diagnostic data gather request, an IM OK indicator, ancillary data, a 1553B ‘

synchronize-with+ ata-word, etc. The 1/0 scheduler function collects the minor cycle

tasks according to a pre-determined order and creates a task list. The task list is then

passed to the BC which begins processing the list at the start of the next minor cycle.

Telemetry Processing Flow

The telemetry processing flow is shown in transactional analysis form in Figure 6-4.

Two down link data rates, 16 kbps (normal housekeeping telemetry) and 1 kbps (critical

health and safety telemetry) are supported, the first for normal operations and the second

for contingencies when the High Gain Antenna (HGA) link is not available. The normal

housekeeping telemetry data will be recorded on a SSR, included in the LRS data stream,

and sent to the SCC.

In defining the contents of the telemetry for downlink and for processing by the Flight

Software (FSW), the following rules apply.

a. All critical health and safety telemetry will also appear in the normal housekeeping
telemetry.

b. All normal housekeeping telemetry will be made available by the Spacecraft to the
FSW for health and safety monitoring via the TMON function.

The instrument will be responsible for sampling its telemetry and buffering the data until it is

gathered by the CTIU. The instrument telemetry will be sampled according to an

instrument resident telemetry sampling schedule. The sampling will be for both the normal

housekeeping and critical health and safety telemetry data streams. The instrument

telemetry is required to be ready for bus transmission before the telemetry gather request

is issued to the C&T RT.

The active CTIU will gather and distribute telemetry. The active CTIU supports BDU

telemetry sampling by transmitting BDU sample schedule tables according to the bus

utilization table. The receipt of a BDU sample schedule table causes the BDU to sample the

specified telemetry in the same minor cycle the BDU received it. The CTIU gathers the BDU

sampled data in a subsequent minor cycle.
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The active CTIU will be responsible for gathering data fromeach C&T RT,the active SCC,

and the standby CTIU in accordance with the bus utilization table. Instruments will utilize

one or more resident sampling schedule tables for sampling local telemetry. This table

identifies the major/minor cycle in which data is sampled and that in which data is gathered

and its disposition (i.e., normal housekeeping telemetry data and/or critical health and

safety telemetry data). Instruments will store the sampled data in the appropriate C&T RT

subaddresses. Each subaddress represents a specific telemetry data stream.

The gathered information is assembled into CCSDS packets which are identified by the

minor frame number during which each of them was gathered and a time stamp. The

Instrument telemetry will be stored at pm-defined positions within specific packets. The

ground telemetry decomposition function will use the pre-defined positions to identify the

instrument telemetry. The CTIU supplies C&T bus communication status by C&T RT in

telemetry to trend the C&T bus status and to determine if the telemetry data is valid.

6.1 Command and Telemetry Bus

6.1.1 Command and Telemetry Bus Configuration

The active CTIU acts as the C&T BC, while a CTIU in standby operational state acts as a

C&T Remote Terminal (RT); all other C&T bus nodes are configured as RTs, including the

SCCS. The C&T bus, which is the onboard communication link between the CTIUS,

instrument and Spacecraft BDUS, and instrument RTs, is a redundant serial data bus. All

C&T RTs are required to receive messages on either bus all the time. The C&T bus

complies with the MlL-STD-l 553B command and response protocol, which supports

single and multiword data transfers. Figure 6-1 includes the C&T Bus configuration. Refer

to MIL-H DBK-1 553 for detailed guidance on system, hardware, and software design.

6.1.1.1 Command and Telemetry Bus Transfer Method

MlL-STD-l 553B is a serial data bus based on message transmission which contains from

1 to 32 16-bit data words. There are 10 information transfer formats (i.e., message types).

Each message format contains control words called command and status. The message

formats are subdivided into two groups: 1) information transfer formats and 2) broadcast

information transfer formats. The EOS data system will only use the information transfer

formats shown in Figure 6-5. The information transfer formats require that all error free

messages received by a RT be followed by the transmission of a RT status word. This

validates error free message completion.
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Figure 6-5. 1553B Information Transfer Formats

In Figure 6-!5, multiple 1553B commands are separated by a minimum Intermessage Gap

of 4.0 microseconds. The BC will comply with this standard. The RT response time to a

command is also specified in the standard, and its value is between 4.0 and 12.0

microseconds. The GIIS requires instrument compliance with the standard

Messages to the RTs from the BC are issued using a command word containing the RT’s

address, direction of data (i.e., transmit or receive) and the word count. The command

word provides the definition of the message format to be transmitted and can only be

transmitted by the BC.

Each word consists of 16 bits of data, a synchronization pattern which cannot be duplicated

by data and a parity bit, for a total of 20 bits. The word types and their formats are shown in

Figure 6-6. The command word and status word use the same synchronization pattern.

The data word uses the inverse for a synchronization pattern.

The data fields of the command word are, from left to right

a. RT Address which is a unique address.

b. Transmit/Receive Bit-If the direction of the message bit is set to receive, the word
count field will reflect the number of data words following the command word. If the
direction of the message bit is set to transmit, the word count field will reflect the
number of data words following the status word returned by the RT.
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[ I I I I I I I I I I I I
Sync RemoteTerminal TIR Subaddress/Mode DataWordCount)

Address
9

ModeCode

Command Word

I I I I I I I I I I I I I I I
Sync 9

Data Word

I

Sync RemoteTerminal 1 2 3 Reserved 4 5 6 7 8 9
Address

Status Word
1MessageError 4 Broadcastcommandreceived
2 instrumentation 5 Busy
33erviceRequest 6SubsystemFlag

7 DynamicBusControl
Acceptance
8TerminalFlag
9 Paritv

Figure 6-6. 1553B Word Formats

c. Subaddress - This field identifies an internal address which points to the data
storage area.

d. Data Word Count-This represents the number of data words in the message.

No restrictions are placed on the encoding of the data field, except that the most significant

bit will be transmitted first. The parity is odd and is established on the 16 bits of data plus the

parity bit.

As part of the 1553B protocol, RTs reply to a minor cycle task message with a status word.

The RT address is placed in the transmitted status word for two reasons: (1) the BC can

validate the status word and (2) the other terminals will not misinterpret the status word as a

command word.

Communication Failures

Failures which affect communication may either be caused by the instrument host, the

1553B devices, or the bus itself. It is conceivable that internal instrument communication

failures are not detectable by the BC. In this case, alternative means of reporting status to

the ground is necessary. This maybe accomplished by using instrument BDU commands

to reconfigure and isolate instrument failures. Instrument fault tolerance design may

assume that the BDU commands will be available for reconfiguration.
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Failures within the instrument RT are identified

protocol involving the status word and various

and managed+vithin the

mode code commands.

standard 1553B

The instrument

should design the interface such that a single failure of either an RT or power supply will not

cause total, permanent, communication loss with the BC. The BC will automatically

attempt communication via the other bus. A suggested cross-strap configuration to

support this process is covered in Figure 5-12.

If communications cannot be maintained with an instrument in spite of contingency

procedures (i.e., command retries, redundant bus access, etc.), the

synchroniz-with-data-word commands will continue to be sent four times each major

cycle, every 256 milliseconds, and RT status response monitored for a return to normal

condition. The active CTIU always telemeters RT communication status. If

communications are not restored, diagnosis and resolution will be the responsibility of

ground control. This relies on ground commanding, which will be interleaved with normal

commanding to other RT.s.

Commanding to the remaining operational RTs continues. This applies to instruments as

well as Spacecraft subsystems. The Spacecraft w“II be designed such that failure to

command one RT will not result in damage if subsequent commands to other RTs are

issued. An additional feature which maybe useful in this situation is the stored command

inhibit field. The command inhibit field may be useful in adjusting flight operations to

compensate for problems onboard which were not anticipated in the stored command

table.

1553B Communication Failure Response

Failure reaction is the same for all operating modes. Types of failures are:

a. No Status Word returned

b. Message Error Bit set in returned status word

c. C&T RT response to a C&T BC message it received fails C&T BC validation
checks, etc.

CTIU Response To Failure

The BC r-transmits the message either if the message error bit is set in the returned status

word, or if no status word is returned within a predetermined amount of time, or the

response fails C&T BC validation checks. MlL-STD-l 553B states that the minimum

wait time for an RT response to a command is 14 microseconds (EOS wait time is TBD).
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response is not received within the pre-determined amoutif time, the BC will retransmit

the command on the redundant (alternate) bus. The following summarizes the

communication error management process:

a.

b.

c

d.

A retry on the redundant Bus is nonmally attempted.

If unsuccessful, a message error notification is sent to the SCC and also placed in
the telemetry. The next message already queued for this minor cycle for the RT is
attempted and the sequence repeats.

The CTIU moveson to the next item in the minor cycle list. This ensures the system
keeps running when an instrument RT fails, is turned off, or not present during
Integration and Test (l&T).

All message retransmission and bus switches will be completed before the end of
the minor cycle in which the error occurred.

Subsequent messages scheduled for the RT (e.g. real-time commands or telemetry

requests) will be sent.

The Spacecraft is required to transmit a maximum of one 1553B message to a RT

subaddress for a RT during any one minor cycle; however, there can be a possible single

retransmission of that message by the C&T BC if it detects anomalies. The instrument must

allow for a retransmission of a valid 1553B message. The C&T BC begins to retransmit a

message within 20 microseconds after the first-time message transmission ended. The

retransmissi,on will begin to overwrite the first message retransmission within the RT

subaddress storage area in less than 100 microseconds. Thus, the instrument would never

know the same 1553B message was issued twice by the C&T BC unless the instrument

was interrupted each time a message was stored in that RT subaddress. With regard to

synchronize-with+ata-word, two interrupts may be issued to the instrument host,

depending upon protocol chip implementation.

6.1.1.1.1 Command and Telemetry Bus MIL-STD-1553B Mode Code Utilization

Mode code commands are used for 1553B communications management. For further

definition of mode codes and the RT responsibilities, refer to MlL-STD-l 553B, Section

4.3.3.5.1.7, and MIL-HDBK-1 553, Section 70. Mode codes not used are considered

invalid.
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The synchroniz-with-data-word mode code is the only 1553B-messagethe instrument

host must respond to during a minor cycle. This 1553B command is used to synchronize

the instrument cycles with the Spacecraft cycles. The instrument should resolve

differences between received and expected cycle counts by automatically

re-synchronizing with the major and minor cycle counts included with the

synchronize-with-data-word mode code and report the event in their telemetry. Such

differences would occur during initialization and may occur if the active CTIU fails.

Although some of the other mode codes affect instrument host communication (e.g.,

transmitter shutdown), these commands need not cause specific reactions by the

instrument host. One reason for this is that failure or shutdown of one RT will automatically

result in communication with the other RT. Another reason is that failure of both RTsshould

result in the instrument entering safe mode automatically because the SCC OK (IM OK)

message will be absent for 5 seconds.

The inhibit and override inhibit terminal flag bit mode codes will be used in support of ground

operations. Ground controllers may elect to inhibit the terminal flag bit if they wish to

suspend autonomous functions keyed to this bit. The flight system does not plan to make

use of the terminal flag bit.

6.1.1.1.2 Command and Telemetry Data Transfers

All data transferred over the bus will be accomplished

transfers described earlier and depicted in Figure 6-5.

through the 1553B information

6.1.1 .1.2.1 Data Transfers to the Instrument

Instrument Embedded RT Transactions

Instrument commands are transported within

presented in Figure -7. The 1553B command

a 1553B message whose structure is

word and the 1553B data words form a

single 1553B message. The maximum length for a ground-controller-issued message is

32 data words (516 bits), plus the 1553B command word(16 bits) for a total of 528 bits or 33

16-bit words. The message may contain an instrument memory load transfer. See Figure

8-6 for BC-to-RT data transfer. The minimum sized message require the 1553B message

and at least one data word. Absolute time commands, relative time commands, memory

load initiate, memory dump initiate and ancillary data messages are described in Section 7.
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I1553B Command RemoteTerminalIDI O I Subaddress I Word Count = N
word I

o 456 1o11 15

I WordCount= N is usedby the RT

Command

{:

o 15

Descriptor 1 Data

and “o ● 15

Optional :
●

Data
Words 32 Da”b I

o 15

Figure 6-7. 1553B Ground Message Structure

Instrument BDU Transactions

The BDU 1553B command message will conform to MlL-STD-l 553B message protocol.

The remote terminal address will be the C&T RT address for that BDU. Its subaddress will

be 1. The BDU command message can be used to command instruments via relay pulse

standard command interfaces. The BDU will accept 1data word for relay pulse commands.

The data word will be the Command Descriptor. The Command Descriptor is shown in

Figure 6-8.

I CommandDestination1
0 4 56 10 11 15

REMOTETERMINAL ID () SUBADDRESS WORD COUNT = N

I CommandDescriptor [
012345678 9 10 11 12 13 14 15

CMDTYPE WD_CNT x BD_ADDR COMMAND CHANNEL

BOARD_ADDRESS[2:0 ]

SERIALCOMMANDWORD COUNT
— COMMANDNPE (6 WORDSMAXIMUM-110

(not applicableto instruments))

O 0 LOGIC LEVELCOMMAND(not applicableto instruments)
O 1 RELAYCOMMAND
1 0 SERIAL COMMAND (notapplicableto instruments)
1 1 NO OPERATION

Fiaure 84. BDU Command Messaae-Q —-–..._ ___
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6.1.1.1.2.2 Data Transfers from the Instrument

Instrument Embedded RT Transactions

Telemetry is transmitted from the instrument RT to the BC as a sequence of 1553B data

words headed by the status word. Data transfers from an instrument will vary from 1 to 32

1553B data words. A normal housekeeping telemetry gather message will be 32 data

words. A critical health and safety gather response will be 1 data word. The number of data

words to transfer is provided to the RT by the 1553B transmit command containing the

telemetry gathering request. See Figure 6-5 for RT-to-BC data transfer.

Instrument BDU Transactions

A BDU will sample data in the same minor cycle it receives a BDU sample schedule table

from the CTIU. The active CTIU uses the bus utilization table to determine when the BDU

sample schedule table is sent. The soonest the sampled data can be gathered is the next

minor cycle following the sampling.

6.1.1.1.3 Broadcast Mode on the Command and Telemetry Bus

Broadcast mode is prohibited because the RTscan not returna statusword confirming they

received the broadcast.

6.1.2 Command and Telemetry Bus Transfer Timing

Utilization of the 1553B bus is rigidly structured in accordance with pre-defined message

type allocations. The entire data system timing is depicted in Figure 6-9. The minor cycles

and the minor cycle tasks are defined in Figure 6-10 and Table &l.

Within each minor cycle, five message types are allocated specific tasks. Message types

within a minor cycle only indicate relative order; they do not represent resewed time periods

within a minor cycle. For instance, if no telemetry is to be gathered during this message

type allocation, message type allocation 4 effectively disappears. All minor cycle tasks fora

particular minor cycle are issued as quickly as the BC and RT can handle them, and the

time for each task varies with 1553B message length. It should be noted that 1553B

messages may be issued to different RTswithin the same minor cycle. For an example, a

synchronize-with-data-word may be issued to RT 1, followed by a telemetry request

issued to RT 5.
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n Message

A+??Z??Y”Master Cycie = 64 Major Cycies
65.536 Seconds

Major Cycie
Minor Cycies

1.024 SeCOl

Minor Cycie =
8 Miiiiseconds W-0J2’

Figure 6-9. Data System Cycle liming
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~ Implies order within a mincx cycle ~ >

1 Major
Cycle

Mha Reserve
Cycle
Number F ‘R ‘m

Type #4 Type Bus
#s Utilization

.0 1 2 2 3 3 4 4 6 >50%
1 1 2 2 3 3 4 5 6

,2 1 2 2 3 3 4 4 6
3 1 2 2 9 — 4 4 6
4 1 2 2 3 3 4 4 6
5 1 2 2 3 3 4 4 6
. . .

. . . .

32 i 2 2 3 i 4 4 i
33 1 2 2 3 3 4 5 7

.., . . .

. . .

64 i 2 2 3 3 4 4 8
65 1 2 2 3 3 4 ~ 8
. . . .
. . . .

96 i 2 2 3 3 4 4 .“
97 1 4 4
. . . . . . .
. . . .

126 1 2 2 3 3 4 4
127 1 2 2 9 — 4 4 .

*NOTE: ~ am notmeant to show timing,only relative order!
minorcycle = 8Mseq
majorcycle =128 minorcycles
mastercycle =64 majorcycles

Mhor Cycle Treks

1. Synchronize with Data Word.

2. BDU sample schedule

3. All onboard issued commands. In 4 mimx cycles, 1-3 can contain up to 2 onboard commands whale the 4th
minor can contain only 1ground controller command
4.Gathering request for H&S telemetry, H/K telemetry and SCC closed loop data.

5. Diaamstic - Memon DIImt). Minimum interval ketween gathers is 6 minor cycles. Ncxe: A C&T bus lcop
backwill use this task tie up~ command to the CTIU as lm-g as there is no on-going memory dump.

I
I 6. IMOK message.

I

8. Time Code.

9. Ground Controller Commanding: 1 command every 4 mmor cycles

Figure 6-10. Major Cycle Task Scheduling
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TABLE 6-1. Minor Cycle Tasks and Frequ*yof Occumence

Message MinorCycleTasks Numberof transac-
Type tions allowedwithin a

Number . minorcycle for this
type of task

1 Synchronize with data word Oorl

2 BDUsampleschedule table 0,1,0r2

3 Command: only one of the following types of task in any minor cycle task list

On-board mmmands every 3 out of 4 minor cycfes 0,10r2

uplink command data transfer 1 out of 4 minor cycles Oorl

4 data gathering request: only one of the following type of tasks in any minor cycle task list

no sooner than every sixth minor cycle (for 16 kbps downlink) and
no later than once every 128 minor cycles (for 1 kbps downlink): Oorl

dump gather request Oorl
telemetry gather request

all other minor cycles: 0,10r2
telemetry gather request

5 Miscellaneous: only one of the following types of tasks in any minor cycle task list:
ref. paragraph 6.1.2.4.6 of the GIIS, GSFC 420-03-02

Ancillary data packet Oorl

Tme Code Message

IMOK message

6.1.2.1 Minor Cycle Length

The minor cycle timing (8 milliseconds *100 microseconds per minor cycle) is strictly

maintained. Minor cycle synchronization between an instrument and the Spacecraft is

accomplished by periodically transmitting a MlL-STD-l 553B synchronizc+with-data–

word.

6.1.2.1.1 Minor Cycle Task List

The CTIU includes an 1/0 Scheduler function. The 1/0 scheduler

tasks according to a pre-deter?nined order from waiting tasks

gathers the minor cycle

and creates a task list

according to the bus utilization table. The task list is then passed to the BC which begins

processing the list at the start of the next minor cycle. The tasks are processed sequentially

without waiting between tasks. Processing ends upon reaching the end of the list. The

order of the minor cycle tasks within the task list is pre-planned and the bus utilization table

concept is shown in both Figure 8-10 and Table 8-1.

Tasks have been allocated to specific minor cycles, thereby simplifying system timing and

coordination as well as distributing traffic across the bus. Table 6-1 shows the Minor Cycle

Tasks and frequency of occurrence within a single minor cycle.

107 DCC082793

--—-- - T



20008502
30 August 1993

The message type is used for a variety of items that are requir~ at most, once per major

cycle. At most, only one 15539 message will be issued in this task slot in any one minor

cycle task list.

6.1.2.1.2 Minor Cycle Task List Completion

The BC will notify the CTIU when it has completely processed this minor cycle’s task list. A

minor cycle task list is to be completed within a limited amount of time (7.2.milliseconds).

Each minor cycle task list in the bus utilization table is designed to be completed within its

allotted time where each task (1553B message) in the list could have a possible retry. If a

minor cycle is completed in less than 7.2 milliseconds, the BC will wait until the next minor

cycle to process the subsequent minor cycle task list.

6.1.2.2 Major Cycle Length

The major cycle relationship between the master cycle and minor cycle is depicted in

Figure *9. The time intenfal of a major frame is 1.024 seconds and contains 128 minor

cycles.

6.1.2.3 Master Cycle Length

The master cycle contains 84 major cycles and its time intewal is 65.536 seconds. Every

telemetry point will be sampled at least once during a master cycle.

6.1.2.4 Command and Telemetry Bus Task Scheduling

The overall 15536 bus utilization table concept has been described Section 6.1.2. The

maximum number of 15539 messages to an instrument in one minor cycle is 4. They are as

follows:

a. Synchroniz-with<ata-word.

b. One of the following categories of instrument commands: real time (including
memory loads), stored,Telemetry Monitoring (TMON), a safe mode command or
other FDIR command.

c. Normal housekeeping or critical health and safety telemetry gather requests.

d. One of the following: IM OK, ancillary, or time code.
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6.12.4.1 Synchronize with Data Word
G

The synchronization with the active CTIU cycles permits the C&DHS to provide services

exhibiting a deterministically bounded timing performance. The active CTIU cycles are the

minor cycle which is 8 milliseconds; the major cycle which consists of 128 minor cycles

totaling 1.024 seconds; and the master cycle which consists of 64 major cycle totaling

65.536 seconds. The bus utilization table is based on the CTIUS internal cycles and

contains all CTIU resident schedules.

The synchroniz+with-data-word message is correlated to the assigned C&T RT address.

If a C&T RT has an RT address of 8, it will receive its first synchroniz-with-data-word

message in minor cycle 8 and every 32 minor cycles there after.

All C&T RTs are required to maintain cycle synchronization with the active CTIU. This is

accomplished via the synchronize+vith+ata-word. The instrument is expected to

maintain the major and minor cycle counts in between synchronize-with-data-word

messages. Figure 6-11 depicts the synchronize-with-data-word usage. It is

recommended that the RT interrupt the instrument upon receipt and validation of this

command to permit processing to begin upon receipt. The instrument responds to this

interrupt but has to allow for an additional interrupt if a retransmission occurs.

6.1.2.4.1.1 Synchronize with Data Word Transfer Frequency

A synchroniz+with-data-word message once every 32 minor cycles is part of the bus

utilization table. The synchroniz~ith-data-wod message is correlated to the assigned

C&T RT address. If a C&T RT has an RT address of 8, it will receive its first

synchronize-with-data-word message in minor cycle 8 of any major cycle and every 32

minor cycles (256 milliseconds) thereafter.

6.12.4.1.2 Synchronize with Data Word Transfer Timing

The synchroniz+with+ata-word command will be the first command issued at the start of

a minor cycle to minimize distribution time variance. The time will vary no more than* 100

microseconds from the beginning of the minor cycle, even with retry. The instrument is

expected to handle a possible retransmission of this message.

6.1.2.4.1.3 Data Word Content

The 1553B synchronizc+with-data-word mode command will contain contain the major

and minor cycle number. The major cycle number (most significant byte) and minor cycle

number (least significant byte) will appear in this mode command’s associated data word.
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Bus Controller

BusControllerissues
1553BSynchronizewith
DataWordmadeoade

BusController
WaitsforRTto transmit
StatusWord

BusController
ValidatesStatusWord
IF VALID,then transmits
nextiteminminoroydelist.

IF INVALID,a retryisper-
formed on alternate tis. If
still INVALID,perform
FDIR.

Figure

Remote Terminal

Validatesmessageand upon
suooessfulvalidationtmnsmita
statusword to BC.

Interruptsinstrumentuponre-
oeiDt

k

Endofminorcyole

Iktrument START

Instrument
Respondsto this interruptand
registerstime of ooourrenoe.

Instrumentreads data word
whiah oontainsmajor and minor
oyclecounts. Uses time and
qole countfar aativitysynchro-
nization.

Instrumentdoes minoroyale
hauaekeemina

If the Synchronizewith Date
Word ~ovided oountdiffersfrom
that whiohis maintained Iaoafly,
the instrumentshould reportthis
event within itstelemetry,and
praoeed to r-ynchronize with
the reaeived minorovoleaount

6-11. Synchronize-with-Data-Word

6.1.2 .4.1.4 Data Word Content Format

synchronize-with-Requirements for the data word content format associated with the

data-word message are shown in Figure 6-1 of the GIIS.

6.1.2.4.1.5 Instrument Response to Data Word

Principal instrument activities driven by this synchronization command are sampling and

staging telemetry for gathering by the BC. It is envisioned that the command would activate

a logic sequence culminating with RT data exchange, or be used to verify synchronization.

The major and minor cycle counts within the data word are used by the instrument to verify

its own internal major and minor cycle counts, as well asset its 1553B timing as appropriate.
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The instrument is expected to reset its internal counts to tf%wpplied counts if there is a

difference between the locally maintahed major and minor cycle counts and those in the

message, as well as proceed to r-synchronize with the received cycle counts. While in

the process of r-synchronizing, the instrument’s telemetry output buffer may not contain

valid data. If reporting the event in telemetry is not sufficient, the Instrument Provider

should reach agreement with the Spacecraft Provider to determine what else could be

done, such as setting certain bits in the RT status word, or ignoring all message traffic until

the RT receives its next synchroniz+with+ ata-word.

The r~synchronizing to the active CTIU cycles maybe caused by CTIU power-up/reset,

or instrument power-uphset. The r-synchronizing to the active CTIUS cycles does not

imply an adjustment to the instrument clock.

6.12.4.1.6 Instrument Telemetry Transfer Schedule

Each block of instrument data must be capable of being decomposed by both the onboard

computer and ground control. Therefore, the instrument is expected to supply the

necessary algorithms to perform the decomposition.

6.1.2.4.2 Command Transfers

Figure 6-12 portrays the command delivery process within a minor cycle of the 1553B bus.

The instrument must be able to accept 1553B messages on demand, in accordance with

the bus utilization scheme depicted in Figure-l O.The BC issues a message to a C&T RT

containing an instrument command or a 1553B mode command. The RT accepts and

validates the message and responds with a status word. This repeats for all messages to

be delivered in this minor cycle. Inthe scheme presented here, the RTtakes no overt action

toward the instrument, but saves the received messages in pre-designated areas in

accordance with subaddress. The instrument, at the end of each minor cycle, polls status

information associated with message receipt and reads the commands as received.

Depending upon the command, the instrument takes appropriate action.

An alternative scheme is for the RT to interrupt the instrument upon command receipt,

allowing immediate action by the instrument. This approach is not recommended because

the BC may r+ransmit the command if an anomaly is detected. This causes an additional

interrupt and extra processing.
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Bus Controller

BusControllerdispatohea155SB
message( oommand)

I Waitsfor RT to transmitStatus
Word

ValidatesStatusWord
IFVAUD,thendispatchesnext
messaae in minorovde task list

IF INVALID, a retry is performedon
alternate bus. If still INVALID,dis-
patchednext message in minor
cvde task list

Remote Terminal

RT monitorsfor b messages I

Recognizes its RT Address in the
1553B cnmmandword I

Stores message (InstrumentCom-

1mancfj -
[wordOoun$time tag+ message
statusbitsl and data word(s) I
Validatesmessageand upon
suooessfulvalidationtransmitssta-
tus word toBC.

J

Notifiesinstrument
[octionall

●

●

●

repeat above foreaoh
commandsent

L

Instrument

Endof minorovole

Instrumentdoes minoroyde house
keeping.Thiswould indude polling
of statuswords to determine reoeipt
of instrumentoommands.

If notifiedof commandingaotivity,
Instrumentaooeses Instrument
commands (based on RT Subad-
dress) from common(shared)RAM

,

:

Figure 6-12. Command to Attached Device

The Spacecraft subsystems, using embedded RTs, are generating an interrupt only if the

message contains a synchronize-with+ata-word since this data needs to be processed

upon receipt. All other messages received in minor cycle N are not processed until minor

cycle N+l begins. The design permits any possible message to be received in minor cycle

N+l .
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6.12.4.3 Housekeeping Telemetry Transfers
L

Embedded RT Telemetry Gathering

Figure *I 3 portrays the telemetry gathering process between the Spacecraft and the

instrument in a minor cycle. The sequence begins with the instrument sampling and storing

telemetry in accordance with instrument internal schedule(s). These schedules will be

defined by the instrument and implemented at the instrument’s discretion. The

implementation may be a tabltiriven schedule or special purpose logic. This data is

written to the proper subaddress area in anticipation of a read request from the BC. Upon

receipt and validation of the telemetry data gather request, the RT transfers the data to the

Bus Controller

BusController
dispatches1553B telemetry
gathermessage. (transmit
data,WordOount)

BusController
WaitsforRTto transmitStatus
Wordand data words

BusController
Stores data as it arrives in
m+etermined Iooation
Validates Status Word and
data words
IFVALID,thentransmitsnext
itemin minoroyclelist.
IF INVALID, retries.

Remote Terminal

I

I

I

Instrument STI

Samplestelemetryand buffersat
speoifiedtable Iooation(s)basedon
residentsamriina table(s)

In anticipationof nexttelemetry
gather request,the table of sampled
data is made available to the RT by
plaanginassignedRTSubaddress
Iooation.

Beginminoraycle
I RTInterfaoemonitorsfor its mes- f

sages J
Recognizesits RT Addreesin the
oommandword

Validates1553B oommandward
and transmitsstatusword if OK fol-
tOWed bv dSh Words..

Uses RT Subaddressand 1553B
Word Countfrom 15536 oommand

Iword sent by EC toread telemetty
from RT Subaddresearea, and
sendto BC. I

Prooeedto sample next set of
telemetry.

!

End of minoroyole

Instrumentdoes minorcycle hous-
ekeeping

Instrumentrecognizestransferwas
done and continueswith data sam-
plinghtaging.

I ND
Figure 6-13. Telemetry Gathering from Instrument
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BC. Each category of housekeeping telemetry (i.e., normal am critical)will be gathered

individually by the BC using different minor cycles. The instrument may proceed to sample

the next data set independently of the data gathered, but must guard against overwriting

data prior to retrieval by the BC.
.

The telemetry data sampled by the instrument is written to the proper RT subaddress area

in anticipation of a data gathering request (i.e.,1553B transmit command) transmitted by

the BC to the instrument RT.

An example of the sequence is:

a. Synchronize-with4ata+vord mode code is received by this RT.

b. Data is sampled by the insttiment within the next 96 milliseconds (12 minor cycles)
per the resident sampling schedules.

c. The sampled data is stored in the critical health and safety telemetry buffer and in
the normal housekeeping telemetry buffer per the resident sampling schedule(s).

d. The sampled data remains undisturbed for the rest of the major cycle.

e. The data gather request is received by the instrument RT and causes the stored
data in the specified RT subaddress (normal housekeeping or critical health and
safety) to be transmitted to the C&T BC.

It is strongly recommended that the instrument resident housekeeping sampling schedules

for the normal housekeeping telemetry and critical health and safety telemetry be

modifiable. This provides flexibility during Integration and Test (l&T), as well as facilitating

problem correction after launch.

The instrument will prepare telemetry for gathering by the C&T BC in accordance with

schedules defined by the instrument. Each instrument telemetry point regardless of

housekeeping telemetry data stream must be sampled at least once per master cycle.

BDU Telemetry Gathering

Figure 6-14 shows the BDU sub-minor cycle task schedule which is based on the BDU

minor cycle of 8 milliseconds. This design results from a Spacecraft bus requirement to

begin a command execution, or sample data within +100 microseconds predictability. The

bus utilization table is also used to satisfy this requirement.
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1+
command Message

➤I

u!”<=-- :1=!
sub-Minor
CycleNo. o 1 2 3 4 5 6 7

F-l
Telemetry,amp~

SlotNo. o 1 2 3 ● 00 12 13 14 15

-1 l-””

Figure 6-14. BDU Sub-Minor Cycle Task Schedule

The BDU task schedule is divided into 8 sub-minor cycles of 1 millisecond apiece. Each

potential BDU message is assigned a specific allowed time within the BDU to start

message processing. The BDU will accept a message until the start (transition) of a

specific sub-minor cycle. For example, a BDU sample schedule table message must be

received by the RT before the BDU transitions from sub-minor cycle 2 to sub-minor cycle 3

This is ensured by task scheduling within the bus utilization table and maintaining the

required synchronization between a (XT RT and the C&T BC cycles. The receipt of such a

table before the transition occurs will cause sampling to start in sub-minor cycle 3 and end

in sub-minor cycle 4. Each sample entry in the table has a fixed 250 millisecond window in

which sampling will start and complete. There are 16 sampling windows and there is a

maximum of 16 entries in the bus sample schedule table. During the entire sampling

window (sub-minor cycle 3 until the transition from sub-minor cycle 4 to sub-minor cycle

5), the BDU does no other processing except for accepting, validating and storing

additional messages.
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A BDU sample schedule table will be a 1553B receive messa~ with a subaddress equal

to 3 (see Figure 6-15). This message is used to sample telemetry from instruments. The

number of 1&bit data words contained w“th a BDU sample schedule table may vary from 1

to 16 where each data word represents one entry in the table. Each table entry will be used

to sample and gather 8 bits of telemetry data. Each word (see Figure 6-1 6) defines a

telemetry control word. The telemetry control word provides information as to telemetry

type, 1/0 board address, telemetry channel address, and end of telemetry table bit. A group

of 8 bilevels are one BDU sample schedule table entry.

6.1.2.4.3.1 Instrument Normal Housekeeping Telemetry Collection

The instrument will receive one H/K telemetry data gather request for every major cycle.

The message size is 512-Ms. The instrument is responsible for providing all the normal

housekeeping in this data stream which includes the critical health and safety data.

6.1.2.4.3.2 Instrument Critical Health and Safety Housekeeping Telemetry
Collection

The instrument will receive one gather request once a major cycle for critical health and

safety housekeeping telemetry. The instrument will provide 16-bits of telemetry.

1553B T/R bit RT subaddress Word Count = 1 to 16

Command Recipient’s RT Addres
Word I 000011 I I

o 456 1011 15

Data
Word

TLM type EOT Telemetry Channel
I

o 23456 8910 15

TM: telemetry board test mode ●

T/R: transmithceive ●

EOT: End of Telemetry Table ●

(only last entry has it set to 1)

DCC082793

TLM type TM x Board Address Telemetry Channel
I

Figure 6-15. BDU Sample Schedule Table Message
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01234567 89 Ill- 11 12 13 14 15

TLM TYPE EOT TM x BD_ADDR x TELEMETRY CHANNEL

,F,FMmlEE;;,
Y

000 ACTIVEANALOG
001 PASSIVEANALOG
010 ACTIVEBI-LEVEL(notapplicableto instruments)

011 PASSIVEBI-LEVEL(onetableentryoutputsa groupof8 passivebilevels)
100 SERIALTELEMEfRY(notapplicableto instruments)

101 TELEMHRY SYNC (not applicableto instruments)

110 NO OPERATION

111 NO OPERATION

Figure 6-16. BDU Telemetry Control Word

6.1.2.4.3.3 Instrument Housekeeping Telemetry Readiness
Upon receipt and validation of the data gather request, the Retransfers the telemetry to the

C&T BC. The instrument must have the data ready for transfer at least one minor cycle in

advance of the minor cycle containing the data gather expected by the instrument. The

instrument must also leave the data undisturbed for one minor cycle after the minor cycle

containing the gather command. This 24 msec window accommodates possible

imprecision between the Spacecraft and instrument synchronization to a minor cycle. The

instrument ICD will reflect the gather window individuality since the synchronization

difference may vary between instruments. The gather window also minimizes the impact of

retries, assuming the telemetry was not altered by the instrument within the specified

window. This window is to be used for all telemetry generated by the instrument (whether

sampled once a minute or at the sub-second level), and is not intended to imply time

criticality of the data content.

6.1.2.4.4 Memory Load Transfers
A memory load transfer to an instrument will be a“receive” message to C&T RT subaddress

2 with 1 to 32 16-4it data words transmitted by ground control. The active CTIU will

distribute the memory load transfer as a ground command task in the minor cycle task list.

There may be multiple load transfer within one memory load operation. Memory load

operations (i.e., command definition and command sequences) are covered in Section 7.
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6.124.5 Memory Dump Transfers
c

Memory dump content and gather schedule will be specified by command. Command

definition and command sequences are covered in Section 7.

6.1.2.4.6 SCC OK, Ancillary Data, Time Code Data, and Safe Mode Commands

The SCC OK message is a positive health status message sent to the active CTIU by the

active SCC every 1.024 seconds. The active CTiU transmits a “receive” message to C&T

RT subaddress 5. The active CTIU will distribute the IMOK message as a miscellaneous

task in the minor cycle task list. The originating source is always the active CTIU but it will

only send the IMOK message if and only if it received an SCC OK message from the SCC.

The anciliary data message is a “receive” message to C&T RT subaddress 4. The active

CTIU wiil distribute the ancillary data message as a miscellaneous task in the minor cycle

task list. The originating source is always the active SCC.

A ~me Code Data is a “receive” message to C&T RT subaddress 6. The active CTIU will

distribute the Time Code Data message as a miscellaneous task in the minor cycle task list.

The originating source is always the active CTiU.

A Safe Mode Command is a“receive” message to C&T RT subaddress 7. The active CTIU

will distribute the safe mode command as a command task (either onboard or ground) in the

minor cycie task iist.

6.1.2.4.6.1 SCC OK, Ancillary Data, and Time Code Data Transfer Frequency

SCC OK, AncillaryData, and Time Code Data aretransferred once per major cycle (65.536

seconds) to each instrument.

6.1.3 Command and Teiemetry Bus Data

6.1.3.1 Commands

The C&DHS validates each message it receives via a link in the communication path. The

C&DHS delivers each validated command intact and in the order it was received from the

ground or from the SCC. The CTiU will deliver the next command to a C&T RT whether or

not the prior command to that C&T RT was received successfully.

Commands to the instrument’s C&T RT distinctly different from commands issued to the

BDU in both intent and data structure. instrument C8LT RT commands include data

transfers such as memory loads, real-time commands and onboard stored commands.

BDU commands are strictly relay drive command, and areas shown in Figure 6-6.
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A single command maybe sent by the ground controller as a~time command or may be

sent by the SCC from stored commands. Whenever this is possible, the command data

structure should be the same.

Telemetry gathering requests are the same for both the BDU and instrument C&T RTs

except all BDU sampled data is gathered from subaddress 3. These telemetry gather

commands are strictly 1553B transmit commands to either subaddress 17 (normal

housekeeping telemetry) or subaddress 18 (criiical housekeeping telemetry). Included in

the transmit command is a word count defining how many data words the RT is to return.

6.1.3.1.1 Real-Time Commands

The command structure, shown in Figure -7, closely resembles the 1553B message

structure. This was done to simplify CTIU processing and contingency operations. The

real-time command includes up to three d“fierent types of information. The first type

provides command destination information (i.e., 1553B message header). The second

type of information is referred to as the command descriptor (1 data word). This also

includes a third kind referred to as optional command data words which can be up to 31

words (16 bits each).

Instrument commands are the commands unique to each instrument. The contents are

entirely at the discretion of the instrument. The command should be the same whether it

appears as a stored command or a real-time command.

The BDU has a defined data structure for relay drive commands. See Paragraph

6.1.1.1.2.1.

6.1.3.1.2 Stored Commands

There will be two different types of stored commands: 1) ATC and 2) Relative Time

Commands (RTC). The relative time commands will be organized into groups of

commands known as RTCS. These commands are described in depth in Section 7.2.2.2.

6.1.3.1.3 SafMode Command Structure

There are multiple commands associated with saf~mode. See Section 7.2.2.3.3.2 for

more details on the saf~ode command.
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6.1.3.1.4 SCCOKCommand Structure
c

An IM OK message is sent periodically within a major cycle. The instrument must

determine that 5 seconds of time have elapsed since the last message and go to

saf~mode. Since there are times when the IM OK is not available, saf~ode enable and

disable commands are required for the l&T phase and for on--orbit contingency operations.

These are discussed in Section 722.3.3.1.

6.1.3.2 Memory Load and Dump Initiate Command Structures

6.1.3.2.1 Load Initiate Command Structure

The structure of memory load initiate command messages is shown in Figure 6-2 in the

GIIS.

6.1.3.2.2 Dump Initiate Command Structure

The structure of memory dump initiate command messages is shown in Figure 6-3 in the

GIIS.

6.1.3.3 Memory Load Data Messages

Memory load data messages are detailed completely in Section 7.2.2.1.1.

6.1.3.4 Memory Dump Data Messages

Memory dump data messages are detailed completely in Section 72.2.1.2.

6.1.3.5 Ancillary Data Messages

6.1.3.5.1 Ancillary Data Contents

Ancillary data message content is shown in Table 6-2 of the GIIS.

6.1.3.5.2 Ancillary Data Message Format

Ancillary data message data field format is shown in Table 6-3 of the GIIS.

6.1.3.6 Time Code Data Messages

6.1.3.6.1 Time Code Data Contents

The time will be Spacecraft time represented as in the CCSDS standard day segmented

time code format, accurate to 100 microseconds. See description in Section 6.1.2,

6.1.2.4.6, and 7.4.4.

6.1.3.6.2 Time Code Data Epoch

The epoch is defined completely in CCSDS 301.O-B-2.
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6.1.3.6.3 Time Code Data Format c

Format for time code data messages is shown in Table 6-4 of the GIIS.

6.1.4 Command and Telemetry Bus Protocols

Processor Interrupts

The 1553B protocol provides the ability to interrupt the instrument host (processor) upon

receiving any command. Use of interrupts is at the discretion of instrument designers;

however, it is recommended that only the synchroniz+with-data-word command cause

an interrupt. This command is used to synchronize instrument, RT and BC activities. Thus

immediate recognition of receipt is critical to maintaining this synchronization.

All other mode command and data exchanges should be responded to at the end of a minor

cycle because of the possibility of message retries during the exchange with the BC.

Therefore, it is recommended that the instrument poll the RT at the end of each minor cycle

to determine whether commands have been received. The status words, set by the RT

during minor cycle access, can be used for this purpose. All subaddresses appearing in the

status would be read to retrieve the commands.

Instrument commands must be retrieved from storage by the instrument host within one

minor cycle to prevent ovewite by subsequent minor cycle activities. This may require

double buffering or looping through multiple subaddress storage areas. The Spacecraft

Bus assumes that messages received on orbii are already packaged within 1553B length

limitations. If multiple messages are required to complete an intended function, it is the

responsibility of the instrument to define message format and manage a multiple message

transmission. The memory load operation could be used for large data blocks. This

operation is described in Section 7.

Asynchronous Communication

Asynchronous communications is contrary to the highly structured, CTIU initiated

operation intended for C&T bus usage, and” therefore will not be implemented.

Contingency procedures will be implemented, but they will result from the monitoring of

health and safety telemetry.

Similarly, there should be no need fora separate indicator of instrument health, as provided

by the Subsystem Flag. It is assumed that the housekeeping telemetry contains all

pertinent information, and thus eliminates the need for special asynchronous data. For this

to be true, the instrument must define telemetry which reflects all behavior in a timely

fashion, including autonomous FDIR results and actions.
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*tUS Bit Use
L

A status word is provided by the RT to the BC after a 1553B message has been received

and validated. No status word is sent if the message does not pass the validation test. Of

the bits available within the status word, only the message error bit is required by the

standard, all others are optional. Table 5-2 defines the status word bits to be used on the

C&T BuS.

The message error bti is set by the RT if the received message does not pass validation

tests. Included in the validation tests are checks for invalid mode codes and invalid

subaddresses. The RT withholds the status word, awaiting a transmit status word mode

code command from the BC. Upon receipt of this command and transmission of the status

word, the bit is reset. The BC response includes a retransmission attempt. Bus activity

moves on to the next message.

TABLE 6-2. C&T RT ASSiGNED STATUS BiTS

STATUS BIT USE COMMENT

MESSAGE ERROR YES Mandated by 15536 Standard. To be reset on
receipt of Status Word Request mode command.

INSTRUMENTATION NO Distinguishes command and status words from data
words. Deemedunnecesawy.

SERVICE REQUEST NO Used for asynchronousinput to BC; Normalstatus
reportingand failure reaction should be adequate.
Use requires additional protocol and RT, BC
complexity.

BROADCAST COMMAND RECEIVED NO Broadcast not used.

BUSY YES To be set by RT host when unable to process
commands. Specific intended use is to indicate that
the RT is initializing, and not yet fully operationaL

SUBSYSTEM FIAG NO Assume that instmment problems are reflected in ‘
instrument telemetry. It is recommend that the
instrument telemetry include a cyclic counter to aid in
verif@g that received telemetry is valid (updated at
expected rate).

DYNAMIC BUS ACCEPTANCE NO CTIU/BC switching performed by discrete commands.

TERMINAL FLAG No Indicates RT failure.

The busy bit will be set when power is firstapplied to the RT, and reset upon initialization

completion. This is the only event in which the busy bit will be set. For all other conditions,

such as command capture, prior knowledge of RT characteristics determine what actions

will cause an RT to become busy, thus preventing any unnecessary busy conditions.
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6.1.4.1 Instrument Command and Telemetry Bus RT ~dress Assignment

Each instrument will receive a unique address on the C&T bus. This address will be

documented in the instrument Command and Telemetry (C&T) ICD. The address is carried

as an RT Identifier within 1553B commands and status words. The instrument RT

determines which messages on the bus are to be processed based on this identifier.

6.1.4.2 MIL+TD-1553B Message Identification

Message identification is supported by subaddress assignments. The subaddresses

identify the type of data contained in the message. For subaddresses which are only used

by one type of message, such as time code data, no futiher identification is required. For

subaddresses used by several types of messages, an identifier must be embedded within

the data field.

6.1.4.2.1 MlL-STD-l 553B Message Subaddress Definition

The Spacecraft has resewed a subset of subaddresses. The subaddress assignments are

defined in Table 8-5 of the GIIS. An instrument may only use these subaddresses as

intended by the Spacecraft designers. The receive subaddress 3 (controls command) and

transmit subaddress 16 (SCC telemetry data) are invalid for instruments.

The following RT protocol example was created to aid in the understanding of

subaddresses as well as other 1553B features. It is not intended to direct the instrument

design. In this example, the mechanics of command processing is done through memory

shared between the RT and the instrument. The implementation detail is based on the

features of the United Twhnologies Microelectronics Center (UTMC) model UT1 553B

BCRTM chip set.

Each instrument will receive a unique address on the C&T bus. This address will be

documented in the instrument C&T ICD. The address is carried as an RT Identifier within

1553B commands and status words. The instrument RT determines which messages on

the bus are to be processed based on this identifier.

Associated with each RT subaddress and 1553B mode code command are three

descriptor weds which define what happens when that subaddress or mode code is

received by the RT. The descriptor words associated with subaddresses are diagramed in

Figures 8-17 and 8-18. A similar set is assigned to mode codes but is not shown.
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BCRlR4reads this word whenservicinga
mmmand mrresponding to the specified
descriptor. All bit+electable functionsare active
high and inhibited when low.

rRT S“baddress D~lptor
—- —.- -—- —-- —-

7
Ifor Subaddress n for n=rl+ dL 15114113112!1111019181716151413121110 I-————— -—-—— ——

Control Word Unused Index I

Messaae Status List Pointer Intemmt when

Data List Pointer Pointer I
JL

~jndex.o
Interruptwhen

Illegal Broadcast
Subaddress

addressed
Illegal Subaddress

Illegal Broadcast Subaddress: Indicates BCRTM not to acoess this subaddress
during broadcast. Will cause Message Enor Bit to be setif addressed.
Illegal Subaddress: Set by instrument—indicates to the BCRTM that a command
with this subaddress is illegal. Will cause Message Error Bti to beset if
addressed.

Interrupt upon valid command received. Indicates that the BCRTM is to assert an
interrupt every time when a command addresses this subaddress. The interrupt
oocurs just prior to the post-command descriptor updating

Interrupt when lndex=O. EOS implementation will not use this

Index. These bw are for indexed message buffering. Indexing means
transacting a pr~specified number of messages before noti~lng the
instrument.

Figure 6-17. Subaddress Descriptor Control Word

The first descriptor word is the control word. This word defines illegal subaddresses (those

not used in a specific implementation), and whether interrupts are to be generated either

upon initial receipt or after a specific number of commands have been received using the

Index field. In the recommended scheme, interrupts would not be set for any

subaddresses; and only the synchroniz+with-data-word would generate an interrupt.

The second descriptor word is the message status list pointer. This word points to an

address where the message status word for this command is stored. The message status

word is generated by the RT upon receipt of a command. This list of words would be read

by the instrument to determine whether commands had been received during the minor

cycle. Status for up to 32 distinct commands per subaddress can be saved. The message

status word contains, among other things, the command word count and time of command

receipt. The time tag has a 64 microsecond resolution, and covers a 16 millisecond

duration. Since only one command for a given subaddress will be transmitted during a

A
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Gfi73TtbZtjZ-E35EiEi@G-~- r--g;smiiio%-tizi-l
rma~titid-~~~o~s~b%d~r–~-~] I for Subaddress O J

~for Subaddress O
L—--—-— -------- L------------ ---—- ------- J

●

●

●

1
0 Control Wordw

Message Status List Pointer
2 I1

2 Data List Pointer
9

P
29

30

31

Commanddepositedhere

●

●

I RT Subaddress Desdptor i
~r Subaddress 31 I
Control Word I

~

EachSubaddress has itsown Data Word
Listand MessageStatusWord List

I ~7 I

See below for
word format

Message Status List Pointer— BCRTMusespointerto storestatusword in Message Status List. It
W-l] inorement by one with each message write.

Data List Pointer. BCRTM stores reoeived data in memory beginning at the address indicated by this
pointer. The pointer is updated at the end of each suooessful message with the next message’s
stating address with some exceptions such as if the message is erroneous the next message will
overwrite the data.

Message Status Wo~ allows the instrument/BDU to evaluate the message’s validity, determine the
word munt, and oaloulate the approximate time in whioh the messagewas transacted.

Subsystem Failed. Indicates failure was asserted before the
Message transfer to memory. WA to EOS.

I Broadcast. N/A for EOS ,=
L

ill- I— Message Error
Message Error. Indicates a message is invalid Messaaewas

Word Count reflects Word Count field in the command word. If
actual word count c> than Word count, Message Error bfl set in
Status Word.

L
Broa&-&st

SubsystemFail Inputwas
assefied duringthis Message

llme Tag. BCRT writes the internally generated Ttme Tag to this
,

location after message completion. resolution is 64 microsec-
onds

Figure 6-18. Subaddress Descriptor Data List and Status Words
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minor cycle, only one message status word for each subadks need be polled by the

instrument at the end of every minor cycle. If there is an entry, a 1553B command has been . ‘

received by the RT. One of the post minor cycle housekeeping chores would be to clear all

message status words. The time tag may be used in association with the synchroniz~

with-data-word mode code command.

The third word is the data list pointer. This word points to the memory block where the actual

command is stored. The instrument must retrieve this data based on the word count in the

associated message status word, decode, and process the command. This memory need

not be cleared after each minor cycle.

In addition to the above descriptor words, the BCRTM providesthreewords associated with

each interrupt (interrupt log Ikt); these words are the interrupt status word, the subaddress

and mode descriptor pointer, and a pointer to the next entry. These words would only need

accessing to ascertain whether the synchronize-with-data-word mode code had to be

sent more than once.

6.1.4.2.2 Instrument Specific Subaddresses

Instrument-specificsubaddresseswill be documented in the C&T ICD.

6.2 Time Mark and Frequency Bus

The master time reference is maintained in the CTIU. A time mark is encoded on the

reference frequency using duty cycle variations to provide the instrument a method of

synchronizing with the Spacecraft clock. lime marks occur every 1.024 seconds

coincident with the major cycle.

6.2.1 Time Code Data Valid Indication

The Time Mark and Frequency (TM&F) bus provides a frequency reference and a time

mark which indicates the valid time of the last time code data message.

6.2.2 Time Information Timing

Figure 6-4 in the GIIS illustrates the timing relationship between the C&T and TM&F

buses. It should be noted that the start of each major cycle on the C&T Bus is synchronized

with the 1.024 second time mark on the TM&F.

6.3 Low-Rate Science Data Bus

The instrument W-IIassemble the science data into CCSDS packets and transmit the

resulting data to the SFE via the low-rate science bus. Operation of the SFE is detailed in

Section 7.1. The low-rate science bus is implemented using MIL-STD-1553B. The SFE
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will be configured as the BC to accept data from Iow+ate i~ruments and the CTIU. The

aggregate of all data received through the low-rate science bus will be multiplexed together

and allocated to a single down link virtual channel using the CCSDS defined Standard

Service.

The low-rate Science Bus characteristics are as follows:

a. Bus Type: MlL-STD-l 553B, Dual-Redundant,Transformer<oupled

b. SFE Node Configuration: BC

c. Input Aggregate Data Rate: Oto 200 (TBl?) kbps

d. Input Data Format: CCSDS Version-1 Source Packets

Each RT on the low-rate science bus receives a unique Hit bus address which is

contained in the 1553B message transmitted by the BC.

6.3.1 Low-Rate Science Data Interface Configuration

There will be two low-rate science buses. One string of the redundant pair will be capable

of supporting the full traffic load. The SFE functions as the BC and operates the bus in a

polled fashion, with all other nodes configured as RTs. The SFE is part of the C&DHS, as

shown in Figure-1.

6.3.2 Broadcast Mode on the Low-Rate Science Data Bus

The MlL-STD-l 553B broadcast mode of operation will not be implemented on the

low-rate science data bus. This mode is prohibited because the RTsdo not respond with a

status word to indicate valid receipt of the broadcast message.

6.3.3 Low-Rate Science Data Transfer Timing

Figure 6-5 inthe GIIS portraysthe timing ofthe packettransfersvia the low-rate science

data bus. Polling requires 170 microseconds, and data transfer time depends on message

size. A 512-bit message requires 710 microseconds to transfer to the BC. Multiple data

messages are sent to the BC until the output buffer is depleted.

6.3.4 Low-Rate Science Data Bus Data Format

The instrument is required to assemble its science data into source packets compatible

with the Path Packet Service described in CCSDS 701.0-=1, Section 3.3.3. The format of

the packet is shown in GIIS Figure 6-6. Low-rate science data packets from the instrument

can be as large as 61,440 bits.

127 DCCOS2793



20006502
30 August 1993

6.3.5 Low-Rate Science Data Bus Transfer Protocol -

Table 6-3 Iiststhe low-rate science bus status bits. l%e USE column defines if they will be

implemented or not. Table H lists the subaddresses to be used by the RTs on the

low-rate science bus. In both tables, differences with the C&T bus are highlighted.

TABLE 6-3. LOW-RATE SCIENCE ASSIGNED STATUS BITS

STATUS BIT USE COMMENT

MESSAGE ERROR YES Mandated by 1553B Standard. To be reset on
receipt of Status Word Request mode command.

INSTRUMENTATION NO Distinguishes oommand and status words from data
words. Deemed unnecessary.

SERVICE REQUEST YES Used for asynchronousinputto BC. Bitwillbe
setby instrumentwhen there is science data
ready for transfer.

BROADCAST COMMAND RECEIVED NO Broadcast not used.

BUSY YES To be set by RT when unable to process commands.
Speoific intendad use is to indioate that the RT is
initializing, and not yet fully operational.

SUBSYSTEM FLAG NO Assume that instrument problems are reflected in
instrument telemetry. It is raoommended that the
instrument telemetry include acyclic counter to aid in
verifying that received telemetry is valid (updated at
expected rate).

DYNAMIC BUS ACCEPTANCE NO CTIU/BC switohing petformad by disorete commands.

TERMINAL FIAG NO Indioates RT failure.

TABLE 64. LOW-RATE SCIENCE INSTRUMENT SUBADDRESSES

Transmit or
Subaddress Name Receive

9 Loop Back Tor R

10-25 Low-rate science data output T
buffers.

Oor 31 Mode Code Tor R

All remainina subaddress numbers are reserved

6.3.5.1 Low-Rate Science Data Bus RT Address Assignment

RT addressesfor instruments on the low-rate science data bus are documented in the C&T

ICD.
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6.3.5.2 Low-Rate Science Data Bus MIL-STD-1553B~de Code Utilization

Table *5 listsall the MIL-STD-1553B mode codes and identifies those which will be

utilized by the Low-Rate Science Data Bus; all unused mode codes will be invalid.

Differences with the C&T bus are highlighted.

TABLE 6-5. 15536 ASSIGNED MODE CODES FOR LOW-RATE SCIENCE

6.3.5.3 Low-Rate Science Data Bus MIL-STD-1553B Message Subaddresses

Message subaddresses used on the low-rate science data bus are defined in Table 6-6 of

the GIIS.

6.3.5.4 Low-Rate Science Data Polling

The SFE will manage the low-rate science bus and operate the bus in a polled fashion. The

polling sequence will be capable of redefinition via ground command. Each active

instrument in the sequence will be polled for its readiness to transpofi a complete source

packet. The full packet will be transferred before polling resumes.

6.3.5.5 Low-Rate Science Data Packet Readiness

Whenever the instrument has a complete packet ready, the instrument will set the service

request bit in the MlL-STD-l 553B status word, and indicate the number of octets to be

transferred in the 1553B data word associated with the 1553B transmit vector word. The

SFE BC will poll each instrument by using the transmit vector word mode code. The

instrument RT will respond by transmitthg its status word and an associated data word.

129 DCCOS2793



20008502
30 August 1993

6.35.6 Total Packet Length Indication
L

When an instrument is ready to send data, full bus bandwidth will be given to the data

source for the length of time required to transport the complete packet. For the purpose of

supporting message retransmission, each instrument will provide a buffer which is capable

of storing two of the maximum length packets it generates. A data transfer out of this buffer

will not destroy the current contents. The BC will send an End-of-Transmission message

to the RTs when it has successfully transferred the entire packet.

6.3.5.7 Low-Rate Science Data Packet Transfer

6.3.5.7.1 Low-Rate Instrument Polling Interval

lTe SFE BC will poll no later than 2 seconds between two contiguous polls for a given

instrument RT. This time interval includes data transfers and polling activities on the bus.

6.3.5.7.2 Low-Rate Science Data Throughput Interval

The C&DHS is designed to accept data from any individual low-rate science data source at

any data rate up to 200 kbps, when averaged over 2 seconds.

6.3.5.7.3 Low=Flate Science Data Packet Transfer Timing

Packet transfer timing is in accordance with MIL-STD-1553B. The BC repetitively

requests messages from the RT until the full packet is collected.

6.3.5.8 Low-Rate Science Data Packet Transfer Method

The instrument is responsible for storing the packetized science data and making it

accessible to its RT in time for the data transfer. The packet will be sent to the SFE from the

instrument in one or more 1553B messages. The SFE is responsible for managing the

overall data transfer.

The SFE BC will issue a MlL–STD-l 553B transmit command to the instrument. The

number of data transfers will be based on the number of octets supplied by the instrument

in the MlL-STD-l 553B data word associated with the transmit vector word. The SFE will

calculate the appropriate RT subaddress and number of 1553B data words based on the

single and multiple message packet transfer rule. The RT subaddresses assigned for the

science data awaiting transfer range from 10 through 25 inclusively.

Each time the RT receives the MlL-STD-l 553B transmit command and successfully

processes it, a MIL-STD-1553B message containingupto321 Hi data words, preceded

by a status word, is returned to the BC from the designated RT.
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6.3.5.8.1 Singie Meaaage Packet Tranafer
L

if a packet length is iessthan or equal to 512 bits, a single message of an integer multiple of

15-bit words w“ll be used to transfer the packet

6.3.5.8.2 Muitipie Meaaage Packet Transfer

if a packet length is greater than 512-bits (32 18-M words), multiple consectuive

messages are sent to consecutive subaddresses starting with subaddress 10. The last

transfer message in the series Wellconform to the single message packet transfer

requirement.

For a packet length greater than8192 btis, once the last available subaddress has been

used the subaddress sequence will be restarted at subaddress 10. The instrument may

infer from the read of a given subaddress that all previous subaddresses have been

successfully read. An instrument may, for example, swap buffers for subaddresses 10

through 18 when a read of subaddress 19 is sensed, and swap subaddresses 19-25 when

subaddress 10 is read out. This technique would guarantee the instrument a period of more

than 4 millisecondsin which to swap or refill the buffers before another read from that

subaddress range is attempted. The last transfer message in the series will conform to the

single message packet transfer requirement.

6.3.5.8.3 Transferring an Odd Number of Octets

A 1553B data word contains16 bits of science data if there are two octets worth of data If

there is only one octet of data, itwill be stored inthe most significant octet of the 1Wit word.

6.3.5.8.4 End of Transfer Data Word Content

The synchroniz&rvithout+ata-wml is used as a positiie indication that the last transfer

was successfully received.

6.4 High-Rate Science Data interface

Dedicated point-to-point links carry high-rate instrument science data to the SFE. There

are eight high-rate point-t~oint links.

The data source for each of the point-to-point iinks will be allocated a dedicated downlink

virtual channel using the CCSDS fixed data transport senice. The VCiD assignmentsare

independent of the A/B port configurationsand the codes are selected such that the

minimum hamming distance between code words is two.
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6.4.1 High-Rate Link Science Data Rate
L

The interface between the high-rate instruments and the SFE is implemented as

unidirectional point-to-point differential serial data links operating at burst rates of 63.5

mbps with an effective b~e transfer rate of 6.25 Mbytes per second (50 Mbps). The serial

line bit rate is higher than either of the parallel ports due to the 49/59 encoding method used

in the TW1 chip set. (Implementation using the TAXI Chip Set is not a requirement, but is

assumed for discussion purposes.) The transmitter chip located at the instrument side

strobes the 8-bit parallel data and, using an independent clock, converts it to a serial

stream for transmission. The receiver located at the SFE side recovers the clock

information embedded in the data and packs the incoming serial stream back into 8-bit

parallel data. From an end-t~nd operation point of view, the serial data is completely

transparent to users on either side. The net result is that 8-bit wide data is transferred from

one unit to another at high speed using only two shielded wires.

6.4.1.1 High-Rate Link Allocation

An instrument may have more than one high-rate science data link in order to satisfy the

data rate allocated in the UIID.

6.42 High-Rate Science Data Packet Transfer ~ming

A high-rate instrument transfers complete source data packets in a manner which satisfies

the timing shown in Figure 6-7 of the GIIS. Since the serial transmission is operating

slightly faster (equivalent to 50.8 Mbps) than the maximum instrument data generation rate

of 50 Mbps, the difference is filled by the TAXI transmitter with sync symbols. In a totally

asynchronous system, these fill octets are interspersed between actual data symbols on

the serial line. However, due to bit~rror rate considerations, it is desirable to transmit all

data octets in a contiguous manner to avoid accounting for possible bit errors in sync

symbols that would be present in a message frame. For this reason, it is required that the

sync fill be added at the end of the message frame. In addition, any errors detected in a fill

region while acknowledged by the receiver, can be automatically excluded from the

bit-rror tally.

6.421 High-Rate Science Data Interface Data Format

The high-rate instrumentstransfer science data using CCSDS version-1 source data

packets as shown in GIIS Figure 8-6. The minimum packet size is 1024 bits(128 Octets)

and the maximum size is 8192 bits (1024 Octets). The packets can vary in length in full

octet increments

DCC082793 132



20008502
30August 1993

6.4.3 High-Rate Science Data Transfer Protocol -

6.4.3.1 Data Encoding

The data and control symbols are defined in the Fiber Distributed Data Interface (FDDI)

Physical Layer Protocol (PHY), ANSI X3.148-1988.

A single source packet octet requires 2 MAC symbols to transfer across the high speed

channel. Thus 1024 source packet octets requires 2024 MAC symbols as indicated in

Table 8-7 of the GIIS.

The instrument will encode the data and clock information in compliance with the

aforementioned standard. The 4B/5B encoding method is used to embed clock information

onto the data stream to forma self<iocking transmission. The “4B/5B” encoding scheme is

combined with non-return to zero invert on ones (NRZI).

6.4.3.2 High-Rate Science Message Data Message Format

6.4.3.2.1 High-Rate Science Data Message Symbols

Messages are assembled as sequences of pairs of active symbols; i.e., an even number of

symbols is included in each message field.

6.4.3.2.2 High-Rate Science Data Message Fields
Each message, also designated “High Speed Data Unit” (HSDU), will be comprised of five

fields, defined and ordered as shown in Table 6-7 of the GIIS.

6.4.3.2.3 High-Rate Science Data Message Info Field Transmission

Only symbols O-F may be used in a high+ate science data message between the

message control field and the ending delimeter.

6.4.3.3 High-Rate Link Preamble

An instrument, upon powering up the high-rate interface, needs to transmit at least 20 idle

(1)symbols over a period of 250 microseconds before transmitting a packet. The idIe

symbols form the preamble to the message transfer. These symbols must be generated by

the instrument for transmission across the high speed interface. These symbols are

recognized as such by the TAXI receiver in the SFE and not entered into the input buffer.

6.4.3.4 High-Rate Link Transmission Gap
An instrument will transmit a continuous stream of J-K symbols between active packet

transmissions. This assumes the interface was not powered down by the instrument

between packet transmissions. These symbols imply to the receiving end that the

instrument interface is still operational and the instrument has not yet started a packet

transmission.
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7 COMMAND AND DATA HANDLING OPERATIONA~EQUIREMENTS

This section describes the methods for utilizing the Spacecraft capabilities provided in

support of command, telemetry and science data handling.

7.1 Science Data

Science Data is handled separately from command and telemetry by the C&DHS SFE. The

SFE provides all science data handling functions as shown in Figure 7-1, receiving data

from instruments, formatting, and then routing data to mass storage and/or

Communications Subsystem (COMMS) modulators. Science data is collected by the SFE

via dedicated instrument high-rate links or by a low-rate science data bus. Any instrument

engineering data transmitted across the science data intefiace is also considered to be

science data by the Spacecraft. In addition to science data, a copy of previously collected

housekeeping data, which includes instrument telemetry, is supplied to the SFE for

downlink with the low-rate science data.

The instrument is required to assemble its science data into source packets compatible

with the Path Packet Service described in CCSDS 701 .O-B-1, Section 3.3.3. The format of

the packet is shown in GIIS Figure 6-6. Lowate science data packets from the instrument

can be as large as 61,440 bits. The SFE will create multiple downlink transfer frames to

accommodate packets which exceed 7072 bits. This is due to the 7088 bit maximum size of

the CVCDU data unit zone (see Figure 7-2), which includes the MPDU header of 16 bits.

P&:’f:K Data R;f;;=D
— STORAGE —

SFE
r ———————- ————---- ——-— ——-. .——————

INSTRUMENTI ~
SOH4:E ~

I
INPUT lNPUT-TO- OUTPUT OUTPUT I MoDULATOF
DATA OUTPUT

> STREAM * STREAM I

iOUSEKEEPIN~ 1
)
‘OcE=’N( ‘“CDu~ M~WmN% VCDW FORMAlllNG CADUS ROUTING ‘ ,CADUSb

DATA I I
I I

I LEGEND I
CADU =OhannalAccessDataUnil
SFE =SoiancaFortnsttiIw Equipmant
VCDU .Viil ChannelDataUnit

Figure 7-1. Top Level C&DH Science Data Handling Architecture Block Diagram
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The BC within the SFE gathe~ the successfully tran%itted instrument message

containing the science data. The SFE then forwards the data to the downlink and/or to the

tape recorder as required.

All CCSDS packets transmitted by the Spacecraft will include a secondary header. The

secondary header will include a day segmented time code, and a quick look flag. The total

length of the secondaty header is nine octets (72 bits). The secondary header must be an

integei

am

b.

c.

d.

number of octets where:

The most significant bit in the first octet is set to “O to indicate a non-CCSDS
defined secondary header (as requiredby CCSDS 701.0-=1 “Advanced Orbiting
Systems, Networks and Data Links: Architectural Specification”, page 3-15,
paragraph 3.3.3.8a).

The next 83 bits contain a day segmented time code as defined in CCSDS
301 .CH+2 “CCSDS Xme Code Formats” section 2.3.1. Because the most
significant 15 bits in this time code count the number of days since the reference
date of 1 Jan 1958, the time stamp on an EOS-AM data packet will roll over in the
middle of the year 2047 (an ample margin, given a launch date of 1998 and a
mission life of five years).

The first bit in the ninth octet is theguick-look flaa. If the flag is set to’1’ the packet
is included in a quick look data set; if the flag is set to “O’’thepacket is not included in
a quick look dataset. Regardless of how the quick look flag is set, all packets are
included in routine production processing.

The content of the remaining seven bits in the ninth octet is specified by the source
of the packet.

The SFE, solid state buffers (SSBS), and solid-state recorder (SSR) comprise the science

data handling segment of the C&DHS. This equipment accepts science data packets from

instruments via multiple interfaces. The science data handling segment formats and

multiplexes the science data for transmission to EOS Data and Information System

(EOSDIS). The science data may be down linked in real-time and/or stored on a SSR.

Since the science data is buffered at the SFE input, there is no requirement to transfer the

data in a synchronous manner. Multiple data packets need not be transmitted in a

contiguous stream. However, the data bits within a packet are contiguous. The data buffers

are sized such that they may accommodate up to two incoming packets of the maximum

size at any given port.

Figure 7-3 depicts the science data interfaces. Each interface consists of a prime and a

redundant port, A and B. For a given interface, activity on the A and B ports are mutually

exclusive. However, the SFE accepts data from these interfaces in any combination of A or
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B port configuration. The port configuration is established *coordinated by the SCC and

communicated to the SFE via BDU serial commands. The SFE input port configuration

status is telemetered using an 8-bit serial digital telemetry word.

The multiplexed protocol data units (MPDUS) for a particular virtual channel are built and

transmitted until all data from the associated buffer is exhausted. The Packet Multiplexer

function provides a Fill Packet function in order to do a timely completion of an MPDU. This

is done by using a MPDU time out parameter which is programmable via a BDU serial

command to the SFE by the Spacecraft computer. When the sync fill exceeds a specified

period, it is assumed that the last packet in the current message session has been received

from the instrument, therefore any remaining fractional MPDU is appended with fill data and

transferred downstream into the physical channel.

Since the satellite/ground link is considered noisy, Grade-2 service is provided which

means:

Data packets are delivered possibly incomplete, but with their sequence presewed
and very high probability of containing no errors. This service appends a
Reed-Solomon code in order to provide virtually error-free transmission.

A Coded Virtual Channel Data Unit (CVCDU) is constructed by preceding the MPDU with a

header and appending to it the Reed-Solomon code which protects the header and the

data.

The physical channel function accepts a continuous stream of data bits at the sending side,

modulates the data onto a carrier, transmits over the satellite/ground link, receives and

demodulates at the receiving end and delivers the bit synchronized stream through a

receiving interface. The physical channel access protocol data unit (PCAPDU) is logically

the physical channel and it consists of a contiguous succession of fixed-length CADUs.

7.1.1 Science Data Interface Allocation

The instruments transfer high-rate and low-rate science and engineering data packets.

Packets are received from high-rate instruments via point-tqoint interfaces and from

low-rate instruments via a MlL-STD-l 553B bus. Each instrument is designed to use only

one type of science data interface (i.e., low rate or high rate). The interface type utilized

depends upon the instrument’s peak data output rate and is allocated in the UIID.
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7.1.2 Science Data ~
L

7.121 Low-Rate Science Data
.

Any instrument which generates science data at less than 100 kbps WI use the low-rate

science data bus to transfer science telemetry to the Spacecraft. This bus has a maximum

bit rate of 1 Mbps; however, the usable throughput is in the range of 500 kbps. However, the

latency in servicing each instrument depends upon instrument output characteristics.

Buffer sizes and output timing must be specified to estimate sewice latency.

The SFE manages the polling of the instruments. If a packet is ready for transfer, the

instrument stores the number of octets in the packet in a predefine location accessible to

its RT and sets an indication in its RR status word. The BC will issue a 1553B message to

the RT. Upon receipt of the polling message from the BC, the RT returns a message

containing:

a. the 1553B status word indicator set to indicate a packet is ready to transfer and
containing the number of octets in the packet

b. or the indicator is set to indicate no packet is ready to transfer.

The SFE will examine the response returned by the RT. If an RT is ready to transmit, the

SFE proceeds to process the information and provides direction to the BC to transfer

packet information.

The polling sequence W-IIbe capable of redefinition from the ground. Redefinition should

not affect instrument output, assuming that all of an instrument’s buffer is read before

moving on to the next instrument.

7.1.2.2 High-Rate Science Data

A variable length packet capability exists which allows for more than one packet per MPDU,

as well as packets that are split between MPDUS. The design also supports continuous or

burst bit transmission rates up to 63.5 Mbps. The high-rate interface is capable of data

transfers at 50 Mbps. The hardware interface design prevents exceeding this data rate

input to the SFE, since the instrument output logic is tightly coupled to the transmitter logic

at this data rate. Any instrument which generates data at greater than or equal to 100 kbps

will use the high-rate science data interface to transfer data to the Spacecraft. An

instrument may have more than one high-rate interface.

The SFE handles each operating high speed channel in parallel and independently of the

others. A CADU is generated for each high speed channel, along with it’s unique Virtual

Channel Identification (VCID), and sent to the COMMS and/or the SSR with the playback

(PB) bit set.
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7.1.2.3 Engineering Data L

Engineering Data is defined as the set of data which must accompany science sensor

readings to allow for interpretation and evaluation of those readings. Examples of

Engineering Data are scanner position and synchronization times, aperture size or

selection, spectrum filter parameters, etc. Engineering Data may contain telemetry related

to instrument health and safe~ however, Engineering Data is not monitored by the

Spacecraft Bus. These data are assumed to be included in the data rates for each

instrument.

Engineering and sensor data may be segregated into separate packets or combined within

one packet output by the instruments. From the Spacecraft Bus perspective, this data is

considered to be pati of the same science data stream.

7.1.3 Science Data Requirements

7.1.3.1 Application Process ID

The Application Process Identifier (APID) is a field within each data packet which provides

an identifier for the data within the packet. The APID is applied by the instrument and used

by the ground for data discrimination and routing.

7.1.3.1.1 Application Process ID AllocWon

To facilitate data identification and ground routing, APIDs will be uniquely assigned to all

instruments. APIDs for the CTIU issued housekeeping telemetry and ancillary data will be

unique.

7.1.3.1.2 Application Process ID Documentation

The APIDs used will be documented in the C&T ICD.

7.1.4 Science Data Interface Test Packet Requirements

7.2 Commands

The following presents an overview of the commanding distribution process by providing an

example of a real-time command entered by a ground operator. The command path is

traced from operator entry through instrument execution. This overview description

focuses on instrument commanding via the C&T bus; however, much of what follows also

applies to commanding via the Bus Data Unit (BDU).

Figure 7-4 depicts the overall commanding process. In this figure, the major entities are

represented by columns, with the entity identified above

each principal function performed by the entity is placed

141

the column. Within the column,

in chronological sequence.
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Significant features are:
L

a. Ground software must convert operator entry into Spacecraft command.

b. Ground software (or personnel) must perform validity checking to include schedule
and timing implications.

c. The flight and ground system work in unison, using the Consultive Committee for
Space Data Systems (CCSDS) recommendations to transmit and verify error free
message receipt of packetized data within virtual channels (VC). This requires the
ground based Frame Operations Procedure (FOP-1) to interact with the flight
based Frame Acceptance and Reporting Mechanism (FARM-1 ). References:

1.

2.

3.

4.

d.

e.

f.

9.

I

1

CCSDS Recommendation for Space Data System Standards. Advanced
Orbiiing Systems (AOS), Blue Book, Issu*l, June 1989

CCSDS Recommendation for Space Data System Standards. Telecommand,
Part 1: Channel Service, Architectural Specification, Blue Book, Issu&l,
June 1987

CCSDS Recommendation for Space Data System Standards. Telecommand,
Part 2: Channel Service, ArchitecturalSpecification, Blue Book, Issu-1,
June 1987

CCSDS Recommendation for Space Data System Standards. Telecommand,
Part 3: Data Management Service, Architectural Specification, Blue Book,
Issue-1, June 1987.

The Spacecraft routes commands based on unique Spacecraft ID to identify the
specific CTIU to perform the uplink processing, and the C&T RT address to

~etermine the destination; and dispatches commands for execution according to
the bus utilization table.

Within the CTIU, the Input/Output (l/O) Scheduler and BC transmit the commands

In the form of a 1553B message to the instrument RT. Transport occurs within the
werall bus utilization table of minor and major cycles.

The C&T RT receives the message and either notifies the instrument host
Immediately or saves the command awaiting instrument polling.

The instrument host reads the command, decodes and processes it, and updates
ielemetry to reflect execution.

There are two methods of commanding an instrument, one is via the instrument BDU and

the other isvia the instrument C&T RT. Both the instrument BDU and the instrument-receive

their commands via the C&T bus. Figure 7–5 shows the data flow between the instrument

and instrument BDU within the C&DHS.
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Figure 7+. C&DHS Data Flow between Instrument and C&DHS

Interaction with the instrument BDU differs from the embedded RT in the following areas:

a. Command processing is transparent to the instrument itself. 1553B Commands
are processed totally within the BDU, with the instrument only “seeing” command
results (relay setting. or voltage ievel change) upon successful ex~ution.

b. Commands that are issued to the BDU require a command word descriptor shown
in Figure 6-7.

c. The BDU telemetry sampling, storage and gathering process is transparent to the
instrument.

The uplink command data transfers utilize the Consultative Committee for Space Data

Systems (CCSDS) data formats. The Spacecraft implements the Command Operations

Procedure number-1 (COP-1 ) from the CCSDS guidelines. COP–1 is a closed loop

telecommanding protocol which utilizes sequential (Go-back-to-N) retransmission

techniques to correct telecommand frames which were rejected by the Spacecraft because

of error. This requires the ground based Frame Operations Procedure (FOP-1) to interact

with the flight based Frame Acceptance and Reporting Mechanism (FARM-1 ). Repotiing
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the FARM status is accomplished by generating and teleme%ing a Command Link Control

Word (CLCW) in the downiink. Each CTIU generates CLCWSwhich are telemetered in the

S-band downlink. This is shown in Figure 7-6. This scheme is referred to as CCSDS

Telecommand and is defined in references 1 through 4 described in section 7.2.

It is possible for the number of commands uplinked to exceed the command distribution

rate by the active CTIU. This event has been prevented by implementing a queue. The

active CTIU will report in telemetry as parl of FARM processing (CLCW Wait Flag) when the

queue is exceeded.
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Figure 7-6. CCSDS Layered Protocol
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The distribution rate for uplinked command data transfers (i.e%mmand or data load) is

defined by the bus utilization table. It is 32 uplink command data transfers every 1.024

seconds or 1 uplink command data transfer every 32 milliseconds.

The number of bits of an uplink command data transfers varies. This variance ranges from

4 to 66 octets or 2 to 33 16-bit data words. The rate of uplink is greater than the rate of

distribution if a sustained burst of uplink command data transfers at 4 or less data words in

the application data structure were transmitted at the 10 kbps data rate. The maximum

uplink command rate is one command at a minimum of 10 kbps every 27 milliseconds.

The active CTIU distributes commands to an instrument from multiple sources. The

command sources are real-time ground commands, onboard stored commands (absolute

and relative time), and autonomous Fault Detection Isolation and Recovery (FDIR)

commands which include TMON. These commands may be interleaved such that an

instrument stored command sequence can be active when the ground issues a real-time

command, and the Spacecraft Controls Computer (SCC) issues a TMON response to the

instrument. The C&DHS will deliver the commands from a command source in the order

the C&DHS received it from the command source. The C&DHS will continue to deliver

commands it successfully received to the instrument even when preceding commands to

that instrument failed.

The instrument must accommodate this “multitasking” environment or rely on operational

procedures to prevent difficulties. The following text acquaints the reader with the

operational viewpoint of each individual command stream.

7.2.1 Point-to-Point Commands

Point–to+oint commandsare deliveredviathe BDU. The BDU will not provide commands

to the instrument on both primary and redundant channels simultaneously. BDU

commands are the relay drive commands. Point-t~oint command interfaces are relay

drive commands and are intended for power ON/OFF and reconfiguration purposes.

7.2.1.1 Spacecraft Required Point-to-Point Commands

In the point-t~oint commands allocated to the instrument, power switching and

reconfiguration of redundant subsystems must be included.

7.2.1.1.1 Instrument Operational Equipment ON and OFF Commands

The Spacecraft Provider requires the ability to turn the operational equipment ON and OFF.

This will be accomplished via the relay drive commands. The normal mode provides

operational power which may be further allocated via relay drive commands.
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7.2.1.1.2 Instrument Survival Equipment ON and OF~ommands

There must be separate power “OtVOFP’ commands for sunfival modes. The survival

power is typically used for suMval heaters.

7.2.1.2 Instrument Point-to-Point Commands

The remainder of the point-to-point commands are used to provide the ability to

reconfigure the instrument (e.g., redundancy management) and to support recovery and

diagnostics in the event of instrument functional difficulties. The commands required are

listed in the C&T ICD.

There must be a 110 millisecond time delay between relay drive commands to the same

BDU to assure the relay drive has completed the current command activity, including power

supply recovery, before processing the next relay drive command. As a result, it is possible

to send relay commands to the Spacecraft faster than they can be executed, assuming

consecutive relay pulse commands to the same BDU.

7.2.1.2.1 Instrument Fault Recovery

Point-to-point commandsare pulsedcommandswhichcan be utilizedinsuppofi of FDIR

by means of redundancymanagement. Depending upon the instrumentdesign, these

commands can be used for reconfiguration of redundant subsystems to allow problem

diagnosis and restoration of operability. As a minimum the commands should permit

selection of redundant RTs and transceivers.

7.2.1.2.1.1 Instrument Fault Isolation

Point–to-pointcommandswill be used for instrument FDIR because this external access

permits FDIR flexibility in isolating failed component sets.

7.2.2 Command and Teleme~ Bus Commands

The instrument will receive all of its real-time commands and SCC commands via the C&T

bus. These will be scheduled based on the bus utilization table depicted in Figure 6-10.

Two operational tasks, memory dump and memory load, may entail multiple commands in

a particular sequence. All other commands available to the instrument are issued as a

single entity and do not entail a protocol beyond that required to transmit the command

itself, defined by the standard 1553B message exchange protocol. While the Spacecraft

may be capable of supporting instrument-unique command protocols, the ground segment

may not. Instruments are encouraged to comply with the standard protocols defined in the

GIIS. Any exceptions will be documented in the instrument C&T ICD.
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Commands are transferred to the 1553B RT hosted by the ins’ment via the C&T bus by

the 1553B BC. An instrument’s RT may receive the same 1553B message more than once

within a minor cycle of the bus utilization schedule due to a retry (retransmission) of the

1553B message by the BC. Any retries will occur immediately (no intervening commands to

this RT) and will be completed before the end of the minor cycle.

7.22.1 Real-Time Commands

The C&DHS will provide a real-time command setvice such that

a.

b.

c.

cf.

Real-time commands received from the ground are given the highest priority for
exectilon; commands will be delivered within 1.024 seconds of receipt by the
CTIU.

All real-time commands are executed in the order in which they are received.

The SCC does not participate in real-time command execution
processing of commands when the Spacecraft is in safe mode.

All commands can be executed in real-time.

to insure the

The Spacecraft Bus does not restrict issuance of other commands to the instrument while

the instrument is processing a memory load or dump. Such restrictions, if required by the

instrument, must be implemented as an operational procedure. There can only be one

ongoing memory dump (instrument or Subsystem) activity on the Spacecraft at one time.

7.2.2.1.1 Memory Load Initiation

Memory loads are expected to be used for a data table or software modification or program

loads. The memory load commands are always real-time commands. The instrument is to

define the memory load commands for its own internal use. The memory restrictions are:

(a) available spare instrument RAM, (b) allocated spare instrument RAM, and (c) TRDSS

contact time.

If the instrument chooses to implement the memory load function, then the instrument must

support the ground software requirements for entering and processing the load, the timely

movement of the data to and from its RT, and supporting the parameters associated with

the memory load sequence.

In the example described below, the ground software will generate:(1) a single initiate load

command which contains the necessary parameters for memory load function that is

transmitted as single message to the Spacecraft and (2) one or more (depending on the

size of the memory load) subsequent messages containing the memory load data.
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Memory loads will be initiated by a “load initiate” comman~ configure the instrument to

receive the load data. The command provides the option to load data at either an absolute

or relative address of the instrument processor and can be used to transmit the ground

generated cyclic redundancy check (CRC) or checksum value or some other technique to

be used for onboard load integrity verification, if desired.

The use of a CRC or checksum for memory loads eliminates the need to dump the load data

for an integrity check. The CRC, though optional, is highly recommended and can be used

in two ways. The first allows the processor to verify the integrity of the load onboard and to

begin using the load data immediately after the load has completed. The second provides

an “enable or inhibit” function that prevents the use of the load by ground command if the

integrity of the load cannot be verified. The instrument should insert a CRC good or bad

indicator in the telemetry. The instrument also has the option of generating a checksum or

verification code onboard while loading the data and inserting this value in instrument

telemetry to be verified on the ground.

Operationally, it is prudent to organize large loads into blocks. This may require a small

amount of additional overhead but eliminates the need to r-transmit the entire load should

there be noise or a dropout that corrupts the load data. While no attempt has been made to

recommend a memory load block size, it is worth noting that roughly 32K words of data can

be loaded in one minute.

Table 7-1 contains each command in the memory load function and defines it.

TABLE 7-1. Memory Load Commands

Command Definition

MEMORY LOAD INITIATE Provides the parameters necessary to perform a
memory load:

MEMORY LOAD DATA Supplies a segment (maximum of 32 words) of data.

RESET MEMORY LOAD STATE Places memory load logic into an inactive state.
Provides a reset capability should problems prevent
proper termination of a previously initiated load

Memory Load Sequence

A memory load sequence is described below. The commands seen by the instrument (e.g.,

MEMORY LOAD INITIATE, MEMORY LOAD DATA) are capitalized. The expected

processing by the instrument is listed under each command. The data load rate is

controlled by the ground.
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There will be a minimum delay (TBD) established by the insttient and controlled by the

ground to allow time for the instrument to process the MEMORY LOAD INITIATE and each

subsequent MEMORY LOAD DATA command. The ground can command a reset of the

memory load state at anytime during this process. The following is the recommended

sequence of events:

1. MEMORY LOAD INITIATE (specifying the command subaddress), also the data
rate adjustment.

a. confirm memory load flag not active, set active.

b. apply relative or absolute address for start, and 32 word increments.

c. retain start and end address for limit check.

d. retain CRC (if included), and expected word count.

2. MEMORY LOAD DATA (specifying load subaddress).

a. maximum 32 words loaded into subaddress area.

b. perform only if memory load flag is active.

c. increment word count and perform limit check.

d. transfer data from subaddress area to destination.

e. if last message, compute and compare CRC and reset Memory Load flag.

f. else, calculate base address for next load.

9. A command to use data is instrument unique. Software revision may add further
processing steps.

3. RESET MEMORY LOAi) COMMAND

Informs the instrument the remaining expected Memory Load Data commands
will not be sent and resets the memory load active state maintained by the
instrument.

The instrument must move the load data from the subaddress area before another write by

the instrument’s RT to this storage area occurs.

7.2.2.1.2 Memory Dump Initiation

The memory dump commands are always rea~ime commands. The ground soitware will

generate a single message to the Spacecraft called the memory dump initiate command

which contains the necessary parameters for the memory dump function. The instrument

has the option to implement this command.
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If the instrument implements the memory dump function, th~the instrument must supporl

the ground software requirements for entering and processing the dump commands, the

timely movement of the data to and from its RT, and supporting the items described

subsequently in the memory dump sequence. Memory dump data must be available

before the start of the minor cycle in which the retrieval command from the BC is scheduled.

Memory dump data must also be transmitted successfully before this storage area is

written to again. Because of retries, the dump data should remain available for the entire

minor cycle during which it is being transferred to the Spacecraft.

Memory dumps will be initiated by a dump setup command to prepare the data source to

transfer the dump data. The data in the command must contain a command identifier which

is uniquely identified by the instrument as a dump command; it must also convey the start

and end points of the dump. Additional parameters can be used to further differentiate
memory dump types, such as absolute address versus relative address.

Once the instrument has been configured to transfer the dump data, a ground command to

the active CTIU will result in the CTIU managing the dump data transfer from the instrument

to the active CTIU. The active CTIU allows a memory dump operation to proceed only if

configured for a diagnostic down link. The CTIU permits only one memory dump operation

at anyone time on the Spacecraft. The active CTIU begins to issue memory dump gather

requests in the master cycle subsequent to the one in which it received the CTIU initiate

memory dump command. The memory dump gathering operation terminates whenever

either the last diagnostic gather request is issued to the User, or upon command to reset the

memory dump flag in the active CTIU.

The ground command to the CTIU will consist of the C&T Bus address of the instrument’s

RT,the RT subaddress reserved for dump data, the number of 16-bit 1553B data words for

1553B transmit command to gather for each dump gather except the last time, the number

of 16-bit 1553B data words to gather for the last dump gather, and the frequency to gather

the data.

The rate at which 1553B transmit commands (dump data gather requests) are issued by

the CTIU will depend on the instrument dump rate capability, the bus utilization table and

the data flow control management of the dump (diagnostic) downlink which can be either

16 kbps or 1 kpbs. The maximum rate the CTIU will gather data from the instrument is no

sooner than every 6 minor cycles. The minimum memory dump gather rate is once every
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128 minor cycles. The data gather request rate is the same w~n a single memory dump

operation. The ground can issue commands to both the CTIU and to the instrument to

terminate the memory dump operation.

The active CTIU will do the data flow control for the instrument. The instrument fills the C&T

RT subaddress reserved for memory dump data with the first dump. The instrument does

not fill this area again until the instrument’s C&T Retransmits this data to the active CTIU as

the result of a dump gather request from the active CTIU. The soonest the instrument can

fill the C&T RT memory dump subaddress is minor cycle N+2 where the data was gathered

in minor cycle N. The latest the instrument can fill the C&T RT memory dump is no later than

minor cycle N-2 where the next dump gather request is expected in minor cycle N.

The instrument is expected to dump 32 16-bit data words each time until the last memory

dump. The last memory dump can be from 1to 32 18-bitdatawords. Thedataformat of the

memory dump block is as transmitted by the instrument.

The active CTIU prepares the diagnostic packet for transmission via the downlink. The

application data field for dump data consists ot (a) RT address of the instrument, (b)

number of octets of dump data present,(c) dump data, (d) application fill data, and (e) valid

data indicators (TBD). The active CTIU maintains the diagnostic link, once it is configured,

by transmitting packets on the downlink whether there is a memory dump operation

ongoing or not.

There is no restriction on any other instrument operation while the dump is in progress.

However, to minimize confusion, it is recommended that no other operation be planned for

the component being dumped while the dump is in progress.

Table 7-2 contains of each command in the memory dump function and defines the

command.

TABLE 7-2. Memory Dump Commands

Command Definition

MEMORY INITIATE DUMP Provides the parameters necessary to pedorm a
I memory dump.

RESET MEMORY DUMP Places dump logic into an inactive state. Provides a
STATE reset capability should problems prevent proper

termination of a previously initiated dump.
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Dump Commanding Sequence
c

A memory dump sequence is described below. The command seen by the instrument is the

MEMORY INITIATE DUMP. The expected processing by the instrument is listed under this

command. A parameter included in the MEMORY INITIATE DUMP command will select

from a fixed set of alternative data dump rates. The instrument is not required to implement

a memory dump capability nor react to the MEMORY INITIATE DUMP command exactly as

outlined below.

1. MEMORY INITIATE DUMP, to include data rate parameter, if needed by the User;
however, the active CTIU does the data flow control on a dump operation).

a. confirm Dump not active, set Dump to active.

b. calculate number of 32 word messages, plus remainder, and the associated
physical addresses to be read (may involve relative addressing).

c. fill subaddress area with message.

d. wait until message transmitted by RT.

1) 1553B transmit command (addressing dump subaddress).

2) at minor cycle completion, instrument refills subaddress area (schedule
guarantees at least a full minor cycle between reads).

e. repeat until dump completed (word count compare).

f. reset Dump bit to not active.

2. RESET MEMORY DUMP STATE

Informs the instrument the remaining expected Memory Dump Data gather
commands will not be sent and resets the memory load active state maintained
by the instrument.

The ground can command a reset of the dump state at any time during this process.

7.2.2.2 Stored Commands

A time-based stored command execution capability is required. This will be accomplished

by using Absolute ~me Commands (ATC) and Relative ~me Commands (RTC). The

relative time commands will be organized into groups of commands known as Relative

Time Command Sequences (RTCS). Stored commands are loaded into the SCC using a

153 DCCOS2793



20008502
30August 1993

memory load command sequence by the ground during an E-AM contact period. The

RTCS are typically static and do not require reloading on a regular basis, as opposed to

ATC’Swhich must be loaded at least once per day. For instruments, the intended use of the

SCC-hosted stored commands is to control instrument operations which alter Spacecraft

Bus resource demands; examples are output data rate changes and Direct Access System

(DAS) use.

The nominal operational procedure will uplink a stored command table load once every 24

hours. The onboard storage for the stored command table has been resetved to

accommodate a worst case command load with margins for a one day of operation. The

worst case command volume for a single day is estimated at 30 kbytes (3000 commands at

5 words each) for both instruments and Spacecraft Bus. It is estimated the instruments

would require approximately 1800 of the 3000 commands. Storage reserved for relative

time commands is8192 words (16 bits each). This equates to 2048 commands at 4 words

per command or 15K words.

The nominal TDRSS contact times with the Spacecraft is approximately 20 minutes per

orbit, so editing of the stored command table to allow individual commands to be inserted

into, or deleted from, the middle of the table is not required. Uploading of the entire table

from the point of the change to the end of the table is an acceptable and flight proven means

of incorporating changes (such as target-of-opportunity commands) into the stored

command table (SCT) load. This procedure is called a stored command table load.

The FSWS will provide a stored-command management service such that:

a. A total stored command table capacity of 3000 or more commands is provided.

b. Each command in the table has an associated unique time tag with a resolution of
1.024 second, and a range sufficient to coverat least 2 days, which permits a single
SCT to cover more than 24 hours as long as it fits within the SCT storage
constraints, before rolling over.

Note: A maximum of 8 commands may have the same time tag (TBR). This
assumes a storage capacity of 3000 commands.

c. The stored commands in the table are ordered in the intended execution
sequence.

d. The table is organized as a list such that commands for later execution maybe
appended starting at any entry while processing commands for current execution
continues.
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A pointer into the table indicating the entry next sch~uled for issuance is capable
of being monitored in critical health and safety telemetry not less that once every
ten seconds.

Each command has an associated inhibit identification (ID).

Each command is dispatched within 1.024 sec of the Spacecraft clock reaching the
tagged time if the associated inhibit ID is not set.

A command is never dispatching if the associated inhibit ID is set.

Commands which are not inhibited are always dispatched in the order in which the
time tags occur.

No stored command is ever issued again after the Spacecraft clock time
progresses beyond the tagged time.

All stored command dispatch is capable of being inhibited upon receipt of a ground
command to do so.

Upon entry of the Spacecraft into suwival mode or safe mode, a selected group of
inhibit IDs is activated to prevent stored commands from adversely affecting the
Spacecraft configuration.

The subsequent SCT upload is expected to occur before the last command is
executed. In case this is not done, the last command contained within the SCT is
always a “go to saf~ode”. The next SCT upload always replaces the last
command of the preceding SCT if it has not yet been executed.

All absolute time commands and relative time command sequences can be inhibited.

Inhibiting can be used to prevent instrument mode changes in the event a problem is

detected or a decision is made on the ground to suspend a scheduled event after the stored

command information has been loaded into the SCC.

The SCC will maintain “inhibit IDs” for use in the control of stored command execution,

such that:

a. A minimum of 64 individual inhibit IDs be provided.

b. A single ground command may set or clear any individual inhibit ID.

c. On-board applications software (such as FDIR and telemetry monitor software)
may set any individual inhibit ID.

e. The status of each inhibit ID appears periodically in health and safety telemetry not
less than once every 8.192 seconds.
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The structure of stored commands is shown in Figure 7-7. Tf%ATC structure consists of

the command destination information, the command description information and the

command data, if any. Definition of the command description word for instrument

commands is TBD. Also associated with each command is the 8 bit inhibit identifier

discussed previously. The actual command information is the same as that described for

real-time commands.

7.2.2.2.1 Absolute Time Commands

These commands may be discretes or serial. Commands may invoke an RTCS. The

absolute time stored command list will be structured as a single list, encompassing both

Spacecraft Bus and instrument commands. Absolute time command entries are limited to

a maximum of two data words as shown in Figure 7-7.

7.2.2.2.1.1 Absolute Time Command Time Tag Resolution

Time tags have a resolution of 1.024 seconds.

7.2.2.2.1.2 Absolute ~me Command Distribution

All stored ATCS are distributed from the SCC. ATCS are distributed when the time tag

associated with the command is equal to Spacecraft time. The command will be delivered

within 1.024 seconds of the designated time.

7.2.2.2.1.3 Absolute Time Command Time Tag Uniqueness

There may be up to 8 commands with the same time tags.

7.2.2.2.2 Relative Time Commands

RTCS are organized into an RTCS and stored in the SCC, which are then referenced by

RTCS number. An RTCS is useful forpetforming the same activity on a routine (i.e., orbit by

orbit) basis.

A service will be provided for instruments to issue pre-defined command sequences in

support of mode changes which alter demands on Spacecraft resources, or in support of

FDIR. Operations and command table sizing benefits maybe derived from hosting cerlain

frequently-repeated command sequences on board for execution in response to a single

trigger command.

7.2.2.2.2.1 Relative Time Sequence

The C&DHS will provide an RTCS commanding service, such that
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Command:
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I
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I
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4
I
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o

Relative Time Command:

Command
Destination

Command
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Data
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1 Time Delay - Bits 0-15
I
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Remote Terminal ID Subaddress I Word Count I

3

4
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o 4 56 10 11 15

I I
o 15

I Data I

Relative Time Command Sequence:

2 Inhibit identifier Command Count I
o 78 15

I
Relative Time Command # 1 I

●

●

I Relative Time Command # n
I

Figure 7-7. Stored Command Structures
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a.

b.

c.

d.

e.

f.

9*

h.

The RTCS service provides for at least 128 sepam>e relativ+time command
sequences.

Any individual RTCS maybe any length up to 16 commands.

A total RTCS capacity (for all sequences stored on board) of 2048 commands is
provided.

The RTCS’S are invoked either by an absolute time command, a real-time
command, another RTCS or an SCC function such as telemetry monitoring.

Multiple RTCSS maybe active concurrently.

The action of an RTCS is inhibited if an associated inhibit ID is set (by realtime
TMON or stored command) before or during execution of the RTCS.

The RTCS service maybe enabled and disabled via command.

The activity status, enable status, and inhibit status of each RTCS sequence is
provided in telemetry.

7.2.2.2.2.2 Relative Time Sequence Distribution

With a RTCS, a single ATC, or real-time command can invoke all of the commands

contained in the RTCS. The recommended method of implementing cyclical processes is

to create an RTCS consisting of the processes’ commands, and use absolute time stored

commands to activate. TMON, another RTCS, or other FDIR functions may also invoke an

RTCS.

7.2.2.2.2.3 Relative Time Sequence Distribution Timing

The commands in the RTCS are separated in time by a time delay associated with each

command. Multiple relative time sequences may be active concurrently. A command

sequencing function will accommodate multiple commands which are scheduled for

execution at the same time. Priority is given to a command which has been waiting the

longest to execute.

7.22.2.2.4 Relative Time Command Time Delay

The relative time command sequence has a resolution of 1.024 seconds. The minimum

delay is Oseconds. The maximum delay is 65,535 seconds.

7.2.2.3 Spacecraft Control Computer Issued Commands

The instrument is required to execute the following commands:
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a. lMOKM*sageindicating boththe health of the S~(SCCOKm*sageto CTlU)
and CTIU.

b. Saf*Mode Command.

d. Instrument Survival Mode Commands.

7.2.2.3.1 Telemetry Monitor Commands

The SCC will monitor designated telemetry from the normal housekeeping telemetry data

stream. The SCC is capable of invoking an action when a telemetry point or combination of

telemetry points expressed as a TMON fails to satisfy certain conditions.

ATMON definition consists of one ormoretelemetry points arranged in an IF–THEN-ELSE

construct using relational operators (e.g., o=,>,=,o, etc.) and logic operators (AND, OR,

NOT) to compare telemetry points to numeric values. Based upon the results of the

comparison, a specific action is performed. This action can be no action, a Spacecraft

command, or a command to activate an RTCS.

The execution of each TMON is controlled by several parameters. The first defines

whether or not the TMON is to be processed. The second defines whether or not the TMON

is permitted to initiate an action. The third parameter specifies the rate at which the TMON

is to execute (i.e., every 1.024 seconds, every 2.048 seconds, etc.). The final parameter

specifies the execution phasing if it is not being executed on 1.024 second increments.

7.2.2.3.2 Instrument Telemetry Monitor Commands>

The instrument will define itsTMONs. The instrument may use its serial telemetry, the BDU

telemetry and/or Spacecraft telemetry for an instrument TMON. The maximum number of

telemetry points in a single TMON is (TBD). TMON is a limited resource whose use is

allocated among the instruments.

7.2.2.3.3 SCC OK Indication and Safe-Mode Command

7.2.2.3.3.1 SCC OK Indication

SCC OK is a message from the active SCC to the active CTIU. The IMOK message will be

issued once per major cycle to the instrument by the active CTIU if and only if the CTIU

received an SCC OK message. The instrument will enter safe mode autonomously if it has

not received and successfully processed this SCC generated message within 5.12

seconds after the last good “SCC OK’ message. The instrument may also receive a 1553B

message containing a safe-mode command. The instrument should respond identically to

either safe mode path.
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7.22.3.3.2 Saf*ode Command
L

Multiplesaf-mode related commands will be expected to be executed by the instrument.

One command will enable saf-mode time out; the other will disable it. Enabling

safe-mode time out allows the instrument to autonomously go to safemode if it hasn’t

received an SCC OK signal. The disable prevents entry into safe-mode and is intended for

use during l&T. Another command is the “go to Safe Mode” command issue by FDIR

software or the ground. This command will be parl of a command string issued to the

instruments which distinguishes among multiple safe mode levels for which the SCC is

active.

7.2.2.3.4 Instrument Survival Mode Commands

The instrument needs to define a command or command sequence which will be stored

onboard as an RTCS, and activated to transition the instrument to suwivai mode. Due to

power availability constraints, this command sequence should be as short as possible.

The Spacecraft will provide only survival power to the instrument after a TBD period of

elapsed time which will be negotiated with the instrument on an individual basis. This will be

defined in the instrument ICD. Instrument Survival Mode Commands will not be able to be

transmitted to the instrument if either the SCC or CTIU failed. If possible, the instrument

should reflect its command receipt and key points in the suwival mode configuration

change in its telemetry. The command sequence will reconfigure the instrument into a

non-operational and heat conserving configuration. The critical health and safety

telemetry must reflect this configuration change.

7.2.2.4 Interface Selection

A command for Spacecraft interface selection by the instrument and/or BDU will be the

same command format and content regardless which instrument or BDU is designated to

execute it. The command response time is expected to be the same for every recipient of

the command. The configuration change needs to be reflected in telemetry.

7.2.2.4.1 Time Mark and Frequency Bus Selection

The instrument should be designed to receive a 1553B message containing a command to

select either the A or B bus for the Time Mark and Frequency bus. Upon receipt of this

command, the instrument has TBD time to implementa bus switch.

7.2.2.4.2 Redundant High-Rate Link Selection

The instrument should be designed to receive a 1553B message containing a command to

select either the A or B point-tqoint channel for high-rate science data. Upon receipt of

this command, the instrument has TBD time to implementan interfacechannel switch.
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7.225 High-Rate Link Test Command
-

7.2.3 Instrument Command Documentation

The C&T ICD will be the definitive document for all instrument commands. The command

structure, naming, usage and other needed instrument command information will be found

in this document.

7.2.4 Command Requirements

7.2.4.1 Command Uniqueness

The effect of each instrument command should be the same in any mission phase or mode

for which it is meaningful, and the command should have no effect (other than, if

appropriate, causing an error indication) in any mission phase or mode in which it is not

meaningful.

7.2.4.2 Critical Commands

Critical commands are those commands which cause irreversible actions on the

Spacecraft, commands that place the Spacecraft in a dangerous condition, and commands

that, if out of sequence, may place the Spacecraft in an undesirable mode. It is assumed

that use of critical commands will be restricted by ground software and operational

procedures. The Spacecraft will not screen and decode uplinked commands for special

processing.

7.2.4.3 Command Sequence

Instrumentcommand designersmustassurethe healthand safetyof the instrument. Any

commanding operation, whether it be a single command or a command sequence, should

never endanger the health and safety of the instrument itself.

7.2.5 Command Restraints

The following describes command types for which there are certain restraints.

7.2.5.1 Toggle Commands

Toggle commands are not permitted. These commands reverse the state of an object.

Thus knowledge of the existing state is required to determine the command effect.

7.2.5.2 Command Format Consistency

A command will have the same format for every mission phase and every instrument mode

for which the command is applicable. This minimizes command interpretation tasks on

orbit and simplifies ground interpretation and monitoring of events.
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7.25.3 Multifunction Commands
L

Multifunctioncommandsmaychange the state of more than one discrete condition. Each

state of a discrete condition will be uniquely coded. Each state of a single discrete condition

will be capable of being changed via a single unique command which is not a multifunction

command.

7.3 Telemetry

The 1 kbps critical health and safety and 16 kbps normal housekeeping telemetry are

composed of Spacecraft Bus and instrument telemetry. The critical health and safety

telemetry also appears in the normal housekeeping telemetry. The telemetry format must

be the same in all modes, except OFF.

Instrument telemetry is transmitted via the BDU (point-to-point) or via the embedded RT

(serial) over the C&T Bus to the active CTIU. Transfer is scheduled in accordance with the

overall bus utilization table defined in Section 6.

The telemetry will be sampled according to the current telemetry sampling schedule local

to the instrument. This sampling schedule should be modifiable (see Section 7.3.3.8 for

C&T Bus Transfer Schedule Adaptability). Sampling schedule information consists ot

a. identifyhg the telemetry point to be sampled.

b. telemetry point data type.

c. when to sample the telemetry point.

This is kept track of by the instrument. Periodically, a synchronize-with<ata-
word 1553B message is transmitted by the BC to the instrument RT to assure
synchronization of minor cycles between the instrument and the CTIU. If there
is a difference between the two, then the instrument minor cycle counter is
changed to reflect the CTIU. The instrument telemetry should contain
information indicating this problem occurred. Section 6 discusses
resynchronization.

d. If the data point sampled in this instance need appear in both the critical and normal
housekeeping telemetry, or just the normal.

The schedule will be organized in a chronological order based on the sample time. The data

collected must be completed no later than the beginning of the minor cycle which contains

the CTIU’S expected gathering message. For instruments whose sample time varies with

regard to the collection minor frame, a sampling time stamp is recommended within the

data (TBR).
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The instrument is expect~ to provide both the normal hous%tteepingand critical health and

safety housekeeping telemetry as separate telemetry streams. Data which appears in both

telemetry categories must be placed in both streams by the instrument.

The individual instance of a telemetry buffer must be ready to be transferred to the

Spacecraft in advance of the minor cycle of the bus utilization schedule containing the

transfer activity. The instrument must not ovetwritethat telemetry buffer until after the minor

cycle is completed. This is done to avoid the problem of retries where the BC can request a

retransmission of the telemetry buffer within a minor cycle containing the transfer activity.

The instrument may implement alternating storage areas associated with the RT

subaddress assigned to a telemetry stream. In general, a 24 millisecond window is

recommended where the data is unchanged.

To gather telemetry, the CTIU creates a 1553B transmit command message to the RT. This

1553B message will be included in the upcoming minor cycle and will be transmitted by the

CTIU’S BC to the designated RT via the C&T bus. The 1553B message contains the RT

bus address, the RTsubaddress where the instrument telemetry is located and the number

of 1&bit 1553B data words expected by the BC in the 1553B message transmitted by the

RT to the BC. After the minor cycle is complete, telemetry data gathered from the

instrument RT is placed within a packet conforming to the CCSDS recommendation for

Advanced Orbiting Systems defined in reference 1 in section 7.2. Included in this packet

will be data collected from the BDU, other instruments, and Spacecraft subsystems.

The CTIU Computer gathers Spacecraft housekeeping telemetry, health and safety

telemetry, and diagnostic telemetry and packages the telemetry data into CCSDS

Version-1 packets. This is the “packet assembly” depicted in Figure 7-8. The packets are

inserted into partial Channel Access Data Units (CADUS). This is the “frame assembl~

depicted in Figure 7-8. The partial CADUs are passed on to the CTIU hardware. The

assembly of the CADUs is completed by the CTIU hardware for subsequent transmission

over the downlink path. The telemetry involved in this process is periodically sampled and

included in the downlink CADUs.

Only the housekeeping telemetry is distributed to the SSR for recording and later playback.

The replay flag in the Virtual Channel Data Unit (VCDU) header set to replay for recorded

data prior to recording. The SSR playback of housekeeping telemetry via the S-band

transponder is not part of the nominal operations of the Spacecraft.
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The CTIU simultaneously passes CADU serial data blocks% both %Band transponders

(%Band 1 & 2). The 16 kbps telemetry can be passed to one of the transponders for

downlink through the High Gain Antenna (HGA) and 1 kbps health and safety (H&S)

telemetry is passed to the other transponder for downlink at a lower rate through the omni

antenna. Additional options are diagnostic data and SSR playback of the telemetry data.

The CTIU passes CADU serial data blocks to the SSRSfor temporaty storage (record) and

also receives the CADU serial data blocks from the SSRS (playback) and passes them on to

the appropriate S-Band transponder.

During ascent, the CTIU passes Health and Safety Telemetry CADU serial data blocks with

clock to the launch vehicle.

During l&T and GSE use, the CTIU passes CADU serial data blocks (clock is embedded in

the data) to the launch vehicle umbilical over two interfaces. The data for the serial data

blocks is 16 kbps, 1 kbps, or previously recorded telemetry playback.

The active CTIU is continuously petiorming the gathering of the telemetty data and the

telemetry packet formatting. The hardware completes the remaining frame assembly on

the start of downlink telemetry (see Figure 7+). An enable telemetry CTIU configuration

command shall start the downlink telemetry. When the active CTIU receives the enable

command, the first CADU of a telemetry packet shall begin at the next possible master

cycle boundary and thereafter all CADUs shall be continuous and contiguous. A disable

telemetry CTIU configuration command shall stop downlink telemetry. The telemetry

gathering of a block of data from a C&T RT, formatting of a housekeeping packet, and

ground segment decomposition of the packet are shown in Figure 7-9.

Housekeeping telemetry, health and safety telemetry and diagnostic telemetry are supplied

by the active CTIU continuously and contiguously upon command. The active CTIU will

provide CCSDS packets for the 16 kbps and 1 kbps downlink rates. The first CADU shall

contain the packet header. A complete 16 kbps data stream packet is transmitted every

1.024 seconds. Table 7–3 describes S-band real-time telemetry characteristics for each

data rate.
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Figure 7-9. Housekeeping Telemetry
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L

Table 7+. S-Band Real-Time Telemetry

I 16 kbps I 1 kbps
I

Packet Size 11684 octets 1208 octets I

CADUs per Packet 8 1

CADU Size 256 octets 256 octets

Packet transmitted every 1.024 seconds 2.048 seconds

Number of Packets per Major Frame 84 32

Effective Packet data bti rate 13,000.00 bps maximum for a 812.5 bps per packet
sinnle nacket

7.3.1 Point-to-Point Telemetry

Point-to-point telemetry is used for health and safety monitoring during all modes of

operation. If the instrument is OFF, the BDU will still sample and gather instrument

telemetry. The instrument C&T RT will still receive telemetry gather requests when it is

turned off.

7.3.1.1 Instrument Status

The BDU will sample analog and hi-level signals to reflect instrument status. The sampling

is performed in a fashion transparent to the instrument.

7.3.1.2 Required Point-to-Point Telemetry

Point-t~Point telemetry is used to reflect relay and equipment on/off status, temperatures,

voltages and currents. The Spacecraft requirements on this telemetry are:

a. the telemetry must facilitate discrete command execution verification.

b. the telemetry must be sufficient for on-orbit instrument health and safety
determination in all operating modes and in safe hold mode.

c. input current for each primary power input in all modes.

d. input voltage for each primary power input in all modes.

7.3.1.3 Instrument Point-to-Point Telemetry Sampling Rate

The sampling rate for most of the BDUSis expected to be every 8.192 seconds; however,

depending on the telemetry, it maybe sampled at a lesser or greater frequency.

7.3.1.4 Instrument Point-to-Point Telemetry Sampling Rate Definition

The BDU telemetry sampling will be decided by both the Spacecraft and the instrument so

the needs of both will be satisfied. The sampling rate will be consistent with serial telemetry

sampling recommendations (e.g., sampling should occur frequently enough to permit

adequate time for intervention in case of a pending failure).
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7.32 Command and Telemetry Bus Telemetry
-

7.3.2.1 Instrument Housekeeping Telemetty Types

In general, the instrument must provide telemetry which reflects current configuration and

operational mode, allows for command execution verification, provides for health and

safety monitoring, and provides FDIR. The following specific telemetry parameters are

recommended:

a.

b.

c.

d.

Cyclic Counter - This will allow ground personnel to quickly identify certain
problems and serves to validate received telemetry.

Instrument Busy - This signal indicates that the instrument is still processing the
last command, including power on initialization. This would assist ground
personnel during real-time commanding for such activities as initialization.

Minor Cycle Count Difference - If the synchronize-with-data+ord contains a
minor cycle count which differs from that which is maintained by the instrument, this
should be repofied in the telemetry.

Resvnchronization Indicator - Indicates when instrument is in the processes of
resyfichronizing with the BC directed schedule. When set, all other telemetry is
invalid.

7.3JL1.1 Normal Instrument Housekeeping Telemetry

The instrument serial telemetry will reflect the instrument operating mode and associated

parameters, configuration, and performance evaluation data. A small portion of this data

will be classified as critical and appear in the critical health and safety telemetry. The criiical

health and safety telemetry data also appears in the normal housekeeping telemetry.

Figure 7–9 depicts the distribution of the normal housekeeping telemetry.

7.3.2.1.2 Critical Health and Safety Telemetry

During contingencies, only the critical health and safety telemetry may be transmitted via

the downlink. Considering the limited bandwidth available, careful seletilon of data is

required.

7.3.2.2 Instrument Telemetry Limits

7.3.2.2.1 Instrument Normal Housekeeping Telemetry Data Limits

The instrument will transmit to the Spacecraft 512 bits of normal housekeeping data every

major cycle. This will be done as a single 1553B message. The instrument BDU data

message size and gathering frequency is reflected in the bus utilization table. The criiical

health and safety telemetry will be documented in the C&T ICD.
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7.3.2.2.2 Instrument Critical Health and Safety Telen%try Data Limits

The instrument will transmit to the Spacecraft 16 bits of critical health and safety

housekeeping data every major cycle. This will be done as a single 1553B message. The

instrument BDU data message size and gathering frequency is reflected in the bus

@“lizationtable. Thecriiical health and safety telemetry will be documented in the C&T ICD.

7.3.2.3 Telemetry Monitor

7.3.2.3.1 Spacecraft Monitoring of Instrument Telemetry

A generic telemetry monitoring capability (TMON) will be developed. This capability allows

for initiating an action based on a pr~etermined telemetry state. It is table driven and,

therefore, requires no modification to the flight software if modifications are required.

All telemetry states must be defined, even if they are unused or invalid. In addition, all

telemetry states must be consistent among data types. If an implementation results in a

particular state being telemetered as both a hi-level and a serial telemetry point, the

meaning of the state must be the same for both.

7.3.2.3.2 Instrument Telemetry Monitoring Transfer Rates

The telemetry monitoring function can sample instrument telemetry at rates of once every

1.024 seconds, 8.192 seconds, and 65.536 seconds. The instrument may chose to provide

data which had been sampled by the instrument at different data rates. This different rate

could be factored into the monitoring logic.

7.3.2.3.3 Instrument Telemetry Word Format

All telemetry within a data word must repeat at the same time intervals (e.g., every 1.024

see, every 8.192 see).

7.3.3 Telemetry Interface Utilization Documentation

7.3.3.1 Instrument Point-to-Point Telemetry Documentation

All point-t-point telemetry will be documented in the instrument C&T ICD.

7.3.3.2 Instrument Point-to-Point Telemetry Sampling Rate Documentation

All point-t-point telemetry sampling rates will be documented in the instrument C&T [CD.

7.3.3.3 Instrument Housekeeping Telemetry Documentation

Normal housekeeping telemetry and critical health and safety telemetry will be

documented in the instrument C&T ICD.
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7.3.3.4 Instrument Housekeeping Telemetry Sampling F%teD&umentation

All housekeeping telemetry sampling rates will be documented in the instrument C&T ICD.

7.3.3.5 Instrument Housekeeping Telemetry Format Documentation

All housekeeping telemetry formats will be documented in the instrument C&T ICD.

7.3.3.6 Instrument Telemetry Monitoring Documentation

Instrumenttelemetry monitoringprocedureswill be documented in the instrument C&T

ICD.

7.3.3.7 Instrument Transfer Schedule Documentation

Instrumenttransfer scheduleswill be documented in the instrument C&T ICD.

7.3.3.8 Command and Telemetry Bus Data Transfer Schedule Adaptability

Changes to instrumenttelemetrywouldonly be performedto assist in problemresolution

afterlaunch,ortosupportevaluationsduringSpacecraftintegrationand test. The following

change procedure is not to be associated with instrument mode changes.

Telemetry changes may be of two types, either content or format. The format change

makes a major revision to message size ancllorgathering frequency. A format change must

be implemented concurrently among all involved elements. Each element is potentially

affected, so all changes must occur at the same time. Format changes potentially affect

every instrument (serial interface and BDU), subsystem BDU, the CTIU and TMON. Due to

the highly structured nature of telemetry collection, a change to the collection time or

message length for one instrument could interfere with the previously established schedule

for telemetry gathering from other instruments or Spacecraft Bus subsystems. The content

change only affects message content, in terms of what is sampled and how frequently it is

sampled, and does not change message size or collection timing. Content changes can be

performed on an instrument by instrument basis. Content changes affect only the

instrument (could be both the BDU and 1553B serial interface and the associated TMON

procedures.

The possible changes for an instrument are:

a. which minor cycle the instrument telemetty is gathered.

b. the frequency a telemetry point is sampled.

c. the number of bits in the telemetry point.
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Depending on the type of change, the following maybe im~ed:

a. TMONS.

b. Ground software such as decomposition of the telemetry stream and the Ground
Workstation (displays).

c. CTIU such as the Gathering Schedule Table.

d. other instruments and Spacecraft Bus subsystems.

The design goals for a telemetry change are:

a. minimize disruption of telemetry flow and maintain the flow of telemetry for all but
the instrument being impacted during the chang~ver.

b. initiate the change successfully in one ground contact period with the Spacecraft.

The upload of the new telemetry table will not overwrite the current tables. This
will permit the new tables to be loaded in some prior ground contact with the
satellite if desired.

c. be able to return to the prior version quickly and easily.

The preceding version of the tables will remain in place until a Iatertime (TBD)
so the ground may go back one version.

d. This will only be permitted during a TDRSS contact (TBR) when the up link and
down link are properly configured for (TBD).

The command which causes an instrument telemetry gathering schedule change is listed in

Table 7-4. There will bean equivalent command for each of the non-instrument entities

impacted by the change.

TABLE 7A. Telemetry Gathering Schedule Selection

Command I Definition

TELEMETRY GATHERING
SCHEDULE SELECTION

Selects which instrument telemetry gathering schedule
is to be used. This command is only needed if the
instrument has reprogrammable or selectable
schedules. Serves as the control signal to begin using
the schedule. An argument within the command refers
to a telemetry table or special purpose logic to perform
~telemetry gathering. Due to the complexity of
~implementing a telemetry change, it is recommended
that this only be used for on-orbit error correction and
Problem diagnosis.
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7.3.4 Telemetry Requirements

7.3.4.1 Teleme~ Sampling Rates

Every instrument telemetry point should be sampled at least once during a master cycle.

Two criteria should be considered when determining sampling rates for telemetry:

a. There should be adequate time for intervention if the associated telemetry
indicates a pending failure (i.e., voltages and currents should be sampled more
frequently than temperatures).

b. Telemetry used to verify proper response to a command must be sampled at least
once every 8.192 seconds. This does not mean that command execution has to be
complete in 8.192 seconds.

Telemetry sampling will be according to a strict set of criteria Subcommutation is at the

instrument’s discretion; however, the instrument’s subcommutation must be synchronized

to the Spacecraft major and minor cycle counts. It must be possible for the SCC software to

identify data uniquely, based on the values of the major and minor cycle counters and the

position of the data within the 1553B message.

The instrument telemetry gathering must be completed no later than the beginning of minor

cycle in which the CTIU’Sgathering message is expected. The telemetry storage area must

not be written over during the gathering minor cycle either because of rety or normal

variances in synchronization. It is recommended there be a gathering window of 24

milliseconds starting in minor cycle N-1 when gathering would occur in minor cycle N. The

data remains undisturbed during this time.

7.3.4.2 Command Verific*”on

7.3.4.2.1 Command Receipt Verification

All links of a communication path from a source to a destination have data transfer

validation performed. A data transfer validation failure is reported in telemetry. The specific

contents of the what the failed message contained is not identified.

Command Receipt Verification (CRV) verifies complete, correct, and proper order delivery

of commands via a link in the communication path. CRV is the first level of verification and

must be completed before any commands are processed further.
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TABLE 7-5. Command Receipt Ve%cation

Command Source and
Destination

Ground to Instrument or
Instrument BDU

SCC to Instrument or
Instrument BDU

Link RepoM in

Fomvard link service utilizing CLCW and CTIU telemetry
CCSDS motocol. See
Section 7.2 I I,

Distribution by CTIU ICTIU Telemetry
I

1553B C&T BuS I CTIU Telemet~
J

SCC-to-CTIU High Speed SCC Telemetry
serial 1/0 CTIU Telemetry

I

Distribution by CTIU 1CTIU Telemet~ 1
1

1553B C&T BuS I CTIU Telemetry

Command dispatching is the delivery of the command to the unit responsible for execution.

Depending upon the command type, delivery may entail routing, storage, timely selection ,

and transport. The following discusses each portion of the dispatching process list.

a.

b.

c.

d.

Routing is not explicitly verified. For stored commands, this would be proper
intermediate storage.

Storage is involved in the processing of absolute time stored commands, RTCS,
and table or software revisions. In all cases, proper storage is verified onboard by
computing a CRC and comparing it to the CRC associated and forwarded with the
data. Comparison failures will be reported in telemetry.

Timely selection of absolute time stored commands or RTCS for execution is
verified on board as an integral part of the command dispatching process.
Associated with each command is an execution time. If the command is not
dispatched within a pre-defined tolerance, an indication of the occurrence will be
reflected in telemetry.

Transport is the 1553B bussing of commands from the CTIU BC to the destination
RT. Bus protocol includes the RT status reporting which verifies proper transfer
and receipt of the data. Unsuccessful transport will be reported in the telemetry as
part of the onboard failure detection func%on. Instruments, at their option, may
choose to telemeter the command as received from the RT,to allow the ground to
verify receipt at the instrument side of the intetface.

Command Dispatch Verification (CDV) verifies that commands have been delivered to their

destination for execution. This insures that routing functions internal to the Spacecraft are

operating correctly and allows ground operations insight into system activities. The method
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of Command Dkpatch Verification is dependent on the type ~mmand and is used to

verify that the command has been dispatched to the proper Spacecraft element for

execution.

Real-time Commands:
These types of commands will be dispatched by the CTIU immediately upon
reception by the Spacecraft. No further verification will be necessary as CDV has
already guaranteed commands were received in the proper o~er without error.

Absolute Time Stored Commands:
ATCSwill initially be routed to the stored command table (SC~ in the SCC. Ground
operations will maintain an identical copy of the stored command table for
verification. Stored commands will be dispatched according to the time tag
argument word transmitted with the command. Command dispatch will cause the
stored command table pointer to increment. The value of the stored command
table pointer will be transmih’ed to the ground as part of the housekeeping
telemetry data, thereby providing verification that the stored command was
dispatched.

Relative Time Sequence Commands:
RTSCSwill be dispatched at fixed times relative to the triggering of the sequence.
These commands will be stored in a separate process table. Downlinked telemetry
will indicate if a particular command sequence is active and allow determination of
the time at which it was activated. From this data, ground analysts can project
when each command in the sequence will be dispatched for exectiion.

FDIR Commands:
FDIR commands will be dispatched by internal processes in the flight software.
The flight software telemetty will indicate the status of all monitor processes and
indicate the condition which caused an FDIR command to be executed.

7.3.4.2.2 Command Execution Verification
Command Execution Verification (CEV) verifies that a command has been executed by the

destination entity and that it has had the desired effect on the system. This will provide

ground operations additional insight into the operating condition of the Spacecraft. All

command execution must be verifiable in telemetry. All data needed to verify command

execution must appear in the critical health and safety telemetry stream at least once per

major frame in order to support contingency operations. The method of CEV will depend

upon the command type.

Relay Drive Commands:
This type of command will generally be used to change the state of a relay and will
be verified by a status change in the affected element’s telemetry data.

C&T RT Commands:
Verification of execution maybe either by echoing the loaded register or memory
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by watching for sths changes in the affected

7.3.4.2.3 Command Verification Sampling Rate

It is recommended that the instrument select either 1.024 seconds or 8.192 seconds as the

sampling rate for telemetry which is to be used for command verification. Slower sampling

rates would adversely affect l&T time and the time required for realtime command

verification. Slower sampling adversely affects l&T time and real-time operations on orbit

when command execution verification is performed before sending further commands.

7.3.4.2.4 Command Execution Verification Telemetry

Telemetry used to directly verify command execution must only change value for those

commands being verified. If this is not the case, there could be many different values that

are considered acceptable in verifying the proper response to a command. In addition, it

would make it difficult to determine if the telemetry had changed in response to a command

or changed unexpectedly.

7.3.4.3 Instrument Mode Dependency

The telemetry format will remain unchanged through the various instrument operational

modes.

7.3.4.4 Instrument Activity Dependency

It is impochnt from an l&T and operations perspective that the format of the telemetry

stream from each housekeeping module and instrument be fixed.

7.3.4.5 Configuration Dependant Telemetry

The telemetry used for configuration must be unique for each configuration of the

instrument. All indeterminate values must be identified.

7.3.4.6 Synchronization Restrictions

The 1553B synchronize-with-data-word will be used to synchronize the schedule

telemetry transfer by the instrument. Periodically, a synchronizewith-data-word 1553B

message is transmitted by the BC to the instrument to assure synchronization of minor

cycles between the instrument and the CTIU. If there is a difference between the two, then

the instrument minor cycle counter is changed to reflect the CTIU. The instrument

telemetry should contain information indicating this problem occurred. Use of the

synchroniz-with+ata-word permits command and telemetry operations even if the

TM&F bus should fail.
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7.3.4.7 instrument Telemetry Mnemonic Fomat
L

The telemetry mnemonicformatwill be used by all Spacecraftsubsystemand instrument

personneland will appear in the ground databases. Human factorsshould be taken into

consideration when selecting the name. For instance, the use of 1,L, and 1 are easily

confused with each other, and care should be taken in their use.

7.3.4.8 Telemetry Name

Similarityintelemetrynamingsimplifiesthe SpacecraftCommandandTelemetrydatabase

and shouldbe coordinatedcloselywith the Spacecraft Provider.

7.4 Command and Telemetry Bus Data

Itis recommended that commands common to all instruments be defined by the Spacecraft

Bus to have the same content for all instruments. The content of those commands unique

to each instrument will be defined by the Instrument Provider. Final content is to be defined

in the instrument C&T ICD. A brief description of each command is contained in Table 7+

for mandatory commands and Table 7-7 for optional commands along with references to

the appropriate GIIS section.

7.4.1 Memory Loads

The C&DHS will provide the support for instrument memory loading, based on the process

described in previous sections. The instrument may choose not to implement this process

and command set.

7.42 Memory Dumps

The C&DHS will provide the support for instrument memory dumping, based on the

process described in previous sections. The instrument may choose not to implement this

process and command set.
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TABLE 7-6. Mandatory Instrument &mmands

Command Definition

SAFE-MODE IndicatesSpacecraftentry into saf~ode

SCC OK This is the ‘IMOK” signal from the SCC.

ENABLE/DISABLE Allows disabling of the autonomous entry into Safe-Mode
SAFEMODE TIMEOUT due to the lack of an SCC OK signal. Deemed useful during
ENTRY integration and test, and can play a role in on-orbit diagnosis.

ENABLE/DISABLE Allows disabling of autonomous activities associated*
Instrument FDIR equipment failures. Deemed useful during integration and

test as well as on-orbit contingency situations. If individual
functions within FDIR are to be enabled/disabled, then an
argument which selects these functions must be embedded
within the command.

TIME/FREQUENCY BUS Defines which bus to use. The argument contains a bus ID.
SELECT (A or B) Seltiton of one must inhibit use of the other.

ANCILLARY DATA Provides the Ancillary data block (32 words) to a dedicated
subaddress.

TIME CODE , Data words contain the 64 bit Day Segmented CCSDS Time
code.

HIGH-RATE SCIENCE Defines which bus to use. The argument contains a bus ID.
LINK SELECT (A or B) Selection of one must inhibit use of the other.

LOW-RATE SCIENCE Defines which bus to use. The argument contains a bus ID.
LINK SELECT (A or B) Selection of one must inhibti use of the other.

TELEMETRY GATHERING Selects which telemetry gathering schedule is to be used by
the instrument. This command is only needed if the
instrument has reprogrammable or selectable schedules.
Serves as the control signal to begin using the schedule. An
argument within the command refers to a telemetry table or
special putpose logic to perform telemetry gathering. Due to
the complexity of implementing a telemetry change, it is
recommended that this only be used for on+rbit error
correction and problem diagnosis.

TABLE 7-7. Optional Instrument Commands

Command Definition

MEMORY DUMP INITIATE I Provides the parameters necessary to perform a memory
dump

RESET MEMORY DUMP Places dump logic into an inactive state. Provides a reset
STATE capability should problems prevent proper termination of a

cireviously initiated dump.
1“

MEMORY LOAD INITIATE I Provides the parameter necessay to perform a memory load.
1

MEMORY LOAD DATA I Supplies a segment (maximumof 32 words) of data.. .

RESET MEMORY LOAD Places memory load logic into an inactive state. Provides a
STATE reset cambilitv should mblems invent ~roper termination

I of a wetiousl; initiated’load. “ “ “
I

GIIS
Reference

6.1.3.1.3

6.1.3.1.4

7.5.2.1.1

7.2.1 .2.1.1

7.22.4.1

6.1.3.5

6.1.3.6

6.4.1.1

6.3.1

N/A

GUS
Reference

6.1.322

N/A

6.1.32.1

6.1.3.3

NIA
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7.4.3 Ancillary Data
L

The C&DH subsystem will accept and replicate ancillary data from the active SCC in which

standard format data is distributed to instruments over fixed-time intewals. The purpose of

ancillary data is to provide the instrument with routinely updated Spacecraft data consisting

of time tag, guidance, navigation and control parameters (i.e., state vectors, Spacecraft

attitude, and celestial body position), bus status, and other appropriate data. The time tag

provides the instrument with an indication of thetimethe ancillary data is valid. The C&DH

subsystem will also send the same ancillary data to the ground via the Ktiand return link.

Instruments not requiring ancillary data for onboard processing are not required to use this

service.

7.4.4 Time Code Data

The lime Code Message is issued every 1.024 seconds by the active CTIU. The

Spacecraft time is reported in CCSDS standard day segmented time code format as

defined in CCSDS 201 .O-B02, Section 2.3 and shown in Figure 7-10.

~ 16 bits --- 32 bits ~ “tits ---+

DAY msec of DAY psec of msec
[Oto 65536 days] 10to 86400000 msecs] Iotolooop+

Days since epoch date Nominally 88400000 but value Set to resolutionof 1 psec
of 1 January 1958 oan be greater or less for a day

with leap second.

Figure 7-10. Time Code Data Words

The Spacecraft Clock is monotonically increasing after power-up and reset are complete.

Only the active CTIU’S Spacecraft clock is propagated to other Spacecraft equipment. The

master Spacecraft clock data is sent to designated recipients on the C&T bus per the bus

utilization table. The recipients must receive their message in sufficient time (i.e., no later

than 900 milliseconds) to use the data.

Upon power–up, the master Spacecraft clock is set to a pre-defined epoch date. Later, the

ground controller issues clock commands to set and adjust the time. Absolute-time set

commands are capable of being set to an accuracy of 1 msec and to a resolution of 1 msec.

The execution of all absolute time set commands are coincident with the start of a major

cycle. The commanded clock adjustments have a resolution of 1 millisecond or finer, a

range of *4 seconds or wider, and be executed with a precision of 1 microsecond or finer.

DCC082793 178



20008502
30August 1993

The execution of all delta time set commands will be coinc%ent with the start of a major

cycle. Once the system is running nominally, the drift is adjusted by sending commands to

the MO to adjust its frequency.

Time adjustments due to leap seconds is per CCSDS and is handled as a ground controller

command procedure. The leap second commands shall permit the Spacecraft clock to add

or delete one second at the end of the day when it rolls over to the next day. This command

can be sent anytime that day and before the rollover to the next day occurs, since the

command only alters the rollover value. When the next day occurs, the CTIU will return to

its defautt rollover value. The ground controller will send the leap second command to a

CTIU indicating whether to add or subtract one second at the end of the day. The ground

controller will also send a leap second command to all other users utilizing Spacecraft clock

time. The leap second commands will only be permitted to be issued once or twice a year

by ground operations. The only dates allowed by the ground controller to send the leap

second commands will be the last day of June and the last day of December.

The C&DHS supports the precise, accurate measurement by the ground of the Spacecraft

clock error via the NASA User Spacecraft Clock Calibration System (USCCCS) by

synchronizing the transmission of S-band telemetry CADUS with the Spacecraft clock.

Also, the ground system supplies a pseudenoise (PN) signal with a periodicity of 85 msec

in the Forward Link Service. The CTIU measures and reports in telemetry the elapsed time

from the time mark instant (1.024 seconds) and the next occurrence of the PN epoch. This

provides fora more precise measurement for the ground to determine the Spacecraft clock

value at the receipt time of the PN-code.

Information allowing for the conversion from Spacecraft clock time to UTC by instruments

and ground users is provided by the SCGbased FSWS in the ancillary data message. The

GN&CS-generated estimates of the error in the Spacecraft clock is part of the ancillary data

service. These estimates are used as needed by instruments and in ground data

processing to derive UTC time from Spacecraft clock time samples

7.5 Autonomy

The Spacecraft FDIR concept requires the Spacecraft to autonomously survive any

anomaly which requires reconfiguration to occur within six hours of the anomaly. Less

time-critical anomalies are allocated to ground controllers for response. Responses to

anomalies for which a response latency of more than a few seconds is acceptable are

generally allocated where appropriate to flight software (i.e., TMON, or FDIR logic) for

execution, while anomalies requiring faster response are responded to in hardware.
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The C&T Bus provides instruments with a setice wherein s~tfied felemetry may be

activated via a TMON for specified conditions and RTCSS triggered. This service is

intended to provide the software anomaly response function for instruments as described

above. No hardware anomaly response beyond an indication of safe-mode entry is

required.

Instruments, therefore, must autonomously survive any single fault requiring action in less

than a few seconds. ForTMON and RTCS anomaly responses which are required sooner

than 10 seconds after the anomaly, the instrument must make the telemetry value to be

monitored available to the C&T Bus at least once per second so that timely action can be

initiated. Instrument Providers are encouraged to design such that a minimum of TMON

and RTCS responses are needed from the C&T Bus in order to minimize the complexity of

the instrument-to-C&T Bus interface and the verification thereof, and minimize the total

capacity required of the TMON and RTCS services.

There are no restritilons on the maximum autonomy which instruments may implement

internally, other than the constraints due to the instrument and C&T Bus coordination

requirements for Spacecraft resources. FDIR supportfrom TMON is a limited, allocated

resource. It is always acceptable for an instrument to transition to a reduced resource state

autonomously for internal FDIR. This action must place the instrument in a state where

receipt of previously scheduled stored commands and an RTCS will not jeopardize

instrument or Spacecraft health and safety. It must also be possible to disable this action by

command. The general philosophy on autonomy should be to keep it simpl~ach

autonomous function beyond the minimum required must be justifiable on its own merits.

For instrument failures which do not affect communications over the C&T bus, both ground

control and the TMON onboard monitoring function may monitor instrument telemetry to

determine whether action is required. In either case, contingency procedures will have

been defined in advance to react to a given situation. These procedures involve

commanding (perhaps both discrete and serial) which must be mutually agreed upon by

both the instrument and Spacecraft Bus.

From the instrument perspective, bus or RT failure results in loss of the synchronization

and “SCC OK” commands. Under current guidelines, the instrument should react

autonomously and enter it’s safe-mode state.
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7s.1 Instrument Mode and State Changes
L

7.5.1.1 Infrequently Changed Parameters

A large class of instrument commands is used for the setting of operational parameters

whose values are changed rarely or which usually take on the same value every time a

certain instrument mode is entered. it is recommended that the instrument be designed,

where practical, such that these commands may be executed via real-time commanding,

only when a modification to the parameter is required. A memory of mode-dependent

parameters within the instrument would avoid the need to command these parameters

each time a mode is entered. This would minimize the need for stored commands or

RTCSS to dispatch multiple commands for each planned mode change.

7.5.1.2 Normal Instrument State Changes

Another class of instrument commands are used for setting internal instrument states

which will normally be executed as a group when the instrument is switched to a given

mode. Performing these events via relativ~time sequencing or macro-expansion internal

to the instrument would minimize the need for stored commands or RTCSS to dispatch

multiple commands for each normal mode change.

7.5.1.3 Mode Changes

The operations profiles for the C&DHS SSRS must be carefully planned by the Flight

Operations Team (FOT). Goals include consewation of recorder life, minimization of

recorded fill data, accommodation of the planned TDRSS contact times, and

accommodation of the aggregate data rate profile of the instrument set, all without any loss

of science data.

7.5.2 Safe and Survival Modes

The following sections highlight the pertinent features of instrument entry and exit from safe

and survival modes. Appendix D of this document defines all Spacecraft modes, and

specifically addresses instrument accommodation. Included in the appendix are details of

the mode transition method, resulting Spacecraft state conditions and services available to

the instrument within each mode.

7.5.2.1 Instrument Safe-Mode

7.5.2.1.1 Instrument Safe-Mode Entry

There are two ways the instrument can be notified of a safe-mode. One way is that an

instrument will stop getting the SCC message “IM OK” over the C&T bus. The second way

is to receive one or more commands from the SCC which directs the instrument into a level
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within saf~ode. Included in the” command sequence% the “go to SafMode”

command. It should be noted that a power failure will cause entry into survival mode, not

safe mode.

The Spacecraft will continue to furnish resources and services to the instrument, but they

are dependent on Spacecraft Bus capability, which is reflected by the saf-mode level in

effect. An instrument safe-mode configuration is optional. Minimally, the instrument

should reflect the saf-mode command receipt, if commanded. The instrument’s

housekeeping telemetry should reflect any other key information such as configuration

changes.

7.5.2.1.2 Instrument Saf~ode Configuration

Upon receipt of the signal, the instrument will have 30 seconds to change its configuration

to a pedefined safe-mode configuration in accordance with saf+mode level.

7.52.1.3 Safe-Mode Entry Override

Upon receipt of the signal, the instrument will have the capability to prevent entry into

safemode. The currently defined safemode commands are listed in Table 7-8. Other

commands may be necessary to define a p~cular level within saf~ode (TBD).

TABLE 7+. Saf~ode Enable/Disable Override Commands

Command Definition

DISABLE Allows disabling of the autonomous entry into Saf#vlode
SAFE-MODE due to the lack of an SCC OK signal. Deemed useful during
TIMEOUT ENTRY integration and test, and can play a role in on+rbit diagnosis.

ENABLE SAFE-MODE Converse of disable saf+mode tim~ut entry.
TIMEOUT ENTRY

7.5.2.1.4 Duration of Safe-Mode

The instrument will remain in saf~ode until it is changed by external intewention such as

ground commanding.

7.5.2.2 Instrument Survival Mode

In survival mode, instruments will not take science data and willpower down all equipment

except for survival heaters and controllers.
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7.522.1 Spacecraft Survival Mode Entry
L

The instrument will define the specific commands to be issued to effe@ the change to

survival mode. Upon receipt of these commands, the instrument must reconfigure to its

pedefined survival+node configuration. This is a minimum power state utilizing suwival

equipment only.

7.5.2.2.2 Instrument Survival Mode Entry

When the survival-mode commands are issued by the Spacecraft Bus, all instruments will

have 30 seconds to enter their survivai-mode configuration. The instrument will remain in

survival mode until it is changed by external intervention. An instrument maybe designed

to receive serial or discrete survival-mode commands.

The Spacecraft will continue to furnish the same level of resources (e.g., power,

communication, SCC TMONS) to the instrument for a limited time. Afterwards, the

Spacecraft will reduce the Spacecraft-furnished resources to provide only survival power

to the instrument and collect critical telemetfy. An instrument survival configuration is

mandatory. Sun sensitive instruments should shut covers or be capable of closing covers

with only sumival power because sun-pointing saf~ode could be entered after

survival-mode.

The instrument’s housekeeping telemetry should reflect entry into suwival mode and any

other key information such as configuration changes During Survival-Mode, only BDU

passive telemetry is collected, and only BDU commands are issued.

7.5.2.2.3 Duration of Survival Mode

The instrument will remain in survival mode until it is changed by external intervention. The

method of exiting sutvival mode is initiated via BDU commands. These commands will

power up and configure the equipment to be used in the subsequent mode.

7.5.2.3 Instrument Safe and Survival Modes Documentation.

Instrument survival and saf+mode command requirements are documented in the

instrument C&T ICD.

7.5.3 Memory Load Verification

Memory loads may be verified using onboard computation. The use of an error checking

process, such as a CRC, for memory loads eliminates the need to dumptheload data for an

integrity check. The CRC, though optional, is highly recommended.
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795.4 Time Mark and Frequency Bus Loss
L

Loss of the TM&F Bus will affect time accuracy, in the application of time tags, and clock

synchronization, but should not interrupt operations. Instrument internal clocks should

permit continuation of logic processes. The synchronize-with+4ata-word, issued via the

C&T bus, allows for command receipt and telemetry reporting. The data word contains the

minor and major cycle counts which are used to coordinate instrument telemetry sampling

with BC collection. It is intended that the instrument internal logic will continue to use this

data to either condition the logic, or confirm synchronization with the BC. If a time difference

between the BC and instrument grows to the point where the minor cycle count differs from

that which is expected, the instrument should automatically desynchronize and continue.

Loss of this bus should be reported in telemetry. A critical telemetry indicator should be

reserved for this purpose.
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8 CONTAMINATION CONTROL REQUIREMENTS G

The instrument Contamination Control Plan should be developed such that all the

contamination control requirements, including those pertaining to l&T of the instrument as

well as those pertaining to on-orbit operations, are met. Based on instrument

requirements, limitations and restrictions may be placed on materials used in the

construction of the instruments and Spacecraft in order to minimize cross contamination.

8.1 Contamination Protection Design

The contamination budgets for particulate and molecular species on all sensitive surfaces

should take into account contamination levels during Spacecraft l&T, including launch site

activities, and all mission phases. The allowable surface cleanliness levels (molecular and

particulate) should be specified in accordance with MlL-STD-l 246. The instrument

Provider should identify all contamination sources associated with the instrument and

predicted levels of contamination.

Instrument optical surfaces are inspected during l&T using inspection methods at intervals

as specified by the Instrument Provider. Cleaning of the instrument optical surfaces is the

responsibility of the Instrument Provider. Prior to integration with the Spacecraft, the

Instrument Provider verifies the cleanliness levels of all external surfaces. The verification

methods identified by the Instrument Provider are submitted to NASA for review and

approval.

The instrument design should include methods for protecting contamination sensitive

surfaces, such as the use of covers and doors. It is recommended that sensitive instrument

optical surfaces be covered during l&T, including launch site activities. Such surfaces

should be unccwered only during performance testing.

The initial on+rbit environment is expected to cause an increased risk to optical surfaces

due to the high rate of Spacecraft outgassing. This condition is expected to exist until

approximately one month after orbit acquisition. Instrument design should include

stowable covers or doors to protect sensitive instrument surfaces during this period and

also during routine orbit adjustment maneuvers which occur throughout the mission. Also,

the instrument provider should describe any on-orbit decontamination capabilities.

Outgassing requirements for materials used in instrument construction are delineated in

GSFC 420-05-01, Section 6. Thermal vacuum bakeout of the instruments, MLI, wire

harnesses and all other instrument components or subassemblies will be performed by the

Instrument Provider. The bake-out should be performed at the maximum on-orbit
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temperature predicted for parts or subassemblies. In the test%ata package delivered with

the instrument, the Instrument Provider should include thermal quartz crystal microbalance

(TQCM) data on the outgassing rate for the instrument and necessary subassemblies

during thermal vacuum bake+ut. This data is used by the Spacecraft Provider to ensure

that the external contamination control requirements of each instrument are satisfied.

8.2 Contamination Protection Measures Documentation

The l&T ICD references all pertinent documents containing procedures for contamination

protection of the instrument during l&T. It also listsany instrument Government Supplied

Equipment (IGSE) pertaining to contamination protection of the instruments.

8.3 Instrument Purge Implementation Documentation

The Spacecraft Provider will supply facility gas for instrument purge during Spacecraft i&T

at Martin Marietta Astro Space, and will arrange for purge gas during transportation to the

launch site and during launch site activities. The Instrument Provider will supply the flow

meter and filter. The procedures and constraints associated with instrument purge will be

referenced in the l&T ICD including purge gas type, flow rate, purity, and duration.

8.4 Instrument Venting Documentation

The locationsand dimensionsof all instrumentventswillbe includedonthe MICD drawing.

Notes to the drawing will indicate vent path, operation time, chemical identity, and quantity

of species that will be vented.

8.5 Surface Avoidance

It is important that instrument vent locations and contamination-sensitive surfaces be

identified by the Instrument Provider as early as possible, in order that the Spacecraft

layout of the instruments be developed with instrument contamination control requirements

accommodated.
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9 VERIFICATION AND REQUIREMENTS RESPONSl~lTY

Verification is the process of analyses, inspections, demonstrations, and tests that

collectively establish that performance requirements levied on a product have been met.

The end results of the verification process demonstrate that an item meets applicable

functional and performance requirements, and therefore is flight-worthy. The verification

process is performed during the development, qualification, and acceptance phases of the

program. In the process, as illustrated in Figure 9-1, the performance and design

requirements of an item are used to establish and allocate the verification requirements.

This allocation of verification methods is presented in the Verification Matrix. The

designated verification activities are then conducted and the results are compared against

requirements. After this comparison, verification is either confirmed, or the design or

manufacturing process is altered to achieve compliance with the requirements. If such a

redesign or change in manufacturing is made, the item undergoes complete or partial

reverification, depending on where in the cycle the noncompliance occurred.

The Instrument Provider must demonstrate compliance with the interface design

requirements specified in the GIIS by a series of independent verification activities. These

activities will utilize the verification methods described below to demonstrate this

compliance. These activities must verify interface design and acceptable workmanship.

They must also ensure interface compatibility w“th the Spacecraft and compliance with

associated systems safety requirements.

9.1 Requirements Responsibility Matrix

The Requirements Responsibility Matrix lists each GIIS requirement by paragraph number

and identifies the organization responsible for implementing each requirement. Since

there are several organizations involved in verification, the verification responsibility may

not reside with the implementing organization.

9.2 Verification Responsibility and Methods Matrix

The Verification Responsibility and Methods Matrix lists each GIIS requirement by

paragraph number and identifies the organization responsible for demonstrating

compliance with each requirement, as well as defining the method for demonstrating this

compliance. The Spacecraft Provider and Instrument Provider must demonstrate interface

compliance by a series of independent test and analysis activities using one or more of the

following methods: analysis, inspection, demonstration, and test. The methods of

verification are described below.
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Figure 9-1. Summary of the Verification Process
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Analysis - Analysis is a quantitative method of verification%ilizing techniques and tools,

such as math models, compilation of prior test data, simulations, analytic assessments,

and validation of records, to confirm that the hardware will perform its intended function with

margin. The results are reported in a fashion that relates the findings of the analysis to the

requirement(s) being verified, including assumptions and constraints imposed. Whenever

possible, test data shall be used to validate the analytical techniques used for verification.

Inspection - Inspection is a verification method used to determine compliance of the

physical characteristics without the use of special laboratory equipment, procedures, test

support items, or sewices. Standard methods, such as visual inspection and the use of

gauges, are often used to verify compliance with the requirements levied on construction

features, workmanship, and physical condition. Inspection also includes examination of

documentation, drawings, and/or software.

Demonstration - Demonstrationis a qualitative method of verification that evaluates the

functional properties of an end item or component through observation. Demonstrations

may be performed with or without special test equipment or instrumentation in order to

verify required characteristics, such as operational performance, human engineering

features, sewice and access features, transportability, and displayed data.

Test - Test is a quantitative method of verification in which performance requirements are

verified by measurement before, during, or after the controlled application of functional

and/or environmental stimuli. These measurements may require the use of laboratory

equipment, recorded data, procedures, test support items, or services.

189 DCC082793



20008502
30 August 1993

(This page intentionallyleft blank.)

DCC082793 190



20008502
30 August 1983

10 ENVIRONMENTS
L

This section further expands on the environments unique to the EOS-AM mission, and

makes some recommendations on design methods to protect the instrument from these

conditions.

10.1 Ephemerides

10.1.1 Orbital Characteristics

The Spacecraft is in Sun-synchronous frozen orbit with a 98.2 degree inclination angle at

an equatorial altitude of 705 km. The South-bound equator crossing or descending node is

at 1030 hours local mean solar time with a windowof*15 minutes.

The orbital parameters specified in the GIIS with additional parameters are listed in

Table 10-1.

TABLE 10-1. EOS ORBITAL PARAMETERS

Parameter Numerical Value

Semi-Major Axk (Brouwer Mean)

Altitude at the Equator

Altitude Range (Elliptical Earth ModeI)

Inclination Angle

Descending Node (Local Mean Solar Tree)

Solar Beta Angle

Geographic Repetition Cycle

Geographic Repetition Accuracy (Cross-track)

Time Repetition Cycle

Mean Nodal Period

7078 km

705 km

700 to 737 km

98.2 degrees

1030 *0.25 hours

13 to 31 degrees

233 orbits

-O km (3@

16 days

98.9 minutes

Figure 10-1 is a plot of the beta angle versus time of year. The beta angle is defined as the

angle between the orbit plane and the Earth-t~Sun vector. The beta angle varies with

descending node, and varies with day of the year for any given descending node. A degree

of margin is added to the beta angles shown on the curve for nodal and attitudinal

variations. Figure 10-2 is a plot of the eclipse duration versus time of year. The eclipse
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duration is the length of time the Spacecraft spends in eclip~for a single orbit. This is

based upon the relative geometric relationship the orbit has to the Sun, which is a function

of the time of year.

10.1.2 Transfer Orbit Characteristics

The EOS-AM Spacecraft will be separated from the launch vehicle into an elliptical orbit

with the same nominal ort)it inclination (98.2 degrees) and descending node (10:30 Local

Mean Solar llme) as the nominal mission orbit. The transfer orbit will have nominal apogee

and perigee altitudes of 686 and 550 km respectively. The transfer orbit was selected to

optimize the relationship between the candidate launch vehicle lift capabilities, the

propellant load required to satisfy the mission requirements, and the design complexity of

the on-board propulsion subsystem.

While in this orbit, the Spacecraft beta angle will vary within the same 13 to 31 degree range

as inthe nominal orbit depending on the time of year of the launch (see Figure 1&l ). Only a

slight variation (on the order of minutes) will occur in the eclipse durations shown in

Figure 10-2.

10.1.3 Sun-Pointing Safe Mode Orbital Characteristics

The Spacecraft may enter sun-pointing safe mode either automatically, via the Failure

Detection, Isolation, and Recovery System, or via ground command. Automatic entry into

this mode will occur when Earth presence has been lost on either of the two Earlh Sensors;

when the difference in readings between the two Earth Sensors has exceeded a threshold

value; or when the reaction wheels are determined to be saturated while the Spacecraft is

in the Ear&h-pointing safe mode. In this final case, the Spacecraft will operate in the

sun-pointing safe mode under thruster control.

10.2 Spacecraft Reference Coordinate Frame

The Spacecraft coordinate system has been fixed so that the Z axis is through the center of

the Earth, with +Z being nadir, and normal to the instrument mounting surface. The Y axis is

along the orbit normal with +Y towards the cold side of the Spacecraft. The X axis is normal

to the Spacecraft separation plane, and is nominally oriented along the orbital velocity

vector, with +X being in the velocity direction. However, due to the slight eccentricityy of the

orbit, the X axis is not always coincident with the velocity vector. The Spacecraft origin

(X=O) is located at the geometric center of the propulsion module base panel, 4 inches

(TBR) above the Spacecraft separation plane.
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10.3 Pointing
L

The Spacecraft’spointingrequirementsare dividedintothree distinctcategories: pointing

accuracy, pointing knowledge, and pointing stability/jitter.

graphically the definitions for each aforementioned category,

follows:

Figure 10-3 illustrates

and they are defined as

a.

b.

c.

d.

Slc q

Pointing Accuracy - the angle between the actual pointing direction and the
desired ~ointing di~-tion of a selected reference frame about a given axis.

Pointing Knowledge – the accuracyof the determinationof the actual pointing
directionof a given axis of a selected reference frame. Pointing knowledge can
refer to a real-time (on-board) determination or a post-processed (i.e.,
after-thefact) determination.

Pointing Stability - the peak-t~eak variationof the actual pointingdirection
over relativelylongtime intewals. Usuallyderivedfrom long duration instrument
concerns such as pixel or image registration, and involves durations on the order of
hundreds of seconds per axis.

Pointing Jitter - the peak-to-peak variationofthe actualpointingdirectionover
relatively short time intervals. Usually derived from short duration instrument
concerns such as pixel integration and is usually applied for durations on the order
of seconds per axis.

Aotual Pointing
Direotion

Pointing Stability/Jitter: Dq in T
----- —---- ---—- -—. -

——-— ——-— —

I

Estimated Pointing

+ I,---
. .- 1 I Direction

I I

I I

~T_+
Pointing Accuracy ~

Desired Pointing

I

I I Dir xtion

v
I I

I v

Tme

Figure 10-3. Pointing Requirement Definition
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An important component of each of the above is orbit positi%nknowledge, which is the

distance between the actual location of a selected reference and the reported location,

measured in kilometers about a given axis.

10.4 Thermal Environments

Prelaunchenvironment includesthe environmentsfor integration and test, transportation,

launch processing, storage, and handling activities. Launch and ascent environment

includes the environment for liftoff through delivery to a 300 km by 700 km transfer orbit.

Transfer orbit environment includes that encountered in a 300 km by 700 km orbit

(nominally 3 orbits) through insertion to a 700 km circular orbit.

present at a 700 km circular orbit.

10.4.1 Prelaunch, Launch, Ascent Thermal Environment

The instrument will be exposed to the thermal environments

prelaunch period.

Orbit environment is that

in Table 10-2 during the

TABLE 10-2. PRELAUNCH ENVIRONMENT

Parameter Numerical Value

Temperature Range (Off-pad) 55 -75°F(13 - 24°C)

Temperature Transients (Off-pad) i5°F (+15°C)

Relative Humidity (Off+ad) 30 to 509fo

Temperature Range (On-pad) 40-85° F (4 - 29°C)

Relative Humidity (On-pad) 30- 50?40

The thermal environment to which the instrument will be exposed during launch and ascent

is dependant on the launch vehicle used for the EOS-AM mission, which has not yet been

selected. Upon launch vehicle selection, the environment information will be documented

in the EOS Spacecraft/ Launch Vehicle ICD.

10.4.2 Deleted

10.4.3 Thermal Environment

The assumed key orbital environmental parameters and the available material properties

are contained in Table 10-3. Specifics of the on-orbit thermal environment flux levels from

all sources based on an integrated Spacecraft thermal model will be documented in the

TICD.
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TABLE 1=. THERMAL CONTROL SUBSYSTEM: A==UMED PARAMETERS
Operating Orbit Beta Angle Solar Flux Albedo Eati

Mode Altitude (degrees) (w/sq in) lR(w/sq in)

Science 705 km 13.5 0.911 0.329 0.157

‘(EOL) I I 18 I 0.910 t 0.336 I O.I55
1 1 1 ,

I I 30.8 I 0.860 I 0.336 I 0.155

Science 705 km 15 0.871 0.315 0.148
(BOL) 24.5 0.869 0.311 0.150

30 0.901 0.315 0.148

Survival 705 km 15 0.871 0.315 0.148
(BOL) 24.5 0.869 0.311 0.150

30 0.901 0.315 0.148

Orb Acq. 550x700 km 15 0.871 0.315 0.148
(BOL) 24.5 0.869 0.311 0.150

30 0.901 0.315 0.148

Science 705 km 30.8 0.860 0.336 0.155
(EOL, SPSM, 30.8 0.860 0.336 0.155
two s/c
orientations)

Safe 705 km 15 0.871 0.315 0.148
(BOL, SPSM, 15 0.871 0.315 0.148
two s/c
orientations)

Orb Acq. 550x700 km 15 0.871 0.315 0.148
(BOL, SPSM) 24.5 0.869 0.311 0.150

Key Material Properties:

Radiators (Silver Teflon) a 0.10 (Cold), 0.25 (Hot)
Radiator (Silver Teflon) & 0.79
MLI Effective Emissivity s 0.025

Note: EOL = End-of-Life: BOL = Beainnina+f-Life: SPSM = Sun-Pointina Safe Mode
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10.5 Total Ionizing Dose Environment
L

The EOS space radiation environment is defined by the naturally trapped electron and

proton environment and the solar flare proton environment. Base assumptions for this

natural environment include

●

●

●

●

●

●

●

Orbit Ephemeris: 705 km circular, 98.2 degree inclination orbit

Mksion Duration: 5 years

Geomagnetic Constant 0.28
(Reference: An Empirical Model of Energetic Solar Proton Fluxes with
Applications to Earth Orbiiing Spacecraft E.G. Stassinopolous and
J.H. King; GSFC; December 1972)

Trapped Electron Model (see Table 10-4): NASA AE8 Max

Trapped Proton Model (see Table 10-5): NASA AP8 Min

Solar Flare Proton Model (see Table 10-8): JPL 80% confidence
(normalized tothe22nd solar cycle). This model is to be used for total
dose assessment only. (Reference: New Interplanetary Proton
Fluence Model; Joan Feynmdn, et al; Journal of Spacecraft Vol. 27,
No. 4; July-August 1990)

Solar Flare Proton Model (see Table 10-7): 3 October 1989 solar
flares are to be used for Single Event Upset (SEU) assessment.
(Reference A Summary of the Recent Solar Proton Events;
S. Gabriel and J. Feynman; JPL Memo 5217-89-183; 1 December
1989)

These models were used in conjunction with the SHIELDOSE computer program to

generate the dose depth curves shown in Figure 10-2 of the GIIS. These curves define the

shielding thickness required for the protection of instrument electronics at various radiation

doses and include radiation design margins of both 1 and 2. The performance

requirements specify a design margin of two for all parts being considered for the EOS

Program.

Parts selected for instrument use must be in accordance with GSFC 420-05-01, Rev. A,

EOS Performance Assurance Requirements for EOS General Instruments.
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TABLE 104. TRAPPED ELECTRON !@ECTRUM

(SOFIP computer program - NASA AE8 Max model)

Energy Level E Integral Fluence (Above E) Differential Flux at E
(MeV) (#/cm2/day) (#/cm2/sec/MeV)

0.05 3.32e+10 2.76e+06

0.10 2.26e+10 2.1 5e+06

0.25 6.53e+09 8.64e+05

0.50 1.39e+09 1.36e+05

0.75 6.47e+08 2.33e+04

1.00 3.88e+08 9.14e+03

1.25 2.52e+08 5.15e+03

1.50 1.65e+08 3.34e+03

1.75 1.08e+08 2.20e+03

2.00 7.05e+07 1.41 e+03

2.25 4.69e+07 9.06e+02

2.50 3.1 3e+07 6.45e+02

2.75 1.91 e+07 4.53e+02

3.00 1.18e+07 2.76e+02

3.25 7.14e+06 1.70e+02

3.50 4.39e+06 1.07e+02

3.75 2.52e+06 6.81e+ol

4.00 1.45e+06 4.01 e+Ol

4.25 7.86e+05 2.38e+Ol

4.50 4.28e+05 1.31e+Ol

4.75 2.22e+05 7.18e+O0

5.00 1.17e+05 3.94e+O0

5.50 2.60e+04 1.32e+O0

6.00 3.58e+03 3.ole-ol
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TABLE 10-5. TRAPPED PROTON SP*RUM
(SOFIP computer program - NASA AP8 Mh model)

Energy Level E Integral Fluence (Above E) Differential Flux at E
(MeV) (#/cm2/day) (#/cm2/aec/MeV)

0.1 3.34e+08 5.5oe+03

1.0 3.93e+07 2.08e+03

2.0 2.33e+07 1.19e+02

3.0 1.88e+07 4.28e+Ol

4.0 1.59e+07 2.71e+Ol

5.0 1.41e+07 1.80e+01

6.0 1.28e+07 1.14e+ol

7.0 1.21e+07 7.51e+OO

8.0 1.15e+07 6.36e+O0

10.0 1.06e+07 4.87e+O0

20.0 8.66e+06 1.80e+O0

40.0 7.07e+06 8.29e-01

60.0 5.80e+06 6.72+1

80.0 4.75e+06 5.48-1

100.0 3.90e+06 4.56-1

125.0 3.00e+06 3.65til

150.0 2.32e+06 2.78e-01

175.0 1.80e+06 2.13e-01

200.0 1.40e+06 1.64e-ol

225.0 1.10e+06 1.27e-01

250.0 8.57e+05 9.94ti2

300.0 5.26e+05 6.16e02

350.0 3.24e+05 3.76e-02

400.0 2.01e+05 2.31e-02

450.0 1.24e+05 1.09e-02
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TABLE 10-6. SOLAR FLARE PROTON SPECTR~ FOR TOTAL DOSE
ASSESSMENT

(80Y0confidence; normalized to the 22nd solar cycle)
(5 year active; 0.28 Geomagnetic constant)

Energy Level E Integral Fluence (Above E) Differential Flux at E
(MeV) (#/cm~ (#/crn2/MeV)

1.0 1.87e+l 1 3.0160e+l O

5.0 4.4oe+lo 1.1373e+10

10.0 2.00e+l O 2.5246e+09

30.0 4.60e+09 3.6526e+08
50.0 2.10e+09 1.1209e+08

60.0 1.45e+09 5.0562e+07

100.0 5.80e+08 6.6734e+06

TABLE 10-7. SOLAR FLARE PROTON SPECTRUM FOR SEU ASSESSMENT

(One October 1989 Solar Flare, three flares required)

Energy Level E Integral Fluence (Above E) Differential Flux at E
(MeV) (#/cm~ (#/cm2/MeV)

I 1

I 1.0 I 1.03e+11 I 2.140e+l O

5.0 I 3.89e+10 I 1.064e+l O
1 I

10.0 1 .93e+l O I 3.286e+09

30.0 4.26e+09 4.337e+08

50.0 1.79e+09 7.850e+07
,

60.0 I 1.23e+09 I 4.863e+07
1 1

I 100.0 4.65e+08 1.318e+07

10.6 Single Event Upset and Latchup

The effect of an energetic ionizing particle, maybe to deposit enough charge to either turn

“on” or “off’ a portion of an integrated circuit causing a Single Event Upset (SEU), or to turn

on a parasitic Silicon-Controlled Rectifier (SCR) causing a Single Event Latchup (SEL).

Where possible, electronic components should be immune to SEU/SEL, secondary

breakdown, other thermal runaway effects, and snap-back induced by cosmic ray ions.

This can be accomplished through the selection of parts which are either SEU immune or
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possess an acceptably low level of SEU transients. Those tr&ients which do occur must

either have a minimally acceptable impact on the operation of the system or must be

detected and handled at the system level.

Figure 10-3 of the GIIS defines the SEU environment and was derived for the EOS

program by the CREME computer code. The solar minimum environment was used with

weather index m=3.

In addition to SEU and SEL, two other Single Event Phenomena are of concern: Single

Event Burnout (SEB) and Single Event Gate Rupture (SEGR). Both phenomena are of

concern to power MOSFET Devices. The impact of a heavy ion on a power MOSFET can

result in a catastrophic failure of the device called SEB. This phenomenon is caused by the

‘Iurning on” of the MOSF= parasitic npn transistor. If the collected charge resulting from

the passage of a heavy ion through the MOSF= drain depletion region is sufficient to drive

the parasitic transistor into a conducting state, and the applied VDs is greater than the

parasitic transistors BVa, then the avalanche current can become regenerative and the

resulting excessive localized power dissipation can cause device burnout.

SEGR occurs when a heavy ion passes through the gate oxide region of a MOSFET with

stilcient gate-t-source or gatettirain bias. It ispostulated that the ionized track left by

the heavy ion causes a brief localized collapse of the drain depletion region resulting in a

high electric field in the gate oxide. This high field can cause gate oxide degradation

manifested by increased gate current.

International Rectifier rad hard power N-Channel MOSF13S are recommended to

minimize any possibility of SEB or SEGR. N-Channel power MOSFET VDSoperating level

should be derated as follows:

VDSRatinq Maximum Safe VDS

1Oov 70?40VDS Rating

200V 70% VDS Rating

400V 43?40VDS Rating

500V 50?40VDS Rating

P-Channel power MOSFETS need not be rad hard for most applications. international

Rectifier types (all voltages ratings) should not be operated above 75% of VDS. Harris 10OV

parts should be limited to 60% of VDs;data is not available on other types or manufacturers.
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10.7 Atomic Oxygen
L

Atmosphericconditionsencounteredbythe EOS-AM Spacecraftare importantfactors for

mission planning and operations. Atomic oxygen (AO) is the main constituent of the

atmosphere above the altitude of-200 km. Erosion and changes to optical properties of

materials used on spacecraft have been attributed to this chemically active species.

Therefore, there is a need to include the effects of AO degradation in EOL design.

The Marshall Engineering Thermosphere (Mm Computer Program was utilized to

calculate AO fluences for each month of the proposed EOS-AM mission. Figure 10-4 of

the GIIS shows accumulative &year fluences of these calculations. These calculations

cover all projected solar activity for solar cycle 23, and thus the peak period for the highest

AO fiuence was identified. The worst-se fluence for any five year mission life is 8.3 x

1020. This fluence should be used to determine the AO effects on external surfaces.

10.8 Micrometeoroids

The worst-case meteoroid environment is derived from SSP 30425, Rev.A, Space Station

Program Natural Environment Definition for Design, updating NASA SP-8013, Meteoroid

Environmental Model - 1969. For meteoroid considerations, the environment is

omnidirectional and all surface orientations are equally exposed to hazards. For nadir

surfaces, the Earth blocking factor as described in SSP 30425 may be used. Hypetvelocity

impacts can cause penetration into electronics or damage to optics. This potential for

damage, however, is considered to be less than that from space debris.

10.9 Space Debris

The worst-case space debris environment is derived from SSP 30425 updating NASA

TM100 471, Orbital Debris Environment for Spacecraft Designed to Operate in Low-Earth

Orbit. For space debris considerations, RAM and sid-facing directions are of primary

concern as potentially hazardous directions from which space debris may collide.

Hypervelocity impacts can cause penetration into electronics or damage to optics. To avoid

damage to sensitive components, standard design practices should be employed, such as

reinforcing instrument faces exposed to RAM, locating delicate components away from

RAM and sidefaces most influenced by space debris, and orienting the instrument with the

lesser surface area facing the RAM direction.

10.10 Magnetic Fields

10.10.1 Instrument-Generated Magnetic Fields

Instrumentsshould be designed with minimal use of magnetic materials. The external

magnetic field produced by the instruments will cause magnetic torques on the Spacecraft.
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In addition, this magnetic field may interfere with the operation&the Spacecraft equipment

and other instruments.

10.10.2 Magnetic Fields Documentation

Measurements of magnetic fields generated by the instrumentwill be documented in

tabular form in the ElCD.

10.10.3 Spacecraft Magnetic Fields

The Spacecraft magnetic fields are shown in Figure 10-4. The exact location of the

torquers on the Spacecraft is under study.

10.11 EMUEMC Requirements

The Spacecraft EM1/EMC requirements can be found in PS20005869, Electromagnetic

Compatibility Control Plan for the EOS-AM Spacecraft. Additionally, 20005400,

Electromagnetic Compatibility Handbook, can also be consulted for additional explanation.

10.12 Spacecraft Charging

An exposed high-voltage surface can interact with ambient plasma, resulting in a current

loop being set up and diverting power from the Spacecraft power system. It is

recommended that exposed elements, including cabling and connections, which carry high

voltages (V> 200 volts) be insulated from the plasma.

10.12.1 Instrument Electrostatic Discharge Control

The interaction of the Spacecraft with the ambient plasma and with the highly energetic

electron fluxes associated with the aurora] regions results in Spacecraft net charging and

differential charging of the outer surfaces of the Spacecraft. For the Spacecraft immersed

in the plasma, the charging potential will be -0 to -120V with respect to the plasma. At

irregular intervals, on the order of a few times a year, higher potentials of hundreds of volts

to a few kilovolts maybe encountered for brief periods of less than 10 seconds in the auroral

region.

10.12.2 Spacecraft Electrostatic Discharge Analysis

An electrostatic charging analysis will be performed for the Spacecraft. The Spacecraft

Provider, using the NASCAP LEO and POIAR computer programs, will determine the

potential distribution around the Spacecraft, possible discharge locations, and solar array

interaction with ambient plasma. The probability of an enhanced-electron-emission
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discharge will be estimated as a function of potential differen%. The charging effects on

Spacecraft subsystems will be estimated. The effects of plasma associated with auroral

regions on the Spacecraft and on instruments whose operation could be affected by the

electrostatic charging and discharging will be modeled using NASCAP POLAR. Using

NASCAP LEO, potential distribution at the Spacecraft solar array cell

interconnect-coverslip interface will be calculated. Accommodation measures will be

recommended, as required.

10.12.3 Spacecraft External Surface Charging

Externalsurfacesincludethermalcontrolcoatings and thermal blankets. For instruments

which have been determined to be sensitive to ESD and require a reduced surface

conductivity, it is recommended that the surface resistivity of coatings applied over

dielectric surfaces beS108 ohms/square, and the thermal coatings applied over metal

surface have a bulk resistivity of 1011ohms-cm (assuming a 4 mil thick coating).
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APPENDIX B
L

30 ACRONYMS AND ABBREVIATIONS

AC

ACE

ACS

A/D

ANSI

AO

APID

ATC

AWG

BAT

BCRTM

BPC

BC

BDU

bps

c

C&DH

C&DHS

C&T

CADU

CCHP

CCSDS

CDV

CEV

CLCW

alternating current

Attitude Control Electronics

Attitude Control System

analog-ttiigital

American National Standards Institute

atomic oxygen

Application Process Identification

Absolute Tme Command

American Wire Gauge

Bench Acceptance Test

Bus Controller, Remote Terminal, and Monitor

Battery Power Conditioner

Bus Controller

Bus Data Unit

Bits Per Second

Centigrade

Command and Data Handling

Command & Data Handling Subsystem

Command and Telemetry

Channel Access Data Unit

Constant Conductance Heat Pipe

Consultive Committee for Space Data Systems

Command Dispatch Verification

Command Execution Verification

Command Link Control Word
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CLTU

cm

CMD

COMM

COMMS

COP

CPHTS

CRC

CRV

C&T

C&T ICD

CTIU

CVCDU

DAS

DC

DET

DOD

DSN

EAS

ECL

EICD

EM

EMC

EMI

EOL

EOS

EOS-AM

DCC082793

Command Link Transfer Unit
L

centimeter

Command

Communications

Communications Subsystem

Command Operations Procedure

Capillary Pumped Heat Transport System

Cyclic Redundancy Check

Command Receipt Verification

Command and Telemetry

Command and Telemetry Interface Control Document

Command and Telemetry Interface Unit

Coded Virtual Channel Data Unit

Direct Access System

direct current

Direct Energy Tranfer

Depth of Discharge

Deep Space Network

Electrical Accommodations Subsystem

Emitter Coupled Logic

Electrical Interface Control Document

Equipment Module

Electromagnetic Compatibility

Electromagnetic Interference

End-of-Life

Earth Observing System

Earth Observing System AM Mission
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EOSDIS

EPS

ESD

FAN

FARM

FDB

FDDI

FDF

FDIR

FOP

FORTRAN

FOS

FOT

FOV

FRAM

FSW

FSWS

GIIS

GIS

GMT

GN

GN&C

GN&CS

GSE

GSFC

HCE

HGA

EOS Data and information System -

Electrical Power Subsystem

Electrostatic Discharge Control

firmware

Frame Acceptance and Repotting Mechanism

Fuse and Distribution Box

Fiber Distributed Data Interface

Flight Dynamics Facility

Fault Detection, Isolation, &Recovery

Frame Operations Procedure

a program language

Flight Operations Segment

Flight Operations Team

Field of View

Frame Acceptance and Repotting Mechanism

flight software

Flight Software System

General Instrument Interface Specification

General Interface Specification

Greewich Mean Tme

Ground Network

Guidance, Navigation, & Control

Guidance, Navigation, & Control Subsystem

Ground Support Equipment

Goddard Space Flight Center

Heater Controller Electronics

High Gain Antenna
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H/K

HPHX

hrs

HRDL

HRI

HRM

HSDU

HAN

IMP

l&T

l&T

1/0

ICD

ID

INSTR

IRU

l&T

kbps

KM

LAN

LPC

LRTR

LV

L/v

mA

MAC

Mb

DCC082793

Housekeeping .

Heat Pipe Heat Exchanger

hours

High Rate Data Link

High Rate Data Interface

High Rate Modulator

High Speed Data Unit

hardware

Instrument Mounting Plate

Integration and Test

Integration and Test InterFaceControl Document

input/output

Interface Control Document

identifier

Instrument

Inertial Reference Unit

Integration and Test

kilobits per second

Kinematic Mount

Local Area Network

Load Power Conditioner

Low Rate Tape Recorder

launch vehicle

launch vehicle

milliampere

Media Access Control

megabit
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Mbps

Mbyte

MET

MeV

MHz

MICD

MIL-STD

MLI

mm

MO

MPDU

MSB

msec

MUX

N/A

NASA

NASCAP LEO

NASCAP POLAR

NRZI

NSPAR

o~

OBC

0s

PAPL

P/B

PB

PCAPDU

Megabii per second

megabyte

Marshall Engineering Thermosphere Model

Mega electron Volts

Megahertz

Mechanical Interface Control Document

Military Standatd

Multilayer insulation

millmeter

Master Oscillator

Multiplexed Protocol Data Unit

Most Significant Bit

millisecond

Multiplexer

not applicable

National Aeronautics and Space Administration

NASA Charging Analyzer Program/Low Earth Orbit

NASA Charging Analyzer Program/Polar Regions

Non–Return to Zero Invert

Non-standard PantsApproval Request

Oxygen

On-Board Computer

Operating System

Program Approved Parts List

playback

playback

Physical Channel Access Protocol Data Unit
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PDU

PECL

PLL

PMAD

PPR

R/T

RAM

RF

ROM

RT

RTC

RTCS

RTM

RTS

RWA

SAD

Scc

SCR

SCT

Sec

SEL

SEU

SFE

SHDP

SMS

SN

SPR

Power Distribution Unit

Pseudo Em”~er Couple Logic

Phase Locked Loop

Power Management and Distribution

Prime Power Reference

real time

Random Access Memory

Radio Frequency

Read Only Memory

Remote Terminal

Real 17meCommand

Relative Time Command Sequence

Reduced Thermal Model

Real Time Sequence

Reaction Wheel Assembly

Solar Array Drive

Spacecraft Controls Computer

Silicon-Controlled Rectifier

Stored Command Table

second

Single Event Latchup

Single Event Upset

Science Formatting Equipment

Safe Hold Digital Processer

Structures and Mechanisms Subsystem

Space Network

Secondary Point Reference

DCC082793 214



20008502
30August 1993

sq. in.

SRP

SSA

SSB

SSR

Ssu

STD

TBD

TBR

TBS

TCS

TDRSS

TICD

TLM

TMON

TONS

TQCM

TR

UIID

UTC

v

Vc

VCID

VCDU

VCGW

Vdc

w

XPND

square inches

Signal Reference Plane

S-band Single Access (TDRSS)

Solid State Buffer

Solid State Recorder

Sequential Shunt Unit

standard

To Be Determined

To Be Reviewed

To Be Supplied

Thermal Control Subsystem

Tracking & Data Relay Satellite System

Thermal Interface Control Document

Telemetry

Telemetry Monitor

TDRSS Onboard Navigation System

Thermal Quartz Crystal Microbalance

Tape Recorder

Unique Instrument Interface Document

Universal llme Code

volt

Virtual Channel

Virtual Channel Identification

Virtual Channel Data Unit

Virtual Channel Gateway

Volt Direct Current

Watt

S-band Transponder
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APPENDIX C =

40 SUGGESTED 120-VOLT PARTS LIST

Table G1 is a list of 12kvolt parts which meet the Astro Space engineering design

standards. However, only three have corresponding GSFC-approved NSPARS. It is

important to note that an approved NSPAR indicates approval for a given part in a particular

useage only. Hence, Astro Space cannot guarantee that parts approved through the

NSPAR process may be used in an application other than that specified in the original

NSPAR.

TABLE 40-1. SUGGESTED120-VOLT PARTS LIST

Part Part Vendor NSPAR Astro Space
Number

Substitute
Deectiption Name Number Source Part Remarks

Control
Drawing
Number

1N6659 Diode, 220V SSDI 027 23005792 20007334P1 Approved
(UFR7020, 200V) by GSFC

IRHM 7250 MOSF~, 200V IR 096 20002751 None identified Approved
by GSFC

IRHM7450 MOSF13, 500 V IR 096 20002751 None identified Approved
by GSFC

P600L Fuses (1/8 A Mepcopal 119 20034877 1970521-XX Approved
through 15A) (FM08 fuse) by GSFC
@ 135VDC

AP44P Relay (15 Amp Kilovac 039 20028835 2002751 P2 Qual in Process
@ 150VDC) (200V MOSFET) at Vendor.

Approved by
GSFC

20009804P56 Capacitor, KEMET/ 058A 20009804 CFR 13ALEXXXP Approved
Cer., 200V, 12mf AVX (400V) by GSFC

20009804P55 Capacitor. 20009804
Cer. 200V, 1Omf

~OO09804P5f)” Capacitor, 20009804
Cer. 200V, 3.9mf

~OO09804P54 Capacitor, 20009804
Cer. 200V, 8.2mf

~ooog304p43 Capacitor, 20009804
Cer. 200V, .82mf

~ot)09~4p40 Capacitor, 20009804
Cer. 200V, .47mf

3FR13AlCXXXKP Capacitor Elec. 084A 20041803 CFR13AIEXXXKP Approved
ConcepW (400V) by GSFC
Sprague
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APPENDIX D -

50 MISSION PHASES AND OPERATING MODES

50.1 Mission Phases and Operating Modes Overview

50.1.1 Mission Phases and Operating Modes Definitions
The EOS mission can be defined by seven chronological mission phases: (1) Prelaunch,

(2) Launch/Ascent, (3) Orbit Acquisition Initialization, (4) Orbit Acquisition, (5) Operational

Initialization, (6) Operational, and (7) End-of-Mission. Each mission phase represents a

prtiefined time period during which a set of interrelated operations and activities are

performed. Figure 50-1 provides atop-level description of the EOS mission phases.

Each mission phase is characterized by the “system” operating modes used (or available)

to support that mission phase. The system mode is defined by the minimum functional and
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Figure 50-1. Spacecraft Mission Phases
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performance capabilities that are required to satisfy

System modes include (1) Ground Test Mode, (2)

mission-mnditions and constraints.

Launch/Ascent Mode, (3) Standby

Mode, (4) Science Mode, (5) Delta-V Mode, (6) Survival Mode, and (7’)Safe Mode.

A mission phase typically contains more than one system operating mode. The

Operational Mission phase, for example, includes the Science Mode, Delta-V Mode,

Standby Mode, Survival Mode and Safe Mode. At any given time during a specific mission

phase, only one of the system modes available to that phase is in effect. In addition, a

particular operating mode may be used during the different mission phases. The

Spacecraft Bus’ Safe Mode can be used in any mission phase with the exception of

Prelaunch and lanch/Ascent. Primary system operating modes are defined as

scheduled or planned operating modes for that mission phase. Back-up system modes

are unplanned modes that are entered following an anomaly. Examples of primary mission

modes include Science and Delta-V modes, while examples of back-up modes include

Suwival and Safe modes.

Table 50-1 correlates mission phases with system operating modes. The types of system

modes used during a particular mission phase are based on the activities required during

that phase. The functional and performance requirements for system operating modes

and criteria for mode transitions are described in Section 50.2.

TABLE 50-1. SPACECRAFT SYSTEM MODES

I SpacecraftMiaaion Phaae

i==+=”
I

-

Science Mode

Delta-V Mode

~
legend; P Primary mod

B BackuD mode

P P P B

P P

P P P

B B B B B P
1 1 I 1 1

B
I

B I B B
I B B

50.1.2 Mode Architecture

A system mode is an operational configuration with a set of minimum requirements and

resources that can be allocated to the subsystems. Higher functionality than the minimum
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within agivenmode impossible, uptothe minimum levds%the netihighermtie. The

system mode is not a predefine combination of “subsystem modes” or hardware

configurations. In general, there are multiple combinations of Spacecraft Bus hardware

and subsystem modes that can be chosen to meet system mode requirements.

50.1.3 Mode Transition Overview

Transition between operating modes will be initiated by either (1) ground command (stored

or real-time) or (2) on-board failure detection logic. Non-time-critical faults will be

handled by ground command. The on-board failure detection logic is the Spacecraft

Failure Detection, Isolation and Recovery (FDIR) system which is capable of reconfiguring

hardware and software in response to time-critical Spacecraft faults. The state diagrams

and entry/exit criteria provided in this appendix seine as the initial definition for FDIR

functionality.

Typically a sequence of commands must be executed in order to effect the transition from

one mode to another. Also, the point of transition is not explicitly defined as a particular

event. Rather, the transition will be considered complete when the Spacecraft

performance has been verified as capable of providing the resources and performing the

functions required by the mode that was entered.

The transition between primary modes will typically be initiated by ground command. For

example, during the Operational Mission Phase, ground command will be required to

initiate a transition from the Science Mode to the Delta-V Mode. In certain cases, transition

between two primary modes may be accomplished autonomously by on-board logic. For

example, in the Operational Initialization Phase, both Standby and Science Modes are

primary modes, used for subsystem and Instrument checkout, respectively. If a high rate

data system failure occurs during Instrument checkout, an autonomous transition may

occur from Science Mode to Standby Mode.

The transition between a primary mode and a back-up mode can be initiated by ground

command or may be autonomously initiated by on-board logic. Following violation of

preselected criteria the FDIR system will autonomously initiate a transition from a primary

mode (e.g., Science Mode) to a back–up mode (e.g., Safe Mode). In the event of SCC

failure, loss of the “I’m OK signal from the SCC will cause the attitude control electronics

(ACE) to take control of the Spacecraft attitude and thereby transition into the Safe Mode.

In this type of Safe Mode entry, equipment operating during the Safe Mode will be

preselected to reflect the most current equipment availability. The other autonomous

transition into Safe Mode occurs upon detection by GN&C FDIR of an attitude error beyond
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a pre-defined threshold. In this case, the ACE

continues to control other Spacecraft functions.

again contro%the attitude, but the SCC

When the SCC is operational, it is also possible to have autonomous transitions from

higher mode sublevels to lower sublevels within the same mode. An example of this is Safe

Mode, in which the SCC can control the autonomous transition from earth pointing to sun

pointing.

Exit from aback-up mode to a functionally more capable mode will be by ground command

only.

50.2 System Mode Requirements

The system mode requirements section contains functional and perForrnance

requirements, resource allocations, and transition criteria for the operating modes.

Sections 50.2.1 to 50.2.7 provide functional descriptions, transition criteria, subsystem

requirements, and operations requirements for the system modes. Instrument specific

information, such as available resources and mode transition notifications, along with

appropriate Instrument response to these conditions, is covered in Section 50.2.8.

50.2.1 Ground Test Mode

50.2.1.1 Functional Overview

The Spacecraft will be in Ground T= Mode during the Prelaunch Phase of the mission,

which starts with the integration of the Spacecraft with the launch vehicle and ends with the

transition to internal power in preparation for launch. In this mode the Spacecraft is

essentially in a “check-out” state, receiving power via the launch vehicle ‘T-minus-zero”

(T-O) umbilical. The readiness of the Spacecraft for launch is established by verifying the

aliveness of redundant subsystem hardware aliveness and demonstrating redundant

power and signal paths to major components (although not by using every possible

command for a given path). During this mode, the batteries are continuously charged, and

equipment is powered as required for low-rate commanding and telemetry. Telemetry is

provided to the GSE via the T-O umbilical.

50.2.1.2 Entry/Exit

Entry: Nominal entry into the Ground Test Mode occurs following integration of the

Spacecraft with the launch vehicle. After integration with the launch vehicle, the Spacecraft

will be powered ON and housekeeping subsystems will initialize to default conditions. The

Spacecraft Checkout Station (SCS) will load the SCC software and stored command
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sequences. Commands to configure the Spacecraft for Iau%chwill be sent from the SCS

via the umbilical.

Entry into Ground Test Mode can also occur from Launch/Ascent Mode in the contingency

situation where the launch is aborted or delayed due to a major anomaly after going to

internal power and prior to liftoff. In this unique situation, the T-O umbilical may be

reconnected to the Spacecraft, in which case the mission phase would transition from

Launch/Ascent back to PrAanch, and the Spacecraft would again receive commands

and power through the umbilical.

Exit: Exit from this mode will occur upon transition to internal power (resulting in the

transition to the Launch Phase), approximately five minutes before Iift+ff.

Table 50-2 summarizes criteria for transition to the Ground Test Mode from an initial mode

(allowable entry point) and exit from the Ground Test Mode to another mode (allowable exit

point).

TABLE 50-2. GROUND TEST MODE TRANSITION

lAllowable Entry Points I Initiation ICriteria I

I Begin Prelaunch IGround Command I- Integration to launch vehicle I
1- 1 I is comcdete I
I I I-All systems ready to I
I I I commence ground testing I

I 1

I Launch/Ascent Mode IGround Command l-Aborl or delay launch I, ,
Allowable Exit Points I

t Launch/Ascent Mode IGround Command I–Transition to internal power I
1 -All systems nominal

50.2.1.3 Minimum Subsystem Requirements

GN&CS: All GN&C components will be powered on to support limited testing of the

Guidance Navigation & Control Subsystem and for launch readiness.

C&DHS: The Command & Data Handling Subsystem will monitor Spacecraft equipment

and instrument telemetry to ensure health and safety. Commands received via the

umbilical will be distributed to equipment and instruments as necessafy. Health and safety

telemetry will be distributed for transmission via the umbilical. The Spacecraft Bus data

processing and distribution will be SCC/CTIU based. Limited testing of the C&DHS will be

supported.
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TCS: The Thermal Control Subsystem will maintain operation% housekeeping equipment

within operating temperature limits and nonoperating housekeeping equipment and

instruments within survival temperature limits. Limited testing of the TCS will be supported.

EPS: The Electrical Power Subsystem will interface with the launch ve~cle T-O power

umbilical via the EAS. The EPS will distribute the power from the umbilical to operating and

survival equipment. The EPS will support battery charging. Limited testing of the EPS will

be supported.

COMMS: The Communication Subsystem will accommodate a hardline telemetry link

through the launch vehicle T-O umbilical. Limited testing will include an RF test of the omni

antennas and an end-t=nd test of the Iaunchhscent link (i.e., a direct connection to the

Launch Vehicle telemetry stream).

PROPS: The propulsion subsystem will be initialized to provide thruster operations as

necessary for post-separation maneuvers. The Propulsion Module Electronics Assembly

(PMEA) will be operational, and engine catbed heaters for six l-lb thrusters will be

enabled. Telemetry will be provided to indicate propellant-feed pressures and

temperatures, valve temperatures, and latching valve position indication. Limited testing

of the Propulsion Subsystem will be supported.

SMS: Limited testing of the Structure and Mechanisms Subsystem will be supported. This

involves monitoring of telemetry to veri~ operational readiness of deployment

mechanisms and drive motors.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing.

Limited testing of the Electrical Accommodation Subsystem will be supported. This

involves verification of power and signal distribution paths to major components, especially

those needed for post-separation activities. Testing will also involve monitoring of

telemetry to verify operational readiness of arming plugs.

50.2.1.4 Ground Test Mode Operations

While in Ground Test Mode during the Prelaunch Mission Phase, the Spacecraft will be

undergoing prelaunch test at the Vandenberg Air Force Base. The Martin Marietta

Integration &Test (l&T) group will be responsible for Spacecraft testing and control, and the

FOT will be provided with the capability to monitor Spacecmft telemetry tom the launch

site. All bus housekeeping equipment will undergo a short form verification during the

Ground Test Mode to verify subsystem integrity and functionality. External stimuli will not

be used. Health and safety telemetry will be verified to be within allowable ranges, and
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nonoperating equipment may be powered ON for aliven~checks. Instrument science

will not be tested during this mode, but the integrity of instrument interfaces will be verified.

(More extensive physical checks and Spacecraft performance tests will be performed at

the launch site prior to integration of the Spacecraft with the launch vehicle.) The software

and data tables will be loaded with the appropriate parameters for Orbit Acquisition

Initialization and Orbit Acquisition Phase activities.

In the event that the launch is postponed after having gone to internal power, l&Twill be

responsible for reconfiguring the Spacecraft back to the Ground Test Mode from

Launch/Ascent Mode, and the Launch Vehicle contractor will be responsible for

reconnecting the T-O umbilical.

50.2.2 Launch/Ascent Mode

50.2.2.1 Functional Overview

The Launch/Ascent Mode is the Spacecraft’s operational configuration during and

immediately following the boost to the injection orbit on the launch vehicle. Once

separation from the launch vehicle is detected by on-board logic and telemetry monitoring,

the Spacecraft will useon-tmard Iogicto perform four eariy mission activities, including: (1)

an attitude maneuver to obtain an earth+riented attitude, (2) deployment of the solar

array to support the bus load and begin battery recharge, (3) establishment of an S-band

communication link, primarily with TDRSS via the omni antennas, and (4) deployment of

the high gain antenna. All of these preprogrammed activities shall, as a backup, accept

ground commanded initiation, provided that a communication link to the ground has been

established.

Launch/Ascent Mode is a primary mode in both the Launch/Ascent and Orbit Acquisition

Initialization Phases. This period begins with the transition to internal power on the launch

pad and ends when the Spacecraft is ground commanded into Standby Mode after the

High Gain Antenna (HGA) is deployed in the injection orbit. All instruments are powered off

with survival heater enabled. Housekeeping equipment is powered as required to

accomplish the early mission activities and for low-rate telemetry commanding and

telemetry, with survival and operational heaters enabled.

During Launch/Ascent Phase, the Spacecraft operates on internal battery power (i.e.,

batteries are continually discharging), and only those components essential for monitoring

and transmitting Spacecraft health data, maintaining Spacecraft survival, and required for

the earth acquisition maneuver are powered at this time. During the Orbit Acquisition
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Initialization Phase, a stable and operational Spacecraft config%i%tionfollowing separation

from the launch vehicle will be established. Upon detection of separation from the launch

vehicle, on-board logic will be activated to perform-the four major early mission activities

described above.

In addition to triggering the execution of the four early mission activities, the detection of

separation from the launch vehicle will also enable the FDIR algorithms necessary for the

autonomous transition to Survival Mode or Safe Mode in the event of certain failures.

These algorithms will remain enabled throughout all subsequent mission phases.

Launch/Ascent Mode is a new mode which was defined because Survival Mode did not

adequately represent the operational configuration and power consumption of the

Spacecraft during the eariy mission phases (Launch/Ascent and Orbit Acquisition

Initialization Phases). Although the Spacecraft power level in Launch/Ascent Mode is near

the minimum power level of Survival Mode, it is possible to transition to Survival Mode by

shedding some nonessential housekeeping loads such as the solid state star trackers

and all propulsion subsystem equipment except for the pressure transducer.

502.2.2 Entry/Exit

En~ Ground operators will switch the Spacecraft to the Launch/Ascent Mode when they

disconnect the T-O umbilical, causing the Spacecraft to switch to internal power. If an

anomaly occurs after separation from the launch vehicle that causes the Spacecraft to

enter Sunfival or Safe Mode, Launch/Ascent Mode may be r~ntered by ground

command.

Exit Nominally, exit from Launch/Ascent Mode to Standby Mode will be ground

commanded when all of the major early mission events (e.g., earth acquisition, S-band

communication link acquisition, energy balance, and HGA deployment) have been

successfully completed. In the event that the launch is aborted or delayed due to a major

anomaly prior to liftoff, ground operators will reconnect the T-O umbilical (to switch back to

external power supplies) and transition the Spacecraft from Launch/Ascent Mode to

Ground Test Mode. In this event, the mission phase will transition from Launch/Ascent

back to Pre-Launch. If an anomaly occurs after the Spacecraft has separated from the

launch vehicle, the transition from Launch/Ascent Mode to either Survival Mode or Safe

Mode may be commanded either by autonomous on–board logic or by ground command.

Table 50-3 summarizes the criteria for transition to the Launch/Ascent Mode from the

allowable entry points and for exit from the Launch/Ascent Mode to another mode (the

allowable exit points).
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TABLE 50+. LAUNCH/ASCENl MODE%RANSITION

Allowable Entry Points Initiation Criteria

Ground Test Mode Ground Command -Transition to internal power

-Ali systems nominal

Survival Mode Ground Command -Ground criteria
Safe Mode

Mlowable Exit Points

Ground Test Mode Ground Command -Abort or delay launch

Survival Mode On-Board Logic -Separation from launch
(Autonomous) vehicle complete

-TMON Load Shed Criteria

Safe Mode On-Board Logic -Separation from launch
(Autonomous) vehicle complete

-Loss of SCC “I’m OK”
andlor
-GN&C FDIR (attitude error)

Survival Mode Ground Command -Ground criieria
Safe Mode
Standby Mode

50.2.2.3 Minimum Subsystem Requirements

GN&CS:

● Launch/Ascent Phase-The GN&CS will provide attitude knowledge
during launch ascent. The GN&CS will be prepared for earth
acquisition maneuvers immediately following separation from the
launch vehicle.

. Orbit Acquisition Initialization Phase - The GN&CS will provide
attitude determination and navigation. The GN&CS will provide
coarse earth pointing control that is sufficient for allowing
communication links to be established between the HGA and TDRSS.
The GN&CS navigation functions will be supported via either uplinked
ephemeris or a TDRSWTONS link, as available.

C&DHS:

● Launch/Ascent Phase - The C&DHS will monitor Spacecraft
equipment and instrument telemetry to ensure health and safety.
Commands will be distributed to equipment. Data will be distributed
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for S-band transmission and for storage on a singl%6perational SSR
data control unit. The Spacecraft Bus data processing and
distribution will be SCC/CTIU based.

. Orbit Acquisition Initialization Phase - The Spacecraft Bus data
processing and distribution will be SCC/CTIU based. The SCC will
distribute the stored commands necessary to perform the earth
acquisition maneuver, acquire a TDRSWTONS link, deploy the solar
amay, and deploy the high gain antenna. Commands will be
distributed to instruments and equipment. The C&DHS will monitor
Spacecraft equipment and instrument telemetry to ensure health and
safety. Data will be distributed for both S-band transmission and
storage on a single operational SSR data control unit.

TCS:

. The TCS will maintain operating temperatures on operational
housekeeping equipment and sumival temperatures for
non-operational housekeeping equipment and instruments.

EPS:

. Launch/Ascent Phase-The EPS will provide the necessary power to
operating and survival equipment via batteries.

. Orbit Acquisition initialization Phase - The EPS will provkk the

necessary power to operating and suwival equipment (via batteries
until solar array deployment and attainment of Spacecraft energy
balance). The EPS will support solar array deployment and
sIew/rotation to track the sun. The EPS will begin recharging the
batteries as soon as possible after solar array deployment. In the
anomalous condition that sun-pointing Safe Mode is entered from
Launch/Ascent Mode, the EPS will support acquisition of a solar array
sun pointing attitude from an arbitrary orientation.

COMMS:

. Launch/Ascent Phase - The COMM subsystem will support a
communication link via direct connection to the launch vehicle
telemetry stream.

. Orbit Acquisition Initialization Phase - The establishment of low–rate
S-band communications links via the omnis with TDRSS and/or GN
will be supported. The maintenance of these links will also be
supported. The establishment of an S-band communication link via
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PROPS:

●

EAS:

●

50.2.2.4

the HGA with TDRSS will be supported (aftk successful HGA
deployment), as well as the maintenance of these links. The COMM
subsystem will support the uplink of backup ephemeris for orbit
determination. The COMM subsystem will also provide for the
acquisition of the TONS link via the omnis and/or the HGA and
maintenance of the link, to support orbit determination via TONS.

Launch/Ascent Phase - The propulsion subsystem will be initialized
to provide thruster operations as necessary for tipoff correction
maneuvers, earth acquisition, and attitude control. The PMEA and
engine catbed heater for six l-lb thrusters will be enabled.

The EAS will provide power and data distribution for the Spacecraft
via harnessing.

Launch/Ascent Mode Operations

The FOT will fully monitor Spacecraft operation during Launch/Ascent Mode because of

the critical nature of the early mission activities. The FOT will review the Spacecraft

telemetry received via the Launch Vehicle when it becomes available. Spacecraft

detection of separation from the Launch Vehicle will initiate the autonomous execution of

preprogrammed Orbit Acquisition Initialization activities. After establishment of an

S-Band link (using omni antennas) with the ground via TDRSS, the FOT will monitor these

Spacecraft activities. The FOT will send ground commands as necessary to establish a

stable Spacecraft on-orbit configuration with an earth-oriented attitude.

50.2.3 Standby Mode

50.2.3.1 Functional Overview

The Standby Mode is a “non-science” mode that is used during subsystem check-out,

during quiescent periods, or as back-up to the Science Mode.

Standby Mode is a primary mode during the Orbit Acquisition Initialization, Orbit

Acquisition, and Operational Initialization Phases. During the Orbit Acquisition

Initialization Phase, the Spacecraft will be in Launch/Ascent Mode until it receives ground

commands to enter Standby Mode, nominally after deployment of the HGA. During the

Orbit Acquisition Phase, both Standby and Delta-V Modes are primary system modes.

Typi,caliy,the system will be in Standby Mode, except during propulsive maneuvers, when it
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will be in Delta-V mode. During the Operational lnitializatio%Phase, the Spacecraft will

normally be in Standby Mode except during propulsive maneuvers and during checkout of

instrument science data downlink. “

As a backup mode in the Operational Phase, Standby Mode is used when a problem arises

with the ability to collector transmit instrument science data.

Instrument science data collection and transmission is not supported in Standby mode.

Standby Mode has full power resources, so that housekeeping and instrument loads will

not be shed upon entering this mode. As required during subsystem checkout, both

primary and redundant units of components maybe powered. The combination of state

variables for this mode is defined as Power Load (on), Computer (SCC), Delta-V (no),

Attitude (earth), and Science Data (no).

50.2.3.2 Entry/Exit

Entry:

During the Orbit Acquisition Initialization Phase, the Spacecraft will be ground commanded

into Standby Mode once all of the major early mission of events within Launch/Ascent

Mode have been accomplished.

During the Orbit Acquisition Phase, the transition from Delta-V Mode to Standby Mode will

be ground commanded after propulsive maneuvers.

During the Operational Initialization phase, the Spacecraft will be ground commanded ”into

the Standby Mode and will remain in this mode during system/subsystem check-out.

During the Operational Phase, the Spacecraft may be ground commanded into the

Standby Mode for quiescent periods or for ground recovery from a non–tim~ritical fault in

the high rate data system. The Standby Mode may be utilized during the ground

commanded transition from Survival Mode or Safe Mode back to a higher operating state.

Autonomous entry into Standby Mode may be made following a system type failure that

prevents or hinders science operation, but does not require significant shedding of

Spacecraft loads. Failures which would cause autonomous entry include: 1) HGA FDIR

algorithm stops SCC commanding of the HGA if the gimbal motion is grossly inconsistent

with commands, 2) TMON disables SCC commanding to the HGA if the HGA gimbal

becomes too hot, and 3) TMON detects other problems with the high rate data system that

could possibly be critical to associated equipment, such as the solid state recorder.

Exiti Exit from the Standby Mode, to a higher or same level mode, (e.g., to the Science

Mode or Delta-V Mode) will be initiated by ground command. In event of a severe power
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fault, autonomous transition into Suwival Mode will be ma%e. Autonomous transition to

Safe Mode will occur upon loss of the SCC “I’m OK” or by GN&C FDIR.

Table 50-4 summarizes criteria for transition to the Standby Mode from an initial mode

(allowable entry point) and exit from the Standby Mode to another mode (allowable exit

point).

TABLE 504. STANDBY MODE TRANSITION

Allowable Entry Points Initiation Criteria

Any Mode Ground Command -Ground criteria

Science Mode On-Board Logic -HGA FDIR or TMON
(Autonomous-SCC) -High Rate Data System TMON
Non-TimMritical High (TBD)
Rate System Fault (TBD)

Allowable Exit Points

Any Mode Ground Command -Ground criteria

Survival Mode On-Board Logic -TMON Load Shed Criteria
(Autonomous-SCC)

Safe Mode On-Board Logic -Loss of SCC “I’m OK”
(Autonomous) -GN&C FDIR (attitude error)

50.2.3.3 Minimum Subsystem Requirement

GN&CS:

. Orbit Acquisition Initialization and Orbit Acquisition Phases - The
GN&CS will provide attitude determination and navigation. The
GN&CS will provide coarse earth pointing control that is sufficient for
allowing communication links to be established between the HGA and
TDRSS. The GN&CS primary navigation functions will be supported
via either uplinked ephemeris or a TDRSS~ONS link, as available.
GN&CS checkout activities will be suppofied.

. Operational Phase-The GN&CS will provide attitude determination
and navigation. Earth-oriented pointing will be maintained. The
GN&CS primary navigation functions will be supported via the use of
TONS, or as a backup, via uplinked ephemeris, as applicable.
GN&CS checkout activities will be supported.

C&DHS: The C&DHS will monitor Spacecraft equipment and instrument telemetry to

ensure health and safety. Commands will be distributed to instruments and equipment.

Data will be distributed for both S-band transmission and storage on the solid state
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recorder (SSR). The Spacecraft Bus data processing and d~bution will be SCC/CTIU

based. Low-rate data handling will be provided. C&DHS checkout activities will be

Suppotied.

TCS: The TCS will maintain operating temperatures on all operational housekeeping

equipment and instruments and survival temperatures on all non-operational

housekeeping equipment and instruments. In the Operational Phase, the TCS may

provide limited heat rejection for instruments requiring centralized thermal control. TCS

checkout activities will be supported.

EPS:

. Orbit Acquisition Initialization and Orbit Acquisition Phases - The
EPS will provide necessary power to operating and survival
equipment while maintaining a positive energy balance. Essential
power for instruments in nonoperational survival will be provided.
Solar array slew and rotation (sun tracking) will be provided. EPS
checkout activities will be supported.

. Operational Phase - The EPS will provide necessary power to
operating and survival equipment while maintaining a positive energy
balance. Essential power for instruments in operational standby will
be provided. Solar array slew and rotation (sun tracking) will be
provided. EPS checkout activities will be supported.

COMMS: The.maintenance of S-band communications links with TDRSS and/or GN via

the omnis will be supported as a minimum. Although not a minimum requirement, the

acquisition and maintenance of a TDRSS HGA S-band link will be accommodated as

capable once the HGA is deployed during the Orbit Acquisition Initialization Phase. The

COMM subsystem will provide for the maintenance of the TONS link to support coarse orbit

determination via TONS, and it will also support the uplink of backup ephemeris for orbit

determination, as applicable. COMM subsystem checkout activities will be supported.

PROPS: The propulsion subsystem will support 1-lb thruster operations to provide

impulsive torques for on+rbit three-axis attitude control and reaction wheel unloading.

Propulsion subsystem checkout activities will be supported.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing.
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50.2.3.4 Standby Mode Operations
L

The Standby Mode is one of the primary modes of the Orbit Acquisition Initialization, Orbit

Acquisition, and Operational Initialization Phases. It is also a back UP mode of the

Operational Phase.

During the Orbit Acquisition Initialization Phase, the main function of the FOT will be to

perform subsystem checkout. The subsystem checkout will include the following tests:

. HGA pointing and control

. RF communication configuration tests

● Solid State Recorder control

. C&DHS and COMMS verification

During the Orbit Acquisition Phase, the main function of the FOT will to be make necessary

preparations for Delta-V Mode related activities. When the Spacecraft is in Standby Mode

between maneuvers, the FOT will verify successful completion of the previous maneuver

and will prepare for the next planned maneuver.

During the Operational Initialization Phase, the FOT uses the Standby Mode as a means to

perform subsystem checkout. The subsystem checkout will include the following tests:

. Direct Access System (DAS) stafiup and checkout

. Capillary Pumped Heat Transport System (CPHTS) startup and
checkout

During the Operational Mission Phase, the FOT may use the Standby Mode to perform

subsystem checkouts when anomalous conditions occur on-board the Spacecraft. The

FOT will monitor Spacecraft health and safety data and will track function parameters in

support of trend analyses. Based on these findings, the FOT may decide to command the

Spacecraft into the Standby Mode. During such times specific functional tests and

reconfiguration will be done.

There is a limited number of failures which would cause the on-board Fault Detection,

Isolation, and Recovery (FDIR) functions to yield an autonomous transition into the

Standby Mode. Table 50-5 summarizes some of the possible functional failures which can

yield an autonomous transition to Standby Mode. When other anomalies which are

non-time critical (or types which do not impact resource accommodations for science

activities) are detected by the FOT, it may decide to perform investigations or calibrations

using the Standby Mode.
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TABLE 50-5. STANDBY MODE TRANSITION-ELEMENTS

Spacecraft Functional FDIR Function Comments
IFailure

Science Data Formatting, None to date (area under Reaching capacity limit of
Storage, and Transmission study) SSR could cause transition

Command Reception and None, System is configured Command uplink is required
Distribution with hot back-up to upload the SCC with

commands for SSR and
resource management.

High Gain Antenna Pointing High Gain Antenna Hardware components are
Algorithm to turn off contained in the COMS and
pointing if temperature the SMS.
goes outside allowable
limits or if errors are too
high

.

In the event of an anomaly, the FOT will perform tests to isolate the failure per

preapproved procedures, where possible. Once the anomaly has been effectively

isolated, a recovery strategy will be exercised, and the impacted Spacecraft function will be

verified to be within specifications. The Spacecraft can then be reconfigured back to the

primary mode (Science Mode).

50.2.4 Delta-V Mode

502.4.1 Functional Overview

The Delta-V mode is a “propulsive” mode used to either raise altitude from the injection

orbit to mission operational altitude, to circularize the mission orbit, or to provide periodic

correction to the mission orbit (e.g., drag makeup). The orbital corrections will either be

in-plane maneuvers or out+f-plane maneuvers. This mode is used during the Orbit

Acquisition, Operational initialization, and Operational mission phases.

There are three possible sub-mode or sub-level definitions for Delta-V. The constant

state variables are the computer (SCC), Delta-V (yes), and Attitude (earth). The state

variables that vary are Power Load (off/on) and Science Data (yes/no). This would give

four possibilities, except that the combination of Power Load (off) and Science Data (yes) is

not applicable. Thus, at a minimum, in Delta-V Mode, the Spacecraft can be at suwival

power levels and not supporting science, and at a maximum, it can be at full power, capable

of providing science. The combinations of state variables which define these sub-modes

are as follows: Delta-V level+ has Load (off) and Science (no), level-l has Load (on) and

Science (no), and level-2 has Load (on) and Science (yes). The particular Delta-V
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sub-mode used depends on mission phase and type of mar%uver. For all levels of Delta-V

Mode the Spacecraft will be required to supply the power for propulsion system

initialization, warm-up, and operation. As the mode level is increased, the Spacecraft’s

functional capability and performance will also increase correspondingly.

Orbit Acquisition Maneuvers: The Spacecraft will perform these maneuvers during the

Orbit Acquisition Phase, while in Delta-V mode, IeveW. The maneuvers are a

combination of out-of+ane inclination corrections and in-plane large delta-V bums.

This is the minimum Delta-V mode in terms of Spacecraft capability. Instruments and

some high rate data equipment will be in a suwival state, and the Spacecraft will be

providing only essential services, although the HGA may be available for S-band

communication and TONS navigation links.

Orbit Trim Maneuvers: The Spacecraft will perform these maneuvers during the

Operational Initialization Phase, nominally while in Delta-V mode level-l. If necessary,

the maneuvers could be accomplished while in Delta-V Mode level-O. These maneuvers

are a combination of out+f-plane inclination corrections and in-plane altitude adjustment

delta-V burns.

Out-of-Plane Mission Orbit Adjust The Spacecraft will perform inclination correction

maneuvers during the Operational Phase while in either Delta-V mode level-l or level-O,

depending on Spacecraft capability. The Spacecraft will reorient to the required

out+f-plane maneuver attitude (e.g., 90 degree slew) before performing the delta-V

maneuver. Spacecraft systems such as power, thermal, communications will not be

operating in the nominal flight attitude and significant performance degradation is possible.

Non-essential housekeeping and instrument functions may be powered down if

necessary.

In-Plane Mission Orbit Adjust: The Spacecraft will perform drag make-up adjustments to

mission altitude or retro+yade altitude corrections during the Operational Phase while in

either Delta-V Mode levei-2 or level-l, depending on Spacecraft capability. Although

instrument science may or may be not suppofied, all Spacecraft housekeeping functions

can remain operational.

50.2.4.2 Entry/Exit

Entry: Entry into the Delta-V Mode will be made by ground command. In the Orbit

Acquisition Phase, it will first occur following successful execution of all Orbit Acquisition

Initialization Phase activities (i.e., appendage deployments, establishment of
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communication and TONS links). Thereafter, in successive m%sion phases, entry into the

Delta-V mode will be ground commanded as necessary.

Exit: Nominal exit from the Deita-V Mode will be made by ground com-mand, following

completion of the delta-V maneuver. A loss of the SCC “I’m OK” or detection by the GN&C

FDIR of an attitude error beyond a given threshold would cause autonomous entty into

Safe Mode and would therefore autonomously abort the maneuver. In the event of a

severe power fault while in Delta-V level-2 or level-l, autonomous transition into Delta-V

Mode level-O, rather than Survival Mode, will be made. This current operational concept

assumes that the TMON load shed does not include turning off thrusters. Also, there will be

no autonomous transition from Delta-V level-2 to Standby Mode due to a loss of science

data handling capability. In this event, autonomous transition would occur from Delta-V

level-2 to Delta-V level-l.

Table 50-6 summarizes criteria for transition to the Delt~V Mode from an initial mode

(allowable entry point) and exit from the Delta-V Mode to another mode (allowable exit

point).

TABLE 50-5. DELTA-V MODE

Allowable Entry Points Initiation

Standby Mode Ground Command

1

Science Mode IGround Command

Allowable Exit Points

Standby Mode IGround Command

‘RANSITION

Criteria

-Successful completion of earth
acquisition and”attainment of
energy balance

-Ground Criteria

-Ground Criteria

-Ground Criteria

Science Mode I I
Survival Mode I I
Safe Mode

Safe Mode On-Board Logic -Loss of SCC “I’m OK’
(Autonomous) -GN&C FDIR (attitude error)

50.2.4.3 Minimum Subsystem Requirements

GN&CS: The GN&CS will provide coarse attitude determination and navigation. Coarse

earth+riented pointing will be maintained. For higher Delta-V sub-mode levels,

additional capability (e.g., fine attitude control and pointing) may be provided as applicable.

DCC082793 236



20008502
30August 1993

The GN&CS primary navigation functions will be support=via the use of TONS, or as a

backup, via uplinked ephemeris, as applicable.

C&DHS: The C&DHS will monitor Spacecraft equipment and instrument telemetry to

ensure health and safety. Limited commands will be distributed to instruments and

equipment as necessary. Data will be distributed for both S-band transmission and

storage on the solid state recorder. The Spacecraft Bus data processing and distribution

will be SCC/CTIU based. For higher Delta–V sub-mode levels, additional capability (e.g.,

high rate data handling and science data handling) may be provided as applicable.

TCS: The TCS will maintain operating temperatures on operating equipment and

instruments and su~ival temperatures for nonoperating equipment and instruments. (It

is assumed that any out of plane maneuvers to adjust orbit inclination will be performed

during the eclipse portion of the otilt. Otherwise, the TCS may not be able to maintain

temperatures within allowable limits.) For higher Delta-V sut+mode levels, additional

capability may be provided as applicable.

EPS: The EPS will provide necessary power to operating and sutvival equipment while

maintaining a positive energy balance. Essential power for instrument sumival and/of

science, as applicable, will be provided. The EPS will supply the required electrical power

for propulsion system initialization, warm-up and operation. For higher Delta-V

sub-mode levels, additional capability (e.g., full power) may be provided as applicable.

COMMS: The COMM subsystem will maintain and reacquire (as necessary) HGA

Ku-band and S-band forward and return links with TDRSS and/or GN. It will also maintain

and reacquire S-band links through the omnis. The COMM subsystem will provide for the

maintenance of the TONS link to support coarse orbit determination via TONS, and it will

also support the uplink of backup ephemeris for orbit determination, as applicable. For

higher Delta-V sub-mode levels, additional capability (e.g., high rate data link) may be

provided as applicable.

PROPS: The Propulsion subsystem will provide impulse for monopropellant delta-V and

inclination correction operations to support orbit acquisition and maintenance. The

subsystem will also provide impulsive torques for on-orbit thre~axis attitude control,

three-axis inertial attitude slews, thre-axis Earth and sun acquisitions, and reaction

wheel unloading.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing. “
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L

502.4.4 Delta-V Mode Operations

The Delta-V Mode is not a contingency or back+p mode. The FOT normally schedules

Spacecraft activities well in advance, approximately28 days before the maneuver date. All

Spacecraft delta–V maneuvers will be performed during scheduled TDRSS contacts.

50.2.4.4.1 Orbit Acquisition Phase Delta-V Mode Operations

During the Orbit AcquisitionMission Phase, the FOT will perform the first propulsive

maneuvers to place the Spacecraft in the operational altitude. The following is a

description of the sequence of tasks the FOT will supportlperform to achieve this goal:

. During the Pr~unch Phase, the FOT will have performed the
following with Flight Dynamics Facility (FDF) support

Perform orbit maneuver prediction and orbit maneuver
planning

- Compute and uplink orbit maneuver start time, required
Delta-V, estimated stop time, and attitude

- Compute and uplink yaw attitude slew start and estimated stop
times.

. The FOT will notify the Flight Dynamics Facility of their intentions to
commence the planned maneuver.

. The FOT will command the Spacecraft SCC to begin executing the
appropriate Stored Command Table (SC~ and Relative ~me
Sequence (RTS) commands for Delta-V activities.

. Upon receipt of ground command to commence delta-V activities, the
Spacecraft will reconfigure out of the Standby Mode and into the
Delta-V Mode.

● The FOT will verify Spacecraft reconfiguration (per SCT) to the
Delta-V Mode Level OConfiguration. The Spacecraft Power Load is
already at a minimum from the previous Standby Mode configuration
in which instruments and some housekeeping equipment are
powered OFF. The SCC will be in control of Spacecraft activities and
will be issuing stored commands from its stored command table
(sCT).

. Verify that SCC has commanded power to the propulsion subsystem
for initialization and warm-up.

. Verify that the appropriate parameters have been distributed to the
propulsion subsystem so that the appropriate algorithm can be
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implemented. Verii m-pressurization of tan% has occurred if
required.

Verify rate nulling on all axes.

Verify that Gyro errors are within specification.

Verify that filter parameters have converged to specification before
the Spacecraft reaches the third apogee.

Verify that ACS thruster burns achieved the appropriate Spacecraft
attitude for Spacecraft boost maneuver.

Verify that the latch valves are open.

Verify that engine valves open on command.

Initialize and verify that apogee bums are starting within 30° to 60°
before and ending within 30° to 60° after apogee.

Command Spacecraft mode transition from Delta-V to Standby
Mode.

Verify the delta-v’s for each of the thruster burns.

Verify coarse earth pointing.

Verify attitude parameter convergence.

Verify orbit circularization upon completion of the last thruster bum.

Verify final orbit altitude (705Km).

Verify that the latch valves are closed.

50.2.4.4.2 Operational Initialization Phase Delta-V Mode Operations

Spacecraft Delta-V operations will continue into the Operational Initialization Mission

Phase. The Delta-V Mode will be used to perform a drag mak~p, and orbit adjustments.

Fine attitude pointing and orbit correction will be performed in this phase as described

below:

● Acquire and verify appropriate navigation and inclination bum data
from the Flight Dynamics Facility (e.g., Spacecraft Latitude,
Longitude, Pointing, bum magnitudes and direction, etc).

. Uplink inclination burn commands to Spacecraft SCT.

. Initiate and verify Spacecraft inclination bum activities.
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● Verify

Verify Spacecraft
rotation.

acceleration vs. time %_uring 90” yaw

Verify Spacecraft acceleration vs. time during inclination
bums.

Verify Spacecraft acceleration vs. time during 40° yaw
rotation.

that the appropriate Spacecraft inclination (98.2°) has been
achieved.

. Command GN&C mode change from Coarse Pointing to Stellar
Mode.

● Upload appropriate Telemetry Monitor table parameters.

● Enable Telemetry Monitor monitoring on new table parameters.

. Enable Spacecraft System Operating Mode transition into Standby
Mode.

. Command Spacecraft mode transition from Delta-V to another
Operational Initialization primary mode (Standby Mode or Science
Mode) based on cunent Delta-V mode level. Nominally, for this
phase, the transition will be between Delta-V Mode level-l and
Standby Mode.

. Verify that the appropriate data has been recorded for trend analysis.

. Compute fuel remaining, Spacecraft mass, and center of mass.

. Determine maneuver execution accuracy.

● Determine propulsion system efficiency.

50.2.4.4.3 Operational Phase Delta-V Mode Operations

The Delta–V Mode will be used periodically to perform occasional inclination burns, drag

make-up, and momentum unloading during the Operational Mission Phase. The

Spacecraft will be configured to Delta-V Mode Level 2, or lower level as required, prior to

commencement of inclination or drag make+p maneuvers. Typically the ground

commanded transition will occur from Science Mode into the appropriate Delta-V Mode

level for the particular maneuver. Delta–V maneuvers may also be ground commanded

from any backup mode during the Operational Phase if necessary.

For occasional inclination bums the FOT will support/perform the following tasks:
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The FDF will perform the following:
L

- Perform orbit maneuver prediction and orbit maneuver
planning

- Compute orbit maneuver start time, required Delta-V,
estimated stop time, and attitude

- Compute yaw attitude slew start and estimated stop times.

The FOT will upload SCT commands for the maneuver.

The FOT will notify the Flight Dynamics Facility of their intentions to
commence the planned maneuver.

The FOT will command the Spacecraft SCC to begin executing the
appropriate Stored Command T*le (SCT) commands.

The Spacecraft will autonomously reconfigure out of the Science
Mode and into the commanded Delta-V Mode, typically level-l for
this type of maneuver in this phase.

The FOT will verify Spacecraft reconfiguration (per SCT) to the
Delta–V Mode Level 1 Configuration. The Spacecraft Power Load is
already on from the previous Mode (Science) configuration. The SCC
will be in control of Spacecraft activities and will be issuing stored
commands from its stored command table (SCT). Science data will
not be supported during the inclination maneuver due to the
Spacecraft orientation.

Verify that SCC has commanded power to the propulsion subsystem
for initialization and warm-up.

Verify GN&C mode change from Stellar Mode to Coarse Pointing
Mode.

Verify that the latch valves are open.

Verify that engine valves open on command during maneuver.

Verify that the latch valves close on command during maneuver.

Initiate and verify Spacecraft inclination bum activities.

– Verify Spacecraft acceleration vs. time during 90 yaw rotation

- Verify Spacecraft acceleration vs. time during inclination burns

– Verify Spacecraft acceleration vs. time during -90° yaw
rotation
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● Command Spacecraft mode transition from De~V to another
Operational mode (Suwival Mode, Standby Mode, or Science Mode)
based on current Delta-V mode level. Nominally, for this type of
maneuver, the transition will be between Delta-V Mode level-l and
Standby Mode.

● Verify that the appropriate Spacecraft inclination (98.2°) has been
achieved.

. Command GN&C mode change from Coarse Pointing to Stellar
Mode.

. Verify that the appropriate data has been recorded for trend analysis.

. Compute fuel remaining, Spacecraft mass, and center of mass.

. Determine maneuver execution accuracy.

. Determine propulsion system efficiency.

Depending on the propulsion bum magnitude and frequency and the associated impact to

Spacecraft attitude and pointing performance, science operations may be supported

during drag make-up maneuvers. If the drag make-up maneuvers are performed

frequently, low magnitude thruster bums can be used which has less impact on pointing

performance. Nominally, the Spacecraft will be configured to Delta-V Mode Level 2

[Science data (yes)] from Science Mode for the drag make-up maneuvers, so that science

operations will be supported continuously throughout the maneuver. Ground commanded

transitions into lower Delta-V levels for these maneuvers will be accommodated as

necessary, whether they originate from Science Mode or other backup modes, exclusive of

Safe Mode. These maneuvers will be performed per standard operating procedures.

The FOT will perform all Delta-V maneuvers by standard operating procedures.

Contingency maneuvers will be performed per contingency procedures (deboost and

contingency retrograde orbit), which will be determined at a later date. All maneuvers will

be scheduled and approved prior to actual procedure implementation.

50.2.5 Science Mode

50.2.5.1 Functional Overview

The Science Mode is the primary mode used during the Operational Mission phase. During

the Operational Initialization Phase, it is one of several primary modes. While in Science

Mode, the Spacecraft will provide the full complement of resources necessary to meet

DCC082793 242



20008502
30August 1993

science mission objectives during this mode. These resourc-i%include fine attitude control;

high-rate data handling, storage and transfer; full electrical power; and thermal control.

Science Mode is used for instrument check-out activities during the latter portion of the

Operational Initialization Phase because full resources, including high-rate data handling,

are required for this activity. (Subsystem check-out activities are handled from Standby

Mode in the same mission phase, prior to Instrument check-out.) The combination of state

variables are defined for this mode as Power Load (on), Computer (SCC), Delta–V (no),

Attitude (earth), and Science Data (yes).

502.5.2 Entry/Exit

Entry: Initial entry into the Science Mode will be by ground command from Standby Mode,

following successful system/subsystem checkout during the Operational Initialization

Phase. Typically, during the Operational Phase, entry into the Science Mode from Delta-V

Mode or backup modes will be by ground command following acceptable attitude and

environmental conditions, along with the necessary science data processing and

communications functions.

Exit Exit into either the Standby Mode (i.e., for quiescent/checkout operations) or Delta-V “

Mode will be by ground command. Depending on the type of Spacecraft anomaly,

autonomous entry into either the Standby Mode, Suwival Mode or Safe Mode is possible.

In general a failure which impacts resources required for instrument science will put the

Spacecraft into a Standby Mode; a failure which requires significant shedding of both

science and housekeeping loads will put the Spacecraft into the Survival Mod= and either

a failure which renders either Spacecraft Bus computer (SCC) inoperable or a problem

(i.e., attitude error) detected by GN&C FDIR will put the Spacecraft into the Safe Mode. It is

also possible to exit into either Suwival or Safe Modes by ground command. Ground

command will initiate the transition from Operational Initialization Phase to Operational

Phase, although the Spacecraft will remain in Science Mode throughout the transition.

Table 50-7 summarizes criteria for transition to the Science Mode from an initial mode

(allowable entry point) and exit from the Science Mode to another mode (allowable exit

point).

TABLE 50-7. SCIENCE MODE TRANSITION
?

Allowable Entry Points Initiation Criteria

Standby Mode Ground Command –Science can be supported
Suwival Mode
Safe Mode
Delta-V Mode
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TABLE 50-7. SCIENCE MODE TRANSITION~Continued)

fNlowable Exit Points

Standby Mode IGround Command
Sumiv~ Mode
Safe Mode
Delta-V Mode

Standby On-Board Logic
(Autonomous-SCC)

INon-TimeCritical High
Rate System Fault (TBD)

Safe Mode On-Board Logic
(Autonomous)

Suwival On-Board Logic
(Autonomous-SCC)

-Ground Criteria

-HGA FDIR

-High Rate System FDIR (TBD)

-Loss of SCC “I’m OK”

-GN&C FDIR (attitude error)

-TMON Load Shed Criteria

502.5.3 Minimum Subsystem Requirements

GN&CS: The GN&CS will maintain precision earth-oriented pointing. Fine attitude

determination and navigation will be provided. The GN&CS primary navigation functions

will be supported via the use of TONS. Instrument check+wt activities will be supported.

C&DHS: The C&DHS will monitor Spacecraft equipment and instrument telemetry to

ensure health and safety. Full commands will be distributed instruments and equipment.

Data will be distributed for both Ku-band transmission and storage on the solid state

recorders (SSR). The Spacecraft Bus data processing and distribution will be SCC/CTIU

based. High-rate data handling will be provided. Ancillary data and time-tagged

navigation data will be provided to the instruments. Instrument check-out activities will be

Suppolted.

TCS: The TCS will maintain operating temperatures on all housekeeping equipment and

instrument–to-Spacecraft interfaces. The CPHTS will be fully operational, providing full

heat rejection for ASTER and MOPllT. Instrument check-out activities will be suppotied.

EPS: The EPS will provide necessary power to operating equipment while maintaining a

positive energy balance. Essential power for operational instruments will be provided.

Solar array rotation (sun tracking) will be provided. Instrument check-out activities will be

suppoded.

COMMS: The COMM subsystem will maintain and reacquire (as necessary) HGA

Ku-band and S-band fonvard and return links with TDRSS and/or GN. Both high-rate and

low-rate S-band links will be supported. The COMM subsystem will provide for the
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maintenance of the TONS link to support fine orbit determition via TONS, and it will also

support the uplink of backup ephemeris for orbit determination, as applicable. Instrument

check-out activities will be supported.

PROPS: The propulsion subsystem wiil support l-lb thruster operations to provide

impulsive torques for on+vbit thre=is attitude control and reaction wheel unloading.

Engine valve heaters will be enabled. Instrument check-out activities will be supported.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing.

Instrument check-out activities will be supported.

50.2.5.4 Science Mode Operations

In the latter portion of the Operational Initialization Phase, the Science Mode will be used

for Instrument check+ut activities.

During the Operational Phase, the FOT will perform numerous routine tasks in support of

the Science Mode. The routine FOT support tasks include:

●

●

●

●

●

●

●

●

●

●

50.2.6

50.2.6.1

Spacecraft Stored Command Table Management

Conflict Free Scheduling

Trend Analyses

Health &Safety Monitoring

Real-Tree Commanding

Solid State Recorder Management

Resource Management

Planning & Scheduling

Performance Monitoring and Assessment

High Rate Data System Management

Survival Mode

Functional Overview

The Survival Mode is a minimal power or power critical mode in which only essential

Spacecraft functions (e.g., low-rate commandinghelemetry, suwival heaters) will be

supported. For the End-of-Mission Phase, Suwival Mode is a primary mode; in all other
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mission phases except PrA-aunch, Suwival Mode is a backu~ode that is entered upon

a power critical situation which requires that non-essential loads be shed. Transition into

the survival mode will cause non-essential housekeeping equipment and instruments

functions to power-down. The SCC will maintain full control of the Spacecraft while in the

Survival Mode. The combination of state variables for this mode is defined as Power Load

(off), Computer (SCC), Delt*V (no), Attitude (eatih), and Science Data (no).

50.2.6.2 Entry/Exit

Entry: Autonomoustransitionintothe Survival Mode should only occur under an extreme

circumstance that puts the Spacecraft in a power criiical situation. The autonomous

transition is triggered by TMON, based on load shed criteria, including, but not restricted to,

the loss of solar array pointing or loss of energy balance (battery DOD exceeds 40Yo). In

general, autonomous transition into this mode will be from higher functional states such as

the Science and Standby modes and will only occur for those mission phases where

Survival is a backup, not a primary mode. Ground commanded entry into the Survival

Mode is possible from any system mode. The Survival Mode maybe entered during the

transition from Safe Mode back to a higher operating state.

Exit Exit from the Survival Mode to a higher level or same level mode will be ground

commanded. However, autonomous exit from Sutival Mode to Safe Mode will be

accomplished by on-board logic in the event of either a failure of the SCC or an attitude

control error that exceeds FDIR thresholds.

Table 50-8 summarizes criteria for transition to the Survival Mode from an initial mode

(allowable entry point) and exit from the Survival Mode to another mode (allowable exit

point).

TABLE 504. SURVIVAL MODE TRANSITIONS

Mlowable Entry Points Initiation Criteria

Science Mode Ground Command -Ground criteria
Standby Mode
Safe Mode
Delta–V Mode
Launch/Ascent Mode

Science Mode On-Board Logic -TMON Load Shed Criteria

Standby Mode (Autonomous-SCC)

Launch/Ascent Mode
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TABLE 50-6. SURVIVAL MODE TRANSITI*S (Continued)

Allowable Exit Points

Safe Mode

Science Mode

Standby Mode

Safe Mode

Delta-V

Launch/Ascent Mode

On-Board Logic -Loss of SCC “I’m OK”
(Autonomous) -GN&C FDIR (attitude error)

t

Ground Command -Ground criteria

50.2.6.3 Minimum Subsystem Requirements

GN&CS: The GN&CS will provide attitude determination and navigation. Coarse

earth-oriented pointing will be maintained and/or (reacquired as necessary. The GN&CS

primary navigation functions will be supported via the use of TONS, or as a backup, via

uplinked ephemeris, as applicable.

C&DtiS: The C&DHS will monitor Spacecraft equipment and instrument telemetry to

ensure health and safety. Commands will be distributed to instruments and equipment.

Housekeeping telemetry will be distributed for both S-band transmission and storage on

the solid state recorders. The Spacecraft Bus data processing and distribution will be

SCC/CTIU based. Stored commands will be distributed to initiate load shedding upon

entry to Survival Mode.

TCS: The TCS will maintain operating temperatures on operating housekeeping

equipment and survival temperatures for nonoperating housekeeping equipment and

instruments.

EPS: The EPS will provide necessary power to operating and survival equipment while

maintaining a positive energy balance. Essential power for instruments in survival will be

provided. Load shedding will be used where necessary. Solar array slew and rotation (sun

tracking) will be provided, as available.

COMMS: The maintenance and reacquisition of S-band communications links with

TDRSS and/or GN will be supported through the omni antenna. The COMM subsystem will

provide for the maintenance of the TONS link to support coarse orbit determination via

TONS, and it will also support the uplink of backup ephemeris for orbit determination, as

applicable.
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PROPS: The propulsionsystemwillsunfivein a quiescentm&de,providingtank pressure

and subsystem temperature status telemetry. As necessary, the propulsion subsystem will

support 1-lb thruster operations to provide impulsive torques for on-orbit three-axis

attitude control and reaction wheel unloading. Engine valve heaters will be enabled.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing.

50.2.6.4 Survival Mode Operations

50.2.6.4.1 Survival Mode as Primary Mode

Survival Mode is the primary mode during the End-Of-Mission Phase. Limited direct

involvement by the FOT is necessary, assuming nominal conditions.

50.2.6.4-2 Survival Mode as Backup Mode

The Suwival Mode is a backup mode in the event of critical power failures during the

Launch/Ascent, Orbit Acquisition initialization, Orbit Acquisition, Operational Initialization

and Operational Phases. During these phases, the transition into the Suwival Mode will be

due to an anomalous power condition. Table 50-9 lists some of the possible functional

failures which can yield a transition into Survival Mode.

TABLE 50-9. SURVIVAL MODE TRANSITION ELEMENTS

Spacecraft Functional FDIR Function Comments
Failure

Power Generation and Regu- Telemetry Monitor TMON should monitor Bus
Iation Failure voltage, Battery state of

charge, Bus load current, Bat-
tery V/T level, etc.

Energy Storage Failure Telemetry Monitor TMON should act on a Battery
Depth of Discharge of greater
than 40%

Solar Array Rotation Failure Solar Array Algorithm Solar Array Algorithm will do a
slew of up to 180°

When an anomalous power condition signals the need to transition to Survival Mode, the

on-board Telemetry Monitor will initiate a predefine load shed Spacecraft configuration.

The SCC will reconfigure the Electrical Power Subsystem for the Battery Power

Conditioner (BPC) to use the maximum charge rate and will reset the battery

Voltage-Temperature (V-T) limits.

The FOT will begin performing failure analysis (contingency) procedures to identify and

isolate the failure on-board the Spacecraft upon realization that the Spacecraft is in the
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Suwival Mode. After isolation of the failed component, th%FOT will execute a recovery

strategy and verify Solar Array auto sun tracking and normal EPS operating conditions (i.e.,

Bus voltage regulation at 120 Volts #?40, and proper battery energy management).

Successful verification of these functions implies that the EPS is capable of performing its

power generation and regulation functions autonomously and that ground initiated exit

from Survival Mode may begin. To accomplish this transition properly the FOT will:

. Monitor and verify that the SCC battery state of charge parameter
values are correct as compared to the EPS values

. Verify/command the SCC Power Subsystem Monitoring Algorithm to
reconfigure to the appropriate V-T curve and suppoti battery
charging

. Verify 100?40battery state of charge before entering Spacecraft
eclipse

. Sequentially power up and initialize the loads which were shed

. Verify energy management and successful load power management

● Command the Spacecraft out of the Survival Mode

Off-line failure analysis will be performed during the exectiton of these procedures so as to

expedite exit from the Survival Mode and support necessary in-depth analyses and tests

where applicable.

50.2.7 Safe Mode

50.2.7.1 Functional Overview

The Safe Mode is a state in which the Spacecraft is capable of operating partially or

completely independent of the SCC depending on the problem which caused the entry into

Safe Mode. Specifically, the Spacecraft will be considered operating in the Safe Mode as

long as the attitude control electronics (ACE) performs the attitude control processing

functions (i.e., the state variable Computer is either ACE or ACE/SCC). The other constant

state variable is Delta-V (no), since it is assumed that no maneuvers will occur while in

Safe Mode (although ACS thrusters maybe used). The possibility of performing ground

commanded maneuvers in Safe Mode is not precluded by design; however, this situation

represents a major contingency scenario which is not anticipated.

The state variables which may vary are Load Power (on/off), Attitude (earth/sun) and

Science Data (yes/no). After eliminating all possible combinations which are not
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applicable, nine sub-modes exist,as summarized in Table 1% The lowest level of these

(level-O) is Power Load (off), Computer (ACE), Delta-V (no), Attitude (sun), and Science

Data (no). The highest level (level-8) is Power Load (on), Computer (ACE/SCC), Delta-V

(no), Attitude (earth) and Sdence Data (yes). The sub-mode which the Spacecraft will

autonomously enter depends upon the fault and the previous Spacecraft mode. Once the

Spacecraft is in Safe Mode, autonomous transition from levels with higher functionality to

levels with lower functionality can only occur for those levels where the SCC is operational

(sublevels 4 through 8). The ACE alone will not contain the necessary FDIR software to

initiate the transition. When the SCC is operational, TMON and the GN&C FDIR algorithm

will trigger the necessary level transitions within Safe Mode.

The minimum functional state is called “level-O.” The SCC is not functional in this level and

only those housekeeping components connected to the Safe Hold Digital Processor

(SHDP) within the ACE, such as the attitude control actuators, will utilize ACE processing.

The power, thermal, and communications subsystems will operate without ACE support.

The next higher level, “level-l”, differs only in that ACE attitude control is earth-pointing,

rather than sun-pointing. Level-2 has sun pointing and a full power load. Level-3 has

earth pointing and a full power load. Level-4 is similar to leve14 (i.e., shed load and sun

pointing); however, there is now partial SCC control. Level-5 differs from level-4 in that

attitude control is earth oriented. Level-8 has partial SCC control, a full power load, and

sun pointing. Level-7 has partial SCC control, a full power load, and earth pointing.

Level-8, the highest level of Safe Mode, has the same configuration as level-7, butwiththe

capability to support science operations.

The performance requirements discussed in Section 50.2.7.3 address the level-O state.

As the level is increased, the Spacecraft’s functional capability and performance will also

increase correspondingly.

The Safe Mode is a back-up mode that may be used during the Orbit Acquisition

Initialization, Orbit Acquisition, Operational Initialization, Operational, and End-of-Mksion

phases.

50.2.7.2 Entry/Exit

Entry: Autonomous entry into Safe Mode can only occur under two circumstances. The

first is the loss of the SCC “I’m OK’’ signal and the second is the detection by GN&C FDIR of

attitude control parameters which are not within limits.

Autonomous Spacecraft entrance into the Safe Mode due to the first circumstance will only

occur if the CTIU and/orthe ACE senses the loss of “I’m OK” signal from the SCC during two
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consecutive major cycles. The SCC operation is monitor~ by the Software FDIR, and

upon failure of anyone of the following checks, it withholds the SCC “I’m OK’t (1) Memory

Check, (2) Execution Time Check, and (3) Command Path T-t. In addition, the SCC “I’m

OK’ will be withheld in the event that the SCC crashes, which might occur if (1) a software

fault causes an SCC to go down, (2) an unforeseen system fault causes an SCC to go

down, (3) an operations error places the Spacecraft in a state that the SCCScannot control,

or (4) an SCC 1/0 sewice failure occurs. Even if the SCC has not failed, transition to Safe

Mode will occur due to a failure of other C&DHS equipment (e.g., the CTIU) or the ACE in

such a manner that the SCC “I’m OK” delivery to the ACE is inhibited. When entry into Safe

Mode has occurred due to loss of the SCC “I’m OK’, certain su~evels of Safe Mode then

become inaccessible upon further failure. In this case, unless there was already a shed

load power condition (e.g., previous mode was Survival), it is not possible to enter

subsequent Safe Mode levels involving a shed load, because the necessary TMON

functions reside in the SCC, which is no longer functional. Similar restrictions apply to the

transition, within Safe Mode, from earth-pointing to sun-pointing. Without SCC

functionality, autonomous entrance into subsequent levels involving sun-pointing is

impossible because the necessary TMON functions are unavailable. These restrictions

based on SCC operability do not preclude ground commanded transition to any level.

Autonomous entrance into Safe Mode duetothesecond circumstance will occur if the SCC

switches attitude control to the ACE because the GN&C FDIR detects an attitude error

beyond a given threshold. The SCC would switch attitude control to the ACE via a BDU

command message if(1) either earth sensor repotts a loss of the earth, or (2) the difference

between the two earth sensor signals exceeds an allowable limit. The thresholds which

initiate autonomous transitions will vary according to system mode, since different modes

have different minimum requirements with respect to attitude control. Depending on the

reason for the attitude error, the ACE will switch to either backup earth pointing or to sun

pointing. The SCC will continue to perform all other functions, excluding attitude control, as

it did prior to the transition. As long as the SCC remains functional, TMON will be capable of

initiating, as necessary, further autonomous transitions (e.g., earth-pointing to

sun-pointing or full power load to shed power load) within Safe Mode. The details of the

GN&C FDIR algorithm which causes entry into Safe Mode and the thresholds which trigger

it will depend on which mission phase the Spacecraft is in and/or the previous system mode

in which the Spacecraft was prior to the transition to Safe Mode.

The Spacecraft can be ground commanded into Safe Mode during all post-separation

mission phases.
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Exiti Exit from the Safe Mode into another mode is made by~ound command following

verification that the SCC is functional and capable of controlling the Spacecraft andlor that

the ACE is no longer needed for attitude control. The specific higher level mode (nominally

either Survival, Standby, or Science Mode) into which the Spacecraft is commanded will

depend not only on ground decision and full SCC functionality but also on the functionality

of other Spacecraft resources. In other words, Spacecraft functionality at the time of the

transition depends on which Safe Mode level is currently in effect. In the case of a Safe

Mode with a load shed, exit can occur to Survival by ground command with the load still

shed, given that all other of the above conditions are met (full SCC, no ACE).

Table 50-10 summarizes criteria for transition to the Safe Mode from an initial mode

(allowable entry point) and exit from the Safe Mode to another mode (allowable exit point).

TABLE 50-10. SAFE MODE (LEVEL O)

Allowable Entry Points Initiation Criteria

Any Mode Ground Command -Ground criteria

Science Mode On-Board Logic -Loss of SCC “I’m OK”
Standby Mode or
Delta-V Mode -GN&C FDIR (attitude error)
Survival Mode
Launch/Ascent Mode

Allowable Exit Points

Survival Mode Ground Command -Ground criteria
Standby Mode
Science Mode

50.2.7.3 Minimum Subsystem Requirements

GN&CS: The GN&CS will provide coarse earth-oriented or sun-oriented pointing, which

will be maintained and/or reacquired from an unknown attitude as necessary. The ACE will

provide attitude control processing. The GN&CS will be capable of performing these

minimum functions without SCC software support.

C&DHS: The C&DHS will providea mode entry indication to each instrument. The C&DHS

will allow ground monitoring of Spacecraft equipment to ensure health and safety. Ground

commanding will be accommodated. Data will be distributed for both S-band transmission

and storage on the solid state recorders. The C&DHS will provide command &telemetry

services to all instruments and subsystems, although ground commanded reconfiguration

may be required to reestablish this capability after certain failures.

TCS: The TCS will maintain operating temperatures on operating housekeeping

equipment and instruments, and survival temperatures for non-operating housekeeping
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equipment and instruments. The TCS will be capable o~erforming these necessary

minimum functions without SCC software or ACE support. At higher levels, the TCS will

provide heat rejection for the instruments using CPHTS.

EPS: The EPS will provide necessary power to operating and survival equipment while

maintaining a positive energy balance. Essential power for instruments in survival will be

provided. Load shedding will be used where necessary to transition from higher Safe Mode

levels to lower levels. Solar array slew and rotation (sun tracking) will be provided. The

EPS will support reacquisition of the solar array sun pointing from an arbitrary orientation of

the solar array. The EPS will be capable of performing these minimum functions without

SCC software or ACE support.

COMMS: The maintenance and reacquisition of low-rate S-band communications links

through the omni antenna with TDRSS and/or GN will be supported. When the SCC is

non-operational, the TONS link will not be supported. The COMS will be capable of

performing these minimum functions without SCC software or ACE support.

PROPS: The Propulsion subsystem will provide impulsive torques for on-orbit threeaxis

attitude control, thre-axis inertial attitude slews, thre~axis Earth and sun acquisitions,

and reaction wheel unloading. Engine valve heaters will be enabled. The propulsion

system will provide tank pressure and subsystem temperature status telemetry. The

PROPS will be capable of performing these minimum functions without SCC software or

ACE SUP130ti.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing.

502.7.4 Safe Mode Operations

Table 50-11 lists some of the possible functional failures which can yield a transition into

Safe Mode. These failures, among others, will yield a transition to one of nine Safe Mode

levels. The FOT has the task of supporting Spacecraft functions, resolving the anomaly,

and getting the Spacecraft out of Safe Mode. The Spacecraft state variables governing the

Spacecraft modes and Safe Mode levels are prioritized:

. Attitude:
Of primary importance, the FOT will perform tasks to get the
Spacecraft in an earth pointing attitude.

● Computer
The FOT will get the redundant (or primary) SCC on–line in order to
facilitate operations, make use of SCC functions, and have sufficient
support to perform Delta-V maneuvers if necessary.
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. Power Load:
L

The FOT will verify Power Subsystem functionality and accommodate
power to the loads which were shed.

. Science Dat=
The FOT will configure the Spacecraft to provide all of the resources
required to support full science data formatting, storage, and
transmission.

TABLE 50-11. SAFE MODE TRANSITION ELEMENTS

Spacecraft Functional FDIR Function Comments
Failure

Software Executionand Software Algorithm, and SCC anomaly, SCC IJO control
Hardware 1/0 Services Hardware “I’m OK” inhibit anomaly

Attitude Determination GN&C Algorithm Attitude error, based on mode
and Control dependent thresholds

5028 Instrument Accommodation

This section describes the resources and commands provided to Instruments in each

Spacecraft system mode. Instrument operating modes are described in general terms in

order to describe how Instrument operation modes correspond to the various Spacecraft

system modes.

50.2.8.1 Instrument Operating Modes

In general, Instruments will have three different types of operating modes - operational

mode, suivival mode, and safe mode. These three modes are explained below:

a.

b.

c.

The Instrument operational mode will be used during the Spacecraft Science
mode, when the Spacecraft and Instruments are performing all of the functions
to fulfill the science mission. The Instrument operational mode may be
comprised of several operational states (e.g., imaging, standby, calibration, etc.)
which together comprise its full scope of science operations.

The Instrument survival mode is a non-operational state in which only survival
equipment is powered. Survival mode is the Instrument’s minimal power
consumption state. It is recommended that the Instrument reconfigure itself
when it transitions to survival mode so that it will be insensitive to possibly high
incident energy levels in the event that the Spacecraft assumes some
non–nominal attitude. Such reconfiguration might include actions such as
shutting aperture doors and covers or rotating apertures into the instrument
assembly for protection.

The Instrument safe mode is an operational state in which the Instrument is
configured to be insensitive to non-nominal Spacecraft attiiudes (as described
in b above) and to survive a sudden loss of power without damage. Although
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Instrument safe mode is essentially a non+cierfce mode, the Instrument may
elect to continue operation of certain components (e.g., Stirling cycle coolers)
in order to minimize the time required to resume science operation once the
Spacecraft transitions out of Safe Mode. However, continued power to operate
these components cannot be guaranteed in the event that the Spacecraft must
transition to a lower level of Safe Mode:

502.8.2 Instrument Mode Transitions

Instrument mode transitions will typically be accomplished by executing a series of RTS

commands. The command sequence may be sent by ground command, and, in certain

predefine contingency situations, the Spacecraft FDIR system will autonomously send

commands to switch the Instrument modes.

Three autonomous methods are available to switch the instruments to the Instrument safe

mode:

. When the GN&C FDIR detects the existence of a Spacecraft attitude
condition that meets the criteria to enter Spacecraft Safe Mode, the
SCC will send an affirmative “goto safe mode” command to the
Instruments.

. When the CTIU detects the loss of the SCC “I’m OK” signal for two
consecutive major cycles, it will automatically send an affirmative
“goto safe mode” command to the Instruments.

. The Instruments will control their own transition to safe mode when
they detect the loss of the SCC “I’m OK” signal for five consecutive
major cycles.

Since the SCC retains control of the Spacecraft during Spacecraft Survival Mode, the only

autonomous method to transition Instruments to survival mode is for the SCC to send an

affirmative “goto survival mode” command.

In Spacecraft Survival Mode and in the levels of Safe Mode which require load shed, the

SCC will send commands to switch the power relays that distribute power within the

instrument, thereby shedding all Instruments loads except sunfival equipment.

Instruments are required to complete the transition to safe mode or survival mode within 30

seconds of receiving the appropriate command or detecting the loss of the SCC ‘Tm OK”

signal. The Spacecraft will wait for at least 30 seconds after sending these commands

before shedding instrument power loads or proceeding with safe mode attitude

maneuvers.
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502.8.3 Correspondence Between Instrumentand Sp&craft Operating Modes

Table 50-12 maps Instrument operating modes into Spacecraft operating modes.

TABLE 50-12. INSTRUMENT OPERATING MODES MAPPED INTO SPACECRAFT
OPERATING MODES

lnstru- Spacecmft Operating Modes
ment

Operating
Ground Launch/ Standby Scknce Delta-v Survival Safe

Modes
Test Mode Ascent Mode Mode Mode Mode Mode

Mode

Operation-
al Mode X[l] x )(RI )@

Survival
Mode x x x x x )@]

Safe Mode x

[l]- &+enoedatatransmissionis notsupportedin SpaoaoraffStan&y Mode, but the Spa~ff maintainsan
eatih-orientad attitudeand providesthe powerand thermalrwouroea forsafe Instrumentoperation.

Pl - ln the highestlevelsof Defte-V Mode (level 2) and Safe Mode (level8), fha Spaoeomftprovideethe
resource9for Inefmmentoperation,but fine pointingoonfmlis noteuppohecf.

[3]- In oertainlevelsof SpacecraftSafe Moda, non+etmkl “ powerbada are shed. This table assumes that the
Inebumentsurvivalmode configurationis idantiil to itssafe modeconfigurationafter the Spaoewaff
has oommandeditspowerswitoheato shed all loadsexoeptsurvivalequipmenf.

Instruments will be in their operational mode when the Spacecraft is capable of maintaining

an earth-oriented attitude and of supplying the minimum power and thermal resources to

support safe Instrument operation. The Spacecraft operating modes which meet these

criteria for Instrument operational mode are Science Mode, Standby Mode, and the highest

levels of Delta-V Mode (level 2) and Safe Mode (level 8). Except for Science Mode, these

Spacecraft operating modes will probably not allow useful science data generation to

continue. Science data transmission is not supported during Spacecraft Standby Mode. In

Delta-V Mode and Safe Mode, the Spacecraft does not support fine pointing control, so

that Instrument observation data may not meet the resolution required for science

objectives. Also, if Instruments have reconfigured to be insensitive to plume contamination

or non-nominal Spacecraft attitudes on entering Delta-V or Safe Mode, science data

collection may not be possible.

Instrument survival mode is the nominal operating mode during all phases from Prelaunch

until the Spacecraft housekeeping subsystems have been checked out in the Operational

Initialization Phase; therefore, it is the only Instrument mode during Spacecraft Ground

Test and Launch/Ascent Modes. This mode is also the nominal Instrument operating mode

whenever the Spacecraft is in Survival Mode or when load shedding occurs in a lower level

of Spacecraft Safe or Delta-V Modes.

Instrument safe mode will only occur when the Spacecraft is in Safe Mode.
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502.8.4 Resources Provided to Instruments in Each%pacecraft Operating Mode

Tale 50-13 summarizes the status of Instruments and the resources provided to

Instruments in each Spacecraft operating mode.

In all on-orbit modes in which the SCC is operating, the Spac~~aft FDIR system, including

TMON, is available to monitor certain Instrument health and safety telemetry and to switch

Instrument hardware as required for Instrument safety. (FDIR maybe disabled by ground

command.) The number of Instrument parameters to be monitored by TMON will be limited

and will be defined in the C&DH Interface Control Document (lCD) for each Instrument.

Generally, the telemetry monitored by TMON should be time+ritical parameters which, if

they exceed of a predefine range, would require an autonomous response to ensure

Instrument safety.

50.2.8.4.1 Ground TestMode

The FOT will monitor Instrument telemetry to verify health and safety status. Instruments

will be in their survival mode with only suwival heaters enabled. The Spacecraft TCS will

maintain all instrument interfaces within suwival temperature limits.

502.8.4.2 Launch/Ascent Mode

Instruments will be in their survival mode with only survival heaters enabled. The

Spacecraft TCS will maintain all instrument interfaces within suwival temperature limits.

During the Launch/Ascent mission phase, the FOT will monitor Instrument telemetry as it is

received via the launch vehicle communication link to verify health and safety status. After

the Spacecraft separates from the launch vehicle, Instrument telemetry will be transmitted

to the ground via the Spacecraft S-band communication link. Once separation from the

launch vehicle occurs, TMON will monitor certain Instrument health and safety telemetry as

defined in the C&DH ICD, and the FDIR system will be capable of autonomously switching

Spacecraft and Instrument hardware to protect against time critical failures.

50.2.8.4.3 Standby Mode

In Standby Mode during the Orbit Acquisition Initialization and Orbit Acquisition Phases,

Instruments will be in their suwival mode with sutvival heaters enabled. The Spacecraft

TCS will maintain all Instrument interfaces within survival temperature ranges.

In Standby Mode during the Operational Initialization and Operational Phases,

Instruments will be in their operational mode, with the Spacecraft supplying full power and

thermal resources. Science data handling capability (collection, distribution, or

transmission) will not be provided.
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TABLE 50-13. RESOURCES PROVIDED TO THE INSTRUMENTS IN EACH SPACECRAFT OPERATING MODE

Spacecraft Mode Instrument Status Resources Provided to Instruments

;round Test Mode ● Only survival equipment is powered ON . Ground monitors instrument health and safety

● Survival heaters enabled telemetry via T-O umbilical or Launch Vehicle

“ Configured as for survival mode
communications link

● All instrument interfaces maintained within no
operating temperature limits

.aunch/Ascent Mode ● Only survival equipment is powered ON ● Ground monitors instrument health and safety

● Sutvival heaters enabled telemetry via Launch Vehicle communications link

. Configured as for survival mode . All instrument interfaces maintained within no
operating temperature limits

Standby Mode ● Oniy survivai equipment during OAi . Instrument heaith and safety teiemetry reiayed to
Phase; otherwise, fuil power ievels ground; TMON monitors Instrument telemetry as

Q Configured as for survival mode during specified in the C&DH ICD

OAi; otherwise configured as for ● Aii instrument interfaces maintained within operating
operational mode temperature iimits

● Survivai heaters enabied

Science Mode ● Powered ON ● instrument health and safety teiemetry relayed to

c Configured as for operational mode ground; TMON monitors Instrument telemetry as

. Survival heaters enabled
specified in the C&DH iCD

● Science data handling capability wili be provided

● Aii instrument interfaces maintained within operating
temperature iimits

Wwival Mode . Only survival equipment is powered ON . Affirmative “goto Survival Mode” command wili be

. Survival heaters enabled sent to instruments to signal entrance to Survival

. Configured to withstand incident energy
Mode

due to non-nominal Spacecraft attitude . Instrument health and safety telemetry reiayed to
ground; TMON monitors instrument telemetry as
specified in the C&DH iCD

. Ali instrument interfaces maintained withirr
non-operating temperature iimits
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TABLE 50-13. RESOURCES PROVIDED TO THE INSTRUMENTS IN EACH SPACECRAFT OPERATING MODE
(CONTINUED)

Spacecraft Mode Instrument Status Resources Provided to instruments
3elta–V Mode ● Onlysurvival equipment ispowered ON . Affirmative “goto Survival Mode” command maybe

Level O “ Survival heaters enabled sent to instruments to enter Delta-V level Omode

● Configured to withstand incident energy ● Instrument health and safety telemetry relayed to

due to non–nominal Spacecraft attitude ground; TMON monitors instrument telemetry as
specified in the C&DH ICD

● All instrument interfaces maintained within
non-operating temperature limits

Level 1 c Full power levels . Instrument health and safety telemetry relayed to

● Survival heaters enabled ground; TMON monitors Instrument telemetry as

● Maybe configured for either operational
specified in the C&DH ICD

or survival mode ● All instrument interfaces maintained within operating
temperature limits

● Full power levels . Instrument health and safety telemetty relayed to
Level 2 “ Configured as for operational mode ground; TMON monitors Instrument telemetry as

● Survival heaters enabled
specified in the C&DH ICD

● Science data handling capability will be provided

● All instrument interfaces maintained within operating
temperature limits

jafe Mode s Configured to survive sudden loss of “ All instrument interfaces maintained within
i. Scc Failure poweu it maybe the case that only non-operating temperature limits

f

(Levels 0,1 ,2,&3) survival equip is powered[ll
● Affirmative “goto Safe Mode” command sent to

● Survival heaters enabled instruments on entrance to this mode.

● Configured to withstand incident energy . SCC “I’m OK” signal ceases.
due to non-nominal Spacecraft attitude
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TABLE 50-13. RESOURCES PROVIDED TO THE INSTRUMENTS IN EACH SPACECRAFT OPERATING MODE
(CONTINUED)

Spacecraft Mode I Instrument Status [ Resources Provided to Instruments

;af~ Mode (Continued) ● Configured to survive sudden loss of . All instrument interfaces maintained within
poweu it maybe the case that only non-operating temperature limits
survival equip is powered[~ . Affirmative “goto Safe Mode” command sent to

. Survivai heaters enabied instruments on entrance to this mode
Mode

(Levels 5 and 7) ● Configured to withstand incident energy in ● Scc ‘I’m OK” signal continues to be sent.

(Levei 8)
non-nominai S/C attitude

● Maybe configured for either safe mode or . Fuii power resources are avaiiabie to the instruments
operational mode

● Affirmative “goto Safe Mode” command sent to
● Fuii Power leveis[21 instruments on entrance to this mode. Ground

. Survivai heaters enabied commands may be sent to transition the instrument
back to operational mode.

. scc “i’m OK” signalwiii continue to be sent.

● Low fideiity pointing controi is maintained.

● Science data handiing capability wiii be provided

. Ali instrument interfaces maintained within operating
temperature limits

iii. GN&C FDiR
● Configured to survive sudden ioss of ● Aii instrument interfaces maintained within

I!@JQEl
poweq it maybe the case that oniy non-operating temperature iimits

un Pointing
survivai equip” is powered~l ● Affirmative “goto Safe Mode” command sent to

Sa e Mode c Survival heaters enabied instruments on entrance to this mode

(L~vels 4 & 6) . Configured to withstand incident energy in ● SCC “i’m OK signai continues to be sent.
non-nominai S/C attitude

1] When the SpacecraftentersSafe Mode, the Instrument’sWwer switchesremainInthe same positionas In the pmvlousmode. WhentheSCCIsfallad,noautonomousloadshec
dingcan occur.

2] When the SpacecraftentersSafe Mode, the Instrument’spowerswitchesremain In the same positionas In the Pravlousmode. In levels OfSafe Mode Inwhichthe SCC remalm
operational,autonomousload sheddingmay occuras required.
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At all times in Standby Mode, Instrument health and safety ~metfy will be transmitted via

the Spacecraft Hand communications link. As defined inthe C&DH ICD, the Spacecraft

FDIR system, including TMON, will monitor certain Instrument health and safety telemetry

and will switch Instrument hardware as required for Instrument safety.

There is currently no plan to notify Instruments of transition to Standby Mode by sending a

command via the normal command path. Instruments will be transitioned from survival to

operational modes via ground command.

50.2.8.4.4 Delta-V Mode

There are three levels of Delta-V Mode. During all Delta-V Mode sublevels, Instrument

health and safety telemetry will be transmitted via the Spacecraft S-band communications

link. As defined in the C&DH ICD, the Spacecraft FDIR system, including TMON, will

monitor certain Instrument health and safety telemetry and will switch Instrument hardware

as required for Instrument safety. The Spacecraft will enter Delta-V Mode by ground

command, and Instruments may receive “goto Survival Mode” or “goto Safe Mode”

command sequences as described in sections 50.2.8.4.6 and 50.2.8.4.7, respectively.

During Delta-V level-O, Instruments are in their survival mode, being powered off with

covers shut and survival heaters enabled. The Spacecraft TCS will maintain all instrument

interfaces within survival temperature limits. This is the nominal mode for the orbit

acquisition burns and a contingency mode at other times.

During Delta+/ level-l, Instruments are in their operational mode but the Spacecraft will

not transmit any science data. This is the nominal mode for orbit adjust maneuvers.

Instruments may reconfigure to close aperture doors or to rotate their aper&ures in order to

protect against contamination. The Spacecraft will provide full power and thermal

resources.

During Delta–V level-2, Instruments are in their operational mode, and the Spacecraft will

continue to transmit any science data which is generated. (The usefulness of the data will

depend on the Instrument’s sensitivity to pointing disturbances.) Instruments may

reconfigure to close aperture doors or to rotate their apertures in order to protect against

contamination. The Spacecraft will provide full power and thermal resources. This

sublevel of Delta–V may be used during short, in-plane maneuvers.

50.2.8.4.5 Science Mode

Entry into Science Mode will be via ground command. Instruments will be configured

appropriately as part of normal ground command uploads. Full power, data, and thermal
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resources will be supplied to Instruments as required for %ence data generation or

calibration, as applicable. Instrument health and safety telemetry will be transmitted viathe

Spacecraft S-band communications link. As defined in the C&DH ICD, the Spacecraft

FDIR system, including TMON, will monitor certain Instrument health and safety telemetry

and will switch Instrument hardware as required for Instrument safety. Science data

handling capability (collection, distribution, or transmission) will be provided. Spacecraft

ancillary data will be provided to all Instruments. Instruments will receive an :’I’m OK” signal

from the SCC once every major cycle while in Science Mode. Instrument aperture covers

will remain open, unless already closed for other reasons.

502.8.4.6 Survival Mode

Instruments will receive a command sequence, via the normal command path, to go to their

survival mode. Instruments are expected to shut down so that only suwival equipment

remains operational. It is also recommended that instruments close aperture doors and

covers or otherwise reconfigure in order (a) to protect themselves in the event that Safe

Mode (possibly sun+ointing) is entered from Survival Mode, and (b) to minimize heater

power consumption by reducing heat loss through aperture openings.

Instrument health and safety telemetry will be transmitted via the Spacecraft S-band

communications link. As defined in the C&DH ICD, the Spacecraft FDIR system, including

TMON, will monitor certain Instrument health and safety telemetry and will switch

Instrument hardware as required for Instrument safety. The Spacecraft TCS will maintain

all instrument interfaces within survival temperature limits.

50.2.8.4.7 Safe Mode

Resources available to Instruments will depend on the Spacecraft Bus capability, which is

reflected by the Safe Mode sublevel in effect. The nature of the anomaly and the actions of

the FDIR system will determine the sublevel of Safe Mode. From a housekeeping

perspective, there are several possible safe mode configurations depending upon the

attitude, the status of the SCC, and the status of the power load. These configurations are

denoted levels O-8.

One “goto Safe Mode” command will be sent to the Instruments, regardless of the sublevel

of Safe Mode which the Spacecraft enters. As an additional precaution, Instruments are

required to monitor the SCC “I’m OK signal and autonomously reconfigure for Safe Mode

whenever this signal is missed for five consecutive major cycles. During Safe Mode

sublevels 4 through 8, the Instrument will continue to receive the SCC “I’m OK” signal

despite having received the “goto Safe Mode” command.
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Because neitherthe’’goto Safe Mode” command northetim~ut of the SCC “I’m OK” signal

will convey any information about the sublevel of Safe Mode to be entered, it is

recommended that the Instruments assume the same configuration for either indication.

The Instrument safe mode configuration must have suwival heaters enabled and must

have components configured such that no damage will occur if operational power is pulled

abruptly. (Survival equipment will continue to be powered in the event that nonessential

Instrument loads are shed.) It is recommended that the Instruments reconfigure to protect

themselves against the possibility that the Spacecraft will assume a sun-pointing or

non-nominal attitude. This type of reconfiguration that protects sensors also helps to

minimize Instrument heater power consumption.

The sequence of events leading to Safe Mode will vary depending on the nature of the

anomaly:

. SCC Failure: If the SCC fails,then the ACE assumes responsibility
for maintaining an earth-pointing Spacecraft attitude. Sensing the
timeout of the SCC “I’m OK’ signal, the CTIU will send an affwmative
“gOtoSafe Mode” command to the Instruments. The Instruments will
no longer receive the SCC “I’m OK” signaL Without an operational

SCC, further autonomous Spacecraft reconfiguration is not possible,
so that ground commands are necessary to shed non-essential
power loads or to transition to a sun pointing Spacecraft attitude.
Unless ground commands are executed, Spacecraft attitude and the
power and thermal resources provided to the Instruments will remain
the same as before the SCC failure. (This sequence describes Safe
Mode levels O,1,2, and 3.)

. GN&C FDIR triggers Earth Pointing Safe Mode: If the GN&C FDIR

triggers an earth pointing Safe Mode, the SCC will send a relative time

sequence (RTS) to the Instrument which includes an affirmative “goto
Safe Mode” command. The SCC “I’m OK” signal will continue to go

to the Instruments because the SCC is still operating. (This sequence
describes Safe Mode levels 5,7, and 8.)

. GN&C FDIR Triggers Sun Pointing Safe Mode: [f the GN&C FDIR
triggers a sun-pointing Safe Mode, then the SCC sends an RTS to the
Instrument which includes an affirmative “goto Safe Mode” command.
This RTS would also command the ACE to sun pointing mode with the
appropriate housekeeping equipment reconfiguration, and it may
include a delay sufficient for Instrument reconfiguration. The SCC
“I’m OK signal continues to go to the Instrument because the SCC is
still operating. (This sequence describes Safe Mode levels 4 and 6.)
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In all levels of Safe Mode, Instrument health and safety tele%try will be relayed to the

ground for direct ground monitoring. Instruments will accept commands as available from

the ground through the CTIU and/or from on-board software via the C&DHS (SCC).

Because the SCC maybe inoperational during Safe Mode, llvlON and the Spacecraft

FDIR syste’m may not be available to monitor Instrument tim~ritical health and safety

telemetry.

Instrument survival equipment will be powered in all levels of Safe Mode. Although

Instruments may choose to continue to operate components other than survival equipment

in their safe mode configuration, the Spacecraft may abruptly cutoff power to non-survival

equipment. Due to potentially hazardous environments (e.g., Spacecraft sun-pointing

attitude), Instrument health cannot be guaranteed if it has not reconfigured to protect its

apertures.

At the highest level of Safe Mode (level-8), Instruments will be supplied full thermal and

power resources. In addition to transmitting Instrument health and safety telemetry via the

S-band communication link, TMON will be available to monitor Instrument telemetry as

defined in the C&T ICD. Science data handling capability (collection, distribution, or

transmission) will be provided. If Safe Mode is entered autonomously, the Instruments will

have reconfigured to protect their apertures and will have gone to safe mode power levels.

In this event, Instruments maybe ground commanded to resume their operational mode

when the Spacecraft is in this highest level of Safe Mode.
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