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April 18, 1994

TO: Distribution

FROM : EOS AM Accommodations Manager / R. Taylor

SUBJ : TWWSMITTAL OF CHANGE 2/3 TO GENE= INSTRUMENT
SPECIFICATION (GIIS)

ENCL : (1) Change Itemization
(2) Complete GIIS with Change 2/3 Incorporated

Enclosed for your use is Change 2/3 to the General

INTERFACE

Instrument
Interface Specification (GIIS)-. The change reflects several
changes to the C&DH interface which were discussed during the
series of C&DH colloquia conducted be MMC with each instrument
team. The change reflects the resolution of review comments which
were received from the instrument teams.

One change which was contained in the proposed change package but
which is not contained in the enclosed change is test packet
requirements. These requirements will be proposed in the GIIS
change 4 package to be circulated shortly for review. GIIS change
4 will include proposed reduced loads, and is planned to resolve
all remaining TBRs for spacecraft CDR.

Instrument ManaaerS - Please implement this change to the GIIS with
your instrument teams.

If there are any questions on this matter, please contact the
undersigned at 301-286-1271.

R. Taylor



GIIS Change 2 and 3 Justification - Approved by CCR 421-13-11-014

CHANGE 2

1. Table 50-1 Verification Responsibility and Methods Matrix

For both sections 3.7.6.2.2.1 (Torque Allowable) and 3.7.6.2.3.1
(Force Allowable) change verification responsibility from Spacecraft
Provider to Instrument Provider, and change method from
Inspection/Analysis, to Analysis/Test.

JUSTIFICATION: For correction of verification matrix, these parameters
are instrument design and therefore can only be verified by the
instrument.

CHANGE .3 ,,

1. Revise-Section 2 - Applicable Documents Cited in the GIIS
.

FROM :

GE PN20008569 EOS Observatory Electromagnetic Compatibility
15 January 1993 Control Plan

TO:

GE PN20008569 EOS Obse~atory Electromagnetic Compatibility
28 June 1993 Control Plan

JUSTIFICATION: A new version of this document has been released.

2. Add the following section and Table 3-3a (see attached) :

3.7.3.5 Sine Vibration Levels

The instrument interface shall be designed to withstand the
qualification and acceptance sine vibration environment specified in
Table 3-3a.

JUSTIFICATION: Martin Marietta and GSFC have agreed that sine vibration
testing of the instrument is necessary. This CCR places the agreed upon
sine vibration test environments for the instruments into the GIIS.

.,

3. Revise dimension on Figure 3-8:

FROM: Dimension from the edge of the cold plate to the fourth row of
holes is “1O.755”.

TO: Dimension from the edge of the coldplate to the fourth row of holes
should be “1O.775”.

JUSTIFICATION: ~ographical error was made when figure was updated in
CH-1 .



4. Revise section 3.13.5 as follows:

FROM: Coldplate plumbing clearances shall be as shown in (TDB 003).

TO: Coldplate plumbing clearances shall be agreed to by the instrument
and spacecraft providers and documented in the Instrument ICD.

JUSTIFICATION: Plumbing clearance is dependent on “instrument design and
should be addressed on a case by case basis. The instnunent ICD is the
appropriate place to document this agreement.

5. Section 4.3.1.1: Delete TBRO09. The value of this parameter
(maximum allowable heat flux averaged over the spacecraft interface)
has been finalized.

6. Section 4.4.2.2: Delete TBRO1O. The value of this parameter
(maximum allowable temperature gradient across cold plate mechanical
interface filler) has

7. Section 4.6.’1.5: “
(thermal conductivity
finalized.

8. Delete section 5.2.

been finazized.

Delete TBRO1l. The vaiue of this parameter ~
of cold plate filler material) has been

2.3.2 (Instrument Conducted Common Mode Current) .

JUSTIFICATION: This requirement exists in both the GIIS and EMC Control
Plan. To avoid double spec’ing GSFC has requested that this requiremex
be deleted from the GIIS and remain in the EMC Control Plan which is
invoked by the GIIS.

9. Revise section 5.2.2.4.2 as shown in the attached.

JUSTIFICATION: Spacecraft PDR design and analysis results, and
reduction of power subsystem design power, permit the instrument
differential mode impedance requirement to the reduced as shown in the
attached.

10. Add section 5.3.2.3:
. .

,.

5.3.2.3 Passive Telemetxy Interface Isolation
The instrument shall isolate passive hi-level and passive analog
interfaces from

JUSTIFICATION:” For
GIIS .

11.

EMC

12.
the

13.

Delete section
Control Plan.

Delete section

chassis refer=nce by >= 100 Kohms.-

consistency with GIS, this requirement is added to

5.3.5.2.1 because this requirement is covered in the

5.3.5.2.2 beacause this requirement is covered in
EMC Control Plan.

Add section 5.3.5.2.3:



5.3 .5.2.3 Thermal Closeout Blanket Grounding

The spacecraft provider shall ensure that the thermal insulation
blankets used for instrument closeout are electrically isolated from
the instrument/instrument blankets.

JUSTIFICATION: The installation of the thermal blankets between the
instrument and the spacecraft was not previously Specified. The
instrument ground islands require a single designated path between the
instmment and the SRP. The thermal blankets which are used to close
out the space between the instrument and the spacecraft must not
provide a secondary path.

14. Revise section 6.1.2.4.2:

FROM: The command and telemetry bus task schedule shall allow for the
transfer of a maximum of one comand message on the bus once every .
other minor cycle.

TO: The command and”telemetry bus task scheduie shall allow for the
transfer of a maximum of one corrunandmessage on the bus once every
minor cycle.

JUSTIFICATION: Design efforts to develop the command and telemetry bus
transfer schedule have determined the need for more command message
transfer slots. The limitation to once every other minor cycle was very
constraining and would significantly limit the command transfer rate on
the C&T bus. This revision reflects the maximum possible command
transfer rate to a single C&T RT consistent with the bus utilization
schedule.

15. Revise Section 6.1.2.4.3: Delete the paragraph following the
section header 6.1.2.4.3.

JUSTIFICATION: This requirement is much too constraining on the design
team in trying to maximize the bus utilization and develop the command
and telemetry bus task schedule. The important requirements for the
instrument are the requirements stated in the subsequent subsections
6.1.2.4.3.1, 6.1.2.4.3.2; and 6.1.2.4.3.3 which are not affected by
this change.

16. Revise section 6.1.2.4.5:

FROM: The command and telemetry bus task schedule shall allow for a
transfer of a data message containing memory dump data on the bus once
every sixth minor cycle.

TO: The command and telemetry bus task schedule shall allow for a
transfer of a data message containing memory dump data on
sooner than once every sixth minor cycle or no later than
128 minor cycles.

JUSTIFICATION: This change is requested for two reasons:
a. The CTIU is required to support memory dump operations

the bus no
once every

at a 1 kbps



downlink rate (which translates to a transfer every 128 minor cycles)
and at a 16 kbps downlink rate (which translates to a transfer once
every 6 minor cycles) .
b. In addition, the CTIU has many periodic samples which must be
gathered at very deterministic inte~als. The current requirement for a
memory dump message transfer once every 6th minor cycle causes
conflicts in the scheduling of these periodic transfers.

17. Replace Figure 6-5 with updated figure attached. Changes are:
a. Change the mode code at the poll from “MCW to ‘MCln and the mode
code for end of transfer (EOT) from ‘MC DA” to ‘MC2N.
b. MC!2changes from a “synchronize with data word” to a “synchronize
without data word”.
c. Revise packet definition in the Legend and subaddress equation.
d. Added Note in the Legend.

JUSTIFICATION: The EOT was changed to synchronize without data word
since returning the status word with the number of words validated was
redundant with the transfer validation function provided by 1553. Items
a-b, for clarity it is prudent to identify the two different mode codes
specifically. The EOT mode code was changed since operationally the
“synchronize-with-data-word” was eliminated on the Low Rate Science Bus
in previous changes to Table 6-1.

18. Revise section 6.3.5.8.4:

FROM: 6.3.5.8.4 End-of-Transfer Data Word Content - The BC shall end
each packet transfer with a synchronize-with-data-word with the data
word containing the number of 16-bit words validated by the BC.

TO: 6.3.5.8.4 End-of-Transfer - The BC shall end each packet transfer
with a synchronize-without-data-word.

JUSTIFICATION: The EOT has been changed to a s~chronize
without-data-word in Figure 6-5 since no instruments were interested in
using the data word content. This change makes the text consistent with
Figure 6-5. .

19. Revise Figure 6-6 data zone limits:

FROM: High Rate Science Data “X” Bits=8144 bits or less
Low Rate Science Data ‘Xn Bits=61392 bits or less

To: High.Rate Science Data ‘Xm Bits=976 bits (minimum) to 8144 bits
(maximum)

Low Rate Science Data “X” Bits=976 bits (minimum) to 61392 bits
(maximum)

JUSTIFICATION: “Sending numerous very small packets to the SFE will
generate too many interrupts and results in the inability of the SFE to
maintain the se~ice schedule for each of the instruments. Therefore,
to ensure that the SFE is able to maintain the schedule and senice al”
the instruments in a timely manner without increasing the complexity o
the software a great deal, it is necessary to state a minimum packet



size. This change also supports the EOS ground system by incorporating
a minimum packet size requirement and consequently eliminating the
possibility of very small packets and a high packet rate to the ground
system.

20. Table 6-6: Delete TBR017. The values of these parameters (low
rate science bus subaddresses) have been finalized.

21. Delete section 6.3.5.8.1.

JUSTIFICATION: A result of establishing a minimum packet size of 1024
bits,”including header for low rate science, a packet will never fit
within a single 1553 message, thus making this requirement irrelevant.”

22. Figure 6-7 (High Rate Link Timing)

FROM: CIR = Current Instrument’s Rate-of-Transfer per link
.

,TO: Instrument peak rate of transfer per high rate science data link
(peak rate is peak allocation in UIID)

JUSTIFICATION: For clarification of definition of CIR. This parameter
is important to high rate link timing requirements (time between 2
packets, or T2P) .

23. Revise section 7.2.2.2.1.1:

FROM: The time tag for absolute time commands shall have a resolution
of 128 milliseconds.

TO: The time tag for absolute time commands shall have a resolution of
1.024 seconds.

JUSTIFICATION: As a result of the FSWS Concept Review GSFC written
action item by GSFC, it was determined that the ground operations
.persomel work with seconds rather than milliseconds. The current
baseline now has a maximum of 8 ATCS having the same time tag. The
minimum time between adjacent time tags of different values is 1.024 .
seconds. The spacecraft timing of transfers is based on 1.024 second
major cycles and 8 ma minor cycles. Only one command transfer to an
instrument can be accomplished in a minor cycle and a maximum of 8
transfers accomplished in a major cycle and provide adequate se~ice to
all RTs on the bus. The spacecraft is only capable of senicing the
command time tags that are valid during the major cycle and cannot
semice any more time tags that become valid during that major cycle
until the next major cycle. Therefore, it is not necessary to make the
time tag resolution any finer than the time resolution of a major
cycle.

24. Revise section 7.2.2.2.1.2:

FROM: Absolute time commands shall be sent to the instrument within 500
milliseconds after the instant when the command time tag and the
spacecraft time are equal.



TO: Absolute time commands shall be sent to the
seconds after the instant when the command time
time tag are equal.

JUSTIFICATION: See item 29.

25. Revise section 7.2.2.2.1.3:

instrument within 1.C
tag and the spacecraf~

FROM: ml absolute time command stored by the spacecraft shall have a
unique time tag.

TO: There shall be a maximum of 8 absolute time commands total stored
by the”spacecraft with the same time tag.

JUSTIFICATION: See item 29.

26. Revise section 7.2,.2.2.2.4:

FROM: The time delay between relative time commands ‘in a RTS shall be
an integer multiple (>0) of 128 msecs having a maximum value of 83’88
seconds.

TO: The time delay between relative time commands in a RTS shall be an
integer multiple (>0) of 1.024 seconds having a maximum value of 65,535
seconds.

JUSTIFICATION: See item 29.

27. Global change to sections 6 and 7: Change all instances of “SCC OK”
to “IMOK”.

JUSTIFICATION: In all spacecraft documentation, the ‘SCC OK” is the
signal from the SCC to the CTIU which triggers the CTIU to send the
“IMOK” to the instruments according to the C&T bus task schedule. There
is a subtle differentiation between these two terms and for consistency
between all program documentation the GIIS should be updated.

28; Revise section 7.S.2.1.1 as follows:

FROM: Upon receipt of the ... after 5 major cycles. ..

TO: Upon receipt of the ... for 5 consecutive major cycles ...
. .

JUSTIFICATION”: Reworded for clarification. .

29. Revise section, 10.3 as follows:

FROM: The spacecraft shall provide the following. ..
. d. Pointing jitter (over 1 see) to within (’I%DO07)arcsec/axis (3

sigma) .

TO: The spacecraft design shall be consistent with pointing performam
at the instrument interface as allocated in the UIID.



JUSTIFICATION: Pointing performance allocations have been negotiated
with the individual instruments and documented in the individual
instrument UIIDS thus eliminating the need for the general requirements
in the GIIS.

,’

.
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1 INTRODUCTION

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 three

documents. In hierarchical order, these are:

a. Unique Instrument Interface Document (UIID)

b. General Instrument Inten%ce Specification (GIIS)

c. Intedace Control Document (lCD)

In addition, the following provides explanatory information:

d. GeneraJ instrument Interface Specification Handbook (GIIS Handbook)

Any areas in which significant cost reduction to the total project could be realized by the

change or relaxation of these requirements should be considered indeveloping the design.

These modifications shall be brought to the attention of the Project for approval.

1.1.1 Unique Instrument Interface Document

Each UIID ahcates Spacecraft resources to a specific instrument. It documents

exceptions to the GIIS and GSFC 420-0=1, defines constraints and restraints imposed

by that instrument on the Spacecraft and instrument accommodation equipment, and

defines special accommodations to be provided for that instrument. it is controlled and

maintained by the NASA GSFC EOS AM Project (Code 421), and represents an agreement

between the Instrument Providers and the NASA GSFC EOS AM Project. The UIID is

contractually imposed on the Spacecraft and Instrument Accommodation Equipment

Provider.

1.1.2 General Instrument Interface Specification

The GIIS specifies the instrument interface requirements and defines the environments to

which the Spacecraft will be sub~ected; It is controlled and maintained by the National

Aeronautics and Space Administration (NASA), Goddard Space Flight Center (GSFC).
1

CH-1

The GIIS is contractually imposed on the instrument, Spacecraft, and Instrument

Accommodation Equipment Providers.

1.1.3 Interface Control Documents

Each ICD describes indetail the design implementation of the interfaces between a specific

instrument and the’ Spacecraft and instrument accommodation equipment that meets the

requirements of the GIIS and UIID. It is controlled and maintained by the Madin Marietta
1

CH-1

Company (MMC) EOS Program, and represents an agreement between the Instrument

Provider and MMC.

December1,1992 Rev.A
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.

Instrument interfaces w*II be documented in one of five ICDS associated with each

instrument. These ICDSdesctibe the detak of the electrical, mechanical, thermal, ground

support equipment, and command and data handling inte-

1.1.4 Genetal Instrument Interfaoe Speclffcstion Handbook

The GUS Handbook is a companion document to the GIIS. Itprovidesfurther explanation of

the Spacecraft+=inatrument interfaces as specified in the GIIS and, where applicable,

describes the implementation of a requirement in the Spacecraft design. The GIIS

Handbook is controlled and maintained by the MMC EOS Program. Its organization I C+l
parallels the GliS such that information reiative to a specific requirement in the GIIS can be

located under the same section heading @ the GIIS Handbook Although the GIIS

Handbook is for information only, frequent referral to its explanatory material is

recommended.

1.2 Change Authority

Changes to the GiiS are controlled by the EOS Systems Configuration Control Board in

accordance with GSFC 42~+X?.

1.3 Terminology

Certain terminology is used consistently throughouttheGIIS and GIIS Handbook, and are

discussed in the following paragraphs. Abbreviations and Acronyms appear in

Appendix B, Section 30.

Component - The EO%AM mission instrument components are: (ASTER) MPS, CSP,

SWIR, TiR, VEL, VSR; (CERES) CEREsFORE, 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 interf~e degrees of freedom fixed at the

interface are only those restrained at the interface. For ‘a bolted joint, oniy three

transitional degrees of freedom are restrained. There is no moment or torsion constant.

Instrument -The EOS-AM mission instruments are ASTER, CERES, MISR, MODIS and

MOPllT.

Instrument Accommodation

Instrument to the Spacecraft.

December1,1992 Rev. A “

Equipment - Equipment required to inten’ace the
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Instrument Housekeeping Telemetry - The set of instrument data that is used, both

on+oard and on the gfound, to determine and maMin the health and status of, and to

operate the Instrument. Examples are instrument status and crtticd temperatures.

Safe Mode - A critical mode in which a fault(s) has occurTedwith the Spacecraft control

computers or its supped 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+ointing attitude once safe mode is obtained. However, there is no
I

CH-1

guarantee an Edwwiented attitude W-IIbe maintained during transition to safe mode.

During Spacemft safe mode, each instrument and housekeeping subsystem will

configure to a predefine state. The instrument safe mode will be a non-science

dat~enerating state in which the Instrument is in a reduced power standby state.

Spacecraft sewices available during safe mode will be as follows: ~BD 001)

Spacecraft - A fuily integrated Spacecraft comprised of the Spacecraft bus and its

payload.

Spacecraft Bus - The integrated assemblage of equipment which provides all

housekeeping r-ources 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.

Sumival 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~ritical mode in which a fai,dt(s) seriously threatens the health

and safety of the Spacecraft. Transition into the sumival mode will cause nonessential

housekeeping quipment 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.

14 December1,1992 Rev.A ‘

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 DOCUMENTS

21 Applicable Documents

The following documents of the exact issue shown form a pad of the GIIS to the extent

specified herein. In the event of a conflict between the documents referenced herein and

the contents of this document the order of precedence shall be as follows:

a. Contractual documents between NASA and the Instrument Providers

b. UIIDS

c. GIIS

d. Instrument ICDS

Applicable Documents Cited in the GiiS

ANSI X3.148-1988

CCSDS 301.0-=2

CCSDS 701.0-6-1

EIA-RS422-A
December 1978

GE PN20005869
28 June 1993

GE20008607
10 March 1992

GE20008579
24 June 1992

GSFC 420-05-01
02 August 1991

GSFC 42&0S02, Rev. B
14 May 1992

GSFC-S-31 I-P-47
July 1973

GSFC-S-31 l-P4/9
July 1974

GE iS20008503
26 August 1992

Fiber Distributed Data Interface (FDDi) Token Ring
Physical Layer Protocol (PHY)

Recommendation for Space Data System Standards,
Tme Code Formats

Recommendation for Space Data System Standards,
Advanced Orbiting Systems, Networks and Data Links

Electronic Industries Association Standard Electrical
Characteristics of Balanced Voltage interface Circuits

EOS Obsewatory Electromagnetic Compatibility
Controi Plan ~ CH-3

Ground Rules and Assumptions for Failure Modes and
Effects Analysis (FMEA) (PA-500)

EOS-AM Spacecraft Requirements for Instrument
Handiing Fixtures

Earth Obsewing S stem Performance Assurance
6Requirements for eneral Instruments

Earth Observing System (EOS) Petiormance
Assurance Requirements for the EOS Observatories

Connectors, Electrical, Subminiature, PolarizedShell,

I

CH-1
High Density, for Space flight Use, Detailed
Specification for

Connectors, Electrical, Polarized Sheil, for Space Fiight
Use, Detailed Specification for I

EOS-AM Spacecraft to Launch Vehicle intetiace
Requirements Document (ICD-103)

2-1 Dec%mber1,1992 Rev. A
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Version P-22, April 1988

MCR-8&594
Version 2.2, Rev. 3

MIL-G38999J
6 April 1990

MlL-STD-l515A
June 1981

MIL-SIBl 522A
28 May 1984

MlL-ST&l 553B, Notice 2
8 September 1986

MSR-39
ISSN 0741-8019
November 1985-

WSMCR 127-1
December 1989

Thermal Radiation Analyzer System (TRASYS) User’s
Manual

Systems Improved Numetical Dflerencing Analyzer
and Fluid Integrator (SINDA ‘85MUINT) User’s
Manual

Military Specification,Connectom,Electrical, Miniature,
Quick Disconne@ I

CH-1
.... General Specification For

Military Standard Fastener Systems for Aerospace
Applications

Standard General Requirements for Safe Design and
Operation of Pre.ssuriz@ Missile and Space Systems

Military Standard Aircraft Internal Tme Division
Command/Response Multiplex Data Bus

MacNeal-Schwendier Corporation (MSC)/NASTRAN
Version 65 User’s Manual

Western Space and Missile Center Range Safety
Regulations ~cP”

2.2 Reference Documents

The following documents form a part of the GIIS for reference and information purposes

only. They do not explicitly define requirements on the instruments as delineated herein.

GE 20008501, Rev. 1 Earth Obsewing S stem (EOS) General Interface
March 13, 1992 JSpecification Han book

GSFC 42&02-02 . EarthObsenAng System Configuration N@nagement““
26 January ~990 Plan

Decembr 1.1992Rev. A 2-2
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3 MECHANICAL REQUIREMENTS

All requirements specified in Section 3 shall be met at the mechanical interface and be

consistent with the UIID allocations. For convenience, T~le 3-1 summarizes the

hardware responsibility.

3.1 Mechanical Intefice Definitions

3.1.1 Spacecmft Mounting Interface Definition

The Spacecraft mounting interface is at the sutiace(s) of the Spacecraft where the

Instrument is in contact with the Spacecraft.
.-

3.1.2 Colctplate Mechanical lnte~ce Definition

The coldplate mechanical interface is at the surface of the thermally conductive filler

material which wntacts the Instrument.
,,

3.2 Envelopes

3.2.1 Instmment Envelope Allocation

3.2.1.1 Instrument Launch Phase Envelope

Instrument components in the launch configuration shall be contained within the instrument

launch envelope as allocated in the UIID.

3.2.1.2 Instrument On-Orbit Envelope

Instrument components in the on-orbit configuration shall be contained within the

instrument on+rbit envelope as abated in the UIID.

,3.2.2 Instrument Envelope Documentation

“Each instrumen; component envelope shall be documented in the Instrument ICD with an. .
accuracy of +0.0;-2.5 millimeters (mm).

3.2.3 External Configuration Changes

For an instrument with mechanisms that cause a change in the external envelope or. .
external surfaces of the Instrument, the initial and find configurations, as well as the swept

volumes. shall be documentd in the Instrument ICD.

Decembefl, 1992 Rev.A

3.3. Fields of View

3.3.1 Fields+f-View Allocation

All instrument science and radiative cooler fields+f-view shallbe within the UIID

allocation.



TABLE 3-1. MECHANICALINTERFACE HARDWARE RESPONSIBILITY

Section Hardware Responsibility

3.5.3.1 Mounting Hardware Spacecraft Provider

3.5.4.1 KinematicMounts Spa&raft Prwider

3.5.4.1.1 Test Kinematic Mounts ~fi Provider

3.5.4.1.2 Flight Kinematic Mounts ~fi provider

3.5.8.3 Opticalty Aligned Component Drill Tmplate Spacecraft Provider

3.5.8.4 Non-optically Aligned Component Instrument Provider
Drill Template

3.6.1 InstrumentOptical AJignmentCube InstrumentProvider

3.9 Instrument Mass Model Spacecraft Provider

3.12.1.3 Coldpiate Mounting Hardware

3.12.3

-raft Provider

Coldplate Drill Template

3.13.1

_afi PfOVider

Coldplate Plumbing Spacecraft Provider

3.132 Coldplate Plumbing Suppork Per Agreement

3.14.1 Instrument Accommodation Harnesses _rafi Provider

3.14.1 Intra-instrument Harnesses Spacecraft Provider

3.14.4.1 Harness me Points Per Agreement

3.14.5.5.1 Connectors Attached to Harnesses Spacecraft Provider

3.14.5.5.2 Connectors Attached to the Instrument Provider
Instrument Components

3.14.5.6.2 Flight Plugs “ Spacecraft Provider

3.14.5.7 Connector Protective Covers Instrument Provider

3.14.5.9.1 Intra-instrument Test Tees and Instrument Provider
Breakout Boxes

3.14.5.9.2 Instrument-to-Spacecraft T- Tees and Spacecraft Provider
Breakout Boxes

3.14.5.10.2 Buffer Connectors and Instrument Provider
Connector Savers

3.16 Handling Fixtures Instrument Provider

●
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3.3.2 Field--View Accommodation

The Spacecraft Provider shall accommodate the instrument fields-of-view as allocated in

the UIID.

3*3.3 Fields-of-View Documentation

The actual instrument fields-of-view shall be documented in the Instrument ICD.

3.4 Mass Properties

3.4.1 Instmnent Mass Allocation

The instrument mass shall be less than or equal to that ahcated in the UIID.

3.42 Instrument Mass Measurement

The mass of the Instrument shall be measured to* 0.05 kilograms (kg).

3.4.3 Instrument Mass Documentation

The mass of the Instrument shall be documented in the Instrument ICD.

3.4.4 Instrument Mass Property RepoR

The Instrument Provider shall provide to GSFC a repoti containing the mass, center of

mass, moments of inertia, and products of inertia for each component of the Instrument. If

the Instrument contains movable masses, expendable masses, or deployable, the

respective variations are to be documented in the repofi.

, 3.4.5 Instrument Mass Variability

3.4.5.1 Inqrument” Mass Variability Allocation “ -

Any variability of tne mass of the Instrument over the mission life shall be within the UIID

allocation.

3.4.5.2 Instrument Mass Variability Documentation

Mass expulsion rate(s) and substance(s) shall be documented in the Instrument ICD.

Det2erfIberl,1992 Rev.A

3.4.6 Center of Mass Documentation

The launch and on-orbit center of mass of each instrument component shall be measured

and repoded to *5 mm, referenced to the instrument coordinate axes as documented in the

Instrument ICD.
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3.4.7

3.4.7.1

620-03-02

Momenta of Inda

Momenta of Inertia Determination

The moments of inertia of each component of the Instrument shall be measured or

calculated.

3.4.72 Momenta of Inania Accuracy

Moments of irm%a values shall be accurate to within *1 O%.
.

3.4.7.3 Mom of Inertia Documentation

The momentsof inertia of each component of the Instrument shall be documented in the

Instrument ICD, referenced to the instrument coordinate axes.

3.4.7.4 Moments of Inerda Variation Documentation

If the Instrument contains” movable masses, expendable m-, or depioyabies, the

moments of inetia variations shall be documented in the Instrument ICD.

3.4.8 Products of InerUa

3.4.8.1 Produck of Inetia Determination

The products of inetia of each component of the Instrument shail be measured or

calculated.

3.4.8.2 Products of Ineda Accuracy

Products of inedia values shall be accurate to within *10%0.

3.4.8.3 Products of Inetia Documentation

The products of inertia of each co!nponent of the Instrument shall be documented in the

Instrument ICD, referenced to the instrument coordinate axes.

3.4.8.4 ProducS of Ineda Variation Documentation “

If the” Instrument contains movable masses, expendable masses, or deployable, the

products of inertia variationsshall be documented in the Instrument ICD.

3.5 Mounting

3.5.1 Mounting Method

The method by which each instrument component is mounted to the Spacecraft shall be as

defined in the UIID.

Decefnb8rl,1992 Rw. A
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352 Mounting Intefice

352.1 Mounting Interface Documentation

The mounting interface for each Mrument component shall be documented h the

Instrument ICD.

3.54.2 Mounting Hole Coordinates and Dimensions

Coordinates and dimensions of the actual holes for mountingbolts and inserts shall be

specified at the mechanical interface.

3.5.3 Mounting Hardware

3.5.3.1 Mounting Hardware Provider

The Instrument mounting hardware shall be provided by the Spacecraft Provider.

3.5.3.2 Mounting Hardware Documentation

Instrument mounting hardware shall be defined and documented in the Instrument ICD.

3.5.3.3 Mounting Boits

Mounting bolts shall be per MiL-ST&l 515A.

3.5.4 Kinematic Mounts

3.5.4.1 Kinematic Mount Provider

The Spacecraft Provider shall provide all kinematic mounts.

3.5.4.1.1 Test Kinematic Mount Delivery

The Spacecraft Provider shall provide a complete set of test kinematic mounts on

schedule that is negotiated between the Spacecraft Provider and Instrument Provider.

a.

3.5.4.1.2 Fiight Kinematic Mount Deiivery

The Spacecraft Provider shall provide the flight kinematic mount bearing assemblies to the

Instrument Provider on a schedule that is negotiated between the Spacecraft Provider and

Instrument Provider.

3.5.4.1.3 instrument Kinematic Mount Assembly

The Instrument shall be delivered to the Spacecraft Provider with the flight kinematic mount

bearing assemblies installed.

December l. 1992 Rev. A
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3S.402 Kinematic MOUtttCfwactariatica

305.421 KinematicMoqnt Structure

The kinematic mount shall consist of a bearing ~bJy which is attached to the

Instrumentand a strutassemblywhichisattachedto the Spacecraft. The kinematicmount

. structureshall be consistentwith the assembliesshown in Fgures>1, %2, and 3-3. ~ cl-i-l

3A.4.2.2 Kinematic Mllflt 8reakaway Torque .

The kinematic mount bearing assembly shall have a no load breakaway torque of *O -

(’TBR 001) inch-pounds.

3.5.4.2.3 Kinematic Mount Angular Freedom of Movement

‘l%e kinematic mount bearing assembly shall have an angular freedom of movement of

s =.5 ~BR 002) degrees around the kinematic mount strut shaft

3.5.4.2.4 Khematic Mount Thermal Conductance

The kinematic mount assembly thermal conductance from the Instrument to the Spacecraft

shall be 0.05 t 0.02 ~BR 003) watts (W)/degree Centigrade (C).

3.5.4.3 Kinematic Mounting

Instrument components requiringalignment knowledge shall be Idnematically mounted

and suppoded at three points.

3.5.4.3.1 Thr-oint Kinematic Mount

Three-point kinematic mounting attachments shall consist of one KM3, one KM2, and one

KM1 as identified below.

3.5.4.3.1.1 KM1

The KM1 shall restrain translational motion in one axis normal to the mounting plane.

3.5.4.3.1.2 KM2

The KM2 shall restrain translational motion in two perpendicular axes with one axis

restraining moticn normal to the mounting plane.

3.5.4.3.1.3 KM3

The KM3 shall restrain translational motion in three perpendicular axes.

December 1.1992 Rw.A
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3S.4.3.2 Th-olnt Kinematic Mount RestricUons

The KM2 unrestminedaxisof translationalmotionshallbe parallel to a linedrawn between

the KM2 and KM3.

3.5.4.3.3 Kinematic Mount SWfneas

The stiffnessfor each type of kinematicmount shall be as shown in Tabie 3-2.

TABLE 3-2. KINEMATIC MOUNT STIFFNESS ~R 014)

Axfal Lateral
Type ‘ (lWln.) (hsJln.)

l-Axis 1.6E5 —

2-Axis 8.5E5 1.9E5
I ■

I 3+MS I 1.6E6 I 2.8E5
E 1

L

Axial - The constraineddirectionnormal to the mountingplane
lateral - The constraineddirectionwaiiei to the mountingDiane

3.55 Spacecnfi Mounting Sufice

3.%5.1 Spacecraft Mounting Surface Flatness

The Spacecraftmountingsurfaceshaiibe flatto iessthan 0.63 mm/meter (m) peakto peak.

3.5.5.2 Spacecraft Mounting Surface Planarity

The Spacecraft mounting surface pianarity shall be as documented in the Instrument iCD.

3.5.6 Instmnent Mounting Surface

3.5.6.1 Instmnent Mounting Sutice Flatness

The instrument mounting surface flatness shall be as documented in the instrument iCD.

3.5.6.2 Instrument Mounting Surface Plana~

The instrument mounting surface planarity shaii be as documented in the instrument iCD.

3.5.7 Mounting Location

3.5.7.1 Instmnent Mounting Location

The Spacecraft Provider shaii determine the locationof instrumentcomponents on the

Spacecraft.

33.7.2 Instrument Accommodation Equipment Mounting Location

The Spacecraft Provider shall determine the mounting location of instrument

accommodation equipment on the Spacecraft.

December1,1992 Rev. A 3-1o
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3.5.7.3 Mounting Location Documentation

The mounting location of instrument components and instrument accommodation

equipment shall be documented in the Instrument ICD.

3.5.8 Drill Templates

3.5.8.1 Drill Template Usage

Instrument, instmment accommodation equipment, Spacecra% and test fixture interfaces

shall be match drilled using templates to define the mounting hole patterns.

3.5.8.2 Drill Template Fabrication Requirements
The following requirements shafi apply to drill template fabrication:

a.

b.

c.
d.
e.

f.

9.

h.

Aluminum plate with nominal thickness of 12.7 mm. ~ CH-1

Steel slipfit drill bushings for drilling both sides of the intedace in all mounting
holes.

Sudace flatness to be better than 1.00 mm peak-t-. ~ Cti-1

Sudace finish to be better than 3.2 micrometers (pm) root mean square (RMS).
Marked with the Spacecraft reference coordinate frame, marked to indicate proper
template orientation, and marked to indicate which side is used for Spacecraft or
Instrument drilling.

Drill tern Iates for each component which requires alignment shall include an
aPoptical ignment cube bonded to the template and aligned with the Spacecraft

reference coordinate frame.

Drill templates for components which do not requirement aJignment shall not
exceed the Instrument foot print
Provided in a suitable. clean room com~atible container which will contain all
related hardware. -

3.5.8.3 Optically Aligned Component Drill Template Provider

For optically aligned components a Spacecraft interface drill template drilled to the

I

CH-1

Instrument component mounting hole pattern shall be provided by the Spacecraft Provider

to the Instrument Provider.

3.5.8.4 Non+ptically Aligned Component Drill Template Provider

For components which do not require optical alignment the Instrument Provider shall

provide the Spacecraft interface drill template, drilled to the Instrument component

mounting hole pattern.

3.6 Alignment

3.6.1 Instrument Optical Alignment Cube

The Instrument shall include an optical alignment cube aligned with the instrument

reference coordinate frame.

3-11 Decemberl,1992 Rev.A
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3.6J2 Optksd Alignment Cube Requirements

3.62.1 Optical Alignment Cube SurWe Area

Optical alignment cubes shallhave a per face surface area of at least 645 mrn2.

3.622 Optical Alignment Cube Surface Otiogonallty

Optical alignment cube surfaces shall be orthogonal to within M Arc Second (arcsec)..

3.6.2.3 Optical Alignment Cube Documentation

The location of aJ!optical alignment cubes shall be documented in the Instrument ICD.

3.6.3 Alignment Responsibility
The Spacecraft Provider is responsibleforaligning the Instrument to its mounting interface.

3.6.4 Alignment Angles
The measured algnment angks between the optical alignment cubes and the instrument

boresight shall be documented in the Instrument ICD.

3.6.5 Pointing Allocations

The instrument pointing characteristics shall be as allocated in the UIID.

3.7 General Structuml Design Requirements

3.7.1 structural support

3.7.1.1 Instrument Structural Support

The Spacecraft shall provide structural support for the Instrument.

3.7.1.2 Coldplate structural support

The Instrument shall provide structural support for the coldplate.

‘ 3.7.2 Instrumtint Structural Dynamics ‘ : ..

Each plate moqnted instrument component, configured forlaunch, sh~l have a fixed-base

(see section 1.3 for definition) frequency of 250 hertz (Hz). Direct mount components

instruments including kinematic mounts shall have a fixed base frequency of 235 Hz. The

combined instrument components and Spacecraft structure shall have a coupled. .
frequency of 235 Hz..

3.7.3 Interface Design Limit Loads Requirements

3.7.3.1 Limit Loads Application

Limit loads shall be applied at the center of mass (CM) of the Instrument and instrument

accommodation equipment components, configured for launch, to design the mounting

interface.
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3.7.3.2 Limit Loads Application Axis

The loads shall be applied in one axis at a time and in such a way as to produce the

maximum stresses.

3.7.3.3 Intefice Design Limit Loads

The design limit loads for the Spacecmft-ttinstmment mounting interface shall be as

defined in Table 3-3.

3.7.3.4 Random Vibration Levels

The”instrument interface design shall be consistent with the qualification random vibration “ -

levels as defined in Table 3-3.

3.7.3.5 Sine Vibration Levels

I

CH-3

The instrument interface shall be designed to withstand the qualification and acceptance

sine vibration environment specified in Tale 3-3a.

3.7.4 Coupled-Loads Analysis

3.7.4.1 Coupled-Loads Analysis Responsibility

Instrument-t&Spacecraft coupled-loads analysis shall be performed by the Spacecraft

Provider.

3.7.4.2 Coupled-Loads Analysis Results

The coupled-loads analysis results for each instrument shall be reported to the respective

Instrument Provider.

3.7s Pressurized System Design

Instrument requirements for the design of pressuriz@ systems shall’be as defined in the

following:
..

a. MlL-STD-l 522A, all sections, except in Section 5, Figure 2, only Approach A
applies

b. WSMCR 127-1, Section 3.12. .

3.7.6 Environmental Requirements

3.7.6.1 Launch Survivability Design Requirements

3.7.6.1.1 Shock

The Instrument shall meet performance requirements following exposure to the shock

environment specified in Figure 3-4. Instruments shall be designed to suwive without

performance degradation the peak shock defined in Table 3+

3-13 Decemberl,1992 Rev.A
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TABLE H. Spacecraft/instrument INTERFACE DESIGN UMK LOADS AND
QUALIFICATION RANDOM VIBRATION LEVELS ~R 005)

Insmmluit Fmquan Rmgoa Tat Lwol O*1 Lov- Um bad aloak
(- (G’s)

Gd&
(0’0)

ASTER-TIR 0.010
2t& +240*VQ

5.7 “ 12
+4mq1yw

560
sOo=&OO

@TEMWIR 0.010
J& 4.6 ~

6.6 12 560
600=#oo +$+

.

ASTER-VSR 0.015
J% +3$#O&/vo

6.6 15
7ilpiJlo -4.5 &OctwO

560

0.010
ASTER-MPS

d%o +3Jii!!%8
60-7m 10.0 560

700-0-00 4.0:+W
15

.

ASTER-VEL 0.01s
&to +3$ihc#vo

*
6.6 15

4.50*V9
560

.
ASTER+2SP 0.018

21&t +3*V8

7!!&#o
9.0 15 5s0

4.50~1J$8va
.

CERES
&lo +3+=*W

12.5 15 1200
71&J#!lo -6.00qlyve

.
MISR 0.010

2t?iio +a20W
7.1 12 560

600-0-00 420@#1~ve

MOOIS 0.010&o 430timc?8ve
5.6 12 560

60&&txt 4.30*
.

MOPllT 0.010
(ffi&lle&lty &o A.60dwti&tavs

7.4 12 5s0
6oo-o-- 4.60~v,

.
I
NOT&
Therandomwbrmonlweb W bnunaocdymountdmatrumontw. grvenatthotrusonodomtorfacePOIIIIWThose
WwOntddm~~*~md*M on@Rhr-~ti~~d*ti*
bognmrlan&aMtictest&3aputofthoqwioBwt~ am.Tlw8wouldabo
largeaudamare8ssuchaspa401iordteotom,hrgers %?kchhsWumontarnponents8re

toawtrumentampononts*

chraulyattached.
tom,udlugepandsto
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TABLE 34a. SPACECRAn/INSTRUME~ INTERFACE ACCEPTANCE AND
QUALIFICATION SINE VIBRATION LEVELS

lmtnmtont Qudlfkatlon Acwptance
XAxb(ltwwt) Y&z Axh(LstoMq XAxis~ruat) Y&ZAxis(Latod)

Frq (HZ)I Loud(G) Frq(HZ)l L8ud(G) Froq(HZ)I Loud(G) Frsq(w I i.wd (G)

ASTER-TIR H 0.5~oo.A 5-8 0.5;:.A 5+ 0.5; :.A 0.5inO.A.
8-50 . 7SA 1.4

22+0 15 ~% 12
ASTER-SWIR 5-7 0.5::.A $8 0.5~:.A 54 0.5:OO.A 0.5mD.A.

M . &a . 7SZ 1.2
;-% 2:0 2240

1.0 (!::
ASTER-VSR 5+ .5inO.A 0.5inO.A. 5-6 0.5inO.A 54 0.5yJ).A.

75: 1.3 IHO 0.8 6-21
2Hifl g 21-30 21=30 2:0
40-50 ,. ‘30-5a $: al ::: 2.8

ASTER-MPS 5-12 .5i: :.A S12 0.5in;.A %1o 0.5;:A %1o 0.5inD.A.
12-50 . 12-50 . 10-50 . 10-5a 2.8

ASTER-VEL $12 .5inO.A +12 0.5;:.A *1O 0.5;:.A 5-10 0.5;8D.A.
12-50 3.5 12-50 . 10-50 . 1(HO .

ASTER-CSP 5-12 .5inO.A 5-12 0.5::.A 5-10 0.5:J2.A 5-10 0.5mD.A.
12-50 3.5 12-50 . loa . 10.50 2.8

CERES 5-6 .5inO.A 5-6 0.5inO.A H 0.5inD.A.
0.8

35-50 u i: 2.8
MISR 5+ .5inO.A H 0.5inO.A ~ 0.5inO.A 5-6 0.5inD.A.

624 1.0 0.8 6-20 0.8
2442 1.6 2eHm7 H 2- po-37 1.6
42-50 1.0 37+0 1.5 42-50 k: 1.2

MODIS 5+ .5inO.A 5-9 0.5;:.A 0.5inO.A 5-8 0.5mD.A.
8-15 +17 7~t15 8-17

+; 1740 3:5 ;: 17-30 H
k-o . 2.0 E 0.8 %50 1.6

MOPlll 54 .5 inO.A 5-0, 0.5mO.A ~ 0.5~J3.A. 5-8 0.: ~6D.A.
(K$;;tilly 9+ 2.0 2.0 8-XI . 8=50 “. “

Notes: “
‘1)The instrumentin testconfigutition shall indude kinematiomounts,if applicable,andthemountingof the
nstrumentto ateatfixtureshall duplicatethe final instrumentmountingconfiguration.

‘2)It isacceptableto useon~Hertz+vide accelerationrampsfor changingtest“g” levelsattestacceleration
xofile steps,providedthe plateaufrequenoybandwidthsdepictedhereinaremaintained.

3) Sweeprate for qualificationtesting is 2 octave#minute.

:4)Sweeprate for acceptanceand Protoflighthardwareis 4 ootavedminute.

:5) If required,thesinevibrationtaat input levelsshall be notched,baaedon low-level sine sweepsuwey
)riorto theProtoflightleveltest ineachark, 80asnotto exceed125 timestheflight limitloadsobtainedfrom
he final loadscycle. Notchingcriteriashallbeestablishedbasedonkinematicmwnt interfaoereactionloads
x interfaceloadsand responseaccelerationsat cdticalpointson the instrumentstructure. Notchingcriteria
md notchedsine input levelsshallbe submittedfor reviewand approvalby NASNGSFC.

5) Thesinusiodalvibration test shall be performedonce per axis in each axes which coinade with the
pacecraftaxes.

CH-3
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3.7.6.1.2 Launch Preeaure Proflla

The Instrument shaJlbe designed to withstand a maximum atmospheric pressure decay

rate of 0.5 (TBR 006) paikec except for a short perturbation, not exceeding three seconds

in duration, where the rate of decay will not exceed 0.76 (TBR 006) psi/see.

3.7.6.1.3 ACOUStiCS

The Instrument shall be designed to withstand acceptmce and qualificatiordprotoflight

acoustic levels shall be as defined in Tkbles 34 and 3+ .

3.7.63 Orbital Environment

3.7.6.2.1 Acceleration

Instrument flight hardware shall be designed to wtthstand a maximum acceleration of

0.015 G on orbit without degradation of performance.

3.7.622 Torque

3.7.6.2.21 Toque Allowable

Toque reacted from the Instwment to the Spacecraft shall be less than the limits shown in

Figures 3-5,3-6, and 3-7.

3.7.6.222 Torque Profile Documentation

The actual instmment toque versus time profile shall be documented in the Instrument

ICD.

3.7.6.2.3 Force

3.7.6.2.3.1 Force Allowable

Rotational tarques about the spacecraft CM resulting iom linear forces reacting from the .

“ instrument to Spacecraft shall not exceed the values provided in Section 3.7.6.2.2.1.

3.7.6.2.3.2 Torque Documentation

The torques @out the Spacecraft CM resulting from Instrument linear forces shall be

documented in the In&ment ICD.

3.7.6.2.4 Angular Momentum

3.7.6.2.4.1 Allowabie Angular Momentum

Steady state angular momentum reacted from the Instrument to the Spacecraft shall be

less than 0.5 Newtowmter-second (N-m-sac) per axis.

December1, 1992 Rw. A S-16
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TABLE 34. ACCEPTANCE ACOUS71C LEVELS

I One-Third Octave
Center Frequency (Hz)

Noise Level (dB)
re: 20 BN/#

Test Tolerance
[dB)

25
32
40

129.0
130.5

+3 +

131.0
132.0
132.5

133.0 ,.
133.0
132.7

100
125
160

+3 -3

200
250
315

131.9
131.0
1302

+3 -3

400
500
630

800
1000
1250

120.8
127.5
126.1

124.3
122.5
121.0

+3 -3

+3 -3

1600
2000
2500

119.0
117.5

116.0
+3 -3

3150
4000
5CO0

114.0 -“
112.5
110.5

108.5
109.7
110.5

+3 -8

T +3 *

Overall 142.8 +1 -1

I Acceptance Duration: One MiII e
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QUAWICATIOWPROTOFLIGHT ACOUSIC LEVELS

On*Third Octave
Center Frequency (Hz)

25
32
40

Noise Level (dB)
fe:20pNw

Test Tolerance
(dB)

.
—

132.0
133.5

+3-6

50.,
63
80

134.0
135.0
135.5

+3 -3’

100
125
150

136.0
. 136.0

135.7
+3-3

200
250
315

134.9
134.0
1332

+3 -3

400
500
630

800
1000
1250

1600
2000
2500

131.8
130.5
129.1

+3-3

127.3
125.5
124.0

+3 -3

122.0
120.5
119.0

+3 -3

3150
4000
5000

,117.0
115.5
113.5

+3 4

6300
8000

10000

111.5
110.0
106.0

+3 -6

Overall 145.7 +1 -1

I Protoflight Duration: One Minute

I QuaJificahI Duration: Tim Minutes
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Notes:

1.

2.

3.

For constant torque less than 10 seconds, the
impulse shall not exceed 9 x 1@ N-m-sec.

No other constant instrument torque of the same
pol@y shall occur during the 200 seconds after the
initial application ends.

If an impulse of opposite polarity occurs within
200 seconds, these requirements may be relaxed
on a cas~y-case basis.

Figure 3-6. Constant Toque/impulse
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Acceptable
-100,

0.001 0.010 0.100 1.000 10.000
Frequency (Radians/Second)

Notes:

1.

2.

3.

The amplitude of sinusoidal toque above
10 radianskcond shall not exceed the
10 radianahecond value. .

The amplitude of sinusoidal tofque below
0.001 radianskcond shall not exceed the
0.001 radianskecond value.

High fraquency disturbances (such as stirling
coolers) must be assessed on a cas~e
basis.

Figure 3-6. Sinusoidal Torque

●
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Figure 3-7. White Noise Torque
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3.7.62.42 Angular Momentum Documentation

The angular momentum reacted from the Instrument to the Spacecraft shall be

documented in the Instrument ICD.

3.7.6.24.3 Spacecraft Non-Operational Deployment Disturbance

The on-otii non-operational Spacecraft d~rbances prodwed by the uncaging or

deployment of any mechanism or device shall be Iessthan 1400 inch-pounds at the point of

attachment.

3.7.6.24.4 Shock GenemtIon On-Orbit

Instrument-produced shock shall be less than ~D 002).

3.7.6.24.5 lnstmment Orbital Shock Requirement

The Instrument shall be capable of suwiving, without degradation, shock resutting from

separation devices and other pyrotechnic devicas initiated during its life.

3.8 Finite Element Model

The Instrument Provider shall provide to GSFC finite element models of the Instrument in

accordance with the requirements listed in Appendix E, Section 60.1.

3.9 Instrument Mass Model

The Spacecraft Provider shall develop aJlinstrument mass models required for Spacecraft

mechanical testing.

3.10 Instrument Mechanisms . ..’

All hstrument mechanisms which require iestm-nt during launch shall be caged during

launch witho~ requiring power to maintain the caged condition.

3.10.1 Caging During Test and Launch
. . Instrument mechanisms which require caging and/or uncaging during test and launch shall

be capable of being caged and uncaged by command and by manual insertion of

accessible locking devices.

3.10.2 Caging 0n4rbit

Instrument mechanisms which require uncaging and/or caging on+rbit shall be capable of

behg caged and uncaged by command.
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3.10.3 Captive Hardware

All items to be installed, removed, or replaced at the Instrument or Spacecraft level shall

utilize captive hardware.

3.10.4 Bealed Hardware

Elect~xplosive devices (EEDs), hot+vax switches, or other devices shall be contained

in sealed assemblies which do not allow escape of the actuating materials.

3.11 Venting Forces

3.11.1 Continuous Venting Forces

The Instrument shall limit continuous venting forces to ~ .OE-05 pounds.

3.1,1..2 Random Venting Impulses ”.” !“

Th”eInstrument shall limit random venting impulses to s0.028 pound-seconds per orbit.

3.11.3 Thrust Direction Adjustment

The direction of net thrust resulting from the expulsion of expendable by the Instrument

shall be adjustable at the Spacecraft level.

3.11.4 Venting Foroe Documentation

The Instrument venting forces shall be documented with respect to magnitude, direction,

duration, and frequency in the Instrument ICD.

3.12 Coldplate Mechanical Interface Requirements

“ The mechanjca! specifications of the coldplate and its associated htidware are given in

Table ~.
.

..”

3.12.1 Coldplate Mounting

. . 3.12.1.1 Coldplate Mounting Bolts

The coldpiate shall be mounted to the Instrument using 24 #1 Obolts passing through the

coldplate and attaching to the Instrument with threaded inserts on the instrument side of the

interface.

3.12.1.2 Coldplate Bolt Pattern

The bolt pattern for the coldplate shall be as shown in Figure 3-8.

Oecembefl, 1992Rev.A
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TABLE 3-6. COLDPLATE EQUIPMENT MECHANICAL SPECIFICATIONS

Item Dimension Mass (kg) Center of Mass
(mm) Location (mm)

Coldplate 711X305X66 6.13 deometkal Center

Coldpiate Liquid Lines 32 diameter O.OWm Geometrical Center
(2 per coldplate)

Coldplate Liquid Line 12.7
Minimum Bend Radius

Coldplate Vapor Lines 6.4 diameter 0.091m Geometrical Center
(2 per coldplate)

Coldplate Vapor Line 25.4
Minimum Bend Radius “ *

Coldplate Vapor and Liquid 6.4 0.02/m Geometrical Center
Line Insulation Thickness

3.121.3 Coldplate Mounting Hardware Provider

The Spacecraft Provider shall provide the coldplate mounting hadware to the Instrument

Provider.

3.12.1.4 Coidplate Mounting Hardware Documentation

The coldplate mounting hardware shall be defined and documented in the Instrument ICD.

‘ 3.12.2’ Instrument Surface for Coidplate Mechanical interface

3.12.2.1 instrument Surface Flatness

The instrument surface for the coldplate mechanical interface shall be flat to less than 0.42

mm/m peak-tqeak.

3.12.2.2 lnstr&ent Sudace Finish

The instrument surface finish for the coldplate mechanical interface shall not exceed a

roughness of 1.6 micrometers (w) RMS.

3.12.3 Coldplate Drill Template

The coldplate &ill template shall be provided by the Spacecraft Provider to the Instrument

Provider.

~ f’-l

I Cltl

I
CH-1
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3.123.1 Coldpiate Drill Templata Usage

The instrument shall be match drilled using

mounting hole pattern

3.12.4 Coldplate Mounting Sutice Area

the coldplate drill template to define the

The coldplate mounting sun%cearea shall be as defined in Figure3-8.

3.12.5 Cddplate Mounting Surface

3.12.5.1 Coldpiate Mounting Sufice Flatness

The coidplate mounting surface shall be flat to less than 0.42 mndm peak-to-peak.

3.12.52 Coldpiate Mounting Sutice Finish

me coldplate mounting surface shall not exceed a roughness of 1.6pm RMS.

3.12.6 Coldpiate Mechanical intefice Filier Installation Responsibility

The mechanical installation responsibility of the fiiler between the coldplate and instrument

surfaces shall be an agreement between the Instrument Provider and the Spacecraft

Provider.

3.12.7 Coldpiate Mechanical Interface Filler Installation Responsibility
Documentation

The mechanical installation responsibility of the fiiler between the coldpiate and instrument

surfaces shall be documented in the Instrument iCD.

3.12.8 Coidplate Mass Propeties , . ~ ~

Coldplate mass and CM shall be as defined in Table 3-6.

3.13 Coidplate Plumbing

3.13.1 Coldplate Plumbing Provider

Coldplate plumbing between the coidplate and the Spacecraft shaii be provided by the

Spacecraft Provider.

3.13.2 Coldplate Plumbing Support Provider

The Instrument Provider and the Spacecraft Provider shall agree upon the provider of the

coldplate plumbing SUPPO*.

.

I
CH-1
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3.13.3 Coldpiate Plumbing Support Documention

The provider of the coldplate plumbing supports shall be documented in the Instrument

ICD.

3.13.4 Coldplate Plumbing Location

All coldplate plumbing locations shall be documented in the Instrument ICD.

3.13.5 Coldplate Plumbing Clearance

Coldplate plumbing clearances shall be agreed to by the instrument and spacecraft

I

Ci-1+

providers and documented in the Instrument ICD.

3.13.6. Coldplate Plumbing Documentation

, Routing of coldplate plumbing lines and location of coldplate plumbing supports shall .be

documented in the Instrument ICD.

3.13.7 Coldplate Plumbing Dimensions and Mass Propeties

Coldplate plumbing dimensions and mass properties shall be as defined in T*le 34.

3.14 Harnesses

3.14.1 Harness Provider

All harnessing shall be provided by the Spacecraft Provider.

3.14.2 Harness Hardware Documentation

Harnesses, connectors, ground straps, and associated service loops shall be documented

in the Instrument ICD.

3.14.3 Harness Wiring Requirements

All requirements for harness construction, pin-to-pin wiring, cable type, etc. shall be

documented in the Instrument ICD.

3.14.4 ti Points ‘

3.14.4.1 Tie Point Looations and Provider

The provider and lhe locations of harness tie points shall be an agreement between the

Instrument Provider and the Spacecraft Provider, as required.

3.14.4.2 Tie Point Documentation

The provider and the locations of tie points shall be documented in the Instrument ICD.
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3.14.5 ConnecWs

3.14.5.1 CwwXor Mathtg

Connectors shall be capable of being mated ad demated wtthout the use of special tools.

3.14.5.2 Connector Clearance

At least 20 mm of clearance shall be pm”dsd around the outside of mated connector plugs.

3.14.5.3 Connector Location

Connector locations and types shall be documented in the Instrument ICD. “

3.14.5.4 Keying

Connectors shall be different sizes, different types, or uniquely keyed to prevent improper

connection.

3.14.5.5 Interface Connector Provider

3.14.5.5.1 Harness Connectors

All connectors attached to harnesses between two instrument components or between

instrument components and instrument accommodation equipment shall be provided by

the Spacecraft Provider.

3.14.5.5Z Instrument Component Connectors

All connectors attached to instrument components shall be provided by the Instrument

Provider.

3.14.5.5.3 Conne& - .

All external cotmectors to be used by the Instrument for instrument-t~spacecraft

interfaces shall be selected from Tale 3-7.
.

3.14.5.5.4 Connector ~ Documentation

The connector “typesused by the Instrument shall be documented in the Instrument ICD.

3.14.5.6 Flight Plugs

3.14.5.6.1 Flight Plug Installation

flight plugs requiring installation prior to launch shall be capable of being installed at the

Spacecraft level.

Oecember 1,1992 Rev.A
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TABLE 3-7. APPROVED INSTRUMENT INTERFACE CONNECTORS ~BR 008)

Signal Type Instrument Hameaa Comments
Connector Connector

Prim~ Power MS2750B*XXFXXP MS27484TXXFXXS
or

1. ●:SeI@cIass Eor T.
per MIL~

Ms274741xxFxxP
2. xx W* sheil size and

series II insert amangement appropriate
per MIL~ for interface. Use size 20
series II Contaca.

3. MI~ cannectofs
mustuse Iubv-outgassing
.matafialsor be bakedout to meet
the outgassingr~uirements of
GSFC4~1 and
420-05-02

Pomt-to-Pomt MS2750B”XXFXXS MS274841XXFXXP
Interfaces or

I. ‘: SedectdasaEor T.
per MIL~ 2. XX: Selectshell size and

MS2747413(XFXXS Seriesll ,, insertarrangement appropriate
per MIL~ for interface. Usesize 22
series II Oontacs.

3. MiF&3B9WJ wnnectors
must use Iuw+utgassing
materials or be baked wtto meet
the wtgassing requirementsof
GSFC4~1 and
42~

SubminiatureD GSFC 1. SubminiatureD connectom

connectorwhioh is S311P407-XP-B-12 mustbe mounted,bonded, and

equivalent to GSFC or
gasketed to tie inside surfaoe of

S311P407-XW12 GSFC
a shieldedcomponentin order to
meetthe shieldingrequriements

or S311P40SXP-B-12 of the EMCControlPlanunless
GSFC with laserwelded the shell has a solid body

S311P40+XS-B-12 seams ~R)

.OWRateScience Raychem Ra@em 1. Mateawith %Yti8m
3US D-521-0412-P M21+411-S ~24C8554 DataBus Cable
& TriaxiaJ (Jack WI Pin) Tciaxial (Plug W/ 2. Connectorsmustbe bakedout
Gommandand socket contact) to meetthe outgassing
Telemetrybus . . requirements of GSFC

420+5-01 and 42W35-U2

fime Marka Free. Trompeter (TBR) Trompeter (TBR) 1. Mateswith GoreCXN2702
3US BJ3159AG221 PL3155AC-221 100ohm Twinaxiai Shielded

Bulkhead Jaok Plug Cable
., 2. Connectors must be baked out

to meet the outgassing
requirementsof GSFC
420-0+01 and 420-05-02

Iigh Rate Saence SMA (Jack) Gore S01 1. Mateawith Gore G20r G3
ink SMA,Straight CoaxialCable

2. Connectorsmust be bakedout
to meetthe outgasaing
requirementsofGSFC
42W5-01 and 42~

CH-1
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3.14.5.62 Flight Plug Reeponeibiltty

Flight plugs, if required, shall be provided by the Spacecraft Provider.

3.14.5.6.3 Fiight Plug Documentation

Flight plugs and their locations shall ba documented in the Instrument ICD.
..

3.14.5.7 Connector Proactive Covers

Captive covers shaJlbe provided by the Instrument Provider for all instrument connectors

. which are not matad to harnesses or flight plugs.

3.14.5.8 Test Connectors

3.14.5.8.1 Test Connector Accessibility

Test connectors shall be accessible at the integrated Spacecraft level.
.

3.14.5.8J? Test Connector Documention

Test connectors and their locations shall be documented in the Instrument ICD.

3.14.5.9 Breakout Boxes

3.14.5.9.1 Inba-lnatrument Breakout Boxes

Intra-instrument test tees and breakout boxes shall be provided by the Instrument

Provider.

3.14.5.9.2 Instrument-to+pacecraft Interface Breakout Boxes

Test-tees and breakout boxes for Instrument+pacscraft interfaces shall be provided

by Spacecraft Provider.

3.14.5.10 Buffer Connectors and Connector Savers

3.14.5.10.1 Buffer Connector and Connector Saver Utilization

Instrument buffer connectors and connector savers shall be utilized prior to

Spacecraft-level system tests.

3.14.5 .10.2 Buffer Connector and Connector Saver Provider

Instrument buffer connectors and connector savers shall be provided by the Instrument

Provider.

3.14.5.11 Electrical Connector Constraints

The connector half which has direct current (de) voltage sources %0 volts (V) shall have

socket contacts.
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3.15 Access

3.15.1 Access Identification

Access requirements shall be documented in the Instrument ICD.

3.15.2 Geneml Acceaa

All items to be installed, removed, or replaced at the instrument or Spacecraft level shaft be

accessible without disassembly except for the removal of thermal insulation blankets.
.-

3.16 Handling Fixtures

The instrumentProvider shall provide handling fixtures, which meet the requirements of

GE20006579, for each component weighing in excess of 16 kg.

.
3.17 Launch Site Equipment installation and Removai

3.17.1 Non4ight Equipment

All items to be removed prior to flight shall be red with a red “Remove Before Flight” tag.

3.17.2 Fiight Equipment

All items to be installed prior to flight shall be of a natural or neutral color except for thermal

insulation blankets.

3.17.3 Fiight and Non-Flight Equipment Documentation

All items to be instafled or removed prior to flight shall be documented in the Instrument

ICD.
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4 THERMAL REQUIREMENTS

4.1 merrnd Intefice Description

All interface requirements specified in Section 4 shall be met at the mechanical interface

defined in Section 3.1 and shall be consistent with the UIID allocations.

4.2 Thermal Design

4.2.1 Instrument Thermal Design Provider

“ The Instrument Provider shall be responsible for the thermal design of the Instrument.

4.2.2 Instrument Thermal Design

The Instrument design shall provide for

a. Maintaining the Insttiment within its temperature limits

b. Instrument attainment of minimum tu~n temperature ti’a suwival power

c. Instrument thermal isolation

4.3 Heat Transfer

4.3.1 Heat Transfer with the Spacecraft

4.3.1.1 Average Heat Flux

The heat transfer flux averaged over the Spacecraft mechanical interface shall be

sl 5.5 W/m2, during normal operations.

4.3.1.2 Heat Transfer Distribution

The heat transfer distribution at the Spacecraft mechanical interface shall be reviewed by

the Spacecraft Provider.

4.32 Heat Transfer with the Coldpkte

The heat transfer flux averaged over the coldplate mechanical interface shall be
~1550.0 Wlmz and 2155.0 Wlma.

4.3.3 Heat Transfer Distribution Documentation

Instruments which exceed a heat transferfluxof 1W/in2 for any square inch of the coldplate

shall document the distribution of heat fluxes in the Instrument ICD and the thermal math

model.

4.3.4 Environmental Heat Transfer

The Instrument shall be designed for the space thermal environment consistent with d

orbits defined in Section 10.

4-1 Deambefl,l~ Rev. A
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4.305 Deleted ,( 1

4.4 Temperature

4.4.1 Spacecraft Temperature Range

The Spacecraft temperature range at the mounting interface shall k

a. Oto +30°C during normal operations

b. -25 to +50°C during sutival modes ●

4.42 Coldplate Temperature Requirements

4.421 Coldplate Temperature Range

The Spacecraft shall maintain the mounting surface of the coldplate at a temperature of

20 +5/-O°C during the Operational Initialize phase Standby mode and Operational phase .

Science and Orbit Adjust modes for a maximum instrument heat flux of 1 W/in2 for any

square inch.

4.4JL2 Coldplate Interface Filler Temperature Gradient

The temperature gradient across the coldplate mechanical interface filler from the

instrument coidplate mounting surface to the coldplate surface shall be ~.O°C. ~cl. J

4.4.3 Instrument Temperature Range

Temperature limits for Instrument components during ground test and orbital operations

shall be documented in the Instrument ICD.

4.4.4 Test Coldplate Temperatures During Instrument Qualification Testing

For the special case of an Instrument or pofiions of an,lnstrument controlled by a coidpiate,

the test col@late interface temperature shall be’ maintained & +35°~” and +1O°C,

maximum and minimum, respectively, for qualification testing.

4.4.5 Teat Coldplate Temperatures Durfng Instrument Acceptance Testing

For the special case of an Instrument orporlions of art Instrument controlled by a coldplate,

the test ool@late interface tempemture shall be maintained at +3(PC and +15°C,

maximum and minimum, respectively, for acceptance testing.

4.5 Temperature Monitoring

4s.1 Mechanical Interface Temperature Monitoring

The Spacecraft shall monitor and report in the Spacecraft housekeeping telemetry the

temperature of the mechanical interface.
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4.5.2 Instrument Temperature Monitoring

All items for which health and safety temperature limits have been established shall be

monitored via passive analog telemetry.

4S.3 Temperature Sensor Location

The location of all instrument temperature sensors shall be documented in the Instrument

ICD.

4.6 Thermal Control Hardware

4.6.1 Coldplate

4.6.1.1 Coldplate Capacity

Coldplates shall be capable of acquiring 250 W of thermal “dissipation.
. .

4.601.2 Coldplate.Configuration
.,

Coldplate configuration shall be as shown in Figure 3-6.

4.6.1.3 Coldplate Mounting Orientation

For operation of the flight coldplate during capillary pumped heat transport system

(CPHTS) performance testing, the coldplate mechanical interface planes parallel to the

Spacecraft X-Z or Y-Z planes shall be oriented such that the coldplate header pipes are

perpendicular to the Spacecraft Z axis.

4.6.1.4 Coldplate Mounting Elevation

For operation of the flight coldplate during CPHTS performance testing, the coldplate

mechanical interface shall not exceed a distance of 250 mm from the Spacecraft mounting

.. interface.

4.6.1.5 Coldplate Mechanical Interface Filler”&dtmtivity

The thermal conductivity of the coldplate thermally conductive filler material shall be ~.5

watts per square inch per degree C. ~ CH-3

4.6.1.6 T- Coldplate Requirements

The test coldplate shall be identical to the flight coldplate in performance, mass,

dimensions, and mounting.

4.6.2 Heaters

4.6.2.1 Survival Heaters

Instrumentsshall utilize heaters to maintaintemperaturesat or above minimumsurvival

limits.

Dec8mberl,1992 Rev. A



GSFC 42~

.

4.622 Sunrfvd Heater Oontrol

Instruments shal utilize thermal control devkas for the sutial heaters.

4.6.3 Thermal Control Hardware

4.6.3.1 Themsl Control Hardware Responslblltty

The responsibilii for providing the thermal control hadware shall be as defined above and

in T~le 4-1.

TABLE 4-1. THERMAL CONTROL HARDWARE RESPONSIBIL~

I Hardware ResponslbMty

I Instrument Thermal Control Hardware Instrument Provider

I

“ flight arid Test Coldplates Spacecraft Provider

flight and Test Coidplates Mechanical Spacecraft Provider
Interface Filler

I Coldplate Thermal Insulation Blankets Instrument Provider

Thermal Insulation Blankets to Spacecraft Provider
Interface between the Instrument
Thenml Insulation Blankets and
the Spacecraft Thermal Insulation Blankets

Instrument Accommodation Equipment Spacecraft Provider
Thermal Insulation Blankets

4.6.3.2 Thermal Control Hardware Documentation

Thermal control hardware shall be documented in the Instrument ICD.

4.7 Thermal Models

4.7.1 Surface Model

The Instrument Provider shall provide to GSFC an instrument surface model in accordance

with the requirements listed in Appendix E, Section 602.2.

4.72 Reduced Node Thermal Math Model

The Instrument Provider shall provide to GSFC reduced node thermal math models in

accordance with the requirements listed in Appendix E, Section 60.2.3.
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4.7a Detaiied Thennai Math Modei

The Instrument Provider shaii provide to GSFCa repoti documenting the nodal description

and resutts of the detailed thermal analysis in accordance with the requirements listed in

Appendix E, Section 60.2.4.

,,

. .
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5 ELECTRICAL REQUIREMENTS

GSFC 42MM-02

.-

5.1 Electrical Interface Requhrnenta

All requirements in Section 5 shall be met at the electrical intedace and all allocations shall

be consistent with the UIID.

5.1.1 Electrical Inte_

The electrical interfaces (see Figure -l ) include the following:

a Power Interface

b. Grounding Interface

c. Command and Data Handling Inteffa

d Other Interfaces .

5.1.2 Electrical Intedace Definitions

5.121 Elec~”cal Intetice Location

l%e electrical interface is at the Instrument end of the Instrument-to-instrument-

Accommodation-Equipment harness connector mating surfaces.

5.1.2.2 Opemtional Power

Operational power is used for instrument operational modes such as Science Data

Collection, Calibration, and Standby.

5.1.22.1 Peak Power

Peak power is the maximum power required by an Instrument. Peak power does not

include transiec:s with a duration less than 20 milliseconds.

5.1.2.2.2 Avemge Power

The on~tiit average power is the average power utilized by an Instrument over any

on~rbit period commencing with the crossing of the night=to-day terminator. The

two-orbit average power is the average power utilized by an Instrument over any twmtiit

period commencing with the crossing of the night-ttiay terminator.

5.1.2.3 Sumival=$llode Power

Survival-mode power is power required by the Instrument in Sumivai Mode.

s-1 0ecemberl,1992 Rev.A ,
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5.102.4 Safe-klode Power

Safe+mde power is the power required by the Instrument in safe mode.

5.12.5 Launci@haae Power

Launch-phase power is the power required by the Instrument in launch phase.
.

5.2 Power

This section specifies the characteristics, connections, and control of the Spacecraft power

provided to the Instrument and requirements at this interface.

5.2.1 Instrument Power Allocations

The Spacecraft shall provide suitable power
. levels.

5.2.1.1 Opemtional Power Allocation

harnesses to support the allocated power

The instrument power consumed in operational modes shall be less than or equal to the

average and peak operational power levels allocated in the UIID.

5.2.1.2 Sunfival Power Allocation

The instrument power consumed in survivaJmode shall be less than or equal to the sumival

power allocated in the UIID.

5.2.1.3 Launch~haae Power Allocation

The instrument power consumed in launch phase shall be less than or equal to the

launch-phase power allocated in the UIID.

5.2.1.4 Power Intedace Allocation

The number of power interfaces used by an instrument shall be consistent with the number

allocated in the UIID.

5.2:1.5 Instrument Power-Level Documentation

The actual power levels for ‘all instrument modes shall be documented in the Instrument

ICD.

5.2.2 Power Characteristics

5.2.2.1 Voltage

The Spacecraft shall supply instrument power at 120 i4% volts direct current (Vdc).
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5.2JLI.1 Voltage Transients

The instrumentshall perform when subjected to voltagetransients per CS06 requirements

specified in GE PN20005869.

5.2.2.1.2 Abnormai Steady4tats Voltage Limits .

Under abnormalconditionsthe Instrumentshall survive, without permanent degradation,

steady-state voltages in the range

0< Vs132Vdc

5.2.2.2 Power Source impedance

The Spacecraft power source impedance as seen at the instrument electrical interface

shall be _4.8 ohm for frequencies * kilohedz (kHz), increasing at not more than a

6 ~BR 015) microhen~ slope from 9 kHz to 1 megahertz (MHz).

5.2.2.3 Current

5.2.2.3.1 instrument Current Transients

The following instrument requirements shall be measured when supplied by a voltage

source having the impedance characteristics similar to the Spacecraft power source

impedance.

a. Instrument current peaks associated with both turn-on inrush current and
non-repetitive operational current transients shaii not exceed 200?40of the
instrument peak power current between 50 microseconds (@cc) and
10 milliseconds (msec) after the start of the trahsient and shall return to steady
state within 10 msec from the time of the peak of the transient.

b. During normal operations the instrument shali iimitcurrenttransientrateofchange
to QO miliiamps (mA)/psec.

. . c. The Instrument shall limit tu~n inrush current transient rate of change to
*O nwpseC. ,.

d. The Instrument shali iimit tu~ff current transient rate of change to s50 mA/psec.

5.2.2.3.2 Deieted H CH+
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522.3.3 OverCurTentProtection

The Spacecraft shall provide protection of the Spacecraft power system by providing

overcunent protection devices on each instrument power connection.

5.2.2.3.3.1 Overcurrent Protection Device Size

The size of the overcunent protection devices for each instrument shall be an agreement

between the Spacecraft Provider and the Instrument Provider.

5.2.2.3.3.2 Overcurrent Protection Device Size Documentation

The agr~pon size and characteristics of an overcurrent protection

documented in the Instrument iCD.

device shall be

.
5.2.2.4 instrument Power input impedance

The instrument prime power input filter shall present a symmetrical common mode and

differential mode impedance to the prime power bus, as represented by the AC impedance

of the differential mode and common mode input filters.

5.2JL4.1 instrument Common Mode impedance

The instrument common mode impedance, as measured from the prime power feed or

prime power feed return to chassis ground, shallbe2160 (TBR 016) ohms at frequencies
ZI ()()kHz to 1() Mi+z geflerdly increasing as frequency increases.

5.2.2.4.2 instrument Differential Mode impedance

The differential mode input impedance (~~ between DC and 20 kHz shall be> a minimum
1

CH-3

impedance (ZrniJ where an is calculated using the foliowing equation:

zmin = 1600/pin(max)X Zref ~ CH-3

%In - minimumalloweddifferentialmodeimpedance
Zdm - differentialmode impedance
Pin(max)- ~ pr ~
4Z~of- referenceimpedance
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where ~f is shown in Figure 5-2.

ohms A

1.0

?ef (Q)

0.2 I 1 -F
2&z 10 KHz

I

Figure 5-2. instrument Differential Mode Reference impedance

Whete the differential mode input impedance is below the value of ~n, as defined by the

above equation, the phase over that frequency range shali be within the limits as defined in I CH+

Figure 5-2a.

135

90
45

Phase 0
(~) ’45

-$x)

-135
-180
-225

CH+

10 lk&&, . . 10k 20k

Figure 5-2a. Differential Mode input impedance Requhd Phase Characteristic I
5923 Power Control

5.23.1 Power ConnecUons

A single power interface shaii consist of two power feeds routed via

connectors. These connections are designated as power feeds A and B.

5.23.2 Power Application

two separate

in the absence of a fault on either power feed, the Spacecraft shaii continuously apply

power to each feed.
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5.2.3.3 Power Fault Tolerance

The Instrument and Spacecraft shall be tolerant, as a minimum, to asinglefauhoccurnng in

the power intetiace circuit on either side of the interface.

5.2.3.4 Instrument Equipment Separation

Instrument sutvival and operational equipment shall use separate electrical components

and operate independently of each other.

5.2.3.5’ Instrument Power Control

The Instrument shall provide separate power control for each separate power interface and

for suwival and operational equipment.
.’

5.3 Grounds, Returns, and References

The following terms are defined to facilitate specification of the ground, return, reference

and bonding requirements which are specified starting with Section 5.3.1:

Bond: A low-impedance electrical connection between two conductive elements.

Demmbsr1,1992 Rev..A
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Chassis Reference: The point

secondary power return leads are

within a component at which signal reference and

referenced to the instrumeti chassis.

Fault Ground: A conductor intended to carry fault currents in the event that the 120 Vdc

input is short-circuited in the Instrument

Instrument Chassis The metal enclosure which shields the Instmment% electronics.

Instrument Chassis Ground Terminal: Externalconnectionto the Instrument’s chassis

reference.

Isolated Secondary Powec Isolated secondary power is power cfefkd from mother ,

power source whose loads of which are completely isolated from Instrument to Spacecraft

interface electronics.

Prime Power Reference: Thepointon the Spacecraft where all ptimary power returns are

referenced. Tne Prime Power Reference is ‘the reference point for Spacecraft voltage

control.

Primary Power Return: The isolated 120 V current return lead from the primary side of the

instrument power dc-ttic converter back to the Spacecraft power distribution point.

Seconda~ Powen Power which has been derived and isolated from primary power

typically by a dc-ttic converter and used to power Spacecraft interface circuits.

Secondary Power Reference: The point within the Instrument where all current returns

from the secondary power (except isolated secondary power) circuits are referenced.

Signal Reference: The referencewithin the Instrument for digital and analog signals.

Signal Reference Ground: The Spacecraftconductingplateorotherstructure to which all

ground interconnections are connected.
.’

Signal Return: The wire which canies the current of a digitii or analog signal back to its

source.

5.3.1 Power Leads and Returns

Each instrumec: primary power lead shall have a distinct, ‘separate, and isolated return.

Power on feed A shall be returned only on return A, and power on feed B shall be returned

only on return 6.

5.3.1.1 Power Harnessing

The Spacecrak shall route each instrument primary power return and fault conductor in an

electrically shielded harness with the primary power supply lead.
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6.3.1.2 Iaoladon

Isolation requirements from primary power to chassis and primary power to secondary

power shall be adhered to at each primafy power inpuL

5.3.121 Deleted ~ CH-1

5.3.1.2.2 120 V Primary Power Isolation

The 120 V primary power leads and returns shall each be isolated from signal and chassis

references by>106 ohms (de) and 43.5 microfarad when measured at the instmment input.

5.3.123 Secondary Power Isolation

Secondary power shall be isolated from 120 Vdc primary power by >106 ohms (de).

5.3.1.3 Power Reference ..,.
.

5.3.1.3.1 Prime Power Reference

The Spacecraft shall reference 120 Vdc power retumsto the Signal Reference Ground only

at the Spacecraft Prime Power Reference point.

5.3.1.3.2 Secondary Power Return

Secondary power circuits shall provide cwrent return leads from each instrument

component which utilizes secondary power. These secondary power returns shall be

referenced to the Secondary Power Reference.

5.3.1.3.3 Secondaq Power Reference

The Instrument shall bond the Secondary Power Reference to the chassis reference.

5.3.1.3.4 Isolated Secondary Power Referencing

If isolated secondauypower is used within the Instrument then isolated returns shall not be

left floating. In this instance isolated returns shall be connected to chassis reference

through a resistance whose value is selected by the Instmment

5.32 Signal Reference

The Instrument shall be designed such that the Secondary Power Reference and the signal

reference for SpaceCraft interface circuits are electrically the same point

5.32.1 Signal Reference Constraints

Neither signal nor chassis raference points shall be used as power conductors.

December1,1992 Rev.A



GSFC 420-0=2

5.342.2 DifferentialSignal isoiation
The instrument shali isolate differential receiver leads from chassis reference by >3

I
CH-I

kilohms and cO.01 microfarad.

5.32.3 Passive Teiemetry Interface isoiation

I

CH-3

The instrument shall isolate passive b“~evei and passive analogtelemetry inten’aces from

chassis reference by>100 kiiohms.

5.3.3 instrument Grounding

5.3.3.1 instrument Ground interconnection

The Spacecraft Provider shaii provide a common electrically conductive ground

interconnection for the instrument and its associated instrument accommodation

equipment.

~5.3.3.2 Component Grounding

5.3.3.2.1 Component Ground Location
The instrument shall provide a designated chassis ground terminal on each component, as

close to all electrical connectors as possible.

5.3.3.2.2 Component Ground Connection
The Spacecraft Provider shall electrically bond the chassis ground terminal of each

instrument component to the instrument ground interconnection.

5.3.3.2.3 Component Bonding Straps
Where direct contact is not possibie between surfaces and/or movable metal-t-metal

joints are present, bonding straps shali be used.

5.3.3.3 Connector Grounding ~ .
,..

The instrument shall electrically tind aii instrument interface connectors to the instrument

chassis.

5.3.3.4 Chassis Reference Current
instruments shaii not use their chassis to conduct power and signal currents under normal

conditions.

5.3.4 Fauit Ground

5.3.4.1 instrument Fault Ground Requirements

5.3.4.1.1 instrument Fault Ground Connection
The Instrument shali provide a designated fauit ground pin at each prime power input

connector.
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5.3.4.1.2 Instrument Fault Ground Routing

The Instrument shall route a fault ground wire with each prime power lead to each

component within the instrument which uses prime power.

5.3.4.1.3 Instrument Fault Ground Wire Grounding.

The Instrument shall connect the fault ground wire to chassis at the prime power input for

that component.

5.3.4.2 Spacecraft Fault Ground Requhments

5.3.4.2.1 Spacecraft Fault Ground Routing

The Spacecraft Provider shall route a fautt ground wire with each prime power feed and
.“

return.

5.3.4.2.2 Fault Ground Wire Connection to Instrument Ground Interconnection

The Spacecraft Provider shall connect each fault ground wire to the instrument ground

interconnection.

5.3.4.2.3 Fault Ground Wire Connection to Primary Power Reference

The Spacecraft Provider shall connect each fault ground wire to the Primary Power

Reference.

5.3.5 Signal Reference Ground

5.3.5.1 Instrument Ground Interconnection Referencing

The Spacecraft Provider shall electrically connect the instrument ground interconnection to

the Signal Reference Ground. “~

5.3.5.2 Thermal Blanket Grounding

5.3S.21 Delet8d

5.3.5.22 Deleted
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5.3.5.23 Thermal Closeout Blanket Grounding

I

CH-3

The spacecraft provider shall ensure that the thermal insulation blankets used for

instrument closout are electrically isolated from the instrumentinsttument blankets.

5.4 Command and Data Handling Interface

This section describes the physical interface requirements for the command and data

handling (CaDH) sewices which includes the science data bus, command and telemetry

bus, time mark and frequency bus, and the discrete command and telemetry interfaces.

5.4.1 General Signal Interface Requirements

5.4.1.1 Interface Conductors

All signal interfaces shall use paired conductors. Paired conductors may include twisted

. pair, coaxial, twinaxial, and dual coaxial types.

5.4.1.2 Interface Redundancy

5.4.1.2.1 Redundant Interface Terminology

Redundant interfaces are designated side A or side B. ~ CH-1

5.4.1.2.2 Redundant Interface Usage

5.4.1.2.2.1 Command and Telemetry Bus Intefices

I

CH-1

The Instrument shall be capable of receivingcommands on either side A or side B of the

command and telemetry bus interfaces at all times.

5.4.1.2.2.2 Deleted CH-1

5.4.1.2.2.3 Deleted ~ CH-1

5.4.1.2.3 Intetice Fault Tolerance

The Instrument and SpacecMt shall be tolerant, as a minimum, to a single fault occurring in

a signal interface circuit on either side of the interface.

5.4.1.3 Interface Circuitry Isolation

For redundant interfaces the Instrument shall maintain separate sideA and side B interface I
CH-1

circuitry and connectors. The signal reference for side A and side B interface circui~ shall

be the same.
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5.402 Point~lnt Command and Telemetry Interfaces

The Spacecraftshall pruvidethe following point+qwint command and telemetry sewices

to each instrument as allocated in the UIID: ~ CH-1

a Relay Drive Commands

b. Passive B-al Telemetry

.1.

CH-1

c. PassiveAnalog Telemetry

d. bve Analog Telemetry

5.4JL1 Relay Drive Commanda

A relay drive command shaIl be a pulsed command with the current drive capability to

energize coils of latching relays.

5.421.1 Deleted # CH-1

5.42.1.2 Relay Drive Command Chamcteriatica

The Spacecraft shall provide relay drive commands having the following characteristics:

Pulse Active: +25 V (load current of 350 mA maximum) to
+29 V (load current of 2 mA minimum)

Pulse Duration (t): 50< t@Cl msec exclusive of rise and
fail times (measured with active pulse
amplitude 225 V)

Rise/Fall ~me: Controlled between 0.5 msec minimum
and 1.5 msec maximum (defined as
transition time between 1 to 25 V)

Overcurrent Detectoc “ Command will be terminated if load current
exceeds 425 * 15 mA

Maximum Discrete Command Rate: 10 commands per second

5.42.1.3 Relay Drive Command Load Characteristics

The relay drive command relay drivers shall be designed to operate within the following

range of load characteristics:

Pulse Active Load: 2 mA minimum
350 mA maximum

Load Capacitance 02 microfarad maximum (includes cable and
user relay capaatance)

In addition, the Instrument shall provide series redundant suppression diodes in parallel

with re!ay coils.
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s.422 Deleted B CH-1

5.422.1 Deleted

5.44!.2-2 Deleted , CH-1

5.4.2.3 Passive BiAevei Teiemetry interface

Passive bkievel telemetry shall be ~abie of sensing the state of relay contacts by

defining a iogic state within the instrument accommodation equipment that indicates

whether a relay contact is open or closed.

.
5.4.2.3.1 Deieted ~ CH-1

5.4.2.3.2 Passive Bi-Levei Teiemetry Signai Characteristics

The signal characteristics of the passive b~evei teiemetry with respect to signal reference

return shail be as foilows:

Logic T“ (Closed) Level: Load (contact) resistance c500 ohms

Logic”1” (Open) Levei: Load (contact) resistance >1 megohm

Source impedance: 21 megohm, not sampied

Logic “0” (Closed) Sense Cument 1 mA @.5V0driven through closed reiay
contacts

Load Capacitance: <1800 picofarads (includes cable and relay
contact)

5.4.2.4 Passive Anaiog Teiemetry intetiacea

5.4.2.4.1 Deieted ,. ~ CH-1

5.4.2.4.2 Passive Anaiog Teiemetry Signai Characteristics

The signal ,char~cteristics of the passive analog teiemetry from the instrument to the

Spacecraft with respect to signal reference return shaii be as foiiows:

Sensor Resistance Range: *5 kiiohms
source impedance 21 megohm, not sampied
Sense Current during Sampie: 1.0 mA S3.5V0
Load Capacitance: -800 picofarads
AID Resolution: 8 bits
AJ~ Accuracy: *1 .0?40of fuil scale (+5V) M.5 LSB “
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5.425 AcUVe Analog Telemetry Interfaces

5.44?.5.1 Deleted

5.425.2 Active Analog Telemetry Signai Characteristics

The signal characteristics of the active anaiog telemetry from the instrument to the

Spacecraft with respect to signal reference returnshail be as foilows:

input Voltage Range:

Load impedance:

Instrument Fautl Voltage

Fault Voltage Limit:

- Common Mode Voltage:

A/D Resolution:

A/D lkcumy:

Oto 5 Vdc.

Z1 megohm

-16 to +16 Vdc per iine with respect to
instrument signal reference

-16 to +16 Vdc per line with respect to
instrument Accommodation equipment
signal reference .

-1 to +1 Vdc with respect to the Signal
Reference Ground at the instrument
Accommodation equipment interface

8 bits

*1 .(Mo of full scale (+5Vdc) ~.5 LSB

5.4.3 Time Mark and Frequency Bus

The Spacecraft shaii provide a redundant time mark and frequency bus to each Instrument

with a reference frequency and an encoded time mark signal.

5.4.3.1 Time Mark and Frequency Bus Eiectricai Characteristics

“ The electrical characteristics of the time mark and frequency bus shall. comply with

EIA-RS-422.

5.4.3.2 Reference Frequency Characteristics

The characteristics of the reference frequency shail be as foilows:

Reference Fre&ency Beginning of Life: 1.000 MHz &OOl Hz (*1 part in 1~)

End-of-Life Accuracy “ S1 pm in I@ ~BR 012) at 5 years

Shod Term Drift: S1 part in 1010~R 013) in one minute

5.4.3.3 Time Mark Encoding

The time mark instant shall be encoded on the reference frequency signal, as shown in

Figure N.
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.

5.4.3.4 Time Mark Accuracy “

The accuracy of the time mark shall beS100 psec with respect to UTC with reference

update (once per hour minimum).

5.4.4 Command and Telemetry Bus Electrical lntedace

A command and telemetry bus shall be provided to the Instruments.’

5.4.4.1 Command and Telemetry Bus Electrical Characteristics

The el&trical characteristics of the command and telemetry bus interface shall comply with

MIL-STP1553B, Notice 2. In addition, each command and telemeby bus interface shall

be dual redundant per MlL-STD-l 5536, Section 4.6.3 and shall be individually

transformer coupled per MIL-SW1553B, Section 4.5.1.5.1, and subsections.

5.4.5 Science Data Electrical Interface

Science data is comprised of all the information required to accomplish the scientific

mission of the Instrument- This includes sensor output, data which is used for interpretation

of sensor data, and data which is used to monitor or evaluate Instmment performance.

Science data is transferred from the Instrument via either a redundant Iov+rate Science

data interface or a redundant high+ate science data interface.

5.4.5.1 Science Data Interface Control

The Spacecraft shall connect the Instrument to either the low-rate science data or the

high-rate science data interface(s) as allocated in the UIID.

5.4.5.2 Low-Rate Science Data Interface Electrical Characteristics

The electrical characteristics of the low-rate science data interface shall comply with -

MlL-STD-l 5536, Notice 2. In”addition,each low-rate science data interface shall be dual

redundant per MlL-STD-l 553B, Section 4.6.3 and stwil be individually transformer

coupled per MlL-STD-l 553B, Section 4.5.1.5.1, and subsections.

5.4.5.3 High-Rate Science Data Intefice Electrical Requirements

5.4.5.3.1 High-Rate Interface Circuitry

5.4.5.3.1.1 instrument High-Rate Science Data interface Circui~

The instrument shall use differential drivers to drive the high-rate science data interface.
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5.4S.3.12 ln~ment Hlgh+ate Science Data Signal Interface Ooupling

The Instrument shall capacitivelycouplethe d~erentiaJsgnal into the high-rate intetiace

cable.

5.4S.3.1.3 Spacecraft Hig~ Science Data Interfaoe Oircultry

The Spacecraft shall provide differential receivers for the high+ate science data interface.

5.4.5.3.1.4 High-Rate Science Data InterfacePolarlty Inversion

The Spacecraft shall not introducepolarityinversion between the output of the driver and

the output of the receiver.

5.44.3.2 High-Rata Science Data Interface Electrical Characteristka

.The electrical signal parameters for the driver of the hig~te science dab interface shall

be as follows:

Differential Signal Vottage
@ Driver Output 0.6 Vac peak-to-peak minimum

1.0 Vac peak-to-peak maximum

Common Mode Voltage
@ Driver Output 1.0 Vac peak-bpeak maximum

Transmission Rate: 63.5 megabits per second (Mbps), asynchronous

Cable Type: Dual Coaxial, Modiied Gore G2, 50 ohm

Cable Length: 12 meters maximum

5.5 Other Intetices

5.5.1 Test Point Interfaces

An Instrument may,elect to use test points to provide external access to internal Instrument

circuit~ via GSE.” Use of Instrument test points shall meet the following general

requirements.

5.5.1.1 Spacecraft Integration and Test Use

Instrument test points shall not be used during Spacecraft integration and test, except as

expressly approved and documented in formal procedures.

5.5.1.2 Performance Verification Limitation

Instrument data collected to verify acceptance or qualification of Instrument peffOrm~ce

requirements shall be acq&acf through flight interfaces and not through test point

interfaces.

December1.1992 Rev.A -16



GSFC 420-03-02

5.5.1.3 Keyed Connectors

Alltestpoints shaft be brought out to a separate, keyed Ccmn-or(s) which shall be easily

accessible. Separate test connectors shall be used to segregate classes of signals. When

not in use and ptir to launch, the connectors shall be protected with flight qualified covers.

5.5.1.4 Power and Load Isolation

The Instrument shall not be powered through, nor significantly loaded, by test point

interface circu~, including connection to external GSE.

5.5.1.5 Failure Propagation

Test point intetiace circuit~ shall not propagate failures to instrument flight circuit~. This

includes credible failures in. GSE connected externally to the test point interface,,
connectors. .

.
.,

. .
5.5.1.6 Short-Circuit Isolation

Test point shoti-circuit isolation shall also be provided. The Instrument shall operate within

specification in the event any test point is shorted to the power bus, ground, or another test

point, and upon removal of the short.

5.5.1.7 Grounding Integrity

Test point intetiace circuitry shall not compromise instrument grounding requirements,

either by design or use.

5.5.1.8 EM1/EMC

The test point interface, test point GSE, and associated cabling shall meet the

requirements of GE PN20005869.

5.5.1.9 Flight Standards

Test points shall be designed and implemented in accordance with all applicable flight
. . standards and component ratings, including the requirements of GSFC 42~~1”.

5.5.1.10 Mechanical Requirements

Test point implementations shall meet the mechanical requirements of Section 3.

5.5.2 Test Point Interface Documentation

Test point intedaces, functions and

Instrument ICD.

.

GSE interconnection shall be documented in the
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6.6 Failure Modes and Effect Anaiyais

Faiiure Modes and EffectAnalysis (FMEA) of the Spacecraft-instrumentcircuitryshallbe

documentedandreportedto GSFC inaccdance withGE20006607.

. .

. .

.
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6 COMMAND AND DATA HANDLING REQUIREMENTS

All requirements in Section 6 define the utilization of the Command and Data Handling

Interfaces.

6.1 Command and Telemetry Bus

6.1.1 Command and Telemetry Bus Configuration

On the command and telemetry bus the Instmment shall be configured as a remote

terminal (FIT’) and the Spacecraft shall be configured as a bus controller (BC), with the

message handling and control functions as definedinMIL~TD-15536, all sections except

as expressly prohibited herein.

6.1.1.1 Command and Telemetry Bus Transfer Method

The transmission method describ@inMIL-STW15536 Section 4.3.3 shall be used for the
,.

tr~sfer of data on the command and telemetry bus.

6.1.1.1.1 Command and Telemetry Bus MIL=D-1553B Mode Code Utilization

Only the MlL-STD-l 553B mode codes listed in Table -1 shall be utilized by the command

and teiemetry bus and all other codes are invalid.

6.1.1.1.2 Command and Telemetry Data Transfers

All data transferred on the command and telemetry bus shall be transferred using

MlL-ST&l 5536 messages defined in MIL-STW1 5536, Section 4.3.3.6.

6.1.1.1.2.1 Data Transfers to the Instrument

All data transferred to the Instrument on the command and telemetry bus shall be a

BC-to-RT transfer initiated and controlled by the BC.

6.1.1.1.2.2’ Data Transfers from the Instrument

All data transferred from the Instrument on the command and telemetry bus shall be a

RT-to-BC transfer initiated and controlled by the BC. ~

6.1.1.1.3 Broadcast Mode on the Command and Telemetry Bus

The broadcast mode of operation described in MlL-STD-l 553B, Section 4.3.3.6.7 and

subsections shall be prohibited.

6.1.2 Command and Telemetry Bus Transfer Timing

The Spacecraft shall control the timing of tmnsfers on the command and telemetry bus

based on minor cycles, major cycles and master cycles.
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TABLE 6-1. MIL+1563B MODE CODEUTILIZATION

.

man?an Mode Ay;&ted
code Function

Bit word

1 Ooo1o Transmitstatusword No

1 Oooo1 Synchronize(see note 1) No

1 00011 Initiatese&test No

1 00100 Transmittershutdown No

1 00101 Ovenide transmittershutdown No

1 00110 Inhibitterminalflag bti No

1 O1ooo Reset remoteterminal No

1 10000 Transmitvectorword (see note 1) “ Yes

o 1-ooo1 Synchronize(see note 2) Yes

1 10010 Transmit last command Yes

1 10011 Transmit BIT word Yes

Notes:

1. Used on the Low Rate Science Data Bus only.
2. Used on the Command and Tdemetry Bus only.

6.1.2.1 Minor Cycle Length

A minor cycle on the

*1 Oopsec.

command tdemetty bus shall be an 8 millisecond period

6.121.1 MKior Cycle Task List

The BCshall processand perfbrma specifiedsetoftransfers(calleda task list)each minor

cycle.

6.121.2 Minor Cycle l-k List Completion

Uponcompletionof the task Iistspeded fora minorcycle,the BCshallremain idleuntilthe
start of the next minor cycle
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6.1.2.2 Major Cycle Length

A major cycleshall consist of 128 minor cycles.

6.1.2.3 Master Cycle Length

A master cycle shall consist of 84 major cycles.

6.1.2.4 Command and Teleme~ Bus Task Scheduling

The followingtypesof data messages can be transferred on the command and telemetry

bus:

a.

b.

c.,.

d.

e.

f.

9“

h.

i.

SynchronizeWith-Oata Word Message

Command Message

Housekeeping Telemetry Message

IMOK Message

Safe Mode Command Message

Ancillary Data Message

Time Code Data Message.

Memory Load Data Message

Memoty Dump Data Message

6.1.2.4.1 Synchronize with Data Word

The commandand telemetrybustaskscheduleshalialiowforthetransfer ofa maximumof

one synchronize-with4a&word messageon the bus each minorcycle.

6.124.1.1 Synchronize with Data Word Transfer Frequency

The BC shali issue a synchroniz~ith4a~ord message to each instrument RT once

eve~ 32 minorcycleson a scheduied bask
.

6.1.2.4.1Z Synchronize with Data Word Transfer Timing

The BC shali issuethe synchroniz~ith+ata+vord message to the RT within 200 psec

after the stat of the minor cycle.

6.1.2.4.1.3 Data Word Content

The data word associated with the synchronize-with-data-word message shali indicate

the minor cycle count of the majorcycieand majorcyclecountofthe master cycle in which

the message is transferred.
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6.1.2.4.1.4 Data Word Content Format

The format of the contents of the data wofd associated with the

data-word message shall be as shown in Figure 6-1.

Data
Word 1

synchronizwvith-

I RemoteTerminalID[ O I 000000rlll17 I 10001 I
o 456 1o11 15

O1o1 majorcycle count Iol minorcyclecount
012 789 15

.. Figure 6-1. Command and Telemetry Bus Synchronize-with-Data-Word
Message

6.1.2.4.1.5 instrument Response to Data Word

The Instrumentshall synchronizeitstelemetrytransferscheduies to the major and minor

cycle count delivered in the data word associated with the synchroniz~ith~ata-word

message.

6.124.1.6 instrument Telemetry Transfer Schedule

The Instrument shall perform its telemetry transfer swh that each telemet~ point is

unambiguouslyidentifiablebythe majorcyclecountand positioninthe messagedata field.

6.12.4.2 Command~nafwa

The commandandteiemebybus taskscheduieshaiiallow forthetransferof a maximum of

one command message on the bus once every minorcycle.

I

CH-30

.
6.1.24.3 Deleted CH+

6.124.3.1 Instrument Normal Housekeeping Telemetry Coilectlon

The Spacecraftshaiicollectthe normalhousekeepingtelemetryfromthe Instrumentonce

per majorcycle on a scheduiedbasis.
.
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6.1.2.4.3=2 lns~=me:t Critical Health and Safety Housekeeping Telemetry

The Spacecraft shall collect the critical health and safety housekeeping telemetry from the

Instrument once per majorcycleon a scheduledbasis.

6.12.4.3.3 Instrument Housekeeping Telemetry Readiness

The Instrument shall have telemetry ready for each scheduled transfer at the start of the

minor cycle for which that transfer is scheduled.

6.1.2.4.4 Memory Load Transfers

A data message containing memory load data shall be treated as a command message

within the command and telemetry bus task schedule.

6.1.2.4.5 Memory Dump Transfers

The command and telemetry bus task schedule shall allow for a transfer of a data message

containing memory dump data on the bus no sooner than once every sixth minor cycle or no

I

CH-3

later than once every 128 minor cycles.

6.1.2.4.6 IMOK, Ancillary Data, Time Code Data, and Safe Mode Commands CH-3

The command and telemetry bus task schedule shall allow for the transfer of a data

message containing a IMOK message, ancillary data message, time code data message,
I

CH-3

or safe mode command message on the bus once per minor cycle.

6.1.2.4.6.1 IMOK, Ancillary Data, and Time Code Data Transfer Frequency

I

CH-3

The Spacecraft shail issue a iMOK, an ancillary data message, and a time code data

message to each instrument once per major cycie on a scheduled basis.

6.1.3 Command And Telemetry Bus Data

6.1.3.1 Commands

6.1.3.1.1 Reai-Time Commands

All instrumentreal-time commands shaii be limited to one MiL-STPl 553B messagein

length.

6.1.3.1J? Stored Commands

All instrument commands stored and distributed by the Spacecraft Control Computer

(SCC) shall be limited to 2 Itiit data words in length.
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. .

6.1S.1.3 Safe-Mode Command Structure

The saf~odecommand messageshallbe a“receive”messagetosubaddress7 withone

data word containing“D734” hexadecimal.

6.1.3.1.4 IMOK Command Structure

I

CH-3

The IMOK commandmessageshallbe a“receive”messageto subaddress5 withone data

wod containing%OOD”hexidecimai.

6.1.3.2 Memory Load and Dump Initiate Command Structures

6.1.3.21 Load Initiate Command Structure

The memory load initiatecommand message shall be stmcturedas shownin Figure6-2.

6.1.3.2.2 Dump Initiate Command $tructure

The memory dump initiate command message shall be structured as shown in Figure 6-3.

6.1.3.3 Memory Load Data Meaaagee

hlemo~ load data shall be transferredvia multipleMIL-STE1553B messages.

6.1.3.4 Memory Dump Data Meaaagea

Memory dump data shall be transferredvia multipleMIL-STP1 5536 messages.

6.1.3.5 Ancillary Data Meaaagea

6.1.3.5.1 Ancillary Data Contents

The contentsof the Spacecraft ancillarydata shall be as shown inTale 6-2.

6.1.3.5.2 Ancillary Data Meaeage Format .”

Each Spacecraftancillarydata messagedata fieldshallbe 512 bti in lengthfotmattedas

shown in T*le M.

6.1.3.6 Titi Code Data Meeaagea
,.

6.1.3.6.1 Time Code Data Contanta

The time code data shall be Spaceaaft time presented in a CCSDS standard day

segmentedtime code format as defined in CCSDS 301.-2, Section2.3.

6.103.602 Time Oode Data Epoch

The epochshallbeoftheimplkit typeasdefined inCCSDS 301.0-S-2, Section2.1.1. The

epoch shall be l~~uary 1.
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LoadInitiate Comma nd:
~15;X!ld

word
Command

Load
Description
Information

1

“2

I Remote Terminal ID I O I 00001
o 456 1011 15

Resewed for InstrumentUse

I Resewed for InstrumentUse I

3 I LoadStartAddress- Bits*15 I
o 15

41 bad Stat Address - Bii 1Ml I

5

0 15

word count - Bii 0-15

0 15

word count ‘ Eits l&31 I

7

8
.

I Verification Code - Bits0-15
o 15

1 Verillcation Code- Bits 1&31 I
o 15

Figure 6-2. Memory Load Initiate Command

Dumo Initiate Co remand:

Command 1
Description

RemoteTerminalIDI O I 00001 I Word Count I
o 456 1o11 15

Reservedfor InstrumentUse
o

r2

3
.Oump “

Description 4
Information

[

5

6

( Resewed for InstrumentUse In *C

I DumpStartAddress- Bits*15 I
n 15

I DumpStartAddress- Bits 1G31 I
n 15

1 Word Count - Bits 0-15 I
n 15

I Word COuflt- Biis 1+31 I
o 15

Figure 64. Memo~ Dump Initiate Command
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6.13.6.3 Time _ ~ Format

The time code data message shall be a “receive” message to subaddress 6 w“th 4 data

words. This data message shall be formatted as shown in T*le M.

TABLE 64 Spacecraft ANCILLARY DATA MESSAGE CONTENTS

Oecember1,1992 Rev.A
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TABLE 6-3. Spacecraft ANCILLARY DATA MESSAGE FORMAT

Dsh - *.
Weld8 (MB) aft B)h hrtptbn U* Fowmt Soling

(’) m m

1 0 48 1
Pdwt beder WA tVA MIA

4 0 1 Socondwy Hoeder 10 Flag MIA WA WA

4 1 93 nmestAtnp ~ CDS WA

8 0 6 Fbg Byte WA NIA WA

8 8 I 24 Tew Cotweraion 2C o

I 10 “o 32 spmeOrm Poeiuon-x mebro 2C 4

12 0 32 SpaOewaft Podtion - Y 2C 4

14 0 32 Speamtt PoaiUon-Z rnobrs 2C 4

16 0 32 spGOeUart Vebdty - x 2C -12

18 0 32 speeuraft Voboity - Y ~em 2C -12

20 0 32 ‘“ Bf+cUdtvdOeity-z 2C -12

22 0 4 R~ -’

z 4 12 AM An@e - ROn a~ 2C o

23 0 4

23 4 12 Attttudo An#o-Pti alcea 2C o

24 0 4 R~

24 4 12 AU Angie - Yaw ~ 2C o

25 “o 4

25 4 12 Afnwo Rato-Roa ~s 2C -1

26 0 4

28 4 12 AtUmde Rab -- 2C -1

27 0 4

27 4 12 A&de RAb - Yaw 2C -1

28 0 8 Magnotb cd Cuwent - x ~ 2C -8

28 8 8 MagnoUO Coil Cumnt - Y ~ 2C +

29 0 8 Magrrotio Coii Cunult - z AnqJereo 2C -8

29 8 8 So& Array ~ ~ us o“

30 0 “ Sof8r Poaihn-X WA 2C -7

30 8 [: solar Poeition - Y MIA 2C -7

31 c 8 Solar Position - Z N/A 2C -7

31 8 8 Moon P-n - X WA 2C -7

32
0.

8 Moon POeiNOn-Y N/A 2C -7

32 8 8 Moon Poe&m - Z N/A 2C -7

Not-
(7= Datawordn~- mb poaitbn of dafa word in MlL+T&lSf536 bue tneeeage. Word 1 ie banemitted f-
(-) = Bii num- in-w meitionofMSSinlS-bit~ta wofdW ofMIL-STD-1S3B** -rd. SftOb tmernfttd fftat.
(“”-) ● Valuee whc: extend beyond the end of a 1&bit data wwd am amtinued Sta@ * bit O of UI. next data word
N/A = Not AwIiMae
CDS. CCSOS Day Segrnonted, in@iad P-fii of 111000001-
x. 2’s eamplement
Ug . uneigned
MSS m rrto~teigtlitlcant bit
LSB * baet signif~n: M

LS8weqhts2’unih,whereniettm~

I
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.

TABLE 64 SPACECRAH TIME CODE DATA MESSAGE FORMAT

(“).

.,

6.1.4 Command and Telemetry Bus Protocols

6.1.4.1 Instrument Command and Telemetry Bus RT Address Assignment

All instrument RT addresses on the command and telemetry bus shall be assigned by the

Spacecraft Provider and documented in the Instrument[CD.

6.1.4.2 MILZ1663B Message Identification

The subaddress shall indicatethe type of data containedin the MIL-STD 1553B message

on the command and telemetry bus.

6.1.4.2.1 MIL~TD-1563B Message Subsddreaa Definition

“ I%e MiL-ST&l 553B message subaddresses forthe command and telemetry bus shali

be as defined in Tabie 6-5.

.
6.1.4.2.2 instrument Specific Subsddresses

All MiL-STD-l 5536 messagesubaddmses utiiizedspecificallybythe instrumentshallbe

negotiated and documentedin the Instrument ICD.

6.2 Time Mark and Frequency Bus

A time mark instantand referencefrequencyto be used with time code data (describedin

Section 6.1.3.6) are providedvia the time mak and frequency bus.

DscsmbewI, 1992 Rev. A *1O
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TABLE 6-5. COMMAND AND TELEMETRY BUS MIL-STD-1553B
MESSAGE SUBADDRESSES -

Transmit/
Subaddress Name Receive

Bit

1 instrument Command o

2 Load Data o

2 Dump Data 1

4 AncillaryData o

5 IMOK o CH-3

6 . ~~~me code Data o ,,

,’7 Safe Mode Command o“.’

9 Loop Back lor O

17

I

Normal Housekeeping

I

1
Telemetry Data

18 Critical Health and Safety 1
Telemetry Data

o or 31 Mode Code lor O

All remaining subaddress numbers are resewed

6.2.1 Time Code Data Vaiid indication

The time mark instant, on the time mark and frequency bus, shall indicate when the

transmitted time code data, transmitted on the command and telemetry bus, is valid.

6.22 Time information Timing

The timing relationship between time code data, reference fraquency, and the encoded ‘

time mark instant shali be as shown in Figure W.

. .
6.3 Low Rate Sciqnce Data Bus

The lo~te science data packets shall be transferred from the instrument to the

Spacecraft via the low-rate science data bus.

6.3.1 Low-Rate Science Data interface Configuration

On the low-rate science data bus the instrument shali be configured as an RT and the

spacecraft shall be configured as a BC, with the message handiing and control functions as

defined in MiL-STD-l 5536, ali sections except as expressly prohibited herein.

S-n December 1,1992 Rev. A
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15530
Message

Time Mark
and

Frequency
Bus

‘4 ITme
~100msec Code

(rein) Data n

Tme Code
Data Valid n

~me
Code

Datan+l

lime Code
Data Valid n +

i
1

I I

/ Normal ma Mark

Time Mark Instant

Tme
Mark Normal Normal

Cycle Cycle
v m~ 1 0 9 m 1- m

—

—

/ Cycle Cyole Preamble I Postamble

1

~1.000 MHz
Reference
Frequency 50 50

%%
Duty @cle

H-i t-t +“tt-t-l
is;:175;55050

% % Yo

‘ lime Mark Instant

.

Figure 6-4. Time and FrequenoyTiming
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6.32 Broadcast Mode on the Low-Rate Science Data Bus

The broadcast mode of operation described in MlL-STD-l 553B Section 4.3.3.6.7 and

subsections shall be prohibited on the low-rate science data bus.

6.3.3 Low-Rate Science Data Transfer Timing

The timing of packet transfers via the Iow+ate science data bus shall be as shown in

Figure 6-5.

6.3.4 Low-Rate Science Data Bus Data Format

All low-rate instruments shall be required to assemble their science data into source

packets compatible with the Path Packet Sewice described in CCSDS 701II-B-l, Section

3.3.3. The format of these packets is shown in Figure 6-6.

6.3.5 Low-Rate Science “DataBus Transfer Protocol ‘

6.3.5.1 Low-Rate Science Data Bus RT Address Assignment

All instrument RT Addresses on the Iowate science data bus shall be assigned by the

Spacecraft Provider and documented in the Instrument ICI).

6.3.5.2 Low-Rate Science Da@ Bus MIL~TD-1553B Mode Code Utilization

Only the MlL-ST&l 553B mode codes listed in T*le *1, except for the

synchronize-with+ati-word mode code, shall be utilized by the low-rate science data

bus and all other codes are invalid.

6.3.5.3 Low-Rate Science Data Bus MlL-STD-l 553B Message Subaddresses

The MlL-STD-l 553B message subaddresses utilized on the low-rate science data bus

shall be as defined in Table 64.

TABLE 6=4. LOW-RATE SCIENCE DATA BUS MIL-STD-1553B MESSAGE
SUBADDRESSES 1 CH-3

ISubaddress

F
1-8

9

10-25

P2%30

Oor 31

Transmit/
Name Receive

Bit

Not Valid don’t care

Loop Back lor O

Instrument Science Data 1
Packet I

Not Valid I don’t care

Mode Code [ lor O

S-13 Decernberl,l= Rev.A
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HEADER DATAZONE

t-” ‘“~”’- ‘“s -

I PACK=IDENTIFICATION[ PACK= I PACK=l SECONDARY I INSTRUMENT

IVER610NTYPESEC
HDR
LAG

3 BITS 1BIT 1BIT

I SEGUENCECONTROLI LENGTHI HEADER I DATAflELD

APPLIC.SEGUENCEPACK= TIMETAG QUICK VARIABLE
PROC. FUG’ SEGUENCE LOOK LENGTH

ID couNr NOTE1 FLAG I

11BITS 2BKS 14BITS 16BITS 84B~S 8BITS (X-72)BITS

PATHSERVICEUSERS

NOTES:

1. The ScienceDatatime tag is placedin the secondaryheaderfieldby the Instrument.

FORMAT

Vemion: 000

Type: O

SecondaryHeader Flag: Set to “1”

ApplicationProcessID: AllocatedinUIID

SequenceFlags: For instrument’suea

PacketSequenceCounti Sequentialcountof packes associatewithan APID

PacketLength: Containsthe binarycount In octea of the data In the DataZoneasthenumberof octets-
1 or ( [ ‘X”/8 ] - 1).

SecondaryHeadw

TimeTag: Containsthe sciencedatatime tag as Spacecmfttime in CCSDSdaysegmentedtimecode
format The first bit mustalwaysbs eat to zero (0) to indkate a notiCSDS definedsecondaryheader.

QuickLookflag: Tha instrumentsets the fimt bit (MSB)of thisoctet to “1” if the packet is includedin the
quicklookdataset If the first bit (MS8) is sat to “O”tha packetIs not includedin the quick lookdataset

HighRateScienceData‘X” Bite=876btta(minimum)tc 8144blta(maximum)
LowRateScienceData“X” Bi* = 978 bits (minimum)to 61382bits (maximum) ICH-3

Figure 6=6. CCSDS Version 1 Source Packet Format
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.

6.3.6.4 L~ Science Data Palling

The Spacecraft shall poll the Instrument for a complete source packet using the

MIL4TD-I 553B transmitvectorword.

6.3-6.5 Low+&te science Data Packet Readiness

When the Instrumenthas a completesourcepacket readyfortransfer,the Instrumentshall

set the sem”cerequest bti in the MlL-STD-l 5536 statusword.

6.3.6.6 Total Packet Length Indication

The Instwment shall indicate the number of octets to be transferred in the data word

associated with the transmit vector word poll.

6.3.6.7 Low-Rats Science Data Packet Ttansfer :

6.3.5.7.1 Low-Rate Instrument Polling Internal

The inte~al between successive polls of a single low-rate instrument shall be less than

2 seconds and greater than or equal to 20 milliseconds. Q CH-1

6.3.5.7.2 Low-Rate Science Data Throughput Interval

The Spacecraft shall accommodate the instrument science data rat~f-transfer

allocation when average over any ~nd interval.

6.3.5.7.3 Low-ate Science Data Packet Transfer Timing

The transfer of complete Iow+rate science data packets shall occur in such a manner which

satisfies the timing equation:

PL(N) - PL(N+l) s CIR, for all N.

PL(N):

T2P(N):

CR

T2P(N)

Length of packet N, in bits

~me in seconds from the assertionof the sefvice request bit for
packet N to the asaation of the sewice requestbit for packet N+2 .

Current Instrument rat~sfer allocation (bits per second)

6.3.5.8 Low-Rate Science Data Packet Transfer Method

The packet transfershall be accomplishedby MIL-STD-1553B messages.

Decemberl. 1992 Rev.A 6-16



6.3.5.8.1 Deleted
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ICH-3

6.3.5.8.2 Multiple Message Packet Transfer

if the packet length is greater than 512 bits, multiple consecutive messages sent to

consecutive subaddresses starting with subaddress 10shall be used to transfer the packet.

For multiple consecutive messages which exceed the number of available subaddresses,

I

CH-1

once the last available subaddress has been used the subaddress sequence shall be

restafied at subaddress 10 after a minimum delay of 20 milliseconds.

6.3.5.8.3 ~”Transferring an Odd Number of Octets .‘’
.

‘If”a message has an odd number of octets, the last octet shall be transferred in the most

significant octet of a”16 bit word.

6.3.5.8.4 End of Transfer

I

CH-3

The BC shall end each packet transfer with a synchronizwithout+ata word.

6.4 High-Rate Science Data Interface

High-rate science data packets shali be transferred to the Spacecraft via redundant,

isolated, high speed interfaces designated as the high-rate link.

6.4.1 High-Rate Link Science Data Rate

The maximum science data rate, before encoding, into a single high-rate link shall not

exceed 50 Mbps inciuding packet header.

6.4.1.1 High-Rate Link Allocation

The number of high-rate iinks aiiocated to a singie instrumentshaii be suticient to

accommodate the data rate aiiocatedin the UiiD.

6.442 Hig* Science Data Packet Transfer Timing

The instrument shaii transfer complete source packets in a manner which satisfies the

timing shown in Figure 6--7.

6.4.2.1 High-Rate Science Data Inte-e Data Format

Ali high+ate instruments shaii be required to assembie their science data into source

packets compatible with the Path Packet Service describd in CCSDS 701.W1,

Section 3.3.3. The format of these packets is shown in Egure 6-6.

6-17 Decambef1,1992 Rev.A
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“n n+l

rT2p~T2p “—1
PACKET LENGTH 2 x PL (max)

PKTn...PKTn + 2< PL(msx) ‘2’ 2
CIR

PKTn + 3 = PL(max)

‘2P = Instrumenttime to transfertwo packets
CIR . = InstrumentPeak rate of transferper high rate science CH-3

data link (peak rate is peak-allocationin UIID) I
PL(max) = Maximum Packet Length includingheader for the

Instrument’scurrentmode

. . . .
;.

Figure -7. HiglA?ate Link Timing

Decembw1,1992 Rw.A



GSFC 42fHM-02

6.4S High- Science Data Transfer Protocol

6.4.3.1 Data Encoding

The Instrument shall encode the data and dock information on the high-rate link in

compliance with the FDDI physical layer protocol as defined in American National

Standards Institute (ANSI) X3.148-1966, Tale 1. This is “48/56” encoding combined with

non+etum to zero invert on ones (NRZi).

6.4.3.2 High-Rate Science Data Message Format

6.4.3.2.1 High-Rate Science Dati Message Symbois

High+ate science data messages shall be 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 Fieids “

Each high-rate science data message, also designated “High Speed Data Unit” (HSDU),

shall be compris~ of five fields, defined and ordered as shown in Table 6-7.. .

6.4.3.2.3 High-Rate Science Data Message info Fieid Transmission

The Instrument shaJltransmit only symbols W from the time the message control field is

transmitted and the time the endingdellmiteris transmitted.

6.4.3.3 High-Rate Link Preambie

For instruments which power down the high rate interface between transmissions, prior to

transmitting a packet, the high-rate link shall be powered, and the Instrument shall send a

minimum of 20 idle (1)symbois over a period of 250 I.Lsec.

6.4.3.4 High-Rate Link Transmission Gap

Instruments which do not power down the high+ate link interface between transmissions

shall.transmit a continuous stream of J-K symbols between &tive packet transmissions.

e-19 Decemberl.1992 Rev.A
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TABLE 6-7. HIGH-RATE SCIENCE DATA MESSAGE FORMAT

PA
(20+

SD Mc INFO (CCSDS Version 1 Packst) ED
(2+) (2) (2048 max) (2)

if needsd)

No. of
Field Nsrne synlt@s Encoding comments

(NOW)

1 Preamble (PA) 20+ II A minimumof 10 pairs of idle
symbolsare contained in
this field (Always paired)

2 Starting Delimiter (SD) 2 JK Signitlesthe beginningof a
or more message (Always paired)

3 Message (lontrd (MC) 2

MC(Symbol1) Ror S R = System test message
MeseageC&se S = Synchronous message

MC(Symbol2) R R = Grade 2 Service
Mesaa~e&de

4 Information (INFO) 25& w If MC1 = ~ INFO contains
2048

F
as test message
de ned in Section 7.1.4

. if MCI = S, INFO contains
CCSDS Version 1source
packets of instrument data

5 Ending Delimiter (ED) 2 l-r Termination

dotes
1. Eacheymbdia5bita
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7 COMMAND AND DATA HANDLING OPERATlONAL REQUIREMENTS

All requirements in Section 7 defineutilization restrictions and specific tasks performed by

the command and data handling interfaces.

7.1 Science Data

7.1.1 Science Data Interface Allocation

Each instrument shall be designated as either a Iowate or a high-rate instrument

according to its peak data rate as allocated in the UIID.

7.12 Science Data ~pes

7.1.2.1 Low-Rate Science Data

A Iow+ate instrument is any instmmefit that generates data for the science data interface

at bit rates <100 kbps.

7.1.2.2 High-Rt@ Science Data

A high-rate instrument is any instrument that generates data for the science data interface

at equivalent bit rates al 00 kbps.

7.1.2.3 Engineering Data

Instruments with a science data rate 220 Kbps shall packetize its engineering data

separately with a separate Application Process ID (APID).

7.1.3 Science Data Requirements

7.1.3.1 Applicatiofl Process ID

The AP10portionof the CCSDS Version1 source packet prima~ header definition will be

defined prior to instrument integration to the EOS Spacecraft.

7.1.3.1.1 Application Proceaa ID Allocation

The APIDsshallbe as allocatedinthe LJIIDand shallremain fixed throughout the mission. .
life..

7.1.3.1.2 Application Proceea ID Documen@tion

The APIDs shall be documented in the Instrument ICD.

7.1.4 Science Data Interface Test Packet Requirements

(TED 005)
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74 Commands

72.1 Point4@oint Oommands

The point-~int interfaces shall provide discrete relay drive commands to the

I

CH-1

Instrument.

7.21.1 Spacecraft Required Point-to-Point Commands

The Instrument shall accept and execute the followingSpacecraft required commands

issued via the point40-point command interfaces.

7.21.1.1 Instrument Operational Equipment ON and OFF Commands

The Instrument shall provide the Spacecraft the capability to turn the instrument

operational equipment ON and OFF via discreterelay drivecommands.

7,2.1.1.2 Instrument Survival Equipment ON and OFF Comman&

The Instrumentshall providethe Spacecraft the capability to turn the instrument survival

equipment ON and OFF via discrete relay drive commands.

7.2.1.2 Instrument Point-to-Point Oommands

Any remaining point-to-point command interfaces not used for

point-tqoint commands shall be available for instmmentuse.

7.2.1.2.1 Instrument Fault Reoovery

Spacecraft+equired

The point-to-point command interfaces shall provide the ability to conduct limited

diagnosticsand reconfigurationof the Instrument,to r~stabliih communicationsvia the

command and te!emetrybus, and to supped recoveryfromlimitedanomaliesand failures

associatedwith the Instrument

7.2.1 .21.1 Instrument Fault Isolation

Reconfiguration of instrument block redundant subsystems required for instrumentfault

isolationshall be accomplishedvia the point-to-point commandinterfaces.

7.2.2 Command and Telemetry Bus Commands

The command and telemetry bus shall provide for the transfer of real-time, stored, or

spacecraft+enerated commands to the Instrument.

7.221 Real-Time Commands

The Instrumentshall define the following real-time commands issued via the command

and telemetrybus to initiate the associated activities.
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7.221.1 Memory Load Initiation

The BC shall initiate all instrument memory loads with a load initiate command message.

7.22.1.2 Memory Dump Initiation

The BC shall initiate all instrument

message.

7.2.2.2 Stored Commands

memory dumps with a dump initiate command

There shall be two types of stored commands available to the Instrument absolute time

commands and relative time commands.

7.2.2.2.1 Absolute Time Commands

7.2.2.2.1.1 -Absolute Tlrne Command Time Tag Resolution .

The time tag for absolute time commands shall have a resolution of 1.024 seconds. i CH-3

7.2.2.2.1.2 Absolute Time Command Distribution

Absolutetime commandsshall be sent to the instrument within 1.024 seconds after the
I

CH-3

instant when the command time tag and spacecraft time are equaJ.

7.2.2.2.1.3 Absolute Time Command Time Tag Uniqueness

There shall be a maximum of 8 absolute time commands total stored by the Spacecraft with

the same time tag. I CH-3

7.2.2.2.2 Relative Time Commands

7.2.2.2.2.1 Relative Time Sequence

Relative time commands which are related to each other shall be organized into a relative

time sequence (RTS).

7.2.2.2.2.2 Relative Time Sequence Distribution

“ The distribution of a RTS shall be triggered by an absolute time command, real-time. .

command, or a command from the telemetry monitor. “

7.2.2.2.2.3 Relative Time Sequence Distribution Timing

Each command in a RTS shall be separated in time by a time delay.

7.2.2.2.2.4 Relative Time Command Time Delay

The time delay between relative time commands in a RTS shall be an integer multiple (% )

of 1.024 seconds having a maximum value of 65,535 seconds. ~ CH-3
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722.3 SpacecWt Control Computer Issued Commanda

The Instrumentshall accept and execute the follow”ngcommandsissuedby the SC(2 via

the command and teleme~ bus.

7.223.1 Telemetry Monitor Commands

The SCC shallprovide the capability to issuea commandvia the commandand telemetry

bus to initiatean action based upon a pre-determined telemetry state monitoredby the

onboardtelemetrymonitor.

722.3.2 Instrument Telemetry Monitor Commands

The Instrument shall define aIl commands to be issued by the SCC based upon the

predeterminedstate of telemetrymonitoredby the SCC.

7.2.2.3.3 IMOK Indication and Safe+ode Command

I
CH-3

7.223.3.1 IMOK Indication

he Spaceaaftshallt ransmitan IMOK indicationviathecommand and telemetry bus once

per majorcycleon a scheduledbasis.

7.2.2.3.34 Safe-Mode Command

The Spacecraft shall provideto the Instrument,via the command and telemetry bus, a

safe-mode command which ind~tes a failure of the computer system controllingthe

Spacecraft.

7.2.2.3.4 Instrument Survival Mode Commands

The Instrumentshalldefinea storedcommandor st~radcommands6quenceconsistingof

S1Ocommandsforuse by the Spacecraft to transitionthe Instrumentintoitssurvivalmode

from any operationalmode or itssafe mock

7.22.4 Irttqbce $elecdon

7224.1 Tlrne Merk and Frequency Bus Selecdon

The Instrumentshall accepta commandindicatingwhichtime markand frequencybus to

use, bus A or bus B.

722.4.2 Redundant High-Rata Link Selection

The Instrumentshallaccepta commandind~ngwhich sideofthe high-rate linkinterface

to have active, side A or side B.
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7922.5 High Rate Link Test Command

A high+ate Instrument shall accept a command to transmit a system test message across

the interface as defined in Section 7.1.4.

7.2.3 Instrument Command Documentation

All commands to be transferred to the Instrument via the point-t~int command

interfaces and the command and telemetry bus and their structure shall be documented in

the Instrument [CD.

7.2.4 Command Requirements

7.2.4.1 Command Uniqueness

Eachcomm~d shall,be unique and,have the sqme effect in all instrument m~es for which

the”command is applicable.

7.2.4.2 Critical. Commands

Initiation of critical or hazardous functions shall use, as a minimum, distinct enable and

execute commands.

7.2.4.3 Command Sequence

The Instrument shall be designed such that commands may be sent or executed in any

sequence without damage to the instrument.

7.2.5 Command Restraints

The restraints imposed in this subsection shall apply to all command types.

7.2.5.1 Toggle Commands

No stat~ependent or %&” commands shall be allowed.

7.2.5.2 Command Format Consistency ~

For any command, the command format shall be identical for every mission phase and

every instrument mode for which the command is applicable.

7.2.5.3 Multifunction Commands

Within commands transferred that control a number of discrete conditions, each controlled

function shall have an enabling bit

individually or in any combination.

(or a unique code) which shall be able to be changed
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73 Telemetry

7.3.1 Poin-olnt Telemetry

The followingtypes ~ teJemetryare providedvia redundantpoint-to-point connections:

a Passive B*ei Telemetry

b. Passive Analog TebrMry

c. Active Analog Telemetry

7.3.1.1 instrument StatLJs

The point-t~int telemetryinterfacesshallbe usedto providean independentsourceof

instrument status data and instrument health and safety information in all instrument

operating modes.
.

7;3.1.2 Requh’ed Point-to-Point Teiemetry

The Instrument shallprovideas a minimumthe followingtelemetrytothe Spacecraftvia the

point-to-point telemetry interfaces:

a. Status of ail functionscommanded via point-to-point interfaces

b. Telemetry for the determinationof iktrument health and safety

The Spacecraft shall providethe followingtelemetry for the Instmment Power intedaces:

I

CH-1

a. Instrumentinputcurrentfor each primarypower input in all modes

b. Instrumentinputvoltage for each primarypower input in all modes

7.3.1.3 instrument Point-to+oint Teiemetry Sampiing Rate

The Spacecraft shall prwide sampling rates of 1.024 seconds, 8.192 seconds, and

65.536 seconds for instrumentpoint-to-point telemetry intedaces.
.

7.3.1.4 instrument Point-oint Telemetry Sampiing Rate Definition

The Instrumentshalldefinethe rateat whicheach telemetrypointshallbe sampledto allow

adequate time,fw intewention in case of a pending faiiure..

7.3.2 Command and Tetitry BUSTeiemetry

7.3.2.1 instrument Housekeeping Teiemetry ~pe$

7.321.1 Normai instrument Housekeeping Teiemetry

The instrumenthousekeepingteiemetrydata streamshaiicontainaii information,including

the data Containd in the critkai health and safety telemetry data stream, required for

instrumentmonitoringand operations.
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7.32.1.2 Crftkal Health and Safety Telemetry

The Instrumentshall provide a subset of nomwl housekeepingtelemetry called critical

healthand safetytelemetryvia the commandandteleme~ bus inall modes, exceptOFF.

7.3.2.2 Instrument Telemetry Limits
.

7.3Z.2.1 Instmment Normal Housekeeping Telemetry Data Limits

Instrument normal housekeeping telemetry data shall not exceed 512 bits per major cycle

for each instrument.

7.3JZ.2.2 Instmment Critical Health and Safety Telemetry Data Limits

Instrument critical health and safety housekeeping telemetry data per majorcyclefor each

instrument shall be negotiated and documented in the Instrument ICD.

7.3.2.3 Telemetry Monitor

7.3.2.3.1 Spacecraft Monitoring of Instrument Telemetry

The Spacecraft shall provide the capability to monitor selected telemetry points in the

instrument normal housekeeping telemetry stream and initiate an action within the

Instrument based upon a prtietermined telemetry state.

7.3.2.3.2 Instrument Telemetry Monitoring Transfer Rates

The Spacecraft telemetrymonitor shall be capable of monitoring telemetry transferred at

rates of once every 1, 8, and 64 major cycles identified by the major cycle number.

7.3.2.3.3 Instrument Telemetry Word Format

All telemetry values which appeg in a single MlL-STD-l 5536 word must repeat on the

same schedule.

7.3.3 Telemetry Interface Utilization Documentation

7.3.3.1 Insfiment Point-to-Point Telemetry Documentation

All Spacecraft provided point-t~oint telemetry intedaces utilized by the Instrument shall

be documented in the InstrumentICD.
.

7.3.3.2 Instrument Point-to-Point Telemetry Sampling Rate Documentation

The sampling rate of each instrument point-to-point telemetry point shall be documented

in the Instrument ICD.
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.

7.32.3 Instrument Homekeeping Te- Documentation

The Instrumentnormalhousekeepingtelemety pointsand the subsetofcriticalhealthand

safety telemetry pointand their associatedstatesshallbe definedand documented in the
Instrument ICD.

7.3.3.4 Instrument Housekeeping Telemetry Sampling Rate Documentation

The sampling rate of each instrumenthousekeepingtelemetrypointshall be documented

in the In@ment ICD.

7.3.3.5 Instrument Housekeeping Telemetry Format Documentation

The instruments housekeepingtelemetry format shall be documented in the Instmment

[CD.

7.3.3.6 Instwnent Telemetry Monitoring Documentation” ‘

All instrument housekeeping telemetry pointsto be monitoredby the Spacecraft shall be

documented in the InstrumentICD. “

7.3.3.7 Instrument Tranafer Schedule Documentation

The schedulefor all scheduled datatransfem via the commandand telemetrybusshallbe

documented in the InstrumentICD.

7.3.3.8 Command and Telemetry Bus Data Tfanafer Schedule Adaptability

The Instrumentshall be designed suchthat a new commandand telemetry bus schedule

can be uploaded, changingthe time of scheduledinstrumenttransfersto a differentminor

cycle within the major cycle.

“ 7.3.4 Teleme~ Requirements

7.3.4.1 Telemetry Sampling Ratea

All telemetry poin~ shall be sampled as a minimumonce per master cy61e.
. . . . . .

7.3.4.2 ~rn~nd Ve~_O#l

7.3.4.21 Command Receipt Verification

Commanc!receipt shall be verifiedvia criticalhealth and safety telemetry subset.

7.3.4.2.2 Command Execution Verffioation

Command execution shall be verifiedvia criticalhealth and safety telemetry.
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7.3.4.2.3 Command Verification Sampling Rate

Telemetry to verify proper response to a command shall be sampled at a rates once every

8.192 seconds.

7.3.4.2.4 Command Execution Vedficstion Telemetry

Telemetry used to directly verify command execution shall change value only for those

commands being verified.

7.3.4.3 Instrument Mode Dependency

The instrumenttelemetrystreamformat shall be the same for all instrument modes.

7.3.4.4 Instrument Activity Dependency

The instrumenttelemetrystreamformatshallbe thesameforon+rbit operationsasfor I&T

activities.

7.3.4.5 Configuration Dependant Telemetry

All telemetry used for determining instrument configuration shall be unique to a given

configuration.

7.3.4.6 Synchronization Restrictions

The Instrument shall not use the time mark and frequency bus to synchronize activities

associated with instrument housekeeping telemetry gathering or sampling.

7.3.4.7 Instrument Telemetry Mnemonic Format

The instrument telemetry mnemonic shall be formatted as shown in Figure 7-1.

7.3.4.8 Telemetry Name

The telemet~ name shall be identified by the user using only alphanumeric characters and

the underscore (J.

7.4 ~.Command and Telemetry Bus Data

7.4.1 Memoq Loads

Memory loads to the Instrument shall be via the command and telemetry bus.

7.4.2 Memoq Dumps

Memory dumps from the Instrument shall be via the command and telemetry bus.

.
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,

1 2 a 4 6 6 7:8 * 10 11 12 13 14 1s 1$ 1 2 a 4 6 c 7 8 e 10 11 12 13 14 1s 16

Suaswnaq A m c Fon NamuMaNruaE

The first three ohamcteraof the EIEMENTfieidindicate the SUBSYSTEMse definedbelow:
MT - ASTER
CEF - CERESFORE
CEA- CERES-AH
Mm - MiSR
MOD- MODIS
MOP- MoPITr -

A.Thefirstchanwtarofthe~M fieidIndicatasthetelemetryTYPEasdefinedbelow

Current
~: Voitage
T- Tempemture

Bi-ieveJStatus
;: Power

ConfigurationInformation
:: Status Information
D- Memoryor Dump Data

B.Thesecondchamter of theKEMfieldIndicateatie telemetrySOURCEaadefinedbelow.

R - Realor Raw Datx (data unmodifiedby software)
S- FiightSoftware~erated Data: (datageneratedby flight softwareusing raw data inputs)
P - Pseudoor DerivedData: (data generatedby ground softwareusing raw or frightsoftware

genemted data inputs). .

C.Thethirdcharacterof theJ7EMfleJdis●lwayaan UNDERSCORE

Figure 7-1. Instrument Telemetry Mnemonic Format
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7.4.3 Ancillary Data

The Spacecraftshallprovidea standard set of Spacecraft ancillary data to each instrument

via the command and telemetry bus. The Spacecraft will also insefi this data in the science

data stream for downlink.

7.4.4 Time Code Data

The Spacecraft shall provide spacecraft time to the Instrument via the command and

telemetry bus.

7.5 Autonomy

7.5.1 Instrument Mode and State Changes

7.5.1.1 Infrequently Changed Parameters

Operational parameters whose values change infrequently or take on the same value each

time a defined instrument mode is entered shall be stored in instrument memory and

changed via the command and telemetry bus only when modification of the parameter is

required.

7.5.1.2 Normal Instrument State Changes

Command sequences which set internal instrument states for normal mode changes shall

be stored and performed internal to the instrument.

7.5.1.3 Mode Changes

Instrument mode changes which affect instrument data rates shall be externally

commanded via real-time or stored commands.

7.52 Safe and Survival Modes

7.52.1 Instrument Safe-Mode

7.5~1.l instrument Safe+Jode Entiy

Upon receipt of the Saf=ode command or if the Instrumentdoes not receivethe IMOK

I

CH-3

indicationfor 5 consecutivemajor cycles, the Instrumentshall initiate entry into its safe

mode.

7.521.2 Instrument We-Mode Configuration

The instrument shall autonomously configure to its safe mode within 30 seconds after entry

into safe mode is initiated.
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75201.3 Sa&Mode Entry Override

The instrumentsafe mode entry initiationshallbe capable of beinginhibitedby command.
b

7.52.1.4 DuraUon of Safe40de

once saf-e sequence has been initiated, the transition into safe mode shall be

completed and the instrument shall remain in safe mode until changed by external

intervention.

7.522 Instxwnent Suwival Mode

The instrumentsuwivai mode shallbe a state inwhichthe instrumentispowereddown to a
minimumpower state utiiizingsurvivalequipment only.

7,54?.2.1 Spacecraft Survival Mode Entry ~

Upon entry into the Spacecraft suwivai mode, the Spacecraft shaii issue the instrument

defined command or sequence of commands to each instrument to transition the

instrument into its survival mode.

7.54?.2.2 Instrument Survival Mode Entry

The instrument shaiitransition into its survival mode within 30 seconds after suwivai mode

entry is initiated.

7.5.2.2.3 Duration of Suwival Mode

Once Suwivai-lviodesequence hasbeen initiated,thetransitionintosurvivalmodeshaiibe

completed and the instrument shall remain in survival mode untii changed by external

intervention. .

7.5.2.3 Instrument Safe and Suwival Modes Documentation

The instrumentsafe and sutiai modes shall be documentedin the instrumentICD.

7.5.3 Memory Load Veriflcatlon

The integrityof a memory W shaii be verifiedon-board.

7.5.4 Time Mark and Frequency Bus Loss

The instrumentshallbe capabie of operatingin the event either or bothside A and side B

time mark and frequency bus interfacesare inoperative.
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8 CONTAMINATION CONTROL REQUIREMENTS

Instrument contamination control requirements are delineated in GSFC 42M5-01,

Section 9. SpacecrafHevel contamination control requirements are delineated in

GSFC 42(X)-, Section 9.

In addition, the following contamination control requirements apply. .

8.1 Contamination Protection Design

The instrumentdesign shall include its own contamination protection. (See Section 10for a

description of environments during l&T and on orbit.)

8.2 Contamination Protection Measures Documentation

Allcontaminationprotectionmeasuresto be taken afterdeliveryof the Instrumentshall be

documented in the Instrument ICD.

8.3 Instrumen! Purge Implementation Documentation

Instrumentpurge requirementsshall be documented in the Instrument ICD.

8.4 Instrument Venting Documentation

The number, location, size, vent path, and operation time of vents shall be documented in

the Instrument ICD.

8.5 Surface Avoidance

The Spacecraft shall place the Instrument such that the vent effluents will not directly

impinge on another contamination-sensitivesurface.

. .
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VERIFICATION AND REQUIREMENTS RES~ONSIBILITY

requirements for formal verification of the interfaces between the Spacecraft,

instrument accommodation equipment, and instrument shall be as specified in this section.

These verification requirements define the extent to which the Spacecraft, Instrument

Accommodation Equipment and Instrument must demonstrate the capability to meet the

interface requirements specified in this document. This verification determines that the

interfaces confcmn to the requirements.

Descriptions of methods necessary to verify these interface requirements are provided in

the GIIS Handbook.

9.1 Requirements Responsibility Matrix

Responsibility for implementing tie requirements specified in this document shall be as

defined in Appendix C,’Table 40-1;

9.2 Verification Responsibility and Methods Matrix

The organization responsible for the verification of the requirements specified in this

document and the method(s) verification shaJlbe as defined inAppendix D, Table5G1. It is

up to the responsible organization to determine the level of assembly at which verification

will take place per GSFC 42041M1 or GSFC 42041-, as applicable.

. .
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10 ENVIRONMENTS

10.1 Ephemerides

10.1.1 Orbital Chamteristics

The instrument design shall be consistent with the following nominal orbital chamteristics

and the associatedenvironments:

Semi-Major Axis (Mean) 7078 kilometers (km)

Altitude Range 700 km to 737 km (705 km at equator)

Inclination 982”

Descending Node 1030 hours *15 min
(Local Mean Solar Time)

Repetition Intewal 233 revel@-ons/l 6 days

, Repetition ‘Accuracy (Cross Track) .-0 km (3o) at ~1 latitudes
. .

Solar Beta Angle (~)” 13°<p<310

●(angle between solar vector and orbital plane)

10.1.2 Transfer Orbit Characteristics

The instrument design shall be consistent with the following nominal transfer onbit

characteristics and the associated environments:

Perigee 550 kilometers (km) minimum

Apogee 686 km minimum

Inclination 982”

Descending Node 1030 hours *15 min
(Local Mean Solar ~me)

Solar Beta Angle (~)’ 13°<pc31”

“(angle between solar vector and orbital plane) “

10.1.3 Sun-Pointing Safe Mode Orbital Characteristics

In sun-pointing safe mode the Spacecraft will maintain a sun pointing attitude with the

normal of the solar array aligned with the solar vector throughout the orbit. The solar array

will remain stationary with the normal of the solar cell plane facing toward the-X end of the

Spacecraft. Only two-axis (*1 5° pitch and*18° yaw) attitude control will be maintained

during sun-pointing safe mode.

10.2 Spacecraft Reference Coordinate Fmme

The Spacecraft Reference Coordinate Frame, as shown in Figure 10-1, is right handed

and ofihogonal.

CH-1
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10.3 Pointing

The spacecraft design shall be consistent with pointing performance at the instrument

I

CH-3
interface as allocated in the UIID.

10.4 Thermal Environments

The thermal environments are segregated into prelaunch, launch, ascent, transfer orbit,

and orbit environments.

10.4.1 Prelaunch, Launch, Ascent Thermal Environment

The prelaunch, launch, and ascent thermal environments for the EOS-AM mission are

defined in GE 1S20008503 (lCD-l 03).

.10.4.2 Deleted ~ CH-1

10.4.3 Tnermal Environment
---- —. .—.

~ CH-1

The transfer orbit, on-orbit, and sun pointing safe mode thermal environments for the

EOS-AM mission are defined in part by the following thermal flux design parameters:

Minimum Maximum

Solar Radiation 0.856 W/in2 0.915 W/in2

Albedo 0.311 0.336

Earth Infrared Radiation 0.148 W/in2 0.157 W/in2

10.5 Total Ionizing Dose Environment

The Instrument shall meet perform~ce requirements when exposed to the total dose due

to the trapped proton, electron, and solar proton radiation environmentwhich will be

experiencedby the Spacecraftas shown in Figure 10-2.

10.6 Single Event Upset and Latchup

The instrument shall use the cosmic ray integral linear electron transfer (La distribution

shown in Figure 10-3, the solar flare environment for a single solar flare shown in Figure

1Ha, and the trapped, free space proton environment shown in Figure 10-3b to make

single event upset (SEU) and single event Iatchup (SEL) calculations. The solar flare

environmentused for these calculations shall consist of three flares, each lasting four days.

The peak proton flux environment over the South Atlantic Anomaly is defined as follows:

~ CH-1

I

CI-14
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Proton Energy Flux
~lo Mev 5.8 x 1@ cm-a see-l

*O MeV 4.3 x 1& cm-z sac-l
>100 MeV 2.2 x 1@ cm-a see-l

CH-3

10.7 Atomic oxygen

The Instrummt shall meet performance requirements during exposure to atomic oxygen
(AO) experiencedduringa 705 km polar orbit for five years. Atomicoxygen fluence for ram

oriented surfaces is shown in Pigure1(WI.

10.8 Mlcrometeoroids

The Instrumentwillbe subjectedto hypewelocity impacts of meteoroids. The worst<ase

micrometeoroid environment is shown in Figure 1&5. PaWe densities are assumed to

be: , ,..
. .

. 2.0 gm/centimeter.(cm)a for pahides with mass <1@ gm “ “”

1.0 gm/cm3 for paflicles with mass 1@ gm through 10_2 gm

0.5 gm/cm3 for particles with mass >l@ gm

Mean meteoroid velocity is estimated at 19 kmlsec.

10.9 Space Debrts ‘

The Instrumentw“llbe subjectedto hypewelocityimpactsby orbital, man-made space

debris traveling at an averagevelocityof 10 Ian/sac. Particledensitiesare 4.0 gm/cm3for

particles under 0.62 cm diameter and vary for particlesabove 0.62 cm diameter (i.e.

approximately 0.5 gin). Particles W* mass> 0.5 gm relates to desinty as [density = 2.8 x

diameter ‘“74 ] and is assumed to have spherical shape. Figure 1H indicates the

worsk%se space debris. fluence for randomlytumblingand ram orientedsurfaces. To
determinethefluencefor sutiaces with attitudes other than ram, the fluences for randomly

tumbling are multiplied by the factors providedin Table 10-1.

10.10 Magnetic Fields

10.10.1 Instrument-enefated Magnetic Fields

The Instrummt Providershall measurufhe intensityand directionof the magneticfield

producedby the Instrument.

10.10.2 Magnetic HeIds Documentation

The Imtrument Providershall documentthe measuredinstrument-generatedmagnetic

field intensityand directiondata in the InstrumentICD.

CH-3
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TABLE 10-1. MUL~PLES FOR SPACE DEBRIS FLUENCE ON ORIENTED
SURFACES (LE., SURFACES WITH A SPECIFIED A-DE)

Zenith Angle
Azimuth 90” 75” or 60’ or 45” or 30° or 15’ or 0’ or
Angle 105° 1* 135° 150° 165° 180°

0° 3.413 3296 2.955 2.413 1.706 0.883 0.000
15° 3.301 3.188 2.858 2.334 1.650 0.854 0.000
30° 2.907 2.885 2.586 2.112 1.493 0.773 0.000
45° 2.503 2.418 2.168 1●no 1252 0.648 0.000
60° 1.889 1.825 1.636 1S36 0.945 0.469 0.000
75° 1.302 1257 1.127 0.920 0.651 0.337 0.000
90° 0.864 0.834 0.748 0.611 0.432 0224 0.000

105° 0.418 0.404 0.382 0296 ‘ 0209 0.108 0.000
120° 0.183 0.177: 0.158 0.129 0.091 0.047 0.000
135° 0.090 0.087 0.078 0.064 0.045 0.023 0.000
150° 0.031 “ 0.030 0.027 0.022 0.016 0.008 0.000
165° 0.004 0.004 0.004 0.003 0.002 0.001 0.000
180° 0.000 0.000 0.000 0.000 0.000 0.000 0.000

L

10.10.3 Spacecmft Magnetic Fields
The Instrumentshall meet ail performance requirementsin the presence of the ambient

magneticfield defined in GE20006869.

10.11 EM1/EMC Requirwnents
The instrument design shall hworpomte the requirements defined in GE20005869.

10.12 Spac&ratt Charging

10.12.1 Instrument Electrostatic Discharge Control
instrument electrostatic discharge (ESD) control requirements are delineated in

GSFC 42WW1, -n 8.

10.12.2 Spac&aft Elecwoststlc Discharge AfIS[ySiS

An ESD analysisshall be performedat the Spacecraft ievei.

10.12.3 Spacecraft, Extarnsl Surface Charging
The SpacecraftexternalsurfaceW-iichargeto approximately-120 V with respectto space

plasma in the aurorai regions the potential maybe significantlyhigher for brief periods

(approximately 10 sac). The piasma environment is defined in Tabie 10-2. -

December1,1992 Rev.A 1o-1o
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TABLE 10-2. PLASMA ENVIRONMENT

I PaRicle I Density I Temperature 1
m 1

I Ambient electrons I 10a-2 x106cm+ I 0.1-0.39 eV I ~ CH-3
1

Ambient positive ions 103-2x l(Pcm+ 0.07-0.34 eV
, I

‘ High energyelectronflux IN- 1010cm- serl Srl 14-30keV
\

● Note: This occurs during periods of auroral arcs. The spacecraft is exposed to
I

CH-3
aurorai environments for< 30 seconds per encounter

.

. . .
. .
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APPENDIX B

30 ACRONYMS AND ABBREVIATIONS

A

ANSI

AO

arcsec

APID

AWG

Bc

BOL

. cm

c“

CCSDS

C8LDH

CM

dB

DC or dc

DIA

degDegrees

ED

EED

EIA

EMC

EMI

EOL

EOS

q. Al

ESD

FDDI”

FEM

FLUINT

FMEA

G

GE

Area

AmericanNational Standards Institute

Atomic Oxygen

Arc Second

ApplicationProcess ID

AmericanWire Gauge

Bus controller

Beginningof Life

centimeter

Centigrade

Consultative Committee for Space Data Systems

Command and Data Handling

Center of Mass

Decibel

DirectCurrent

Diameter

EndingDelimiter

Ei~Explosive Device

ElectronicIndustriesAssociation

Ektrornagnetic Compatibility

El~romagnetic.interference .”

EnGof Life

EaRh ObservingSystem

EquivalentAluminum

ElectrostaticDischarge

Fiber DMribut& Data Inteflace

Finite Element Model

Fiuid integrator

Failure Modes and EffectsAnalysis

Gravity (accelerationterm)

General ElectricCompany

December1,1992Rev.A B-1
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as

gm

GRW

GSE

GSFC

HSDU

Hz

ICD

ID

INFO

IR

l&T

JSC

kbps

kg

kHz

km

KM

LET

M

m

mA

MAC

MAX (max)

Mbps

MC

MeV

MHz. .
MIL-STD

MIN

min

mm

MSC

msec

MSFC

General InstrumentInstrumentSpecification

Gram

Gravity Root Mean Square

Ground Support Equipment

Goddard Space Flight Center

High Speed Data Unit

Hertz

Interface Control Document

Identification

Information

Infrared

Integration and Test .

Johnson Space Center .

Kilobits per Second

Kilogram

Kilohertz

Kilometer

KinematicMount

Linear ElectronTransfer

InterplanetaryWeather Index

Meter

Milliampere

Media Access Control

Maximum

Megabits per Second.

Message Control

Mega electron Votts

Megahertz

Military StandW

Minimum

Minute

Millimeter

MacNeal-Schwendler Corporation

Millisecond

Marshall Space flight Center

. .

Decemberl,1992 Rw. A
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Pm

MN
Jlsec

pT

N

N/A

NASA .

NRZI

NSI

00

PA

PHY -

PMP

psi

rad

rads

RMS (rms)

RT

SD

Sec

SEL

SEU

Si

SINDA

SMSI

ster

TBD .

TBR”

TRASYS

UHD

UTC

v

Vdc

w

Microampere

Micrometer

Micronewton

Microsecond

Micro Tesla

Newton

Not Applicable

National Aeronautics and Space Administration

Non-Return to Zero Inveding

NASA Standard Initiator

Outer Diameter

Preamble

Physical Layer Protocol

Payload Mounting Plate

pounds per square inch

Radian

Radiation

Root Mean Square

Remote Terminal

Starting Delimiter

Second

Single Event Latchup

Single Event Upset

Silicon

Systems Improved Numerical Differencing Analyzer

Standard Manned Spaceflight Initiator

SWadian

To Be Determined

To Be Resolv@ ~

Thermal Radiation Analyzer System

Unique Instrument Intedace Document

Universal lime Code

Voltage

Vol?sDirect Current

VVa2

December 1.1992 Rev. A ‘
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WSMCR Western Space and MissileCenter Range

Wt Weght

,.
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APPENDIX C

40 REQUIREMENTS ReSpOnSibility MATRIX

The requirements”reSpOnsitili~cross-reference matrixis shown in Tale 4GI.

. .
\ ,..

. .

.

. .
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX

‘ Not Instrument S acecraft
SectIon Applicable Provider { rovlder

3 MECHANICAL REQUIREMENTS x x

3.1 Mechankal Interface Definillons x

3.1.1 SpacecraftMountingInterface Definition x

3.1.2 Coldplate Mechanical Interface Definition x

3.2 Envelopes x

3.2.1 InstrumentEnvelopeAllocation x

3.2.1.1 InstrumentLaunch Mode Envelope x

3.2.1.2 InstrumentOn-Orbit Envelope x

3.2.2 InstrumentEnvelope Documentation x

3.2.3 ExternalConfigurationChanges x

3.3 Fields of View x

3.3.1 Fields-of-View Allocation x

3.3.2 Fields-of-View Accommodation x

3.3.3 Fields*f-View Documentation x

3.4 Mass Properties x

3.4.1 InstrumentMass Allocation x

,3.4.2 InstrumentMass Measurement x

3.4.3 InstrumentMass Documentation x’

3.4.4 InstrumentMass PropertyReport x



.“

,.

f

\

3
TABLE 40-1; REQUIREMENTS RESPONSIBILITY MATRIX (Contfnued)

.u Not Instrument S acecraft
q .’ Section Applicable Provider FrovlderA.

#
3.4.5 InstrumentMass Variability x

3.4.5.1 lnstrum~t Mass VariabilityAllocation x
;
i 3.4.5.2 . .InstrumentMass VariabilityDocumentation x

3.4.6 Center.of Mass Documentation x

3.4.7 Moments of Inertia x

3.4.7.1 Moments of Inertia Determination x

3.4.7.2 Moments of Inertia Accuracy x

3.4.7.3 Moments of Inertia tlhcumentation x

s! 3.4.7*4 Moments of Inertia VariationDocumentation x

3.4.8 Productsof Inertia . x

3.4.8.1 Productyof Inertia Determination x

3.4.8.2 Productsof Inertia Accuracy
.,

x

3.4.8.3 Productsof Inertia Documentation x

3.4.8.4 Productsof Inertia VariationDocumentation x

3.5 Mounting x

3.5.1 MountingMethod x

3.5.2 Mounting Interface x

3.5.2.1 Mounting Interface Documentation x

3.5.2.2 MountingHole Coordinatesand Dimensions x x
,,
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)
r

Not Instrument S acecraft
Section Applicable Provider ! rovlder

3.5.3 Mounting Hardware x

3.5.3.1 Mounti~ Hardware Provider x

3.5.3.2 ‘ Mounting Hardware Documentation x

3.5.3.3 Mounting Bolts x x
3.5.4 Kinematic Mounts

. .
x

3.5.4.1 Kinematic Mount Provider x
1

3.5.4.1.1 Test KinematicMount Delivery I I x I x *
3.5.4.1.2 I Flkht KinematicMount Delivery x x

13.5.4.1.3 I Instmment KinematicMount Assembly I I x I I
13.5.4.2 !KinematicMount Characteristics lx I I I
13.5.4.2.1 I KinematicMount Structure I I lx I
13.5.4.2.2 I Kinematic Mount Breakaway Torque I I lx I

KinematicMount AngularFreedom of Movement ! ! ! x

13.5.4.2.4 I KinematicMount Thermal Conductance I I lx I
I 3.5.4.3 I KinematicMountina “ I lx I I
13.5.4.3.1 lThree-Point KinematicMount I lx lx I
3.5.4 .3.1.1 KM1

3.5.4 .3.1.2 KM2

x
x

13.5.4.3.1.3 I KM3 I I I x I

.
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)
“. Not Instrument s amlml:rft

Section Applicable Provider $

3.5.4.3.2 Three-Point KinematicMount Restrictions x

3.5.4.3.3 KinematicMount Stiffness x

3.5.5 Spacecraft Mounting Surface x

3.5.5.1 Spacecraft MountingSurface Flatness x

3.5.5.2 Spacecraft MountingSurface Planarity x

3.5.6 InstrumentMountingSudace x
3.5.6.1 InstrumentMountingSurface Flatness x
3.5.6.2 InstrumentMountingSurface Planarity x

3.5.7 MountingLocation x

3.5.7.1 InstrumentMounting Location x

3.5.7.2 InstrumentAccommodatbn Equipment Mounting Location x

3.5.7.3 Mounting Location Documentation x

3.5.8 DrillTemptates x

3.5.8.1 DrillTemplate Usage . . x x

3.5.8.2 DrillTemplate FabricationRequirements x x
3.5.8.3 OpticallyAligned ComponentDrillTemplate Provider x x
3.5.8.4 Non+ptkally AlignedComponent DrillTemplate Provider x
3.6 Alignment x
3.6.1 InstrumentOptical AiignmentCube x
3.6.2 OpticalAlignmentCube Requirements x

I
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I TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued).
,. Not Instrument

Section Applicable Provider

3.6.2.1 OptioalAlignmentCubeSurface Area x
3.6.2.2 OpticalAlignmentCube SurfaceOrthogonality x

3.6.2.3 . .OpticaiAlignmentCube Documentation

3.6.3 AlignmentResponsibility

3.6.4 AlignmentAngles

3.6.5 PointingAiiooations x
3.7 Geneiai StructuralDesign Requirements x
3.7.1 StructuralSupport x
3.7.1.1 instnimentStructuralSupport

3.7.7.2 Coldpiate StructuralSupport x

3.7.2 InstrumentStructuralDynamics‘=; x

3.7.3 Interface Design LimitLoadsRequirements ““x

3.7.3.1 LimitLoadsApplication x

3.7.3.2 Limit“LoadsApplicationAxis x

3.7.3.3 interfaceDesign LimitLoads x

3.7.3.4 RandomVibrationLeveis x

3.7.3.5 Sine VibrationLevels x

3.7.4 Coupie@-LoadsAnaiysis x

3.7.4.1 Coupied-Loads AnaiysisResponsibility

x
x
x
x
x

ax

ax

x

x

I

x



TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX A
Not ln&w&18# s ~cvlcctt

Saction Applicable r
L
[3.7.4.2 ICoupled-Loads AnalysisResults I I I x 1

.
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX [Continued). .

Not Instrument S ::yd~rtt
Section Applicable Provider 1~

3.7.5 PressurizedSystem Design x

3.7.0 Environmentalfkquirements x

3.7.6,1 Launch SundvabiiityDesign Requirements x

3.7.6.1.1 Shock x

3.7.6.1.2 Launch Pressure Profiie x

3.7.6.1.3 Acouitks x

3.7.6.2. Orbitai Environment x

3.7.6.2.1 Acceleration
,

x

3.7.6.2.2 Torque x

3.7.6.2.2.1 IToraue Aiiowables I lx I
3.7.6 .2,2.2 Torque Profile Documentation x
3.7.6.2.3 Force “ x

3.7.6.2.3.1 Force Ailowables x

3.7.6,2.3.2 Torque Documentation x

3.7.62.4 Angular Momentum x

3.7.6 .2.4.1 AilowabieAngular Momentum x x

3.7.6.2.4.2 Anguiar Momentum Documentation x

3.7.6 .2.4.3 SpacecraftNon-Operational DeploymentDisturbance x x

3.7.6 .2.4.4 Shock Generation On-tilt x
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I TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instiment s alll;,warft
Section Applicable Provider $

3.7.6 .2.4.5 InstrumentOrbital Shock Requirement x x
3.0 Finite Element Model x

3.9 InstrumentMass Model x

3.10 InstrumentMechanisms x

3.10.1 Caging t)uring Test and Launch x

3.10.2 Caging On-Orbit x

3.10.3” Captive Hardware . x x

3.10.4 Seal@ Hardware x x

3.11 VentingForces x

3.11.1 ContinuousVentingForces x

3.11.2 Random VentingImpuises x

3.11.3 Thrust DirectionAdjustment x x

3.11.4 Venting Force Documentation x

3.12 Coldplate Mechanical Interface Requirements x

I
3.12.1 Coldpiate.Mounting ‘ x

~
3.12.1.1 Coidplate MountingBoits x x x

. 3.12.1.2 Coidpiate Boit Pattern x x
g 3.12.1.3 ColdpiateMounting Hardware Provider x x

$ 3.12.1.4 Coldpiate MountingHardware Documentation x
>
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)
0

.
,Not Instrument s :I;,:ilrl

%
Section Applicable Provider ! ?w

3.12.2 InstrumentSurface for Coldplale Mechanical Interface . x
3.12.2.1 InstrumentSurface Flatness x 1 i

N
3.12.2.2 InstrumentSurface Finish x

3.12.3 Coidplate Drilland Stayout Zone Template x

3.12.3.1 Coldplate StayoutZone Template x
3.12.3.2 Coldplate DrillTemplate x

3.12.4 Coldplate MountingSurface Area x

3.12.5 Coldplate MountingSurface x

3.12.5.1 Coldplate MountingSurface Fiatness x

3.12.5.2 Coidplate MountingSurface Finish x

3.12.6 Coldplate Mechanical Intefface Filler Installation x x
Responsibility ~

3.12.7 Coldplate Mechanical Interface Filier Installation x

ResponsibilityDocumentation

3.12.8 Coldplate Mass Properties x

3.13 Coldplate Plumbing x

3.13.1 Coldplate PiumbingProvider “-x

3.13.2 Coldplate PlumbingSupport Provider x x

3.13.3 Coidplate PiumbingSupport Documentation x
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s acecraft
Section Applicable Provider Frovlder

3.13.4 Coldplate PlumbingLocation x

3.13.5 Coldplate PlumbingClearance x

3.13.6 Coldplate PlumbingDocumentation x

3.13.7 Coldplate PlumbingDimensionsand Mass Properties x

3.14 Harnesses “x

3.14.1 Harness Provider x

3.14.2 Harness Hardware Documentation x.

3.14.3 HarnessWiring Requirements
. .

x

3.14.4 Tie Points x

3.14.4.1 lle Point Locationsand Provider x x

3.14.4.2 Tle Point Documentation x

3.14.5 Connectors x

3.14.5.1 Connwior Iylating x x

3.14.5.2 ConnectorClearance x “x

3.14.5.3 Connector.Location “ x

3.14.5.4 Keying x x

3.14.5.5 InterfaceConnector Provider “’ x

3.14.5.5.1 Harness Connectors x

3.14.5.5.2 Instrument.ComponentConnectors x



TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s acecraft
Section Applicable Provider $ rovlder

3.14.5.5.3 Connector Types x x
3.14.5.5.4 ConnectorType Documentation xI
3.14.5.6 . Flight Plugs x

3.14.5.6.1 Flight flug lns~allation x x

3.14.5.6.2 Flight Plug Responsibility x
3.14.5.6.3 Flight Plug Documentation x

3.14.5.7 Connector Protective”Covers x

3.14.5.8 Test Connectors x

3.14.5.8.1 Twt Connector Accessibility x x

3.14.5.8.2 Tat Connector Documentation x

3.14.5*9 Breakout Boxes x

3.14.5.9.1 Intra-instrument BreakoutBoxes x

3.14.5.9.2 Instrument-to-Spacecraft Interface BreakoutBoxes x x

3.14.5.10 BufferConnectorsand ConnectorSavers x

3.14.5.10.1 BufferConnectorand ConnectorSaver Utilization x.

3.14.5.10.2 BufferConnectorand ConnectorSaver Provider x

3.14.5.11 ElectricalConnectorConstraints x x

3.15 Access x

3.15.1 Access Identification x



.

TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

“ Not Instrument S acecraft
SectIon Applicable Provider ! rovider

3.15.2 General Access ,, x x
3.16 Handling Fixtures x
3.17 Launch Site EquipmentInstallationand Removal ,. x

3.17.1 Non-Flight Equipment x

3.17.2 FlightEquipment x“

3.17.3 Flightand Non-Flight EquipmentDocumentation x

4 THERMAL REQUIREMENTS x

4.1 Thermal Interface Description x x

4.2 Thermal Design x

4.2.1 InstrumentThermal Design Provider x

4.2.2 InstrumentThermal Design x

4.3 Heat Transfer x

4.3.1 Heat Transferwith the Spacecraft x’

4.3.1.1 Average Heat Flux x x

4.3.1.2 Heat Transfer Distribution .- x

4.3.2 Heat Transferwith the Coldplate x x

4.3.3 Heat Transfer DistributionDocumentation ., x x

4.3.4 EnvironmentalHeat Transfer x
.-, -b-, . , , b.
II u:r’ s I 4.3.5 I Deleted

mn,
I I

■ ■ z
.
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Contfnued)
\

Not Instrument s ;;;ml!lrft
Section Applicable Provider I

4.4 Temperature x

4.4.1 Spacecraft TemperatureRtmge x
4.4.2 - Coldplate Temperature Requirements x

4.4.2.1 Coldplate Temperature Range x

4.4.24? Coldplate Interface FillerTemperatureGradient x

4.4.3 InstrumentTemperatureRange x

4.4.4 Test CotdplateTemperaturesDuring InstrumentQualification x
Testing

4.4.5 TestColdplate TemperaturesDudng InstrumentAcceptance x
Testing

4*5 TemperatureMonitoring x

4.5.1 Mechanical InterfaceTem~eratureMonitoring x

i 4.5.2 I InstrumentTem~eratureMonitoring I ‘“ 1X1 x I
4.5.3 TemperatureSensor Location x
4.6 Thermal Control Hardware x

4.6.1 Coldplate x

4.6.1.1 Coldplate Capacity x

4.6.1.2 Coldplate Configurations x

4.6.1.3 ColdplqteMountingOrientation x x

4.6.1.4 IColdptateMounting Elevation 1, I x I x I



. .

TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s aJ:J,:J4ft
SectIon Applicable Provider $

.

ii

4.6.1.5 [Coldplate Mechanical Interface Filler I I lx
4.6.1.6 Test Col@late Requirements ! I ! x

m

4.6.2 0I Heaters “” 1X1 I
4.6.2.1 ISUrViV~ Heaters I lx I
4.6.2.2 ISwi@ Heater Control I .. lx I
4.6.3 IThermal ControlHardware I x ! !

■

4.6.3.1 lThermal.Control Hardw~e Responsibility I ! x ! x
m

4.6.3.2 IThe~al Control Hardware Documentation ! ! I x
m

4.7 I Thermal Models ! x ! !#
4.7.1 ISurface Model ! ! x !m
4.7.2 I Reduced Node Thermal Math Model I lx I
4.7.3 IDetailed Thermal Math Model 1“ lx I
5 I ELECTRICAL REQUIREMENTS ! x ! !m
5.1 I ElectricalInterface Requirements I I x I x

5.1.1 ElectricalInterfaces I x I I
5.1.2 I ElectricalInterfaceDefinitions lx I I
5.1.2.1 I ElectricalInterface Location 1X1 I
5.1.2.2 IOperational Power lx I I
5.1.2.2.1 I Peak Power lx I I



“.

o v {

8

TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)
n
q

3
, “.

?
Not Instrument s m#cl!)rfi

Section Applicable Provider F r
.
A

#
5.1.2.2.2 Average Power x

5.1.2.3 SunflvabMode Power x
f [
> 5.1.2.4 Safe-Mode Power x

5.1.2.5 Launch-Phase Power x

5.2 Power x

5.2.1 Instmment Power Allocations x

5.2.1.1 operational Power Aiiocation x

5.2.12 Survival Power Allocation x
? 5.2.1.3 Launch-Phase Power Abcation xz

5.2.1.4 Power lnterfaoe Allocation x
5.2.1.5 Instmment Power Level Documentation x
5.2.2 Power Characteristics x
5.2.2.1 Voltage x
5.2.2.1.1 Voltage Transients x

5.2.2.1.2 Abnormal Steady-State Voitage Limits x
5.2.2.2 Power Source Impedance x
5.2.2.3 Current x
5.2.2.3.1 Instmment Current Transients x
5.2.2.3.2 Deleted 1

CH-3
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s acecraft
Section Applicable Provider ! rovlder

5.2.2.3.3 Overcurrent Protection . x

5.2.2 .3.3.1 Overcuir6nt Prolecliorl Device Size x x

5.2.2 .3.3.2 ‘ Overcurrent Protection “Device Size Documentation x

5.2.2.4 lnstrumOnt Power Input Impedance x

5.2.2.4.1 Instrument Common Mode Impedance x

5.2.2.4.2 Instrument Differential Mode Impedance x

5.2.3 xPowei Control .

5.2.3.1 Power’Connections x

5.2.3.2 Power Application x

5.2.3.3 Power Fault Tolerance x x

5.2.3.4 Instrument Equipment Separation x

5.2.3.5 Instrument Power Controi
. .

x

5.3 Grounds, Returns, and References x

5.3.1 Power Leads and Returns x x

5.3.1.1 Power Harnessing “ x

5.3.1.2 Isolation x

5.2.1 .2.1 Deleted x

5.3.1 .2.2 120 V Primary Power Isoiation x

5.3.1 .2.3 Transient Protected Circuit Isolation x
,,



TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s tg’~d:rlt
Section Applicable Provider $

5.3.1 .2.4 Secondary Power Isolation x
5.3.1.3 Power Reference x
5.3.1.3.1 Prlmaw Power Reference x
5.3.1 .3.2 Secondary Power Return x
5.3.1 .3.3 Seo&dary Power Reference x
5.3.1 .3.4 Isolated Seam&y Power Referencing x
5.3.2 ~ Signal Reference “ x
5.3.2.1 lSlgnal Raference Constraints I I x lx
5.3.2.2 I Differential Signal Isolatlon I I x I
5.3.2.3 I Passive Telemetry Interface Isolation I lx I
5.3.3 Instrument Grounding x
5.3.3.1 Instrument Ground Interconnection x
5.3.392 lComponent Grounding I x I I
5.3.32.1 I@rnrmnent Ground Location I lx I
5.3.3.2.2 lComponent Ground Connection 1. I I x
5.3.3.2.3 Component Bonding Straps x x
5.3.3.3 Connector Grounding x
5.3.3.4 Chassis Reference Current x
5.3.4 Fault Ground x

cl-l+
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX

Not Instrument s tw&waJt
Section Applicable Provider !

5.3.4.1 Instrument Fault Ground Requirements x
5.3.4.1.1 Instrument Fault Ground Connection x

G)
0)

3

if
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TABLE 49-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument S ;:;l:~rft
Section Applicable Provider 1P

5.3.4.1.2 I instrument Fault Ground Routing I lx I
5.3.4.1.3 I instmment Fauit Ground Wire Groundina I 1X1

5.3.4.2 ‘ IScmoeorafl Fauit Ground Requirements 1X1 I
5.3.4.2.1 ISpacecraft Fauit Ground Routing I I I x
5.3.4.2.2 IFaultGroundWireConnection to instrument Ground

I interconnection
I
I I lx

I
5.3.4.2.3 I Fault Ground Wire Connection to Primary Power Reference ! I I x

1
5*3*5 ISignal Reference Ground 1 x I I
5.3.5.1 ] instrument Ground interconnection Referencing I I lx
5.3.5.2 lThermal Blanket Groundina lx I I
5.3.5.2.1 I Deleted I lx lx

5.3.5.2.2 IDeleted I lx

5.3.5.2.3 IThermal Closeout Blanket Grounding I I I x
5.4 lCommand and Data Handlina interface lx I I
5.4.1 IGeneral Simal interface Requirements 1X1 I
5.4.1.1 I interface Conductors I lx lx

5.4.1.2 I interface Redundancy 1X1 I
E .

5.4.1 .2.1 Redundant Interface Terminology x
5.4.1 .2.2 Redundant Interface Usa~e x

ICH-3



TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)
w
8

“Section
Not

I 1~
Instrument S acecraft

Applicable Provider rovlder

. .

s!

IIcl5.4.1.2.2.1

5.4.1 .2.2.2

5.4.1 .2.2.3

Command and Telemetry Bus Interfaces 1X1
Deleted

!? Deleted

5.4.1 ,2.3

5.4.1.3

Interface Fault Tolerance I x lx

Interface Circuitrv lsotatbn 1- x I
5.4.2 Point-to-Point Command and Telemetfy Interfaces

5.4.2.1 Relay Drive Commands

9Citl
5.4.2.1.1 Deleted

5.4.2.1.2 Refav Drive Command Characteristics I lx

5.4.2.1.3

5.4.2.2

Reiay Drive Command Load Characteristics

Deleted
.

I x lx

I
Cti-1

5.4.2.2.1

5.4.2.2.2

Deleted

Deleted

5.4.2.3 Passive B1-Levei Teiemetry Interface x x
Cii-1

5.4.2.3.1

5.4.2.3.2 Passive Bi-Level Telemetry Signal Characteristics I x I x

Passive Analog TeiemetW Interfaces5.4.2.4 ‘x I I
5.4.2.4.1

5.4.2.4.2

Number”of Passive Analog Teiemetfy Points I I x

Passive Analog Tdemetii Signal Characteristics
.

I x I



. .
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s allyglrft
Section Applicable Provider !

5.4.2.5 Active Analog Telemelry Interfaces x

5.4.2.5.1 Deleted

5.4.2.5.2 Active Analog Telemet~ Signal Characteristics x
5.4.3 llme Mark and Frequency Bus x
5.4.3.1 l’lmeMark and Frequency Bus Electrical Characteristics x x
5.4.3.2 Reference Frequency Characteristics x
5.4.3.3 Time Mark Encoding x
5.4.3.4 llme Mark Accuracy x
5.4.4 Command and Telemetry Bus Electrical Interface x

5.4.4.1 Command and Telemet~ Bus Electrical Characteristics x x

5.4.5 Science Data Electrical Interface x

5.4.5.1 Science Data Interface Control x

5.4.5.2 Low-Rate Science Data Interface Electrical Characteristics . x x
5.4.5.3 High-Rate Science Data Interface Electrical Requirements .x

5.4.5.3.1 High-Rate Interface Circuitry x

5.4.5.3.1.1 Instrument High-Rate Science Data Interface Circuitry x

5.4.5 .3.1.2 Instrument High-Rate Science Data Signal Interface Coupling x

5.4.5 .3.1.3 Spacecraft High-Rate Science Data Interface Circuitry x
!5.4.5 .3.1.4 High-Rate Science Data Interface Polarity Inversion x

I CH-1
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s a&m’aJt
SectIon Applicable Provider $

#j
5.4.5.301.5 High-Rate Science Data Interface Cable Shield Grounding I x I
5.4.5.3.2 High-Rate Science”Data Interface ElectricalCharacteristics lx I x

5.5 [Other lnt6rfaces 1X1 I

5.5.1 Ilkmt Point Interfaces I 1X1

5.5.1.1 ISpacecraft Integration and Test Use 1“ lx I
5.5.1.2 I Performance Verificatbn Limitation I lx I
5.5.1.3 Keyed Connectors x

5.5.1.4 Power and Load l~ation x

5.5.1.5 I Failure Propagation “ I I x I

5.5.1.6 lShO+CkcuK Isolation x

5.5.1.7 ! 1“ xIGrounding Integrity . !m
5.5.1.8 EMUEMC x

5.5.1.9 Fliaht Standards x

5.5.1.10 ]Mechanical Requirements I I“”x 1

5.5.2 ]T-t Point Interface Documentation I I “1 x

5.6 IFailure Modes and Effects Analysis x

lCOMMANO AND DATA HANDLING REQtJiREMENTS I lx lx

6.1 !Command and Teiemetw Bus 1X1 I

6.1.1 lCommand and Teiemetiv Bus Confkmratbn l“” lx I



TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s iwm’:rft
Section Applicable Provider !

5.1.1.1 Command and Telemetry Bus Transfer Method x x

6.1.1.1.1 Command and Telemetry Bus MlL-STD-l 553B Mode Code x x
Utilization

6.1.1.1.2 Command and Telemetry Data Transfers x x
6.1.1.1.2.1 Data Transfers to the Instrument x x
6.1.1.1.2.2 Dab’ Transfers from the Instrument x x
6.1.1.1.3 Broadcast Mode on the Command and Telemetry Bus x x
&1.2 Command and Telemetry Bus Transfer llming x
6.1.2.1 Minor Cycle Length x
6.1.2.1.1 Minor Cycle Task List x
6.1.2.1.2 Minor Cycle Task List Completion x
6.1.2.2 Major Cycle Length x
6.1.2.3 Master Cycle Length x
6.1.2.4 Command and Telemetry Bus Task Scheduling x
6.1.2.4.1 Synchronize with Data Word x
6.1.2 .4.1.1 Synchronize with Data Word Transfer Frequency x
6.1.2.4.1.2 Synchronize with Data Word Transfer Timing x
6.1.2 .4.1.3 Data Word Content x
6.1.2 .4.1.4 Data Word Content Format x
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TABLE 46-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

~
Not ln;~v~t s ~::*mrtt

Section Applicable F
.

ii
Instrument Response to Data Word 1“ ~ I x !
Instrument Telemetry Transfer Schedule I I x I

6.1.2.4.2 Command Transfem !. ! I x

16.1.2.4.3 Itleleted lx I I

I6.1.2.4.3.2 lnst&ment Ctitioal Health and Safety Housekeeping
I I I

x
Teiemetm Collection

Instrument Housekeeping Telemetry Readiness I I x I

i! 6.1.2.4.4 Memory Load Transfers I I x I x
.-
* 6.1.2.4.5 Memory Dump Transfers I I x I x

6.1.2.4.6
I
IMOK, Ancillary Data,.Time Code Data, and Safe Mode
Commands 1. I I

x

I6.1.2.4.6.1 IMOK, Ancillary Data, and Time Code Data Transfer
I I I

x
Frequency

I

‘6.1.3 lCommand And Telemetry Bus Data x

16.1.3.1 lCommands 1. x I I
16.1.3.1.1 lReal-llme Commands I lx I
16.1.3.1.2 lStored Commands I lx I

16.1.3.1.3 ISafe-Mode Command Structure I I lx

16.1.3.1.4 I IMOK Command Structure I I I x

CM

I
CH-3
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instmment s ;::lce:rlt
Section Applicable Provider !

5.1.3.2 Memory Load and Dump Initiate Command Structures “x
;.1.3.2.1 Load Initiale Command SIruclure x

3.1.3.2.2 Dump “Initiate Command Structure x

3.1.3.3 Memory Load Data Messages x
5.1.3.4 Memo~’ Dump Data Messages x
6.1.3.5 Ancillary Data Messages x
6.1.3.5.1 Ancillary Data Contents x
6.1.3.5.2 Ancillary Data Message Format x

6.1.3.6 l’lme Code Data Messages x

5.1.3.6.1 Tme Code Data Contents x
6.1.3.6.2 llme Code Data Epoch x
6.1.3.6.3 Time Code Data Format x

6.1.4 Command and Telemetry Bus Protocols x

6.1.4.1 Instrument Command and Tetemetry Bus RT Address
~

x
Assignment ~

6.1.4.2 MlL-STD-l 553B Message Identification . x x

6.1.4.2.1 MiL-STD-l 553B Message Subaddress Definition x x
6.1.4.2.2 Instrument Specific Subaddresses x x
6.2 Time Mark and Frequency Bus x

>



i ‘ TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

u Not Instrument s ac:milamrlt(Dv Section Applicable Provider !d.

X
6.2.1 Time Code Data Valid indication x
6.2.2 Time Information Thing x

; ~#J
> . Low Rate Science Data Bus x x

6.3.1 tm~ate Science Data Interface Configuration x x

6.3.2 BroadcastModeon the Low-Rate Science Data Bus x x

6.3.3 Low-Rate Science Data TransferTiming x x
6.3.4 LowRate Science bata Bus Data Format x

6.3.5 LowRate Science Data Bus Transfer Protocol x
6.3.5.1 Low-Rate Science Data Bus RT Address Assignment x
6.3.5.2 LowRate Science Data Bus MiL-STD-l 553B Mode Code

Utiilzation
x x

6.3.5.3 Low-Rate Science Data Bus MiL~T&1553B Message
Subaddresses

x x

6.3.5.4 Low-Rate Science Data Poiiing x
6.3.5.5 Low-Rate Science Data Packet Readiness x .
6.3.5.6 Totai Packet Length indkation x,
6.3.5.7 Low-Rate Science Data Packet Transfer x

6.3.5.7.1 Low-Rate instrument Polling interval x
6.3.5.7.2 Low-Rate Science Data Throughput intewai x
6.3.5.7.3 Low-Rate Science Data Packet Transfer llming x x



I TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued) I

I
Not

Section Applicable I
‘yg~t I ‘r:%?: I

6.3.5.8 I Low-Rate Science Data Packet Transfer Method 1“~ x x
s

6.3.5.8.1 Deleted x x , I
6.3.5.8.2 - IMultiple Message Packet Transfer I lx I x I
6.3.5.8.3 lTransferring an Odd Number of Octets I lx I x 1
6.3.5.8.4 I End-o&Transfer Data Word Content x
6.4 IHigh-Rate Science Data Interface I lx I x I
6.4.1 I HigkRate Link Science Data Rate I lx I I
6.4.1.1 I High-Rate Link Allocation I lx I x I
6.4.2 I High-Rate Science Data Packet Transfer Vming I lx I x I
6.4.2.1 I High-Rate Science Data Interface Data Format I lx I I
6.4.3 I High-Rate Science Data Transfer Protocol 1X1 I I
6.4.3.1 I Data Encoding x
6.4.3.2 I High-Rate Science Data Message Format I lx I I

CM

6.4.3.2.1 I High-Rate Sdence Data Message Symbols ! ! x I
6.4.3.2.2 High-Rate Science Data lv’lessage Fields x

C)
6.4.3.2.3 High-Rate Science Data Message Info-Field Transmission x . #

n
6.4.3.3 I High-Rate Link Preamble ! ! x I I

bJ

kn

~6.4.3.4 I High-Rate Link Transmission Gap I I x I I s
7 ICommand and Data Handling Operational Requirements I I I I

—
x x xto
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument S :::cr:rft
Section Applicable Provider [P

7.1 Science Data x“
7.1.1” Science Data Interface Allocation x x

7.1.2

7.1.2.1

7.1.2.2

7.1.2,3

7.1.3

7.1.3.1

7.1.3.1.1

Scjence Data Types ~ x

Low-Rate Science Data x

High-Rate Science Data “ I
.

x’ I
Engineering Data I I x I
Science t3ata Requirements x

Application Process ID x x

Application Process ID Allocation x x

7.1.3.1.2 Applkation Process ID Documentation x

7.1.4 Science Data Interface Test Packet Recwirements (TBD 005)

7.2 Commands x’

7.2.1 Point-to-Point Commands x

7.2.1.1

7.2.1 .1.1

7.2.1 .1.2

Spacecraft Required Point-to-Point Commands I 1X1

Instrument Operational Equipment ON and OFF Commands x .

Instrument Survival Equipment ON and OFF Commands x

7.2.1.2 Instrument Point-to-Point Commands x x

7.2.1 .2.1 Instrument Fault Recovery x x

7.2.1 .2.1.1 Instrument Fault Isolation “x x



TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

I Not Instiment S acecraft
Section Armllcable Provider 1P rovider

7.2.2

7.2.2.1

7.2.2.1.1

7.2.2.1.2

7.2.2.2

Command and Telemetry Bus Commands x
Real-~me Commands x
Memory Load Initiation x

Memory Dump Initiation x
Stored Oommands x

7.2.2.2.1 Absolute Time Commands x
7.2.2 .2.1.1 Absolute Time Command l’lme TW Resolution x
7.2.2 .2.1.2 Absolute ~me Command Distribution x
7.2.2 .2.1.3 Absolute Time Command ~me Tag Uniqueness x
7.2.2.2.2 Relative Tme Commands x
7.2.2 .2.2.1 Relative ~me Sequence x

7.2.2 .2.2.2 Relative Time Sequence Distribution x
7.2.2.2.2.3 Relative Time Sequence Distribution Timing x
7.2.2.2.2.4 Relative Time Command lime Delay x

7.2.2.3 Spacecraft Control Computer Issued Commands x.

7.2.2.3.1 Telemetry Monitor Commands x
7.2.2.3.2 Instrument Telemetry Monitor Commands x ,.
7.2.2.3.3 IMOK Indication and Saf~Mode Command x

7.2.2 .3.3.1 IMOK Indication x



TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)
.

Not Instrument s palmlgrtt
Section Annllcable Provider $

7.2.2.3.3.2 Safe-Mode Command x
7.2.2.3.4 Instrument Survival Mode Commands x
7.2.2.4 Interface Selection x
7.2.2.4,1 l’lme Mark and Frequency Bus Selection x
7.2.2.4.2 Redundant High-Rate Link Seleotion x
7.2.2.5 High-Rate Link Test Command I I x I
7.2.3 Instrument Command Documentation x

7.2.4 Command Requirements x

7.2.4.1 Command Uniqueness x

7.2.4.2 Critical Commands x
7.2.4.3 Command Sequenc6 x

7.2.5 Command Restraints x
7.2.5.1 T~gle Commands x

7.2.5.2 Command Format Consistency x

7.2.5.3 Multifunction Commands x

7.3 Teiemet~ x
7.3.1 Point-to-Point Teiemetry x
7.3.1.1 instrument Status x x
7.3.1.2 ISpacecraft-Required Point-to-Point Teiemetry I I x I x

..
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I TABLE 40-1. REQUIREMENTS RESPONSIBILITY I

I Section

17.3.1.3 I instrument Point-to-Point Teiemetry Sampling Rate

17.3.1.4 I instrument Poinl-to-Poinl Telemetry Sampiing Rate Deflnitlon

7.3.2 - lCommand and Teiemetry Bus Teiemetry

7.3.2.1 instrument Housekeeping Teiemetry Types

7.3.2.1.1 Normal instrument Housekeeping Telemetry

7.3.2.1.2 Criticai Heaith and Safety Teiemetry

7.3.2.2 instrument Teiemetry Limits

7.3.2.2.1 Instrument Normal Housekeeping Telemetry Data Limits

7.3.2.2.2 instrument Criticai Heaith and Safety Teiemetry Data Limits

7.3.2.3 Teiemetry Monitor

7.3.2.3.1 Spacecraft Monitoring of instrument Teiemetry

7.3.2.3.2 instrument Teiemetry Monitoring Sampiing Rates

7.3.3 Teiemetry interface Utilization Documentation

7.3.3.1 instrument Point-to-Point Telemetry Documentation

7.3.3.2 instrument Point-to-Point Teiemetry Sampiing Rate
Documentation

7.3.3.3 instrument Housekeeping Telemetry Documentation

I 7.3.3.4 I instrument Housekeeping Telemetry Sampiing Rate

I I Documentation

IATRIX (Continued) I
Not

I Ik’
Instrument S acecraft

Applicable Provider Irovider o

x
x

x

x
x

x
x

x
1 x lx I

x
x
x

x

x
x

x
x

D



TABLE 40-1. REQUIREMENTS RESPONSIBILITY ~ATRIX (Continued)

Not Instrument s ycirft
SectIon Applicable Provider F

7.3.3.5 InstrumentHousekeepingTelemetry Format Documentation ‘, x
7.3.3.6 Instrument Telemet~ Monitoring Documentation x
7.3.3*7 Instrument Transfer %hedule Documentation x
7.3.3.8 Command and Telem&y Bus Data Transfer Schedule x x

Adaptability

7.3.4 Telernet~ Requirements x
7.3.4.1 Tdemetry Sampling Rates x x
7.3.4.2 Command Verification x

7.3.42.1 Command Receipt Verification . x
7.3.42.2 Command Execution Verification x
7.3.42.3 Command Verification Sampling Rate x

7.3.4.2.4 Command Execution Verification Telemetry x
7.3.4.3 Instrument Mode Dependency “x
7.3.4.4 Instrument Activity Dependency “x
7.3.4.5 Configuration DePendant Telemetry x
7.3.4.6 Synchronization Restrictions x

7.3.4.7 Instrument Housekeeping Telemety Availability x
7.3.4.8 Instrument Housekeeping Telemetry Mnemonic Naming x

Convention
x

7.3.4.8.1 Subsystem Identifiers x x

.,
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I TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not Instrument s al::g!lrfi
Section Appiicabie Provider !

7.3.4.8.2 TeiemetryType identification x x
7.3.4.0.3 Teiemet~ Source identification x x

7.3.4.8.4 Teiemetry Name x x
7.4 Command and Teiemetry Bus Data x

7.4.1 Memory Loads x x

7.4.2 Memory Dumps x x
7.4.3 Anciiiary Data x
7.4.4 Tme Code Data x
7.5 Autonomy x
7.5.1 instrument Mode and State Changes x
7.5.1.1 infrequently Chang~ Parameters x
7.5.1.2 Normai instrument State Changes x
7.5.1.3 Mode Changes x x
7.5.2 Safe and Survivai Modes x
7.5.2.1 instrument Safe-Mode’ - x
7.5.2.1.1 instrument SafeMode Entry x

7.5.2.1.2 instrument Safe-Mode Configuration x

7.5.2.1.3 Saf-Mode Entry Override x

7.5.2.1.4 Duration of Saf*Mode x
*
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Conttnued)
.

Not Instrument s Cecraft
SectIon Applicable Provider r rovlder

?.5.22 InstrumentSundval Mode x
7.5.2.2.1 Spacecraft Survivai Mode Entry x

?.5.2.2.2 Instrument Survival Mode Entry x
?.5.2.2.3 Duration of Survival Mode x
?.5.2.6 Instmment Safe and Survival Modes Documentation x

7.5.3 Memory Load Verification x

?.5.4 llme Mark and Frequency Bus Loss x
3 CONTAMINATIONCONTROLREQUIREMENTS x

9.1 Contamination Protection Design x

9.2 Contamination Protection Measures Documentation x
0.3 Instrument Purge ~umentation x

B.4 Instrument Venting Allocation x

B.5 Instrument Venting Documentation x

B.6 Surface Avoidance x

10 ENVIRONMENTS x. x
10.1 Ephemerides x
10.1.1 Orbital Characteristics x

10.1.2 Transfer Orbit Characteristics x

10.1.3 Sun-Pointing SafeModeOrbitalCharacteristics x

CH-I
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TABLE 40-1. REQUIREMENTS RESPONSIBILITY MATRIX (Continued)

Not lnstiment S acecraft
Section Applicable Provider f rovlder

10.2 Spacecraft Reference Coordinate Frame ,x

10.3 Pointing x

10.4 Thermal Environments x

10.4.1 Prelaunch, Launch, Ascent Thermal Environment x

10.4.2 Deleted x

10.4.3 Thermal Environment x

10.5 Total Ionizing Dose Environment x

10.6 Single Event Upset and Latchup x x

10.7 Atomic Oxygen I I x I

10.8 IMicrometeoroids 1“ x 1 I
10.9 ISDace Debris 1X1 I
10.10 lMagnetic Fields x

10.10.1 Ilnstrument+enerated Magnetic Fields x

10.10.2 Magnetic Fields Documentation I I x I

10.10.3 ISpacecraftMagnetic Fields x

10.11 EM1/EMC Requirements x

10.12 Spacecraft Charging x

10.12.1 Instrument Electrostatic Discharge Control x

I
CH-1



TABLE 40-1. REQUIREMENTS RESPONSIBILITY tiATRIX (Continued)

Not Instrument S acecraft
Section Applicable Provider Frovlder

10.12.2 Spacecraft ElectrostaticOischargeAnalysis x
10.12.3 Spacac&ft External Surface Charging x

I
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APPENDIX D

50 VERIFICA~ON RESPONSIBIL~ AND METHODS MATRIX

The verification responsibil~ and methods cross-fefefence matrix is shown in Table 50-I.
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX

.

E

Not S acecraft Instrument
Section Applicable $rovlder Provider Method

3 MECHANICAL REQUIREMENTS x x A, D, 1,T

3.1 Mechanical Interface Definitions x

3.1.1 ‘ Spacecraft Mounting Interface Definition x

3.1.2 Coldplate Mechanical Interface Definition x

3.2 Envelopes x

3.2.1 Instrument Envelope Allocation x

3.2.1.1 Instrument Launch Mode Envelope x x I

3.2.1.2 Instrument On-OrMt Envelope x x I

3.2.2 Instrument Envelope Documentation x I

3.2.3 External Configuration Changes x I

3.3 Fields of View . x

3.3.1 Fields-of-View Allocation x I

3.3.2 Fields-of-View Accommodation x A

3.3.3 Fields-of-View Documentation x I

3.4 Mass Properties x

3.4.1 instrument Mass Allocation x T

3.4.2 Instrument Mass Measurement x T

LEGEND: C3eneral Method

=’ And A = Analysls
;-of D = Demonstration

I = Inspection
T E Test

>
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METNODS MATRIX (Continued). .

Not s ;:vywarfi Instrument
SectIon Applicable ! Provider Method

3.4.3 InstrumentMass Documentation x I
3.4.4 Instrument Mass Property Reporl x I

3.4.5 . Instrument Mass Variability x

3.4.5.1 Instrument Mass Variability Allocation x A, T

3.4.5.2 Instrument Mass Var&bWy Documentation x I

3.4.6 Center of Mass Documentation x x 1,T

3.4.7 Moments of Inertia “ x

3.4.7.1 Moments of Inertia Deterrninatkm x m

3.4.7.2 Moments of Inertia Accuracy x I

3.4.7*3 Moments of Inertia Documentation x I

3.4.7.4 Moments of Inedla Vartation Documentation x

3.4.8 Products of Inetila x

3.4.8.1 Products of Inertia Determination x m

3.4.8.2 Products of Inertia Accuracy x I

3.4.8.3 Products of Inertia Documentation x I

3.4.8.4 Products of Inertia Variation Documentation x I

3.5 Mounting x

LEGEND (3enefal Mathod
- And ~ = Analysls

; - Or D = Oamonstratlon
I = Inspection
T=T~



z

TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

3.5.1 Mounting Method x x I

3.5.2 Mounting inierface .x

3.5.2.1 Mounting interface Documentation x I

3.5.2.2 Mounting Hoie Coordinates and Dimensions x x I

3.5.3 Mounting Hardware
x.

3.5.3.1 Mounting Hardware Provider x x I

3.5.3.2 Mounting Hardware”Documentation x i

3.5.3.3 IMounting Bolts I 1X1X11
3.5.4 I Kinematic Mounts I x I I I

3.5.4.1 Kinematic Mount Provider x I

3.5.4.1.1 Test Kinematic Mount Deiivery x I

3.5.4.1.2 Fiight Kinematic Mount Deiivery x I

3.5.4.1.3 Instrument Kinematic Mount Assembly x x I

3.5.4.2 Kinematic Mount Characteristics x

3.5.4.2.1 Kinematic Mount Structure x I

3.5.4.2.2 Kinematic Mount Breakaway Torque x T/A

3.5.4.2.3 Kinematic Mount Anguiar Freedom of Movement x T/A

LE(3END: General Method

n’ And A - Analysis
; = or D - Demonstration

I = Inspection
T = Test

D
.
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not s p#f&’t Instrument
SectIon Applicable $ Provider Method

3.5.4.2.4 KinematicMount Thermal Conductance x T/A

3.5.4.3 Kinematic Mounling x x I

3.5.4.3.1 Three-Point Kinematic Mount x x I

3.5.4.3.1.1 KM1 x x A, I

3.5.4.3.1.2 KM2 x x A, I

3.5.4.3.1.3 KM3 x x A, I

3.5.4.3.2 Three-Point Kinematic Mount Restrictions x x A, I

3.5.4.3.3 Kinematic Mount Stiffness x A, T

3.5.5 S~ecraft Mounting Surface x-

3.5.5.1 Spacecraft Mounting Surface Flatness x I

3.5.5.2 Spacecraft Mounting Sudace Planarity x I

3.5.6 Instrument Mounting Surface x

3.5.6.1 Instrument Mounting Surface Flatness x I

3.5.6.2 Instrument Mounting Surface Planarity x 1

3.5.7 Mounting Location x.

3.5.7.1 Instrument Mounting Location x A

3.5.7.2 Instrument Accommodation Equipment Mounting x A
Location

LEGEND: Oeneral Method

: A&ci A = Analysis
; D - Dem~stration

1 = Inspection
T-Test

,
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued) I

3.5.7.3 ! Mounting Location Documentation I 1X1 II I
3.5.8 I Driii Tempiates I x I I I I
3.5.8.1 ‘ I Driil Tempiate Usage I I x I x I I

I
3.5.8.2 I Driii Tempiate Fabrication Requirements I I x 1. x I I

I
3.5.8.3 10pticatiy Aligned Drill Template Provider I I x I I i 1’

3.5.8.4
I
Non-opticaiiy Aligned Component Driii Tempiate

I I I
x

I
1’

Provider

3.6 IAiignment
. .

I x I I I I
3.6.1 I Instrument Opticai Aiignment Cube I I 1X111
3.6.2 IOpticai Aiignment Cube Requirements 1X1 I I I
3.6.2.1 ]Opticai Aiignment Cube Surface Area I 1X1X111

{
3.6.2.2 Opticai Aiignment Cube Surface Orthogonaiity x x i

3.6.2.3 Opticai Aiignment Cube Documentation x I
3.6.3 Aiignment Responsibility x i

13.6.4 lAiignment Angies I 1X1 Iil
13.6.5 I Pointing Aiiocations I 1X1X111
13.7 IGenerai Structural Design Requirements [xl I I 1

LEGEND: General Method

= And A = Analysis
; = Or D - Demonslralion

I = Inspection
T = Test



4
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TABLE 56-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not s :Ilvye:rrt Instrument
Section Applicable $ Provider Methoci

3.7.1 xstructural support .“

3.7.1.1 instrument Structural Support x A, T

3.7.1.2 Ooidpiate Stn.mturai Suppd x A, T

3.7.2 Instrument StruoturaiDynamics x A, T

3.7.3 interfaceDesignLimitLoadsRequirements x

3.7.3.1 Limit tiads Application x x A

3.7.3.2 Limit Loads Application Axis x x A

3.7.3.3 Interface DesignUmitLoads x x A

3.7.3.4 RandomVibrationLeveis x x A, T

3.7.3.5 Sine Vibration Leveis x x A,T

3.7.4 Ooupied-Loads Analysis x

3.7.4.1 Coupied+oads Anaiysis Responsibility x I

3.7.42 Coupled-Loads Analysis Resuits x i

3.7.5 Pressurized System Design x x i, T

3.7.6 Environmental Requirements x

3.7.6.1 Launch Suwhmbiiity Design Requirements x

3.7.6.1.1 shock x x A, i, T

LEGEND: Oenefal , Method
= And ~ = Analysis

i = Or = Demonstration
I = Inspection
T= Tast

I cit3



TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX

Not S acecraft Instrument
Section Appiicabie $ rovider Provider Method

3.7.6.1.2 I Launch Pressure Profile x x A, T

LEf3END: (3enerel Method
~ gd A = Analysis

; D = Demonstration
I E Inspection
T= Test
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not S acecraft Instrument
Section Appiicabie I rovider Provider Method

3.7.6.1.3 Acoustics x T

3.7.6.2 Orbitai Environment , x

3.7.6.2.1 Acceleration x A, D, T

3.7.6.2.2 Torque x

3.7.6.2.2.1 TorqueAiiowabies x A,T

3.7.6 .2.2.2 Torque Profiie Documentation x I

3.7.6.2.3 Force x

3.7.6.2.3.1 Force Aiiowabies x A,T

3.7.6 .2.3.2 Toque Documentation x i

3.7.6.2.4 Anguiar Momentum x

3.7.6 .2.4.1 Aiiowabie Anguiar Momentum x A, T

3.7.6 .2.4.2 Anguiar Momentum Documentation x i

3.7.6.2.4.3 Spacecraft Non-Operational Deployment x A, T
Disturbance

3.7.6 .2.4.4 Shock Generation On-Orbit x A, T

3.7.6 .2.4.5 instrument Orbitai Shock.Requirement x A, D, T

3.8 Finite Eiement Model x i
LEGEND: General Method

= And A = Analysis
; = Or D = Demonstration

I = Inspection
T = Test

I CH-2

I CH-2
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METMODS MATRIX (Continued)
9
~ Not s ;ll~dft Instrument

Section Applicable F , Provider Method.
A

8
3.9 InstrumentMass Model x I
3.10 Instrument Mechanisms x x D

;
* 3.10.1 > Caging During Test and Launch x x D

3.10.2 Caging Or@fbit x x D

3.10.3 Captive Hardware x x I

3.10.4 Sealed Hardware x x D, I

3.11 Venting Forces x

3.11.1 Continuous Venting Forces x T

?
3.11.2 Random Venting Impulses x T

s 3.11.3 Thrust Direction Adjustment x D

3.11.4 Venting Force Documentation x I

3.12 Coldplate Mechankat Interface Requirements x

3.12.1 Coldplate Mounting x

3.12.1.1 Coldplate Mounting Bolts x x D

3.12.1.2 Coldplate Bolt Pattern x x 0,1

3.12.1.3 Coldplate Mounting Hardware Provider x I

3.12.1.4 Coldplate Mounting Hardware Documentation x I

LEGEND: Geneml Method
-AIM A - Analyals

;-or D - Demonstration
I - hpactlon
T-T-



. .
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I TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued) I

Not S acecraft Instrument
Section FApplicable rovlder Provider Method

3.12.2 InstrumentSurface. for Coldplate Mechanical x
Interface

3.12.2.1 Instrument Surface Flatness x I

3.12.2.2 Instrument Surface Finish x I

3.12.3 Coldplate Drill and Stayout Zone Template x.”

3.12.3.1 Coldplate Stayout Zone Template x I

3.12.3.2 Coldplate Drill Template x I

3.12.4 Coldplate Mounting Surface Area x I

3.12.5 Coldplate Mounting Surface x

3.12.5.1 Coldplate Mounting Surface Flatness x I

3.12.5.2 Coldplate Mounting Surface Finish x I

3.12.6 Coldplate Mechanical. Interface Filler Installation x I

Responsibility “

3.12.7 Coldplate Mechanical Interface Filler Installation x I

Responsibility Documentation

3.12.8 Coldplate Mass Properties x 1,A

3.13 Coldplate Plumbing “ x“

LEGEND: General, Method
= And A = Analysis

; = Or D = Demonstrallon
I ~ Inn$ecllon
T

D



TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Conttnued)

Not s :llv~d:rt ln~mtrrt
SectIon AppllcabIe $ Method

3.13.1 Coldplate Plumbing Provider x I

3.13.2 Coldplnle Plumbing Supporl Provider x I

3.13.3 Coldplat@Plumbing Support Documentation x I

3.13.4 Coldplate Plumbing Location x I

3.13.5 Coldplate Plumbing Clearance x I

3.13.6 Coldplate Plumbing Documentatbn x I

3.13.7 Coldplate Plumbing”l)imensions and Mass x I
Profwlles

3.14 Harnesses x

3.14.1 Harness Provider x x I

3.14.2 Harness Hardware Documentation x I

3.14.3 Harness Wiring Requirements x I

3.14.4 Tie Points x

3.14.4.1 lle Point Locations and Provider x x I

3.14.4.2 l’le Point Documentation x I

3.14.5 Connectors x

3.14.5.1 Connector Mating x x. D

l.EQENflk C3eneml Method
z ;;d A = Analysts

j D = Demonstration
I = InspectIon
T=T~



.

TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Section
1 1 1 I

3.14.5.2 1Connector Clearance I I x I x I I

3.14.5.3 Conneclor Localion 1. I x I I I

3.14.5.4 I Keying I I x I x I I

3.14.5.5 I Interface Connector Provider 1X1 I I
3.14.5.5.1 I Harness Connectors I I x I x I I
3.14.5.5.2 I Instrument Component Connectors I I 1X11
3.14.5.5.3 IConnector Types I I 1X11
3.14.5.5.4 [Connector Type Documentation I 1X1
3.14.5.6 I Flight Plugs I x I I I
3.14.5.6.1 Flight Plug Installation x D

3.14.5.6.2 Flight Plug Responsibility x x I
3.14.5.6.3 Flight Plug Documentation x I

3.14.5.7 Connector Protective Covers x I

3.14.5.8 lTest Connectors 1X1 I I
3.14.5.8.1 ITest Connector Accessibility I 1X1
3.14.5.8.2 ITest Connector Documentation II
3.14.5.9 I Breakout Boxes Ixl I I

LE~ENO: General Method

= And A = Analysis
; = Or D = Demonskation

I = Inspection
T = TestI

D



TABLE 60-1. VERIFICATION RESPONSIBILITY AND M~ODS MATRIX (Continued)

Not s yvyd:rrt Instrument
SectIon Applicable $ Provider Method

3.14.5.9.1 Intra-instrument BreakoutBoxes x x I
3.14.5.9.2 Instrument-to-Spacecraft Interface BreakoutBoxes x x I
3.14.5.10. Buffer Connectors and Connector Savers x

3.14.5.10.1 Buffer Connector and Connector Saver Utilization x I

3.14.5.10.2 Buffer Connector and Connector Saver Provider x I

3.14.5.11 Electrical Connector Constraints x x I

3.15 Access x

3*15.1 Access identification - x 1

3.15.2 General Access x x D

3.16 Handling Fixtures x I

3.17 Launch Site Equipment Installation and Removal x I

3.17.1 Non-Flight Equipment x I

3.17.2 Flight Equipment x I

3.17.3 Flight and Non-Flight Equipment Documentation x I

4 THERMAL REQUIREMENTS x

4.1 Thermai Interface Description x x A, D, 1,T

4.2 Thermal Design x

LEGEND: (3eneml Method
= And A = Analysls

; = or O = Damonstratlon
I = Inspection
T- Tast



TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Section

4.2.1 Instrument Thermal Design Provider

4.2.2 Instrument Thermal Design

4.3 Heat Transfer

4.3.1 Heat Transfer with the Spacecraft

4.3.1.1 Average Heat Flux

4.3.1.2 Heat Transfer Distribution

4.3.2 Heat Transfer with the Coldplate

Not
1P
s al:ild:rl

Applicable

+==

“lx

Instrument
Provider

x

x

Method

A, D, 1,T

A, D, 1,T

A, T

A

A, T

4.3.3 I Heat Transfer Distribution Documentation I I x I I I
I I 1 I I

4.3.4 I Environmental Heat Transfer x x I A. T
1 I I I I

4.3.5 [Deleted I I I
1 1 1 m 1

4.4 ITemperature I x I I

4.4.1 ISpacecraft Temperature Range I I x I I A, T

4.4.2 IColdplate Temperature Requirements 1X1 I I,

4.4.2.1 Coldplate Temperature Range x A, T

4.4.2.2 Coldplate Interface Filler Temperature Gradient x A, T

4.4.3 Instrument Temperature Range x I

LE(JEND: General Method
= And A = Analysis

; ,=Or C)= Demonstration
I : ~e~~ection
T

! CH-1



TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)
.

Not s ac!ld:rfi Instrument
SectIon Applicable ! Provider Method

4.4.4 Test Coldplale TemperaturesDuring Instrument x A, T
Qualification

Testing

4.4.5 Test Coldplate Temperatures During Instrument x A, T
Acceptance

Testing

4.5 Temperature Monitoring x

4.5.1 Mechanical Interface Temperature Monitoring x D

4.5.2 Instrument Temperature Monitoring x D

4.5.3 Temperature Sensor Location x I

4.6 Thermal Control Hardware x

4.6.1 Coldplate x

4.6.1.1 Coldplate Capacity “ x A, T

4.6.1.2 Coldplate Configuration x I

4.6.1.3 Coldplate Mounting Orientation x I

4.6.1.4 Coldplate Mounting Elevation x I

4.6.1.5 Coldplate Mechanical Interface Filler x 1,T

4.6.1.6 Test Coldplate Requirements x 1,T

LE(3END: ~eneral Method
- And A = Analysig

; = or D . D~onsl@On
I = Inspection
T= Test



4.6.2

4.6.2.1

4.6.2.2 -

4.6.3

4.6.3.1

4.6.3.2

4.7

4.7.1

4.7.2

4.7.3

5

5.1

5.1.1

5.1.2

5.1.2.1

5.1.2.2

5.1.2.2.1

TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not S acecraft “Instrument
Section Applicable Frovlder . Provider Method

Heaters x

SurvivalHealers x x A, T

Survival Heater Control x D, I

Thermal Control Hardware x

Thermal Control Hardware Responsibility x I

Thermal Control Hardware Documentation x I

Thermal Models x

Surface”Model x I

Reduced Node Thermal Math Model x I

Detailed Thermal Math Model x I

ELECTRICAL REQUIREMENTS x

Electrical Interface Requirements x x A, D, 1,T

Electrical Interfaces x

Electrical Interface Definitions x

Electrical Interface Location x

OpWationai Power . . x

Peak Power x

LEGEND: General Method

. And A = Analysls
i = Or D . Demonstration

I = Inspection
T = Test

>
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

z Not S acecraft instrument
d Section Applicable Frovider Provider Method.A

B
5.1.2.2,2 AveragePower - x

5.1.2.3 Sunhai-Mode Power x
$
> 5,1.2.4 Safe-Mode Power x

5.1.2,5 Launch-Phase Power x

5.2 Power x

5.2.1 instrument Power Allocations x A, I

5.2.1.1 OperatiorW Power Aiiooation x x A, D

5.2.1.2 Sufvivai Power Allocation x x A, D

?
5.2.1.3 Launch-Phase Power Allocation x x A, D

z 5.2.1.4 Power interface Aliocatiin x I

5.2.1.5 instrument Power Level Documentation x i

5.2.2 Power Characteristics x

5.2.2.1 voltage x T

5.2.2.1.1 Voltage Transients x x T, D

5.2.2.1.2 Abnormal Steady-State Voltage Limits I x A, T, D

5.2.2.2 Power Source impedance x A, T

5.2.2.3 Current x

LEC3E?JD (leneral, Method
- And A = Analysis

l-of O - Oemonslralion
\ : tnnpection
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not S acecraft Instrument
SectIon Applicable $rovlder Provider Method

5.2.2.3.1 InstrumentCurrentTransients x T

5.2.2.3.2 Deleted

5.2.2.3.3 OverCurrentProtection x 1,A

5.2.2 .3.3.1 OvercurrentProtectionDevice Size x A, I

5.2.2.3.3.2 OvercurrentProtectionDevice Size Documentation x I

5.2.2.4 Instrument Power Input Impedance x A, T

5.2.2.4.1 Instrument Common Mode Impedance x T

5.2.2.4.2 Instrument Differential Mode Impedance x T

5.2.3 Power Control x

5.2.3.1 Power Connections x I

5.2.3.2 Power Application . x D

5.2.3.3 Power Fault Tolerance x x A

5.2.3.4 Instrument Equipment Separation x 1,D

5.2.3.5 Instrument Power Control x x D

5.3 Grounds, Returns, and References x

5.3.1 Power Leads and Returns x I

5.3.1.1 Power Harnessing x 1,T

LEGEND: General Method
= And A = Analysis .

t = or D= Oemonsttation
I = Inspection
T = Test

I CH-3



TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not s al:vi!ldgrl Irmtrurut
Section Applicable F Method

5.3.12 Isolation x T, A

5.3.1.2.1 Deleted x T

5.3.1 .2.2 120 V Primary Power l~lation x T, A

5.3.12.3 Transient Protected Circuit Isolation x T. A

5.3.102.4 Secondary Power Isolation x T,A ‘

5.3.1.3 Power Reference x i
n

5.3.1.3.1 Primafy Power Reference x 1,D
5.3.1 .3.2 SeoondaryPowerReturn x 1,D

5.3.1.3.3 SecondaryPowerReference x L D

5.3.1 .3.4 Isolated %conday Power Referencing x 1;D

5.3.2 Signal Reference x I

5.3.2.1 -Signal Reference Constraints x x 1,T, A

5.3.22 Differential Signal Isolation x x T

5.3.2.3 Passive Tdemetry Interface Isolation x x T : I
5.3.3 Instmment Grounding x

5.3.3.1 I InstrumentGround Interconnection 1 1X1 ITI1 . 1

5.3.3.2 10ommmentGroundina 1 x ‘1 I I I

CH-3

LEGEND Geneml Method
= Aild, 1+= Analysls

I = Or D = Demonstration
= Inapactlon

;=T~



TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX

5.3.3.2.1 IComoonent Ground Location I 1X1X1
LEGEND: Generel Method

= Nit A = Analysis
; = Or D = Demonstration—

I = Inspection
T= Test

..

i

a?
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not S acecraft Instrument
Section Applicable ! rovlder Provider Method

5.3.3.2.2 Component Ground Connection x 1,T
5.3.3+2.3 Component Bonding”Straps x x I

5.3.3.3 Connector Grounding . x 1,T

5.3.3.4 Chassis Reference Current x 1,T

5.3.4 Fault Ground x-”

5.3.4.1 Instrument Fault &ound Requirements x

5.3.4*1.1 Instrument Fault Ground Connection x I

5.3.4.1.2 Instrument Fault Ground Routing x I

5.3.4.1.3 lrtst~ment Fault Ground Wire Grounding x I

5.3.4.2 Spacecraft Fault Ground Requirements x

5.3.4.2.1 Spacecraft Fault Ground, Routing x I

5.3.4.2.2 Fault Ground Wire Connection to Instrument Ground x I
Interconnection

5.3.4.2.3 Fault Ground Wire Connection to Primary Power x ~~ I
Reference

5.3.5 Signal Reference Ground x’

5.3.5.1 Instrument Ground Interconnection Referencing x 1,T

5.3.5.2 Thermal Blanket Grounding x

LEOEND: General’ $ Method
= And A = Analysls

i =,Or D = Demonstrallon
I = Inspection. .
T = Test

I



I TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Section I AP#blels#:%:’l’?r%~’l Method

pi c
N

5.3.5.2.1 Deleted x x 1,T

Deleted x T

Thermal Closeout Blanket Groundina x L T

5.3.5.2.2

5.3.52.3
* 1 1 I I

Oommand and Data Handling Interface I x I I !5.4

5.4.1 General Signal Interface Requirements Ix”l I
, ___

5.4.1.1 Interface Conductors I 1X1X11
‘5.4.102 Interface Redurtdanby 1X1 I I
5.4.12.1 Redundant InterfaceTerminology 1X1 I I
5.4.12.2 Redundant Interface Usage Ixl I I

m

Oommartd and Tdernetw Bus Interfaces I I x I x I D

I
CH-1~5.4.1 .2.2.1

I5.4.1 =2.2.2 Deleted I I I I
15.4.1.2.2.3- Deleted I I I 1

w
\

I I I

InterfaceFault Tolerance x x I L A15.4.1.2.3

Interface Circuit~ Isolation x 1,A, D

Point+o-Point Command and Telemetry Interfaces x 1,D

Relay Drive Commands . x A, D

Deleted

15.4.1●3

15.4.2

I LEQEND: Qeneral Method

- And A = Analysls
; = Or D - Demonstration

1 . [n~@lon
T.T@sI

. .
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX

Not s ::~t:rt Instrument
Section Applicable $ Provider Method

5.4.2.1.2 [Relay Drive Command Characteristics x T

LEGEND: Generel Method
= And A = Analysis

I = or D E Demonstration
I = Inspection
T = Test
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

5.4.2.1.3 I Relay Drive Command Load Characteristics I 1X1 m n

I 1. I I x I 1,T
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 x x D

5.4.2.3.1 Deleted

5.4.2.3.2 Passive Bi-Level Telemetry Signal Characteristics x x I,T

5.4.2.4 Passive Analog Telemetry Interfaces x

5.4.2.4.1 Deleted

5.4.2.4.2 Passive Analog Telemetty Signal Characteristics x x T

5.4.2.5 Active Analog Telemetry Interfaces x’

5.4.2.5.1 Deleted

5.4.2.5.2 Active Analog Telemetry Signal Characteristics x x 1,T“

5.4.3 lime Mark and Frequency Bus x 1,D

5.4.3.1 Ttme Mark and Frequency Bus Electrical . x 1,T
Characteristics

LEQEND: (3eneral Method
~ $d $ = Analysls

; = Demonstration
I = InspectIon
T = Test

I
CH-1

I CH-1

I CH-1
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Contlnuad)

I Not
1P
S acecraft

SectIon Applicable rovlder”

5.4.3.2 Reference Frequency Characteristics x

5.4.3.3 Time Mark Encoding x

5.4.3.4 Time Mark Accuracv “ x

5.4.4 IComm&ndand TelemetryBus ElectrfcatInterface I “ I “ X

5.4.4.1
I
Oommand and Telemetry Bus Electrical

I I
x

Characteristics

5.4.5 ]Science Data ElectricalInterface 1X1
5.4.5.1 IScience Data InterfaceControl I lx
5.4.5.2 LowRate Science Data Interface Electrical x

Characteristics

5.4.5.3
I
High-Rate Science Data interface Electrical

I
x

Requirements I

5.4.5.3.1 I High-Rate interface Circuitry . Ix”l

I5.4.5.3.1.1 instmment High-Rate Science Data Interface
Cimuitw I I

I . I I

5.4.5.3.1.2 I instrumentHiqh-Rate Science Data Simai Interface I “

I I.-

5.4.5.3.1.3 Spacecraft High-Rate Science Data interface x
Circuit~

I LEGEND Qeneml Method
; Ed A = Analysls

; D = Damonstratlon
I = Inapactlon
T= Tast

I T,D

II
X I I,T

I 1,0

x I 1,T

x I I

x Ii

I I
1
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

phaseB-------—- phaseA---------
I Wlusw= r~

5.4.5 .3.1.4 High-Rate Science Data Interface Polarity Inversion
rTr

x T

5.4.5.3.2 High-tlale Science Dala “Interface Electrical x x 1,T
- Characteristics

5.5 Other Interfaces x

5.5.1 Test Point Interfaces “ x A, D, 1,T

5.5.1.1 Spacecraft Integration and Test Use x I

5.5.1.2 Performance Verification Limitation x D

5.5.1.3 Keyed Connectors “ x I

5.5.1.4 Power and Load Isolation x D, T, A

5.5.1.5 Failure Propagation x A

5.5.1.6 Short-Circuit Isolation x T, A

5.5.1.7 Grounding Integrity . x 1,T, A

5.5.1.8 EM1/EMC x 1,T, A

5.5.1.9 Flights Standards “x I

5.5.1.10 Mechanical Requirements x 1,T, A

5.5.2 Test Point Interface Documentation x I

5.6 Failure Modt?sand Effect Anaiysis x I

LEGENO: General , Method

= And A = Analysls
; = or D = Demonstration

I = Inspection
T = Test

D
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

I Section I AP&blals#:%~?l!&r%=tl Method I

6 COMMAND AND DATA HANDLING x x A, D, 1,T
REQUIREMENTS

6.1 Command and Telemetry Bus x

6.1.1 Command and Telemetry Bus Configuration x I

6.1.1.1 Oommartd and Telemetry Bus Transfer Method x D

6.1.1 .1.1 Command and Telemetry Bus MIL-STD-1553B x“ o
Mode

Code Utilization

6.1.1 .1.2 Command and Teiemetry Data Transfers x D

6.1.1 .1.2.1 Data Transfers to the Instrument x D

6.1.1 .1.2.2 Data Transfers from the Instrument x D

6.1.1.1.3 Broadcast Mode on ~e Command and Tbiemetry x D
Bus .

6.1.2 command and Telemet~ Bus Transfer Timing x D

6.1.2.1 Minor Cycie.Length x D, T

6.1.2.1.1 Minor Cycle Task List x D

6.1.2.1.2 Minor Cycle Task Ust Completion x D

6.1.2.2 Major Cycie Length x D, T

LEQEND General Mathat

I =And A . Andydg
; = Or D = Damonstratlon

I = Inspsctlon
T-T- I

. . .



TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not s :;~d:rlt Instrument
Section Appiicabie $ Provider Method

6.1.2.3 Master Cycie Length x D, T

6.1.2.4 Command and TeiemetryBusTask Scheduling x

6.1.2.4.1 Synchronizewith Data Word x D

6.1.2 .4.1.1 Synchronize with Data Word Transfer Frequency x D

6.1.2 .4.1.2 Synchronize with Data Word Transfer Timing x D, T

6.1.2.4.1.3 Data Word Content x D

6.1.2.4.1.4 Data Word Content Format x D, i

6.1.2 .4.1.5 instrument Response to Data Word x D

&

6.1.2 .4.1.6 instmment Teiemetry Transfer Schedule x D

6.1.2.4.2 Command Transfers x D

6.1.2.4.3 Deieted x

6.1.2 .4.3.1 instmment Normai Housekeeping Telemetry x D
Coiiection

6.1.2.4.3.2 instrument Critical Heaith and Safety Housekeeping x D

Teiemetry Coiiection

i

6.1.2 .4.3.3 instrument Housekeeping Telemetry Readiness x D

6.1.2.4.4 Memory Load Transfers x . D
3 .
K LEGEND: ~eneral Method
. = And A = Analysisa

8
j = Or D = Demonstration

I = Inspection
T = Test

g
>
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TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not s W&3CwarftInstrument
Section Appiicabie F Provider Method

6.1.2.4.5 Memory Dump Transfers x D
6.1.2.4.6 iMOK, Anciliary Data, Time Code Data, and Safe x D

Mode

Commands

6.1.2.4.6.1 iMOK, AnciiiaryData, and llme Code Data x D
Transfer

Frequency

6.1.3 Oommand And TeiemetryBus Data x
6.1.3.1 Oommands x
6.1.3.1.1 Reakllme Oommartds” x D, i
6.1.3.1.2 Stored Oommands x D, i

6.1.3.1.3 Saf~ode Command Structure x D, i

6.1.3.1.4 iMOK Command Structure x D, i

6.1.3.2 Memoty Load and Dump initiate Command x
Structures

6.1.3.2.1 Load initiate Command Structure x D, I

6.1.3.2.2 Dump initiate Command Structure x D, i

6.1.3.3 Memory Load Data Messages

LEGEND General , Method
: A&d A = Analysis

; t) . Demonstration
I = Inspactlon
T-T@

ICH-3

ci-i



TABLE 50-1. VERIFICATION RESPONSIBILITY AND METHODS MATRIX (Continued)

Not s al:;,lll:rft Instrument
Section Applicable $ Provider Method

6.1.3.4 Memory Dump Data Messages

6.1.3.5 Ancillary Dala Messages x
6.1.3.5.1 Ancillary Data Contents x D, I

6.1.3.5.2 Ancillary Data Message Format x D, I

6.1.3.6 Ttme Code Data Messages x

6.1.3.6.1 Time Code Data Contents x D, I

6.1.3.6.2 lime Code Data Epoch x“ D, I

6.1.3.6.3 Time Code Data Format x D, I

6.1.4 Command and Telemetry Bus Protocols x

6.1.4.1 Instrument Command and Telemetry Bus RT x D, I
Address Assignment,

6.1.4.2 MlL-STD-l 5536 Message Identification x D, I

6.1.4.2.1 MlL-STD-l 5536 Message Subaddress Definition x D, I

6.1.4.2.2 Instrument Specific”Subaddresses x D, I

6.2 Ttme Mark and Fre@ency Bus x

6.2.1 Time Code Data Valid Indication x D, T

6.2.2 llme Information Ttming x D, T

I LEGEND: C3eneral Method

I
=And A = Analysls

; = Or D = Demonstration
I = InspectIon
T = Test
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6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.5.1

6.3.5.2

6.3.5.3

16.3.5.4

6.3.5.5

6.3.5.6

~6.3.5.7

‘6.3.5.7.1

TABLE 50-1. VERIFICATION RESPONSIBILITY AND METH-ODS MATRIX (Continued)

a 1 1 I

Low Rate ~lence Data Bus I I x I I D
I

Low-Rate Science Data Interface Configuration x I*
Broadcast Mode on the”Low-Rate Science Data x D
Bus

Lov+Rate Science Data Transfer Tlminq x D. T
1 I I I

Low-Rate Science Data Bus Data Format I x 1
Lo*Rate Science Data Bus Transfer Protocol x
Low-Rate Science Data Bus RT Address x D, I
Assignment

Low-RateScienceData Bus MIL-STD-1553B x D
Mode Code Utilization

Low Rate Science Data Bus MIL-STD-1553B
I I

x
I

x
I

D
Message Subaddresses

lmw-Rate Science Data Polling I
Low-Rate science Data Packet Readiness x D

Total Packet Length Indication x D

Low-Rate Science Data Packet Transfer 1X1 I l—
Low-Rate InstrumentPollinglntenml I “1 X“l .1 D,T

LEGEND: General KmOd
: Al&m A = Analysls

; D = Damonstratlon
1 = Inspecllon
T= Test


