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1 SCOPE

1.1 Identification

This specificationestablishesthe pcfiormance, design, development,and test requirementsfor the
Structunx and Mechanisms Subsystem (SMS) of the Earth ObseMng System (EOS) AM
spacecraft. These requirements am derived horn the Contract End Item Spectlcation,
PS20005396, and the documents it cites.

The SMS provides the necessary shwtural support and mounting area for all Instruments and
housekeepingequipmen~ These functions are engineeredto satisfy multipleconstrain“ ts including
launchenvironment fairingstaticenvelope,AMInstrumentsetfiekkf-view andpointingstability
requirements. The SMS provides the release and deployment mechanisms for the High Gain
Antenna. The SMS also provides the interface to the launch vehicle separation system.
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2.1 Govermment Documents

The following documents of the exact issue shown, forma psrt of this specifkation to the extent
specifkd herein. In the event of conflict IxXweenthe documentsreferencedbelowand the contents
of this specflcation, the contents of this spec~lcation shall take precedent,except as defined in
Section 3.6 herein.

201.1 NASA Documents

42&03-02
1 December 1992

4204542
13November 1992

421-12-0342
dated(TBD-1)

421-12-0441
CH-02, 24 March 1993

421-12-11-01
29 hxmary 1993

421-12-12-02
15 March 1993

421-12-15432
dated(TBD-2)

NHB 6000.lC
June 1976

2.102 Military Documents

DOD-S’IB1OO

DOD-P1OOO

General Instrument I.ntaface SPecifkation (GIIS)
for the Em’thObservingSystem

Earth ObservingSystem (EOS)PerformanceAssurance
Requirementsfor the EOS AM-1 SpacemfL
Change CIMl

Unique Instrument InterfaceDocumentfor the
Multi-Angle Imaging SpectrcAadiome@r (MISR)

Unique Instrument Interface Documentfor the
Moderate-Resolution Imaging S_ometi
(MODIS)-Rev A

Unique InstrumentXnterfaceDocumentfor the
Mvanced Spaceborne Thermal Emission and
Reflection Radiometer (AS’IER)

Unique Instrument InterfaceDocument for the
Clouds and the Earth’sRadiantEnergy System
(-)

Unique instrument InterfaceDocumentfor the
Measurementof Pollution in the Troposphere
(MoPITr)

Requirements for Packaging,Handling, and
Transportationfor Aeronauticaland Space Systems,
Equipment and AssociatedComponents

Engineering Drawing Practices

Drawings and Associated EngineeringLists
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MLSTD-1522A
01 July 1972

MIIAIDBK-5

MIL-HDBK-17

MIM4DBK-23A
30 December 1968

WSMCR 127-1
December 1989

November 1971

Standard GeneralRquire=mts for Safe Design
and Operation of Pressurized Missile and Space
systems

Militaq Handbook,Metallic Materials and Elements
for Aerospace VehicleStructums$Rev.E, change
Notice 2

Mil@y Handbook,Polymer Matrix Cornposities,Vol.
1: Guidelines,Rev. B, ChangeNotice 1

Structural Ssndwich Composites

Western Space and Missile CenterRange Safety
Regulations

Advanced CompositesDesign Guide, 3rd Edition,
DODINASA

2.2 Non-Government Documents

The following documents of the Meat issue shown, forma part of this specification to the extent
spezifkd herein. In the eventof ccmilictbetweenthe documentsreferencedherein and the contents
afthis specification,thecontcmtsofthis spedkation ahallbe conside=dasuxgqtiun~
except for higher tier *ents.

202.1 Martin Marietta Astro Space Documents

20001390

20008503L

20008513

20008514

20008618

20008536
13January 1993

20008652

20008655

20008810
dated(’TBB3)

20008820

Mass Properties Repal for the EOS-AM Spacecraft

Launch VehicleMechanical Interface Control
Document

High Gain htenna AssemblyMechanical ICD

Solar Array Mechanical ICD

Propulsion System Mechanical ICD

EOS-AM Spacecraft Specifkation Tree

Critical hems List (PA-51O)

Ground Systems RequirementsDatabase

ASTER Interface Control Document

CERES Interface Control Document
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20008830 MISR Interface Con.1 Document

MODISInterface Control Document

MOPllT’ Inttiace ControlDocument

20008840

20008850
dated(mw)

3282190 Process SpecKlcation,Handling of Composite Tubes

General Interface Specification (GIS) for the
EOS-AM Spacecraft (ICD-101)

1S20008501

1S20008503
30 April 1993

EOS-AM Spacecraft to Launch VehicleInterface
RequirementsDocument

PN20001412 Contminatl“onControl Plan for the EOS-AM
spacecraft

PN20005397
17January 1992

Performance AssuranceImplementationPlan
(PA-1OO)

PN20005404 VediicationPlan (VP) for the Earth
ObservingSystem (VRD-1OO)

Ekctmma gnetic Compatibility (EMC) Control
Plan for the EOS-AM Spacemft (SEP-106)

PN20005869

PN20008616
28 September 1992

StructuralVtilcaticm TestPlan for EOS-AM
spacecraft

PN20008660
28 September 1992

EOS-AM Spacecraft AlignmentPlan (SEP-121)

PS20005396 ContractEnd Item (CEI) SpecKlcationfor the
EOS-AM Spacecraft (SEP-101]

PS20005404 Vetilcation Specflcation (VS) for the Earth
ObservingSystem (VRD-11O)

Them@ Control Subsystem Specification (SP-201)PS20008549

PS20008618 Propulsion Module Performance Specifkation

PIR-1D43-UHMS-044
31 August 1989

Preliminary UHMW7714AStrut Tube Material
Properties, B. T. Rodini

Martin Marietta Mro Space
P. O. BOX 800
Princeton,NJ 08543-0800

Some:
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MIL-Sm1522A
01 J~y 1972

MW-HDBK-5

MIL-HDBK-17

MIM3DBK-23A
30 December 1968

WSMCR 127-1
December 1989

November 1971

=
Standard GeneralRequirementsfor Safe Design
and Operation of pressurized Missile and Space
systems

Military Handbook,Metallic Materials and Elements
for AerospaceVehicleStructures,Rev.E, Change
Notice 2

Military Handbook,Polymer Matrix Composites, Vol.
1: Guidelines,Rev. B, ChangeNotice 1

Structural SandwichComposites

Western Space and Missile CenterRange Safety
Regulations

Advanced CompositesDesign Guide, 3rd Edition,
DODINASA

22 No-wmment Documents

The following documents of the latest issue shown, forma part of this specifkation to the extent
specifkd herein. In the eventof conflict betweenthe documentsreferencedherein and the contents
dthis spezification,the contentsofthisspecifkation shallbeconsideredasupersedingrquire-~
except for higher tier documents.

2021 Marlin Marietta As&o Space Documents

20001390 Mass Properties Report for the EOS-AM Spacecraft

20008503L Launch VehicleMechanicalInterface Control
Document

20008513 High Gain Antenna AssemblyMechanical ICD

20008514 Solar AxrayMechanicalICD

20008618 Propulsion System Mechanical ICD

20008536 EOS-AM Spacecmft Spccifkation ‘Ike
13Januaxy 1993

20008652 critical Items List (PA-51O)

20008655 Ground Systems RequirementsDatabase

20008810 ASTER Interface Control Document
dated(TBD-3)

20008820 CERES Interface Control Document
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3 m~

[1] TheSMSshallmeettherequirementsspecifkdhemin ofallphasesof theSpacecraftmission
defined in the CEI Specillcation,PS20005396.

[2] ‘I%eSMS shall support the Spacecraftoperating modes applicable to each phase as defined
in the CEI Specificati~ PS200053%.

3.1 SMS Definition

The SMS consists of the structures, mechanisms,and antenna restraintldeploymentassembliesof
the EOS Spacecmft.

Specifically the SMS consists of the following hardware Primary structure, propulsion module
(PM) structm, quipment module (EM) s~ctures, instrument-support
structures, kinematic mounts (KM), solar may drive (SAD), and high
restrainthieployment system.

3.1.1 Item Dkgrams

Not Applicable

3.12 Interfhce Definition

structures, secondary
gain antenna (HGA)

Themechanical and electrical interfaces that mustexistbetweentheSMS componentsand other
SpacecraftcomponentsaredefinedontheSMS interfacecontroldrawingsdefinedin Section2.2.1.

[1] ‘Ihe SMS design shall be compatible with a launch vehicle which meets the requirements
specifkd in the EOS-AM Spacecraft to Launch Vehicle Intiace Requirements Document
1S20008503. The compatibility requirements shall include physical, mechanical, and
environmental interface requirements.

[2] SMS components related to instrument support shall comply with the General Instrument
Interface Specifkation (GIIS],GSFC420-03-02, and the UniqueInstrumentInterfaceDocuments
(UIIDS)forinterfacerquirements. If theUIXDsandtheGIIS conflic~theUIIDsshallgovern. UIID
Instrument parameters defined in the CEI Specifkatim$ PS200053%, shall be used for Spacecraft
Bus design activities.

3.102.1 Functional Interfaces

The SMS functional interfaces shall include the following:

a.

b.

Provide the structural support required to survive launch on an (TBD-5) intermediate
launch vehicle (11..Y)and separation from the launch vehicle (LV)without detrimental
effects.

Provide accurateplacementand alignment ofhousekeeping andinstrumentcomponents.

7 DCC071W3
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c.

d.

c.

f.

g“

h.

i.

Providetiit stability and rigidity of structuresto fw~tite instrument sensing and
Stationkeepingcontrol.

Provide the required mountingareas and opticaland thermal fields-of-view (POV)for
all instruments and housekeepingcomponents.

Provide for the deployment of all housekeeping equipment, with the exception of the
solar army (SA), which requires mechanical rwonf@mtion from the launch
configuration to the on-orbit configuration.

Provide modularity and accessibility of instruments and EMs at the Spacecraft level
during integration and test (I&T).

Provi& the capability to rotate or slew the SA to support power requirements in all
Post+kploymat modes during all post-sqamtioII mission phases.

Provide mechanismswhere needed at interfaces to limit relative thermal distortion and
transfer of loads from the Spacecrti

Provide the basic structural fmmew~ mountingsuppcxt,routing paths (for Electrical
Accommodation Subsystem harness), attach points, and interface ports for all
Instruments and assemblies.

The following subsections describe the iimction of each of the major componentsof the SMS.

3.102.1.1 - Structm

The primary structure provides the primary structural support for the Spacecraft subsystems and
components such that deflection, frequency,stress, alignmen$and thermal distmtion requirements
am met. Primary structure is defined as structure which is part of the primary load path from
subsystems and components to the LV intiace. The EOS-AM primmy structure comprises the
spacecraft main truss structure.

3X2.L2 PropulAon Module Structure

The PM structure supports all components of the propulsion subsystem, including the propellant
m thrusters, PM electronics, and all associatedPM hardwate.

3.13.13 Secondary Structure

Secondary structure provides the interface between the miscellaneousequipment and the primary
structure. Secondary stmcture includes, but is not limited to, the core harness supports, interface
connector panels (ICPs), close+ut panels, SAD sup~ and omni antenna supports.

The ICI%provide the necessary support structure for mounting connectors for harnesses which
provide the power and communication interfaces to EMs and instruments.

3.102.1.4 Equipment Modules and Panels

The EMs provide mounting and protection from the on+rbit environment for all components
mounted within. They also provide modular grouping by subsystem where possible, in order to
facilitate the I&T process. The EMs include the power~, recorder~, reaction wheel assembly

DCC071993 8
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c
(RWA) EM, guidance, navigation, and ccmtml (GN&C) sensor W, and the
communicationsko~d and data handling (ComdC&DH) EM. Supplementary equipment
panels include the battery panel and the direct access system (DAS)panel.

3.12.105 Instrument Accommodation Structures

Instrument accommodation structures consist of rdl secondary stfuctu.msincluding instrument
mountingplates (IMPs)which supportinstrumentsand their respectiveaccommodationequipment
off the primary structure. The instrument accommtition structures provide sncti supporL
alignment capability, and mounting stiflhess for instruments and associated accommodation
equipment.

3.1.2.1.6 Kinematic Mounts

The kinematic mounts (KMs) provide the structural interface between primary and secondary
structures and the instruments, IMPs, EMs. and equipmentpanels. Their function is to minimize
thermal distortion and load sharing between the spacecraftstructure and mounted equipment.The
KMs perfcmn this function by relieving loads in certain directions while providing stiffness in
others. There are three types of KMs l-axis, 2-axis, and 3-axis load-canying mounts. The
number of axes refers to the number of directions in which load is transfemed.The load relieving
element in the KMs is a series of stainless steel sphericalball txmringswhichrotate only in specflc
directions in response to forces.

Non-alignment+itical and low load panels, i,e., Capillary Pumped Heat Tkansport System
(CHIT’S)radiator panels, cl~t panels, instrumentaccommodationequipmentpanels,etc., are
supportedwitha simplifiedkinematicmountcalledaDiffemntialShear’hmsfer (DST)mount The
load relieving element in these&vices is a low frictionpolyimi& washer which slides directly on
the primary stmctwe node fitting suxface.

3.12.1.7 solar Army Drive

The SAD provides the rotation capability to the SA so that continuous tracking of the sun can be
achieved. In addition the SAD allows power transfer and provides a telemetry path between the
array and the housekcqing bus.

3.12.1.8 High Gain Antenna Restraintllleployrnent System

The HGA restmintkieployment system is used to restrain the HGA assembly during launch and to
deploy the assembly upon receipt of the appropriatecommands.

3.122 Physical Interfaces

[1] Similar physical interfaces shall be standardized

[2] The SMS shall employ standard aerospace grade fasteners for structural and mechanical
attachments where practical.

DCC071993
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c.

d.

e.

f.

g“

h.

i.

Rovide on-orbit stability and rigidity of structures to fw~tite instrument sensing and
stationkeepingcontrol.

Rovi& the required mountingareas and opticaland thermal fields-of-view (FOV)for
ti instruments and housekeepingcomponents.

Provide for the deployment of all housekeepingequipment, with the exception of the
solar array (SA), which requires mechanical reconfiguration from the launch
configuration to the on-orbit confqpration.

Provide modularity and accessibility of instruments and EMs at the SpacecraR level
during integration and test (I&T).

Provide the capability to rotate or slew the SA to suppcxt power requirements in all
post-deployment modes during all post-separation mission phases.

Provide mechanismswhere needed at interfaces to limit relative thermal distortion and
transfer of loads horn the Spacecraft.

Provide the basic structural fiamew~ mountingsupporLrouting paths (for Electrical
Accommodation Subsystem harness), attach ‘pints, snd interface ports for all
Instruments snd assemblies.

The following subsections describe the function of each of the major componentsof the SMS.

3.1291.1 - structure
The primary structure provides the primaxystructural suppmt for the Spcecmft subsystems and
components such that deflectkm,frequency,stress, alignmen~and thermal distortionmqdrements
arernet. Primary structure isdefined asstruct.ure which ispartof theprimaryloadpsth horn
subsystems and components to the LV interface. The EOS-AM primary structure comprises the
Spacecrail main truss Structure.

3.102.102 Propulsion Module Structure

The PM stmctum’supports all components of the propulsion subsystem, including the propellant
tank, thrustem, PM electronics, and all associated PM haxdware.

3.1.2.23 Secondary Structure

Secondary stmcture provides the interface between the miscellaneousequipment and the primary
structure. Secondaxystructure includes, but is not limited to, the core harness supports, interface
connector panels (ICPs), close+ut panels, SAD support, and omni antenna supports.

me ICPS provide the necessary support structure for mounting connectors for harnesses which
provide the power and canrnunication interfaces to EMs and instruments.

3.L2.104 Equipment Modules and Panels

The EMs provide mounting and protection from the on+bit environment for all components
mounted within. They also provide modular grouping by subsystem+where possible, in order to
facilitate the I&T process. The EMs include the power%, recorderEhL reaction wheel assembly

DCC071993 8
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=
[4] TIICSMScomponentsshallacceptheatfiom the thermalcontrolsubsystem(TCS)interface,
as necessary,for maintenanceof suxvivaland operational tempmtums.

3.1.3 Major Component List

The major componentsof the SMS shall be as listed in lhble I.

Table I. SMS Component List

SMS Component Quantity Major Function GFP/
GLP

Primarystructure 1 Supports Spacecraft bus and
instruments

PM Structure 1 SupportsPM equipment

Power EM Structure 1 SuppoxtsEPS equipment &
batteries

Recorder EM Structure 1 Supports C&DHequipment

Comm/C&DHEM Structure 1 Supports Comrn/C&DHequipment
GN&C SensorEM Structure 1 Supports GN&C equipment
RWAEM Structure 1 SupportsRWAquipment
Battery Panel 1 SupportsEPS batteries

DAS Panel 1 SupportsDAS quipment

EMKMS 42 supports EMs

Close-t Panels 10 Provides Suppartfor MLI
TorqueRod Panel 1 Supports torque rods

BDU Panels 2 Supports instrument
accommodationquipment

Instrument Accommodation 4 SupportsTIR, SWIR, MODIS,
; Structlnes MOPITI’

; Instrument MountingPlates 2 Supports instruments and
accommodationquipment

Instrument AccommodationKMs 36 Supports instruments

CPHTSRadiator Mounts 14 SuppoxtsCPHTSradiators

HGA sup~ StIUcture 1 Supports HGA

SAD & SAAsupport structure 1 supports SAD & SM

Cm MountedHarness Brackets 1 Suppcxtsharness

DAS Boom 1 SupportsDAS antenna

Omni Antema Boom 2 Supports omni antemas

SAD 1 ~~~ SA rotation and power

U DCC071993
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Thble L SMS Component List (Continued)

SMS Component Quantity Major IMnction GFP/
. GLP

HGA DeploymentSystem 1 Provides HGA deployment

Launch VehicleAdapter 1 Provides structural interface to LV x
(External interface)

Launch VehicleSeparationSystem 1 hvides mechanism for Spacecraft x
separation fkomLV

Flight TerminationSystem 1 Disperses propellant in the event of x
~)~R-V mission failure during launch

GFP - GovernmentFurnishedI%qmty, GLP- Gw~m~t ~~ PI’oPcI’V

32 characteristics

3.2.1 Performance

The SMSshall meet thefollowingperformancecharacteristicswithin the allocatedsubsystemmass
defined herein:

a.

b.

c.

d.

e.

f.

g“

The SMSshallprovidea structuredesignedto supportamaximumEOS Spacecraftmass
of 11,060 Ibs, including the Spaceemft bus, pmpellan~ and instruments. This mass
excludes 350 lbs of LV interface equiprnerm

The SMS shall comply with the interface requirements of the EOS-AM instrument set
defied in the CEI SpecWlcation,PS200053%, and described in the UIIDs.

lbe SMS shall comply with the instmrnent interfacerequirementsspecifkd in the GIIS,
42MB-02.

The SMS shall comply with the LV interface mqiirements specifkd in 1S20008503.

‘Ile structure shall be designed to limit deflections such that no Spacecraft hardware
protrudes through the dynamic envelope of the LV fairing as spec~led in Figure
@M of IS2~503, Launch Vehicle ID, when exposed to the launch
environment.

The structureshallbe designedtoa loadingenvironment whichenvelopesboth the Titan
IV (’NUS)and Atlas IIAS launch environments. This loading environment shall be
&rived by pexfonning coupled loads analysis at SMS Relirninary Design Review
(PDR)andSMSCriticalDesignReview(CDR)(TBR-2). Thefmalverifkation coupled
loads analysisshallbeperformedbasedonthe t.est-verifkdmath modelof the spacecraft
to veri@the design adequacy mm to launch.

AUcomposite structures and bonds shall be capable of withstanding up to 1.25 times
flightlimitload levels as derived from the final design loads cycle (FDLC) analysis.

DCC071993 12
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i.

j“

k.

1.

m.

3.2.1.1

3.2s.1.1
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c

Structuralhardware shall show positive margins of safety through all environments
Mined in Secticm3.2.7.

EMs shall be @lcicntly modular to allow parallel build-up during integration and to
allow installation of EMs cmthe Spacecmft assembly.

EM layouts shall, to the extent practical, maximize access to components at the
Spacecraft assembly level of integration.

me SMSshall provi& structural supportfor the instrumentmass inaccordancewith the
UIID mass allocation.

The structure shall be designed such that no Spacecrafthaxdwsmprotrudesthrough the
static envelope of the LV fairing defiied in the LVMICD, 20008503L(see Figure 1).

The SMS shall be designexito permit shimming of plate-mounted instruments at the
interface between the KMs and the Spacecraft structm.

Command and Telemetry Support

Telemetry

[1] The SMS shall provi& telemetry sensors, as defined in AppendixII, to obtain health and
status information, monitor critical component temperaturesand SMSfunctions and assist in fault
detection and correcdm.

[2] The SMS telemetry shall be available in all ground and flight phases of the mission.

30201.13 Commandabiity

[1] The SMS command requirements shall be those defined in AppendixIL

[2] The SMS components shall be cmnrnandableto known states regardless of earlier states

[3] The SMS commands which have different functionality depending on current state (e.g.,
toggle commands) shall not be pemittcd.
[4] The SMS shall accept and execute commands to ovmide or inhibit the execution of
automaticfunctions which may interfert with Spacecraft operationsor jeopardize the health of the
Spaca
[5] No single SMS command shall place the Spacecraft into a conf@urationfrom which it
cannot mover.

[6] The SMS shall accept and execute commands delivered to it via the C&DHS.

[7] The SMS shall execute commands immediately upon receipt.

[8] The SMS shall accept and execute commandsto recotilgure the subsystemas necessary to
support Spaccxrafimode transitions or SMS redundancy management.

3.2.1.2 Pointing Error Contributions

[1] The SMS shall meet the pointing knowledge,pointing accuracy,andpointing stability/jitter
mquimments specified in Sections 3.7.1.1-5 and 3.7.1.1.6 of the CEI Specification,PS200053%.

13 DCC071993



PS20001415
16Jtlly1993

lhble L SMS Component List (COntinUed)
*

SMscomponent Quantity Major Function GFP/
. GLP

HGA Deployment System 1 Provides HGA deployment

Launch VehicleAdapter 1 Provides structural interface to LV x
(External intelface)

Launch VehicleSeparationSystem 1 Provides mechanism for Spacecraft x
separationfrom LV

Flight TerminationSystem 1 Disperses propellant in the event of x
m)~R-U missionfailure during launch

GFP - GovernmentFurnishedPropexty,GLP- GovernmentLoaned Property

302 characteristics

3.201 Performance

The SMS shall meetthe followingperformancecharacteristicswithinthe allocatedsubsystemmass
defined hereilx

a.

b.

c.

d.

e.

f.

g“

The SMSshall providea structuredesignedto supports maximumEOS Spacecraftmass
of 11,060 lbs, including the Spacwmft bus, propelhm~ and instruments. This mass
cXChldCS350 ibs of LV interface equipntext

The SMS shsll comply with the interfacerequirementsof the EOS-AM instrument set
defined in the (33 SpecWlcation,PS200053%, and described in the UIIDs.

The SMS shallcomply with the instrumentinterfacerequirementsspecified in the GIIS,
420-03-02.

The SMS shall comply with the LV intetiace requirements specifhd in 1S20008503.

The structure shall be designed to limit deflections such that no Spacecraft hardware
protrudm through the dynamic envelope of the W faking as spec~led in Figure
~M of IS2~503, Launch Vehicle IRD, when exposed to the launch
environment.

The stcuctm shall bedesignedtoa loadingenvironment whichenvelopesboth the Than
IV (NUS) and Atlas IIAS launch environments. 7Ms loading environment shall be
derived by performing coupled loads analysis at SMS Prelhinary Design Review
(PDR)andSMS CriticalDesignReview (CDR)(TBR-2). Thefmal vefilcation coupled
loads analysisshall beperfoxmedbasedonthe test-verifkd mathmodelof the spacecraft
to verify the design adequacy prior to launch.

All composite structunx and bonds shall be capable of withstanding up to 1.25 times
flightlimitload levels as derived fi’omthe final design loads cycie (FDLC) analysis.
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[2] The SMS shall permit the operation of each instrument indepen&nt of that of other
instruments. These operationswill not cause the instrumentset to exceed the total resource limits
described in the CEI Specifkation, PS200053%.

3.202 Operational Modes

3.22.1 Stowed Mode

[1] The SMS shall be in stowed mode during the launchhscent phase of the mission when the
Spacecraft is in survival mode.

[2] The SMS stowedmode configurationshall include the stowed SA and HGA.

3.2.2.2 Deployed Mode

[1] The SMS shallbe in deployedmodefollowingcompletionof the SAandHGAdeployments
when the Spacecraft is in science, delta-velocity, standby,suwival, or safe mode.

[2] The SMS deployed mode configuration shall include the deployedSA and HGA.

3.223 ‘Ihnsition Mode Between Stowed Mode and Deployed Mode

[1] The SMS shall enter the transitionmode immediatelyuponreceipt of a commandto deploy
the SA.

[2] The SMS shall exit from transition mode only when the HGA has been successfully
deployed

3.202.4 Safe Mode

[1] l%e SMS shall enter safe mode immediately upon receipt of a command to do so.

[2] The SMS shall exit from safe mode only whencommandedto do so.

3.23 Physical Characteristics

A right-han~ onhogonal, body-freed referencecoordinatesystemshallbe usedforthe Spacecraft.

3.23.1 Mass

[1] The mass of the SMS shall not exceed the allocation of 3460 lbs.

[2] The center-of-mass, products of inertia, and mass estimate accuracies shall be as defined
in Section 4 of 1.S20008501.

3.2302 Durability

[1] The SMS shall be made up only of materials and componentscapable of withstanding the
environmental conditions specifkd in Seztion 3.2.7 without evidence of damage as defined below.
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[2] The SMS shall slso be capable of withstanding,without ev=nce of physical damage (as
defined below), any wear due to the functioningof the system.

m Damage shall be ccmsidemclto be any change in”the SMS which may degrade subsystem
performance to levels below those specifiedherein.

[4] The SMSshall be capableof meetingall operationalrequirementsas specifkd herein, in the
environments specified in Section 3.2.7.4 for the duration of five years in mbit.

392303 hlYOUt and ~OIM

The Spacecraft mechanicallayout shall be such that all instrumentsand componentsare packaged
within an Atlas IIAS standard faixingenvelopethat has been stretched by 36 inches as depicted in
Figure 1.

3.23.4 MaintaiMb~ Impact on Design . .

[1] To the extent practi~ the SMS shall facilitate ground maintenanceby being functionally,
mechanically, and electrically independenthorn all other Spacecraftelements except as stated in
Section 3.1.2 herein

[2] and by being modular to the extcxtt~ticsl to facilitate I&T. Areasof modularity include
the EM structures and the PM structure.

[3] The SMS shall be designed to use existing GSE, whereverpractical,ratherthanrequiring
the ddg’n of new equipmext Existing GSE inclu&s the Spacecmft sling snd Mobile
Environmental TkstStand-).

3.2.3S Handling Features

The SMS and/or GSE designs shall include handling features which minimize the likelihood of
damage to sny flight equipment or personnel using the equipment.

3.2.4 Power Cilarsltics

The SMS shall meet the pedoxmance requirements specfled herein when supplied power as
speci.fkd in Section 3 of the GIS, IS20008501.

3.2S Power Usage

The SMS shall draw power only within the bounds indicated in Table II.
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‘lhbleIL SMS Power Resonme -Allocation

Mode Minimum (w) Maximum (W)

Ground‘Rat o 0
Launch/Ascent o 0

Standby o 0. 1 1

Delta-v I o I o I
Scienu I o I o I
Sumival o 0
safe o 0

3.2S.1 Power Exclusion Rules

Not Applicable

3.Z6 Reliability

[1] The probability of mission success (Ps) design goal for the SMS shall beat least 0.999 for
a fivt+year mission life. Mission success is defined as meeting all of the performance criteria
S@fkd in Section 3.2.1.

[2] The SMSreliability calculationsshallcomplywith theReliabilityAssessmentrequirements
of the Pm 42CLM-02.

3.206.1 Storage Restrictions

Limited-life components which may require change-out during storage shall be identified and
tracked in the Critical Items List 20008652.

3.262 VulnerabilityFactors

{1] Steps shall be takentoreducetheriskof damagetohardwarewhichis susceptibletodarnage.
me following steps shall be taken to rwluce vulnerability to damage:

a.

h

Graphite@oxy (Gr/Ep) tubes shall be covered with a protective wrappingduring I&T
operations, where practical, in accordance with the Process SpecKlcationfor Handling
of Composite Tubes, 3282190.

KM interfaces for pointing critical components shall be covered with a protective
wapping during I&T opemtions, where practical.

[2] Controls and actuatom for calibration or adjustment shall incorporate mechanical stops
where necessary to prevent damage.

[3] Sensitive adjustment controlsand actuatomshall be locatedor guardedto protect therefrom
inadvertent perturbation.
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~] The SMS shall also be capable of withstanding,without evi=nce of physical damage (as
defined below), any wear due to the functioningof the system.

m Damage shall be ccmsidenxlto be any change in the SMS which may degrade subsystem
performance to levels below those specifiedherein.

[4] l%e SMS shall be capableof meetingall operationalrequirementsas specifkd herein, in the
environments specifkd in Section 327.4 for the duration of five years in orbit.

3.23.3 Layout and Dimensions

The Spacecmft mechanical layout shall be such that all insmnents and componentsare packaged
within an Atlas W standardfairing envelopethat has been stretchedby 36 inches as depicted in
Figure 1.

3.23.4 Maintainability Impact on Design . .

[1] To the extent practical, the SMS shall facilitate ground maintenanceby being functionally,
mechanically,and eclecticallyindependent tim all other Spacecraftelements except as stated in
Section 3.1.2 herein

[2] snd by being modular to the extent practical to facilitate I&T. Areas of modularity include
the EM stmcttms and the PM structure.

[3] The SMS shall be designed to use existing GSE, whereverpmcticd, rather than requiring
the design of new quipmcnt Existing GSE includes the Spacemft sling and Mobile
Environmental ‘IkstStand (METS).

3.2395 Handling Features

The SMS and/or GSE designs shall include handling features which minimize the likelihood of
damage to any flight quipment or personnel using the equipment.

3.2.4 Power cilame&ris&s

The SMS shd.1 meet the pwfmnance mqdrements specfled herein when supplied power as
specifkd in Section 3 of the GIS, IS20008501.

3.25 Power Usage

The SMS shall draw power only within the bounds indicated in Table II.
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[3] ‘Ikstlevels shall be as defined in the VerificationSpecification,PS20005404.

[4] Damage shall be as defmtxiin Section3.2.3.2.

3.2.7.1 Storage Integmtion and Test

The SMS shall be capableof being held for testing or storagefor the period defined in Section 6 of
1S20008501,under the prelaunch conditions stated there for [1] thermal, [2] contamination, [3]
humidity, and [4] EMI, without sufferingany damage as defined in Section 3.2.3.2.

3.2.7.2 Shipment

The SMS shall abide by the following transportation environmental requirements as defined in
Section 6 of IS20008501: [1] thermal, [2]contamination,[3] humidity, [4]EMI, [5] loads, and [q
shock. TheEOS Spacecraftis assumedto be in a horizontalorientationfor all air transportationand
either a horizontal or vertical orientationfor all groundvehicle transpatation.

3.2.73 Launch

302.73.1 Acceleration

[1] The primary stxucture shall be designed for the quasi-static loads &fied in
Section 10.9Q.4.3of AppendixL

[2] EMs, instrument accommodationstructures, and radiator panels shall be designed to the
quasi-static load factors defined in Section 10.9.23 of AppendixI.

[3] The SA and HGA shall be designed to the quasi-static load facturs defined in
Section 10.9.2.5of AppendixI.

[4] SWondary structures shall be designed to the acceleration s@fkd in Section 6 of
IS20008501, where component mass shall be defined as the cumulative mass supported by the
secondary structure plus the mass of the secondary-structure.

[5] All hardwareshall showpositive marginsof safety with appropriatefactom of safety when
the above accelerations are applied.

3.2.7.3=2 Acoustic

All components of the SMS shall be designed to the acoustic levels specKled in Section 6 of
1S20008501and in AppendixI of this document.

3.2.722 Random Vibration

All structures and mechanisms
Appendix I of this document.

shall be designed to the random vibration levels specifkd in
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32.7304 shock

All components of the SMS shall be designed to the shock levels specified in Appendix I of this
document.

3.2.7.33 Prtssure

AUcomponents of the SMS shall be designed to accommodatethe ascent pressure profde defined
in Section 6 of IS20008501.

3.2.73.6 Sine Vibration

All components of the SMS shall be designed to the sine vibration levels specifkd in AppendixI
of this documen~

3.2.73.7 Temperatum

The primary structure shall be designed to withstand the following tempemture ranges during
launch:

[i] Bays 1 and 2

[2] Bays 3 and 4

[3] Bays 5,6, and7

392.7.4 On+rbit

3.2.7.4.1 Acceleration

[1] All appendages shall

15 to 35”C(T’BR-3)

10 to 40°C(TBR+

10 to 45°C(TBR-5)

be designed to withstand all accelerations produced by the initial
delta-velocity and on-ortit maneuvers.

[2] me limit design accelerations shall be 0.015 gravities.

[3] AU deployable appendage structures shall be designed to withstand the cnvimnments
pKI&ICd by the mployma~ including accelerations, transients, and shock.

3.2.7.4.2 Temperature

All components of the SMS shall be &signed to pafcmn their respective functions within the
on+xbit- temperature ranges specfied in
PS20008549.

3.2.7.S Electromagnetic Radiation

[1] The SMS shall meet the nxydrements

DCC071993

the Thermal Control Subsystem Spectilcat.ion,

specifkxlby the EMC Control Pian, PN20005869.
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p] The SMS and its componentsshall comply Mb the i-g radiation design requirements
specifkd in Section 6 of IS20008501.

3.2.7.6 Contamination

The SMS shall comply with the contaminationrequirements defined in the PAR, 420-05-02, and
with the requirements allocated to the SMS via the Instrument Contadiination Control Plans
~D-n and the contamination control Pb for the 130s-M Spa- PN20001412.

3.3 Design and Construction

3.3.1 Mater@ ~ P- and Finishes

AUmaterials, manufacturingprocesses,parts and finishes shall bc selected in accordancewith the
ccmtsponding requirements in Secticm4 of IS20008501.

3.3.1.1 Properties of Materials

[1] Properties of materials to be used in the designofstructuml hardwareshallbe in accdance
with MILAI13BK-5, MIIAIDBK-17, or othm soumes approvedby NASA GSFC.

M Properties not given in these documents, such as for composites, shidl be obtaiued from
published data or by matmial testing approvedby NASA GSFC.

[3] When using MIIAIDBK-5, material “A” allowable values shall be used where failure of
a single metallic load path would result in loss of structural integrity.

3032 Nameplates and Product Marking

All SMS elements shall be labeled in accmdance with Section 4 of IS20008501.

333 Workmanship

[1] Workmanshipduring fabrication of the SMS electrical components shall be in accmlance
with NASA standards as specifkd in NHB 5300.4 (3A, 3G-3K).

[2] The SMS components shall be fabricated and ftihed in a manner that satisfies accepted
criteria ofappeamncesandneatness. Particular attentionshallbegiventoneatnessand thoroughness
of welding,markingof partsandassemblies,brazingandfreedomffomburrs, sharpedges,and loose
materials.

3.3.4 Interchangeabfity

SMS elements shall be interchangeableas defined in Section 4 of IS20008501,except as identifkd
in Section 6.3.
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3.27.3A Shock

All components of the SMS shall be designed to the shock levels specMti m Appenti I of this
document.

3.2.7.35 Pressu=

All components of the SMS shall be designed to accommodatethe ascent pressure profile defined
in Section 6 of 1S20008501.

3.2.7.3.6 Sine Vibration

AUcomponents of the SMS shall be designed to the sine vibmtion levels specifkd in AppendixI
of this documen~

3.2.72.7 Temperatum

The primary structure shall be designed to withstand the following temperattm ranges during
launch:

[1] Bays 1 and 2 15 to 35’C(TBR-3)

[2] Bays 3 and 4 10 to 40°C(TBR-4)

[3] Bays 5,6, and7 10 to 45°C(TBR-5)

32.7.4 @+rbit

392.7.4.1 Acceleration

[1] All appendages shall be designed to withstand all accelerations produced by the initial
&lta-velocity and on+rbit maneuvers.

[2] l’hc limit design accelerations shall be 0.015 gravities.

[3] All deployable appendage structures shall be designed to withstand the environments
produced by the deploymen~ including accelerations, transients, and shock.

327.42 T-perature

All components of the SMS shall be designed to perform their respective functions within the
on+rbh temperature ranges specified in the Thermal Control Subsystem Specifkation,
PS20008549.

3.2.7w5 Electmrnagnetic Radiation

[1] The SMS shall meet the nxpi.rements specifkxlby the EMC Control Plan, PN20005869.
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393.7 Mass Properties

33.7.1 Spacecraft Center of Gravity Requirernents

[1] The Spacecraftcenter of gxavity(CG) shall be within the limits specifkd in the LV IRIX

[2] ‘f’& SNIS shall meet the design goal for the maximumSpacecraftradial CG offset fkomthe
LV geometric centerline of 2.0 inches.

[3] The SMS shall meet the design goal for the maximumX CG defined from the Spacecraft
separation plane of 116.0inches.

[4] These design goals shall be achievedwithin the allocated Spacecraftmass.

3.4 Documentation

3.4.1 Specifications

All parent and component spec~lcations associated with the SMS specification are shown in the
EOS-AM Spacecraft SpecKlcation~, 20008536.

3.402 Drawings

[1] Dmwings shall be prepared in accordance with DOD-PIOOO (’level 2) and
DOD-H’B1OO.

[2] Installation drawings shall be generatedfor all rnajm subassemblieswhich are mounted to
the primary structure.

[3] l’he installation drawings shall identify the minimumclearancesbetween the subassembly
and primary structure ccmsistentwith the level of assemblyat the time of installation.

[4] The installation drawings shall outline the major steps of the assembly and i&ntify the
apprcqwiateprocedures used in the installation.

3.493 Reports

3.43.1 Mass Properties

[1] A mass properdes report shall be genemtedon a bimonthlybasis or as required to ident@
the current status of the Spacecraft mass properties.

[2] Ma minimum reporting shallbeat the Spacecraftlevel and indicatemass,center of gravity,
moments of inertiiLand products of inertia.

PI The report shall provide values for the major configurationmodes of the Spacecraft.
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[4] The report shall ident@ the accuracy of each component mass (i.e., estirnaa calculattxZ
or meamred).

3.4302 Stimctural Analysis

[1] Analysis reports shall be generated to document coupled loads analysis model inputs and
final results.

[2] All member loads exceedingallowable values shall be addressed in the final repcxt.

[3] Finite Element Models (FEMs)used intheverificationofrequirementsshallbedocumented

3.4.4 Technical Manuals

Not Applicable

3.45 T&t Plans

The test plans defined below shall be generated and updated as required

a. EOS-AM Spacecraft Alignment Plau, PN20008660

b. Structural Vtilcaticm Tmt Plan for EOS-AM Spacecmfi Primmy Subsystems,
PN20008616

3.4A Procedum!s (TBD+)

3.4.7 InsMation Instructions

Integration Rocedum and Records (IPRs) generated by LkT shall be reviewed to ensure
compliance with installation drawings.

3.4.8 Operational Requirements Documentation

All operational requirementsand constraints shall be documentedin Ground SystemRequirements
Database, 20008655.

305 Logistics

3.5.1 Maintenance

[1] The SMS shall be designed to require no maintenanceafter testing other than that required
during long periods of stomge as specifkd in Section 3.2.6.1.

[2] Items which for safety reasons may require rapid prelaunch maintenance shall be readily
accessible.
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[3] Itemsrquiringfkquent access duringI&Torother pmk~ch operationsshall be accessible
duringI&T.

[4] All SMSflightequipmentwhichwouldm@re maintenanceduringa storageperioddefined
in the CEl SpecKlcation,PS200053%, shall be accessible to the persons or contractor equipment
performing the maintenance.

[5] Sealed hardware shaU allow access by leak detection apparatus at the highest level of
assembly,as practical. This includes the CPHTSand PM tank.

3.502 supply

The followingcomponentshall have spares available during ground activities:

a. KMs

3.6 Precedence

3.6.1 M!cedence of Design criteria

SMS designdecisionsshall be madeto accommodatethe followingdesigncriteria in the following
order of precedence:

a. Safety

b. Performance

c. Reliability

d. cost

3.6.2 Documentation Precedence

If conflicts arise betweendocuments, the SMS shall adhere to design requirements as stated in the
document nearest the top of the following list of requirement documents. The General Interface
Specification (GIS) is applicable to the SMS design only as invoked herein and is therefore not
included in the following list

a.

b.

c.

d.

e.

f.

PerformanceAssuranceRequirements for the EOS Observatories (PAR)

General Instrument J.ntedaceSpecification (GIXS)

ContractEnd Item (CEI) SpecKlcation

External Interface Control Documents (ICDs) (e.g., EOS to Launch Vehicle,etc.)

Subsystem and Major Assembly Spectiications

Component Specifkations
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[4] The mpurt shall identi@the accuracy of each canponent M-(Le., =timate4 cdcti@
or measured).

3.4302 Structural Analysis

[1] Analysis reptxts shall be generated to document coupled loads analysis model inputs and
final results.

[2] All member loads exceeding allowable values shall be addressedin the final report.

[3] FiniteElement Models(FEMs)usedin theverificationofrequirementsshallbe documented

3.4.4 Technical Manuals

Not Applicable

3.4s Test Plans

The test plans defined below shall be generated and updatedas required

a. EOS-AM SpacecraftAlignment Plan, PN20008660

b. Structural Vfi~caticm Test Plan for EOS-AM Spacecraft Prirmuy Subsystems,
PN20008616

3.4.6 Procedures (’I’BD+)

3.4.7 Instauation Instructions

Integration Procedures and Records (lPRs) generated by I&T shall be reviewed to ensure
compliance with installation drawings.

3.408 Operational Requirements Documentation

All operational requirementsand constraintsshall be documentedin Ground SystemRequirements
Database, 20008655.

30s Logistics

3s.1 Maintenance

[1] The SMS shall be designed to require no maintenanceafter testing other than that required
during long pericds of storage as specified in Section 3.2.6.1.

[2] Items which for safety reasons may require rapid prelaunch maintenance shall be readily
accessible.
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[2] The primary structure shall be designed to support the total allocated instrument mass
&fmed in the UIIDs.

[3] The prinwy struetum when freed at the separation plane shall meet the frequency goals
defined in 7hble VIII.

[4] The primary stmcture shall be designed to the quasi-static loads specified in Section
10.9.2.4.3of AppendixI.

[5] The primary structureshall minimize on-orbit distortionsdue to inducedthermalgradients
and bulk temperaturechangesas necessary to meet the pointingknowledgeallocationsspecifkd in
the CEI Specitlcation, PS200053%.

[a The primary structure shall providepickup points for groundhandlingfor both the vertical
and horizontal Spacecmft orientations.

u] The primary structure shall provide standard interfaces for EMs, instruments, and
instrument accommodationstructure to facilitate I&Tat the Spacecraft level.

[8] The primary structure shall be capable of accommodatinga modularpropulsionmodule.

3.72.2 Propulsion Module Structure

[1] ThePM structureshallbe designedto supportthemaximumpropellantloadrequiredto meet
the mission life, as well as all PM components listed in the Propulsion Module Performance
Specification, PS20008618.

[2] The PM structure, when f~ed at the primary structure interface points consistent with the
launch conflation boun(buyconditions, shall have a minimumresonant frequencyas defined in
lkble IX.

[3] The PM structure shall be designed to the quasi-static loads spectled in Table XV.

[4] The PM structure shall be of modular design to facilitate on-ground installation,removal,
and replacemen~

[5] The PM structure shall provide pickup points to supportgroundhandlingin both horizontal
and vetical positions.

[6] The PM structure shall provide dedicated mechanical GSE points for installation and
removal ontdfrom the Spacecraft.

3.79203 Equipment Module Structures

[1] The EM smxtures shall be designed to support the cumulative mass of the components
mounted within, including the appropriate contingency.

[2] The EM structures shall be kinernatically mounted to the primary structure to the extent
possible in order to minimize the sharing of primary structure loads.
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[3] The EM structures,whenfixed at the primary structure inteti-= points consistent with the
launch conf@umticmboundary ccmditions,shall have a fmt fundamental mode as defined in
‘IhbleIX.

[4] The EM structures shall be designed to the quasi-static loads specifkd in Section 10.9.2.5
of AppendixI.

[5] The EM structures shall be suiliciently modular to allow on-ground removal and
replacement onto the Spacecmft assembly.

[6] EMs shall be designed to accommodate embedded andkr surface mounted heat pipes for
thermal control.

u] The GN&C sensor EM shall be designed to ~ thermal distortion due to thermal
gradients and bulk temperature changes as necessary to meet the pointing knowledge allocations
specifkd in the CEI Speci.fkation,PS200053%.

[8] EM design shall preclude improper installation to the SpaLXXX@whe~ pr~tic~.

3.72.4 Instrument Accommodation Structures

[1] The instrument accommodation structures shaU be designed to support the instrument
allocated mass, as specifkd in the respective UIIDs and MICDS,and W associated instrument
accommodation quipmen~

[2] The instrument accommodation structures shall meet the fquency cxiteria and load
requirements specifxd in the GIIS, 42(LW-02, and respective LJIIDs.

[3] All insuument accommodationstructure mechanical interfacesshall be consistentwith the
GIIS, 420-03-02, and respective UIIDs and MICDS.

[4] The instrument accommodationstructures shall contributeto meeting the specific pointing
requirements of the mspectivc instruments, as defined in the UIIDs.

3.7.205 Secondary Stmctum

[1] Secondary stmctures shall supporttheentiremass allocation of the component(s) supported.

[2] All secondarystructuresshall bedesignedto minimizedynamicintemctionwith theprimary
structure.

[3] ‘he secondary structure shall be designed by applying the load factor specified in Figure 3
to the mass of the component supported.

[4] Secondary structwe shall be provided as required to support ascent telemetry harnesses
routezlto the launch vehicle interface.

[5] ICPS shall
reference plane.

providetheground path between connector shells and the spacecraft signal
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3.726 Kinematic Mounts

[1] TheKMs shallbe designedto supportall mechanicalloadsfromtheEMs, CHITS radiators,
and instrument accommodationstructuresand instruments.

[2] The KMs when incorporatedas a set shall be designed to minimize load sharing between
mounted componentsand the SpacecraftstIucture.

[3] KMs shall have a provisionfor alignment adjustmentduring Spacecraft integration.

[4] The interface to the structure shall be standardizedfor all KM types.

[5] The interfaceto the EMs shall be standardizedfor all KM types.

[6] The KM shall provideelectricalisolationin accordancewith the requirementsof the EMC
Control Plan, PN20005869.

PI The KMs shall meet the interfacerequirementsdefined in the GIS, 1S20008501,and GIN,
420-0342.

3.702.7 Solar Array Drive

[1] The direction of forward rotation of the SA shall be defined as clockwise (CW)rotation of
the SAD shaft when viewing the SADoutput shaft from the SA

P] There shallbeastationary positionandthreeprecise rates ofrotationof the outputSADshaft
during on+it operations,definedax

a. 10-0.0600/second* 4.1% in 0.032% increments

b. h- 0.121”/smond k 4.1% in 0.032% increments

c. 3c0- 0.1820/secondt 4.1% in 0.032% increments

[3] The SAD shall b capable of stopping the rotation of the SA on command and holding the
array at any anguhu position.

[4] The SAD shall support its entire mass in the launch conf@ration.

[5] The SAD, when coupled to its support structure in the launch conf@ration, shall have a
f~ed base fkequencyas definedfor components in Table IX.

[6] The SAD shall be designedto the launch environments specifkd in Appendix I.

H] The SAD shall be capable of supporting the deployed SA when fully extended.

3.7.2.8 High Gain Antenna Restraint/Deployment System

[1] The HGA mstmint system shall support all launch loads specifkd in Table XV.
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[3] me EM stmctuns, whenfreed at the primary structure inteti=e points consistent with the
launch conf@urationboundruy conditions, shall have a fmt fundamental mode as defined in
TableIX.

[4] The EM stmctures shall be designedto the quasi-static loads specifkd in Section 10.9.2.5
of AppendixI.

[5] The EM structures shall be stilciently modular to allow on-ground removal and
replacement onto the Spacecraft assembly.

[6] EMs shall be designed to accommodateembedded andhr surface mounted heat pipes for
thermal control.

m The GN8cCsensor EM shall be designed to minimize thermal distortion due to thermal
gradients and bulk temperature changes as necessary to meet the pointing knowledge allocations
specifkd in the CEI Specifkation, PS200053%.

[8] EM design shall preclude improper installation to the Spacecraf~where practical.

3.702.4 Instrument Accommodation Structures

[1] The insuument accommodation structures shall be designed to support the instrument
allocated mass, as specified in the respective UIIDs and MICDS,and all associated instrument
accommodation quipment

[2] The instmment accommodation structures shall meet the frequency criteria and load
requirements spccifkd in the GIIS, 42M&02, and respective UIIDs.

[3] All instrument accommodationstructuremechanical interfacesshall be consistentwith the
GIIS, 420-03-02, and respective UIIDs and MICDS.

[4) The instrument accommodationsuuctwes shall contribute to meeting the specflc pointing
rqu~ments of the respective instruments, as defmcd in the UIIDs.

3.792.5 Secondary Stmc@re

[1] Secondarystructuresshall supporttheentire massallocationof the component(s)suppmed.

[2] All secondary structuresshall redesigned to minimizedynamicinteractionwith theprimmy
structure.

[3] The secondary structure shall be designed by applying the load factor specifkd in Figure 3
to the mass of the component supported.

[4] Secondary shucture shall be provided as rquired to support ascent telemetry harnesses
routed to the launch vehicle interface.

[5) ICPS shall
reference plane.

provide the ground path between connector shells and the spacecraft signal
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The rrxpirements for the foxmalverification of the petiimnance, design, and constructionof the
SMS shall be as specifkd in this section. These requirements define the extent to which the SMS
must demonstrate capability to meet the design and performance requirements specifkd in
Sections 3.2 and 3.3 of this document.

4.1 SMS Verification

Verificationof eachSection 3.2 and3.3 requirementshallbe petiormedas definedin the Vefilcation
Matrix, AttachmentA (providedunder separate cover).

4.1.1 Verification Phases

Phases shall be either acceptance or qualification as defined in the Veri.tlcationSpecflcation,
PS20005404.

4.1,2 Verification Methods
.

The following methods shall be used as appropriate to verify each of the requirements in
Sections 3.2 and 3.3: Demonstration,Test, Analysis, andh Inspection. Each method shall be as
defined in the Vtilcation Spectilcation, PS20005404.

4.13 Responsibility for Verification

MartinMariettaAstro Space (Astro Space) shall verify each requirementspecifkd in Sections 3.2
and 3.3 of this document except None Identifkd To Date.

4.1.4 Verification Conditions

WritIcationconditions for the SMScomponentsshallbeaccordingto the Verifkation SpecKlcation,
PS20005404.

42 Testing

4.2.1 Reliability testing

Life tests shall be perfcmnedon the SAD to verify operation over the mission life.

4.2.2 Engineering Evaluation and Test Requirements

4.22.1 Verification ‘IMes Development Test

Static testing to failure shall be perfoxmedon sets of Gr/Ep tubeshssemblies using the largest
diameter tube to verify productionmethods and prime manufacturingtools. The tilmum set size
shall be five samples for each test type. The method of testing shall be tension, compression and
bending. Tmional testing can be performed in lieu of bending if it is identifkd as a primary mcxk
of failure.
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422.2 Ihgineering Development Model (EDM) Tests -

EDMs shallbe used prior to productionof flight hardwareto nxiucerisk and veri@design concepts
and basicfunctionalityofcomponentsthat are of new dei$p. Thefollowingcomponentsshall have
EDMs built and tested

a. Kinematic Mounts

b. Solar Amy Drive

c. Power EM

The SADEDMshallundqgo an acceleratedlife test to a numberof cyclesgreaterthan the expected
number of cycles duzingnormal operation.

4.2.3 Acceptance Testing

Acceptancetesting shall be in accordance with the VerificationSpecification,PS20005404.

4.2.4 Qualification Testing

QualMcation testing shall be in accordance with the Verification Specification, PS20005404.

4.2S InstaMion Testing and Checkout

Irtstallati(mtesting shall be in accordance with the Veri&ation Specification, PS20005404.

43 Special SMS Verifications

-y SMS units i&ntifkd on the limited-life oraitical items lists shall be tested in accordancewith
the Vefilcation Plan, PS20005404.

4.4 TM Equipment

{1] Existing test equipment shzdlbe used wherever practicaI.

[2] Where new test quipmcnt is required to test units which are physically or functionally
identical or similar, the quipment shall be designed to perform its task(s) on each element of that
group, where pmctical.

4.4.1 Tkst Equipment Safety Features

[1] Test equipment shall incorporate any safety interlocks or other safety features necessary to
Awe the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spamraft test quipment shall give a visual, auditory,
or electronic indication of activation when it is activated

.
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4.42 T&t Equipknt Verification

Unlessothenvise specifkdhemin, testequipmentusedtomeaw’e SMSperfcm’nancecharacteristics
shall be capable of demonstratingthat

a. it will not impose environmentson the tested item(s)beyondthe levels called for in the
Vtilcation Specifkation, PS20005404,and

b. it is capable of imposing the test ‘levelscalled for in the Vefilcation Specitlcation,
PS20005404.

4.43 T-Equipment Calibration

Test equipment shall be calibrated in accordancewith the PAR,42MM-02.

4.5 Verification Documentation

The subsystem vefilcation activities shall be documentedin:

a.

b.

c.

d.

Vtilcation Reports as defined in PS20005404.

Test procedures

Test logs

Test Review Board meeting minutes
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4- I@@eering Devdop=t ModeJ (EDM) lbta -

EDMsshallbe usedPriortoproductionof flight hardwaretoreduceriskand~ designCOIl=pts
and basicfunctionality&components that are of new design.Thefollowingcomponentsshallhave
EDhls built and tested

a. Kinematic Mounts

b. Solar Anay Drive

c. Power EM

The SADEDM shallundergoan acceleratedlife test toa numberof cyclesgreaterthan the expected
number of cycles during normal operation.

4.2,3 Acceptance Testing

Acceptancetesting shall be in accordance with the VerificationSpecification,PS20005404.

4.2.4 Qualification T@ing

QuaMcation testing shall be in accordance with the VerMcationSpecification, PS20005@4.

4.25 In@lation Testing and Checkout

Installation testing shall be in accordance with the VerificationSpecification,PS20005404.

4.3 special SMS Verifications

Any SMSunits identified on the limited-life or critical itemslists shallbe tested in accordancewith
the Veriikation Plan, PS20005404.

.
4.4 Test Equipment

[1] Existing test equipment shall be used wherever practical.

[2] Where new test equipment is rquired to test units which are physically or functionally
identical or similar, the quipment shall be designed to perform its task(s) on each element of that
group, whe~ practical.

4.4.1 Test Equipment Safety Features

[1] Test quipment shall incoqcxate any safety interlocks m other safety features necessary to
reduce the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spacecraft test quipment shaUgive a visual, auditory,
or electronic indication of activation when it is activated.
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5 PREPARATION FOR DELIVERY

The SMS assemblies shall be handletL packageiL and transported in accordance with the
rquiremats given in NHB 6000.lC.
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6 NOTES

601 Definitions

692 Acronyms and Abbmviatiom

BECO

BPJ

CDR

CG

Comm

CPHTS

Css

C8ZDH

C8CDHS

DAS

DUF

DST

EAS

EM

EMC

E(3S

EPs

FDLC

FEM

FOV

Frs

GIS

GIIS

Boost Engine Cut-Off

Booster Package Jettison

CriticalDesign Review

Contract End Item

Center of Gravity

Communications

Capilkuy Pumped Heat ‘llansport System

Coarse Sun Sensor

Command and Data Handling

command and Data Handling Subsystem

Dinxt Access System

-C Uncertainty Factor

Differentkd Shear ‘IYansfer

Electrical ACCOm.mtiti~S Subsystem

Equipment Module

Electromagnetic CompatibiMy

Electromagnetic Interference

Earth Observing System

Electrical Power Subsystem

Final Design Loads Cycle

Finite Element Model

Field of View

Flight Termination System

Government Furnished PrOIXX?V

General Interface Spectilcation

General Instrument Inttxface Specification

Government Loaned Property
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PMO

RWA

SA

SAD

s/c

SDM

SECO

SMS

Ssu

TBD

TBR

TBs

TR

VLc

VP

Vs

_ -gement OfEke

Reaction Wheel Assembly

solar AxTay

Solar Array Dxive

Spacecraft

StructuralDevelopmentModel

SecondaryEngine Cut-(If

Structuresand MechanismsSubsystem

Sequential ShuntUnit

To Be Determined

To Be Resolved or To Be Revised

To Be Supplied

Tape Recorder

Unique InstrumentInterfaceDocument

VerificationLoads ~cle

VerificationPlan

VeriticaticmSpecKlcation

6.3 Exceptions to the GIS and GXIS

603.1 Exceptions to the GIS

Exceptions to the GE requirement of Section 4.3.8 that components shall be interchangeable in
form, fit, and functionby othercomponentsof the samepart number includenodefitting alignment
plates that have been match drilled to equipment interfaces.

6.302 Exceptions to the GIIS

None Identifkd.

6.4 Requirements ‘Ikmeability Matrix

Requkments shown in Section 3 of this specifkation were derived from the source documents
shown in the Requirements llaceability Marnx, AttachmentB (providedunder separate cover).

39 DCC071993



Ps2000141s
16 Jllly 1993

~ page intentionally left blank.)

DCC071993

. .

40



PS20001415
16 hdy 1993

APPENDIX I -

10 EOS-AM STRUCTURALDESIGN CRITERIA

10.1 Scope

This appendixpresents the structuraldesign titeria and interptive informationfor the structural
design of the EOS-AM Spacecraft for TITAN-IV (No Upper Stage) and AtM-M launches.
Information presented herein is intended to be used in the EOS-AM Spacecraft development
program to obtain a flightworthystructure (i.e., a minimum weight structure possessing sufllcient
strength and stiffness to accomplish the Spacecraft mission without jeopardizing mission
objectives).

Structural design criteria presented in this appendix concentrate on structural integrity which
consists of the strength, stMness, and structural petiormance aspects of the design. It is intended
to supplement and expand on general structural design requirements specfied in the CEI
Specflcation, PS20005396, and the Pm, 42M5-02. It is also intenti to resist in the
interpretation of these documents.

It is the intent of this document to serve as a guide to structural design by:

a. Defining the basic design philosophy governingthe structuraldesign of the Spacecraft
fm structural integrity objectives.

b. Providing the criteria or stdards that define structural integrity.

c. Providing the basic designdata necessary to performthe structuraldesign and analysis.

10.2 Ref-ces

The following documents contain information from which the requirements spezifled in this
appendix were derived.

a.

t).

c.

d.

e.

f.

NASA SP-8077, ‘Transportation and Handling Loads,” 9/71.

Earth Observing System (EOS) Proposal No. WP3-033 (EOS-001), Restructuring
EOS-AM Spacecraft,Volume1,TechnicalProposal, 4/6/90.

Upper AtmosphereResearchSatellite (UAW) ObservatoryEnvironmentalDesign and
Test S@fkation for SpacecraftSystems, Subsystems,and Components.

“Acoustic Environments for DOD Payloads on Shuttle,” C. S. Tanner, Aerospace
Corpomtion, Proceedings of the Shuttle Payload Dynamic Environments and Loads
Prediction WorkshopVolume1,Held at JPL on 1/24-26/84.

“Recommendationof DesignLoads for the Space StationSpacecraftPrimary Structure,
ORU,and PMP,”C. TManatom and H. Dhillon, GE ASD, SSP-STR-017, 12/07/89.

“Development of Random VibrationSpeciilcations for EOS-AM SpacecraftPayloadsl
Instruments,” V. Briskin and C. Thsanatmn, GE ASD, MA90-EOSA-004,
EOS-STR-033, 05/10/90.
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Proof Factor A multiplyingfactor appliedto limit loa~ pmssum,or stress to obtain
prOOftCStload, PITXSUROr StRXS.

Design Gross Weight The maximum Spacecraft weight the SMS will be designed to support.

Detrimental Deformation: Defamations, either elastic or inelastic, resulting from the application
of loads and temperatures which prevent any portion of the SpacecraLlstmctum horn ptxforming
its intended function. Examples include structural deformations, &flections, or displacements
which (1) cause unintentionalcontact, misalignment,or divergencebetweenadjacent components;
(2) cause a componentto exceed its establisheddynamicspaceenvelo~, (3) reduce the strengthor
related life of the structure below specifkd levelv (4) degrade the effectiveness of thermal
protection coatings or shields; (5) jeopardize the proper functioningof equipment.

Fixed Base Frequency Resonant frequencies of the subsystems or components when rigidly
supported at the mounting interface &gmes of freedom.

Failure: Rupture, collapse, seizure, excessive wear, or any other phenomenon resulting in an
inability to sustain design loads, pressures, stresses or environments without dehimental
deformation.

Model UncertaintyFactor (MUF): A factor appliedto calculated loads (e.g., load cycle results) to
obtain limit loads. This factor accounts for the maturity of the design and uncertainties in
assumptions, analysis methods, and mathematicalmodels used to derive loads.

Pressure Vessel A component of a pressured system designed primmily as a container to can’y
fluids or gases at sustainedinternal pressure,but whichmay also carry some Spacecraft loads, ant

a. Contains stored energy of 14240 ft-lbs or greater based on adiabatic expansion of a
perfect gas; or

b. Contains a gas or liquid which will create a mishap (accident) if releasti, or

c. Wti experience a design limit pressure of greater than 100psi.

Stress Corrosion Cracking: The combinedaction of sustainedtensile stress and corrosion to cause
premature material failure.

Structure: All componentsand assembliesdesignedto sustain loads or pressures, provide stiffness
and stability, or provi& support or containment.

10.32 LOads

Applied Load The product of the limit load and a factor of safety. The nxult is either the ultimate
loaa the yield loa~ or the proof load.

Limit Load: The maximum anticipated load on a structure mxultingfrom an expected operating
environment.

Ultimate Loti The product of the limit load and the ultimate factor of safety.
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Ykld Load The product of the limit load and the yield factor of safety.

Allowable Lo@ The maximum load that can be pcrpitted in a structure for a given design
condition.

Proof Load The product of the limit load and the proof factor of safety. No other factors of safety
shall be used to &termine the proof load level. For proof test load conditions, limit load shall be
from coupled loads analysis results available at time of proof testing. Proof level is equivalent to
protofiightlquti~cation level.

Load Factor The ratio of the vector sum of the external forces acting on a mass to the weight of
mass.

Quasi-static Load Factm. Maximum expected flight load factors expressed in gravityunits (g for
translation and gh.nchor rad.kecz for angular acceleration). Combmations of quasi-static load
factm are used to generate static loads in the Spacecraft structure quivalent to the worst case of
combined effects due to rigid body and elastic accelerations.

10.3.3 Pressure

Limit Pmssurw ‘me maximum differential presstue that can be anticipated to occur while the
Spacecraft is in service in the expected operating environments. Limit pmssums include
combinations of such pressures as maximum operadng pressure, transient pIWS~, md hmd
pressure.

Maximum AllowableWorkingRessure (MAWP~ ‘he maximumpmsurc at which a component
can continuously operate based on allowable stress values and functional capabilities. MAWPis
synonymouswith Maximum Design Operating Pmssum (MDOP)or ‘tited pressure”.

Maximum Expected OperatingPressure (MEOP): The maximumpxessumat which the system or
component actually operates in a particular application. MEOPincludesthe effectsof temperature,
transient peaks, vehicle acceleration,and rdief valve tolerances. MEOP is synonymous with
Maximum Operating Pressure (MOP).

Roof l%essurc The proof pressure is the test pressure that pressurized components shall sustain
without &trimental deformation. ‘Ihe proof pressure is used to give evidence of satisfactory
workmanship and material quality, andkm establish maximum initial flaw sizes (for fractm
mechanics). It is equal to the product of MEOP, proof factor, and a factor accounting for the
difXxencein material properties between test and design temperatures.

Ultimate Pressunx The product of the MEOP and the ultimate pressure factor (Burst factor). It is
the maximurnpressure whichthe stmctu.mmust withstandwithoutmpture in the expectedoperating
environment.

DesignBurst Pressure:Thedesignburntpressureis a test pressurethat pressurizedcomponentsmust
withstand without rupture to demonstrate design adquacy in a quaMcat.ion test. It is equal to the
product of the MEOP,burntfactor, and a factor to account for the diiYerencein material properties
between test and design temperatum.
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100304 strength

MaterialStrength: Correspondsto the slress level that the materialis capableof withstandingin the
local structuralorientationin the expectedoperatingenvironments. Unitsare expressedinforce per
unit area (originalunloadedcross-sectional rues).

Yield Strength: brcqmnds to the maximum load or mess in a structm or material at which
pemnanentdeformationoccurs.

ultimate Strength: Corresponds to the maximum load or stress that a structure or material can
withstand without incudng rupture or collapse.

10.M stN?SS

Allowable Stress
condition.

The msximum stress that can be permitted in a material for a given design

Applied Stress: The structural stress induced by the applied load and environment. This includes
the appropriate factom of safety.

Residual Stresx A stress that remains in a stxuctureafter processing, fabrication, assembly, or
testing.

‘1’hermalStress: The structural stress arising from temperature gradients and differential thermal
expansion in or between structural components,assemblies,or systems.

10A6 Conq)osites

Lamina (or Ply): A single layer of unidirectionalfibm in a matrix

Laminate A stack of laminae with various orientations of principal material directions in the
laminae. The layers ofa laminate am bound togetherby the same matrix material that is used in the
lamina.

Laminate Analysk A processby whichthe laminateconstitutivemlation, includingaverageelastic
constants, is derived from the constitutive relation for each layer in the kuninate. The laminate
relation is used to detexminelaminak midphmestrainsandcurvaturesarisiig horn applied in-plane
stress and moment resultants. The midplane strains and curvatures are then used to determine the
resulting strains and stresses in each lamina.

Hart-Smith Bonded Joint AlltiySiS: Analysis techniques used to characterize the strength of
adhesiveAmndedjoints with metal andh composite adherends.

B-Basis Allowable: A materiaI allowable developed with empirical data per MIL-HDBK-5E
procedures which provides a 95% ctildence level with 90% probability.

Tension and CompressionModuIi Material modulus of elasticity measured when the specimen is
loaded in tension and compression, respectively.
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YieldM The product of the limit load and the yield factor of safety.

Allowable Loack The maximum load that can be permitted in a stmctum for a given design
condition.

Proof Load The product of the limit load and the proof factor of safety. No other factors of safety
shall be used to &termine the proof load level. For proof test load conditions, limit load shall be
from coupled loads analysis results available at time of proof testing. Proof level is equivalent to
protoflightiqualMcationlevel.

Load Factor The ratio of the vector sum of the extermllforces acting on a mass to the weight of
mass.

Quasi-static Load Factcm Maximumexpected flight load factors expnzssedin gravity units (g for
translation and #inch or radsecz for angular acceleration). Combinations of quasi-static load
factors are used to generate static loads in the Spacecraft structure equivalent to the worst case of
combmed effects due to rigid body and elastic accelerations.

1033 Pressurw
.

Limit Pressure: ‘me maximum differential pressure that can be anticipated to occur while the
Spacecraft is in service in the expected operating environments. Limit pressures incluk
combinations of such pressures as maximum operating pressure, transient pressure, and head
pressure.

Maximum Allowable WoxkingPressure(M.AWP):7he maximumpressureat which a component
can continuously operate based on allowable stress values and functional capabilities. MAWPis
synonymous with Maximum Design OperatingPressure (MDOP)or ‘Wed pressure”.

Maximum Expected OperatingPressure (MEOP] ‘Ibe maximumpressure at which the system or
component actually operates in a particular application. MEOPincludesthe effectsof temperature,
transient peaks, vehicle acceleration, and relief valve tolerances. MEOP is synonymous with
Maximum Operating Pressure (MOP).

Proof Prtssure: The proof pressure is the test pressure that pressurized componentsshall sustain
without dmirnental defamation. The proof pressure is used to give evidence of satisfactory
workmanship and material quality, andhr establish maximum initial flaw sizes (for fmcture
mechanics). It is equal to the product of MEOP, proof factor, snd a factor accounting for the
difference in material pmpertics between test and design temperatures.

Ultimate Pressure The product of the MEOP and the ultimate pressure factor (Bunt factor). It is
the maximumpressure whichthe structure must withstandwithoutrupturein theexpectedoperating
environmen~

DesignBurst Pressure:The design burst pressureis a test pressurethatpressurizedcomponentsmust
withstand without rupture to demonstrate design adequacy in a qufilcation tes~ It is equal to the
product of the MEOP,burst factor, and a factor to account fm the difference in material properties
between test and design temperatures.
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1042 GeneralDesign Criteria

10.4.2.1 Stiffness Requirements

When subjected to design yield loads, the structure or any component thereof shall not experience
detrimental distortions. The fulfillment of the stnmgth requirements of Section 10.4.2.2shall not
be deemed stilcient in itself to sati@ this requirement

Minimum resonant fkxyency requirements will be used to control the dynamic response of the
Spacecmft and components and to preclude dynamic interactions with the LV and Spacecraft
GN&CS. These minimum resonant frequencies am specified for the Spacecraf4
componentisubsystemmounting, and the deployedsolar may andHGA. ‘he Spacecraftprimiuy
structure shall be designedfor inertia loads independentof any potentialstiffeningeffect provided
byEM orcomponent installations. EMs andcomponentswillbetreatedas massitems onlyandtheir
inertial loads applied to the basic Spacecraft structure. However,all structuralcomponentswill be
included in analyses of thermally induced loads. For subassembly analysis, such as for the
equipment panels, a conservative estimate of the componentstiffeningeffects will be included.

10.4.2.2 Strength Requirements

10.4.2.2.1 Ykld Load

At yield load the structureshall have sfilcient strength to withstandsimultaneouslythe yield loads
and the other applicable enviromnents of the design condition without experiencing detrimental
deformations, a plastic strain of 0.2%, m loss of functional capability.

10.420202 Ultimate Load

At ultimate load the structureshall have sufficientstrengthtowithstandsimultaneouslythe ukimate
loads and the other applicable environments of the &sign condition without failure by rupture or
instab~. No fiwtor of safety is applied to any environmentother than loads.

10.42.23 Proof Load

All structures for which proof loading is required shall withstandthe proof loads without failure or
de(ximentaldeformations.

10.422.4 Design Factors of Safety

Design factors of safetyshallbe usedto accountforuncertainties indesignwhichcannotbe anal-
or otherwiseaccountedfor in arational manner. Generaldesignfactorsshallbeappliedto limit loads
and pressures and to the stresses tising from tempenmue diffenmcesand gradients, but not to the
temperatures and temperature differences.

The designfactors of safety shownin llble IV shti be used to obtainthe stmctuml design yield and
design ultimate loads. Structure that is to be proof-tested (protofiightiqual.ifkationlevel testing)
shall be analyzed using the ‘Test” factors of safety. Structm that will not be proof-tested shall be
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TableIV. Design Factors of Safety

Design Factors of Safety

Load Condition Yield ultimate

General- ‘Test”
Launch and Orbital (Limit Level) 1.25 1.40

General- ‘N1-mt”
Launch and Orbital (Limit IAvel) 2.00 2.60

tiSpO~tiOIl and Handling
Hazardous Conditions 1.25 2.00
Not Hazardous to Personnel 1.25 1.40

Analysis of QuaMcation/Protoflight Level
Test Load C@itions

Random Vibration 1.15 1.25
Sine Vibration 1.15 1.25
Shock 1.00 1.00

analymd using the “N*’lkst” factcm of safety. Factom of safetyfor analysis of test conditions am
includedin ~ble IV. These factors of safety are to be applied to loads and messes resulting tim
Pmtoflightiquali.flcationlevel test conditions. The sine test input shall be notched so that the
response shall not exceed 1.25times the loads derived horn the FDLC results.

The special factcxsof safety shown in l’hbleV are used to account for uncertainties in lodstress
distributions in fittings and joints and variations in the control of welding and bonding processes.
Also,a specialfactorof safetytakes intoaccountthe variationsin the strengthof elementsfabricated
tim composite materials. This factor is to be used for composite materials whose strmgth
allowable have not been established by test. The special factms of safety are applied in addition
to the other standardfactors of safety.

10.42.2.5 Proof Factors

Static proof testing shall be used for Spacecraft primary structure strength verification. me
appropriatestrengthtest methodshall be used for Spacecraftsecondarystructure,however,bonded
secondary structure (e.g., struts) shall be proof loaded. The proof factor of 1.25shall be applied to
limit loads to determine the proof test loads. As stated previously, for proof load conditions, limit
load shall be from coupled loads analysis results available at the time of proof testing.
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TableV. SpecialDesign Faetm of Safety

Desii Factors of Safety

Load Condition Yield ultimate

Fittings 1.10 1.15

WeldedJoints 1.00 1.50

Bonded Joints 1.00 1.50

Shear Fasteners 1.00 1.15

TensionFasteners 1.00 150

Composite Structurewith
non-test-verifkd allowable 1.28
Gapping Factor for Releasable Joints 1.25 1.25

10.4.2.3 Margin of Safety

10.423.1 Design Marginof Safety

The mmgin of safety shall be determined at allowable ultimate levels and yield levels when
approprhte, and at the temperaturesexpectedfor all critical flight conditions. Positive rnaqginsof
safety shall be demonstratedfor all structuralparts for design yield and designultimate conditions.

10.423.2 Proof TestMargin of Safety

Minimum margins of safety calculatedfor proof load test conditions, when using factors of safety
equal to 1.0, shall not be less than 0.15 for yield failure and 0.25 for ultimate failure. However, if
the limit load (coupled load results avdable at the time of test) is such that the above minimum
-s of s~ev ~ not ens-, the proof factor may be negotiated to a proper level with the
customer.

10.402.4 ExternaILoads

External loads shall be detenn.inedby conservativeanalysis of the design environment.

10.4.2.5 Dynamic Loads

Dynamic loads shall be determined for all transient phenomena expected in each design
environment. A tmnsient loads analysis will be performed using a coupled EOS/Launch Vehicle
model. ‘I’hecalculationaf all dynamic loads shall include the effects of Spacecmft structural
flexibilities and damping.
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TableIV. Design Factors of Safety

Design Factors of Safety

Load Condition Yield UMirnate

General- “I’eSt”
Launch and Orbital (Limit Level) 1.25 1.40

General- “N&Tat”
Launch and Orbital (Limit Level) 2.00 2.60

TIllIISpOI’tatiOIland Handling
Hazardous Conditions 1.25 2.00
Not Hazardous to Personnel 1.25 1.40

Analysis of QuaMcation/Protof@ht Level
Test Load C@itions

Random Vibration 1.15 1.25
Sine VMWion 1.15 1,25
Shock 1.00 1.00

analyzedusing the “N~’lkst” factors of safety. Factors of safetyfor analysis of test conditions am
included in ~-ble IV. These factors of safety are to be applied to loads and stresses resulting fi’om
pmtoflightiqutilcation level test conditions. The sine test input shall be notched so that the
response shall not exceed 1.25times the loads derived from the FDLC results.

The special factors of safety shown in ‘IkMeV are used to account for uncertainties in loadkress
distributions in fittings and joints and variations in the control of welding and bonding processes.
Also,a specialfactorof safetytakesinto accountthevsriations in the strengthof elementsfabricated
from composite materials. This factor is to be used for composite materials whose strength
aliowableshave not been established by tes~ The special factm of safety are applied in addition
to the other standardfactors of safety.

10.4Q.2.5 Proof Factors

Static proof testing shall be used for Spacecraft primary structure strength verifkation. The
appropriate strengthtest methodshall be used for Spacecraft secondarystructure,however,bonded
secondary structure (e.g., struts) shall be proof loaded The proof factor of 1.25shall be applied to
limit loads to determine the proof test loads. A stated previously, for proof load conditions, limit
load shall be from coupled loads analysis results available at the time of proof testing.
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10.4S.62 On-orbit Disturbance

On-orbit disturbancesthatmaycausesignificantstructuralloadsarecausedbyftig of thethmsters
for Spacecraft maneuvem, attitude adjustments, and stationlceeping. The on-orbit acceleration
factors are &rived from the on+xbit th.xuster-fwingtransient analysis. Model uncertaintyfactors
for each analysis cycle am given in ‘Ihblc VII.

TableVIL Model Uncertainty Factors (On+rbit)

fhudysis cycle Factor

PrdiminmyfiStCI Firing AI15@S 1.50

Final Thruster Firing Analysis 1.25

10.5 Design Characterktics

1005.1 Material Properties

10.5.1.1 Allowable MechanicalPqerties

Valuesfor allowablemechanicalproperties of structureandjoints in their designenvironmentshall
be takenfrom approvedsources such as MIIAIDBK-SE, MILHDBK-17, MIL-HDBK-23A, or
the AFMLAdvancedCompositeDesignGuide. Whenvaluesformechanicalpropertiesofmaterials
or joints are not available because they am new or used m a new aMrmrnent, they shall be
determinedby approvedanalyticalor test methods. A sufficientnumberof tests shallbe conducted
to establish values for the mechanical properties on a statistical basis. ‘I?Ieeffects of temperature,
thermal cycling and gradients shall be accountedfcwin deftig allowable mechanicalpropaties.

10.5.1.2 Structural ComponentAllowable

Material allowable “A” (Ref M13AIDBK-5E) values shall be used for all metallic structural
components. Allowable for composites &veloped at Astro Space are discussed in Section 10.7.

10.52 Budding and (kippti~

Strucmral components loaded in compression that are subject to buckling (global instability) or
crippling (local instability)shallnot fail under ultimate10MLnor shtdldeftmnationfrom limit bads
degrade the functioning of any system or produce changes in loading that are not accounted for.
Maximum crippling stresses are cut off at the materialcompressiveyield strengthunless test results
are obtained to substantiate the use of higher crippling sfressm. Structural panels or webs loaded
in shear shallnot undergoinitial shear bucklingat yield loador permanentshearbucklingat ultimate
bad. Effects of load redistribution due to initial shear buckling will be accounted for.
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1053 Pmload of Deployable .

Installation of deployable on the Spacccr& shall provide for stilcient preload at all releasable
joints such that the followingrequirc-ts arc rnct

1. Where the transferof shearamossthejoint is dependentonjoint preload, the
pmload must be suffkient to provide shear transfer at &sign ultimate load
conditions. For thepurposesofdeterminationofpmload ofmleasable joints,
designultimate load is definedas limit load times the product of the geneml
ultimate factcx of safety and the gapping factor for ~leasable joints (See
‘IhblesIV and V).

2. Where the transfer of shear across the joint is independent of the joint
preloa~ the pmload must be ticient to prevent gapping at design yield
load. For the purposes of determination of pmload of releasable joints,
designyieldloadis defmedas limit loadtirnes theproductof thegeneralyield
factor ofsafetysnd thegappingfactorforrrkasable joints (See‘IhblesIV and
v).

10.5.4 Structural Non-linearitiea

The structure shall possess “linearity” to a &grce which will allow accurate prediction of its
behavior at any time. Important types of non-linearities which should be avoided sre adveme
rm-lincarities in energy dissipating mechanisms, mechanical backlash, and to a certain &grEG
elastic shear buckling in structural elements.

10s5 Alignment

The Spacmaft structure shall be designed to meet component installation mechanicaland thermal
alignment requirements within established error budget allocations. These requimnents shall be
met afler exposure to launch and cxbitalenvironrnents throughout the Spacecraft orbksl life.

Mechanical alignment includes considemtion of deflections dwing launch, orbit maneuver
conditions, hysteresis effects, mechanical adjustment unceminties, and manufacturing assembly
tokrances.

Thermal alignment shall include distention ofequipxnent mounts and local supporting structure due

to the thermal environment and overall thermal distortion of the Spacecmft primary stxucture.

10.5.6 Thermal Effects

Consideration *W be given to thermaleffectson the structure includingtempemures, tempemtwe
gradients, themal stresses, thermal deformations, and mechanical and physical property changes.
Mating of materials with widely wuyi.ngctilcients of expansion in areas susceptible to large
temperature variations shall be avoided ‘hmperatum distributions shall be derived by rational
analyses, considering the steady state and transient thermal environments. The structural design
shall account for (1) temperature disuibutions that vary with time and sun anglt% (2) deflections
due to short term applied loads and temperahmx and (3) compatibility of strains and deformations
induced by differential thermal expansion and contraction of elements of the structure.
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103.7 Fatigue Considerations

Considerationshall be given in the designof the Spacec@l structureto ensuregoodfatigue design
chamcteristics. Cautionshallbeexercisedto avoidresidualstresses,stress concentrations,andpoor
surfacefties. Materialsutilizedshallexhibit satisfactoryfktiguecharacteristicsfor the expected
cyclic loading environmen~

In designing for fatigue environments,the allowable stress comsponding to the lower edge of the
scatter band of test rtsults shall be used wheresufllcient data is available. In the event instilcient
data is availableto definea scatterban~ the requirednumberof cyclesshallbe increasedbya factor
of 4 and the mean value fatigue cume used

When multiple fatigue environments exisL the combined tiect shall be determined by use of
Miner’s Rule.

10.5.8 Venting

All structural components shall be adequatelyvented in order to prevent sign~lcant loadings due
to the pressure di.ffenmtialsencounteredduring ascent

10.5.9 Misalignment and DimensionalTolerances

The effects of allowable structural misalignments,deflectionsand other permissibleand expected
dimensionaltolemncesshallbeincludedin theanalysisofallloads, loaddistributions,andallowable
loads.

1005.10 welding

Weldedjoints shall be in accordancewith applicablewelding specflcations identifkd in the EOS
~grarn AppIOVCd hktaiak and Proccsscs LisL 20008650.

10.5.11 Fasteners

Bolted fasteners shall be of aerospacequality and to the greatestextent be composedof MS, NAS,
and AN standard pats. me shanb of all structural bolts in shear shall have no threads in bearing
in sheet or fittings equal to or leasthan0.093 inch thickness. In thicker sheetor fittings, a maximum
of two threads, including thread runou~ is permitted in bearing when based on the maximumjoint
thickness and minimum bolt grip. However, not more than 25 percent of the minimum thickness
of the sheet or fitting shall have threads in beaing.

Bolt and screwplods shall use torquelimits mcommendedfortension applicationsto obtaintight
joints with minimum hysteresis effects.

Design of bolted joints on the Spacecraft prirmuy andlor alignment critical structure shall utilize
bearing to transmit shear loads. In additicm,these joints shall povide for stilcient bolt pmload
such that no gapping occurs due to ckxdgnyield load.
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10S3 Reload of Deployable .

Installatitm of deployable on the Spacemft shall provide for sufllcient prelmd at all releasable
joints such that the following~h-ts = IIUX

1. Where the transferofshearacross thejoint is dependentonjoint preload,the
preload must be suftlcient to provide shear transfer at design ultimate load
conditions. For the pwposes ofdeterminationofpmload of releasablejoints,
design ultimate load is definedas limit load times the product of the genersl
ultimate factor of safety and the gapping factor for releasable joints (See
‘IhblesIV and V).

2. Where the transfer of shear across the joint is independent of the joint
pmload the prelond must be sufficient to prevent gapping at &sign yield
load. For the purposm of determination of preload of releasable joints,
designyield loadis definedaslimit loadtimestheproductof the generalyield
factor of safetyandthegappingfactorforreleasablejoints (Seelhbles IVand
v).

10.5.4 Structural Non-linearities

The structure shall possess “linearity” to ii degnx which will allow accurate prediction of its
behavior at any time. Important types of non-linearities which should be avoided are adverse
non-linearities in energy dissipating mechanisms, mechanical backlash, ancLto a ceti w~.
elastic shear buckling in structural elements.

10s5 Alignment

The Spacecraft stmcture shall be &signed to meet conq.mnentinstallationmechanicaland thermal
alignment requirements within establishederror budget allocations. These requirements shall be
met after exposure to launch and orbital environments throughoutthe Spacecmft orbital life.

Mechanical alignment includes consideration of deflections dtuing launch, orbit maneuver
conditions, hysteresis effects, mechanical adjustment uncertainties, snd manufacturing assembly
tokrances.

Thermal alignmtmt shall include distortkm ofcquipment mountsand local supportingstructwt due
to the thenna.1environment and overall thermal distortion of the Spacemfi primary structure.

10.5.6 Thermal Effects

Considemtion shallbe given to thermaleffectson the structureincludingtempemtures, temperature
gradients, thermal stresses, thermal deformations, and mechanical and physical property changes.
Mating of materials with widely varying coefficients of expansion in areas susceptible to iarge
temperature variations shall be avoided. ‘Rmperature distributions shsll be derived by rational
analyses, considering the steady state and transient thexmalenvironments. The structural design
shall account f= (1) tempemture Wxributims that vary with time and sun angl=, (2) deflections
due to short term applied loads and tempemtm% and (3) compatibilityof stmins and deformations
induced by differential themnalexpansion and contraction of elements of the structure.
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Classic laminate analysis shall be used to develop preliminary composite elastic properties and
material al.lowables. Hart-smith adhesivt+mmled joint analysis shall be used to develop
preliminary bondedjoint shear allowable. The average value of the material initial tension and
cofnpmsion moduli shall be used in the calculation of the longitudinal tube modulus. Thii is a
straightforwardand accuratemeans of accountingfor qual occurrenceprobabilitiesof tension and
compression events in the launch vibration spectrum.

Empirical data from the development testing shall be used in conjunction with the preliminw
analyticalpredictionsto provideabest estimateofmaterialpropertiesandallowable. Strutmaterial
and adhesivcAxxded joint allowable shall be calculated using a B-basis per MbHDBK-5E.
Preliminary strut material properties and allowable, and verification of adhesive bonded joint
allowable, will be documentedby Engineering as data becomes available.

Any modMcations to allowable resulting from vtilcation testing shallbe calculatedon aB-basis
per MIIA-IDBK-5E.

All composite struts shallbe strengthqualifiedat the strut assemblylevel via static testingin tension
and compression. ‘Ihe strut assembly level consistsof the composite tube adhesivelybondedto its
titanium endhmde fittings. The proof load level shall be per Section 10.4.2.2.5.

10.8 Pmmrked Systems

Pressurized systemsof theEOS-AM Spacwmft shallbe designedandtestedin accordancewith the
requirements of MIH3’IB1522A.

AUpressure vessels will be designed and tested in accordancewith the requirements of the design
vefilcation approach A of Section 5 of NIIMH’W1522A. Design verifhtion approachesB and
C of Section 5 are unacceptable for EOS-AM Spacecraft flight hardware. Vessels which are
determined to be brittle or leak-before-burst (LBB) hszardous as defined by IvfILS~1522A
require Ilactum contrd. These vessels will be designed and tested in accordance with the
requirements of the safe-life demonstration sub path of approach A (Sections 5.1.2 and 5.2.2 of
MILS’113-1522A).

Pressurized components, including lines, fittings, valves, heat pipes, and other pressure system
components or equipment not defined as pressure vesseis, shall be designed and analyzed in
accordance with the requirements of Section 5.3 of ~’IW1522A.

10.9 Design Conditions

10.9.1 General Conditions

AU static and dynamic loads and pnxsures (external and internal) which may sffect structural
integrity or influence the design shall be defined and accountedfor. The effects of thermally and
mechanically induced structural deflections, allowable stmctural misalignments, and structural
offsets and dimensional tolerances shall be included in analysis of loads, load distributions, and
structural adequacy. Limit loads shall be &tennined fcr the Spacecraft in all con@rations for the
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design conditions identified in this dmunent. Loads shall be distributed throughout the structure
by rational analysis which includes the effects of significant structural nonlinearities and
temperature. Analysisof dynamicloads shall accountfor all signifksnt changesin Spacecraftmass
pro-m with time, and all signMcant structural flexibilities, damping, and load spectra. The
analysis shall also account for coupling of the Spacecmftwith the LV.

10.9.1.1 Des&n Gross Weight

ThedesigngTOSSweight for Spacecraft (launch) is defined in Section 3.2.1.

10.9.1.2 Mass Properties

The mass properties and center of gravity requirements shall be compatible with the
TITAN-IV(NUS) and Atlas-IIAS requirements. The EOS-AM Spacecraft structural design will
be based on the EOS mass propertiesreport, 20001390,whichdefimesthe mass propertiesbaseline
for development of the EOS-AM Spacecraft structures.

10.92 Design Conditionsand Environments

This section presents the pre-launch, launch,orbit injectionand orbit conditionsand environments
that are considmd most signiilcant to the structural design of the Spacecraft. All loads, or load
factors, are “limit” unless otherwise designated.

10.921 Pm!lmlnchEnvironments

l%e structural design shall include consideration of all prelaunch environments to which the
structure and its componentparts am exposedduring manufactum,groundhandling, transportation
and storage. Except for local mea athandling attachmentpoints,the prMaunch loadsshallgovern
design of the stmcture to the minimum extent possible.

10.9.2.1.1 Manufacturing

Fabrication and assembly operation effects on the structural design shall be evaluated for
(1) material handling, forming, stretching m other pmcessin~ (2) misfit and misalignments; (3)
welding, bonding and brazing (4) heat tratmenc and (5) checkout and acceptance operations
including pnzssurizationcycles.

10.9.2.1.2 ‘lhnsportation and Ground Handling

The Spacecraft, its subsystems and components shall not suffer any darnagewhen exposed to the
transportation and hamdling environments described.

10.921.2.1 Accelerations

Design quasi-steady limit loads for air or ground transportationshall be as specifiedbelow. These
loads shall be assumed to act separately in each of the three directions.

Longitudinal *3 g (see Reference a.)
Lateral =.0 g
vertical -.0 g
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Classic laminate analysis shall be used to develop preliminary composite elastic properties and
material allowable. Hart-Smith adhesive-bonded joint analysis shall be used to develop
preliminary bonded joint shear allowable. The average value of the material initial tension and
compression moduli shall be used in the calculation of the longitudinal tube modulus. This is a
saa.ightforwardand accurate meansof accountingfor equaloccumcnceprobabilitiesof tension and
compassion events in the launch vibration spectrum.

Empirical data ffom the development testing shall be used in conjunction with the prelimiMIY
analyticalp~dictions to provideabest estimateofmaterialpropertiesandallowable. Strutmaterial
and adhesive-bonded joint allowable shall be calculated using a B-basis per MIH-IDBK-5E.
Preliminary strut materiaI properties and allowabies, and vtilcation of adhesive bonded joint
allowable, will be documentedby Engineering as data becomes available.

Any modi.tlcationsto allowable resulting from verifkation testing shall be calculatedon a B-basis
per MIIAIDBK-5E.

All composite strutsshallbe strengthqualifkd at the strut assemblylevel via static testing in tension
and compassion. The strut assembly level consistsof the compositetube adhesivelybondedto its
titanium endhmde fittings. The proof load level shall be per Section 10.4.2.2.5.

10.8 .PmSumed systems

Pressurized systemsof the EOS-AM Spacaaft shallbe designedandtested in acardance with the
requirements of MIJA’lT&15221L

All pressure vessels will be designed and tested in wordance with the requirementsof the design
verifkation approach A of Section 5 of MIL-STD-1522A. Design veriilcaticmapproachesB and
C of Section 5 are unacceptable for EOS-AM Spacecraft flight hardware. Vessels which are
determined to be brittle or leak-before-bum (LBB) hazardous as defined by W’ID-1522A
require fractm control. These vessels will be designed and tested in accordance with the
requirements of the safe-life demonstration sub path of approach A (Sections 5.1.2 and 5.2.2 of
MIL-SID-1522A).

Pressurized components, including lines, fittings, valves, heat pipes, and other pressure system
components or equipment not defhed as pressure vessels, shall be designed and analyzed in
accordance with the mquimments of SecticxI53 of MIL-S’I’B1522A.

10.9 Design Conditions

10.9.1 General Condkions

All static and dynamic loads and pressures (external and internal) which may affect structural
integrity or influence the design shall be defined and accounted for. The effects of thermally and
mechanically induced structural deflections, allowable structural misalignments, and structural
offsets and dimensional tolerances shall be included in analysis of loads, load distributions, and
structural adequacy. Limit loads shall be determinedfor the Spacecmft in all coniigumtions fm the
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meet the TITAN-IV snd Atlw+IIASxtcxxnmendedminimumfrequenciesand avoidancezones as
specifkd inTkbleVIIL ‘1’lmresonanthquency designgoals for the Spactxraft have been imposed
to limit dynamic interactionwith the LVand to control Spacecmftdeflectionsduring launch.

‘lhbleVIIL Minimum ResonantFrequencyGoals for Primary Structure

MinimumFrequency,Hz

ATLAS-IIASZHTAN-IV(NUS)Configuration

MinimumFrequencyRequirement(TITAN-IV) 25 (Lateral)

MinimumFrequencyDesign Goal
- Lateral (Atlas-IIAS) 10.0
- Axial -St) (THAN-IV) 2s.0

Note: Fixed base at the Spa separationplane.

Inordertotiectively meet thestifhessrequimments andgoals, special efforts shall be ma& to keep

the local flexibilities in the @nay structure to a minimum The local flexibilities, which are
diffkult to assess in a dynamicanalysis,are usuallythe cause for a reductionin natural frequencies
from analysis to test At local interfims, close fit holes and fasteners and minimumeccentricities,
as well as ti local load paths through the primary structure, must be provided.

10.9.2.3 SecondaryStructudSub@mn/Component Stiffness Criteria

Secondary structure is the structure whichconstitutesand locally suppcmsthe various instruments,
components, or subsystems. It includesthePM stmcture,EMs, IMPs,CPHTSradiator panels,S/A,
HGA, and direct-mounted instrument (e.g.,MODIS,TIR SWIR,MOPIIT) support structures. In
general, secondzuystructure does not lie in the primary load path.

10.9.2.3.1 Resonant Frequencies

Individual componentsand subassembliesthat are mountedto secondarysupport structure shall be
designed to meet the minimum frequencydesign goals shown in ‘IhbleIX.

l%ese secondarystructure componentfind-base resonantkquency requirementsaxeincluded so
that a generally atiif Spacemft with predictable loads can be obtained In addition, they preclude
possible clearance poblems between components or between components and the Spacecraft
structure.
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TableIX. Minimum ResonantFh?quenciesfor SubsysteIWComponen$and Secondary
Structures(see Note 1)

Componentor Subsystem Frequency,Hz

1) Equipment Module (EM)
Group 1:Power, Recorder, Battery and DASPanels 35
Group 2: GN&C Sensor,COMMIC&DH 40
Group 3: RWA 50

2) Instrument MountingPlate (IMP) 35

3) Stowed Solar-y (SA) 35

4) High Gain Antenna (’HGA)(See Note 2) 45

5) CPHTSRadiator Panels 50

6) Propulsion Module (PM) (lateral) 35
(thlust) 40

7) Other Box Components (WeightQOOLbs) 100

8) Other Box Components (Weight>200 Lbs) 80

No& 1) Rigidly supported at the interface points to the Spacecraft primary structure
except box components defined in (7) and (8) where the interface points are
defined at the h componentmounting points.

2) Rigidly supported at the I/F points between the HGA electronic box and the
mkxtseassembly with a non-flight cage on the gimbaL

For most smaUcomponents, a 100 Hz minimum fixed-base rrxonant frequency has been set to
ensure adequate sepamtion between the component resonances and the fundamental Spacecraft
modes. This allows designand testing of the componentsand mountingbracketsto vibration levels
that are essentially independent of the fundamental SPacecmftresonances.

It should be noted that the maintenanceof spec~lc minimumfrequencies identifkd in ‘IkbleIX for
component mountings is a design goal and not a requirement. However,if these goals are not me~
a listing of those exceptions will be identifkd. Although it is generally recognized that it is good
practice to achieve these minimum fkquencies, the design of these components, component
installations on EOS should be reviewed from a standpoint of strength, and if significant weight
savingscan bereahzedusing a strengthrequirementrather thana stiflhessnx@remenLthese weight
savings should be identified to the Spacecraft Mechanical Systems Engineer. The design
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mtications requhtd to obtain these savings must also be reviewed by EOS Dynamics
Engineering in order to assure no adverse overall Spacecraft interactions. Subassemblies having
resonances below 80 Hz shall be includedin subsequentload cycle analyses.

For componentskubsystemswith heavymasses,minimumresonant ffequcnciesare establishedfor
eachindividualcomponenthubsystem. Althoughtheminimumfrquencies arespecifkd as a design
goal, adherence to these frequencies is strongly recommended. The minimum hequency
spedilcations allow &sign of the componentdsubsystems and secondary structwes to proceed
independentlyfrom the Spacecraft. The minimum frequency criteria contained in Table IX have
been used to establish design loads for the components and subsystems. For components or
subsystemsin which compliancewith the specifkd minimumfrequencies would result in a heavy
weight penalty,the designof thesecomponentssho~d b mview~ ~m a s~ngth S~dPOiII~ The
noncompliance of the fkequency design goals will mquk additional assessment of dynamic

interactions as well as dynamic design loads by and must be assessed on a case-by-case basis.

10.9.2.3.2 Deployed AppendageStiffness And Frequencies

The minimum resonsnt frequency rqdrements for the deployed appendages have been imposed

to limit SMS/GN&CSinteractionduringorbital fligh~ The deployedappendagesshallbe designed
to meet the design requirements specifkd in ‘IitbleX. The appendagecantileveredfiquencies are
sulllciently high to pnxlude SMS/GN&CSintemction,but am s~ciently low to attenuate orbital
excitation due to instrument scanning or slewing. The frequencymnges for the deployed SA and
HGA have been defined to meet the GN&C requirements.

Table X. Minimum FreedBase ResonantFrequencyRequirementsfor Deployed
Appendages(Orbital CantileveredFrequencies)

Component Frequency,H@

solar Array(z) 0.12 (Tomion)
0.19 (Bending)

I High Gain Antenna (HGA)(3J
I

0.50

Note: (1)Specified by GN8cCS
(Z)Fixed base at the interface points to the spacecraft primary truss structure.
(3)Fixed base at the hinge interface points to the hinge mounting structure.
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‘kble IX. Minimum ResonantFrequenciesfor Subsystem Componen~and Secondary
Structures(see Note 1)

Componentor Sub!@em Frequency,Ez

1) Equipment Module (EM)
Group 1: Power, Recorder, Battery and DAS Panels 35
Group 2: GN&C Sensor, COMM/C&DH 40
Group 3: RWA 50

2) Instrument MountingPhe (IMP) 35

3) Stowed Solar Array (SA) 35

4) High Gain Antenna (HGA) (See Note 2) 45

5) CPHTSRadiator Panels 50

6) Propulsion Module (PM) (lateral) 35
(thrust) 40

7) Other Box Components (Weightc200 Lbs) 100

8) Other Box Components (Weight>200 Lbs) 80

Note: 1) Rigidly supported at the interface points to the Spxzraft primary structure
except box components defined in (7) and (8) where the intetiace points are
defined at the box componentmounting points.

2) Rigidly suppmwxlat the J/F points between the HGA electronic box and the
release assembly with anon-flight cage on the gimbal.

For most small components, a 100 Hz minimum fixed-base resonant frequency has been set to
ensure adequate separation between the component resonances and the fundamental Spacecraft
modes. 7his allows design and testingof the componentsand mountingbracketsto vibration levels
that are essentially independent of the fundamental Spacecraftnxmances.

It should be noted that the maintenanceof speci.tlcminimumfrequencies identifkd in ThbleIX for
component mountings is a design goal and not a requirement. However,if these goals are not met
a listing of those exceptions will be identifkl. Although it is generally recognized that it is good
practice to achieve these minimum frequencies, the design of these components, component
installations on EOS should be reviewed horn a standpoint of strength, and if si~cant weight
savingscan bereakedusing a streagth requirementrather thana stifhss nxpiremen~ these weight
savings should be identified to the Spacmaft Mechanical Systems Engineer. ‘he design
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ThbleXL (Part A: for ~AN-IV/NUS) Design Quasi-c Limit Load Faetom (G@For
EOS-AM SpaeeeraftI%mar’ystructure

Design Limit Load Factors For TITAN-~NS)

Flight Event Spaeeeraft MS l)esign Load Factors (Flight)

Max/MinValues(Gs)

Lift-off Longitudinal(*) -0.21-3.4

Lateral S.s

Tmion M.05/in

Max Air Loads Longitudinal(*) -1.0/-3.0

Lateral fi.15

Tomion io.osfin

Stage-I Longitudinal(*) 4.5/+2.5

Shutdown Lateral fi.o

Torsion M.oUin

sta@I Longitudinal(*) -5.5/+2.5

Burnout Meld ti5

Tension M1.oo51in

Note: (*) Negative sign of load factor in longitudinaldirection produces
compressive fome on a cantilevered Spacecmft.
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TableXL (PartB: For Atlas-II@ Design Quasi+tatic Limit Load Factors (Gs) for
EOS-AM s- - s-c-

Design Limit Load FactorsFor Atlas-m

Flight Event spacecraft M llesign Load Factors (Flight)

Max/Min values (Gs)

Launch Longitudinal(*) +1.4/-4.0

Lateml ti.5

Torsicm M1.ol/in

Flight winds Longitudinal(*) -0.7/-3.7

Lateral *1.9

Torsion io.oo5hl

BECO Longitudinal(”) -6.2/-4.45

(Max hia.1) Lateral 33.63

Tension MMWii

BECO/BPJ Longitudinal(*) 4.0/+0.76

(Max Lateral) Lateral SL5

Torsion M.olhn

SECO LO@udinal(*) -2.61+0.6

Latcml S.38

‘hnsion ti.oolin

MEco Longitudinal(*) -4.75/+0.75

-3.0/+3.0

Lateral H.63

Torsion M1.elfin

Note: (*) Negative sign of load factor in longitutid direction produces
compressive force on a cantilevered Spacecfi
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10.92.4A Load ApplicationMethodology

For design of the primary structure, two sets of quasi-static accelerationsare specifkd. The two
primary stxucturequasi-static accelerationsets am supplementedby a set of subsystemkcondary
structurequasi-static designloads. Fullevaluationof theprimarystIuctureis accomplishedthrough
considemtionof thetime loadsets. Themethodologiesfor applyingthe threeload setsaredescribed
below:

Method 1: Thisrnethodshall beusedtoapplylO@ spectiledti~bleX. The design
loads are specifkd for the longitudinal (thrust axis), lateral, and torsional (angular
acceleration about the Spacecmft thrust axis) directions. These lmds shaJl be
assumed to act simultaneously. In addition, since the lateral load componentscan
act in any Spacecraftlateral direction, the lateral loads shall be applied a minimum
of every 45 degrees.

Method2: ‘Ilk methodshallbe usedtoapply loads specifiedin TablesXIIand XIII.
This set of quasi-static accelerationfields specifks the variation of the Spacecraft
response accelerations along the Spacecraft longitudinal axis. The quasi-static
accelerations are specifkd along the time Spacecraft axes plus the angular
acceleration about the Spacecraft longitudinal axis and shall be applied
simultaneouslyfor all load combinations.

Method 3: ‘Ihe local effects of subsystemloads on the primary structure must also
be evaluated. ‘Ihe subsystemquasi-static design loads specifiedin ‘IkblexXIV and
XVshallbeuti l’bassmsthese local tiects, the individualsubsystemload sets
are to be appliedsepamtely,one at a time. The specifiedsubsystemdesignloads am
to be applied only to the mass of the appropriatesubsystem.

Sizing of the Spacecraft@nary stmtures shall be performed based on the most critical internal
SUUCtUd load distributions (kiWd from these three load SCtS.

TableXII. Design Quasi-static Flight Limit Accelerations(G@For EOS-AM Spacecraft
Primary structure

~(NUS) - Liftoff Event (SRMU & SRM)
! Quasi+tatic Accelerations(Flight Limit)

S/c Location ~ Station x~c Y~c z~c IUQc

MODIS support 256.25 -3.75/0.00 i3.70 i6.60 MI.03

HGA CG 238.18 4.33/+1.47 +2.94 *7.58 M.03

MODIS CG 235.91 -6.67/+3.07 *4.23 *4.94 MI.03

BHW7 231.75 -3.75/0.00 53.30 *.85 M.03

BHD-6 21050 -3.75/0.00 ti.95 522 M.03

BHW5 175.00 -3.75/0.00 S.37 *4.15 M.03

BI-IIWI 14650 -3.75/0.00 *1.90 H.30 M).03
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‘IbbleXII. Design Quasi+tatic FJightLimit Accelerations(G@For EO&AM Spaeeeraft
- s-- (continued)

●

@M&i-&dC keekrations (Flight Limit)
SC Location ~ Station r q= Y* Gc Wc

BHD-3 10750 -3.75/0.00 *19 S30 M.03

BHD-2 51.50 -3.75/0.00 *1.90 i2.45 M.03

B-1 0.00 -3.75/0.00 *1.90 *1.70 M.03

Sep Plane -4.10 -3.75/0.00 *1*90 *1.70 io.03

Note: All four accelerationfields, WC, Y~c,~0, and RXdC,shall be appliedsimultaneouslyfor
all bad combinations.

Titan-IV@US) - Max Airloads Event (SRMU & SRM)

Q~tatic Accelerations @light ~t)
S/C Location Q Station - Q= Y~~ k R&/.

MODIS &qq)Ort 256.25 -3.25/0.00 *7.00 *7.00 M).04

HGA CG 238.18 4.84/+036 *429 594 B.04

MODIS CG 235.91 -5.05/+0.82 *451 ti.42 MI.04

BHD-7 231.75 -32W0.00 %.70 fi.70 Mho4

BHD-6 21050 -3.14/0.00 *4.90 *4.90 MMkI

BHD-5 175.00 -3.11/0.00 *4.00 *4.00 Mho4

B- 146.50 -3.06/0.00 *5O fi.50 M.04

BHD-3 10750 -3.WO.00 S*1O S10 *.04

BD2 51.50 -3.00/0.00 e.60 S.60 MUM

BHD-1 0.00 -3.OWO.00 tiso M.50 MI.04

s ep Plane -4.10 -3.O(YO.00‘i duo i 4250 MI.04

INW Each of the lateral acceleration f~kis, i.e., Y~Cand ~C, shall be applied simultaneously
with the thrust component X~Cand torsional componentIUQCfor all load combinations. I

lMn-IV(NUS) - Stag-l Oxygen Depletion Event

Quasi~tatic Accelerations(Flight ~mit) “
S/C Location ~ Station ‘ &c Y~~ G/c R&

MODIS Support 256.25 4.90/+0.78 *L20 i2.90 3SI.01

HGA CG 238.18 -4.76/+0.64 *1.09 *1.98 Mkol

MODIS CG 235.91 4.99/+255 *1.03 *1.66 M.ol

BHD-7 231.75 4.70/+0.60 *1.1O fi.20 59.01

BID-6 21050 -4.7W+0.40 *1.02 *1.60 MJ.ol

BHW5 175.00 -4.70/+032 MI.87 *1.31 M.ol
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TableXII. Design Quasi+tatic FJightLimit Accelerations((%)For EOS-AM Spacecraft

Primarv Structure(Continued).

(@s&static hcekr’ations (Flight Limit)
S/C Location XgfcSation &c Y~c &c l?x~c

BHIWI 14650 4.70/+0.3 1 S.76 *1.07 io.ol

BHW3 107.50 -4.701+0.29 MH50 M.75 M1.ol

BHW2 51.50 -4.70/+0.24 M).60 *.75 M1.ol

BHD-1 0.00 4.70/+0.21 MM50 *.75 #.ol

Sep Plane -4.10 -4.70/+0.21 MU50 io.75 M.ol

Note: All four accelerationfields, WC, YdC,~C and IUQC,shall be appliedsimultaneouslyfor
all load combinations.

k

Thn-lV(NUS) - Stagc+2CommandShutdownEvent

Quasi-Static Accelerations(Flight Limit)
S/C Location WCStation x~c Y~c tic Rx~~

MODIS Support 256.25 -4.75/+0.32 *1.90 H.50 H.005

HGA CG 238.18 -4.64/+1 .47 *1.37 H.1O M).005

MODIS CG 235.91 -4.56/+0.87 *1.43 *1.26 40.005

BHB7 231.75 -4.75/+0.81 *1.25 H.lo io.oo5

BHD-6 21050 4751+1.24 M.70 *1.71 MM105

BHD-5 175.(X) -4.751+2.00 MI.70 *1.1O MI*OO5

BHD-4 146.50 -4.751+0.64 M1.70 *1.1O MM05

BHD-3 107.50 -4.751+0.46 33.70 *1.1O MM105

BHD-2 51.50 -4.75/+0.% M3.70 MI.90 M.005

BHD-1 0.00 4.75/+0.37 MI.70 iQ.70 io.oo5

Sep Plane -4.10 -4.751+0.37 M1.70 io.70 MMM5

Note: All fmr accelerationfields, WC, Y~C,~C andRXdC,shall be appliedsimultaneouslyfor
all load combinations.

Table XIII. Design Quasi-static Flight Limit Accelerations(G@For EOS-AM
Spacecraft Primary Structure

Atlas-IIAS - Liftoff Event

Quasi-Static Accelerations (Flight Limit)
S/C Location ~ Station x~c Y~c Z#C R&/c

MODIS support 256.25 -1.70/0.00 *1.40 *1.50 #.ol

HGA CG 238.18 -1.70/0.00 *1.30 *1.35 M1.ol

MODIS CG 235.91 -1.75/0.00 *L30 *1.35 M.ol
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lhble XJIL Design Q~c Flight Limit Accelerdo~(@) Fa
Spa- Primary Struc~ (Conthu@

@iui+tatic Acceleration (Flight Limit)
~ Location ~c St@ion &c Y~. tic R&#.

-1.70/0.00 *1.25 *1.30 M.ol
m7 231.75

-1.70/0.00 *1.15 *1.1O 34).01
iiW6 210.50

175.00 -1.7W0.00 MI.95 M180 +0.01
dID-5

14650 -1.70/0.00 M195 iO.80 M.ol
B=

10730 -1.70/0.00 M.95 MI.80 Mlol
BHD-3

51.50 -1.70/0.00 io.95 ML80 M.ol
BHD-2

0.00 -1.70/0.00 M.95 M.80 3S).01
B-1

-4.10 -1.70/0.00 M.95 M180 M1.ol
Sen Plane

iel~, QC, Ydc,GC andR2Q, shall be applid simulmausly for

I I I ~— -—1 Atlas-IIAS -Max Airloads Event
I 1 n,~ge~mtic Accelerations(F@# ~t)

Yg/~ Z/c -c

S6.25 I -2.45/0.00 ti.oo S.00 H.005

..07/0.00 *1.85 *1.85 MI.005
nuti LU -d”.. -

235.91 -3.36io.oo *1.80 *1.80 +0.005
MODIS CG

231.75 -2.45/0.00 *1.80 *1.80 io.oo5
B-7

_ 5/oocN) *1.60 *1.60 MM)05
D~ -----

175.00 -2.00.00 *125 *1.25 MM105
13HD-5

146.50 -2.WO.00 *LOO *1.00 MMX)5
B- 1

107.50 1 -2.40/0.00 J *1.00 *1.00 Mhoo5
B-3

51.50 -240/0.00 I *1.00 *1.00 io.oo5
BHD-2

0.00 -2.40/0.00 *1.00 *1.00 MI.005
BHD-1

4.10 -2.00.00 *1.00 *1.00 ti.oo5
Sep Plane -.. .
Note & Y~Cand Gc, shW be applied simulmeou sly

- xnponent IUQCfor all load combhation s.

~

-5.85/0.00 39.10 M.20 0.00

-5.820.00 +0.10 iQ.20 0.00
HGk

-5.97/0.00 W1O if120 0.00
MOI

1

231.75 I -5.8W0.00 M.lo M.20 0.00
BHD-7

_ ___: Each of the lateral acceleratim t-klCIS,u
with the thrust componat X~Caod tomiond u

Atlas-UJ

256.25 -

1 CG 238.18 -——
1

DIS CG I 235.91 I -
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‘RibleXIIL Design Quaa%taticFlight Limit Accelerations(G@For EOS-AM
Spacecraft- Struetum (continued)

@lasi+tdiC keekmtions (Flight Lid)
S/C Location &/. Stdion X6/C Y~c Zlk R&/c

BHD-6 210.50 -5.80/0.00 3s).10 ia.20 0.00

BHB5 175.00 -5.80/0.00 MI.1O MI.20 0.00

BHD-4 146.50 -5.80/0.00 io.lo M.20 0.00

BHD-3 107.50 -5.80/0.00 M.1O ML20 0.00

BHD-2 51.50 -5.80/0.00 MI.1O M*2O 0.00

B-1 0.00 -5.80/0.00 M1.lo MJ.20 0.00

Sep Plsne -4.10 -5.80/0.00 M.lo S).20 0.00

Note: All four accelerationfields, IQC,Y~C,~C andRXdC,shall be appliedsimultaneouslyfor
all load combinations.

,
AthM-IIAS- Post-BECO/BPJ Events

Qua&4atic Accelerations(Flight Limit)
S/C Location QC Station Q= Y~c LIC -c

MODIS support 25625 -3.5CW0.63 M.lo Mao Mlol

HGA CG 238.18 -3.SY+l.65 *1.90 *4.25 M.ol

MODIS CG 235.91 45WJ+2.60 *1.85 *4.1O M1.ol

BH&7 23L75 -35W+0.59 *1.80 S.90 MI.01

BHD-6 21050 -35W+057 *155 ti.75 M*O1

BHB5 175.00 -3.5W+0.68 *1.15 *1.90 M.ol

BHIPI 146.50 I -3.5W+0.57 M).80 *1.65 M.ol

MD-3 10750 -3 SW+0.56 M.80 *1.25 M.ol

BHD-2 51.50 { -3.5W+0.70 H.80 *1.25 H.ol

BHD-1 0.00 -3.50/+0.70 M).80 *1.25 Mlol

Sep Plane -4.10 1 -35W+0.70 M180 *1.25 Mlol

Note: All four accelerationfields, ?QC,YdC,~C andRXdc,shall be applied siqmltaneouslyfor
all load combinations. A

10.9.2.5 Desii Loads For Secondary Struc~ Subsystems and Components

10.9.2.5.1 Secondary Structure

me EOS-AM Spacecraft secondaxystructures, subsystems, and components shall be designed to
sumive, with adequate margin, the anticipated handlinghmsportation, test and launch
environments, and the mission alit environment. The launch environment includes
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accelerations(steady-su and transients), random vibrations, and acoustic loads. The test
envircmment8generallyinclude strength tests (acceleration),random vibration tests, and acoustic
tests. In addition, the spacmaft major assemblies, which include the quipment modules,
propulsion module, solar array, and HG& and the instruments will be subjected to sine sweep
vibration titing.

Semndary structure is the structurewhich constitutesand locally supportsthe various components
or subsystem, it also includes the instrument support links, kinematic mounts, solar may support
structure, antenna supports,and other component support brackets.

For sizing, the subsystems,subsystemsecondarystructures, snd subsystemsupport links shall be
designed to the quasi-static accelemtionsin ‘I?ablesXIV and XV, as appropriate. The design loads
arc spwif.i.i at the CGof the subsystem. Design loadsfor instrumentsand their secondarystmctm
supports and brackets can be found in the GIIS, 420-03-02.

‘IhbleXIV. Design Quasi-static Flight Limit Accelerations (Q Gilnch) For EOS-AM
SpacecraftEquipmentModule Structures

Quasi-Static Accelerations(Flight Limit)
EQUIPMENTMODULES

X0/c yak & R&

Power EM Structure *1O.5O *7.00 *7.00 M.1O

Power EM Panels

1)+X Panel *46S0 *7.00 *7.00

2)-X Panel *4650 *7.00 *7.00

3) +Y Panel *1050 *7.00 *7.00

4)-Y Panel *105O *48.00 *7.00

5)+2 Panel *105O *7.00 %6.00

6) -Z Panel *105O *7.00 49.60

Recorder EM Structure H.50 *7.00 *7.00 MI.02

Recmkr EM ~MidS

1)+X Panel fi5.5 *7.00 *7.00

2)-X Panel . ti5.5 *7.00 *7.00

3) +Y Panel i8.50 *7.00 *7.00

4)-Y Panel i8.50 *5.3 *18.50

5)+2 Panel i8.50 *7.00 *7.00

6)-Z Panel i8.50 *7.00 *7.00

7) Internal Bulkhead Panel *5.O *7.00 *7.00

DOMM/CLkDHEM Structure *7.00 *7.00 *7.00 M).06

20MM/C&DH EM Panels
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‘lkbleXIV. Design Quasi-static Flight Iimit Accelerations(~ G/inch)For EOS-AM
SpacecraftEquipmentModule Strut_ (Continued)

Quasi-Static Accelerations (Flight Limit) I
EQUIPMENTMODULES

tic Y~. &/c U#c

1)+X Panel *48.7 *7.00 *7.00

2)-X Panel *48.7 *7.00 *7.00

3) +Y Panel *7.00 H.lo *7.00

4)-Y Panel *7:W *42.30 *7.00

5) +Z Panel *7.00 *7.00 +18.90

6)-Z Panel *7.00 *7.00 *7.40

2N&C Shell Structure *1O.OO +9.00 *7.00 M.20

3N8cCShell Panels

1)+X Panel ti5.oo S.oo *7.00

2)-X Panel fi5.oo i9.oo *7.00

3) +Y Panel M5.oo f22.30 *7.00

4)-Y Panel *7.50 i51.20 *7.00

5) +Z Panel

6)-Z Panel *1O.OO S.oo *8.30

2N&C Bench Structure *7.00 *7.00 *11.50

Quasi-Static Accelemitions(Flight Limit)

tic Y~~ Zdc RY~

BatteryPanel Structure *7.00 *7.00 *7.00 ML06

RWAEM Structure *1O.OO MMIO *7.00 M120

2WAEM Panels

1)+X Panel *1O.OO %.00 *7.00

2)-X Panel *1O.OO i5.oo *7.00

3) +Y Panel *1O.OO *15.80 *7.00

4)-Y Panel *1O.OO *48.50 *7.00

5) +Z Panel *1O.OO i5.oo *7.40

6)-Z Panel *1O.OO S.oo *49.00

DASPanel Structure MMN *14.00 *11.50 io.03
—.. . .. . . . . . . . . .. . . . . .

Note: 1. All acceleration fields shall be apphed simultaneouslyana Ior au loaa cornmnauons.

2. Quasi-static accelerations for the equipment modulepanel shall be applied to each
panel separately.
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‘IkbleXV. Design Quad-6@c m
EC)*AM space

Major hsembly

Solar Anay Assembly Structure

High Gain htenna Assembly Support Str

Propulsion Module llmk Assembly

~Propulsion Module Base Panel
I~ CPHTS~~tor p~el

SWIR CPHTSRadiatcxPanel

MOPllT CPHTSRadiator Panel

Direct Mount Instrument SecondaryStr

CERES Instrument Mounting Plate

VSR Instrument MountingPlate

=

I&nit Accelerations(Q G/’ineh)For Other
raft Major Assemblies

Quasi-Static Accelerations(Flight Emit)

L/c Y~c tic It&/c

*7.O *8.00 S.(IO

175 actingin anydirection MI.14

S.oo +3.00 ti.oo M.30

*.20 ti.oo S.oo

S.oo *.00 S.oo

*.00 ti5.oo fi.oo

S.oo f15.oo i6.oo

Note: (1) All aeceleratiun fields shall be applied simultaneouslyand for all load combinations.

For subsystems with large surface areas, vibroacoustic loads due to direct airborne acoustic

excitations must be combined with the LVinducedtransientloadsand mechanically-transmitted
random vibration loads for structuml design.

The &sign limitloads specifiedin ‘IkblesXIV andXV,except asnote& are intendedto encompass
the eff’ of mtxhanieally-transrnitted and acoustically-induced random vibration as well as
excitations from LV low fkcquencytransients. ‘IEeload factors, if specifkd as a single CG load
factor value, shall be assumed to act in any directkm.For each component.hbsyste~ this CG bad
shall be applied in the direction that creates the most severe internal loads in the structure. As a
minimum, the single CG load factor value shall be applied as shown in Table XVI.

For the designloads specifkd in multiple axes, i.e., X,Y,zRX,RY,~ these loads shallbe applied

simultaneously with all possible load combinations.

The geneml loads requirements fm the design of other secondary structure are presented as a
function of component design weight in Figure 3. ‘Ihese loads shall be assumed to act in any
direction. For each componen~the quasi-static CG load is applied in the direction that creates the
most severe internal loads in the structure. As a minimum the CG load factor obtained fkom
Figure 3 shall be applied to the structure as outlined in Section 10.9.2.5.1. The design quasi-static
accelerations obtained from the mass-acceleration cume are intended to envelop the accelerations
expected during launch.

Appro@ate &sigII factors of safety (Table IV) and special factors of safety ~able V) shall be
included for calculationsof the critical mmginsof safety. The design of the secondarystructure will
be validated by the coupled loads analyses.
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TableXVL Load Factor Application

*
Direction of AppliedLoads (1)

Load Case
x Y z

Loadcasel 0.0 0.0

Load Case 2 0.0 w) 0.0

Load case 3 0.0 0.0

Load Case 4 M).58*(LF) MA58*(LF) M.58*(IF)

I Note: (1) Loads are applied simultaneouslyand for all combinations.
(2) ~-a single CG load factor value. I

For subassemblies with large surface areas, such as instrument mounting plates and HGA dish,
combined vibroacousticand transient (loads cycle results) loads will be used to verify the design.

10.9.2.6 ThermalLoading

The primary and seamdary structure shall be capable of maintaining component and sensor
mechanicalalignmentsafter exposureto cxbitalthermal environments. Alignmenterror budgetsto
be met are specified in the CEI Specification,PS200053%.

10.9.2.7 ~lbroacousticbad~

The structure shall be designed to withstandvibacoustic loads caused by the direct acoustic
impingement on the structure during iaunoh and ground tests Where appropriate, vibroacoustic

loads shall be combmed with the transient loads. The vibroacoustic loads im especially important

for a panel-like structure with large surface areas and low mass density.

10.9.2.8 Loads Cycle Analysis

To verify the design based on quasi-static accelerations, tmnsient loads analyses will be performed
using a coupledEOS/LVmath modeL Model uncertaintyfactors shownin TableVI will be applied
to the results from each load cycle analysis. The MUF shall be applied only to the dynamicpart of
the transientresponseresults. For liftoffand maximumairloadscases,the worstcase low frequency
transient loads will be combined (by root sum squaring) with the vibroacoustic loads caused by
airborne acoustic impingements on the Spacecmft structures. These loads will bc estimated from
either MSC NASl12ANfinite element analysis or VAPEPSstatistical energy methcxi
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Flgme 3. Lhnit Load Factors for Secondary Structures or Componentsas a Function of
ComponentWeight (Was Accekration Curve)

The instrument ftite element models evolve from initial rough approximations to more
sophisticated and accurate versions later in the program. Usually the booster-induced loads are
&termined and verifkd using design and vtilcation load cycles.

10.9..2.9 Acoustic Envinmmenta

Theacousticlevel specifkd is anenvelopeof theacousticpressurefields expectedto occurduring
liftoff andtransonicflight events. The acousticenvironmentsareobtainedfkomthe appropriate
LaunchVehicieUser’sManual.

Qu=lcatiodprotoflight acousticnoise levels for TITAN-IWNUSandAtlas-IIAS launchesare
given in TableXVII. Acceptancetest acousticlevels (flight levels) are 3.0 dlillower thanthe
quWlcatiotiprotof@@ levels andareprovidedin TableXVIII.

Tables XIX and XX provide the envelope levels of the TITAN-IV and Atlas-IIAS acoustic
environmentsfor thequalificatiodprotdlightandacceptancelevels, respectively.
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One~d Octave
CenterFrequency @z)

25
32
40

50
63
80

100
125
160

200
250
315

500
630

800
1000
1250

1600
2000
2500

3150

5000

6300
8000

1000O

Overall

Noise hvd (=)
re: 20 UNM2

LTAN-IV(NW

132.0
133.5

134.0
135.0
135.5

136.0
136.0
135.7

134.9
134.0
133.2

131.8
130.5
129.1

127.3
12s.5
124.0

122.0
120.5
119.0

117.0
115.5
113.5

111.5
110.0
108.0

145.7

1225
127.0
132.5

133.0
133.2
133.6

133.8
134.3
135.2

134.1
132.5
1315

130.8
129S
127.0

123.0
119.5
117.5

116.5
116.0
115.0

114.5
112.5
111.5

111.1
112.7
113.5

lls Tolerance
(dB)

+3

+3

+3

+3

+3

+3

+3

I +3

+3

-6

-3

-3

-3

-3

-3

-3

-6

4

-114402 I +1

Protofli@t Duratiom One Minute

Qfilcatim Duratim. TWOMinutes
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25
32
40

50
63
80

100
125
160

200
250
315

400
500
630

800
1000
1250

1600
2000
2500

3150

5000

6300
8000

1000O

overall

Noise Levd (m)
m 2ouN/M2

TrAN-wmm

129.0
130.5

131.0
132.0
132.5

133.0
133.0
132.7

131.9
131.0
130.2

128.8
127-5
126.1

1243
122.5
121.0

119.0
1175
116.0

114.0
112.5
110.5

108.5
107.0
105.0

142.7

das-lms

119.5
124.0
129.5

130.0
130.2
130.6

130.8
131.3
132.2

131.1
129.5
128.5

127.8
1265
124.0

120.0
116.5
114.5

113.5
113.0
112.0

111.5
109.5
108.5

108.1
109.7
110.5

1412

AcceptanmDuration: One Minute

+3

+3

+3

+3

+3

+3

+3

+3

+3

+1

-6

-3

-3

-3

-3

-3

-3

-6

4

-1

DCCol1993 76



PS20001415
16 July 1993

=

‘IkbleXIX. Qualifi40h@figM Acoustic Noise Design EnvelopeLevel
(TITAN-W (NW) and Atks-M)

OneThird Octave Noise LeVd (-) TestTolerance
CenterFrequency(H@ re: 20 uN/M* (dB)

25 122.5
32 132.0 +3 -6

40 133.5

50 134.0
63 135.0 +3 -3
80 135.5

100 136.0
125 136.0 +3 -3
160 135.7

200 134.9
250 134.0 +3 -3
315 133.2

131.8
500 130.5 +3 -3
630 129.1

800 127.3
1000 125.5 +3 -3
1250 124.0

1600 122.0
2000 120.5 +3 -3
2500 119.0

3150 117.0
115.5 +3 -6

5000 113.5

6300 111.5
8000 112.7 +3 -6

1000O 113.5

overall 145.8 +1 -1

Protoflight Duration One Minute

QualificationDumtion: ‘lWOMinutes
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TableXX Aceeptaue Acoustic Noise Envelope Level
(TITAN= (NUS) and AU-W)

Onc+ThirdOctave Noise bVd (@) Test Tolerance

Center FmquacY @z) m 2ouN/M2 (dB)

25 119.5
32 129.0 +3 -6

40 130.5

50 131.0
63 132.0 +3 -3

80 132.5

100 133.0
125 133.0 +3 -3

160 132.7

200 131.9
250 131.0 +3 -3

315 130.2

128.8
500 127.5 +3 -3

630 126.1

800 124.3
1000 122.5 +3 -3

1250 121.0

1600 119.0
2000 1175 +3 -3

2500 116.0

3150 114.0
112.5 +3 -6

5000 110.5

6300 108.5
8000 109.7 +3 4

1000O 110.5

Overall 142.8 +1 -1

AcceptanceDuratiom One Minute
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10.9~10 RandomVibrationEnvironments

10.9,2.10.1 RandomVibrationEnvironmentsfor ktruments

Random vibration environments for instruments am specifkd in the GIIS,420-0342. The random
vibration environments were derived using analytical prediction software called VAPEPS in
conjunction with the acoustic test results of UARS Spacecraft. The analytical predictions wem
performed using both theoretical statistical energy analysis prediction scheme and extrapolation
prediction scheme using the UARS acoustic test results as a baseiine. Derivations of the random
vibration spcciilcations can be found in Reference (f.) and S&41 internal documents
presentations.

and

10.9.2.102 Random VibrationEnvironmentsfor EOS-AM SpacecraftHousekeeping
Equiprnen@Subsystemsor Components

Spacecrafthousekeepingequipmen~subsystems,and componentsare defined as those required to
support the operation of the Spacecmft. They will be collectively called components in the
discussion in this subparagraph.Therefore, it includesall of the componentsother thsn instrument
components. The random vibration specflcations were derived based on the Spacecraft PDR
conf@mtion and are therefore layout+iependent. These components are separated into five
categories:

Category 1: Componentsmounted directly to the Spacmaft truss structurevia brackets.

Random vibrationenvironmentsfor componentsmounteddirectly to the Spacecraft
truss structureviabracketsme speciiledin‘Ihble~ for componentweightsgxeater
than 200 lbs. and in ‘IhbleXXII for componentweightsless than 200 Ibs.

Category 2: EM components (mountedto the EM panels).

The randomvibration specificationsfor each of the componentsmountedon theEM
panels are specified in ‘Ikbles ~ through XXXII. l%ese environments am
specifkd fw each of the tine component orthogonal axes at the component
mounting interfaces to the EM panels. For components mounted to brackets, the
environment is specifkd at the interface betweenthe bracket and the panel.

Category 3: Componentsmounted to the CM-ITSradiator panels

Random vibration environments for components mounted to the CPHTS radiator
panels m specifkd in ‘IhbleXXIII.

Category 4PM components (mountu.ito the PM structure).

Random vibmion environments for components mounted to the PM structure are
specifkd in Table XXIV.

Category 5: Componentsmounted to the SIM and secondarystructures.

Randomvibrationenvironmentsforcomponents mountedto the WL4and seconckuy
support structures are specified in ‘IhbleXXXIII.
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‘IhbleXXL Random Vibration Specifications for Housekeeping ComponentsMounted
Directly to the Primary Structure (Weight> 200 Lbs)~R4

Power S= Density
components Frequency (

Range
(=) Acceptance Qualificatiox@rotoflight

Housekeeping 20 0.012 0.024
Components 20-50 +3 dB/Octave +3 dB/Octave
Mounted 50-800 0.03 0.06
Directlyto the 800- 20M -6 dB/octave -3 dB/Octave
m 20CK) 0.012 0.024
structure

Overall 6.72 ~ 9.50 ~

Note: 1) Acceptance/Protoflight‘lkstDuration-1 minutdaxis.
2) QualificationTestDuration-2 minuteshxis.
3) Randomvibrationenvifonmentsarespecifkd at theintexfacebetween

the@mary structureandcomponentbracketsforeachof thethreeaxes.

The environments are specifiedfor each of the three componentmthogonal axes at the component
mounting interfaces to the stwtu.ms.
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‘Ihble XXIL Random Vibration Specifications for HousekeepingComponentsMounted
))ireetly to the Hmary S~ ~~t < 2W ~s)~R-’7)

Component Frequeney Power SpectralDensity

= (G2/Ez)

Acceptance Qudificatioflroto fight

20 0.032 0.064
GeneralRandom 20-50 +3 dB/Octave +3 dB/Octave
Vibrationspecs for 50-800 0.08 0.16
Components 800-2000 4 dllloetave -6 dB/Octave
Mountedon theEM 2000 0.0128 0.0256
Panels.

Overall 10.02q 14.17QS

Note: 1) Acceptanc@rotoflightTestDuration-1 minutehxis.
2) QwdMcationTestDuration-2 minuteshxis.
3) Randomvibration environmentsare specifkd at the interfaee between

the EM panels and component bracketsfor each of the tbme axes.
4) The PSD levels for componentsweigh less than 50 Lbs shall be according

to the levels specifkd in the table.
5) ‘Ihe PSD levels for componentsweigh more than 50 Lbs am detmmined

according to
dB reduction -lo LOG(W/50)
PSD (5&800 Hz)= 0.16*(50/W)for qualWation@otoflight
PSD (5&800 Hz) - 0.08*(50/W)fm acceptance
But shall maintain the level specifkd in ‘IhbleXXI as a minimum.

Wherew - component weight
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Tkble XXIIL Random Vibration Specifiatiom for Compon@ Momti to the CP~S
Wdiator Panels

Direction

Eachof the 3 Axes

Fmqww!qy

(m

20
20-40
40-300
300-2000
2000

overall

-.
(G2A3z)

Aeceptanee

0.175
+6 dB/Octave
0.70
-9 ClB/octave
0.0024

17.11@

0.35
+6 dB/Octave
1.40
-9 dB/Octave
4.725E~3

24.20 GRMS

Nok: 1) Aupmtim@@ TestDuration -1 IllinUtifi.
2) Qualificationl’kstlhmition -2 m.inutedtis.

I
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Table XXIV. Random Vibration Speeifieations for Propulsion Module Components

Power SpeetralDensity
Component FrequeneyRange (G2Az)

m)
Acceptance(Flight) Qual/Protoflight

20 0.06 0.12
ComponentsMounted 20-50 +3 dB/Octave +3 dB/Octave
on thePropulsionModule 50-800 0.15 0.30
Base Plate Otb than 800-2000 -6 dB/Octave -6 dB/Octave
those specifically 2000 0.024 0.048
Speeifkd in this ‘Ihble.

Ovemll 13.72 Gm, 19.41 Gn,

20-1000 0.10 0.20
l-lbf Rocket Engine 1000-2000 -6 dBIOctiive 4 dB/Octave

Assembly 2000 0.025 0.05

Ovelau 12.16 Gm, 1720 G~~

20 0.0128 0.0256
5-lbf Rocket Engine 20-50 +6 dB/Octave +6 dB/Octave

assembly 50-800 0.08 0.16
800-2000 -6 dBIOctave +5 dB/Octave
2000 0.0128 0.0256

overall 10.00 Gm, 14.13 Gm,

20 0.048 0.096
3/8” La@ Valve 20-50 +6 dB/Octave +6 dB/Octave

Assembly 50-200 0.30 0.60
200-390 -6 dBIOctave -6 dB/octave
390-800 0.08 0.16
800-2000 -&iB/Octave -6 dB/Octave
2000 0.0128 0.0256

Ovemll 12.28 Gm, 17.36 Gm~

Note: 1) Acceptance/ProtoflightTestDuration -1 minutehxis.
2) QualificationTest Dumtion -2 minuteshxis.
3) Random vibration input is specifki at the intexfacepoints of the assemblies

components and their mounting stmcturm.
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‘hble XXV. Random Wbration Levels for Components Mounted to Power EM Panels

Power Spectml Density
Component/Assembly FrequeneyRange (G2/Hz)

(=)
Acceptance (Flight) Qual/Protofl@ht

20 0.06 0.12
ComponentsMounted 20-50 +3 dB/Octave +3 dB/Octave
ontheEquipmentModule 50-800 0.15 0.30
PanelsWti Component 800-2000 -6 dB/Octave -6 dB/Octave
Mass<25 Lbs Unless 20(K) 0.024 0.048
Specifki Separately.

Overall 13.70 Gm, 19.37 G-

20 0.044 0.088
PDU 20-50 +3 dB/Octave +3 &l/Octave

(Mass-84.7 Lbs) 50-800 0.11 0.22
800-2000 -6 dBIOctave -6 dB/Octave
2000 0.0176 0.0352

Ovemll 11.75 ~~ 16.63 GmS

20 0.06 0.12
BPC 20-50 +3 dB/Octave +3 dB/Octave

(MW -19.6 Lbs) 50-800 0.15 0.30
800-2000 -6 dB/Octave -6 dB/Octave

(TBR4) 2000 0.024 0.048

Ovelall 13.70 Gm~ 19.37 G~~

20 0.06 0.12
HCE5 20-50 +3 dB/Octave +3 dB/Octave

50-800 0.15 0.30
800-2000 -6 dB/Octave -6 dB/Octave
2000 0.024 0.048

Ovexall 13.70 Gm~ 19.37 GmS

Note: 1) Acceptancdprotoilight ‘l&t Duration -1 minute.hxis.
2) QualificationTest Duration -2 minuteshxis.
3) Random vibration input is specifkd at the interface points of the assemblies/

components and their mounting stmctures.
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Thble XXVI. Random Vibration Levels for Components Mountedto Comm/C&DHEM
Panels

Power spectral Density
Component/Assembly FrequencyRange (G2/Hz)

m)
Acceptance (Fiight) Qual/Protoflight

20 0.06 0.12
ComponentsMounted 20-50 +3 dB/Octave +3 dB/Octave
on theEquipmentModule 50-800 0.15 0.30
PanelsWithComponent 800-2000 -6 dB/Octave 4 dB/Octave
Mass<25 LbsUnless 2000 0.024 0.048
Specifkd Separately.

Overall 13.70 Gm~ 19.37 Gm~

20 0.032 0.064
20-50 +3 dB/Octave +3 dB/Octave

(Mass= 25.9 Lbs) 50-800 0.08 0.16
8(K)-2000 -6 dB/Octave -6 dB/Octave
2000 0.0128 0.0256

overall 10.02 Gm~ 14.17 GmS

Note: 1) Acceptanc@mtofh“@tlkst Duration=1 ILlhltfkk.
2) Qualification TestDuration -2 IlliIIU@hXiS.
3) Random vibration input is specifkd at the intexface points of the assemMies/

components and their mounting structures.
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Ihble XXVIL Random Vibration Levels for Components Mounted to Recorder EM Panels

Power spectral Density
Component/’’mbly Fmqueney Range (G2Alz)

m)
Acceptance(Flight) QuaVFrotoflight

20 0.06 0.12
ComponentsMounted 20-50 +3 dB/Octave +3 dB/Octave
on theEquipmentModule 50-800 0.15 0.30
PanelsWithComponent 800-2000 -6 dllloctave 4 dB/Octave
Mass<25 Lbs Unless 2000 0.024 0.048
Speciflxi Separately.

overall 13.70 Gm~ 19.37 Gm~

20 0.032 0.064
SFE 20-50 +3 dB/Octave +3 dB/Octave

(MiiSS -40.0 Lbs) 50-800 0.08 0.16
800-2000 -6 dB/Octave 4 dlilloctave
2000 0.0128 0.0256

overall 10.02 ~, 14.17 G=~

20 0.032 0.064
SSR DCU 20-50 +3 dB/Octave +3 dB/Octave

(MS/M -38.5 Lbs) 50-800 0.08 0.16
800-2000 -6 dB/Octave -6 dB/Octave
2000 0.0128 0.0256

overall 10.02 Gm~ 14.17 Gm~\

20 0.012
1 0.024

SSR DMU 20-50 +3 dB/octave +3 dB/Octave
(MW -210.0 Lbs) 50-800 0.03 0.06

800-2000 -6 dB/Octave -6 dB/Octave
2000 0.0048 0.0096

overall 6.14 Gm, 8.68 em,

Note: 1) Acceptance/Protoflight Tat Duration -1 minutehxis.
2) Qualification Test Duration -2 minuteshxis.
3) Random vibmtion input is specified at the interface points of the assemblies/

components and their mounting structures.

DCC071993 86



PS2QOO1415
16 Jldy 1993

c

‘lhble XXVIL Random Vibration Levels for Components Mounted to RecorderEM
Panels (continued)

Power spectral Density
Component/’Assembly FrequencyRange (G2/Hz)

c)
Acceptance @light) QuaVProtoflight

20 0.04 0.08
DAS Modulator 20-50 +3 dB/Octave +3 dB/Octave
(Miss = 20.3 Lbs) 50-800 0.10 0.20

800-2000 -6 dB/Octave -6 dB/Octave
2000 0.016 0.032

Overall 11.20 Gm~ 15.84 Gm,

20 0.04 0.08
KSA Modulator 20-50 +3 dB/Octave +3 dBIOctave
(Mass-20.3 Lb) 50-800 0.10 0.20

800-2000 4 dB/Octave -6 dB/Octave
2000 0.016 0.032

overall 11.20 GmS 15.84 Gm~

Note: 1) Accqtancelprotoflight ‘lkstDuration = 1 m.inutekxis.
2) Qualification lkst Duration -2 minuteshxis.
3) Random vibration input is specifkd at the intedace points of the assemblie~

components and their mounting structures.
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Ttile ~ Random Vibration Levels for Components Mounted to GN&C Sensor EM
Panels

Power SpeetralDensity
ComponentiAssembly Freque~)Range (G2/Hz)

Acceptance(Flight) QuaVProtoflight

20 0.06 0.12
ComponentsMounted 20-50 +3 dB/Octave +3 dB/Octave
on theEquipmentModule 50-800 0.15 0.30
PanelsWithComponent 8CN)-2000 4 dB/Octave -6 dBIOctave
Masse 25 LbsUnless 2000 0.024 0.048
Specifkd Separately.

overall 13.70 Gm, 19.37 GmS

20 0.04 0.08
StarTracker 20-50 +3 dB/Octave +3 dB/Octave

(h&XX = 21.3 Lbs) 50-800 0.10 0.20
800-2000 4 dB/Octave -45dB/Octave
20Ml 0.016 0.032

overall 11.20 Gm~ 15.84 Gm~

20 0.04 0.08
20-50 +3 dB/Octave +3 dB/Octave

@hSS =%5 Lbs) 50- 8(X) 0.10 0.20
t 800-2000 -6 dB/Octave -6 dB/Octave

2000 0.016 0.032
~

overall 11.20 Gm, 15.84 Gm~4

20 0.04 0.08
20-50 +3 dB/Octave +3 dB/Octave

(Mass~~.5 Lbs) 50-800 0.10 0.20
800-2000 -6 dBKktave -6 dB/Octave
2000 0.016 0.032

Ovelall 11.20 G~S 15.84 Gm~

Note: 1) Acceptance/ProtoflightTest Duration -1 minutehxis.
2) Qualification Tat Dumtion -2 minuteshxis.
3) Random vibrathm input is specifkd at the interface points of the assemblies/

components and their mounting stmctures.
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TableXXIX RandomVibrationLevels for Components Mountedto RWAEM Panels
—

—

c
01

P
N
s]

—

—

Power SpeetralDensity
Component/Awembly FrequeneyRange (G21Hz)

m)
Acceptance@light) QuaI/Protoflight

20 0.06 0.12
omponents Mounted 20-50 +3 dB/Octave +3 dB/Octave
ntheEquipment Module 50-800 0.15 0.30
anels With Component 800-2000 -6 dB/Octave -6 dB/Octave
hss <25 Lbs Unless 2000 0.024 0.048
pecifkd Separately.

overall 13.70 Gm, 19.37 Gn,

20 0.06 0.12
RWA 20-50 +3 dB/Octave +3 dB/Octave

@kiSS -31.6 Lbs) 50-800 0.15 0.30
800-2000 -6 dB/Octave 4 dBIOctave

~R-9) 2000 0.024 0.048

overall 13.70 Ga 19.37 Gm~

Note: 1) Acceptance/Protoflight‘I&#Duration-1 IlliIIUtCkiS.
2) @difiCiltiOIl Test hration = 2 minutmkis.
3) Random vibration input is specifkxiat the interface points of the assemblies

componentsand their mounting structures.
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TableXXX RandomVibrationLevels for ComponentsMountedto Battery Panel

Power spectral Density
Componenthissembly FrequeneyRange (G2/Hz)

(=)
Acceptance(Flight) QuaUProtoflight

20 0.06 0.12
ComponentsMounted 20-50 +3 dB/Octave +3 dB\Octave
on the Equipment Module 50-800 0.15 0.30
Panels With Component 800-2000 -6 dB/Octave -6 dB/Octave
Mass <5 Lbs Unless 20(X) 0.024 0.048
Specifkd Separately.

Ovemll 13.70 G~* 19.37 Gm~

Note: 1) Acceptance/Protoflight‘lkstDuration -1 minutehxis.
2) QualificationTest Duration= 2 minutes/axis.
3) Random vibration input is specifkd at the interface points of the assemblie#

components and their mounting structures.

Table XXXL Random Vibration Levels for Components Mountedto DAS Panel

Power SpeetralDensity
Component/Assembly FrequencyRange (G2AIz)

m)
Aceeptanee(Flight) Qualhotoflight

20 0.08 0.16
Components Mounted 20-50 +3 dB/Octave +3 dB/Octave
on the Equipment Module 50-800 0.20 0.40
Panels except BDU 800-2000 4 dB/Octave + dB/Octave

2000 0.032 0.064

overall 15.84 Gm~ 22.41 Gm~

Note: 1) Acceptance/ProtoflightTest Duration -1 minutehxis.
2) Qualification Test Duration= 2 minuteshxis.
3) Random vibration input is specifkd at the interface points of the assemblies

components and their mounting shuctures.
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‘Ihble XXXIL Random Vibration Levels for Components Mountedto Several EM Panels

Power Speetral Density
ComponentiAasembly FrequencyRange (G2/Ez)

(=)
Acceptance (Flight) QuaI/Protoflight

20 0.08 0.16
BDU 20-50 +3 dB/Octave +3 dB/Octave

(Mass= 20.8 Lbs) 50-800 0.20 0.40
800-2000 -6 dB/Octave -6 dB/Octave

(TBR-1O) 2000 0.032 0.064

overall 15.84 Gm, 22.41 Gm,

20 0.06 0.12
20-50 +3 dB/Octave +3 dB/Octave

(Ivlas~.7 Lbs) 50-800 0.15 0.30
800-2000 -6 dB/Octave 4 dB/Octave

(TBR-11) 2000 0.024 0.048

Overall 13.70 19.37 Gm,

20 0.08 0.16
TorqueRod 20-50 +3 dB/Octave +3 dB/Octave

50-800 0.20 0.40
(TBR-12) 800-2000 -6 dBIOctave -6 dB/Octave

2000 0.032 0.064

overall 15.84 Gm, 22.41 Gm~

20 0.08 0.16
HCE2 20-50 +3 dB/Octave +3 dB/Octave

50-800 0.20 0.40
(TBR-13) 8(K)-2000 -6 dBKlctave -6 dB/Octave

2000 0.032 0.064

Overall 15.84 Gm~ 22.41 Gm~

Note: 1) Acceptance/ProtoflightTest Duration -1 minutehis.
2) QualificationTest Dumtion -2 minuteshxis.
3) Random vibmtion input is specifkd at the interface points of the assemblies/

components and their mounting stmcturm.
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Ihble XXXUL Random Vibration Levels for Components Mounted to SAA and
SecondarySupportStructures

Power Speetml Density
Component/Assembly MwquencyRange (G2Mz)

m)
Acceptance(Flight) QuaI/Protoflight

ComponentsMounted 20 0.06 0.12
to the SolarMmy 20-50 +3 dB/Octave +3 dB/Octave
AssemblyandSecondaxy 50-800 0.15 0.30
supportStnlcturesWith 800-2000 -6 dBIOctave 4 dB/Octave
ComponentMassc 25 2000 0.024 0.048
Lbs Unless Specified
Separately. overall 13.70 Gm, 19.37 G~,

20 0.032 0.064
20-50 +3 (iB/octave +3 dB/Octave

_s~79.0 Lbs) 50-800 0.08 0.16
800-2000 +5 dB/Octave -6 dB/Octave
2000 0.0128 0.0256

overall 10.02 G~~ 14.17 G=

20 0.04 0.08
Ssu 20-50 +3 dB/Octave +3 dB/Octave

@hSS -83.8 Lbs) 50-800 0.10 020
800-2000 -6 dB/Octave 4 dBloctave

(TBR-14) 2000 0.016 0.032

overall 11.20 Gm, 15.84 Gm~

20 0.06 0.12
Css 20-50 +3 dB/Octave +3 dB/Octave

50-800 0.15 0.30
800-2000 -6 dB/Octave -6 dB/Octave

(TBR-15) 2000 0.024 0.048

Ovem.11 13.70 Gm, 19.37 Gm~

Note: 1) Acceptance/Protoflight ‘l&t Duration = 1 minutehxis.
2) Qualifkation TestDuration -2 minuteshxis.
3) Random vibration input is specifkd at the interface points of the assembled

components and their mounting structures.
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10.92.11 Sine Vibration TestEmironment

The sinevibmtiontest environment for the EOS-AM Spacecraftmajor assemblies is specified in
the following subsecth. The following notes apply to the environments

1.

2.

3.

4.

5.

6.

7.

Acceptance levels depict maximum expected flight levels.

QuaMcation levels depict 1.25 times maximum expected flight levels and
apply to both Protoflight and prototype (nonflight)hardware.

Test axes arc in spacecraft coordinate axes.

It is acceptable to use on&Herr.z-wideaccelerationrampsfor changingtest
“g” levels attest acceleration profde steps, provided the plateau frequency
bandwidthsdepicted above are maintained

Sweep me for acceptance and Protoflight hardware is 4 octaveshninute;
sweep rate for prototype (nonflight) hardware is 2 Octave#minute.

Equipment mounting to the vibration test fmtuxc shall be similar to the
installation to the flight spacecrall includingany interfacethermal washers,
kinematic mounts or other mounting hardware. All mounting fasteners,
pmloads and locking features shall be similar to the flight installation. Test
input levels shti be applied at the spacecmft side of the kinematic mounts,
i.e., the interface between the kinematic mounts and spawzraft primary
structure.

Ifmquim@ the vibration test levels shall be notchedso as not to exceed 1.25
- the fiual design loads cycle results, as determinedby low-level sweep
prior to the protofhght level test in each axis.

Spacecraft housekeeping equipment is defined as those required to support the operation of the
Spacecrak The sine vibration test environments are specifkd for Spacecraft housekeeping
equipment major assemblies, Le., equipment modules, propulsion module, solar may, and HGA,
and m provided in Tables XXXIV through XLIV.

Table XXXIV. Sinusoidal Sweep Vibration Test Levels for the PropulAon Module

SpaeGCraftX (Thrust) Axis
1 Spaoeedt X (TIuwst) Axis

Frequency @z) Protoflight Level (G’s) Frequency (H@
1 AcceptanceLevel

(G’s)

5t07 0.5 in D.A. 0.5 in D.A.

7 to 12 1.2

12 to 50 0.7

Spaeecmft Y and Z (lateral) Axes SpacecraftY and Z (Lateral)Axes

Frq..ency (Hz) Protoflight Level (G’s) Frequency(Hz) AcceptanceLevel
(G’s)

5t06 0.5 in D.A. 5t06 0.5 in D.A.

6 to 50 1 6 to 50 0.8
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Tkble xXXV. siiusd~ Sweep Vibmtion Test Levels for the E@I G* Au-

spacecraft x (Thrust MS)
Space* X (Thrust Axis)

~tdight LeveJ (G’s) ~uency m) .Flequency C@
Acceptance Level

(G’s)

5t08 0.5 in D.A. 5t07 05 in D.A.

15 7 to 50 1.2
8 to 50

~
~

FrequencY @) Protoflight Level (G’s) Frequency @) Acceptance Level
(G$s)

5toll 0.5 in D.A. 5 to 10 05 in DA.

11to50 3.3 10to 50 2.64

Table XXXVL Sinusoidal Sweep Vibration Test Levels for the solar ArMy -mbly

Spacecmft X -) ~~ I
Spacecmfi X (Thrust) Axis

Frequency ~) l%oto~ht LE?Vd (G’s) Frequency W) Accep-ce Level
(G’s)

5t07 0.5 in D.A.
0.5 in D.A.

127t050

Spacecti Y and Z (Lateral) -es Spa- Y and Z (Lateral) Axes

FN?quency (-H@ Frotofli@ Uvel (G’s) Frequency W@ Accepta- LWel

(G’s)

5t09 0.5 in D.A. 5t08 0.5 in DA.

2.0 8 to 50 1.6
9 to 50

i

‘ihble XXXVIL Siusoidal Sweep Vlbmtion Test Levels for the Solar Array Drive

spacecraft x (Thrust) - I
Spacecmft X (Thrust) Axis

Frequency @) Protoflight Level (G’s) Frequency@) Accep~ce Level
(G’s)

5t07 0.5 in D.A. 0.5 in D.A.

127t050

Spacecti Y and Z (Lateral) Axes Spacecti Y and Z (Lated) Axes

Frequency (II@ Protoflight bVd (G’s) Frequency@) Accep~ LtWd

(G’s)

5t07 0.5 in DA. 5t07 0.5 in D.A.

7 to 50 1.5 7 to 50 1.2

b
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Table XXXVIIL Sinusoidal Sweep Vibration T- Levels for the Power EM

spacecraft x (Thrust) Axis

Frequency(Hz) ProtoflighthVd (G’S)

I 5t07

I

0.5 in D.A.

7 to 50 1.1

I SpacecraftY and Z (Me@ Axes

r
Protoflight Imel (G’s)

0.5 in D.A.

0.9

Spacecraft X (Thrust) Axis I
Frequericy (Hz) I Acceptance Level I

I (G’s) I
5t06 I 05 in D.A. 1

6 to 50 0.88

Spacecraft Y and Z (Lateral) Axes

Frequency(Hz) AcceptanceLevel
(G’s)

3105 I 05 in D.A. I
5 to 50 I 0.72 I

TableXXXIX. Sinusoidal Sweep Vibration TestLevels for the Comm/C8J.lHEM

Spacecraft X (Thrust) Axis

Frequency(Hz) Protoflighttivel (G’s)

5t07

I 0.5 in D.A.
7 to 22 12

22 to 50
4

Spacecraft Y and Z (Me@ Axes

Frequency (Hz) Protoflight Level (G’s)

I 5 to 10

I

0.5 in D.A.

10 to 45 2.7

I 45 to 50 / 0.5

SpacecraftX (Thrust) Axis
Frequency(Hz) AcceptanceLevel

(G’s)

5t06 05 inD.A.

6 to 22 0.96

22 to 50 0.64

SpacecraftY and Z (Lateral) Axes

Frequency(HZ) AcceptanceLevel
(G’s)

5t09 05 in DA.

9 to 45 2.16

45 to 50 0.40
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‘IhbleXL Sinusoidal Sweep Vibndion ‘fist Levels for the RecorderEquipmentModule

spacecraft x (Thrust)~ spacecraft x (Thrust)Axis

Frequency(HZ) ProtoflightLevel (G’s) Frequency(HZ) AcceptanceLWd

(G’s)

5t07 0.5 in D.A. 5t06 0.5 in D.A.

7 to 22 12 6to 12 0.96

22 to 50 0.8 12 to 50 0.64

Spacecmft Y and Z (Lateral) Axes Spacecraft Y and Z (Lateral) Axes

Frequency (Hz) Protoflight LeveI (G’s) Frequency (Hz) Acceptance Level
(G’s)

5t07 0.5 in D.A. 5t07 03 in DA.

7 to 50 1.4 7 to 50 1.12

TableXIX. Sinusoidal SweepVibration‘IkstLevels for the GN&CSensor EM

I Space!cmftx (Thnlst) Axis I Spacecraft X (Thrust) &is

Frequency (II.@ ProtoflightLeveI(G’s) Frequency(I@ AcceptanceLevel
(G’s)

5t07 0,5 in D.A. 5t06 05 in DA

7t022 12 6t022 o.%

22 to 50 05 22 to 50 0.40
1

Spacecmft Y and Z (Later@ Axes Spacemft Y and Z (Lateral) Axes

I Frequency (Hz)
I
Protoflight LeveI(G’s)

5t08 0.5 in DA.

8 to 50 i 1.6

Frequency (HZ) I Acceptance bVd -

(G’s)

5t07 I 0.5 in D.A.

7 to 50 I 1.28
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TabieXLIL Sinusoidal Sweep VibrationTest

spacecraft x (Thrust) Axis

Fkquency (H@ Protoflight Level (G’s)

5t07 0.5 in D.A.

7 to 22 1.2

22 to 50 0.8

SpacecraftY and Z (Lateral)Axes

Frequency(II@ ProtoflighthWd (G’s)

=
~elsfor the RWA Equipment Module

Spacecraft X (Thrust) Axis

Frequency (Hz) Acceptance Level
(G’s)

5t06 0.5 in D.A.

6 to 16 0.96

16to 50 0.64

Spacecraft Y and Z (LateraI) Axes

Frequency (Hz) I Acceptance Level
(G’s)

5t08 0,5 in D.A.

8t024 1.76

24 to 50 0.8

Table XLllL Sinusoidal Sweep VibrationTestLevels for the DAS Panel

I spacecraftx (Thrust) Axis

I Frequency (Hz)
I
Protoflight LWd (G’s)

Spacec&ft X (Thru&) A&s I
Frequency (Hz) I Acceptance Level

(G’s) I
■ I

5t07 0.5 in D.A. 5t06 05 in D.A.

7t022 1.2 6 to 22 0.96

22 to 50 0.8 22 to 50 0.64
L

Spacemlft Y and z (Lateral)Axes 1 SpacecraftY and Z (Lateral) &es

Frequency (f@ Protoflight Level (G’s) Frequency(Hz) AcceptanceLevel
(G’s)

I 5t07

1

0.5 in D.A.

I

5t06 I 0.5 in D.A.

7 to 50 1.1 6 to 50 0.88 I
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lhble XLIV. Siiusoidual Sweep Vlbrati{

Spaeeeraft x (Thrust)Axis
Frequeney (HZ) Protdight UmI (G’s)

5t07 0.5 in D.A.

7 to 22 12

22 to 50 0.8

Spacecraft Y and Z (MeraI) Axes

Frequency (HZ) Protoflight Lev(d (G’s)

5t07 0.5 in D.A.

7 to 50 1.1

c
Test Levels for the Battery PaneI

spacecraftx (’Thrust)Axis
Frequeney (HZ) Acceptance LWd ~

(G’s)

5t06 0.5 in D.A.

6 to 12 0.96

12to 50 0.64

Spacecraft Y and Z (Lateral) Axes

Requeney (HZ) Acceptance h%’d

(G’s)

5t06 03 inD.A.

6 to 50 0.88

10.9.2.12 Shock Envimunent

Spaceaaft equipment shall be capable of withstanding, without degradation, shock environments

msuking from activation of Spacecraft separationkieployment devices. T%e maximum expected
flight shockenvironment input foreach spacaaftassembly isexpremed in terms ofshockresponse

spectrum and is spezifkd in Figure 4 with a peak value of the shock mponse spectrum as specified

in ‘IkblcXLV. ‘l”heshockinputs are specfled at the interface points betweeneach assembly and its
mounting structure. Individual components mounted within the assembly shall be designed to the
level specifkd for that assembly. For compcmentsmounted to brachts, the shock input shall be
assumedto beat the intexfacebetweenthemountingpanelandthe bracke~ Theverificationtest level
shall be L4times the maximumexpectedfligbt shocklevelunlessan actual separationdeviceisused
to produce the test shock
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TableXLV.
s

Maximum kpected Flight Shock Levels for Flight Hardware (TBR-16)

Equipment I Shock Response SpectrumG-

EquipmentModules and Panels

Power EM I 1700
4

Recorder EM 420

Comxn/C&DHEM 180

GN&C Sensor EM 220

RWAEM 520

Battery Panel 1700

DAS Panel 2200

CPHTS Radiator Panels 520

To~ue Rod (Bay 1, -Y side) Panel 2200

DAS #htenna Panel 420

~TER VSR IMP 220

CERES IMP 17(X)

Other Mqjor Asaembliea

solar kray

-~ Module

2400

5200

lHGA 800

1~ ems Components I

IS-Band Omni Antennas I 520 I

(1) Ma single component design is used in multiplchcations, the womt case peak shock shall
be imposed on the design and documented in tie component specKlcation.
(2) Levels deaived from Reference j.
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20 SMS COMMAND AND ‘mmMETRY LIST(TBR-17)

20.1 Command Requirements

The SMS commandsare defined in ‘IhbleXWI.

Table XLWI. SMS Command List

Itmmperation Function ‘VP Quantity

HGA Release Awy Control 1-5 (A) Enable Relay 5

HGA Release Assy Control 1-5 (B) Enable Relay 5

HGA Release Assy Control 1-5 (A) Disable Relay 5

HGA Release Assy Control 1-5 (B) Disable Relay 5

HGA Release Assy Control 1-5 (A] Fim Relay 5

HGA Release Assy Control 1-5 (B) FiR Relay 5

2&2 Telemetry Requirements

The SMS telemetxyare defined in ‘IkbleXL+

‘Ikble XLVIL SMS ‘hlemetry W

Item/operation

HGA Deployment Hinge Potentiometer @rimaIY)

IHGA Deployment Hinge Potmtiometer (SeCondaIY)

SAD Rotation Angle Potentiometer &rimary)

{SAD Rotation AnglePotcnti&mter(Secondary)

Function I Quantity I

Position Telemetry I 1 I
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1 SCOPE

1.1 Identification

This specflcation establishesthe performance,design,developmen~and test requirementsfor the
Thermal Control Subsystem (TCS) of the Earth Observing System (EOS) Spacecraft. These
requirements are derived from the ConlxactEnd Item (CEI) Specflcation, PS2(M)053%,and the
documents it cites.
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2 APPLICABLE DOCUMENTS

2.1 c%’ernrnent Documents

The following documents of the exact issue shownforma part of this specflcation to the extent
SpWifkdherein.

In the event of a contlict between the documents refemced below and the contents of this
spciflcation, the contents of this specificationshall take pecedence, except as defined in Section
3.6.2 herein.

2.1.1 NASADocuments

421-10-01
1 May, 1992

420-0542
13 November 1992

420-0342
15 April, 19921December 1992

421-12-1141
29 hXIUUY1993

421-12-04-01
CH42, 24 March 1993

421-12-12-02
15 March 1993

421-12-03-02
date (TBD-1)

421-12-15+2
date (TBD-2]

NHB53(K).4(3A-1)
December 1976

2.1.2 Military Documents

MIL-STD-1522A
28 May, 1984

WSMCR-127-1
December 1989

RequirementsDocument@D) for the EOS-AM
spamraft

PerformanceAssuranceRequirements (PAR)for
the EOS Spacecraft

General InstrumentInterfaceSpecKlcation(GIIS)
for EOS

UniqueInstrumentInterfaceDocument (UUD)for
the AdvancedSpaceborneThermalEmission and
ReflectionRadiometer (ASTER)

UniqueInstrumentInterfaceDocument for the
Moderate-ResolutionImagingSpectrometer
(MODIS)-Rev A

UniqueInstrumentInterfaceDocumentfor the
Clouds and the Earth’sRadiantEneqgySystem
(CERES)

UniqueInstrumentInterfaceDocument for the
Multi-Angle Imaging Spectroradiometer
(MISR)

UniqueInstrument InterfaceDocumentfor the
Measurementof Pollution in the Troposphere
(MOPITT)

WorkmanshipSpecification

StandardGeneralRequirementsfor Safe Design
and Operationof PressurizedMissiles and Space
Systems

WesternSpace and Missile CenterRange Safety
Regulations
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2.2 Non-Government Documents

The following documents of the latest issue shown, forma part of this specifkation to the extent
specifiedherein. In the event of conflict betweenthe documentsreferencedherein and the contents
ofthis spedcation, thecontentsof this specflcation shallbe considered supersedingnxpiremen~
except for higher documents.

2201 Martin Marietta Astro Space Documents

IS20008503
30 April 1993

PS20005396

1S20008501

PS20005404

PN20005404

PN20005869

PN20005397
18March 1992

PN200051412
12May 1992

20008536
13January 1993

PN20008652

PN20008664
30 September 1992

20008648

PN20008650
18 March 1992

PN20008607
15June 1992

PN20008608
15June 1992

DCC072093

Launch VehicleInterface Requhements Document

Contract =d Item (CEI) SpecKlcation,(SEP-101)

General Interface Specification (GIS) for the Earth
Observing System, (ICW101)

Vetilcation Specifkation for the Earth Observing
System (VRD-11O)

Verifkation Plan for the Earth Obsaing System
Wloo)

Electromagnetic Compatibtity (EMC) Control
Plan, (SEP-106)

product AssuranceImplementationPlan, (PA-1OO)

Contamination Control Plan

EOS-AM Spacecraft $pecifhtion lhe

critical Items List, PA-51O

ComprehensiveTest Plan

Program AuthorizedPans List

Program Approved Materials andProcesses
Selection List, (F’A460)

Ground Rules and Assumptionsfor Failure Modes
and Effects Analysis (FMEA)

Ground Rules and Assumptionsfor Reliability
Asessment
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PS20008555
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PS20008790

PS20008791
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EOS-AMSpaceaaft FlightSoflxmreSystem
Requirements Specification

EOS–AMCPHTSEDM Coldplate

EOS-AMCPHTS FlightColdplate

EOS-AMCPHTS EDMHeatPipeHeat Exchanger

EOS-AMCPHTS FlightHeatPipeHeat Exchanger

EOS-AM CPHTSEDM C(XIP

EOS-AM CPHTSFlight C(XIP

EOS-AM CPHTSEDM Fluid Resemoir

EOS-AM CPHTSFlight Fluid Reservoir

EOS-AM CPHTSEJIIMNCG Trap

EOS-AM CPHTSFlight NCG ‘klp

EOS-AM CPHTSEDM Fill and Drain Valve

EOS-AM CPHTSFlight Fill and Drain Valve

EOS-AM Equipment Module EDM VCHP (draft)

EOS-AM Equipment ModuleFlight VCHP (draft)

EOS-AM Equipment Module EDM CCHP

EOS-AM Equipment Module Flight CCHP (draft)

EOS-AM TCS Heater Specification(draft)

EOS-AM TCS Thermistor Specillcation (draft)

EOS–AMTCS TemperatureSensor Specification
(draft)

EOS-AM TCS Themlostat Specflcation (draft)

EOS-AM TCS HCE Speci13cation(Type2) (draft)

EOS-AM TCS HCE Specii3cation(Type3) (drafl)

EOS-AM TCS HCE Specii3cation(T)qx 4)(draft)

EOS-AM TCS HCE Specification ~pe 5) (draft)
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PS2OO4O1O8

PS20040046

20043119

IW20008813
14 May 1993

ICD20008823
03 June 1993-

ICD-20008833
18December 1992

ICD-20008843
09 April 1993

ICD-20008853
date (TBD-3)

source

EOS-AM CPHTSEDM Flexible Metal Line

EOS-AM CPHTSEDM AbsolutehSSUR Switch

Ground System RequirementsDatabase

Intetiace Control Drawing (ICD), Thermal, Earth
Obseming System to ASTER

Interface Control Drawing,Thermal, Earth
Obseming System to CERES

Interface control Drawing,Thermal, Earth
Obsewing System to MISR

Interface Control Drawing, Them@ Earth
Observing System to MODIS

Interface ControlDrawing, l“hennal, Eaxtb
Observing System to MOPITT

Martin Maxietta+MroSpace
P. O. BOX800
Princeton, NJ 08543-0800
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3 REQUIREMENTS

The TCS shall meet all performancerequirementsspecifkd herein.

3.1 TCS Definition

The TCS maintains all Spacecrafthousekeepingequipmentand Instrumentinterfacetemperatures
within allowable temperature limits, thermal gradients, and temperature tnuisition limits, for all
planned environmentaland thermal loading conditionsencountmd duringintegrationand testing,
prelaunch, launchhcen~ and orbital phases of the EOS AM Spacecraft

The TCS functions arc accomplished using both passive (surface ftihes, mukilayer insulation
(MU), equipment location, selective conductive couplings, etc.) and active (equipment module
(EM) heat pipe radiators, connection to a CapillaryPump Heat TransportSystem (CPHTS),and
heaters) thermal control techniques.

During I&T and prelaunchphases, nonflight control systemswill augmentthe flight TCS.

3.1.1 TCS Diagrams

A functional block diagram of the TCS is shownin Figure 1.

3.12 Interfhce Definition

3.1.2.1 Functional Interface Requirements

The fictional intiaces for the TCS are shownin ‘fhbleI.

3.1.2.1.1 TCS/Software Logical Interfaces

The TCS shall accept com&nds from the Commandand Data Handling(C&DH)Subsystemvia
the Bus Data Unit (BDU), including any ground-initiated override commands of autonomous
reconllguration actions.

3.1.2.1.2 TCS/C&DH Logical Interfaces

[1] The TCS shall accept command inputs received by the Spacecraft from ground control
which include heater controller commands. Aground commandoverrideshall be provided
to permit groundinitiateddisablingandset-point changes,if applicable,of all automatically
controlled heaters.

[2] The Spacecmft TCS telemetry to be recorded and sent to ground control shall include
temperature sensor data, pressure switch data, heater status, and heater set-point
temperature, as applicable. All mission-critical telemetry shall be designed with
redundancy.

[3] The TCS components shall be comrnandableto known states nsgardlessof earlier states.
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Table

Input I source
Thamal Subsystem components, &
dissipation actively Caltrolled

Instruments

IElecuical EPs
Power

I
Elearicat EPs
Power

CoqKmnt Teq sawfs, RSSswtik
Data StanlsIeIays

Modng SMS
support

, TCS h’lCtiOIld hlhI’ihCeS

Activity & output Destination Made

S/cqxxmion H/-w Heat Space dl

= Voltage H/w secondary HCE all
Vcfatages circuitry

= Voltage H/w Heat Heater all
Caluolled
Ccmpcments

Ccmpanentand H/w, Voltage C&DH all
InstrumentInterface S/w
monitoring

Enable andh Siw command Heater all
ovaide heater controlled
switching enabkkiisable components
Smlcnlxalsupport H/w stress Smlcture all

3.13.2 Physical Interfaee Requirements

TheTCSsluillcomplywiththeelectrical,mechanicala.ndthexmalinterfacerequirementsas defined
in the GIS, 1S20008501,Sections 3.0,4.0 and 5.0.

3.1.2.2.1 TCSAnstmnent Interfaces

TCS components mounted on Instrument support structm shall comply with the General
Instrument Interface Spectication (GIIS) 42(LW-02 and UIIDs. The TCS inttxfaces with
Instrumentsare defined in the InstrumentThexmalInterfaceControldrawings (20008813ASTER,
20008823CERES, 20008833MISR, 20008843MODIS,20008853MOPIIT).

3.1.2.23 TCS/Appenilage Interfaces

The TCS interfaces with major Spacecraft appendages (e.g., Solar Amy, PS2008514, and High
GainAntennz F’S20008513]aredefinedin theMechanicalInterfaceControldrawingsandContract
End Item Specifications.

3.1.2.2J Electrical I.nterfaees

The TCS componentsshall use EPS-provided electricalpower based on bus voltages of 120Vdc
or 28 Vdc.

3.L2.2.4 TCS/I&T Physical Interkes

[1] TheTCS shallbedesignedto allowgroundtestingoftherrmdcomponentsatbothcomponent
and spacecraft levels.

[2] The TCS shall provi& intetiaces to GSE as required to allow Spacecraft testing in an
ambient I&T environmentwithout exceedingcomponenttemptzmure limits.
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3.12.25 TCWELVPhysical Interfkes

The TCSdesign shallcomply with the requirementsof the LaunchVehicleInterfaceRequirements
Document, IS20008503.

3.103 Major Component List

TableII lists the rnajorcomponmts of theTCS. Basicmxpdrementsforth.isequipmentare described
in section 3.7.

Table IL TCS Ma.ior Com~onents. .

O@ I Major Function (Lo=tion)SE Component

UPU WX Heat transfer
Mwmbly

CapU.ky Coldplate
Interface Gasket
Fluid Lines
Radiamr structure
Heat Pipe Heat Exchanger
Radiator CCHPS
Reservoir
FiWDminValve
Non CondensableGas ‘lYap
Pressure Switch

111EM VariableConductanceHeat
Pipe(VCHP)
EMConstant ConductanceHeat
Pipe(ccHP)
HeaterControl Electronics (HCE)
Multi-layer Insulation
Heaters

Texnpmture Sensors

Thermistors

Thermostats

Thenrud Coatings

-.

3 Three systemsprovide independent
Instrument Interface active thermal control
for ASIER- TIR, ASTER-SWIR, and

[MOPITI’.

8 I‘IR EM structureand equipment temperature
modulation

24 Heat sprea&rs in the EMs

63 Controls heater operation
AR Radiatively isolates structures and equipment
AR Actively maintainstructure and components

above minimumallowable
(opemtiontinon-o~mtion~smivd)
tempemturelimits

3922 Monitor structureand equipment
(TBR-1) tempemmms

332 Provides temperature inputs to HCES

Notes 1 AR - “As required” quantity

(TBR-2)
156 Provides ordoffsignal to HCE for heater

I(TBR-3) control
Provide temp inputs to PM HCES.Provide
over/under temp protectionfor CPHTS and
Batte~ HCEs. --

AR Passively control structure and equipment
temperatures

2 Not including Instrument and certain component internal telemetry
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3.2 characteristics

3.2.1 TCS Performance

In general,the TCS shallmaintainall SpacecraftcomponentsandInstrumentinterfaceswithin their
allowable temperature ranges. These requirements shall be maintained during the environments
specifkxlin Section 3.2.7.

3.2.1.1 Instrument TCS Accommodation

3.2.1.1.1 Instrument Interlhce Temperature Control

[1] The TCS shall maintain instrument mechanical mounting interfhcetemperatures between
0° and 30”Cfor all operating modes and between-25° and 50”Cfor suwival modes.

[2] For actively-trolled Instruments,the TCS shallmaintainthe coldplatesurfacemounting
temperature between20° and 25°C during all coldplateheat load conditionsbetween 10%
of the maximum specifkd coldplatecapacity,and 100%of the Instrument projectedloads.
Duxingsurvivalmode theTCS shall maintain the coldplatemountingsurfacebetween-25°
and50°C.The interfacebetweenthe CHITS coldplate andInstrumentshall use a mounting
bolt armngement as specifkd in the Instrument TICD and a gasket interface material
betweenInstrument and coldplate surfaces.

3.2.1.12 Local Instrument Thermal control

[1] Local instrumentthermal control will be designti definedand providedby the Instrument
Provider.

[2] TheTCSshallcomplywiththe requiredInstruments’fields-of-view (includingtheradiator
fields-of-view) defined in the Instrument ICDS.

3.2.1.1.3 Spacecraft-Provided Instmrnent Thermal Control

TheTCS shallautonomouslyprovidethree instrumentthermal controlCPHTSS,includingoneeach
for MOPITI’,ASTER-TIR, md ASTER-SWIR. Each CHIT’Sshall consist of a fully redundan~
two-phase, active closed-loop system.In addition,each CPHTScoldplateshall have provisionfor
enabling separate (to the flight system) auxiliary ground cooling capabilities.

3.2.1.1.3.1 CPHTS Leak Detection

[1] The TCS CPHTS shall incorporate pressure sensors which enable the detection of leaks
on+rbit, The CPHTS design shall allow accessibility by leak detection apparatus at the
highest level of assembly,as practical.

[2] The Spacecraft and/or ground support equipment (GSE) shall incorporate the necessary
sensors to enable the detection, location, and repair of leaks in the TCS during ground
operations.

3.2.1.2 Spacecraft Housekeeping Equipment Temperature Control

Housekeepingtemperature requirements are listed in Appendix III.
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[1] The TCS shall autonomouslymaintain Spacecraft housekeeping components within the
temperature ranges specified in Table Xl of Appendix III during the planned mission
phases/modes.

[2] The TCSshall provideEM radiator panels to enable equipmentheat rejection to space. The
panels may containCCHPS,or conductivefacesheets, to uniformly spread equipmenthea~

[3] EMradiatorpanelsand otherSpacecrafi areasdesignatedas thermalradiators shallbecoated
with materialshavinga lowratio of solar absorptance(a) to IR emittance (E),to providethe
required heat rejection capability.

[4] Multi-layer Insulation andbr low &material shall be used to radiatively isolate selected
structure and components,as rt@re&

[5] The TCS shti minimim housekeepingequipment heater power requirements.

3.2.13 Telemetry

[1] The TCS shall providetemperature,heater status, and pressure teleme@ysensomto obtain
health snd status information,monitor criticaI component temperaturesand TCS functions
(see AppendixII), and assist in fault detection and ccmection.

[2) TCS telemetry shall be available in all ground and flight phases of the mission.

[3] The telemetrycontentshallremainconstantarnongmodesto theextent suchdata is available
in each given mode.

3.2.1.4 Commandability

The TCS commands are listed in Appendix I.

[1] The TCS shall accep~and execute upon receip~ all commands.

[2] The TCS shall accept and execute conunands to ovti& or inhibit the execution of
automatic functions.

[3] No single TCS or TCS componentcommand shall place the Spacecraft, any subsystem, or
any other componentinto a configurationfrom which it cannot recover.

[4] During normal operations, the TCS shall not rely on sny ground commands to meet
tempmture maintenancerequirements.

3.2.1.5 Heater Requirements

The TCS shall provideheatersand control capabilityfor all componentslisted in TableIII. Heaters
and controllers shall be functionallyredundant

3.2.1.6 Thermal Margins and Uncertainties

3.2.1.6.1 Modelling Uncertainties

To ensure adequate TCS design margins,a iS”C value for modelling uncertainties shall be applied
to all computer-output temperaturepredictions through the design phase of the program (prior to
Spacecraft thermal balance testing).
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Table HI. Heater Contd System Summary

Location(BDU)& voltage Quantityl Typeof set Point Max comments
Component w) Controlz rcp Power(w)

m)
Battery 120 2 5 -5 ~
PEMBPCl&2 120 1 2 -lo ~4
PEMPDU 120 1 2 -lo ~4
PEMFSSH 120 1 2 -lo -~
RWA 120 4 2 -lo ~
REMDCU 120 2 2 -lo ~
REMBDU 120 1 2 -lo ~4
REMDlvKJ 120 1 2 -20 NaX@emticxud
REMKsA/sFE 120 1 2 -20 Nan-@emicmal
REMDASMod 120 1 2 -20 Nca-Ope@Onal
SEMBDU 120 1 2 -lo ~4
SEMIRu 120 1 2 +10 ~
SEMMAG 120 2 2 -lo ~
SEMSTA 120 1 2 -20 Nem-0pmimwd4
SEMSTA 120 1 2 -lo ~
CEMScc 120 2 2 -lo ~
CEMSBKJ 120 1 2 -lo ~
CEMBRWFDB 120 1 2 -lo ~
cEMcTlu 120 2 2 -lo ~
CEMSAD 120 1 1 -lo ~
CEMSsu 120 1 1 -lo ~
CEMHGAHinge 120 1 1 +30u startup
DASBDU/FDB 120 1 2 -10 ~’
DAsXmtim 120 1 2 -20 NOn-C@emonal
PMTCV 28 4 4 +12 ~
CPHTSResermr 120 6 3 -10/+30 Variablesetpoint
CPHTSColdplate 120 3 2 -25 Nm-Opermonal
CPHTSHPHX 120 3 2 -25 Ncm-Opemonal
CPHTSVaporLines 120 9 2 +45 StartUp htrs

CPHTSColdPlate 120 3 2 +45 StartUp htrs

IBDU 120 3 2 -10 @@-
Notes: 1 Number of heater control circuits (each onefully redundant)

2 Refer to HCE types in section 3.7.2.3
3 Heater turn on temperature
4 Used in Survival mode
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322 operational Phases

The SpacecraftTCS operatingstates associatedwith the Spacecmftoperatingphases and modesas
definedby the CEI SpecifkationPS200053%, Table~ aredefmedinthefollotig paragraphs.Key
environmental parameters for the thermal analysis cases am defined in Table IV.

Table W. Key Thermal Design/Analysis Cases Envix

Misson Phase Mode

m-:
IScienceEOL IScience I13s 10911

mm . 18.0 0910
mm “ 30.8 0.860

ScienceBOL Science 15.0 0.871
“* m 22.0 0.871
“ *9 W 30.0 0.901

SurvivalBOL Suxvival 15.0 0.871
.“ n 22.0 0.871
““ n 30.0 0.901

SPSMEOL Safe 30.8 0.860
w. m 30.8 0.860

SPSMBOL Safe 15.0 0.871
w. w 15.0 0871

OAI:
OAI BOL Survival 15.0 0.871

“ 9. “ 22.0 0.871
“ m “ 30.0 ~0.901

OAISafe Safe 15.0 10.871

mmental

rAlbedo%
+

-

0336
10336
I0315
I03]5

~0315
10315
0315

~

0315
0336
0336
10315
‘0315

E
I0315

+-

0315
0315
0.315

s0.157 705
0.155 “
0.155 “
0.148 705
‘0.148 “
0.148 “

i=l=-
%-+

10.148 1550X705

=+=

O.l& “
0.148 “
0.148 550X705
0.148 “

3.2.2.1 PreIaunch Phase

On-stand, the air within the launch vehicle fairing shall be held within the temperatures specified
in 1S20008503. The CPHTSshall not be operational dtning the prelaunch mode. Conditioned air
provided by the launch vehicle shall supplement equipment cooling.

3.2.2.2 Launch/Ascent Phase

The TCS shall maintain non-operating design temperatures for all non-operating equipment and
operating temperatures for all operatingequipment.The CPHTSshall not be operationalduring the
launch and ascent phase. Primary
required.

(operational/survival) heaters shall nomudly be enabled as
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30223 Orbit Acquisition Initialization Phase

The TCS shall maintainnon-operating design tempemturesfor all nonoperating equipment and
operatingtempemtumsfor all operatingequipment The CPHTSshallnot be operational. Primary
(operationallsmiva.1)heaters shallnormally be enabled as required.

3.22.4 Orbit Acquisition Phase

The TCS shall maintain non~rating design temperatures for all nonoperating equipment and
operatingtempemturesfor all operatingequipment.The CPHTSshallnot be operational. Primary
(operationalkirvivd) heaters shallnormally be enabled as required.

3.2.2.5 Operational Initialization Phase

The TCS shall maintainnon+pemting design tempemturesfor all non-operating equipment and
operating temperatures for all operating equipment. The Flight Operations team will perform
start-up andcheck-out proceduresfor theCPHTSduringthisphase. Primary (operational/survival)
heaters shall normallybe enabled as required.

3.23.6 operational Phase
[1]

[2]

[3]

[4]

[5]

During Science mode, the TCS shall maintain all spacecraft operating components, and
Instrument interfaces, within their allowable operational temperature limits, and
non-operating componentswithin their non-operating design limits.
The TCS shalldesignfor up to 20 minutesper tilt of ‘IDRSSsingle accessservicedivided
into an average of two or fewer contacts per orbit. The TCS shall also support a missed
TDRSS contacGas well as operations requi.mdto make up the missed contact.
The CPH’ISshallnormallybe opemional. WhenactivelycontrolledInstrumentsare in their
nonoperational mode (i.e., non-operational except for heaters), the coldplate interface
temperatureshallbemaintainedat-25° to 50°C.Primary(operationalhon+perational) and
back-up beaten shall normally be enabled as nquired.

Duringnon-operational modes,the TCS shall maintainnon-operating designtemperatures
for all non-operating equipmentand operating temperatures for all operating equipment,
=WY (W~~Wnon-oWration@ and back-up heaters shall normally be enabled as

.
Ona case-by-casebasis, certainoperatingandnon-operating comwnents mayexceedtheir
respective opemtional or non-operational temperature limik durkg a single failure case.
Opemtionaland non-operational qua.Mcation limits shall not be exceeded.

3.2.2.7 End of Mission Phase

Heaters shall normally be enabled.

3.2.3 Physical Characteristics

3.23.1 Mas

[1] The total weight of the TCS shall not exceed 395 lbs.
[2] The equipment center-of-mass, products of inertia, and mass estimate accuraciesshall be

as speci.fkdin the GIS, 1S20008501,Section 4.
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302302 Durabtity

[1] The TCS shall be made up only of materials and componentscapable of withstanding the
environmentalconditionsspecifiedin Section3.2.7,withoutevidenceof damage as defined
below.

[2) For the mission life, the TCS shall also be capable of withstanding, without evidence of
physical damage (as defined below), any wear due to the functioning of the system.

[3] Damage shall beconsideredtobe anychangein theTCSor componentswhich maydegrade
TCS petiormance to levels below those specifkd herein.

3.233 bYOUt and ~OIIS

The TCS layout and maximumcomponentdimensionsshall be in accordancewith the component
ICDS.

3.23.4 Maintainabtity Impact on Design

[1] To the extent practical, the TCS shall facilitate mainteu= by ~kg fwIcti~Y,
mechanically, and electrically independent from all other Spacecraft elements except as
stated in Section 3.1.2 herein.

[2] ‘Ihe TCS shall be designed to use existing ground support equipment (GSE) to perform
maintenance functions, wherever practical, rather than requiring the design of new
equipment

[3] Spacecraft thermal design and external coatings shall be selected to minimiz ground
maintenance requirements.

3.2.4 Power Charactel%tics

The TCS shall operate per the performancerequirementsspecifkd herein when supplied power as
specifbd in the GIS, IS20008501,Section 3.

3.2.5 Power Usage

The ‘TCSshall draw power within the bounds indicated in Table V.

3.2.6 Reliability

[1] The designgoal for the probabilityof missionsuccess(Ps)fortheTCS shallbe at least0.998
fora missionMeoffive years.Missionsuccessis definedas meetinga.llperformancecriteria
specifkd in Section 3.2.

[2] The TCS reliability program shall comply with the requirements of the PAR, GSFC
42&05-02.

3.2.6.1 Storage Restrictions

Limited-life components which may require change-out during storage shall be identiiled and
tracked in the Critical Items LisG20008652.
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Table V. Power Resome Nmtion

Power Resource Allocation (W)

GroundTestMode 56

Launch/ACent Mode 56

Stan&bv Mode I Am I—.—. . .

Delta-V Mode-Level 01 7BU

Delta-V Mode-Level 22 2%

Science Mode-BOL 2%

Science Mode-EOL 145

Smival Mode 780

Safe Mode-Level 01 Wu

Safe ModeAevel 82 2%
1
— i !

Notes: 1 MaximumTCS power allocationfor this S/C operating modeconesponding to the
maximumS/C thermal dissipation

2 MinimumTCS powerallocationfor this S/C operatingmode correspondingto the
minimum S/C thermal dissipation

3.26.2 Vulnerability Factors

The following steps shall be taken to reduce TCS vulnerability to damage:

[1] RXiiat~ SW U- COVWSduring groundhandling.

[2] TCScomponentswhicharei%gile orothenvise susceptibleto damageshall,whe~ practical,
be guarded or located so as to reduce this susceptibility.

3.2.6.3 Failure Tolerance

[1] The TCS shall be tolerant of any single, credible, hard failure, including a failure in the
Electrical AccommodationSubsystem(EAS) harness servicingthe TCS.

[2] No TCS failure shall induce any other single failure.

[3] AfteranysingleTCSfaihue, theTCSshallcontinueto provideat leastthe minimumsemices
ident.ifkdfor TCS survivalmodewithoutany interruptionswhichmay threatenthe survival
of any Spacecraftcomponentor Instrument.

3.2.6.4 Failure Propagation Restrictions

[1] No single failure shall cause loss of a redundant functional path for any critical function.

[2] No event causing the loss of any critical or non-critical functional path shall result in loss
of the alternate or redundant path.

[3] No single failure of a TCS component shall propagatefailures to other S/C elements.
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30287 Environmental Conditions

[1] The TCS componentsshall remain undamaged during,

[2] snd following exposure to the Protoflight environmental test levels comespondingto the
environments defined in the GIS, 1S20008501Section6.

[3] The TCS and its components shall remain unmg~ during,

[4] and following exposure to the acceptance environmental test levels cmresponding to the
environments defined in the GIS, 1S20008501Section 6.

[5] Test levels shall be as defined in the VerificationSpecifkat.ion,PS20005404.

[6] Damage shall be as defined in Section 3.2.3.2.

[7] Where practical, the TCS shall not impose operationtd constraints due to natural
environment conditions during check+u~ launch, and on-orbit operations.

3.2.7.1 Storage Integration and T@

[1]

[2]

[3]

[4]

The TCS shall be capable of being held fcx testing or stomge for the period defined in
1S20008501 Section 6, under the prelaunch conditions stated there for [1] thermal,
[2] contamination, [3] humidity, and [4] electromagnetic interference (EM), without
stiering any damage as defined above.

Testing of three dimensionalfluid systems in l-g using gravity assist or influx mode shall
be consideredan appropriatespacecrafttest methc@however,thermal system performance
shall be validated at lower levels of assembly in CPHIS or heat pipe rode.

Supplemental cooling methods, e.g., local air conditioning (for EMs and Batteries) or
instrument auxilimycoolingusing the coldplate awdliarycoolingsysterILshallbe provid@
as require4 for ground testing in ambient conditions.

TCS items requiring frequent access during I&T andhr rapid prelaunch maintenance shall
be readily accessible.

3.2.7.2 Shipment

The TCS shall comply with the followingtransportation environmentalrequirements as defined in
1S20008501Section 6: [1] thermal, [2] contamination, [3] “humidity,[4] EMI, [5) loads, and
[6] shock. The Spacecraft is assumed to be horizontal fm all flight transportation snd either
horizontal or vertical for all ground vehicle transportation.

3.2.7.3 Launch

[1] The TCS shall comply with the following launch environmentalrequirements as defined in
1S20008501Section6: [1]thermal, [2]contamination, [3]RadiatedRF, [4)EMI, [5] loads,
[6] shock, [7] pressure, [8] acoustic vibration, [9] lightning and [10] cosmic ray.

[2] The designtemperaturerangesof the Spacecraft shallbe such that they shallnot be exceeded
during prelaunch, launch, snd during flight after the ELV fahing is jettisoned.
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3.2.7.4 On-orbit

The TCS shall comply with the following on-orbit environmental requirements as defined in
1S20008501Sections 5 and 6 [1] thermal, [2] contamination, [3] pressure, [4] EML [5] l~ds,
[6] shock P] orbital debris, [8] micrometeoroids,[9]vibration, [101ch~~ p~cle, [111@m.ic
oxygen, [12] magnetic,and [13] electrostaticdischarge.

3.2.7.4.1 Solar Radiation

The TCS shall be capableof meeting all speci.fkdperformanceduring exposure to solar radiation
of 0.856 W/in2to 0.915 W/in2incident on the Spacecraftthroughoutall phases of spacecraftlife.

3.2.7.4.2 Albedo

The TCS shall meet all specification ptxformancerequirementswhile exposed to earth-reflected
solar (albedo) radiation of 0.311 to 0.336 of total solar radiation incident on the Spacecraft
throughout all phases of spacecraft life.

3.2.7.43 Earth ~ Radiation-

The TCS components shall be capable of meeting the specifkxi performance required during
exposure to incident earth infiard radiation of 0.148 W/in2to 0.157 W/in2.

3.2.7.4.4 Solar Entrapment

The TCS shall protect againstthe adverseeffects of solarentrapmentdue to appendage,equipment
module, or instrumentplacement on the Spacecraft.

3.2.7.5 Electromagnetic Radiation

[1]

[2]

3.2.8

[1]

[2]

3.3

[1]

The TCSshall be compatiblewiththe missionorbit electromagneticradiation environment
and meet the requirementsspecifkd by the EMC ControlPlan, PN20005869.

The TCS and its componentsshall comply with the ionizingradiation &sign nxpi.rements
specifkxlin the GIS, 1S20008501,Section 6.

Hazardous Materials

The TCS shall comply with the requirements for hazardous materials, flammability, and
offgassingspecifkd in PAR,during all handlingof the CPHTSammonia working fluid.

Precautions shall be taken for transportation of the CPHTS ammonia working fluid in
accordancewith the requirements speci.fkdin (TBD-5).

Design And Construction

The TCS shall be of a modular construction to the extent practical to facilitate I&T.
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[2] Standardked hardware,software, dataformatsand pmedums shall be utilized to facilitate
maintenance.

[3] AIl electrical connectors shall be selected , sized , keyed andhr marked to ensure that
incorrect attachment to the matingconnectoris prevented.The connectorsshall attach such
that they cannot be inadvertentlyunlocked during ground operations.

[4] The design of TCS equipment shall include handlingfeatures which reduce the likelihood
of damage to any flight equipment

3.3.1 Parts, Materh@ and Prmeses

Parts, materials, and processesused in the TCS shall be selected andcontrolled in accordancewith
the requirements of section 4 of the GIS, IS20008501.

3.302 Nameplates and Product Marking

[1] AUTCS elements shall be labelled in accordancewith the requirements of section 4 of the
GIS, IS20008501.

[2] Items of identical or similar form which have di&ent functional characteristics shall be
readily identifiable and distinguishablethrough marking or other means.

3.393 Workmanship

Workmanship during fabrication of the TCS electrical components shaUbe in accordance with
NASA StaUd@s as S@fii in NHB 5300.4 (3A 3G-3K).

303.4 Interchmgeability

TCS elements, with the same pm numbers, shall be interchangeableas defiied in section 4 of the
GIS, IS20008501.

3.305 Safety

[1] Measures for personnelsafety shall be taken in all phasesof the design, manufacturing,snd
testing, in order to ensure personnelsafety in accordancewith WSMCR 127-1. The design
shall meet the factors of safety presented in section 4 of the GIS, 1S20008501.

[2] The TCS shall comply with the requirementsof the Safetysectionof theProduct Assursnce
Implementation plan (I?AIP),20005397.

3.35.1 General

[1] Where practical, hazards shall be eliminated or removed through appropriate design
measures.

[2] Remaining hazards shall be controlled through the use of warning devices andhx special
procedures.

[3] Hazards which cannotbe eliminatedorremovedshall, wherepractical,be preventedthrough
incorporation and use of safety devices or features.
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3.3.5.2 Automatic Hazard Detection and S-

[1] Automateddetectionand safingof hazards whichmay causepersonnelinjuryor loss of the
Spacecraft shall be independentof those subsystemsbeing monitored.

[2] Whtze practical, the detectionand safiig of lesser hazards shall also follow this practice.

3.35.3 Safety Interloek Meelmim#I’ eehniques

The Spacecraft Bus shall incorporate safety interlock mechanisms, implemented in hardwm or
software to prevent the execution of pre&fined commands which are potentially hazardous to
persomel or to the Spacecraftwithout prior confirmation or armingby ground operators.

3.3s.4 Liquids and Gasses

[1] The design of TCS componentswhich utilize liquids or gasses shall preclude hazards due
to the release of such fluids dining maintenanceoperations.

[2] CPHTSsystemf~drain valve position (open/closed)shall be readily ascertainedvisually
while on the ground.

[3] CPHTSfluid lines shall be functionally identilable at each end.

3.3.5.5 Presmized vessels

[1] The TCS includes CPHTS components and EM heat pips, which shall be designed to
include the pressurized equipment factors of safety specifkd in section 4 of the GIS,
1S20008501.

[2] All heat pipes and CPHTScomponents shall be consideredpressurizedcomponents,with
the exceptionof the CPHTSreservoir,whichshallbe consideredto be a pressurizedvessel.

3.4 Documentation

3.4.1 Specifications

All parent and compommt specifications associated with this spectilcation are shown in the
EOS-AM SpacecraftSpecificationTree, 20008536.

3.4.2 Drawings

a. SpacecraftMU drawings

b. Instrument TICDs (see 3.1.2.2.1)

c. HCES

3.43 Teehnical Manuals

3.4.4 Test Plans

a. Thermal Control Subsystem TestPlan, PN20008664
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3.45 Test Procedures

a. TCSSubsystem h_m, ~AIC-2~8549

b. TCS FunctionalTest TP-FIE-20008549

c. TCS ComprehensivePerformanceTes~ TP-CPTE-2~8549

d TCS AlivenessTes~TP-AT-20008549

3.406 Imtallation Instructions

a. spacecraft MU installation drawing

3.4.7 Software Documentation

All Computer Software Conjuration Items (CSCIS) shall be documented as spec~led in the
SofhvareManagementPlan, 20008655.

3.43 Operational Requirements

AU operational requirements and constraints shall be documented in the Ground System
RequirementsDatabase,20043119.

3.s.1 Maintenance

The TCS shall be designedto require no maintenance after testing other than that required during
long periods of storage.TCS equipment shall be accessible during these periods.

3.6 Preeedenee

3.6.1 Pmeedence of Design Criteria

TCS &sign decisionsshall be madeto accommodatethe following design criteria in the following
order of precedence:

a. Safety

b. Petiormance

c. Reliability

d. cost

3.63 Documentation Precedence

If conflicts arise betweendocuments, the TCS shall adhere to design requirements as stated in the
document nearest the top of the following list of requirement documents. The General Interface
SpecKlcation(GIS) is applicable to the TCS design only as invoked herein and is therefore not
included in the followinglisfi

a RequirementsDocument

b. Product AssuranceRequirements for the EOS Observatories
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c.

d.

e.

f.

g“

=

General InstrumentInterfaceSpec~lcation

ContmctEnd Item Specification

External Interface ControlDocuments (e.g.,EOS to Launch Vehicle,EOS to TDRSS,
etc.)

Subsystemand Major AssemblySpecKlcations

ComponentSpedications

3.7 Major Component Characteristics

The physical and pedoxmancecharacteristicsof the major TCS components are provided in the
following paragraphs.

3.7.1 Allocations

The TCS componentsshall be designedto levels at or belowthe allocations shown in Table VI.

Table VI.

Component

CPHTS - ASTER

CPHTS - MOPITI’

EM CCHPS

HCES

LvA,bl

Misc. (coatings,heaters, temp sensors,
thermostats)

TCS ~OC4itiOIlS

Mass Power Supply Voltage
(lb) (Watts) (volts)

operational

114.7I 4.8 I 120

68.5 I 2.4 I 120

17.4 [ WA I N/A

65.6 I 59.1 I 120,28

65.3 I NIA I N/A

605 76.7I 120,28

3.72 Flight Hardware Component Characteristics

3.72.1 Capillary Pumped Heat Transport System

[1] The CPHTSshallprovideseparate,independent InstrumentInterfaceactivethermal control
for MOPI’ITand ASTER (SWIR+TIR)as specifiedin 3.2.1.1.1.

[2] The CPHTSshall use capillaryheat uansport technologyin a closed, two-phase system.

[3] The CPHTSshall be designedto utilize anhydrousammonia.

[4] The nominal operatingpressu~ of the CPHTSshall be 150psia.

[5] The system MaximumExpectedOperatingPressure (MEOP) shall be 380 psia.

[6] The CPHTS design shall allow Instrument removal from the Spacecraft (prior to launch)
without disassembly of the CPHTS.

.
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3.702.1.1 CPHTS Coldplate Assembly

[1]

[2]

[3]

[4]

[5]

The CPHTS Coldplate assembly shall conform to the performance specifkations
PS20008558 (EDM)and PS20008559 (Flight).
The coldplates shall be designedfor heat input through the plate surface which will mount
to the instrumen~ the coldplate shall also be designed for heat input through the opposite
plate surface for star-up.

The coldplates shall be connected to both a primmy and secondaryfluid loop and must be
capable of meeting the perfcmnsncerequirements specifkxiherein with only a single loop
in operation.

The coldplate shall contain auxilimy ground cooling channels to simulate the CPHTS
function duringgroundtesting of the l.nstrumem The workingfluid fcmthealternateground
cooling channel shall be FC-123 (or similar type fluid).

Key coldplate requirements shall be:

Maximum Load @ 20°C 250 Watts
Minimum Load 25 Watts

Temperature gradients between the coldplate
max surface temp and the min stiace temp
under rnax uniform heat flux rate of
1.0 Watt/in2 ~=$c
Maximum Heat Flux 1.0Watthz
Leakage Rate <1 X 1(F7std CC/SW~3
Operating ‘kmperature Range 45° to +4(PC
Non-opemting design Tempemture -55° to +4&C
Range

3.702.1.2 CPHTS Fluid Transport Lines

[1] The fluid transport lines shall provide a path for the CPHTSammoniaworkingfluid to and
from the evaporatorcoldplateandthe condenserrzuiiatorassembly, aswell as linkingcontrol
equipment (reservoir,NCG trap) to the rest of the system.

[2] The fluid line shall contain a flexible section, as per PS2OO4O1O8,permitting ground
deployment of the CPHTS radiator.

3.7.2.13 CPHTS Radiator Assembly

The CPHTSradiator assembliesshallbe body-mounted heat pipe mdiators located on the cold side
(+Y) of the Spacecraft which provide heat rejection for the CPHTS.

[1] The radiator assemblies shall (a) provide the radiator suxfaceto Eject the instrument waste
heat transported by the CPHTS, and (b) provide the necessary subcooling of the exiting
liquid to ensure proper CPHTS operation.

[2] The radiator assemblies shall consist of honeycomb panels with heat pipe heat exchangers
(HPH2Q,CCHPS,and externally mounted low (x/Esurface coating such as Silver Teflon.

[3] Heaters shallbe usedonthe radiatorto preventtiezing of the heatpipeworkingfluid during
cold conditions.
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3.72.1.4 CPHT’SHeat Pipe Heat Exchanger em

[1]

[2]

[3]

[4]

[5]

The CPHTSHPHX shall conform to the petiormance specificationsPS20008557(EDM)
and PS20008724(I?@ht).

The HPHXshall be an integralunit includinga condensingheat exchangerand a heat pipe.
Heat transportcapabilitywithin the heat pipe shall be providedby the inclusionof a groove
suucture which provides the capillary pumpingforces required for heat pipe operation.

The heatpipeshallbe a constantconductancetype anduseanhy&ous-OniS (highptity)
as the workingfluid.

The HPHX shall provide ammonia vap condensation, heat acquisition and transport
capabilities when used in the EOS radiator assemblies.

Key HPHXrequirements shall be

Temperature diffenmce between inlet NH3
vapor and exit liquid at 1.8 Ib/hr,
minimum 7°c (Subcooling)
Heat exchanger total pressure
drop @ 4 Ib/hr flow rate, max 0.02 psi
LeakageRate <1 X 1(Y7std CC/~ ~3

Operating TemperatureRange -55° to +40°c
Non+p design TemperatureRange -65° to +50”C(105”Cduring panel bonding)

3.792.1s CPHTS Radiator CCHPs

[1]

[2]

[3]

[4]

[5]

The CPHTSRadiatorCCHPS shallconformto theperformancespecificationsPS20008725
(EDM) and PS20008726(Flight).

The heatpipeshallbe a constantconductancetype andusean.hydrousarnmonki(h@purhy)
as the workingfluid.

Heat transport capability shall be provided by the inclusion of an internal groove structure
which produces the capillary pumping forces required for heat piy operation.

The CCHPSshall provide heat acquisitionand transportcapabilitieswhenused in the EOS
radiator assemblies.

Key CCHPrequirements shall be:

Leakage Rate <1 X 10_7std CC/SCX2NH3

Operating TemperatureRange -60” to +40”C
Nonap design TemperatureRange -70” to +40”C(105”Cduring panel bonding)

3.7.2.1.6 CPHTS Fluid Reservoir

[1] The CPHTS Resemoirs shall conform to the performance specifications PS20008524
(EDM) and PS20008560 @light).

[2] The CPHTSfluid reservoir shall control the CPHTSoperationby controllingthe saturation
temperature and pressure of the CPHTSduring all operational modes.
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[3] During prEwperational modes (storage, on-stan~ and ascent) the CPHTS reservoir shall
provide storage for the ammoniainventory.

[4] The CPHTS memoir shall allow no vapor expulsion under normal operating modes and
shall maintain NH3 fluid inventory saturation temperature between 9° and 35°C (normal
operation) through the use of heaters and radiativdconductive cooling.

[5] Key ReseIvoir requirements shall be

Leakage Rate <1X l&7 std cchec NH3
OperatingTemperatureRange -25° to +40”C
Non-op design TemperatureRange -35° to +50”C
Max Pressure drop (full heater power) 0.1 psi
Expulsion Rate >70% free volume in 45 min @

30 W heater pOWer

3.7.2.1.7 CPETS FWrain Valve(l?DV)

[1] The CPHTSFiWDrainValveshallconformto the perfcmnancespecificationsPS20008563
(EDM) and PS20008526(Flight).

[2] Thefill/drain valves shallbe usedto chargeanddrain theCPHTS. Valveposition indicators
shall be required of these valves.

[3] Key FDV m@mments shall k
Activation method Manual
Total pIFSSUretip@ 10lb/hr

NH3flow rate, maximum 0.01 psi
Leakage Rate <1 XI@’stdcc NH3
Opmting TemperatureRange -60° to +40°c
Non-op design Temperate Range -70° to +50”C

3.72.1.8 ~FfTS NCG hp

[1] The CPHTS NCG Trap shall conform to the performance spcci.tlcationsPS20008561
(EDM) and PS20008525 (Flight).

[2] The non-condensable gas (NCG) trap shall consist of a mechanism which entraps
non-condensablegas bubbles containedwithin the liquid ammonia circulating through the
CPHTS. The trap shall also provide a storage volume capable of storing the gas collected
during its useful life.

[3] Key NCG Trap requirements shall be:
Total Storage Volume
Total pressure drop @?4 lblhr
NH3flow rate, maximum
Leakage Rate
Operating TemperatureRange
Non~p &sign TemperatureRange

DCC072093
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3.72L9 CPHTS Absolute Pressure Switch

[1] The CPHTSabsolutepressureswitchesshall detectfluid systemunder-pressure during the
mission.

PI The CPHTS absolute pressure switch shall conform to the performance spec~lcation
PS20040046.

Key CPHTS pressure switchrequirementsshall be:

Source current lmA

Output voltage O-O.5Vno 1*, 10Vleak

Pressure Range o to 950psia
Actuating set point 12* 1.2 psia
Leakage Rate <1 x 10-’ StdCclsecNH3

OperatingTemperatureRange -60° to +40”C

Non-op designTemperattueRange -70° to +50”C

3.7.2.2 EM Radiator Panels

The EM radiator panels shall provide the surface area over which heat rejection to space occurs.
They shall be covered with Silver Teflon, or equivalent radiator material, to enhance their heat
rejection capability. The panels may contain CCHPSto unifoxmlyspread equipmentheat

3.7.2.2.1 Constant Conductance Heat Pipes (CCHPS)

[1] The TCS shallutilize CCHPSto spmadthe EM componentheat dissipationso as to increase
the radiator efllciency,wherenecessary.

[2] The EM CCHPSshall caform to the performancespec~lcationsPS20008556(EDM) and
PS20008711(Flight).

[3] Key CCHP requirementsshall be:

Leakage Rate <1 X l@7 std CC/sW~3

Operating TemperatureRange -20° to +50°c

Non-op design TemperatureRange 4° to +60”C(105”Cduringpanel bonding)

3.7.2.3 Heater Controller Electronics (HCES)

[1] The TCS shall utilize HCESto controlcomponentswhichrequire heater power to maintain
minimum temperaturesas described in TableIII.

[2] The HCES shall provide closed-loop, proportional or thermostatic control to maintain
set-point temperatures on Spacecmftequipment,as shownin Table VII.

[3] Where heaters are required to control critical component temperatures, the heaters and
associated controllers shall be functionallyredundant.
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Tghb VII. HCE Tknes/Function. . . . . . —- ——— —dr_— —. .–—

Statw Max Heater Description ~ical Usage
l%oportiomd Power (W)

2 s 120.0 Soft turnon and Off using Operational, sunivd and
a thermistor signal. start-up component heaters

3 P 60.0 Commendable,variable CHITS Restxvoirs
set-point with single
thermistor inpu~

4 P 28.0 Powered from 28 V PM ~#siorI Module Thruster
EPc source.

5 P 240.0 Single set point with Battery Cell heaters
muki- thermistor inputs

[4] NormalSpacecraft thermal control shall not require ground commandexcept for enabling
of selected heaters.

[5] All automatic heaters shall be capable of being separately enabled and disabled by ground
commands.

[6] The set-point temperature of select HCES shall be programmable to predetermined
set-@.nts using groundC~ ds.

m Heater ty’peS am described in 3.7.23.

[8] Thermistors shallbeusedas the temperaturesensingelementof theheatercontrol assembly.

The HCESshall conform to the performance spec~lcations PS20008795 ~ 5), PS20008785
(’I)qx 2), PS20008786 (’Ijp 3), and PS20008787 ~ 4).

3.702.4 Multilayer Insulation

MLI blankets shall be used to reduce the radiative heat transfer tohlrom spectiled parts of the
Spacecraft. The emittance of the outer layer shall not alter when properly protected from
degradationand erosion. ‘Ile standard Spacecmft blanket assembly shall consist ofi

a.

b.

c.

d.

An outer layer of 2.0 nil single-sided aluminized Kapton (SAK).

l’hhteen internal layers of 0.25 mil double-sided aluminizedMylar (DAM),each layer
separated by Dacronmesh.

h inner layer of 2.0 rnil SAK.

As require@thread, velcro and grounding method.

The MLI blankets shall be designed to the following perfomnancerequirements:

‘f’hrough+xnissivity 0.025 (nominal)
External Absorptivity (BOL) 0.40
ExternalAbsorptivity (EOL) 0.55 @ 5 years
External Emissivity 0.75
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The baseline approach fcmcreating blanket drawings, shall involve the use of Mylar templates
directlyfrom Spacecrafthardware.

3.725 Heaters

Heatersshallbe flat foil type ortheround wiretype (forpropulsionlines) with the size andelectrical
resistance &tennined by individualcomponentrequirements.

[1] Componentsrequiringheaters am listed in TableIII.

[2] Heaters shallbe sized to provide a 25% margin over the expectedheat input requirements.

Theheatersshallconformtothe performancespecKlcationsPS20008788(Foil)and3267289 (round
wire).

3.7.2.6 Temperature Sensors

Temperature sensors consist of elements whose electrical resistance varies as a function of
temperature.They providecomponenttemperature monitoringfor cxiticalcomponents (as shown
in Appendix II) via the C&DH subsystem. Resistance shall be monitored using passive analog
telemetry capabilitiesin the BDU.

The temperature sensomshall conformto the perfmmance specificationsPS20008790.

3.727 The*rs

Thermistors consist of elements whose electrical resistance varies as a function of tempemure.
They provide tempemtureinputs for the HCES- 2-5).

The thermistors shall conform to the ptxformance specitlcationsPS20008791.

3.72.8 Thermostats

Mechanically switched thermostats shall be used to provide heater control of propulsion mmhde
components(except the thruster control valve heaters), and heater control over/under temperature
protectionfor HCE3- and HCE5- controlled components.

The thermostats shall conform to the perfomm.ncespecificationPS20008789.

3.72.9 Thermal Coatings

[1] The TCS shallutilize the paints and coatings shownin ‘IhbleVIII. Paint and coatings shall
be selected such that they do not si~lcantly hinder or prevent the xemovalor installation
of fasteners.

[2] Thermal controlcoatingsshallbe non-degradable or degradation-limited to the extent that
no Spacecraftcontaminationor thermal performancerequirements will be violated due to
coating degradation.

[3] Coating thermal properties shall account for the effects of expected contamination or
degradationat End of Life.
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‘Ihble VIIL Paints/Coatings and ~Ical Applications

Paint/coating Absorptivity EOL* Emittance ~ical Application
BOL c~

Silver Teflon 0.10 0.25 0.79 EM/CPHTSradiators

S-13G/LO-l White Paint 0.2 0.35 0.87 DAS Antem& ESH, ...

Chemglaze Z306 Black 0.91 0.91 0.9 Internalpaneld stxucture
Paint

Aluminized tape n/a n/a 0.11 Radiatively isolated
components,EM Internal
panels

Anodize (Black) 0.92 0.92 0.86 Radiatively coupled
components

*EOL properties account fa the effects of contamination and degradation.

3.73 TCS Flight Software Component Chameterktics

This section specifies the software’requirementsfor the TCS flight software,the portionof theEOS
Spacecraft flight software supporting the thermal control subsystem.

[1] The TCS softwareshall bemspcmsiblefor providingautcmomouscontrolof the TCS,where
requird and monitoring functions.

[2] TCS flight softwareshall be writtenin accordancewiththe Softwaresectionof IS20008501.
[3] The TCS flight software shall have the capability of monitoring and confrdling TCS

components to the degree required to isolate faults, provide alerts for emergencies, and
control equipment operation, as required.

[4] The flight software shall have the capability to be modifkxlon+rbit. Such modification
shall only be performed on a single copy of the on-board software at a given time, and be
verifkd before mtilcations are performed on the next copy.

3.73.1 TCS Modes

The TCS flight software shall support operation of the TCS in all Spacecraft modes.

3.73.2 TCS Wxwsses

The processes to be performed by the TCS flight software include:

TCS Fault Detection, Isolation, and Recovery
CPHTS Staxt-Up and Control
Transition to Survival Mode

3.7.3.2.1 TCS Fault Detectio~ Isolatio~ and Recovery (FDIR)

3.7.3.2.1.1 Process requirement

[1] The TCS FDIR shall have the capability of monitoring and controllingTCS componentsto
the degree required to isolate faults, provi& alem for emergencies, and initiate recovery
actions, if required.
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3.730202 CPHTS Reservoir Operational Heater Set-Point Temperature Changes

3.73.23 CPHTSstart-up

3.73.23.1 Process Requirement

Flight softwareshallperform sequenceof heater controllercommandsto start-up the CPHTSfrom
quiescent conditions. The controlled start-up of the CPHTS shall be provided, following a
predetemninedtimeline andkx dependenton spectic temperaturetelemetryresponse.

3.73.2.4 lkansition to Survival Mode

3.73.2.4.1 Process Requirement

Flight software shall pexfonn sequence of commands to enable or disable the required HCESfor
Survival mode operation.

3.73.3 External Software Intertkces

The TCS software shall be resi&nt in the C&DH SpacecraftControl Computer(SCC).
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4 QUALITY ASSURANCE PROVISIONS

This section outlines the requirementsand structwe of a quality assuranceprogram for the TCS.
The purposeof the programis to demonstratethat the design of the TCS and its componentsmeet
the performance requirements,has &en manufacturedproperly, and will operate as designed in
associationwith all other Spacecmftinterfaces. These tasks will be accomplishedby conducting
inspections, analyses, tests and/or performing functional demonstrations of the TCS hardware.
Tests shall inclu& mechanicaland electical functionsin appropriatesimulatedenvironmentsthat
will verify expected component and subsystem requirements for handling and transportation,
subsystemintegration,groundtes~ launch, acquisition,and on+bit operations.

The TCS design shall be reviewedin supportof the SpacecmftFlight AssuranceReviewRogram
definedin thePm, Section2, AssuranceReviewRequirements. Additionalinternalreviewsat the
skill center level shall include technical progress and problem resolution, cost and schedule, and
subsystemand componentpreliminaryand critical design reviews.

Thebasis for the TCSverificationprogramimplementationis theSpacecraftVerMcat.ionPlan (VP),
PN20005L104,the Spacecraft Vetilcation Specification (VS), PS20005404, and the Spacecraft
Comprehensive Test Plan (CTP), PN20008664. The TCS vefilcation program includes an
engineering developmenteffort &signed to validate the appropriatenessof the hardware design
approach. Development includes the building and testing of component breadboards and
engineeringdevelopmentmodels(EDM)of sekzted designstover@ circuitdevelopment,function
evaluation, stability studies and interface performance. Development will not constitute
vetilcation, althoughdata tim developmenttests will be used to supportverification activities.

A summaryof the TCS developmentplan is presentedin Table IX.

Table IX TCS Development Plan

Component Heritage Breadboard/ I@j Dev Mod- Life Comment
Dev Test el

CPHTS New TDM EDM (1) x See Note 1
EDM (2)

Power EM New x See Note 2
Battery Cells New EDM See Note 3
VCHP New x part of TR x Completed9/92

EM EDM
CCHP Series5000 part of CPHTS

EM EDM
HCE Series 7000 (mod) x QTM each type
Kinematic New KM EDM Themud conductance
Mounts vetilcation

Notes: 1 Technology~emonstm.ion Model (TDM)testing completed7/92
GSFC-Flight experiment(CAPL)will also provide micr~ @onnance data

2 Full scale Power EM EDM planned
3 Thermal testing using cells from the flight cell life evaluationtest will be performed
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4.1 TCS Verification

Each requirementof Section 3.2 and 3.3 of this specflcation shall be performedas defined in the
Vti~cation Matrix, which is attached separately under AttachmentA.

4.1.1 Permeation Phases

Phases shall be either Acceptanceor QuaMcation as defined in PS20005404.

4.1.2 Verification Methods

The following methods shall be used as appropriate to ver@ each of the requirements in
Sections 32 and 3.3: Demonstration,Test, Analysis, ardor Inspection. Each method shall be as
defiied in Section 6.

4.13 Responsibility for Verification

In general, the responsibtity for vtilcation of each requirementspecified in Sections 3.2 and 3.3
is that of Astro Space.

4.1.4 VerMcation Conditions

[1] Each TCS component shall be exposed to vtilcation conditions which represent those
environments encountered throughout the ground phase and flight mission. The
environmental conditions and levels of exposure are defined in the VS, PS20005404,
section 4.

[2] Supplemental air conditioned cooling shall be Proviti as _ for thermal control
during ambient tests.

4.2 Testing

4.2.1 ReIiabi.lity Testing

Reliability veriilcation shall forma majorpart of the TCS verifkition program. Requirements and
responsibility for reliability vefilcation are found in Section7, Design Assuranceand Reliability
Plan, of the PAIP, PN20005397. TCS component designers have primary responsibility for
conductingParts andDevicesStress Analysis (IMIP,7.2.2.5),Worst-Case Analysis(PAIP,7.2.2.6)
andTrendAnalysis(PAIP,7.2.2.7). SecondaryresponsibilityasdefinedinPAIP,Section7, includes
but is not limited to Failure Mode and Effects Analysis (PAP, 7.2.2.2), Reliability Assessment
(MIT, 7.2.2.4)and identilcation of limitedlife items (PAIP,7.2.2.8). All test data is to be collected,
documented and used in support of the TCS reliability analysis conducted by Reliability
Engineering. All testing shallbe pexfonnedwithinthe guidelinesof the SystemSafetyPlan outlined
in Section 4 of the PAW,PN20005397.

4.2.2 Engineering Evaluation and Test Requirements

4.2.2.1 Performance Tests

The TCS, its components, and all development modelsheadboards, where applicable, shall be
subjected to the performance tests defined in the Verification Specflcation, PS20005404.
Petiormance tests include Subsystem Integration Tests, Electrical Interface Tests, (or sometimes
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referred to as Interface Vtilcation Test (NT)), CompmhensivePerformance Test (CPT), and
FunctionalPerformanceTest. These tests and their applicabilityin the vtilcation plan are at the
discretion of the test designer as defined in the Comprehensive Test Plan for the EOS-AM
SpaCe.crafLPN20008664.

4.2.2.2 Verification Tests

Each TCS component shall be subjected to the vetilcation tests &fmed in VP, PN2MM5404,
Section 4. Performance tests, as defined above in 4.2.2.1, shall be performed during vefilcation
tests to demonstratefunctionality during a flight environment.

4.2.3 Protoflight Testing

Acceptancetestingshall be performedon TCS Protoflightcomponentsto ve~ workmanshipand
functionality,as described in the VP,PN20005404. The Protoflighttest levels are defined in VS,
PS20005404,Section4.

4.2.4 Acceptance Testing

Acceptance testing shall be performed on all TCS flight components to verify workmanship and
functionality,as described in the VP,PN20005404. The acceptance test levels are defined in VS,
PS20005404,Section4.

4.25 Qualification Tksting

QuaMcation testingof QTMandpmtoflightcomponentsshall be used to demonstrateadequacyof
design limits. The qualMcation test levels are dcfmed in VS 20005404,Figure 1, Comparisonof
ThermalTestLevels and Figure 2, Comparisonof Vlbro-acousticTestLevels and Durations. The
delta values shown in these figures are to be applied to the acceptance levels defined in the VS,
PS20005404,Section4.

4.2.6 Installation Testing, and Checkout

4.2.6.1 Leak Checking

The CPHTS and heat pipes will be leak checked, as per (TBD-6)

4.2.6.2 Heater Functionality

Continuity testingofall HCESandheatersshall occurafterfmal assemblyin I&TandpriortoTV/TB
testing.

4.2.6.3 Temperature Sensor & Thermistor Functionality

AU thermistorsshall be touch tested at installation to demonstratereasonable response.
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426.4 MLI Blanket Continuity Testing

MLI Blanket grounding shall&tested at the completionof a given blanket instaUation.

43 SpecialTCS Verifications

4.3.1 Heater Dissipation

During S/C TVZf’13provision shall be made to quantifj’ heater power consumption for each
separatelycontrolled heater circuit.

4.4

[1]

[2]

4.4.1

[1]

[2]

4.4.2

Test Equipment

Existing test equipmtmtshall be used whereverpractical.

Where new test equipment is required to test units which are physically or functionally
identical or similar, the equipment shall be designed to perform its task(s) on each element
of that group, where practical.

Test Equipment Saf@ Features

Tmt equipment shall incorpmte any safety interlocks m other safetyfeatures necessary to
reduce the introductionof safety hazards by the test equipmen~

Any safety feature included in any Spawxraft test equipment shall give a visual, auditory,
or electronic indicationof activation when it is activated.

Test Equipment Verification

Unlessothenvise specifkd herein,test equipmentused tomeasue TCSperformancecharacteristics
shall be capable of demonstratingthat

a.

b.

It will not impose environmentson the tested item(s) beyond the levels called for in the
Vetilcation SpecKlcation,PS20Q05404.

It is capable of imposing the test levels called for in the Verification Spedilcation,
PS20005404.

4.43 Test Equipment Calibration

Test equipment shall be calibrated in accordance with GSFC 420-05-02.

4.5 Verification Documentation

The subsystem verification activities shall be documented in:

a. VerificationReports as defined in PS20005404.

b. Test procedures
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C. Test logs

d. Test Review Board meeting minutes

e. Analysis Reports

f. Failure AIldySiS

g. Thermal Math Models (SEP-110)

Test tolerances shall be per TableVI of PS20005404.

4.6 Responsibility for Verification

[1] Atro Spaceshallverifyeachrequirementspecifkd in Sections32 and3.3 of thisdocumen~

[2] Attachment A VerificationMatrix (providedunder separatecover) identifies the required
method(s) of verifkation and the recommended phase of verification for each Section 3
requirement Also identified is at what level of the equipment development cycle the
verification is accomplished.
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5 PREPARATION FOR DELIVERY

5.1 General

Unlessotherwisespecifkdin thecontractor purchaseorder,unitsprocuredto thisspecificationshall
be packaged,packed, and markedfor shipmentas specified herein.

5.2 Marking

Each unit containerand shippingcontainershall be labelm tagged,or marked to show at least the
following unless otherwise noted item name, part number, contract or purchase der number,
supplier’snameor codenumber, serialnumber (unit containeronly),quantity,date of manufacture
(unit container only), and “l?mgile- Handle With Care.”

5.3 Packing

Packing for shipment shall be in accordance with the procedures for the shipping container
conf@urationapprovedby Astro Space.
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6.1 Definitions

6.1.1 Inspection (I)

Inspectionis a methodof verification of physical characteristicsthat determinescompliancewithout
the use of special laboratoryequipmentprocedures,test supportitems, or services. Inspectionuses
standard methods such as visual gauges, etc., to verify compliance with design documentation
requirements.

Inspectionalso includesthe inspectionofdesigndocuments,materialists, code,plans,etc., to verify
the requirements have been met.

Inspection of the TCS will confii the integrity and cleanliness of thermal coatings; confii the
weight of the TCS components is within the allocated weight budge~ confirm the expected
conjuration of the TCS componen~, and confixmthe completenessof test data logs.

6.1.2 AnalysWSirnilarity (A)

Analysisis a verificationmethodutilizingtechniquesand tools suchas mathmodels,prior test&@
simulations, or analytical assessments.

V6rii3cationbya similarityanalysisis acceptableif the subjectarticleis similaroridentical in design,
manufacturing process, and quality control to another article that has been previously verifkd to
equivalent or more stringentcriteria.

Reliability analyses shall be carried out for the TCS to confirm a probabilityof successat or above
the allocated value.

Detailed and to~level thenna.1analysesshall be canied out using thermal mathematicalmodels to
predict Spacecraft thermal performance.

6.1.3 Demonstration (D)

Demonstration is a qualitative method of vetilcation that evaluates the properties of the subject
equipment by observation. Demonstration is used with or without special test equipment or
instrumentation to verify required characteristics such as operational functioning, human
engineeringfeatures, services and access features, transportability,and displayed date.

6.1.4 Test (T)

Test is a method of vefilcation wherein paforrnance requirements are vetiled by measurement
during or after the controlled application of functional and environmental stimuli. These
measurementsmayrequire the use of laboratoryequipment,recordeddata,procedures,test support
items, or services.
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602 Abbreviations And Acronyms

Assy

BDU

BOL

c

cc

CCHP

C&DH

CPm

D

DAM

dc

EAS

EDM

ELv

EOL

EOS

EMC

EMI

EPs

ESD

FDv

FMEA

FOV

g

GFE

GNL%C

GSE

HCE

DCC072093

Assembly

Bus Data Unit

Beginning of Life

Celsius

cubic centimeters

Constant ConductanceHeat Pipe

Commandand Data Hanfig

ContractEnd Item

CapillaryPumped Heat Transport System

ComprehensivePerformance Test

Diameter

Double sided aluminizedMylar

direct current

Electrical AccommodationSubsystem

Engineering Development Model

ExpendableLaunch Vehicle

End of Ltie

Earth Observing System

Equipment Module

Electromagnetic Compatibility

Electromagnetic Interference

Electrical Power Subsystem

Electrostatic Discharge

Fill and Drain Valve

Failure Modes and Effects

Field of View

Acceleration of Gravity

GovernmentFurnished Equipment

Guidance, Navigation, and Control

Ground Support Equipment

Heater Control Electronics
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HGA

HPHX

HVCHP

I

IC

ICD

IF

LVCHP

MLI

NA

NCG

NH3

Nz~

OD

OSR

Pm

PAPL

PAR

PROPS

Ps

psi

RD

RWA

SA

SAD

SAK

Scc

Ssu

T

TBD

TBR

High Gain htenna

Heat Pipe Heat Exchanger

Ha.i@n-shaped VCHP

Inspection

Interface Connector

Interface ControlDocument

Interface

Interface VerificationTest

bshaped VCHP

Multilayer hlhtion

Not Applicable

NoncondensibleGas

Ammonia

Hydrazine

Outsi& Diameter

Optical Solar Reflector

Product AssumnceImplementationPlan

_ Approvti Parts List

Product AssuranceRequirement

Propulsion Subsystem

Probability of Success

Pounds per Square Inch

RequirementsDocument

Reaction Wheel Assembly

solar Array

Solar Array Drive

Single AluminizedKapton

Spacecraft Control Computer

Sequential Shunt Unit

Temperature

To Be Determined

To Be Reviewed
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TCS Thermal Control Subsystem

TLM Telemetry

Unique Instrument Interface Document

VCHP VariableConductanceHeat Pipe

VP VerificationPlan

Vs VerificationSpecKlcation

63 Exceptions to the GE and GIIS

6.4 Requirements Tkaceabtity Matrix

Requirements in Section 3 of this specification were derived from the sourcedocuments shown in
the Requirements TmceabilityMatrix, Attachment B (providedunder separatecover).
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10 COMMAND

e

APPENDIX I

REQUINMENTS

The commandsnecessaty to operate the T(2Sheaters are definedinthe following listing.

ItedOperation I F-bon I ‘0P
ASTERHCES Enable Relay

ASTERHCES Disable Relay
n 1

ASTERCPHTSTset I Enable I Relay

AsTERcPHTs Tset I Disable I Relay

MOPITTHCES Enable Relay

MOPITTHCEs Disable Relay

Qua.ntitY I Comments

12 IndividualHCESgaugedto
reduceOvemll# ofcommands

38 Individualdisablecommands
perHCE

8 VariableTempsetpoint

18 Individualdisablecommands
perHCE

MOPITTCPHTST’set Enable Relay 4 VariableTempsetpoint

MOPITTCPHTSTset Disable Relay 4 VariableTempsetpoint

MODISHCES Enable Relay 2

MODISHCES Disable Relay 2

PMHas Enable Relay 8 IndividualHCESgangedto
Iedu(xWerall# ofCcmlmands

PMHCES Disable Relay 32 Individualdisablecommands
perHCE

PMHeaters(T&atcontrol) Enable Relay 36

PMHeaters(Tstatcmtrol) Disable Relay 36

Ccmrn/C&DHEMHCES Enable Relay 18

Comm/C&DHEMHCES Disable Relay 18

13ASEMHCES Enable Relay 8

DASEMHCES 1 D~able Relay 8

GN&CEMHas Enable Relay 12

GN&CEMHCES D~able Relay 12

PowerEMHCES Enable Relay
(T-EL)

PowerEMHCES ‘1 Disable I Relay
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APPENDIX II

2(I TELEMETRYREQUIMMENTS

Thefollowing measurementskignals listed in Table X shall be transmitted to the Ground Control
Station and the EOS ControlStationfor evaluationand to aid in monitoringthe TCS performance.

TableX. TCS TelemetryList

I Itdoperatiod I Function I Quantity I
tASTER HCE

1 m

IRelay StatusTelemetry I 25 I
I . I

ASTER CPHTSTempemtureSet’point IRelay Status Telemetxy I 8 I
1 ,

ASTERpRSS1.Kt2 Switch IStatusTelemetry I 8 I
I I

MOPIT’TPressure Switch IStatus Telemetry I 2 I
I 1

MOPI’ITHCE IRelay Status Telemetfy I 11 Im

MOPITI’CPHTSTemperatureSetpoint IRelay Status Telemetq I 4 I
MODISHCE \Relay StatusTelemetry I 2 I

1PMHCE
, *
IRelay Status Telemetry ] 20 I

PM Heater Status Il?elayStatus Telemetry I 36 I
1 ,

Comm/C&DHEM HCE IRelay Status Telemetry I 18 I
~DAS EM HCE IRelay Status Telemetry I 8 I

I 1

GN&CEM HCE IRelay Status Telemetry I 12 I
Power EM HCE IRelay StatusTelemeq I 10 I
Recorder EM HCE Relay Status Telemetry 12

ASTER AccommodationEquipment TemperatureTelemetry 76

MOPI’ITAccommodationEquipment TemperatureTelemetry 45

Propulsion Module TemperatureTelemetry 73

Comm/C&DHEM TemperatureTelemetry 46

DAS EM TemperatureTelemetxy 20

Sensor EM TemperatureTelemetry 22

Power EM TemperatureTelemetg 30

RWAEM TemperatureTelemetry 14

Recorder EM ITemperatureTelemetxy I 17 I
Note: 1 Organizedby BDU through which telemetry is handled
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30 HOUSEKEEPINGEQUIPMENTTEMPERATUREREQUIREMMWS

The temperaturelimits of the housekeepingequipmentare contained in TableXL Deftitions for
each temperature categoryare provided in the following paragraphs.

30.1 QualificationTemperatureLimits

Qua.Mcationtemperature limits represent the extreme tempenwuresat which the componentwill
still operate without loss of Iimctim, normally 10”Coutside of maximumallowable temperature
predictions. All prototype (QTMs) and Protoflight components will be tested to qu=cation
tempemure limits.

30.2 AcceptanceTemperatureLimits

Acceptance temperature limits represent temperahue extremes 5°C within the qualification
temperature extremes, and 5°C outside of the maximum allowable temperature pmktions. All
flight componentswill be tested to acceptancetemperaturelimits.

3(L3 Design Range TkxnperatureLimits

Design Range temperature limits repment the maximum and minimum temperatures which the
Platform design requires for reliable operation of components. Design range temperature limits
represent the maximum and minimum extremes allowedfm a componentwhile it is operatingon
orbiL Thermal temperature predictions should not exceed the design range temperature limits,
which are 5°C within the acceptance temperanm extremes and 10°C within the qualification
temperatureextremes. ~

30.4 Non-operational TemperatureLimits

Non-opemtional temperaturelimits represent the maximum and minimumextremes allowedfor a
component while it is nonoperating. Temperaturepredictions for the nonoperating components
should not exceed the non-operational temperatureextremes.

30.5 Nonoperational AcceptanceTemperatureLimits

Non-operational temperature limits represent the temperature extremes 5°C within the
non-operational qutilcation temperatureextremes,and 5°Coutsideof the non-operationaldesign
temperature predictions. All flight components will be tested to non-operational acceptance
temperaturelimits (whilenon-operational).

30.6 Non-operational Qualification TemperatureLimits

Non-operational qualifkation temperature limits represent the temperatureextreme temperature
to whichacomponentmaybe exposedwithoutincurringdamage.Thenon+xxational quaMcation
temperature extremes are 10”C outside the maximum allowable temperature pmdktions for the
non-operating components. All prototype and Protoflight components will be tested to
non-opemtional quaMcation temperature limits (while non-opemtiond).
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30.7 lhrn-On TemperatureI&nits

Allowable, on-orbit tum+n limits represent the maximumand minimumtemperatureextremes at
which mm-on of equipment from a nonoperational to an operationalstate is allowedon orbit.

TableXI. Platform HousekeepingComponentTemperatureRequirements
TempemureLimitsrC)

}
Subsystedrdt operating Opemtbg Opera&g NonOp

Accept
.

=
Minm9ax MidMax

#
cm=

spacecdt controlscomputer -2W60 -15/55 -10/50 -25/60

cMDmM u-Funit (CITu) -XWO -15/55 -10/50 -25/60

BUS Data Unit(BDU)-Housekeeping -2W60 -15/55 -10/50 -25/60

BusDataUnit-Instruments -2W60 -15/55 -10/50 -25/60

ScienceFmnatting Equipment(sFE) -20/60 -15/55 -10/50 -25/60

SolidStateRecorderDataCcmtrdUnit -2W60 -15/55 -10/50 -25/60

SolidSta2eRecorderDataMemay Unit -2W60 -15/55 -1W50 -25/60

MagneticTorqueRods -2W60 -15/55 -10/50 -25/60

ReacticmWheelAssy(RWA) -20/60 -15/55 -10/50 -25/60

EarthsenscrHead -25/50 -15/40 -I(V35 -35/55

Coarseslmsensor -105/100 -1OW95 -95/90 -110/100

FineSunSensorHead -20/60 -15/55 -10/50 -25/60
1

Star ‘fkacker -2W50 -15/45 -10/40 -24/50

Magnetometer(Hex & Sensm) -2W60 -15/55 -10/50 -25/60

hertial ReferenceUnit(IRU) W50 5145 1W40 -10/50

AttitudeControlElectronics(ACE) -20/60 -15/55 -10/50 -25/60

EarthSensu Electronics -25/50

FineSunSensorElectronics -20/60 ! -15/55 -10/50

EPs:

Battpower conditioner (B~) -2W60 -15/55 -10/50 -25/80

Battery -10/30 -10/30 -5/10 -20/50

PowerDistributionUnit(PDU) -20/60 -15/55 -10/50 -25/60

Fuse&DistributionBox(FDB) -2W60 -15/55 -10/50 -25/60

Elec.PowerCcmditioner -2W70 -15/6S -10/60 -25/60

solar Allay -io5/ltio -100/105 -95/100 (Tim-7)
AxrayDriveElectronics -2W60 -15/55 -10/50 -25/60

SequentialShuntUnit -25/65 -2W60 -15/55 -35/80

PowerSwitchirwunit -2W60 -15t55 -10/50 -25/60
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ComponentT-peratum Requirements(Continued)

Subsystem/Unit operating

M.%21

operating Operahg
Accept

I
-

MinMaxlwidMax

1 , ,

CPHTSColdplate I -55/50 I -50/45 I 45/40

IWssureSwitch I -70/50 I -65/45 I -60/40
I 1 1

CPHTSFluidResenmir I -35/50 I -30/45 1 -25/40
m

CPHTsHeatPim HeatExchanlxr I -65/50 I 40145 I -55/40
I I I

cPHTscmst. cald. HeatPipe(ccHP) I -7W40 I 45/35 I 40/30

kPHTSNCGllaP
,
I -7W50 I 45/45 I -60/40

CPHTSFiWDrainValve I -70/50 I -65/45 ] -60/40
r , 1

EMConst.Ccsld.HealPipe(ccHP) I -35/60 I -25/55 I -2W50

HeatercontrolElectronics I -34/71 i -29/66 I -24J61

MLI I -110/110 I -105/105 I -100/100
,

COMS: I I I
S-BandOmniAntenna(SOA) -95/130 -9W125 -85/120

S-BandI/FUnit(SBIU) -2W60 -15/55 -lof50

*B~d ~ (sB~ -20/60 -15/55 -1W50

BandRejectFilter(BRF) -20/60 -15/55 -1W50

KSAMalulata -20/60 -15155 -1W50

MasterOscil(-MO) -2#60 -15/55 -10/50

HGA WA N/A NIA
X-BaudEarthCoverageAntenna -95/100 -9W105 -85/90

DASRFPowerAIIlp -2W60 -15/55 -1W50

13ASUpmnvemer -20/60 -15/55 -10/50

DASM@damr -20/60 -15/55 -10/50
WG$witch -2W60 -15/55 -10/50

DASFilterAssembly -2W60 -15/55 -10/50

ELECTR.ICALACCOMMODATION:

messes NIA N/A -5/50

~~c RelayAssy -15/60 -1OI55 -5/50

STRUCTURWMECHANISMS:

SolarMrayDrive(SAD) -34/71 -29/66 -24/61

HGADeploymentsystem -20/60 -15/55 -10/50

SpacecmftStnlcture N/A N/A -30/50

PROPS

NzH4PrqWant Tank 1W60 NiA 1W50

51

NonOp
-

-55/40

-70/50

-35/50

-65/105

-7CY1O5

-7W105

-70/50

40/105

-34/71

NIA

-100/130

-25/60

-25/60

-25/60

-25/60

-25/60

NIA

-100/100

-25/60

-25/60

-25/60

-25/60

-25/60

-25/60

-25/60

NfA

-50/70

-60/70

hllA
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TableXL Platform HousekeepingComponentTkxqerature Requirements(Continued)
P

TemperatureLimitsPC)
su@StemAmnit operating operating operating NonOp

Accept =

1W65 NIA 1W50 NIA

Rc@lsnt valves 1W65 NIA 1W50 NIA

LcnvPressureScwiccRessurantvalves 1W60 NIA 1W50 NIA

L4nvPressure‘IkalsdUcus 1W60 1W55 1W50 NIA

Fm@lantFilters 1W60 N/A 1W50 NIAw I I 1

Ekctmnics(PMEA) I -m60 I -15/55 I -1W50 I -25/60 I
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1 SCOPE

This spec~lcation establishes the performance, design, and test requirements for the Guidance,
Navigation and Control Subsystem (GN&CS) of the Earth ObservingSystem (EOS) Spacecraft.
These requirements are derivedfrom the Conaact EmdItem Spectilcation,PS20005396.
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2 APPLICABLE DOCUMENTS

2.1 GovernmentDocuments

Thefollowingdocumentsof the exact issue shown shall forma part of this spectilcation to the extent
specifkxi herein. Jn the event of a conflict between the documents referenced below, this document
shall take precedence except as defined in Section 3.6 herein.

2.1.1

2.1.2

2.1.3

None

2.2

NASADocuments

42&03-02 GeneralInstrumentInterfaceSpecification
1 December 1992

NASA-S~N-101 .2 Space Network Users Guide

NHB 5300.4 (3A-1) Requirements for Soldered Electrical Connections,
December 1976 Change 1

NHB 5300.4 (3G) Requirements for InterconnectingCables,Harnesses,
April 1985 and Wiring

NHB 5300.4 (3H) Requirementsfor Crimping and WireWmp
May 1984

NHB 5300.4 (31) Requirementsfor Printed Wtig Boards
May 1984

NHB 5300.4 (3J-) Requirementsfor ConformalCoatingand Staking of
April 1985 Printed Wtig Boards and Electronic Assemblies

NHB 5300.4 (3K) Requirementsfor Rigid Printed WiringBoards and
January 1986 Assemblies

Military Documents

MJL-STD-490A Specii3cationPractices
04 June 1985

WSMCR-127-1 WesternSpaceand Missile CenterRange Safety
December 1989 Regulations,

Other Government Documents

Non-Government Documents

The following documents, of the latest issue shown, forma part of this specflcation to the extent
specfled herein. In event of conflict between the documents referenced herein and the contents of
this spez~lcation, the contents of this spec~lcation shrdl be considered a superseding requirement,
except for higher–tier documents.
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202.1 Martin MariettaAstrcISpace Documents

PS20001407 GN&C Sensor Equipment Module, SP-801

PS20001409 RWAEquipment Module, SP-801

PS20001423 Reaction Wheel Assembly (RWA),SP+502

PS20003823 Inetial Reference Unit (EUJ), SP-602

PS20003825 Three-Axis Magnetometer (TAM),SP-602

PS20034900 AttitudeControl Electronics (ACE),SP402

PS20003827 Earth Sensor Awembly (ESA), SP-602

PS20003828 Fine Sun Sensor (FSS), SP-602

PS20003829 MagneticTorqueRod (M’I’R),SP-602

PS20003830 Solid-State Star Tracker (SSS’I’),SP402

PS20008602 Amy DxiveElectronics (ADE),SP-502

1S20004937 GuidanceNavigationand Control SubsystemInterface
Control Document

PS20005396 EOS-AM Platform ContractEnd Item SpecKlcation,
September-101

20005397 Product AssuranceImplementationPlan, PA-1OO

PN20005404 VeriilcationPlan for the Earth Obsening System
VRD-loo

PS20005404 Vetilcation Spectilcation for the Earth Observing
System,VRD-11O

PN20005869 ElectromagneticCompatibility (EMC)Control Plan
September-106

1S20008501 General Interface Specificationfor the Earth Observing
System,ICD-101

1S20008503 Launch VehicleIRD, ICD103

PS20008513 High Gain Antenna (HGA)

20008536 EOS-AM Spacecraft SpecificationTree

PS20008543 Master Oscillator
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PS20008584

PS20008618

PS20008619

MICD20008618

20008650

20008652

20008658

20005387

PS20008662

PS20008669

1S20008669

1S20008504

Source:

2.2.2 SubcontractorDocuments

None

c

S-Band Transponder,SP-402

Propulsion Module PerformanceSpecification,SP-702

Propulsion ModuleElectronics Assembly Specflcation,
SP-701

Propulsion Module Mechanical Interface Control
Document

Program ApprovedMaterials and processes Lis4
PA-460

Critical Items I@ PA-51O

SoftwareManagementPlan, MD-108

Conf@ration ManagementPlan, MD-104

Flight SoftwareSystems Specification

Coarse Sun Sensor (CSS), SP-602

LntetiaceControlDocuxnen4Coarse Sun Sensor (CSS)

EOS Spacecraftto TDRSS Interface Control
Documen~IC.W11O

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

2*23 Other NowGovernment Documents

None
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3 REQUIREMENTS

The GFL%CSshall meet all the performancenquirements specified herein.

3.1 SubsystemDefinition

The GN&CSis an ensemble of sensors,effecters, softswm,and supporthardware,which have the
followingfunctions. The GN&CScontrols the Spacecraftattitude and orbig following separation
from the launch vehicle. In addition to controlling Spacecmft motion relative to the ealh, the
GN&CS controls the motions of the Solar hay and the High Gain Antenna relative to the
Spacecraft. TheGN&CScontrolspropulsivemaneuversfor orbit adjustmentand maintenance,and
it controls attitude maneuversfor sensor calibrations.

The GN&CS includes not only redundant hardware, but also dedicated backup hardware and
softwarewhichthe GN&CSinvokesautonomouslyupondetectingdangerousfaultsassociatedwith
Spacecraft attitude.

The GN&CS navigates the Spacecraft, and provides to other subsystems estimates of Spacecraft
position, velocity, attitude, and master oscillator integrated nom alized fiquency error.

3.1.1 Item Dhgrams

The GN&CSubsystemfunctionalblock dia~ the GN&C Flight Software functional block
diagmm and the GN&C electrical interfaces are shownin Figures 1, 2, and 3.

3.12 InterfZceDefinition

All GN&CS components shall, where practical, utilize the standard interfaces defined in
1S20008501(the GIS). Exceptionsto this shall be explicitlynoted in the componentspecifications.

The GN&CSinterfaceswithothersubsystemsshallbecontrolledby the documentslisted inTable I.

3.1.2.1 Functional Interfaces

Similar functional interfaces shall be standardized.

Table II summarizes the GN&CSfunctional interfaceswith other subsystems.

3.1.2.2 Physical Interfaces

Similar physical intetiaces shall be standardized.

3.1.2.2.1 Electrical Interfaces

The GN&C shti, where practical, comply with the requirements of the GIS, 1S200020008501,
Section 3, regarding Power, Grounds, Standard Signal Interfaces,Electm-explosive devices, Test
Points, and Connectors and Pin Allocations. Exceptions to this shall be explicitly noted in the
component specflcations.
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TableL GN&CSExternalInterfaces

GN&CS InterfaceTopic ControlDocuments
Interface with

C&DHSBDUS Electrical GN&CSbOX performanceS~CS; BDUbOX

paformance specificationPS20008568

C&DHSSCC software4mdware SCCPerformancespec~lcationPS20008570; Flight
physical Sofiwarepetiormance specflcation

COMSHGA Functional HGA performancespeci.tlcationPS20008513;Flight
Softwareperformancespectilcation

COMS Functional Transponderperfamance specificationPS20008584;
Trampmder Flight Softwarespecification

SMSSAD Functional SAD performancespecii3cationPS20008606;ADE
petiormance spectilcationPS20008602;ACE
performancespedlcation; Flight Softwa.m
performancespectilcation

EPSADE Elechical ADE perfmnumcespecificationPS20008602;ACE
performancespecification

PROPSThrusters PROPSthmster PROPSpedormance spectilcation PS20008618;
mounting PropulsionModule MechanicalInterface Control

DocumentMICD20008618

PROPSThrusters Functional PROPS performancespec~lcationPS20008618

PROPSPMEA Electrical PMEA pmkrmance specflcation PS20008619

SMS Structural,alignment GN&CSensorEquipmentModule spectilcation
PS20001407; GN&CInterface ControlDocument
ICD20004937; GN&Cbox performance
specifications

EPs Power GN&CSensorEquipmentModule speci17cation
PS20001407; GN&Cbox petiormance specit3cations

TCS Thermal GN&CSensorEquipmentModule spec~ication
PS20001407; Power EquipmentModule
spectilcationPS20001408; GN&Cbox performance
spec~lcations

SMS GN&Csensorsfields GN&CIntexfaceControlDocument ICD20004937
of view

3PSSolar Array Mechanical& Coarse Sun Sensor Intetiace ControlDocument
Electrical ICD20008669

I’DRSS Functional EOS Spacecraftto TDRSSIntexfaceControl
Document,1S20008504
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TableL GN&CSExternal Interthees

s

(Continued)

GN&CS
I

InterfkceTopic
I

ControlDocuments
Interfaee with

Launch Vehicle Separation Conditions Launch VehicleInterface Requirements Document
1S20008503

ICOMS MO
1 1
IFunctional IMaster Oscillatorspecflcation PS20008543

DCC072193 12



Table 11. GN&CS Functional Interfaces

Input to Source GN&CSActivity That This Output From Destination GN&CSMode
GN&CS FunctionalInput Interface GN&CS Which

Supports EmploysThis
Functional

Activity H/W or InputIn This
SIw Activity

loppler COMS transpondervia Navigation SIw ● Spacecraft . Ancillary All except Safe
‘equency C&DHS ephemeris data to modes
~ms ● Master C&DHS

oscillator bias . GN&C
● Doppler functions

predict ● COMS
transponder

DRS COMS transpondervia Navigation Slw ● Spacecraft ● Ancillary All except Safe
phemerides C&DHS ephemeris data to modes

. Master C&DHS
oscillator bias ● GN&C

● Doppler functions
predict ● COMS

transponder
Determine & correct HGA speed COMS HGA All except Safe
HGA pointingerror commands modes

pacecraft Spacecraft rotational Determine & correct Slw & RWAtorques Spacecraft All
ody angles motion measuredby LRU spacecraft pointingerror H/w structure
; rates

Thruster PROPS
commands PMEA

Determine & correct HGA speed COMS HGA All except Safe
HGA pointingerror commands modes
Determine & correct SAD speed EPS SADE All except Safe
SAD pointing error commands modes
Failure detection– Mode change to GN&CS All except Safe
voting logic Safe mode modes



~. TableIL GN&CS FunctionalInterfaces (Continued)
Input to Source GN&CSActivity That This Owt ut From

d’
Destination GN&CSMode

GN&CS FunctionalInput Interface N&CS Which
supports EmploysThis

Functional
Activity I-VWor InputIn This

SIw Activity
Spacecraft COMS transponder via Navigation Slw . Spacecraft . Ancillary All except Safe
ephemerides C&DHS ephemeris data to modes

● Master C&DHS
oscillator bias ● GN&C

. Doppler functions
predict ● COMS

transponder
Spacecraft COMS transponder via Navigation Slw . Spacecraft ● Ancillary All except Safe
clock time C&DHS ephemeris data to modes
bias and . Master C&DHS
master oscillator bias
oscillator

● GN&C
● Doppler functions

frequency predict
calibration

● COMS
transponder

Star fixes Spacecraft inertial Determine & correct Slw & RWAtorques Spacecraft Normal
pointing direction Spacecraft pointing error H/w structure
measured by SSST

Determine & correct HGA speed COMS HGA
HGA pointingerror commands
Determine & correct SAD speed EPS SADE
SAD pointing error commands

HGA COMS HGA via C&DHS Determine & correct Slw HGA speed COMS HGA All except Safe
gimbal HGA pointing error commands modes
positions
Solar array SMS SAD via EPS SADE Determine &correct SIw SAD speed EPS SADE All except Safe
angle & C&DHS array pointingerror commands modes



‘IhbleII. GN&CSFunctionalInterfaces (Continued)
Input to Source GN&CSActivity That This OutputFrom Destination GN&CSMode
GN&CS FunctionalInput Interface GN&CS Which

supports EmploysThis
Functional

Activity H/W or Input In This
Slw Activity

un angles Spacecraft rotational Determine & correct Slw & RWAtorques Spacecraft All except Safe
position as measuredby spacecraft pointingerror Hlw structure modes
FSS

Determine & correct HGA speed COMS HGA
HGA pointing error commands
Determine & correct SAD speed EPS SADE
SAD pointing error commands

un angles Spacecrflft& solar array Determine & correct SIw & RWAtorque Spacecraft Sun-Pointing
angular position as spacecraft pitch & yaw H/w structure Safe mode
measuredby CSS error

Thruster PROPS
commands PMEA

Pass CSS pitch Hlw copy of Css EPS SADE Earth-Pointing
componentof sun angle pitch component Safe mode
to EPS SADE of sun angle

Iagnetic Measurementsof Earth’s Momentumunloading Slw & Torquesby MTR Spacecraft All
eld magnetic field by TAM Hlw magnetic field structure
Dmponents interaction with

earth’s magnetic
field

arth limb Spacecraft pointing Determine & correct Slw & RWAtorques Spacecraft All except
ngles direction measured by spacecraft pointingerror Hiw structure Normalmode

ESA and
Sun-Pointing
Safe mode

Thruster PROPS
commands PMEA



Input to
GN&CS

Orbit adjust
initiation
commands

“SCCok”
pulse train

TableII. GN&CSFunctional Interfaces(Continued)

Source

C&DHS

C&DHS

GN&CSActivity That This
FunctionalInput Interface

supports

Activity H/W or
SIw

Determine & correct
HGA pointing error
Determine & correct
SAD pointingerror I
Failure detection-
voting logic

I

r-l-

Output From
I

Destination GN&CSMode
GN&CS Which

HGA speed
commands

COMS HGA

SAD speed
I
EPS SADE

commands I

EmploysThis
Functional

InputIn This
Activity

Mode change to GN&CS All except
Safe mode Sun-Pointing

Safe mode
Thruster PROPS Orbit Adjust
commands PMEA

Change GN&CS Internal to All
mode to Safe GN&CS
mode
Safe mode flag EPSSADE&

C&DHS
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3.10222 MechanicalInterhees

The GN&Cshall,wherepractical,complywiththerequirementsof the GIS,IS20008501,Section4,
regarding Coordinate Systems, Physical Characteristics, Design and Construction, Mounting,
Alignment,Mechanisms,DynamicChamcteristics,StructuralCriteria,andTooling. Exceptionsto
this shall be explicitly noted in the componentspecifications.

The Spacecmftoutgassingand stray venting disturbanceswill not exceed the following

a. steady ventingforces <l@5 lbs

b. random venting impulsesS0.028 ll+sec per orbit.

3.1.2.23 ThermalInterfaces

The GN&Cshall,wherepractical, complywith the requirementsof the GIS, IS20008501,Sections
1 thru 5, regarding Thermal Interfaces, Environmental Flux Parameters, and Thermal Control
Hardware. Exceptions to this shiillbe explicitly noted in the componentspecflcations.

3.1.2.3 SubsystemInterfaces

3.1.2.3.1 ElectricalPower SubsystemInterfaces

TheElectricalPowerSubsystemwill supplypowerto all GN&Chardwareunits in accordancewith
the GIS IS200008501,this documen~Paragmphs 3.2.4 and 3.7.1,and the GN&C componentand
equipment module specificationslisted in Paragraph3.1.3.

Subsystem-level functionalcharacteristicsof tbeElectricalPower Subsystemthat interfacewiththe
GN&C Subsystemwill be as defined in the followingparagraphs.

3.1.2.3.1.1 Solar Array

For the purpose of defining the Solar Array torque disturbances, the following parameters will
apply

a. The area of the Solar Amy will not exceed490 squarefeet.

b. The centerof pressuxewill be located in the planeof the blanket at a distancenot greater
than 277 inches from the Solar Array mountingflange (see Paragraph 3.1.2.3.5.5).

c. The solar array surfaceproperties are: (TBR-1)

1. absorptioncoefficient0.87

2. specular reflection Coefficient0.13.

For the purpose of defining the boom deployment, the following parameters will apply:

a. The mass of the movingelement (boom,SequentialShunt,stowedSolar ArrayBlanket,
etc.) will not exceed 460.0 pounds (TBR-2).
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b. ‘l’hemomedt of inertia of the moving element about the hinge point will not exceed
811440 (TBR-3) pound-inches2.

c. The time to &ploy the boom will be between 0.5 minutes and 2 minutes.

d. The impact tonqueat the end of travel will not exceed 335 inch-pound.

Mast (blanket) deployment will require a maximum of 15 minutes. The Solar Array during
deployment will withstand the aerodynamic drag forces associated with a density of up to
0.14 x 10_lOkilogramsper mete~ withthe SolarAmy atan angleof attackof up to 10°withrespect
to the air stream. The fully deployed Solar Amy duxingtmnsfer orbit (perigee passage) will
withstand the aerodynamicdrag forces associatedwith a density of up to 1.0x l~l” kilograms per
mete# with the Solar hay at an angle of attack of up to 90° with respect to the air stream.

Thema.1 distortion transfer rates (solar snap) at the time the Solar Amy passes the penumbra
between the sunlight and eclipse portionsof the cibit will not generate a disturbanceforce impulse
greater than 8 x lb pound-seconds refexredto the blanket center of mass. Theforce impulse will
be directed along the solar array+ Z axis (TBR4). Solar snap will generate a disturbance torque
impulse not greater than 0.04 inch-pound-second about the Solar Aray rotation axis.

The Solar Axraywill withstand orwrbit loads of 0.015g at the Solar Amy center of gravity and
applied in the direction of the Spacecraft+ X axis. The Solar hay will withstand this load when
rotatedto anyangleaboutits rotationaxis.

The lowest bendingmode frequency of the Solar Axray when deployed will be at 0.22 Hz or higher.

The Solar hay will provide for mounting and interconnectingfour Coarse Sun Sensor units in
accordance with ICD20008669. The tempemturedifference bmveen the two Coarse Sun Sensor
units will not excetxi65”C.

3.1.2.3.1.2 ArrayDrive Electronics

TheArrayDriveElectronicswill acceptcommandsfromGN&Candprovidesteppulses to the Solar
Anayl%ive to causethe amayto rotateatrates of*W,32W,or&W (or to stop). The nominalrate W
will be commendable in incrementsof Ml.1YO or smaller. The nominal mte will be comrnandable
over a minimum range of 1.046x 1~3 radianskcond to 1.187x l@3 radianshecond (TBR-5).

3.123.2 Thermal Control SubsystemInterfaces

The Thermal Subsystemwill manage powerdissipationfrom, and maintain the temperature of, all
GN&Chardwareunits in accordancewith theGIS1S20008501,this documentParagraph 3.7.1,and
the GN&C component and equipment modulespeciilcations listed in Paragraph 3.1.3.

3.12303 Communications SubsystemInterfaces

3.102.3.3.1 High Gain Antenna

3.102.303.1.1 Range and Controlof High Gain AntennaRotation

The high-gain antenna will be capable of motion over a range of H25° in azimuth and +95, -35°
in elevation. If commanded beyond these ranges, the high gain antenna will not necessarily move
but will not be damaged.
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Thehigh gain antennawill provideencodersignals representingits azimuthand elevation position
each 64 milliseconds. The gmmdarityof the encoder signals will be 13 bits (-0.0440). An exma
bit will be provided with the azimuth encoder reading the 14 bits will unambiguouslydefine the
high gain antenna position over the fill =25-degree range.

The high gain antema will accept movement commands for each axis ffom GN&C each time
intervalof512 milliseconds. Eachcommandshall specifythenumberof stepstobe executedduring
the next time interval. Each stepwill produce0.0075°ofrotation. Thehighgainantennawill rotate
at up to 1.2°per second (-82 steps per512 millisecondtime interval). The high gain antenna wiIl
distributethe commandedstepsover the 512 millisecondtime intend in a pseudo-m.ndomfashion
such that no single frequencyis excited for any sequenceof step commands.

3.1.2.33.1.2 High Gain Antenna Mass Properties

The movingportionof the highgain antennawill weigh 185poundsmaximum. The center of mass
of the moving portion of the high gain antenna is located in high gain antenna coordinates (see
Paragraph 3.2.1.1.5) at X = 3.10 inches, Y = O,and Z = 2.08 inches. The moments of inertia
(pound-in2)of the movingportionof thehighgainantennaaboutthecenterof rotationwe (T13R+).

Ixx = 53279 +5%
Iyy ==36274 ~ 5%
Izz = 43367*5’%

The high gain antema design will preclude any bending mode that could induce an oscillation in
the gimbal position at 1/0.256 Hz or multiples of that frequency.

3.1.2.33.2 SBand Doppler ‘IMmsponder

The transponder will extract non-destruct Doppler fkquency sum
seconds, synchronized with the spacecraft clock 1.024 second
~] micros~ondo

measurements every 1.024
reference epoches within

The time interval between successive Doppler phase error samples will be accurate to
H5 nanosecondsof Spacecraftelapsed time. Spacecraftelapsed time is proportionalto a count of
periods of the master oscillator.

The standard deviation of residual random errors in the equivalent S–Band Doppler frequency
measurementover a 10secondperiod will not exceed 0.0033Hz.

The equivalent S–BandDoppler frequency measurementbias will not exceed 0.001 Hz over any
4&n.inute period, excludingthe effects of the master oscillator.

The non-destruct Doppler frequency sum will accumulate for 40 minutes without rollover.

The equivalent S–BandDoppler fkquency measurementresolution will be 0.001 Hz.

The transponder will add a known constant bias to the Doppler frequencysum to prevent the count
from becoming negative.
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The transponderwill exhibit Doppler cycle slips at a rate lower than one per 100,000seconds.

Thetransponderwill providecycle slip, signal strength, andreceiverlock status with eachDoppler
frequencysum.

3.12333 Master Oscillator

In the Spacecraftenvironment, the master oscillator normalized frequency accuracy will be better
than 2.0 x 1(F7,nomalized ffequency stability (AUanVariance)will be better than 1.0x lti12 per
10seconds,normalized drift will be less than 1.0x l(Y1l per 100minutes and less than 1.0x l@O
per one day.

3.123.4 co remandand Data HandlingSubsystem Interfaces

The Command and Data Handling Subsystem will interface with all GN&C hardware units in
accordancewith the GIS 1S200008501,the following subparagraphs,and the GN&C component
and equipment module spec~lcations listed in Paragraph 3.1.3.

Subsystem-level functional characteristics of the Command and Data Handling Subsystem that
interfacewith the GN&C Subsystem will be as defined in the following paragraphs.

3.1.2.3.4.1 ComputationService: SoftwareHosting

All GN&CSFlight Sofhvare except the Safe Mode control fmware will reside in the C&DHS
Spacecraft Controls Computers (SCCS). The Safe Mode control firmware shall reside in the
AttitudeControl Electronics (ACE).

The GN&CFlightSoftware shall perfoxmall task defined hensinexcept Safe Mode.

The GN&Cflight software implementationwill be such that the code and/or data can be modified
(i.e., reproz~) while the Spacecraft is on orbit.

3.1.2.3.4.2 Data Transportand Thing

The C&DHS will provide data collection for, and command distribution from, the GN&C flight
softwareas defined in Section3.7.3.1. Figure 4 identifies the Spacecraftcomponentsanddatapaths
involvedin data collectionby the GN&CFlight Software, in all modes except Safe Mode. Figure5
identiles the Spacecraft components and data paths involved in command distribution by the
GN&CSFlight Software in all modes except Safe Mode.

3.12.3s Structure and Mechanisms Subsystem Interfaces

The Structure and Mechanisms Subsystem will interface with all GN&C hardware units in
accordancewith the GIS 1S200008501,this documentParagraph3.2.3, GN&CICDandthe GN&C
componentand equipment module spectilcations listed in Paragraph 3.1.3.

Subsystem-level functional characteristics of the Structure and Mechanisms Subsystem that
intexfacewith the GN&C Subsystem will be as defined in the following paragraphs.
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3.1235.1 Mass Properties

The Spacecraftwillmasspropertiesare showninTableIII witha toleranceof*1O%as: (The“total”
cases are for the solar may oriented at 0° see Paragraph 3.2.1.1.6.) (All coordinates are in the
Spacecmft body coordinatetie see Paragraph 3.2.1.1.3.)

3.13.33.2 Equipment Mounting

Sensor Module equipment will be mounted as defined in the Sensor Equipment Module
Specflcation PS20001407. RWAs will be mounted as defined in RWA Equipment Module
SpecificationPS20001409. TheEarth Sensors,FineSunSensor,CoarseSunSensors,andMagnetic
TorqueRods will be mounted as defined in the GN&CsubsystemICD, ICD20004937.

Equipment will be mounted in the GNLlcCsensor equipment module and the RTVAequipment
module such that

a. Items whichfor safetyreasonsmay requirerapid prelaunchmaintenancewill be readily
accessible.

b. Items requiring frequent access during I&T or other prelaunch operations will be
accessible during I&T.

3.1.2.3.5.3 -entiOptid Bench

Thealignment requirements are &fmed in the GN&CSubsystemICD, ICD20004937.

3.102.33.4 Solar Array Drive

The solar array drive will step in response to pulses from the array drive electronics. The step size
will be l]m of a revolution (0.0090).

The solar array drive will provide a signal or signals such that GN&C can determine the array
rotation angle.

3.1.2.3S.5 Mounting Locationsof Componentswhich GenerateDisturbanceForces

The center of the high gain antenna mounting flange is located in Spacecraft body coordinates at
X = 150.5 inches, Y = -3.5 inches, and Z --107.4 inches.

The center of the solar array mounting flange is located in Spacecraft body coordinates at X = 128.00
inches, Y =-36.67 inches, and Z =-44.22 inches.

3.1.2.3.5.6 Oscillatory Motion of the HGA Pedestal

The HGA phase center peak-to-peak motion will not exceed 0.002 meters in the line-of-sight
direction to T.DRSover any 10.24-second interval during a TDRS contact.
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Table111, SpacecraftPhase Inertia Matrix

1 2 3 4

Phase Launch Separation Solar Army Orbit
HCIAMp!OY Acquisition

Mass (Ibm) 10142.89 10142.89 10142.89 9778.89

+

5
OrbitAcq.

W/O Solar Array

9325.49
16

End of Life

9402.42I

I ICenterof Gravity

106.300 103.758 106.646 105.606 110.225
X (in)

106.300

1.435 -4.075 -4.226 4.196 -4.396
Y (in) 1.435

-1.607 -1.607 -6.400 -6.638 4.672 -6.904
z (in)

Incrtias (lbm-lnA2)

1.6115e+07 4.1477C+07 4.1392C+07 1.8284e+07
1.6115e+07

4.13Me+07
Ixx

6.4298e+07 6.4283e+07 6.1960c+07 6.0161c+07
Iyy 6.4298c+07

5.8781c+07

6.0704c+07 7.6922e+07 7.4609e+07 5.1364c+07
hi 6.0704c+07

7.1440C+07

1.4550C+05 .-1 .0640e+06 -9.4458c+05 8.0389e+05
Ixy 1.4550e+05

-7.9666e+o5

-2.1 177C+05 3.0871e+06 3.0773e+06 4.9310(?+04 3.0663c+06
Iyz

-2. i 177e+05

2.6974c+06 1.7195e+06 1.9070(?+06 2.3191e+06
Ixz 2.6974e+06

2.1394e+06
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3.1.2.3.6 PropulsionSubsystemInterfaces

3.123.6.1 Delta-V Thrusters

The delta-V thruster locations and thrust directions are defined below (Entries are in inches in
Spacecraftbody cocmiinates.)

Thruster Location ForceUnit Vector
Number

x Y z x Y z

DV #1 -9.4 -19.4 0.8 1.0 0.0 0.0

DV #2 -9.4 -17.7 3.4 1.0 0.0 0.0

DV #3 -9.4 11.7 -13.7 1.0 0.0 0.0

DV #4 -9.4 10.1 -16.4 1.0 0.0 0.0

Thrust misalignmentwith respect to the directions shownabove will be less than 0.30 degrees.

Thrust levels of the delta-V thrusters will be 5 pounds nominal. For the purpose of fuel usage
accountingthe Isp will be 215 pound~seconddpound~.

Theminimum achievablevalue of delta-V impulsewill be not more than 0.005meters per second,
assuminga Spacecraftmass as defined in Paragraph3.1.2.3.5.1. It will be possiblefor the GN&C
subsystemto controlthedelta-V impulse to a gmnularitynot greaterthan0.0005metemper secon~
assuminga Spacecraftmass as defined in Paragraph 3.1.2.3.5.1.

Thecombineddelta-V errorsfrom emorsin propulsionsystempressureImowledgeand thrustforce
repeatability will be less than 5% for all burns longer than 0.512 seconds.

3.1.2.3.6.2 Attitude Control Thrusters

The attitude control thrusterlocations and thrust directionsare definedbelow (Entriesare in inches
in Spacecraftbody coordinate@

Thruster Location FcwceUnit Vector
Number

(Primary/Redundant)

x

ACS #1/17 -4.3/-2.3

ACS ##2118 -4.3/-2.3

ACS #3119 -4.3/-2.3

ACS #4/20 A.31-2.3

ACS #5/21 -4.3/-2.3

ACS “#6/22 A.31-2.3

Y z x Y

-30.6 -6.7 0.0 1.0

-30.6 10.5 0.0 0.866

30.6 10.5 0.0 -0.866

30.6 -6.7 0.0 -1.0

30.6 -10.5 0.0 -0.866

-30.6 -10.5 0.0 0.866

z

0.0

0.5

0.5

0.0

-0.5

-0.5
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Thrust misalignmentwith respect to the directions shown above will be less thau 0.30 degrees.

Thrustlevels of theattitudecontrol thrusterswill be 1poundnominal. For the purpose of fuel usage
accountingthe Isp will be 215 pound~econds@ound~.

3.1.2.3.6.3 Thruster Control

The thrusterftig pulsewidthscomman&d by the GN&Cshallbe 48 millisecondsminimum. The
thrusters will be commendablein increments of 8 milliseconds.

The Propulsion module will accept thruster ftig commands horn two independent sources within
GN8zC:

a. From the GN&C software via the Command and Data Handling subsystem when the
GN&C is in a mode other than the Safe Mode, and

b. From the Attitude Control Electronics when GN&C is in the Safe Mode.

3.1JA6.4 Propellant Mass Estimation

Thepropulsion moduledesignwill provide the capability of determiningthe remaining propellant
mass to within A1Opounds, and the propellant center of mass to within M.5 inch.

3.123.7 Electrical Accommodations Subsystem Inter%us

The Electrical Accommodations Subsystem will provide interconnections among all GN&C
hardware units, and between GN&C and other interfacing hardwareunits, in accordance with the
GIS 1S200008501,and the GN&C component and equipment module specflcations listed in
Paragraph 3.1.3.

3.12.4 Ground System Interfaces with TONS

The GSFCFlight DynamicsFacility (FDF)and the TDRSSwill provide the support defined below
to the TONS.

3.102.4.1 Contact Schedules

TDRSSS-Band SingleAccessand MultipleAccesscontactswillbe scheduledas necessary to meet
navigation requirements.

The ground system schedulingof TDRSSfor TONS will consider

a.

b.

c.

Contact frequency

Contact dumtion

In-plane Doppler observabilitybased on selection of TDRS East or TDRS West
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d.

e.

f.

g.

h.

i.

j.

k.

3.102.402

Location of contact in EOS orbit

Ionospheric refraction

Line-of-sight visibility, EMI constraints and Sun constrtits, timuti rewind
constraints

High gain antenna position limits or keyhole limits

Knownregions of high RFI which might affect Doppler measurementaccuracy

TDRS propulsivemaneuvers

EOS propulsivemaneuvers

Master oscillatorfkequencyadjustments.

TDRS Forward Signal (haracteristies

TDRSS S–Band signal quality will be accurate and stable to better than 1.0 x 10_12parts, and
otherwise consistent with the Space Network User’: Guide (NASASTDN 101.2) and the EOS
TDRSSICD (ICD20008504)

The transmitted TDRSS S-Band signal will not be Doppler compensatedwhile EOS is using the
signal for navigation.

3.102.403 Primary Navigation Support Data

The ground system will uplink four TDRS position and velocityvectors, as often as once per day.
The upl.inkedposition and velocity will be of stilcient accuracyand molution such that

[1] a one-day fourtkmder Runge-Kutta numericalintegrationwith a 10.24secondtime step;

[2] in a 48-bit 1750Aword lengthprocessor

[3] with a force model consistingof an [8 x 8] GEM-T3 geopotential, solar and lunar gravity,
and solar pressure;

[4] will generate TDRS positions accurate to *150 meters (per axis, >sigrna); and

[5] will generate TDRS velocities accurate to MIOl 1 metershecond (per axis, 3-sigma).

The ground system will set and uplink a flag to indicate TDRS propulsive maneuvers.

The ground system will compute and uplink Spacecraft mass and center of mass after EOS
propulsive maneuvers.

The ground system will compute and uplink a Spacecraftclock calibration parameter, as often as
once per 24 hours, accurate to SO microsecondswithrespect to UTC. Leap second correctionsto
UTCwill be uplinked. Themasteroscillatornorrnbd frequencybiasandfrequencydrift will also
be computed and uplinked at the same time.
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The ground system will compute and uplink an initial state vector and associated state error
covariance matrix for the primary navigation system.

The ground system will obtain and uplink a solar activity parameter,as often as once per day.

The ground system will uplink navigation mode changes, initialization da@ filter tuning
parameters, other data base parametem,and navigation softwareupdates as necessary.

3.102.4.4 Backup Navigation Support Data

Theground system will compute and uplink backup EOS mean orbit elementsas often as once per
24hours, and as necessaryafterEOS propulsivemaneuvers. Duringthe operationalphase,position
data will be accurate to i50 kilometers after tsvodays of onboarduse, >sigrna.

The ground system will compute and uplink four (4) backup TDRS mean orbit elements as often
as once per 24 hours, and as necessary after TDRS propulsive maneuvers. During the operational
phase, position data will be accurate to *120 kilometers after two tiys of onboard use, 3-sigma.

3.13 Major ComponentList

TheMajor Components of the GN&CS shall be as listed in Table IV.

TkbleIV. Major ComponentList

Subsystem Number Performance
Component Required Specification

GN&CSensor Eauipment Module 1 PS20001407.- 1 1

RWAEquipment Module 1 I PS20001409 1
Reaction ~eel Assembly (RWA)

n m

I 4 I PS20001423 1-. I I

Inertial Reference Unit (IRU) I 1 I PS20003823 I
1 I

Three-his Magnetometer (TAM) 2 PS20003825

Attitude Control Electronics (ACE) 1 PS20034900

Earth Sensor Assembly (ESA) 2 PS20003827
n

Fine Sun Sensor 0?SS) I 1 I PS20003828 I. .

Magnetic Torque Rod (MTR) 3 PS20003829

Solid State Star Tracker (SSST) 2 PS2(N03830
1 I

Coarse Sun Sensor Assembly (CSS) 1 PS20008669 I
3.2 Characteristics

3.2.1 Guidance, Attitude Determinatio~ and Control

GN&C shall maintain real-time, on-board estimates of the Spacecraft attitude and attitude rates
relative to the reference pointing tie. These data shall support attitude and appendagecontrol.
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GN&C shall providereaction wheels (RWAS)as momentumstoragedevicesas the primarymeans
of controlling attitude angles and attitude rates during the Operationalmission phase.

3.2.1.1 CoordinateSystems

Figures 6 and 7 illustrate the coordinate systems.

3.2.1.1.1 Earth-CenteredInertial Frame

The Earth-centered inertial (ECI) frame is defined in terms of the mean equator and equinox of
epochJ2000. TheECI framehas itsX axis towardthemeanequinoxofJ2000anditsZ axispointing
North and normal to the mean equator of J2000.

3.2.1.1.2 ReferencePointing Frame

Themfenace pointing tie is a radius-tangential-normal (KIN) frame defined in terms of the
Spacecraft’sorbit. The RTN fmrne is obtained from the ECI tie by rotating the ECI frame as
follows:

a. +Kl about Z, where Q is the right ascension of the orbit’s ascending node

b. +i about X, where i is the inclination

c. and +Uabout Z, where u is the argumentof latitude

3.2.1.1.3 SpacecraftBody Frame

The Spacecraftbody fkameis as defined in the GIS (IS20008501). The deftition is repeated he~
for reference. The Spaeeaaft bodyframe is illustrated in Figure 7. The originfor Spacecraftbody
coordinatesis at thegeometic centerof the primary structurebulkhead#1 (thefmt bulkheadabove
the separation plane). When the Spacecraft is in its nominal orientation, the body frame is related
to the RTNframe as follows:

Body PointingDirectionof the SpacecraftBody Axis Corresponding
Axis KIN Axis

x (Approximate) Velocity Direction Y

Y Orbit Anti-Noxmal -z

z Nadir -x

3.2.1.1.4 sun Angles

TheSun position relative to the orbit plane is characterizedby two angles: (a) and (~), where

c is the angle in the orbit plane measured positive about the orbit normal fkomthe
ascendingnode to the projectionof the Sun vector in the orbit plane, and

~ is the angle of the Sun vector out of the orbit plane, positive toward the orbit
normal.
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302.1.15 High Gain Anterma

The high gain antenna +X axis is aligned with the antenna boresight positive toward the target
(i.e. TDRS). The high gain antenna is driven by a set of elevation-over--h gimbals. When
thehighgain antennaazimuthandelevationare zero,the antenna+Zaxis is alignedwith the azimuth
axis, positive away from the mountingflange. The origin of the high gain antenna coordinates is
at the center of rotation of the gimbals. The origin (centerof rotation) is located 11.17inches above
(Spacecraft body -Z direction) the center of the high gain antenna mountingflange. The location
in Spacecraftbody coordinates of the center of the high gain antennamountingflange is defined in
Paragraph 3.1.2.3.55.

The high gain antennaazimuthaxis is nominallyin the samedirectionas the SpacecraftbodyZa.xis.
When the high gain antenna azimuth and elevation are zero, the antennaboresightpoints toward a
target in the Spacecraftbody +X direction. Antenna azimuthis defined as a positiverotation about
the Spacecraft body +2 direction. Antenna elevation is defined as positive toward the zenith
(Spacecraft body -Z) direction.

The high gain antema axes and Spacecraftbody axes are c-aligned when the azimuth angle and
the elevation angle are lmth equal to zero.

3.2.1.1.6 solar Array

The solar array Y axis is its nominal rotation axis aud is nominally in the same direction as the
Spacecraft body Y axis. The solar array Z axis is normal to the plane of the army and is positive
on the opposite side of the array from tie cells (i.e. when the array is correctly pointe4 the Sun is
in the-Z direction).The originfor the solara.maycoordinatesis at the centerof theSolarArrayDrive
mounting flange. The location of the origin of the solar may coordinates, in Spacecraft body
coordinates, is defined in Pa.mgraph3.1.2.3.55.

Solar array rotation angle is defined as a positive rotation about the solar array Y axis. When the
solar array rotation angle is zero, the solar array Z axis is nominally in the same direction as the
Spacecraft body Z axis.

3.2.1.2 Orbital Parameters

The GN&CS shall satisfy all of the requirements of this speci.tIcationwhile the Spacecraft is in a
nominal Sun synchronous, near circular frozen orbit with the nominal orbit parameters listed in
Table V. The GN&CS shall also provide control of the Spacecraft at lower altitudes prior to and
during the final orbitachievementbumsfollowingseparationfrom the launchvehicle. The injection
orbit parameters are listed in TableVL Unless specificallydefined othenvise,altitude is defined as
the difference betweenthe geocentricradius vector to the Spacecraftand the MeanEquatorialEarth
Radius of 6378.14 kilometers.
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TableV. OperationalPhase Orbit

Mean Semi MajorAxis

Mean Inclination

Mean Eccentricity

Mean Argument of Perigee

Descending Node

7078*5 km

98.2”* 0.15°

0.0012* 0.0004

90°* 20°

1015- l&45 AM (local mean solar time)

TableVL Injection Orbit

Perigee Altitude I550 km

Apogee Altitude

Inclination

Argument of Perigee

Descendin”zNode

705 km

98.2°

168°

1015-1045 AM (local mean solar time)

The GN&CSshallhave the capability to supportacquiring and maintainingan orbit with a ground
track repeatability as listed below:

Repetition Jntem.1 233 lWS (16 tiyS)

Repetition Accuracy HO km 3a at all latitudes, cross track

Radial Orbit Positionrepeatability +5 km 3cJat a given latitude

3.2.103 Guidance Navigatio~ and Control Modes

The operating modes of the GN&CS are shown in Table VII. The table also lists the sensors and
actuatomused for eachmodeas well as the methodof momentummanagement,and the Spacecraft
processorused. TableVII relates GN&CS modes with Spacecraftmodes.

3.2.1.3.1 Earth Acquisition/Hold

Following Separationfrom the launch vehicle, the GN&CS shall autonomously acquire the earth
utilizing the ESA unitsand thereaction wheels. Thrusterswill be us~ if necessary,to reduce high
spacecraftbody rates resultingfrom launch vehicle separation.

The ESASand IRU signalsshall provide the control system attitudeand rate measurementsduring
Earth acquisition and during the transition to the normal operationalmode. The yaw attitude shall
be derived using a gyrocompassing technique. These signals shall be sample~ processe~ and
falteredusing algorithmsresident in the Flight computer. The Earth Acquisition controller shall
operate at a 0.512 secondinterval.
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Table VII. GN&CSSensor and Effecter Utilization

Attitude and Rate Error Source

Mode Actuators Sensor Data Update Filter Momentum Control
Submode Unloading Device

REA RWA ESA IRu YGC Css ESA SSST IRu FSS

Earth Acquisition

Local VerticalAcquisition B P P P

YawAcquisition B P P P P MTR (REA) Scc

Update Filter P B P P MTR (REA) Scc

Normal

Stellar Acquisition P P P P B P P B MTR (REA) Scc

Update Filter (Earth Pointing) P D D B P P B MTR (REA) Scc

Update Filter (Offset Pointing) P D D B P P B MTR (REA) Scc

Orbit Adjust P B B P

Safehold

Earth Ponting P P P P P MTR (REA) ACE

Sun Pointing P P P P MTR (REA) ACE

P – Primary ACE - Attitude Control Electronics Safehold Controller
B - Backup MTR - Magnetic TorquerRods
D – Failure Detection REA – Thrusters

YGC– YawGyrocompassing
SCC - Spacecraft Control Computer
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The Earth Acquisitionmode shall have the capability of inidalizing and using the U@e Filter to
compute attitude errors for control of the Spacecraft.

The reaction wheels or ACS thrusters shall be used to control the Spacmaft attitude and angular
rate during Earth acquisition. The magnetic torquers shall be the primary actuators for reaction
wheel momentumunloading with thrusters as a backup.

In Earth Acquisition/Hold Mode the GN&CS shall use attitude control logic that is s~lciently
robust to accommodatethe large pointing errors that are possible during earth acquisition, and to
accommodateactuation by the RWASor the thrusters.

3.2.1.3.1.1 Local VerticalAcquisition Submode

The local vertical acquisition submodeof Earth Acquisititiold shall be initiatedupon entry into
Earth acquisition mode provided that Earth presence is indicated ffom either ESA. In the LV
acquisitionsubmode,attitudeetror signalsfor theroll andpitch axesshallbeusedto generatecontrol
tmque signals.The ACS thrustersor reaction wheelswillbe used to generate the control torques in
this submode. Once roll and pitch attitu& emrs and body rate errors are reduced to acceptable
levels, and remain within these thresholds for 15 seconds, an autonomous switch to Yaw
Gyrocompasssubmode shall be made.

3.2.1.3.1.2 YawAcquisition Submode

After Spacecraftroll and pitch attitude emrs have been reduced to less than 4.0°, and angular rate
errors have been reduced to less than 0.13,0.10,0.10 degrees per second (roll, pitch and yaw axes
respectively), and remain within the thresholds for 15 seconds, Yaw Acquisition submode shall be
autonomously entered. In this submode, yaw attitudeshaUbederivedby usingtheroll axis rate data
(yaw gyrocompassing). After the derived yaw attitude error signal has been reduced to less than
4.0 degrees and mnains within that threshold for 300 seconds, yaw acquisition is complete. The
GN&Cshallremain in this submtie until changedby groundcommand,or autonomouslytransition
to Local VerticalAcquisition submode if body attitude or rate emorthresholds are exceeded.

It shall be possibleto initialize theUpdateFilter whilein the YawAcquisitionmode.DuringUpdate
Filter initialization the softwarealgorithms shall processthe ESA, IRU, and SSSTSto estimate the
Spacecmft attitude error relative to the ECI frame. The FSS shall be used as a backup sensor for
attitude determination in this mode. Spacecraft attitude control shaIl be performed on ESA’Sfor
roll and pitch, and gyrocompassingfor yaw.

3.2.1 .3.1.3 Update Filter Submode

The Update Filter submode is entered by ground commandafter Update Filter convergence. The
attitude errors computed by the Update Filter are used to control the Spacecraft in this submode.
The control torque is provided by the reaction wheels or thrusters with magnetic unloading. Thruster
unloading is a back-up to magnetics. This submode shall be selectable by command during transfer
Orbit to obtain precise attitude determination and control during Orbit Acquisition bums.
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3.2.10302 Normal Mode

The Normal mode shall be the primary on-orbi~ science data collecting GN&C mode. During the
Normal mode, the GN&CS shall maintain pointing to the local vertical reference &fmed in
3.2.1.12, afterUpdateFilterconvergence. Thispointing shallbe maintainedtothereqti stability
and accuracy requirements while in Norma.1mode with the Update Filter converged.

In Normal mode the GN&CS shall use attitude control logic that is stilciently robust to
accommodatetheattitudeemorsassociatedwithYawAcquisitionsubmode,accommodateactuation
by the RWAS,and accommodate momentumunloading by the MTRs or the thrusters.

Thetransition to the NormalmodefromEarthAcquisition/Holdmode shallbebygroundmnmand.
The transition to Normal mode from Orbit Adjust mode shall be autonomous.

It shall be possible to calibrate the ACS and EOS payload sensors while in the Normal mode.

Whileinthe Normal mode,the sensor dataprocessing (with the exceptionof the gyro and high gain
antenna prefdter), and control system algorithms which reside in flight sofbvare shall be executed
at 0.512 second intervals. .Thegyro prefilter shall execute at a 0.128 second interval and the high
gain antenna pefdter sh~ execute at 0.064 second intervals. The UpdateFilter shall execute at
10.24second intmals.

3.2.1.33.1 Stellar Acquisition Submode

The Stellar Acquisition subrnode shall be entered autonomously after Normal mode has been
commanded and YawAcquisition submodeis indicated as complete.

In this submodethe GN&CSFlight Software shall use The ESA IRU, and SSS’Ikto acquire a star
to initializethe Normalmode attitudedeterminationalgorithms. TheFSS shall be used as abackup
sensorfor attitude detenn.inationin this mode. Attitudeerror signalsshallbe generatedusingESAS
for roll andpitch, and gyrocompassingfor yaw. The control torque shallbeprovidedby the reaction
wheels with magnetic unloading. Thruster unloading is aback-up to magnetics.

3.2.1.3.2.2 Update FalterSubmode

The Update Filter submode is entered by ground command after Update Filter convergence. This
is the submode which is used for precise Spacecraft pointing during science data collection. The
attitude errors computed by the Update Filter are used to control the Spacecraft in this submode.
The control torque shall be provided by the reaction wheels with magnetic unloading. Thruster
unloading is aback-up to magnetics.

The GN&CS shall accept commands to offset point the Spacecraft by * 10° in the Roll axis and up
to* 180° in the Yaw axis while in the Normal mode. There is no offset capability required for the
Pitch axis. The offset pointing logic shall be resident in the flight software, and shall provide
capability to bias the commanded rate and attitude euler parameters used for Normal mode attitude
control in the Update Filter submode.

The offset pointing will be used for IRU ctilbration and may be used for instrument calibration and
yaw offset pointing under thmter control for orbit maintenance bums.
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3.2.1.3.3 OrbitAdjustMode

The GN&CSshall maintain three-axis control, with pointing offset capability,of the Spacecraft
during the orbit acquisition bums, during periodic drag makeup bums, and inclination burns.
During this mode the Spacecraftshallhave the capabilityto slewto anyyaw angle prior to the start
of the maneuver. Uponterminationof the maneuverthe Spacecraftshallautomaticallyreturn to the
previousGN&CSmode. Thesensordataprocessing,sampling,andcontrolsystemalgorithmsshall
be resident in the flight softwareand execute at 0.512 second intervals. Thruster commands shall
be issued at 1.024secondintervals (everyother 0.512 secondcycle).

The Orbit Adjust mode shall be entered by ground ccxnmand(stored commandload) from either
the Earth Aquisition/Hold mode (with yaw gyrocompasscompleted) or the Ncmnalmode (with
Update Filter converged). The durationof the &lta velocity bums is computedon the ground and
loaded into the GN&CFlight Software. The GN&CSFlight SoftwaR shallformat bum commands
which the Executive Flight Software and the C&DHS C&T Bus will deliver commands to the
PROPSPMEA. The commandsshall includebum durationsandthe PROPSPMEA will terminate
the bums after the commandedbum times have elapsed, Upon completion of the Orbit adjust
maneuver, the Spacecraft shall re+rient to the previous orientation, and return to the previous
GN&C mode.

The GN&CS shall have the capability to support genemting contingency retrograde thrusts to
decrease Spacecraft orbital velocity for ground tmck control or frozen orbit eccentricity vector
control.

Attitude determinaticmandcontrol shallbe providedduringall DV maneuvem. Attitudeerrors am
derived by one of two methods.

a.

b.

3.2.1.3.4

Primary attitude determinationusing the Normal mode UpdateFilter.

Alternateattitude determinationusingESASfor roll and pitch; integrated yaw gyro for
yaw. As in the Earth Acquisition/Holdmode, the ESASshall provide the roll and pitch
attitude referenceduring the bums; and the yaw attitude referenceshall be provided by
the integrated output of the yaw axis gyro. Prior to the bums, the gyro-derived yaw
attitude shall be initializedm the current yaw attitude estimate.

Safe Mode

In Safe Mode the GN&CSshall control Spacecraft attitude totally independentof the Spacecraft
Connols Computer. In Safe Mode the GN&CS shall commandno DV maneuvers. In Safe Mode
the GN&CS shall either orient the Spacecraft body +Z axis relative to the Earth and the –Y axis
relative to the orbit normal (Earth-pointing Safe Mode) or orient the Spacecraft body –X axis
relative to the Sun and maintainrate control only on the X axis (Sun-pointing Safe Mode). The
GN&CS shall provide an inertial hold capability while in Safe Mode. The Attitude Control
Electronics (ACE) shall provide the sensor signal buffering, scaling, and control systemfunctions
necessary for Spacecraftattitude control while in Safe Mode. The ACE SafeHold Data processor
shall execute at a 1.024-secondirmmal.
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GN&CSshall respond to the following causes by the following effects

Cause Effect

Groundcommand or stored command to se- Set selectionin accord with coxnmana no
lect between Earth Pointing and Sun Pointing mode change if not already in Safe Mode;
no associated command to enter Safe Mode change to selected version of Safe Mode if

already in the other vemion of Safe Mode
B

Ground command or StOti command Either, dependingon associated selection
to go to Safe Mode comman~, default to the last previous selec-

tion if no other commands
w

GN&C FDIR softwarecommand to go to Either, dependingon associated selection
Safe Mode commanti, default to the last previous selec-

tion if no other commands
1

LQSSof “SCC OK” pulse train ILast previous selection

In Safe Mode the GN&CS shall either

a. Acquire and maintain an Earth-riented attitude,

b. Maintain a thermallpower safe Sun+riented attitude, or

c. Maintain an inertially freed attitude.

The GN&CSshallbe able to enterSafe Modeh anyothermodeafterseparation from the booster
and activation of the attitudecontrol system Exit from the SafeModeshall occuronly uponground
command.

During the Safe Modethe Spacecraftattitude shall be controlledby the ACE andnot the Spacecraft
Control Computer. The attitude control actuators for Safe Mode shall be either reaction wheels or
thrusters. The ACE shall utilize magnetic unloading (thrusterunloading if enabled).

During the Safe Mode the SCC mayor may not continue to execute GN&C software,but in either
case the ACE shall control the Spacecraft attitude. The relationship of the GN&C Safe Modesto
the EOS Spacecraft system’s modes will be as defined in Paragraph 3.2.2.

3.2.1.3.4.1 Earth-Pointing Safe Mode

InEarth-Pointing Safe Mode the GN&CS shall pdorm the following functions:

a.

b.

c.

The ACE shall use emor signals as provided by the ESA and IRUSto generate control
torque commands to reaction wheels or thrusters to maintain an Earth pointed
orientation.

The ACE shall provide freed control gains which can be used to support Safe Mode
operation in tmnsfer Orbit and nominal mission Orbit altitudes.

The ACE shall provide a pitch rate bias capability. This bias range is required to have
values comesponding to average orbit rate and zero for the Pitch (Y) axis.
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& The ACEshalluse wheelsorthrusters for controltorquewithmagneticonlyor magnetic
and thruster unloading of reaction wheel momentum.Thruster unloading and thruster
control shall not be operating simultaneously.

e. The ACE shall command the EPS ADE into Safe Mode (refer to PS20008602).

f. The ACE shall provide the EPS ADE with the CSS pitch error signal.

g. The ACE shall commandthe PROPS PMEA into Safe Mode.

If the GN&CS enters Earth-Pointing Safe Mode as result of GN&CSFDIR software action, the
GN&CSshall perform the following additional function:

a. The GN&CSFlightSoftware shall commandthe EPS ADE to Earth Presence mode.

3.2.1.3.4.2 Sun-Pointing Safe Mode

In Sun-Pointing Stie Mode the GN&CSshall ptzform the followingfunctions:

a. The ACE shall use error signals as provided by the CSS for generating control
commands.These signals shall nominallybe used once the solar array has reached the
“index” position. Indication of this army position will be providedby the Array Drive
Electronics (ADE). At the index position, the cell side of the solar array faces the-X
(Spacecraftframe) direction.

b. The ACE shall acquire the Sun from any Spacecmftorientation,

c. The ACE shall control the Spacecraftattitude to maintain the Sun perpendicularto the
solar may by using the Pitch (Y) and Yaw(n coarse Sun sensorinformation after the
EPAADE providesthe “Solar Army at Index” signal indicatingthat valid CSS data is
available.

d. The ACE shall have the capability to override the array “at index” indication via
command.

e. The positionaboutthe Sun line, the SpacecraftRoll (X) axis, shallbe uncontrolled.The
Spacecraft angular rates shall be damped.

f. The ACE shall providea commendablesun line rate bias capability. This bias range is
required to havevalues betweenzero and~.625° per second.Rate bias commandswill
be used to support Earth acquisition fkomany arbitrary Spacecraftattitude.

g. The ACE shall provide the capability to change the default Sun sensor and rate bias
transformation to allow for changes in the “Solar Array at Index” position.

h. The ACE shall control the Spacecraftusing wheelsonly,or thrusters only. When using
wheels, magnetic and/or thruster unloading shall be available.

i. The ACE shall command the EPS ADE into Safe Mode.

39 DCC072193



PS2UO04937
21July1993 . .

=

j. The ACE shall commandthe PROPSPMEA into Safe Mode.

If the GN&CS enters Sun Pointing Safe Mode as result of GN&CS FDIR software action, the
GN&CS shall perfcmnthe followingadditional functknx

a. The GN&CSFlight Softwsm shall command the EPS ADE to Inertial Mcxie.

3.2.1.3.4.3 Inertial Hold Safe Mode

The InertialHold SafeModeshallbe enteredby groundcommandonly. In Inertia lHoldSafe Mode
the GN&CS shall perform the following functions:

a.

b.

c.

d.

e.

f.

3.2.1.35

The ACEshallmaintainan inertialreferenceusing the integral of the digital IIUJoutputs
to provide an inertial attitude enur signaL

The ACE shall use the IRU in the high rate mode during Inertial Hold.

The ACE shall have the capability to apply a rate bias to the accumulated digital IRU
outputs.

The ACEshall control the spacecraftusing wheels only,or thrusters only. When using
wheels, magneticandbr thruster unloading shall be available.

The ACE shall commandthe EPS ADE into Safe Mode.

The ACE shall commandthe PROPS PMEA into Safe Mode.

l%eOperational Tasks

The GN&CSshall be capable of maintaininga standby status while attached to the launch vehicle,
andtransitionto activecontrolof theSpacecraftafter sepmation. This transitionto acquisitionmode
or ACE Safe Mode shall occur within 3.0 seconds (1’BR-7) after separation.

3.2.1.4 Attitude Determination and Control Performance

3.2.1.4.1 Earth Acquisition/Hold Mode Attitude Determination and Control
Performance

GN&Cshallacquirea stableEarth-based attitudewithin30 minutesafter launchvehicle separation.

The GN&CS shall provide a telemetry indication of earth acquisition completion.

GN&CSshall maintainEaxthpointingwith errors not exceeding the values shown below: (Entries
are in degrees, zer-t~peak, 3u.)

Axis Roll Pitch Yaw

Transfer Orbit

Thruster Conuol 10.0 10.0 10.0

Mission Orbit

Thruster Control 2.0 2.0 4.0

Reaction Wheel Control 1.0 1.0 2.0
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302.1.462 Normal Mode Attitude Determination and Control Performance

302.1.42.1 Pointing Knowledge

GN&C dynamic pointing knowledgeerrors comprise errors in attitude detemninationand attitude
errors associated with emrs in the determinedSpacecraftposition vector and velocity vector.

GN&Cstaticpointinglmowledgeemrscompfie measurement,starposition andlaunchshiftemors
of the star trackem.

The GN&Ccontributionto systempointingknowledgeat the instrumentintexfaceshall not exceed
the values listed below (Entries are in~=con@=W*@33@

Axis Roll Pkh Yaw

GN&C DyIliUIliCSpec 152 14.5 10.7

GN&C Static Spec 11.8 11.8 11.8

3.2.1.4.2.2 Pointing Accuracy

The GN&C dynamic pointing accuracy allocation ihcludes GN&C dynamic pointing accuracy
emorsand also non-GN&C dynamicpointingaccuracyemrs. GN&Cdynamicpointingaccuracy
errors comprise errors in attitude determination, attitude errors associated with emrs in the
determined Spacecraft position vector and velocity vector, and emors associated with attitude
control. Non-GN&C dynamic pointing accuracy errors are those induced by instrument
clisturbancesand those inducedby internal disturbancesdue to the high-gain antennaand the solar
array.

GN&C static pointing accuracyerrors comprise measurementemrs, thermal distortion, moisture
distortion, and launch shift emrs of the star trackers.

The allocations for these errors are given in the following below. (Entries are in arc seconds,
zer~to-pek 30.) The GN&Ccontributionto systempointingaccuracyat the instrumentintcxface
shall not exceed the values listed below on the lines headed “GN&CDynamic SpecKlcation”and
“GN&C Static Specillcation”:

Axis Roll Pitch

GN&C-Related Dynamic Allocation 18.5 17.2

GN&C Dynamic Speciiicat.ion 17.4 16.4

Response to HousekeepingDisturbances 2.0 1.5

Response to InstrumentDisturbances 6.0 5.0

GN&C Static SpecKlcation 11.8 11.8

3.2.1.4.2.3 Short-Term Pointing StabfitylJitter

Yaw

13.1

11.7

1.0

5.5

11.8

The GN&C short-term pointing stabilityljitter allocation includes GN&C short-term pointing
stabili~/jitter errors and also non-GN&C short-term pointing stability/jitter errors. GN&C
short-term pointing stability/jitter errors comprise enors in attitude determination, attitude errors
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associated with mm in the determined Spacecraft position vector and velocity vector, and emors
associated with attitude control. Non-GN&C short-term pointing stability/jitter errors are those
inducedby instrumentdisturbancesand those induced by internaldisturbancesdueto the high-gain
antenna and the solar array.

The Wocationsfor these errors iue given below. (Entxiesare in arc seconds,peak-to-peak, 30. The
stability/jittm error is defined as the difference between the highest and lowest values of attitude
emr encountered in a window of the length stated, where the window may start at any time (i.e.,
a sliding window)). The GN&C contributionto system shofi-terrn pointingstability/jittererrors at
the instrumentintedace shallnot exceedthevalueslistedbelowundertheh-g “GN&CDynamic
Specflcation.”

Jitter Window Lmgth 1.8 second 9 seconds

Axis Roll Pitch Yaw Roll pitch Yaw

GN&C-Related Dynamic Allocation 2.1 2.1 1.6 7.7 8.1 7-5

GN&C Dynamic Spec~lcation 0.9 0.7 0.7 3.4 2.6 2.5

Response to HousekeepingDisturbances 0.4 0.7 0.7 1.8 1.2 2.0

Response to InstrumentDisturbances 1.9 1.8 L3 6.7 7.6 6.8

3.2.1 .42.4 Lag-term Pointing Stabfity/JMer

The GN&C long-term pointing stabiity/jitter allocation includes GN&C long-term pointing
stabiMy/jitter errors and also non-GN&C long-term pointing stability/jitter en’ors. GN&C
long-term pointing stability/jitter emms comprise emrs in attitude determination,attitude errors
associated with errors in the determined Spacecraft position vector and velocity vector, and emors
associated with attitude control. Non-GN&C long-term pointing stability/jitter emors are those
inducedby instrumentdisturbances and those induced by internaldisturbancesdueto the high-gain
antenna and the solar amy.

The allocationsfor theseerrors are given below. (Enrnes are inarc seconds,peak-t~peak, 30. The
stability/jitter error is defined as the difference between the highest and lowest values of attitude
emr encountered in a window of the length stated, where the window may start at any time (i.e.,
a sliding window). The GN&C conrnbution to system long-term pointing stability/jitter errors at
the instrument interfaceshallnot exceedthevalues listed belowonthe lineheaded“GN&CDynamic
Specitlcation.”

Jitter Window Length 420 seconds

Axis Roll Pitch Yaw

GN&C–RelatedDynamic Allocation 13.4 10.6 12.2

GN&C Dynamic Speciilcation 9.5 8.9 8.0

Response to Housekeeping Disturbances 4.8 4.1 3.9

Response to Instrument Disturbances 8.1 4.0 3.9
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3.2.1.4.3 Orbit Adjust Mode Attitude Determination and Control Performance

GN&C shall be capable on command of orienting the Spacecraft properly to perform propulsive
maneuversforortit acquisitionandorbitmaintenance.Specifically,themaneuversindicated below
shallbe supported. GN&Cshall maintainEmth pointingwith errorsnot exceedingthe values given
below: (Entries are in degrees, zero-to-peak 3a.)

Accuracy

Orbit Maneuver Yaw Angle Roll Pitch Yaw
(degrees)

Orbit Acquisition (In-Plane) o 3.0 3.0 3.0

Orbit Acquisition (Out-Of-Plane) *(75 to 105) 3.0 3.0 3.0

Orbit Maintenance (In-Plane) O,+180 3.0 3.0 3.0

Orbit Maintenance (Out-of-Plane) (75 to 105) 3.0 3.0 3.0

3.2.1.4.4 Safe Mode Attitude Determination and Control Requirements

GN&C in Safe Earth-pointing mode shall maintainEarth pointing with errors not exceeding the
values given below: (Entries are in degrees, zero-tqeak, 30.)

Axis Roll Pitch Yaw

Transfer Orbit

Thruster Control 10.0 10.0 15.0

Mission Orbit

Thruster Control 5.0 5.0 10.0

Reaction Wheel Control 2.0 2.0 4.0

GN&Cuponentetig Safe Sun-pointing mode shallcausethe solar arrayto drive to the point where
the cell-side arraynormal is orientedin the–X direction. TheGN&Cshallsense theSun’sdirection
andusethis informationto acquireandmaintaina Sun-pointingattitudesuchthat thecell-side may
normal is oriented toward the Sun with errors not execediag the values given below: (Entries are
in degees, Zero-tbpeak, 30.)

Axis Roll Pitch Yaw

Transfer Orbit:

Thruster Control WA 20.0 30.0

Mission Orbit

Thruster Control NIA 15.0 18.0

Reaction Wheel Control NiA 15.0 18.0

GN&Cin Safe Sun-pointing mode shall be capableof acquiringon commanda stableEarth-based
attitude from any a.fbitraryinitiaI attitude within 90 (TBR43) minutes.
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3.2.1.5 Appendage Control Performance

3.2.1.5.1 solar Array Control Performance

GN&C shall support closed-loop pointing of the Solar -y by generating solar array drive
commands to rotate or slewthe may during all post separationmission phases in all modes except
safe-modes. During transfer orbit operationthe solar may will be clocked at orbit rate to track the
Sun. GN&C shall, on comman~ cease commandingthe solar array motion.

During normal operation the GN&C contributionto solar may pointing emorshall not exceed the
values given below (Entries are in degrees, Zero-to-pek 30.)

Error

Open-Loop 12.0
Transfer Orbit

Closed-bp
Earth Acq/Hold Mode

Thruster control 7.0

Reaction Wheel Control 7.0

Normal Mode 5.0

Orbit Adjust Mode 7.0

3.2.1.53 E3gh Gain Antenna Control Performance

GN&C shall generate azimuth and elevation gimbal commands such that the High Gain #mtenna
points to and tracks any TDRS Spa- when EOS is in its mission orbit in ~ ~ orien~d
attitude, basedon anuplinkedcontact schedulefrom the EOSSpacecraftgroundcontrol center. The
GN&C shall also accept commands to facilitate ground control of the High Gain Antenna.

The GN&C allocation for high gain antenna pointing emor includes GN&C High Gain Antenna
pointing errors and also non<N&C High Gain Antenna pointing errors. The non-GN&C High
Gain htenna pointing emorrelates to the residual error from calibrating the static misalignments,
and is allocated 0.035° per axis, zer~to-peak, 30. The GN&Cconrnbutionto High Gain Antenna
pointing error shall not exceed the values given below: (Entries are in degrees per axis,
zerc+t~peak, 30.)

Error

Mission Orbit
Earth Acq/Hold Mode 3.0

Noms.1Mode 0.15

Orbit Adjust Mode 3.0

Earth-Pointing Safe Mode with RWAControl 4.0
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3.2.1.6 Momentum Unloading Performance

The capability to unload excess Spacecraft RWA momentum shall be provided. Momentum
unloadingshall be provided for all modes where wheel control is enabled and shall nominally be
autonomous. Momentumunloadingmay also be initiated ardor disabled by ground command.

3.2.1.6.1 Reaction Wheel Momentum Margins

The GN&CS shall maintaineach RWAspeed to within75% of capacity.

3.2.1.6.2 Magnetic Unloading

The capability to unload accumulatedmomentumstored in the RWAsemployingmagnetictorquer
rods (MTRs) shall be provided. Torques shall be generated by cbivingMTRs mounted on the
Spacecraft. Magneticmomentumunloading shall be the primarymomentum“tioading mode,and
shall prevent reaction wheel saturation under all nominal conditions. This performance shall be
provided with one or both coils on each torquer enabled.

3.2.1.63 Thruster Unloading

Thecapability to unloadaccumulatedmomentumstoredin the RWAsemployingthe ACSthrusters
shallbeprovided. Thismodeofoperationshallbethe backupmomentumunloadingmode,andshall
prevent reaction wheel saturation.

3.2.1.7 Navigation Performance

3.2.1.7.1 Solar Ephemeris Accuracy

A solar ephemeris shall be maintained onboard the Spacecmft to support solar array pointing,
attitude determination,and navigation.

Thenavigaticmsystemshallcomputethe positionoftheSunaccurateto*10 arcsecondswithrespect
to the center of the Earth.

3.2.1.7.2 Lunar Ephemeris Accuracy

A lunarephemerisshallbe maintainedonboardtheSpacecraftto supportattitudedeterminationand
navigation.

The navigation system shall computethe position of the moonaccurateto M.5° with respect to the
center of the Earth.

3.2.L73 Onboard Navigation

Thenavigationsystemshallprovidereal time estimatesof the positionandvelocityofEOS,updated
every 0.512 sec.
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302.1.73.1 _ Navigation

The GN&CS shall utilize the TDRSSOnboardNavigationSystem (IIINS) for estimating the orbit
state vector. This orbit state vector estimate shall suppmt high gain antenna pointing, solar may
pointing,attitude det~ “on/control,S-bandDopplerfrequency predictions,and ancillary data.

3.2.1.73.1.1 EOS Position and Velocity

The primarynavigation system shall estimate EOS position and velocity using TDRSS S-Band
Doppler Measurements.

The primarynavigation systemshall providereal time estimates of EOS position with an accuracy
of k150 meters, per axis 3-sigma, dwing EOS Science Mode.

The primarynavigation systemshall providereal time estimates of EOS velocity with an accuracy
of M1.160metershec, cross-lrack 3-si~ during EOS Science Mode.

3.2.1.7.3.1.2 TDRS State Vectors

The primarynavigation systemshall providea realtime estimate of the positionand velocity of the
ground spectiled TDRS Spacecraftevexy0512 sec.

The primary system shall numerically integmte the ground system uplinked position and velocity
for four (4) TDRS Spacecraft.

3.2.1.73.13 The Maintenance Support

The primary navigation system shall estimate and integrate the EOS master oscillator normalized
frequency error, with the integrated value accurate to *1Omicroseconds(3-sigma) after 24 hours,
during EOS Science Mode.

3.2.1.73.1.4 TDRS S-Band Transponder Doppler Compensation

The primary navigation system shall provide S-Band Doppler compensation estimates to the
TDRSS S-Band transponder,accurate to *1500 Hz (3-sigma), during EOS Science Mode.

3.2.1.73.2 Backup Navigation

The GN&CS shall utilize an independent onboard ephemeris as the backup source of data for
computing the orbit state vector. This orbit state vector shall support high gain antenna pointing,
solar may pointing, and degraded attitude determination/controL This independent onboard
ephemeriswill be generatedby the GSFCFDF anduplinked to the Spacecraftas often as once every
24 hours, and after orbit maneuvers as necessary.

3.2.1.7.3.2.1 Backup EOS Position and Velocity

The backup navigation system shall compute EOS position and velocity using ground uplinked
mean orbit elements.
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The backupnavigationsystemshall be used as an onboardcheck of the primmynavigation system
EOS position and velocitydata.

3.2.L7A22 Backup TDRS Position and Velocity

ThebackupTDRSnavigationsystemshallcomputethepositionandvelocityofthegroundspecified
TDRS Spacecraftevery 0.512 sec.

The backup TDRS navigation system shall computeTDRS positions and velocities fkomground
system uplinkedmean orbit elements.

The backupTDRSnavigationsystem shall be used as an onboardcheck of the primary navigation
system TDRSposition and velocitydata.

3.2.1.7.4 High Gain Antenna Line-of+ight pointing Commands

The navigation system shall support a TDRS tracking mode, a calibration mode, a position
command mode, a rate commandmode, and a hold mode.

The navigationsystemshallcomputeline–of-sight azimuthand elevationgimbalposition and rate
commands,to the groundspecfled TDRS,whenEOSis in its earth orientedattitude,updatedevery
0.512 seconds.

3.2.L7S Solar Array Lim+of+ight Pointing Commands

The navigationsystemshalluseEOSpositiondata andSunposition data to computethe solar may
drive angle that optimizes solar energy collection,updated every 0.512 sec.

3.2.1.8 Failure Detection/Comection

3.2.1.8.1 Failure Tolerance

GN&C shall continue to maintain Spacecraftattitude as defined herein without interruptions that
may threaten Spacecmftbus and instrumentsurvival.

3.2.1.8.1.1 Single Credible Hard Failure Tolerance

GN&C shall perform the functions specitled herein after any single credible hard failure.

3.2.1 .8.1.2 Redundant Path Independence

Redundant functional paths shall be Separatedor protected such that no single credible event will
cause the loss of both paths.

3.2.1.8.1.3 Containment

No single GN&Cfunctionalor physicalfailure shallcause other failures externalto the component
in which the failure occurs.
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32108.1.4 Back-up Memory

GN&C shall maintain the ACE Safe Hold Data Pmessor memory loads, which m the mermy
loads critical to Spacecraft suwival, in non-volatile storage fa use in initiation or restoration of
operations after anomalies.

3.2.1.8.2 Failure Monitoring

3.2.1.8.2.1 Critical Faihm Detectability

GN&C failures which may threaten Spacecraft stuvival shall be detectable. It shall be possible to
locate faults to the rmiundantpath leveL

3.2.1.83.2 Health and Status Checks

GN&C shall performon+rlit health and status checksof GN&Ccomponentsto verify subsystem
integrity through the fmt instance of a hard faihm. GN&Cshall provi& telemetty data to support
periodic and ground commanded monitoring of GN&C components.

3.2.1.8.2.3 Anomaly Reports to the Ground

GN&C, upondetectionof afauk shall generate indicationsforlransmissionin telemetry identifying
the fault detected and the cornxtive action(s) taken, if any.

3.2.1.83 Autonomous Failure Responses

3.2S.83.1 Override

GN&C shall allow the override of all autonomous anomalyresponses by ground control.

3.2.1.83.2 Survival Threat

GN&C shall autonomously transition to Safe Mode in accordancewithParagraph 3.2.1.3.4 at the
earlier of the following cases:

a. At the fmt instance in whicha failure occurs after whichcontinuedSpacecraftoperation
may threaten the survival of the Spacecraft itself or of a Spacecraftelement and

b. At thefmt instancein whichthehealth and statuschecksin 3.2.1.8.2.2detectan anomaly
and are unable to determine whetheror not continuedSpacecraftoperation maythreaten
the survival of the Spacecraft itself or of a Spacecraftelement.

GN&C shall remain in the Safe Mode until othexwisecommandedfrom the ground. (This does not
preclude further autonomous response and safiig.)

3.2.1 .83.3 Not TimWritical

GN&C shall await ground intervention in response to anomalies detectedby the health and status
checks in 3.2.1.8.2.2 which do not require time-critical action, unless operational considemtions
rnan&te autonomous response.
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3.2.1.9 GN&C Commands

GN&Cshallacceptandexecutecommandsdeliveredto itvia theComrnancLTelemetxy,andControl
(~&C) Software. These commandsmay originate on the groundor in the flight sotiare.

GN&C shall execute commands immediatelyupon receipt.

3.2.1.9.1 Reconfiguration Commands

GN&C shall accept and execute commands to reconf@urethe subsystem as necessary to support
subsystemSpacecraft and subsystem mode transitions.

GN&C shall accept and execute commands to reconfgwe the subsystemas necessary to support
subsystemredundancy management.

3.2.1.92 Coremand State Dependency

GN&C and its components shall be commendable to known states regardless of earlier states.
Subsystem and component commands which have different functionahty depending on current
state, such as “toggle” commands, shall not be permitted.

3.2.1.93 co remand Recoverability

No single subsystem or componentcommand shall place GN&C or any of its componentsinto a
conf@u@on from which it can not recover.

3.2.1.9.4 Function Overridehhiblt Commands

GN&C shall accept and execute commands to override or inhibit the execution of automatic
functionswhich mayinterferewith Spacecraftoperationsorjeopardizethe healthof the Spacecraft
Such fimctions shall include, as a minimum, those which may cause:

a. The transition of the Spacecraftout of the Science mode,

b. The issuance of any commands whose execution maybe inadvisableafter a particular
anomaly,and

c. The issuance of any canrnands which wouldconfigurethe systemto followa particular
redundant path (one which may have been assessed to be faulty).

3.2.1.10 GN&C Telemetry

3.2.1 .10.1 Health and Safety Telemetry Provision

GN&C shall provide telemetry for inclusion in the C&DHShealth and safety telemetry stream.

3.2.1 .10.2 Health and Safety Telemetry Content

The health and safety telemetry provided by GN&C in all Spacecraft modes shall be sufllcient to
support contingency operations. These data shall indicate the current status of the subsystem,and
shall allow assessment and monitotig of subsystemhealth and safety.
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3Q.1.103 Housekeeping Tklemetry Provision

GN&C shallprovidetelemetryforrnclusion in the C&DHSnormalhousekeepingtelemetry stream

Telemetryprovided for the health and safe~ stream shall not be duplicated for the housekeeping
stream. All telemetry provided for the health and safety stream will also be included in the
housekeeping stream. Additional samples of telemetry values sampled at low fkequencyfor the
health and safety stream may be providedfor the housekeepingstream.

3.2.1 .10.4 Housekeeping Telemetry Content

The housekeeping telemetry providedby GN&C shall be sufficient to support normal operations,
diagnostic opemtions for the analysis of anomalies, and Spacecraft and GN&C perfmrnance
monitoring and checkout. These data shall snow groundcontrollersto assess the operational state
of GN&C, monitor critical subsystemfunctions, and aid in fault detection and correction.

GN&C housekeepingtelemetry shall as a minimum, contain the following:

a. Redundancy status of GN&Cand its components,

b. Health and safety status dam

c. Indications of resource usage,

d. Indications of sensed failures or anomalies,

e. Data suitable for verifying execution of each GN&C cornrnan~

f. Notilcation of all autonomousswitching betweenredundant paths, and

g. Information which will enable ground operators to calibrate the on-orbit alignment of
sensors and activators.

GN&Cshall provide, during all modes, telemetry points necessaryfor monitoringthe operation of
its hardwareand softwarecomponents,in order to supportdetectionof anomalousconditionswhich
may indicate componentfailures. All such sensedfailures and any corrective action taken shall be
reported to the ground via housekeepingtelemeoy. This report shall be periodically repeated until
acknowledgedfrom the ground.

3.2.1 .10.5 Housekeeping Telemetry Mode Dependence

During operation in all Spacecraft and GN&C modes, the GN&C housekeeping telemetry shall
contain identical data, to the extent that such data are available in the current mode.

3.2.1.11 Ancillary Data Generation

GN&C shall provide Spacecraftorbitalposition,velocity,attitude, and attitude rate informationfor
inclusion in ancilkuy data for use by the instruments.

GN&C shall provide magnetic torquer coil cumentinformation for inclusion in ancillary data.

GN&C shall provide solar and lunar position information for inclusion in ancillary data.

GN&C shall reference all pointingdata in ancillary data to the navigation base, and shall reference
all position data to the Earth’s center.
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that validity times may be
The data shall be providedwithin 1.024secondsof the time of validity.

3.2c2 Operational Modes

The relationship between GN&C modes, EOS Opemting Modes and the CEI defined Mission
Phases is shown in TableVIII.

The details of GN&CSmodes and mode transitionrules are speci.fkdin 3.2.1.3.

Table VIII. Mission Phase vs EOS Spat

MiAon Phase Syste;~emting

Prelaunch IGroundTest

Launch/Ascent ISumival

Orbit Acquisition Survival

Initialization Safe

Orbit Acquisition

F

Survival
Delta-V
Safe

1

Operational Initialization IStandby

ecraft Mode vs GN&C Mode

ACS Modes

Pre-Operational
Pre-operational
Earth Acquisition/Hold
Earth Pointing Safe
Sun PointingSsfe
Earth Acquisition/Hold
10rbit Adiust I
Earth Pointing Safe
Sun Pointhw Safe
1-= Acquisition/Hold I
Normal

Delta-V Orbit Adjust

Survival Earth Acquisition/Hold ‘

Safe Earth Pointing Safe

Sun PointingSafe

Operational Science Normal (UpdateFilter Converged) ‘

Delta-V Orbit Adjust

Standby Earth Acquisition/Hold
Normal

Survival Earth Acquisition/Hold
Normal

Safe Earth Pointing Safe
I Sun Pointing Safe

End+f-Mission Survival Earth Acquisition/Hold

Safe Earth Pointing Safe
Sun Pointing Safe
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3.2.3.1 Mass

\

Themassof the GN&CSshallnot exceed390lbs. ‘I%ecenterof mass, productsof inertia, and mass
estimate accuracies shall be as defined in Section 4 of IS20008501.

3.2.3.2 Durability

[1] The GN&Cshallbemadeonlyof materialsandcomponentscapableof withstandingforfive
years environmentalconditions speciflxi in 3.2.6 without evidence of darnageas defined below

[2] The GN&Cshall also be capable of withstanding,without evidenceof physicaldarnage (as
defined below), any wear due to the functioning of the system.

[3] Damage shall be considered to be any change in the GN&C or components which may
&grade subsystemperformance to levels below those specified herein.

[4] The GN&CSshall be capable of meeting all operational requirements as specifkd herein,
in the environmentsspecifkl in 3.2.7, for the duration of five years on orbit.

3203.3 Layout and Dimensions

[1] The GN&Clayout and

[2] Maximum componentdimensions shall be in accordancewith PS20001407,PS20001409,
and ICS20004937.

3.2.3.4 Maintainability and Impact on Design

[1] To the extent practical, the GN&C shall facilitate maintenance by being functionally,
mechanically,and electrically independent from all other Spacecraft elements except as stated in
Section 3.1.2 herein

{2] and by being modular to the extent practical.

[3] The GN&CSshall be designed to use existing ground support equipment (GSE) wherever
practical, rather than requiring the design of new equipment.

3.23.5 Handling Features

The GN&CS andhr GSE designs shall include handling features which reduce the likelihood of
damage to any flight equipment.

3.2.4 Power Characteristks

The subsystem shall operate per the performance requirements specifkd herein when supplied
power as specifkd in 3.1.2.2.1.
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3205 Power Usage

The GN&CSshall draw power only within the bounds indicatedin TableDC

Table IX. Power Resoume Allocation

Spacecraft Mode Minimum (W) Maximum (W)

GroundTest 73.9 104.8

Survival 98.8 200

Delta-v 98.8 200

Standby 200 200

Science 200 200

Safe 98.8 200

Notcs
1. Thesepowersareorbitaverage,basedonEndofLife.
2. Miuimumpowersrepresenttheminimumorbitaveragepowerallocationfor thatmode,

correspondingto minimumcapability;andmaximumpowersrepresentthernaxlmumorbit
averagepowerallocationfor thatmode,comcspondingtomaximumcapability.

3.2.5.1 Power Exclusion Rules

None

3.2.6 Reliability

The probabilityof missionsuccess(F%)for the GN&Cshallbeat least O.%(’I’BR-9)for a five-year
missionlife. Missionsuccessis definedas meetingall performancecriteria specitied in Section3.2.

3.2.6.1 Storage Restrictions

Limited-life components which may require change-out during storage shall be identfled and
tracked in the Critical Items LisL20008652.

3.2.6.2 Vulnerability Factors

The followingsteps shall be taken to reduce vulnerabilityto darnage:

Vulnerability Protective Measure

ESA, SSST,FSS, CSS lens damage Lens caps

RWA,ESA bearing damage Handling warnings in I&T procedures

3.2.6.3 Failure Tolerance

[1] The GN&C shall be tolerant of any single credible, hard failure, including a failure
EAS harness servicing the GN&CS.

[2] No failure shall induce any other failure.

in the
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[3] After anysingleGN&CSfailure, theGN&CSshallcontinueto provideat least theminimum
services identi.fwi for Safe Mode in 3.2.1.3.4 without any interruptions which may threaten the
sumival of any Spacecmft componentor instrument.

3.2.6.4 Failure Propagation Restrictions

[1] No single failure shall cause loss of a redundamtfunctional path for any critical function.

[2] nor shall any event causing the loss of any critical or non~tical functional path result in
loss of the alternate or redundant path.

[3] The GN&C shall insure that no instrumentor componentfailures may propagatefailures to
other observatcxyelements. This shall be accomplishedby compliancewith the electrical interface
requirements of IS20008501 and by autonomously falling back to Safe Mode upon autonomous
detection of a potentially dangerous attitude anomaly.

3.27 Environmental Conditions

[1] The GN&C componentsshall mnain undamagedduring,

[2] and following exposure to the Protoflight environmental test levels comespondingto the
ambient environments defined in 1S20008501Section 6.

[3] The GN&CS and its components shall remain undamaged during,

[4] and following exposure to the acceptance environmental test levels comespondingto the
ambient environments &fined in 1S20008501Section 6.

[5] Test levels shall be as defined in the VerificationSpecification,PS20005405.

[6] Darnage shall be as defined in Section 3.2.3.2.

[7] Where practical, the GN&CS shall not impose operational constraints due to natural
environment conditions during checkout, launch, and on-orbit operation.

3.2.7.1 Storage, Integration and Test

The GN&CS shall be capable of being held for testing or storage for the period defined in
1S20008501 Section 6, under the pre-launch conditions stated there for (1) thermal, (2)
contamination, (3) humidity, and (4) elearo-magnetic
damage as defined above.

3.2.7.2 Shipment

interference (EMI) without suffering any

The GN&CS shall comply with by the following transportation environmental requirements as
defined in 1S20008501Section 6

a. thermal

b. contamination

C. humidity
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e. loads

f. shock.

Theplatformis assumedto behorizontalfor all flight transportationandeitherhorizontalorvertical
for all ground transportation.

3.2.7.3 Launch

The GN&CS shall comply with the following launch environmentalrequirementsas defined in
1S20008501section6: (Anyexceptionsto this specificationare i&ntifkd in the GN&Ccomponent
specflcation.)

a. thermal

b. contamination

c. Radiated RF

d. EMI

e. loads

f. shock

g. pressure

h. acoustic vibration

i. lightning

j- Cosmicray.

3.2.7.4 On-Orbit

The GN&CS shall comply with the following on-orbit environmentalrequirementsas defined in
1S20008501Sections 5 and 6: (My exceptions to this spechlcation are identifkd in the GN&C
component specification.)

a. thermal

b. contamination

c. pressure

d. EMI

e. loads
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f.

g.

h.

i.

j“

k.

1.

shock

oxbitaldebris

micrometeoroids

vibration

charged particle

atomic Oxygen

magnetic

m. electfo-static discharge.

302.7.5 Electromagnetic Radiation

[1] The GN&CS shall be compatible with its specified operating environment and meet the
requirements of the Spacecraft, as specifkd by the EMC control Plan, PN20005869.

[2] The GN&CS and its components shall comply with the ionizing radiation design
requirements specifkd in the environmentssection of 1S20008501

3.3 Design and Construction

33.1 Materi~ Pmceses, Parts and Finishes

All materials, manufacturingprocesses,parts and ftihes shrdlbe selected in accordancewith the
corresponding requirements in Section 4 of 1S20008501

3.3.2 Nameplates and Product Marking

All GN&C elements shall be labeled in accordance with 1S20008501.

3.3.3 Workmanship

Workmanshipduring fabrication of the GN&Cekctrical componentsshall be in accordance with
NASA standards as specified in NHB 5300.4 (3A, 3G-3K).

3.3.4 Interchangeability

GN&C elements shall be interchangeableas defined in the mechanical section of 1S20008501

3.30S Safety

Measures for personnelsafetyshall be taken in all phases of the design,manufacturing,and testing,
in order to ensure personnelsafety in accordancewith WSMCR 127-1, The design shall meet the
factors of safety presented in the mechanical section of 1S20008501

The GN&CS shall meet the ~quirements of the Safety section of the Product Assurance
Implementation Plan (PAW),20005397, without exceptions.
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3.35.1 General

Where practical, hazards shall be eliminated or removed through appropriate design measums.
Hazards which cannot be eliminated or removed shall, where practical, be prevented through
incorporationanduse of safetydevicesor features. Remaininghazardsshallbe controlledthrough
the use of warningdevices andhr specialprocedures.

3.3.5.2 Automatic Hazard Detection and Safing

Automated detection and safing of hazards which may cause personnel
Spacecraft shall be independent of those subsystems being monitored.
detectionand safing of lesser hazardsshall also follow this practice.

3.3.5.3 Safety Interlock Mechanisrn#khniques

injury or loss of
Where practical,

the
the

The Spacecraft Bus shall incorporatesafety interlock mechanisms,implemented in hardware or
softw~ to pment the executionof pre-defmed commands which are potentially hazardous to
personnel or to the Spacecraftwithoutprior confirmationor aming by ground opemtors.

3.3.5.4 Liquids and Gasses

Thedesignof subsystemsandcomponentswhichutilize liquidsor gassesshallprecludehazardsdue
to the release of such fluids during maintenanceoperations.

3.39505 PmslriZed vessels

The GN&CS includes the following pressurized elements, each of which shall be designed to
includethe pressurizedequipmentfactorsof safetyspecifkd in Section4 of the GIS,1S20008501:
none.

3.4 Documentation

3.4.1 specifications

All parent and component specs associated within this spectilcation are shown in the EOS-AM
SpacecraftSpedication Tree, 20008536.

3.4.2 Drawings

Drawings shall be provided in accordance with the EOS Configuration Management Plan,
20005387.

3.43 Technical Manuals

Not Applicable.

3.4.4 Test Plans

TestPlans shall be provided in accordancewith PS20005404(EOS VerificationSpecifkation).
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3.4s Procedures

Test Plans shall be provikd in accordancewith PS20005404(EOS VerMcationSpecifkat.ion).

3.4.6 Installation Instructions

Not Applicable.

3.4.7 Operational Documentation

AU operational mquimments and constraints shall be documented in the Ground System
Reqkments Database, 20043119.

3.4.8 Software Documentation

All Computer Software Configuration
softwue Management Plan, 20008655

30s Logistics

305.1 Maintenance

Items (CSCIS)will be documented as specified in the

The GN&CS shall be designed to requixt no maintenance other than that required during long
periods of storage as speci.fkd in Paragraph 3.2.7.1herein.

3s.2 supply

Not Applicable.

3.6 Precedence

3.6.1 Precedence of Design Criteria

GN&C designdecisionsshallbe madetoaccommodatethefollowingdesigncriteria in thefollowing
order of precedence:

a. Safety

b. Petiormance

c. Reliability

d. Cost
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3.6.2 Documentation Precedence

The following documentsshall form a part of this specflcation to the extent specifiedherein. If
conflictsarise betweendocuments,the GN&CSshall adhereto designrequirementsas stated in the
document

.. ..- . .

a.

b.

c.

d.

e.

f.

g.

h.

i.

j“

list nearest the top of the following Ust01mxyureaaocumems.

RequirementsDocument (RD)

Product AssuranceRequirements for the EOS Observatories (PAR)

General Instrument Intetiace Spectilcation (GIIS)

Veri.tlcationSpec~lcation

ContractEnd Item (CEI) Specitlcation

External Intetiace Control Documents (ICDs), (e.g., EOS to Launch Vehicle,EOS to
TDRSS,etc)

this document

General Intetiace Specification(GIS)

Subsystemand Major Assembly Specifications

Componentspecifications.

3.7 Major Component Characteristics

3.7.1 Allocations

The GN&C componentsshall be designedto levels at or below the allocation shownin TableX.

Table X. Component Requirement Allocations

Component Size (in., hktss (lbs) Orbit Av .
f

Voltage Ps @?
Lx WXH) Power, EOL (W) (V) 5 yrs.

Per Total Per Total
unit unit

Attitude Control 18X 13.3X 48.8 48.8 48.3 48.3 120 & 0.98
Electronics (ACE) 10.25 28
(1 redundant unit)

Coarse Sun Sensor 2.65 2.65 0 0 NIA 0.99
Assembly (CSS)
(1 redundant unit)

Earth Sensor Assemblies 7.0 x 7.9x 7.7 15.4 10.5 21.0 28 0.99
@SAs) (2 units) 4.3 (electr.);

5.0 x 3.0 dia.
(head)
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Table X. Component Requirement Allocations (Continued).

Component Sixe (ii “Ma@@ Orbit Av .
r’

Voltage Ps @
LxWXH) Power, EOL (W) (v) 5 yrs

Fine Sun Sensor (FSS) 7.8 X 6.0X 3.3 3.3 2.8 2.8 28 0.99
(1 unit) :\(:l::.;

1:7(had)

Inertial Reference Unit 13.2X10.7X 37.5 37.5
(lRU) (1 redundant unit)

28.0 28.0 28 0.93
10.5

MagneticTorquerRods 44x 2.2 dia. 31.5 94.5 :;g:;; 5.04 28
m) (3 redundant

0.99
.

units)
Reaction Wheel 16 dia. 31.6 126.4 15.75 63.0 120 0.98
Assemblies (RW&)
(4 units)

Solid-State Star 8x8x28 22.0 44.0 13.0 26.0 28 0.98
:raw$e.~(SSSTS)

Three-Axis 5.6 X 6.5X 2.7 5.4 1.9 1.9 28 0.99
Magnetometers (TAMs) 24;(:ly:.;
(2 units)

28 (h~d)
.—–– —— — —
‘ TableVIIdefineswhichof the GN&CScomponentsshallparticipatem eachGN&Cmode. Each

GN&Cmodewhichemploysthe SSST,ES& TAM,RW.&MTR,shallemployup to all of the
redundantunitsin theaforementionedlist. Thatshalliucludebothredundantsidesof theMTRs.

2 Eachredundantsideof eachMTR

3.7.2 Flight Hardware Component Characteristics

3.702.1 Attitude Control Electronics (ACE)

3.7.2.1.1 ACE Definition

The ACE shaIl house the Safe ModeFlight Software in the Safe Hoid Data Processor (SHDP). In
Safe Mode the ACEhardwareand the Safe Mode Flight Softwareshall controlSpacecraft attitude.
In addition, in all modes, the ACE hardware shall pexfonnsupport functions for GN&CS sensors
and effecters.

The ACE shall maintain the Safe Hold Data Processor memoryloads, which are the memory loads
critical to Spacecraftsurvival,innon-volatile storagefor usein initiation or restorationofoperations
after anomalies.
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3.702.102 ACE Modes and hllCtiOd Requirements

The ACE shall operate in one of two mutuallyexclusivemodes SpacecraftComputerMode and
Safe Mode. Within each above mode, the ACE shall operate in one of two submodes: Separated
(i.e.,from the launch vehicle) andNot Separated. Thefunctionalrequirementson the ACEdepend
uponACE mode. The ACEfunctionalrequirementsshallcorrelatewith ACEmodes as defined in
Table XI.

Table XI. ACE Modes and Functions

Function Spacecraft Spacecraft Safe Mode Safe Mode -
Computer Computer - Not Separated

Mode - Not Mode - Separated
Separated Separated

Accept Separation signalhorn Active Active Active Active
launch vehicle & switch to
Separated submo@ no
commandoverride

In absence of Separation signal, Active Active Active Active
accept commandsfrom BDU to
switch between Not Separated
and Separated submodes

Accept from BDU a command Active Active Active Active
selection of sensms & effcctors
to use in Safe Mode

Cokct IRU A@ptlh~ and paSS No Active No Active
~@U A@pllks) to BDU - requirement requirement
functional data

Collect IRU rates No Active No Active
requirement ~requhement

Pass IRU rates to BDU- No No No Active
housekeepinganalog telemetry requirement requirement ~requirement

Pass IRU rates to SHDP No No No Active
requirement requirement requirement

Electrical power to RWA No Active No Active
tachometer requirement requirement

Collect RWAtachometer pulses No Active No Active
requirement requirement

Z(RWAtachometer pulses) to No Active No No
BDU- functional data requirement requirement requirement

Z(RWAtachometer pulses) to No No No Active
SHDP- functional data requirement requirement requirement
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Table XL ACE Modes and Functions (C

Function spacecraft spacecraft
computer Computer

Mode - Not Mode -
Separated separated

Z(RWAtachometer pulses) to No No
BDU- housekeeping analog requirement requirement
telemetry

Electrical power to TAMs No Active
requhement

COlleCtTAMdat& pii5S10 No No
SHDP requirement requirement

AcceptRWAtorque commands Disabled Active
from BDU and output torque
drive to RWAs

AcceptRWAtorque commands Disabled Disabled
from SHDP and output torque
drive to RWAs

AcceptMTR drive commands Disabled Active
from BDU and output drive
currentto MTRs

AcceptM’Ill drive commands Disabled Disabled
from SHDP and output drive
cumentto MTRs

Acceptthruster fue commands Disabled Disabled
horn SHDP and output to
PMEA

Monitor“SCC OK’ pulse train
from BDU and switch to Safe
Modeif pulse train stops

Disabled Active

AcceptBDU commands to force
transitionsbetween Spacecraft
ComputerMode and Safe Mode

PassSafe Mode signal to ADE
andPMEA

CollectCSS angles data and
passto SHD~ pass CSS Pitch
datato SADE

Disabled Active

No
requkment

Active if
pm-selected by
commana no
requirement
otherwise

ntinued)

Safe Mode I Safe Mode-
- Not Separated

Separated

No Active
requirement

No I Active
requirement I

Disabled Disabled

Disabled Active

T
T

Disabld- Active if
pre-selected by

commana
othenvise
disabled

Disabled Active

Disabled Active

No Active if
requirement pre-selected by

command no
requirement
othemvise
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Table XL ACE Modes and Functions (Continued)

Function Spacecraft Spacecraft Safe Mode Safe Mode -
Computer Computer - Not Separated

Mode - Not Mode - Separated
Separated Separated

Collect CSS angles data& pass No Active No Active
to BDU as housekeeping requirement requirement
telemehy

AcceptIndex signalhorn ADE No No No Active if
and p~S to SHDP mquimnent requirement requirement pre-selected by

command, no
requirement
otherwise

CollectESA angle &ta and pass No Active if No Active if
to SHDP requirement pm–selectedby requirement pre–selectedby

cornmam$ no command, no
requirement requirement
otherwise otherwise

Usepre-selected sensorswith Disabled Disabled Disabled Active
pre-selected effecters to point
tie spacecraft at the
pre-selected target (the sun if
pre-selected sensor is CSS, the
- othenvise)

3.7.2.1.3 ACE Sensor Signal Processing

ACE sensor signal electronicsshall be provided to

a.

b.

c.

d.

Condition,count,and stem IRUincrementalangle pulses,and providethem to the BDU
as serial digital data upon request.

Condition redundant IRU Rate analog signals, provide buffered analog telemetry
outputs to the BDU and providebufferedoutputs to the SHDPelectronicsfor use in the
Safe Mode control algorithms.

Conditionredundant Earth Sensor analog position and provide buffered outputs to the
SHDP electronicsfor use in the Safe Mode control algorithms.

Condition redundant Coarse Sun Sensor analog signals, provide btiered analog
telemetryoutputs to the BDUand providebufferedoutputs to the SHDPelectronics for
use in the Safe Mode control algorithms. The ACE shall also provide buffered outputs
to the ArrayDriveElectronicsfor use in pointingthe Solar Amy in Earth Pointing Safe
Mode.
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e. ConditionThree-W Magnetometeranalog field strength measurements and provide
bufferedoutputsto the SHDPelectronicsfmuse in the SafeModemomentumunloading
algorithms.

f. Condition,count,and storeRWApulses,provide them to the BDU as serial digital data
upon ~quest (when not in a Safe Mode), and provide digital RWA speed data to the
SHDP electronics fm use in the Safe Mode momentumunloading algorithms.

3.72.1.4 ACE RWA Torque Coremand Processing

The ACE shall accept digital RWAtorque commands from the BDU (when not in Safe Mode) or
the SHDP (when in Safe Mode),D/A convert then and provide drive signals to the four RWAS.

3.72.15 ACE PMEA Coremand Processing

In the Safe Mode the ACE shall have the capability to commandthruster ffigs by the Propulsion
Module Electronics Assembly (PMEA). Thruster firings shall be commanded by the SHDP as
re@red by its control and momentumunloading algorithms.

The ACE shall generate a signal to the PMEA to define when the GN&C subsystem is in a Safe
Mode. When this signal is active the PMEA will ticept thruster ftig commands only horn the
ACE.

3.7.2.1.6 ACZADE Signal Processing

The ACE shall provide buffered Coarse Sun Sensor (pitch Channel) outputs to the my Drive
Electronics for use in pointing the Solar Array in Earth Pointing Safe Mode.

In the Sunpointing Safe Modethe ACEshallaccept a Solarby Drive Index signal denotingthat
the array has reached its index position. On receipt of the index signal the SHDP shall execute its
Sun Pointing Safe Mode control algorithm. The ACE shall have the capability to override the “at
index” signal.

3.72.1.7 ACE MTR Comman d Processing

TheACEshallacceptdigital MagneticTorquerRod(MTR)currentcommandsfrom the BDU(when
not in Safe Mode) or the SHDP(when in Safe Mode),D/A convert them, and provide drive signals
to the three MTRs (6 coils).

The ACE shall provide telemeuy of the MTR currents to the BDU.

3.7.2.1.8 ACE Safe Mode Requirements

The ACE shall implement the Safe Moderequirements defined in Paragraph 3.2.1.3.4.

3.792.1.9 ACE Safe Hold Data Processor Requirements

The SHDP shall implement the algorithms for controlling the Spacecraft when in any of the Safe
Modes. The SHDPaccuracy requirementas allocatedfrom the subsystemrequirements defined in
Paragraph 3.2.1.4.4 is as follows: (TBD-1)
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Paragraphs 3.2.1.6.2and 3.2.1.6.3.

3.7-2.2 Coarse Sun Sensor (CSS)

3.7.2.2.1 CSS Definition
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RWA momentum in accordance with

The CSS shall consist of a set of five sensor units, each containingmultiple solar detectors. Four
of the sensor units shall reside on the Solar Amy, and the fti on the Spacecraftbody. The CSS
shall providea measurementof the Sun vector in the Spacecraftcoordinates,for use in SafeMode.

The CSS mounting locations and orientations shall conformto ICD20008669.

3.73.22 CSS Modes and Functions

The CSS shall operatein a singlemode,independentof GN&CSmodes.The ACE shall controlthe
applicationof theCSSoutputsignals,as speci.iledin 3.7.2.1. TheCSSfunctionsme spec~ledbelow.

The CSSshallprovidesignalsrepresentingthe angularorientationof the Sunabout the SolarArray
Y Axis as definedin 3.2.1.1.6. Thesesignalsshallbe designatedPitch. In addition,whenthe Solar
Array rotation angle with respect to the Spacecraft is +90° as defined in 3.2.1.1.6, the CSS shall
provide signals representing the angular orientation of the Sun about the Spacecraft Z W, as
defined in 3.2.1.1.3. These signals shall be designatedYaw. There shallbe no requirementson the
CSS for Yawsignals at other angular orientationsof the Solar Array.

3.72.22 CSS Redundancy and Interconnection

Each Solar Amy-mounted unit shallconsistof eightdetectorsandpassivethermal coverings. The
detectorsshall provide signals to redundantchannelsabout each of two orthogonalaxes. The EAS
harness will interconnectthe four Solar Array-mounted units to foxmredundantPitch signals, and
will connect them via the SMS SAD to the ACE.

The Spacecraftbody-mounted unit shall contain two detectorswhich providesignals to redundant
Yaw channels. The EAS harness will interconnect the four Solar array-mounted units to form
redundant Yawchannels, and will connectthem via the SMSSADwith theredundant signalsfrom
the Spacecraftbody-mounted unit, internal to the ACE.

3.7.2.2.4 CSS Performance

The CSS shall meet the performancerequirementslisted below:

Detector field of view Pitch *180° when the control plane is within 50° of the sun line
YawAl80° when the control plane is within 70° of the sun line.

output data HIO microampere in pitch
*1400 microampere in yaw

65 DCC072193



PS20004937 -
21July1993

Linear range =“ pitch, 15.4M.3 mi~pemS ~ k=
*17° yaw, 15.4i2.3 m.icroampres P ~~

Extendedrange *180” each axis

Sensornoise d Inicroampems

3.702.3 ~ Sensor Assembly (ESA)

3.72.3.1 ESA Definition

The ESA shall be a conical scanning Earth horizon sensor that provides pitch and ml) attitude
indications relative to the local geocentric vertical. It comprises an infmred horizon sensor
consistingof a sensor head and an electronics unit. The optical field+f-view of the ESA scans in
a conicalpatternaboutits axis of rotation (scanaxis). TheGN&CSshall include twoESAS,whose
mountingand orientatkm shall be as specifkd in ICD20004937.

3.7.2.3.2 ESA Functions

TheESA sha.llprovideanalogsignalsto the ACEandtotheBDUrepmsenting tweaxis angleerrom
from local vertical. The EPS PSU will provide electrical power to the ESA.

3.7233 ESA Performance

The ESA performancerequirements in ON mode shall be as specified below

Scan Frequency 2 Hz

‘llvo-axis conical scanner

Analog output ranges (linear)

ACE . ti5°

Fine Attitude TLM so

Coarse Attitude TLM fro”

AccuracyM135 (for i3.0° around null)

Minimum acquisition FOV 20° off vertical at 300 Km

Nominal operatingaltitude718 Km

Launch operating altitude 550 to 700 Km

Includes sun and moon rejection circuitry
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3.72.4 Fiie Sun Sensor @SS)

3.72.4.1 FSS Definition

The FSS provides a measurementof the Sun vector in the Spacecraftcoordinates. The assembly
consists of a single tw-axis sensorhead and it associatedelectronics. Each unit consists of four
detectorchannels(Sundetectorswithbufferamplified), anactiveredundanttemperaturecontroller
withheaters,andpassivethermalcovexings.TheFSS shallbe mountedas specifkxiinPS20001407
and its field of view shall conformto ICD20004937.

3.72.42 FSS Functions

TheFSS shallprovidetw-axis sunanglesto the BDU. TheEPSPSUwill provideelectricalpower
to the FSS.

3.72.43 FSS Performance

The FSS petiormance requirements in ON mode shall be as specifiedbelow

MeasurementRange S2° azimuth and elevation

Resolution 1/256°per axis

Accuracy 1 arc minute per axis for angles inside a half cone of
30° from the sensorboresight
2 arc minutes per axis for angles outside a half cone
of 30° from the sensor boresight

3.7.2.5 Inertial Reference Unit (lRU)

3.72.5.1 IRU Definition

The IRU consists of three identical but functionally separated two-degree+f-freedom rate
integratinggyros. Eachof the threeidenticalbut functionallyseparatedgyros shallprovideangular
rate and incrementalposition infcirmationin two orthogonalsensingaxes. The ensemble of three
gyros shall provideredundantsensingabouteach of threeorthogonalaxes. The outputsof the IRU
support a number of attitude~etexmination functions as defined in 3.2.1.3. The IRU shall be
mounted as specifkd in PS20001407.

3.7.2.5.2 IRU Modes and Functions

The IRU shall have the followingmodes:

a. Gyro A Low Rate

b. Gyro A High Rate

c. Gyro A OFF

d. Gyro B Low Rate

e. Gyro B High Rate

67 DCC072193



PS20004937
21July1993

f. Gyro B OFF

g. Gyro C Low Rate

h. Gyro C High Rate

i. Gyro C OFF

Each Gyro that is ON shall provide rate and incremental angle data in two orthogonal axes to the
ACE. The designations “IRU1” and “IRIX?”herein refer to assignments of the six IRU sensitive
axes. One of the axes in GyroA and both axes in Gyro B shall belong to IRU1. The other axis in
Gym A and both axes in Gyro C shall belongto IRU2. TheIRUmountingspecifiedin PS20001407
will align the sensitive axes nomiually along the Spacecraft RU Pitch, and Yawaxes, as shown
below:

Gyro IRul IRU2

A Yaw Roll

B Roll Pitch

c Pitch Yaw

The IRU Rate selection shall determine the maximum input rates that the IRU can accommodate.
hsitions between high rate mode and low rate mode shall be in response to commands from the
BDU. Tmnsitions to and from OFFmodeshall be in responseto switchedpowerfiom the EPSPSU
which will provide electrical power to the IRU.

3.72.53 IRU Performance

The ON Mode Channels shall meet the following performancerequirements:

Rate Range

Scale Factor

Linearity

Scale Factor Asymmetry

Incremental Acceleration Insensitive Drift
Rate (AIDR):

Environmental Stability
Short Term Stability
Long Term Stability

Noise Equivalent Angle

Axi.iogRate Range
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H deglsec HIGH
+.0.11 deglsec LOW

0.8 arc sec per pulse +0.005% HIGH
0.05 are sec per pulse +0.005% LOW

*IQOppm in LOW only
dO ppm in LOW only
k 50 ppm over three days LOW

0.03 are see/see LOW
0.003 m Sedsec peak to peak
0.03 arc seclsec HIGH
0.02 arc secdsecLOW

<10.0 arc sec HIGH
<1.0 arc sw LOW
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Analog ScaleFactor
Analog ScaleFactor Linearity
IncrementalAccelerationInsensitiveDrift
Rate (AIDR):
Absolute Value

Long Term Stability

Analog Noise
0.01 to 7 Hz
0.01 to 1.0Hz

=

6 Vkkgkc + 0.3 V/de@eC
*lWO

4.0 arc sechec HIGH
4.0 arc sechec LOW

0.2 arc seckc HIGH

0.1 arc see/seeLOW

C(L5arc Sedsec rms
4.05 arc sedsec rms

3.72.6 Magnetic Torquer Rod (MTR)

3.7.2.6.1 MTR Definition

The MTR shall providethe necessarymagnetictorquesto removeangularmomentumstored in the
RWAS.The MTR shall consist of two redundant coils wound on a single magnetic core. The
GN&CS shall include three MTRs, mounted orthogonallyas specifkd in ICD20004937.

3.72.6.2 MTR Functions

The MTRshallexhibitmagneticdipolestrengthasafunctionofthetotal cumentinthe twowindings.

3.7.2.63 MTR Performance

The MTR shall meet the following performancerequirements:

Magnetic Dipole Moment 500,000pole centimeter (PC)

Scale Factor
-450,000 to 450,000 2900 PChnA * 10%(1 coil)

5800PChnA k 10%(2 COilS)

Dipole change with Temp. <+49?0

Residual MagneticDipole s2500 pc

3.7.2.7 Reaction Wheel Assembly (RWA)

3.702.7.1 RWA Definition

The RWAshall consist of a motor, wheel inertia, and associatedelectronics. Its function shall be
to developreaction torques and store angular momentum. The GN&CSshall includefour RWAS.
The RWASwheel spin axes shall be mountedsuch that they produce an equal magnitudeof torque
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and momentumalongthe spacemaftX andZ axes. TheRWAsorientationshall be symmetxicabout
the Spacecraft+Y(pitch)axis. Theelevationangleof theRWArotationsxes from the XZ (roll/yaw)
plane shall be 25°. They shall be mounted as shown in PS20001409.

3.72.72 RWAhnctioIM

The RWAshall developtorques in accord with analog commandsfrom the ACE. The RWAshall
provide a tachometer pulse train to the ACE whose fkequencyis proportional to RWAspeed. The
EPS will provide 120 V electrical power for all but the tachometer circuits, which the ACE shall
supply. The RWAshall provide cdoff status to the ACE.

3.702.73 RWAPerformance

The RWAshall meet the following ptxformancerequirements:

Nominal Momentum 60 ft-lb-sec

TorqueCapabilityat wheel speeds4400 rpm 0.221?-lb

0.22 ft-lb Rotating Mass inertia 0.103 sl-ft2

Tachometerpulse rate 80 pUkS/rCV

3.7.2.8 Solid State Star Tracker (SSST)

3.7.2.8.1 SSST Definition

The SSSTis a freed, non-gimballed sensorthat shall provide star positionand star magnitude data
The GN&CScontains two SSSTS,mountedas shown inPS20001407,with fields of view as shown
in ICD20004937.

3.72.82 SSST Modes and Functions

‘Ihe SSST shall have the followingmodes:

a. CommandedSelf-Test

b. Simulation

c. Star Acquisition

d. Star Track

In Commanded Self-Test Mode the SSST shall execute a self-test routine and report its results to
the BDU.

In Simulation Mode the SSST shall output predetermined, simulated star data to the BDU.

In Star AcquisitionMode the SSSTshall break track of the cumentstar,and accept designation data
from the BDU defining the angular region in which to search for a new star and the magnitude of
the new star.
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In Star ~ck Mode the SSST shall maintain track of the star and periodicallyrepokt its tsvo-axis
angular position and its magnitudeto the BDU.

The BDUwill providea periodic“StartIntegration”pulse at all times, independentof SSSTmode.
The SSSTshall ignorethis pulsein all modesexceptStarTrackModeandSimulationMode. In StaY
Track Mode the SSST shall respond to the pulse by starting its integration function on the
currently-tmcked star. At a predeterminedtime later, the angular coordinates of the star shall be
available at the output interface to the BDU. The coordinatesshall fi the centroid of the angular
region that the star cccupied during the integration. In SimulationMode the SSST shall provide
simulated star coordinatesconsistentwith the sametiming relationshipsas in Star Track Mode.

All of the SSST modes shall be mutually exclusive. The SSST shall switch between modes in
response to commandsfrom the BDU,exceptfor the switch into Star TrackMode. The SSSTshall
execute that switch autonomouslyfrom the Star Acquisition Mode. The EPS PSU will provide
electrical power to the SSST.

3.7.2.83 SSST Performance

The SSST shall meet the following performancerequirements:

Total Field of View

AcceptableT~et Stars Brightness

Positional Accuracy

Magnitude Accuracy

Noise Equivalent Angle

Period of “Start Integration”pulse from BDU

Center of integration interval

Time delay betweencenter of integration
interval and availabilityof data at the output
interface to the BDU

63 square”
rnin7° each aXiS

+5.7 to 2.0 Mv

<10 arc sec 3U2.0 to 4.0 Mv
<16 MC sw 304.0 t05.7 Mv

H.25 Mv 2.0 to 4.0 Mv
M.5 Mv 4.0 to 5.7 MV

<3 arc w 102.0 to 4.0 Mv
<5 arc w la 4.0t05.7 Mv

128milliseconds

(TBD-2) (c&l milliseconds) * 0.5
millisecondsafter the “Start Integration” puke

(TBD-3) (c250 miliisemnds) * 1 millisecond

3.7.2.9 Three-Axis Magnetometer (TAM)

3.7.2.9.1 TAM DeiInMon

The TAM consists of a sensor unit and a separate packaged electronics unit that develops output
signals proportional to the ambient magnetic field. The output consists of the three orthogonal
componentsof the ambientmagneticfield vectorto be used by the magnetic momentumunloading
law. The GN&CS includes two TAMs, mounted so that their sensing axes are parallel to the
Spacecraft control refertmceaxes as shown in PS20001407.
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3.72.92 TAM Functions

The TAM shall provide to the BDU and to the ACE analog signals representing three orthogonal
componentsof magnetic field. The ACE will provide switched electrical power to the TAM.

3.72.93 TAM Performance

The T~ shall meet the following pexfoxmancerequirements:

Scale Factor 2.5*1% VDC per 1000milligauss between
*1OOOmilligauss LOW
10.H1% VDC per 1000milligauss between
*1OOOrnilligaussHIGH

Resolution 4 milligauss

Linearity iO.2% of full scale

Output Ripple 10 mv RMS LOW
40 mv RMS HIGH

Noise 7Mv LOW Oto100Hz
28 Mv HIGH to 100HZ

3.73 Guidance Navigation and Control (GN&C) Subsystem Software Requimnents

The material in this section also appears in PS20004937,PerformanceSpecifkation for Guidance,
Navigation and Control. The requirements for those portions of the GN&C subsystem that ~
implementedasFlight SoftwarearedefinedinPS20004937.In the eventof conflictbetweenthe text
of this document (PS20008662) and that of PS20004937, the governing document shall be
PS20004937.

3.73.1 GN&C Software External Interfaces

The C&DHS shall provide an estimate of UTC time accurate to *1OOmicroseconds.

C&DHS shall provide the communications medium between the GN&CS Flight Software,
exclusive of the Safe Mode software, and all the Spacecraft components with which the GN&C
Flight Software interacts. The medium will consist of the Command and Telemetry (C&T) Bus,
associatedBusData Units (BDUS),andRemote Terminals (RTs)embeddedin certain components,
as defined in 1S20008501.The C&TBus is a hi-directional serial data channel whose use must be
time shared. The GN&CFlight Software shall accommodate the trafilc allocation defined below.

The C&DHSwill allocate a periodic time slot for each transaction betweena BDUand a Spacecraft
component. The C&DHS will also provide a periodic synchronizationmessage to each RT. The
GN&C Flight Software shall accommodate the following timing stabilities: At the interface
between the BDU and the Spacecraft componen~the BDUactions will take place at times that are
fmd M1.1milliseconds, relative to a time base proportional to the integrated phase of the COMS
Master Oscillator 5 MHz signal. The synchronization signal to the RTswill be phased to within
MI.05milliseconds of the aforementionedtime base.
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C&DHSinterface timing is defined in %nillisecond minorcycles,numberedfiom Othrough 127.
The GN&C Flight software shall accommodate the allocation depicted in Table XII to collect
measurement &ta. The GN&C Flight Software shall accommodate the allocation depicted in
TableXIII to distribute commands.

3.73.2 Attitude Determination and Control (ADAC) Software

3.73.2.1 ADAC Mode and Sequence Control

The ADAC Mode and SequenceControl shall pexformthe following modes:

a. Earth Acquisition Mode

b. Normal Mode

c. Orbit Adjust Male.

3.73.2.1.1 Earth Acquisition Mode

[1] The FSW shall respond to the Separationflag to enter Earth AcquisitionMode, assigning
sensors and effecters as required to acquire the local vertical (Local VerticalAcquisition
submode),and to acquire yaw (YawAcquisition submode).

[2] The FSW shall respond to the commandto enter UpdateFilter submode,assigning sensors
as required to acquire a stellar-inerdal attitude reference.

3.7.3.2.1.2 Normal Mode

[1] The FSW shall respond to the commandsto enter NormalMode,acquirean inertialattitude
reference (Stellar Acquisition),and use the UpdateFilter output as the attitude reference.

[2] The FSW shall respond to the command to enter Update Fflter Earth Pointing submode
(upon convergenceof the Update Filter).

[3] While in Update Filter Earth Pointing submode, the FSW shall respond to commands to
offset-point the Spacecraft (UpdateFilter Offset Pointing submode).

3.7.3.2.1.3 Orbit Adjust Mode

[1] The FSW shall respond to commands to enter Orbit Adjust mode.

[2] The FSW shall support the capability to maintain three-axis control (with pointing offset
capability) of the Spacecraft during orbit acquisitionbums, during periodic drag make-up
bums, and during inclination correction bums; and upon termination of the maneuver,
return to the previous GN&CSmode.

[3] The FSW shall support the capability to slew to any yaw angle prior to the start of the
maneuver.

[4] At the end of a AV sequence,the FSW shall autonomouslyreturn to the previous mode.

[5] If the pxtwiousmode was Normal Mode, the FSW shall Eturn to the Stellar Acquisition
submode.
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Table XII. C&DHS Traffic Allocation to Collect Measurement Data for GN&C Flight Software

Component/ Measurement Data Collection Repetition Data crosses component-C&DH Time at which
location of BDU Volume Interval, Minor interface at fixed times relative to complete

Cycles start of reference Minor Cycle i measurement
in the ranges listed is available to

GN&C Flight
Sottware,

relative to start
of reference

Minor Cycle i

After start of Before start of By start of
Minor Cycle Minor Cycle Minor Cycle

ACWGN&C IRU X (AO 18 bytes 16 i+O i+2 i+5
EM pulses)

ACIYGN&C RWA “(tach 8 bytes 64 i+O i+2 i+5
EM pulses)

SSST1/SSSTl 1 star fixes 54 bytes 1,280 i+34 i+38 i+41

SSST21SSST22 star fixes 54 bytes 1,280 i+37 i+41 i+44

ESA1/EPS EM E&H error 4 analogs 64 i+O i+l i+4

ESA2/EPS EM E&H error 4 analogs 64 i+O i+l i+4

FSS/EPS EM Sun angles 4 bytes 64 i+O i+l i+4

TAM1/GN&C Field strength 3 analog 64 i+O i+l i+4
EM

TAM2/GN&c Field strength 3 analog 64 i+O i+l i+4
EM

HGAIHGA3 Gimbal angles 8 bytes 32 i+4 i+5 i+7



Table XII. C&DHS Traffic Allocation to Collect Measurement Data for GN&C Flight Software (Continued)

Component/ Measurement Data Collection Repetition Data crosses component-C&DH Time at which
lcation of BDU Volume Interval, Minor interface at fixed times relative to complete

cycles start of reference Minor Cycle i measurement
in the ranges listed is available to

GN&C Flight
Software,

relative to start
of reference

Minor Cycle i

TDRSS Dopper cycle 5 bytes 128 i+O i+l i+4
transponder 1/ count

COMS &
C&DHS EM

TDRSS Dopper cycle 5 bytes 128 i+O i+l i+4
transponder count
2/COMS &

C&DHS EM

TDRSS Ancillary data 5 bytes 128 i+O i+l i+4
transponder 1/

COMS &
C&DHS EM

TDRSS Ancillary data 5 bytes 128 i+O i+2 i+5
transponder 2/

COMS &
C&DHS EM

TDRSS PN epoch time 5 bytes 1,280 i+l i+2 i+5
transponder 1/

COMS &
C&DHS EM



Table XII. C&DHS Traffic Allocation to Collect Measurement Data for GN&C Flight Software (Continued)

Component/ Measurement Data Collection Repetition Data crosses component-C&DH Time at which
location of BDU Volume Interval, Minor interface at fixed times relative to complete

cycles start of reference Minor Cycle i measurement
in the ranges listed is available to

GN&C Flight
Software,

relative to start
of reference

Minor Cycle i

TDRSS PN epoch time 5 bytes 1,280 i+l i+2 i+5
transponder 2/

COMS &
C&DHS EM

SADJYCOMS & Array angle 1 analog 64 i+l i+2 i+5
C&DH EM

1, SSST1contains a Remote ‘I&minalwhich is functionallyequialent to a BDU

2, SSST2contains a RemoteTwnlnal which is functionallyequhlent to a BDU

3, HGA contains a RemoteTerminalwhich is functionallyequivalent to a BDU

r



Table XIII. C&DHS ~affic Allocation to Distribute Commands for GN&C Flight Sottware

Component/ Command Command Data Repetition Data crosses component-C&DH Time at which
cation of BDU Volume Interval, Minor interface at fixed times relative to GN&C Flight

Cycles start of reference Minor Cycle i Software shall
in the ranges listed format

command,
relative to start

of reference
Minor Cycle i

After start of Before start of Not later than
Minor Cycle Minor Cycle start of Minor

Cycle

ACWGN&C RWA Torque 4 16-bit words 64 i+O i+l i–4
EM

ACWGN&C MTR drive 3 16-bit words 64 i+l i+2 i–3
EM

SST1/SSSTl 1 Acquisition 21 16-bit words 640 i+3 i+7 i–1

SST2JSSST22 Acquisition 21 16-bit words 640 i+7 i+ll i +3

HGAIHGA3 Drive 4 1&bit words 32 i+O i+l i–4

TDRSS Time of day 5 16-bit words 1,280 i+O i+l i-4
ransponder 1/

COMS &
C&DHS EM

TDRSS Time of day 5 16-bit words 1,280 i+O i+l i–4
ransponder 2/

COMS &
C&DHS EM



Table XIII. C&DHS lkaftlc Allocation to Distribute Commands for GN&C Fiight Software (Continued)

Component/ Command
location of BDU

TDRSS Doppler
transponder Correction
l/COMS &

C&DHS EM

TDRSS Doppler
transponder 2/ Correction

COMS &
C&DHS EM

PMEA/PROPS Thruster fire
EM

SADWCOMS & Array Drive
C&DH EM

Command Data Repetition Data crosses component-C&DH
Voiume Interval, Minor interface at fixed times relative to

Cycies start of reference Minor Cycle i
in the ranges listed

1 1&bit words 1,280 i+O i+l

1 16-bit word 1,280 i+O i+l

10 16-bit words, 64 i-2 i+l
followed by an
“execute” pulse

1 16-bit word 64 i+l i+2

m

1. SSST1contains a RemoteTerminalwhich is functionallyequialent to a BDU

2, SSST2containsa Remotelkrminal which is functionallyequialent to a BDU

3. HGA containsa RemoteTeminal whichis functionallyequivalentto a BDU

GN&C Fiight
Software shail

format
command,

relative to start
of reference

Minor Cycle i

i–4

i-4

i-6

i-3
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3.730202 Update Filter

[1] Data from the SSST ancVorFSS shall be used to estimate and correct attitude determination
and gyro bias compensationemors.

[2] The normal mode of the update faltershall employ data horn the SSS’Ik.

[3] Capability shall be provided to process data from the FSS as a backup.

[4] Attitude Determination shall use Navigation System lunar ephemeris data to determine
when the moon is in the field of view of a star tracker.

[5] AttitudeDeterminationshaUuse NavigationSystemsolarephemerisdataforfme sunsensor
data processing [(’IBM) - dependentupon accuracyof data].

3.73.22.1 Update Falter Inputs

a. SSST data

b. FSS data

c. Spacecraft inertial attitude (as derived from integratingthe IRU data)

d. Body mtes

e. Solar position

f. Lunar position

3.73.2.2.2 Update Falter Description

[1] The Update Filter shall be a Kalman falterwhich shall compute attitude errors using star
sensor and sun sensor dam sun position data, and a stored star catalog.

[2] The EOS mission shall require the storage of informationon no more than 700 stars in the
update falteringstar catalog.

[3] The UpdateFilter softwareshall provide precessioncomputationson the stellar positionsin
order to avoid the requirement for frequent uplinking of stellar data.

[4) Star catalog data shall not be used unless it has been verifkd by the ground (as determined
via a veriilcation indicator).

3.7.3.2.2.3 Update Filter Outputs

a. Spacecraft inertial attitude update.

b. Gyro rate bias update.

3.73.23 Gyro Data Processing

[1] Gyro Data Processing shall perform the following function~

a. Pre-fdter gyro information and convert from raw values to attitude rates.

b. Integrate attitude rates to propagate Spacecraftattitude lmowledge.
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3.73023.1 Gyro Data ~ hlpUtS

a.

b.

c.

IRU X(A+ pulses)

Spacecraft inertial attitude update.

Gyro rate bias update.

3.73.232 Gyro Data Processing Description

[1] Gyro data fkomthe IRU shall be optionally pm-faltered every 0.128 second to remove
undesirable aliasingeffects which can result from a discrete time control cycle (0.512 see).

[2] Pre-fdtered gyro data shall be converted from raw values to attitude rates every 0.512
seconds.

[3] These attitude rates shallbe comctedforgym misalignmentsandappliedwith scale factors.

[4] Bias compensation,including bias error estimates from
to the corrected attitu& rates.

[5] The cmected attitude rates shall then be integrated
knowledge.

3.73.23.3 Gyro Data Processing Outputs

a. Inertial Attitude

b. Attitude Rates

c. Ancillary Data for use by payload instmments

3.7w3.2.4 Desired Atiitude

the Update Filter, shall be applied

to propagate Spacecraft attitude

[1] The Desired Attitudeshall be the ze-reference computedfrom the Spacecraftposition and
velocity as determinedby the Navigationfunction plus optional attitude offset.

[2] Attitude Determination and Control shall autonomously transition to the backup EOS
ephemeris whenNavigationFilters fails to provide an accurate attitude reference.

a. The criteria for transitioning to the backup EOS ephemeris shall be based on a voting
scheme among the Navigation Systeu the ESA, and the backup ephemeris.

b. Transitioning to the use of the backup EOS ephemeris shall not cause entry into Safe
Mode.

3.7.3.2.4.1 Desired Attitude Inputs

a. Spacecraft position and velocity

b. Selected offsets
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3.72.2.4.2 Desired Attitude Description

[1] The Desired Attitudecalculationshall providethe capabilityto define a desired attitudefor
the Spacecraft.

[2] Capability to supportoffset pointing and yaw slews shall be provided as detailed below.

[3] The Desired Attitude calculation shall provide the capability to add offsets to the desired
attitude in supportof instrumentcalibrations.

3.72.2.4.3 Desired Attitude Outputs

a. Desired Spacecraftattitude

b. Desired attitude rates

3.73.2.5 Spacecraft Attitude Correction

[1] Spacecraft Attitude Correctionshall provide the logic for determiningSpacecraft attitude
corrections based on the input of Spacecraftattitudeerror, and rate data.

[2] The SpacecraftAttitude Correctionshall then provide torque commands for the RWASor
torque requests to the Thruster Command as appropriate.

3.7.3.25.1 Spacecraft Attitude Correction Inputs

a.

b.

c.

d.

e.

f.

&

h.

Attitude rilteS

Inertial attitude

Desired spacecraftattitude

Slew requests

ESA data

RWAtachometerdata

Magnetic torque compensationsignal

HGA motion compensationsignal

3.7.3.25.2 Spacecraft Attitude Correction Description

[1] Spacecraft Attitude Correctionshall determine the roll, pitch, and yaw axis attitude errors
(diiYerencesbetweenthe desiredand measuredSpacecraftattitudes).

[2] Spacecraft Attitude Correction shall generate reaction wheel commands to implement
Spacecraft movementtowards the desired attitude.

[3] The selection of sensors and control laws shall be as directed by the GN&C Mode and
Sequence Control.
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[4] Capability shall be provided to dtive the desired attitude to perform the 90 degree and 180
degree yaw maneuversrequired for orbit adjust.

[5] SlewsshallbepexformedinconjunctionwithAVmaneuversin responsetorequestsreceived
via stored commands.

[6] Capability shall be provided to apply compensating torques to the reaction wheels to
minimize the disturbances due to magnetic unloading, HGA motion, and gyroscopic
torques.

[7] In modesrequiring thrustercontrol,orthogonalcontrol torquerequestsshall beprovidedfor
the Thruster Command.

3.73.2S3 Spacecraft Attitude Correction Outputs

a. Reaction wheel commands

b. Orthogonalcontrol torque requests

3.73.2.6 High Gain Antenna Control

The High Gain Antenna(HGA)Control determines the HGA azimuth and elevation rotation angles
requ.imdto point the HGA toward the selectedTDRSS Spacecraft and generates the commands to
rotate the HGA. The HGA Controlalso estimates the torque on the spacemft due to the motion of
the HGA, this estimate is used to compensate for the disturbancewhich would otherwise result.

3.73.2.6.1 High Gain Antenna Control Inputs

a.

b.

c.

d.

e.

Tracking schedule

TDRS ephemerides

Spacecraft position

Spacecraft inertial attitude

HGA gimbal angles.

3.72.2.6.2 High Gain Antenna Control Description

[1) The HGA control software shall petionn the following functions:

a.

b.

c.

d.

Monitor the HGA position and assure that its motion constraiM are honored.

Monitor the HGA position andprovide notMcat.ionwhen the HGApoints in a direction
where RF emissions are not allowed.

Determine the command profde to move the HGA to the desired position.

Apply rate limits as required to minimize disturbances.
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e. Generatethe commandsto rotate the HGA

f. Calculatethe disturbancetorque on the spacecraft that will result from the commanded
HGA motion.

[2] FSW shall provide the capability to apply offsets to High Gain Antenna pointing via a
commandbias.

3.73.2.63 High Gain Antenna Control Outputs

a. HGA drive commands

b. Flag to inhibit RF transmission

c. HGA motion compensationsignal

3.73.2.7 Momentum Unloading

[1] The Momentum Unloading shall control unloading of either momentum stored in the
reaction wheels or total system Momentum.

[2] MomentumUnloadingshall bean independentfunction which shall be available in any of
the GN&Ccontrol modes except orbit adjust.

[3] This functionshall process inputs to generatecommandswhich will allow the Momentum
to be unloaded

[4] The primary means of unloading momentum utilizes magnetic fields from the Magnetic
Torque R*, however a backup method u-g ~sters *W ~ be avfible” ‘e
MomentumUnloadingalso estimates the torqueon the spacecraftdue to the magnetic field
of the MTRs;this is used to compensate for the disturbancewhich would othenvise result.

3.7.3.2.7.1 Momentum Unloading Inputs

a. Magnetometerdata

b. Reaction wheel tachometerdata.

c. Total system momentum.

3.73.2.7.2 Momentum Unloadhg Description

[1] The flight softwareshaIl supportunloading of the excess momentum stored in the reaction
wheels.

[2] There shall be two techniques provided: magnetic unloading for normal operation, and
thruster unloadingfor backup or coping with unexpectedlyhigh disturbance torques.

[3] Whenthisfunctionis performedduring normalEarth pointingusingonly magnetictorquers,
there shall be no adverseeffects on the precisionpointing accuracies of the Normal Mode.

[4] Magnetic torquer unloadingshall be continuous.
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[6]

[7)

[8]

[9]

[10]

=

The Magnetic Torque Rod commands mqu.imd to control the angular momentum shall be
generated using reaction wheel momentum data, magnetometer daa total system
momentum data and momentum bias data.

The Magnetic Toque Rods create torques so that the wheels are required to be driven in a
direction to reduce the excess angular momentum stored.

If enabl@ thruster unloading shall occur when the momentum of a wheel reaches the
specifkd threshold or when the wheel momentum in the spacecraft body flame reaches a
S~tilC threshold

The appropriate thruster command requests shall be generated using either the reaction
wheel momentum data or the wheel momentumresolved into the bodyfiarne.

Thruster ftigs shall occur at the spcifiedrate with each firing reducingwheel momentum
in the body frame by a speci.fkd percentage.

Thrusterunloadingshallbe completedwhenthewheelmomentuminthebodyfkamereaches
a specified limit.

3.73.2.7.3 Momentum Unloading Outputs

a. Magnetic torquer commands

b. Magnetic torque compensationsignal

c. Thruster unload torque requests

d. Ancillary Data for use by payload instruments

3.73.2.8 solar Array Drive Control

[1] The Solar Amy Drive Control shall provi& closed-loop control of the solar may position,
and shall provide a canmandable slew capability.

3.73.2.8.1 Solar Array Drive Control Inputs

a. Solar army drive position data

b. Solar position

c. Inertial attitude

3.73.2.8.2 Solar Array Drive Control Description

[1) The Solar Amy Drive Control shall pcxforrnthe following functions:

a. Read the solaramaypotentiometerposition andtransformthe cu.mentsolar may position
into Spacecraft coordinates.

b. Command the solar array either with a constantrate uplinked from the Ground Segment
or

c. Calculate the required may position from the sun position input and adjust the
commanded mte to track the sun.

d. Command slews as required.
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[2] FSW shall provi& the capabilityto applyoffsetsto SolarArray pointingvia a commanded
bias..

3.73.2.8.3 Solar Array Drive Control Outputs

a. Solar Array Drive Rate Commands

3.73.2.9 Thruster Command

3.7w3.2.9.l Thruster Command Inputs

a. Delta-V requests

b. Orthogonal control torque requests

c. Thruster unload torque r~uests

3.73.2.9.2 Thruster Comman d Description

[1]

[2]

[3]

[4]

[5]

The Thruster Command shall compute thruster on-times for all AV maneuvers. These
on–times include AV ftig and attitude conlrol ftig.

The thruster commands for AV burns shall be based on nquests received via stored
commands.

The Thruster Command shall select appropriate combinations of thrusters and compute
thruster on-times for attitude control based on orthogonal control toxque requests from
Spacecraft Attitude Comm.ion.

The Thruster Command shall compute thruster on-times for Spacecraft slew maneuvers,
including those required for earth acquisition based on orthogonalcontrol torque requests
horn Spacecraft Attitude Correction.

The Thruster Command shall select appropriate combinations of thrusters and compute
thruster on–timesfor backup momentumunloadingbasedon thrusterunload requestshorn
Momentum Unloading.

3.73.2.9.3 Thruster Command Outputs

a. Delta-V Thruster on-time commands

b. Attitude Control Thruster on-time commands

3.73.2.10 ADAC Fault Detection Isolation and Recovery (FDJR)

The ADAC Fault Detection Isolation and Recovery (FDIR) software shall provide protection
against the fmt instance of a single point failure which could cause loss of attitude control. The
FDIR sofhwue shall monitor the status of the GN&C subsystemand commandthe Spacecraft to a
safe cotilguration which does not use the hardwm or softwareidenti.fkdto be faulty. The FDIR

85 DCC072193



PS20004937
21July1993

=
sofnvaxt?shall rept all test failures m SCCtelemetry. Mter providingsuch protectionagainst the
first instance of a single point faihue the ADAC FDIR software shall cease operation except as
specifkd herein.

The ADAC FDIR shall be enabled and disabled by ground command.

The ADAC FDIR software shall provide the single-point failure protection defined herein for the
GN&CS and related components conf@red to use the following initial selection from among
redundant components:

a. Attitude determination and control as well as FDIR

1.

2.

3.

4.

5.

6.

7.

8.

9.

ACE B

IRU2

ESA2

TAM2

Both windingsof each M1’R

AUfour RWA

Either or both SSSTS,with or without FSS.

EPS BDUB

PROPS BDU B

10.PMEA2

b. ~~ Ody

1’. IRul

2. ESA1

3. TAM1.

3.7.3.2.10.1 A.DAC FIXR software fimctions common to all modes other than Safe Mode

The software functions that are common to all GN&C modes except Safe Mode shall:

a. initialize the ADACFDIR to match the current GN&C mode

b. disable ADAC FDIR if GN&C is in Safe Mode

c. test the health of IRU Gyro A

d. anticipate that other means than FDIR softwaxewill invoke Safe Mode; pre-set ACE
accordingly to match the cumnt GN&C mode
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e. commandinterchangeof redundant sides of the BDU in the EPS Module

f. configurecomponentsfor SafeModeafterPDIR softwareinvokesentryintoSafeMode.

3.73.2.10.1.1 Input to ADAC FDIR conunon functions

The inputs for the commonfunctions shall be:

a.

b.

c.

d.

GN&C mode

Gyro A motor cumenttelemetry

Safe Mode selection- Earth or Sun pointig

Componentselection- gyros, ESA, TAM,wheels vs thrusters, MTRs vs thrusters

3.73.2.1O.L2 Processing by ADAC FDIR common functions

Commonfunction processing shall

a.

b.

c.

d.

e.

f.

set failure detection thresholds according to current GN&Cmode and stored threshold
values

disableADACFDIR if GN&C is in Safe Mode

compareGyroA motor cment telemetry with a stored limit and report pass/fail

pre-set sensor and effecter selectionsconsistentwith the currentGN&Cmode, in ACE
B, wheelsvs thrusters, MT’Rsvs thrusters, forward flight vs backwardflight pitch rate
bias, forward flight vs backwardflight yaw gyrocompasspositiongain, ACE to Earth
Pointingvs SunPointing, ADEtoEarth PointingvsInertial,forusein SafeModeif ACE
declares Safe Mode autonomouslyor if a ground commandsets ACEto Safe Mode

on fmt call, command switch to redundant side of the EPS Module BDU and report
executionof the fmt switch; on secondcall, command switchback to original side of
the El% Module BDU and report execution of the secondswitch

command selection of Earth Pointing vs Sun Pointing, ESA, TAM, gyro, ACE side,
wheels vs thrusters, MTRs vs thrusters for use in Safe Mode

3.73.2.10.13 Outputs from ADAC FDIR conunon functions

The outputs for the commonfunctions shall be:

a. gyro A passlfail result

b. commandto disable ADACFDIR

c. sensorandeffecter presets,EarthPointingvs SunPointingpresets, forwardvs backward
flight pitch rate bias, fonvard flight yaw gyrocompassposition gain to ACE B
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d. Earth Pointing vs InertialPointing presets to ADE

e. side switch status of EPS Module BDU

f. commandto switch sides of ACE

g. commandsto poweredACEside selectingEarth Pointing vs SunPointing, ESA, TAM,
~, wheels vs thrusters,MTRsvs thrusters for use in Safe Mode

3.73Q.1O.2 ADAC FDIR functions in Safe Mode

In Safe Mode invoked by FDIR software, the software shall switch to thruster control if wheel
speeds exceed a threshold a We-set number of times in a row.

3.73.2.10.2.1 Inputs to ADAC FDIR functions in Safe Mode

The inputs to the ADACFDIR software in Safe Mode shall be

a. GN&C mode status

b. RWA Sw

c. ACE side select status

3.73Q.1O.2.2 Processing by ADAC FDIR functions in Safe Mode

While in SafeModethe softwareshall comparethe wheelspeedswith a storedlimit and shall switch
to thruster control when anyRWAspeedexceeds the limit a pm-set number of times in a row. The
software shall mm ON PMEA1, and conf@urelatch valves and catalyst bed heaters for attitude
control. It shall command the poweredACE side to thruster control.

3.73.2.10.23 Outputs from ADAC FDIR functions in Safe Mode

The outputs shall be

a. command to the powered ACE to switch to thruster control

b. ON commandand configurationcommands to PMEA1.

3.73.2.10.3 ADAC FDIR functions in Acquisition Mode (except for Update IWter
Submode) and in Normal - Stellar Acqui&tion Mode

In GN&C Acquisition Mode (except for Update Filter Submode) and in Normal - Stellar
Acquisition Mode, the ADACFDIR software shall:

a. monitor attitude errors and rates from alternate sources

b. at the fmt excessive attitude error or rate, as appropriate, command redundancy
switching of components,and commandentry into Earth Pointing or SunPointing Safe
Mode

DCC072193 Sa



PS20004937
21July1993

=

c. at the completionof the functions in b., terminateexecutionof ADACFIXR except for
that specifiedin 3.7.3.2.10.2

d. monitor RWAspeed change responses to torque commandsand compare with sto~d
limits

e. upon detecting RWAspeed change response out of limits, as appropriate, command
mchmdancyswitching of components, and command entry into Earth Pointing Safe
Mode.

3.7S.2.10.3.1 Inputs to ADAC FDIR functions in AcquMtion Mode (except for Update
Fiiter Submode) and in Normal-Stellar Acquisition Mode

The inputs shall be:

a. GN&C mode status

b. IRU rates from all six gyro axes

c. ESA positionerrors from both ESAS

d. ESA scannertachometertelemetry ffom bothESAs

e. ESA wide angle mode vs normal mode status telemetry from both ESAs

f. Update Filter estimatesof pitch, roll, & yawposition emr, and yaw rate error

g. wo A current telemetry test status

h. count of EPS BDU primary-redundant side switches

i. RWAtorque commands

j. RWA speed telemetry

k. RWA ON/OFF status telemeny

1. RWAolclfailedrecord for each RWA

m. GN&C BDU MB select status

3.7.3 .2.10.3.2 Processing by ADAC FDIR functions in Acquidtion Mode (except for
Update Filter Submode) and in Normal - Stellar Acquisition Mode

3.7.3.2.10.3.2.1 Processing by ADAC FDIR functions in Acquisition - Rate Nulling
Mode

In Rate Nulling Submodethe FDIR software shall expect the ADACto use the IRU and ESA for
attitude determination,and to use thrusters for control.
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InRateNullingSubmode,fromSeparation toastorednumberof secondsafter Separation, theFDIR
softwaxeshall test eachIRU2 rate againsta storedlimit. For each axiswhen?theIRU2 rate exceeds
the limit a pre-set number of times in arow,the software shallcomparethe IRU2mte with theIRU1
rate, and shti commit to the IRU with the lower rate.

In AcquisitionMode,laterthan astorednumberof secondsafter Separation,theFDIRsofhva.mshall
form a “valid Earth presence” logical variable for each ESA. An ESA shall “have valid Earth
presence” if the ESA scanner’s tachometer telemetry passes a limit test and if the ESA’Swide
anglehmnnal mode telemehy indicates normal mode. Othewise, that ESA shti have “lost the
earth”.

InRateNullingSubmode, Iaterthan a stcmxlnumberofseconds afterSepamtion, theFDIR software
shall monitor whether each ESA has valid earth presence, it shall test each ESA pitch and roll
position errors against stored limits, and it shall test the IRU1 yaw rate against a stored limit.

Upon the failure of any above test associatedwith pitch or roll a pre-set number of times in a row,
the FDIR software shall attempt to identify a suspect component or group of components: ESA1,
ESA2, GyroA, EPS BDU, control. ‘he software shall use ESA1 & 2 erTorcomparisons, Gyro A
motor current telemetry test pass/fail rem as well as interchangingEPS BDUSin the procedure.
The software shall take action as shownbelowc

Component Action

ESA1Suspect None

ESA2suspect Earth Pointing Safe Mode
ACE A
ESA1
IRul
PMEA1
PROPS BDU A
ADE A AND B to Earth Pointing

Gyro A Suspect Earth Pointing Safe Mode
ACE A
ESA1
IRU1 for pitch and roll, IRU2 for yaw
PMEA1
PROPS BDU A
ADE A and B to Eat.h Pointing

UontrolSuspect Earth Pointing Safe Mode
ACE A
ESA1
IRul
PMEA1
PROPS BDU A
ADE A and B to Earth Pointing
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Component

Unable to Decide

EPS BDU B at Fault

Action

Sun Pointing Safe Modtx
ACE A
IRul
PMEA1
PROPS BDU A
ADE A and B to Inertial Pointing

UseEPS BDU A, no mode change

Uponfailureof theyawratetest apre-set numberof timesin arow,thesoftwareshallcompareIRU2
yaw rate with IRU1 yawrate, and shall commit to the IRU with the lower rate.

The FDIR software shall terminate execution after taking the eadiest of the above actions.

3.7.3 .2.10.3.2.2 Processing by ADAC FDIR functions in Acquisition Mode (except for
Rate Nulling and Update Filter Submodes) and in Normal- Stellar
Acquisition Mode

InAcquisition Mode (except for RateNulling andUpdateFilter Submodes) andin Normal- Stellar
Acquisition Mode, the FDIR software shall expect the ADAC to use the IRU & ESA for attitude
determination, the RWM for control, and the TAM& MTRs for momentumunloading.

TheFDIR softwareshallmonitor whethereachESAhas valid earthpresence,it shall test eachESA
pitch aad roll positionerrorsagainst storedlimits, andit shall test theIRU1yawrate againsta stored
limit. In addition, the FDIR software shall monitor each RWAresponse to routine ADACtorque
commands. The FDIR software shall issue no torque commands.

Upon the failure of any above test associatedwith pitch or roll a pre-set number of times in a row,
the FDIR software shall attempt to identify a suspectcomponent or group of components: ESA1,
ESA2, GyroA, EPS BDU,control. The software shall use ESA1 & 2 error comparisons,Gyro A
motor current telemetry test pass/fail report, as well as interchangingEPS BDUSin the procedure.
The software shall take action as shown below

Component

ESA1 Suspect

ESA2 Suspect

Action I

None

Earth Pointing Safe Mode
ACE A
ESAI
IRul
TAM1
RWAS
MTRs
ADE A AND B to Earth Pointing
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Component Action

GyroA Suspect Eath Pointing Safe Mode
ACEA
ESA1
IRU1for pitch and roll, IRU2 for yaw
T~l
RWAS
MTRs
ADE A and B to Earth Pointing

~ontrol Suspect Esrrh Pointing Ssfe Mock
ACE A
ESA1
IRul
TW1
RWAS
MTRs
ADEA and B to Earth Pointing

Unableto Decide SunPointing Safe Mode
ACEA
IRul
TAM1
RW&

ADEA and B to Inertial Pointing

EPS BDU B at Fault Use EPS BDUA no mode change

Urmnfailure of theyawrate test a pre-setnumberof times in arow,the softwareshallcompareIRU2
y~wrate with IRUi yaw rate, and shall commit to the IRU with the lower rate for yaw rate data.

The FDIR software shall terminate execution after taking the earliest of the above actions.

Upon failure of an RWAresponse test a pre-set number of times in a row, the FDR softwme *U
declare that RWAfailed. If this is not the only RWAcurrently declared failed, and if the software
has not previously switched to ACEA, it shall commandsuchswitch, and it shall declareno RWAS
failed. If this is not the only RWAdeclared faile& and if the software has previously switched to
ACE A, it shall command switch to the other side of the GN&CBDU,the software shallrestore the
GN&C BDU to its starting cotilguration, it shall declare no RWASfailed, and it shall switch to

a. Earth Pointing Safe Mode:

b. ACE A

c. ESA1

d. IRU1

e. PMEA2

f. ADE A & B to Earth Pointing
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u this is the only RWA cumerttly declared fae~ tie SON= *W ~ it o~” . . ~

The final action by the FDIR software on the RWA test shall be to turn ON all non-failed RWAS.

3.73.2.10.33 Outputs from ADAC FDIR functions in Acquisition Mode (except for
Update Alter Submode) and in Normal - Stellar Acquisition Mode

The outputsshall lxx

a.

b.

c.

d.

e.

f.

commandto commonFDIR software to enter Safe Mode

commands to commonFDIR software to cotilgure componentsfor Safe Mode

commandtOCO~On FDR SOfhV~ to StW~~ processing

commandsto comrnonFDIRsoftwareto interchangeredundantsidesoftheEl% Module
BDU

RWAoldfai.ledrecord for each RWA

commandsto interchangeredundant sides of the GN&CBDU

3.73.2.10.4 ADAC FDIR functions in Acquisition-Update Filter Mode, and Normal -
Update Falter Mode

In GN&C Acquisition - Update Filter Mode and Normal-Update Filter Mode the ADAC FDIR
software shall

a.

b.

c.

d.

e.

f.

monitor attitude errors I?omalternate sources

monitor yaw rate error

at the fmt excessive attitude error or rate error, as appropriate,commandredundancy
switching of components,and command entry into Earth Pointing Safe Mode

at the completion of the functions in c., terminateexecutionof ADACFDIR except for
that specified in 3.7.3.2.10.2

monitor RWAspeed change responses to torque commandsand compare with stored
limits

upon detecting RWAspeed change response out of limits, as appropriate, command
redundancy switching of components, and command entry into Earth Pointing Safe
Mode.

3.73.2.10.4.1 Input to ADAC FDIR functions in Acquisition - Update Filter Mode and
Normal - Update Filter Mode

The inputs shall be

a. GN&Cmode status

b. ESA position errors tim both ESAS
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c.

d.

e.

f.

g“

h.

i.

j.

=

UpdateFilter estimates of pitch, roll, & yaw position error, and yaw rate error

gyro A cttrnmttelemetry test status

count of EPS BDU primmy-redundant side switches

RWAtorque commands

RWAspeed telemetry

RWAON/OFFstatus telemetry

RWAOk/failedrecord for each RWA

GN&CBDU A/B select S~tUS

3.73.2.1O.4Q Processing by ADAC FDIR fbnctions in Acquisition - Update Filter Modej
and Normal - Update Filter Mode

In GN&CAcquisition- Update Filter Mode and Normal - Update Filter Mode the ADACFDIR
sofhvare shall expect ADAC to use the Update Filter for attitude positions and rates, RWASfor
control, and the T~ & MTRs for momentumunloading.

The softwareshall testpitchandrollerrors frombothESAs andfiomtheUpdateFilteragainst stored
limits. It shall test yaw rate error against a stored limit. It shall test RWAspeed change rtxponse
to routine ADACtorque cmrnands against stored limits. The FDIR softwareshall not issue RWA
torque commands.

The FDIRresponses to test failures a pxe-setnumber of times in a row of pitch error, roll emor,and
yaw rate error shall be as defined below

Test fkilure mm Software response

Up&te Filter errors in limits, errors from both Command switch to Si& A of EPS BDU; no
WAS out of limits fiuther action if imors now in limits;

othemise, command switch back to Side B of
EPS BDU & proceed as defined below

Ml other combinations of out of limits emrs Earth Pointing Safe Mock
ACE A
Non-suspect ESA defined below
IRU1 for pitch& roll
IRU1 for yaw if Gyro A current
telemetry passes test, IRU2 for yaw
otherwise
TAM1
RWAS
MTRs
ADE A and B to Earth Pointing

DCC072193 94



PS20004937
21July1993

c

If the test results fkomtie twoESAs disagree with each other, the non-suspect ESA shall be the one
whose test results agree with those from the Update Filter. Othenvise, the non-suspect ESA shall
be ESA1.

The FDIR softwareshall terminate executionafter taking the earliest of the above actions.

Uponfailure of anRWAresponse test a ~-set numberof times in a row, theFDIR sofhvareshall
declare that RWAfailed. If this is not the only RWAcurrently declared failed, and if the software
has not previouslyswitchedto ACEA, it shall commandsuch switch,and it shall declareno RWAS
failed. If this is not the onlyRWAdeclanxifailm and if the softwarehas previously switched to
ACEA, it shallcommandswitchto theothersideof the GN&CBDU,andit shalldeclineno wheels
failed If this is not the onlyRWAdeclaredfaila and if the software has previously switchedto
the other side of the GN&C BDU, the software shall restore the GN&C BDU to its starting
confQuration, it shall ddare no RWASfaile& and it shall switch to Earth Pointing Safe Mode:

a. ACE A

b. ESA1

c. IRul ,

d. PMEA2

e. ADE A & B to Earth Pointing

If this is the only RWAcurrently declaredfaila the software shall turn it OFF.

The final action by the FDIR software on the RWAtest shall be to turn ON all non-failed RWAS.

3.73.2.10.4.3 Outputs from ADAC FIMR functions in Acquisition-Update Falter
Mod%and Normal - Update Filter Mode

The outputs shall be:

a. commandsto commonFDIR softwareto configure components for Safe Mode

b. commandsto commonFDIR software to configurecomponentsfor Safe Mode

c. commandto commonFDIR softw= to stop FIYR processing

d. commandstocommonFDIRsoftwaretointemhangeredundantsidesof theEPS Module
BDU

e. RWAoldfailedrecord for each RWA

f. commandsto interchangeredundantsides of the GN&CBDU

3.7.3.2.10.5 ADAC FDIR functions in Orbit Adjust - Update Filter Mode

In GN&C Orbit Adjust - UpdateFilter Mode the ADACFDIR software shall:

a. monitor attitude errors from alternate sources

b. monitor yaw rate error
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c. at the fmt excessive attitu& exroror rate error, as appropriate,command reduticY
switching of components, and command entry into Earth Pointing Safe Mode

d. at the completionof the functions in c., terminateexecutionof ADACFDIR except for
that specifkd in 3.7.3.2.10.2

3.7.3.2.10.5.1 Inputs to ADAC FDIR fhnctions in Orbit Adjust - Update F’iiter Mode

The inputs shall be

a. GN&C mode status

b. ESA position errors horn both EWU

c. Update Filter estimates of pitch, roll, & yaw position enor, and yaw rate error

d. gyro A cumenttelemetry test status

e. count of EPS BDU primary-redundant side switches

3.7.3.2.10.5.2 Processing by ADAC FDIR functions in Orbit Adjust - Update Fiiter
Mode

In GN&C OrbitAdjust-Update Filter Mode the ADAC FDIR softwareshall expect ADAC to use
the Update Falterfor attitudepositions and rates, and thrustersfor control.

The software shall testpitchandroll errorsfrombothESAs andfromtheUpdateFilter againststored
limits. It shall test yaw rate erroragainst a stored limit. It shall test RWA speed change response
to routine ADAC torquecommands against stored limits. The FDIR softvwm shall not issue RWA
torque commands.

The FDIR responses to test failures a pre-set numberof times in a row of pitcherror,roll error, and
yawrate error shall be as defined below

Test fhiiure

Update Filter errors in limits, emorsfrom both
ESASout of limits

All other combinations of out of limits emrs

FDIR software response

Command switch to Side A of EPS BDu no
further action if errors now in limits;
otherwise, command switchback to Side B of
EPS BDU & proceed as defined below

Earth Pointing Safe Mode:
ACE A
Non-suspect ESA defined below
IRUI for pitch&roll
IRU1 for yaw if Gyro A current

telemetry passes test, IRU2 for
yaw othenvise

Thruster control
ADE A and B to Emh Pointing
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Ifthe testresults from the twoESASdisagnx witheach other,themm-suspectESA shall be theone
whose test results agree with those fkomthe Update Filter. Otherwise,the non-sus~t ESA shall
be ESA1.

The FDIR software shall terminate execution after taking the earliest of the above actions.

3.73.2.10.53 Outputs fkom ADAC FDIR functions in OrM Adjust - Update Fiiter
Mode

The outputs shall be

a. commandto commonFDIR software to enter Safe Mode

b. commands to common FDIR software to configure components for Safe Mode

c. command to common FDIR software to stop FDIR proces@g

d. commandsto commonFDIR softwareto interchange reduntit sides of the EPS Module
BDU

3.73.2.11 Solar Array (SA) Position FDIR

The Solar Amy (SA) Position FDIR shaU:

a.

b.

c.

d.

monitor SA position emor

dmw logical conclusionson threats to SA position

at the fmt threat to SA position, commandnxlundancyswitchingof components

at the completion of the functions in c., terminateexecutionof SA Position FDIR.

The SA Position FDIR shall be enabled and disabled by groundcommand.

3.73.2.11.1 Inputs to Solar Array (SA) Position FDIR

The inputs shall be

a. GN&C mode status

b. Solar -y (SA) position error

c. SAD, ADE, C&DHS& COMS Module BDU side select status

3.7.3.2.11.2 Processing by Solar Array (SA) Position FDIR

In all modes where GN&C software controls the SAD, the SA Position FDIR shall test the SA
position error against a stored limit and after a pre-set number of failures in a row, it shall declare
the SADfailed. The SAPositionFDIR shall executeredundancyswitchingin the sequencebelow.
TheFDIR shallresume thepositionerror test aftereachswitch,andshalltruncatethesequencewhen
the position error passes the test. The redundancy switchingsequenceshall be:

a. SAD

b. ADE

c. BDU in the C&DH& COMS Module

97 DCC072193



PS20004937
21July1993

c

The SA Position FDIR shall terminate processing at the earlier of the end of the sequence ur the
truncation point of the sequence.

3.73.2.11S Outputs from Solar Array (SA) Position FDIR

The outputs shall be nxhmdancy switching commands to SAD, ADE, and C8CDHS& COMS
Module BDU.

3.73.2.12 High Gain Antenna (HGA) Position FDIR

The High Gain Antenna (HGA) Position FDIR shalk

a. monitor HGA gimbal positions&compare with a stored position fence

b. draw logical conclusions on threats of HGA encroaching beyond the stmd position
fence

c. at the fmt threat of HGA encroaching beyond the stored position fence, command
redundancy switching of components

d. at the completion of the fimctionsin c., terminate execution of HGA Position FDIR.

The HGA Position FDIR shall be enabled and disabled by ground command.

3.73.2.12.1 Inputs to High Gain Antenna (HGA) Position FDIR

The inputs shall be

a. HGA gimbal position telemetry

b. HGA A & B ON/OFFS~S

3.73.2.12.2 Processing by Eigh Gain Antenna (EGA) Position FDIR

The HGA Posi~on FDIR shall test the HGA gimbal positions against a stored two+iimensional
fence. When the FDIRsoftwaredetects a pre-set number of test failures in a row,it shall command
the PDU in the EPS Module to interchangethe ON sides of the HGA. The FDIR software shalI
resume the gimbal positiontest againsta secondfence. Whenthe softwaredetectsa pre-set number
of failures in arow,it shallcommandthePIN in thcEPS Moduleto turn OFFboth sides ofthe HGA.

The HGA Position FDIR shall terminate execution at the end of the above sequence.

3.73.2.12.3 Outputs from High Gain Antenna (HGA) Position FDIR

The outputs shall be HGA side ON/OFF commands to the PDU in the EPS Mcdule.

3.73.3 Navigation Software

[1] Navigation software shall compute the following real-time data:

a. Position vector for the sun

b. Position vector for the moon
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c.

d.

e.

f.

[2]

3.7.3.3.1

=

Positicmand velocityvector for the scheduledTDRS

Positicmand velocityvector for EOS -

Doppler frequencypredictionfor the S-band transponder

Accumulatedspacecraftclock time bias with respect to UTC

Navigation Softwareshall perform fault detection,isolation, and recovery

Compute Astmdynamic Data

ComputeAstrodynamicData computesreal-time position vectors for the sun and the moon.

3.7933s.1

a.

3.7.3.3.1.2

[1]

[2]

[3]

Compute Astrodynamic Data Inputs

Spacecraftclock time

Compute As&dynamic Data Description

ComputeAstrodynamicData shall convextspacecraftclock time to Julian date

ComputeAstrodynamicData shall computethe geocentricposition vector for the sun

ComputeAstrodynarnicData shall computethe geocenrncpositionvectorfor the moon

[4] Compute Astrodynamic Data shall update Earth inertial coordinate system
transformations

3.733.1.3 Compute Astrodynamic Data Outputs

a. Real-time position vector for the sun

b. Real-time positionvector for the moon

3.7.3.3.2 Propagate TDRS State Vectors

Propagate TDRS State Vectors computes near-real-time position and velocity vectors for the
scheduledTDRS. State vectors are uplinkeddaily for four TDRSS.

3.7.3.3.2.1 Propagate TDRS State Vectors Inputs

a. Four initial TDRS state vectors and associatedtime tags

b. ScheduledTDRS ident~lcation

c. Spacecraftclock time

3.7.3.3.2.2 Propagate TDRS State Vectors Description

[1] Propagate TDRS State Vectorsshall propagateTDRS position and velocity vectors by
numerically integrating equations of motion.
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[2] Propagate ‘IDRS State V=tors shall use a propagation time step of 8.192 spa-
clocksecondswhenDopplermeasurementsarebeingprocessedby “EstimateEOSState
vector.”

[3] Propagate TDRS State Vectorsshall use a propagation time step of 65.536 spacecraft
clock seconds othexwisefor all TDRS‘s.

3.73.3923 Propagate TDRS State Vectors Outputs

a. Near-real-time position and velocity vectors for the scheduled‘IDRS

3.7333 Estimate EOS State Vector

Estimate EOS State Vector computes near-real-time position and velocity vectors for EOS.
Estimate EOS State Vectoralso computes the real-time master oscillator ik.quency exrorand the
real-time accumulatedspacecraft clock time bias with respect to UTC.

3.73.33.1 Estimate EOS State Vwtor Inputs

a.

b.

c.

d.

e.

f.

g.

h.

Flag to indicate navigation falter initialization, initial navigation falter state vector,
associated state error covariancematrix, and time tag

Spacecraft clock calibration flag and calibration data

EOS drag makeup maneuverflag, maneuver start time and stop time, and thrust force

Master oscillator frequency adjust flag, adjust time, and fkequencyadjustment

fiquently uplinked solar activity

Doppler frequency sums and associated S-Band transponder telemetg

Scheduled TDRS identtlcation

Spacecraft clock time

3.72.33.2 Estimate EOS State Vector Description

[1]

a.

b.

c.

d.

[2]

Estimate EOS State Vectorshall estimate a state vector which includes, as a minimum,
the following elements:

EOS position vector

EOS velocity vector

Drag coefficient comection

Master oscillator frequency error

If the initialize flag is set,Estimate EOS State Vectorshall initialize the state vector and
associated state emorcovariance matrix using ground uplinked data.
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[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

a.

b.

c.
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Estimate EOS State Wztor shall maintain an estimate of the accumulated spacecraft
clock time bias with respect to U7’C.

If the spacecraftclock calibrationflag is st%Estimate EOS State Vectorshall reset the
accumulatedspacecraftclock timebias to theuplinkedcalibrationvalue, includingUTC
leap seconds.

Estimate EOS State Vectorshall propagate the state vector and state error covariance
matrix.

Estimate EOS State Vectorshall use a propagation time step of 8.192 spacecraft clock
seconds.

Estimate EOS State Vectorshall propagate the state vector and state error covariance
rnmix whetheror not a Doppler measurementis available.

Estimate EOS State Wctor shall propagate EOS position and velocity vectors by
numerically integratingequations of motion.

Estimate EOS State Vector shall model drag makeup accelerations and acceleration
uncertainties.

Estimate EOS State Vector shall model master oscillator frequency adjustments and
frequency adjustmentuncertainties.

Estimate EOS State Vectorshall sample S-band transponderDoppler frequency sums
every 8.192seconds.

Estimate EOS State Vectorshall process two successive S-band ~sponder Doppler
frequency sums to computea Doppler measurement.

Estimate EOS State Vector shall sample S-band transponder telemetry every 1.024
seconds.

Estimate EOS State Vectorshall reject Doppler measurementsand set a flag if S-band
transponder telemetxyindicates invalid dam or if the Doppler measurement exceeds a
maximum allowable value (a range check).

Estimate EOS State Vectorshall estimate Doppler measurements.

Estimate EOS State Vector shall compute Doppler measurement residuals, Doppler
measurementresidual variances,and Doppler measurementresidual ratios.

Estimate EOS State Vector shall reject Doppler measurements that fail an n–sigma
measurementresidual edit test.

If the Doppler measurementis accepted,Estimate EOS State Vectorshall

compute the Kalman gain matrix

correct the state vector estimate

update the state error covariance mamix

3*73.303.3 Estimate EOS State Vector Outputs

a. State vector

b. State error covariancematrix
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c. Accumulated spacecraft clock time bias with respect to UTC

d. Doppler measurement edit flag

e. Engineering telemelry for ground analysis

3.733.4 Compute Red-Time Data

Compute Rea.1-Tme Data computes real-time position and velocity vectors for EOS, real-time
position and velocity vectors for the scheduled TDRS, and the red-time Doppler fkquency
prediction for the S-band transponder.

3.7303.4.1 Compute Real-Tiie Data Inputs

a.

b.

c.

d.

Near-mWirne EOS position and velocity vectors from %timate EOS State Vector”

Near-real-time TDRS position and velocity vectors from “Propagate TDRS State
vectors”

Real-time master oscillator frequency from ‘Zstimate EOS State Vector”

Doppler frequency prediction flag for the S-band transponder

3.732.4.2 Compute Red-Time Data Description

[1] Compute Real-Thne Data shall propagate EOS position and velocity vectors to
real-time, every 0.512 spacecraft clock seconds.

[2] Compute Real-Tree Data shall propagate the scheduledTDRS position and velocity
vectors to real-time, every 0.512 spacecraft clock seconds.

[3] IftheDoppler compensationpredict flag is set, ComputeReal-TneData shallcompute
the Doppler frequency prediction for TDRSS S-Band signal acquisition, every 1.024
spacecraft clock seconds.

3.73.3.4.3 Compute Real-Time Data Outputs

a. Real-time position and velocity vector for EOS

b. Real-time position and velocity vector for the scheduledTDRS

c. Real-time Doppler frequency prediction for the S-band transponder

d. Ancillary Data for use by payload instruments

3.73.3.5 Compute Backup Data

ComputeBackupData computesred-time position and velocityvectors for EOS from periodically
uplinkedEOS orbitelements. ComputeBackupData also computesreal-time positionandvelocity
vectors for the scheduledTDRSfrom periodicallyuplinkedTDRSorbit elements. Dependingupon
the spacecraft mode, Compute Backup Data position and velocity vectors can be used as primary
or backup navigation data
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3.730305.1 Compute Backup Data Inputs

a. Epoch orbit elements for EOS and associatedepoch time tag

b. Epoch orbit elements for four TDRS’Sand associatedepochtime tags

c. Scheduled TDRS identification

d. Spacecraft clock time

3.73.3S.2 Compute Backup Data Description

[1] Compute Backup Data shall compute current orbit elementsfor EOS, then convert the
orbit elements to position and velocity vectors for EOS.

[2] Compute Backup Data shall compute current orbit elements for the scheduledTDRS,
then convert the orbitelementsto positionandvelocityvectorsfor the scheduled’I13RS.

3.7.3.305.3 Compute Backup Data Outputs

a. Real-time position and velocity vectors for EOS

b. Real-time position and velocity vectors for the scheduledTDRS

3.73.3.6 Perform Navigation FDIR

PerformNavigationFDIR compares“EstimateEOS StateVector”dataand ‘TmpagateTDRSState
Vectors” data with less accurate backup data. Doppler measurementdata and navigation falter
covariancematrix data is also examined. Uplinkedephemeris data is also verifkd beforeuse.

3.7w3.3.6.l Perform Navigation FDIR Inputs

a. “Estimate EOS State Vector”state vector and state error covariancematrix

b. “Compute Backup Data” position and velocity vectors for EOS

c. “Propagate TDRS State Vectors”positionand velocityvectorsfor the scheduledTDRS

d. “Compute Backup Data” position and velocity vectors for the schcxiuledTDRS

e. Backup polynomial representation of spacecraft clock time bias and master oscillator
normalized frequency e~or

f. Doppler measurement residual ratios Doppler measurementedit flags

g. Scheduled TDRS identtilcation

h. Spacecraft clock time

3.73.3.6.2 Perform Navigation FDIR Description

[1] Perform Navigation FDIR shall compute the differencebetween

a. “Estimate EOS State Vector”EOS position and velocity vectors, and

103 DCC072193



PS20004937
21July 1993

b.

c.

[2]

a.

b.

c.

[3]

a.

b.

c.

[4]

[5]

[6]

a.

b.

c.

c

“Compute BackupData” EOS position and velocity vectom,then

Set a flag(s) if the differenceexceedsthe accuracyof the “ComputeBackupData”EOS
position and velocity vectors.

Perform NavigationFDIR shall compute the difference between

“Propagate TDRS State Vectors”scheduled TDRS position and velocity vectors, and

“Compute BackupData” scheduledTDRS position and velocity vectors, then

Set a flag(s) if the difference exceeds the accuracy of the “Compute Backup Data”
scheduledTDRS position and velocity vectors.

Perform NavigationFDIR shall compute the difference between

“Estimate EOS State Vector” accumulated spacecraft clock time “bias and master
oscillator normalizedfrequency error, and

Backup polynomial representation of the accumulated spacecraft clock time bias and
master oscillator normalizd frequency emr, then

Set a flag(s) if the difference exceeds the accuracy of the backup polynomial
representation of the accumulated spacecraft clock time bias and master oscillator
normalized frequency error.

Perform NavigationFDIR shall maintain a count of edited Doppler measurements,per
TDRS, and set a flag(s) if the count exceeds a pre+ecified value.

Perform Navigation FDIR shall set a flag(s) if navigation falter covariance elements
exceed pre-spec~led values.

PexfonnNavigationFDIR shallverify uplinkedEOS andTDRSephemerisdata, and the
upl.inked polynomial representation of the spacwraft clock time bias and master
oscillator normalizedflequency error as follows:

A continuity check with the previous data set shall be performed. Failure of the
continuity check shall prevent use of the data.

A time span shall be associatedwith the data set, which defines when the data is valid.
This data shall only be used when spacecraft clock time is within this time span.

A flag(s) shall be set when errors are detected.

3.7.3.3.6.3 Perform Navigation FDIR Outputs

a. EOS position and velocity vector error flag(s).

b. Scheduled TDRS position and velocity error flag(s).

c. Spacecraft clock and master oscillator error flag(s).
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d. Doppler measurementedit error flag(s).

e. Navigationfilter covariancematrix emr flag(s).

f. UplinkedEOS ephemeriserror flag(s).

g. Upl.inkedTDRS ephemeriserror flags(s).

h. Uplinked spacecraft clock time biasknaster oscillator normalized frequency emor
polynomial error flag(s).
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The requirements for the formal vfilcation of the petiormance, design, and construction of the
GN&CS shall be as specifkd inlhis section. These requirements define the extent to which the
GN&CS must demonstratecapability to meet the design and paformance requirementsspec~led
in Sections 3.2 and 3.3 of this document.

4.1 GN&CS Verification

Vkrif3cationofeach Section3.2and3.3 requirementshallbe paformedas definedin theVefilcation
Matrix, providedunder separate cover as Attachment&

4.1.1 Verification Phases

Phases shall be either Acceptanceor Qualificationas defined in PS20005404.

4.1.2 Verification Methods

Thefollowingmethodsshallbe usedas appropriateto veri@each of therequirementsin Section3.2
and 3.3: Demonstration,TesLAnalysis, anclhr Inspection. Each method shall be as defined in
PS20005404.

4.13 Responsibility for Verification

In general, the responsibilityfor verificationof each requirement specified in Sections 3.2 and 3.3
is that of Astro Space. Specifically the GN&C subsystem engineem, component designers and
subcontractsupportengineersshallassume directresponsibility. EachGN&Ccomponentengineer
shall develop a vetilcation plan that suppms the GN&Cplan.

4.1.4 Verification Conditions

Each GN&C component sha.il be exposed to vefilcation conditions which repmsem those
environments encountered throughout the ground phase and flight mission. The environmental
conditions and levels of exposure are defined in the VS, PS20005404,Section 4.

4.2 Testing

4.2.1 Reliability Testing

Reliability verillcation shall forma major part of the GN&C verii3cationprogram. Requirements
and responsibility for reliability veriilcation are found in Section 7, Design Assurance and
Reliability Plan, of the PAIP,20005397. GN&Ccomponentdesignemhave primaryresponsibility
for conducting Parts and Devices Stress halysis (PAIR 7.2.2.5), Worst-Case Analysis (PiMl?
7.2.2.6) andTrendAnalysis(P.., 72.2.7). Secondaryresponsibilityas definedinPAIP,Section7,
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includes but is not limited to Failure Mode and Effects Analysis (PAIR 7.2.2.2), Reliability
Assessment (PAIP,7.2.2.4) and identilcation of limited life items (PAP, 72.2.8). All test data is
to be collected, documented and used in support of the EPS reliability analysis conducted by
Reliability Engineering. All testing shall be performed within the guidelines of the System Safety
Plan outlined in Section 4 of the PAIP,20005397.

4.2.2 Engineering Evaluation and Test Requirements

4.22.1 Test FIOWS

Detailed test flows shall be generatedfor each GN&Ccomponent. The test flows shall include the
breadboa@ ETM,orQTM processesaswellasfollow-on protoflightiflightverification flow. Tests
shall be identifkd in the test flow with traceability to the particular requirement being verifkd in
Section 3.2 and 3.3 of the applicableperformance specification. Figure 8 is a typical component
vefilcation flow diagramwhichshall be used as a basis to developdetailed componentverification
flow diagrams. The thermalcycleor thermalvacuum test shall containscold start test. The GN&C
overall verifkation flow diagram is shown in PN20008664.

4.22.2 Performance Tests

The H%, its components,andall breadboards,when applicable, shall be subjected to the electrical
performance tests defined in the Verification Specification, VS. Performance tests include
Electrical Interface Tests, (or sometimes referred to as Interface Verification Test (IVT)),

+

‘yaWd-M~wY Boxd & SukUsembly. . -
(whereapplicable)

-- Assembly
(whereapplicable) +

FunctionalTestjSetup& Comprehensive
EMC Test

ButtonUp Perfmnance Test
(qualticaticn,accept

PN20005868St?CtiCXl3.0)-I

t

StrengthTest(structural RandomVibration FunctionalTestelementsonly)

ThermalCycleor Comprehensive
ThenDalvacuum PufcmnanceTest MassProperties

Delivery to I&T

F@ure 8. ~pical Component Verification Flow
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Compmhensive Performance Test (CFI’), Limited Performance Test @T), and Limited Life
Electrical Elements. These tests and their applicabilityin the vtilcation plan are at the discretion
of the test designer as defined in the VS.

4.2.2.3 Verification Tests

Each GN&C component shall be subjected to the verification tests defined in VS, PS20005404,
Section 4. Performance tests, as defined above in Figure 8, shallbe performedduring vtilcation
tests to demonstrate functionality during a flight environment.

4.23 Acceptance Testing

Acceptance testing shall be performed an all flight components to verify workmanship and
functionality. The acceptance test levels are definedin VS, 20005404,Section 4.

4.2.4 Qualification Testing

Qualificationtesting of QTM andProtoflightcomponentsshallbe usedto demonstrateadequacyof
design limits. The qual.itlcationtest levels are defined in VS, 20005404,Figure 1, Comparisonof
Thermal TestLevels and Figure 2, Comparisonof Vlbro-acousticTestUwels and Durations. The
deltavalues shownin thesefiguresare tobe appliedto the acceptancelevels&fmed in VS Section4.

4.23 Installation and Checkout

The performance test, Electrical InterfaceTests,defined in the VS andreferencedabove in 4.2.2.2
will be implemented to verify that all interface signals are within acceptable limits or applicable
performance specificationsprior to integrationof an assemblyor a componentinto the next higher
level.

4.3 Special Verifications

Any GN&CS units identitled on the limited-life or critical itemslists shallbe tested in accordance
with VerificationPlan, PN200C)5404.

4.4 Test Equipment

[1] Existing test equipment shall be used whereverpractical.

[2] Where new test equipment is required to test units which am physically or functionally
identical or similar, the equipment shall be designed to perform its task(s) on each element of that
group, where practical.

4.4.1 Test Equipment Safety Features

[1] Test equipment shall incorporateany safety interlocksor other safetyfeatures necessary to
reduce the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spacecraft test equipmentshall give a.visual, auditory,
or electronic indication of indication when it is activated.
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4.402 Test Equipment Wrifieation

Unless othenvise specifkd herein, test equipment used to mm~ GN&CS paf~=
characteristics shall be capable of demonstmting that

a. it will not impose environmentson the tested item(s) beyondthe levels calledfor in the
Vetilcation Specifkation PS20004304, and

b. it is capable of imposing the test levels called for in the Verification SpecKlcation,
PS20CK)5404.

4.43 Test Equipment Calibration

Test equipment shall be calibrated in accordance with GSFC 4200502.

4.5 Verification Documentation

The subsystem verMcation activities shall be documented h

a. Vetilcation Reports M defined in PS20005404

b. Test procedures

C. Test logs

d. Test Review Board meeting minutes
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Not applicable.
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6 NOTES

6.1 Definitions

Not applicable.

6.2 Abbreviations and Acronyms

ACE

ADAC

Ap

ATm2

C&DH

CEI

Csc

CSCI

Css

ELv

EOL

EOS

EMC

EMI

ESA

ESD

FDF

F1O.7

GIS

GN&C

GN&CS

GSFC

HGA

Hz

IRu

kg

Attitude ControlElectronics

AttitudeDeterminationand Control

GeomagneticActivity Index

Ampere-tum meter squared

Commandand Data Handling Subsystem

ContractEnd Item

Computer SoftwareComponent

Computer SoftwareConf@ration Item

Coarse Sun Sensor

ExpendableLaunch Vehicle

End-of-Life

Earth Observing System

ElectromagneticCompatibility

ElectromagneticInterference

Earth Sensor Assembly

Electrostatic Discharge

Flight DynamicsFacility

Solar Flux

General Interface SpecKlcation

Guidance,Navigationand Control

GN&CSubsystem

GoddardSpaceFlight Center

High Gain Antenna

Hertz

Inertial Reference Unit

kilogram
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MO

NASA

N-m

N-m-s

ODAC

PMO

Ps

QTM

RWA

Scc

SHDP

SSST

TAM

TBD

TBR

TDRS

TDRSS

TONS

MagneticMomentumUnloading

Master Oscillator

MagneticTorqueRod

National Aeronautics and Space Administration

Newton-meter

Newton-meter second

Orbit Determination and Control

program ManagementOfke

Probability of Success

QualificationTest Model

Reaction Wheel Assembly

SpacecraftControl Computer

Safe Hold Digital Processor

Solid State Star Tracker

Three-Axis Magnetometer

To Be Determined

To Be Resolved

Tracking and Data Relay Satellite

Tracldngand Data Relay Satellite System

TDRSS OnboardNavigation System

6.3 Exceptions to the GIS and GIIS

Not applicable.

6.4 Requirements Traceability Matrix

The requirements shownin Section 3 of this specillcation were derived from the source documents
shown in the RequirementsTraceability Matrix, Attachment B, provided under separate cover.
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APPENDIX r

COMMANDS AND TELEMETRY REQUIREMEWS

Guidance, Navigatio~ and Control (GN&C) Command List

Item/Operation Compon. Function m @Y#

ACE co mmanb The ACE interfacesto the GN&C EM BDUandrequiresserial,relay, and logic
command intetiaces.

ACE A pwr on/ Ace B pwr off

ACEBpwron/Aee Apwroff

TW 1pwr on

TM 2 pwr on

TAMl&2pwoff

X MAG TorqA on

XMAGTorq Bon

Y MAG TorqA on

YMAGTorq Bon

Z MAG TorqA on

Z MAG TorqB on

XYZ MAG TorqA Off

XYZ MAG TorqB Off

SEP.signal overrideonto ACE A

SEP.signal overrideoff to ACEA

SEP.signal overrideonto ACEB

SEP.si=ti overrideoff to ACEB

ACE A safe mode on

ACE A safe mode off

ACE B safe mode on

ACE B safe mode off

Computer status monitor puke train to
ACE A

Computer status monitor pulse
train to ACE B

Computer status monitor enable
to ACE A

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

115

On/off

On/off

On/Off

On/off

off

on

on

on

on

on

on

off

off

override

override

override

cwerride

safe

safe

safe

safe

relay 1

relay 1

relay 1

relay 1

telay 1

relay 1

relay 1

relay 1

relay 1

relay 1

relay 1

relay 1

relay 1

discrete 1

discrete 1

discrete 1

discrete 1

discrete 1

discrete 1

discrete 1

discrete 1

discrete 1

discrete 1

discrete 1
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~

Computerstatus rnonitor-ibit
to ACEA

Computerstatusmonitorenable
to ACEB

Computerstatusmonitorinhibit
toACEB

IRUpositionclearACEA

IRU position clear ACEB

Slew to ACE A

Slew to ACE B

ACE A safe hold proc cmds

ACE A SCC crnd mode

ACE A safe holdcmdmode

ACE B safe holdproccmds

ACE B SCC cmd mode

ACE B safe hold cmd mode

Campon

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

ACE

status discrete 1

status discrete 1

status discrete 1

pos Clr discrete 1

pos Clr discrete 1

slew discrete 1

slew discrete 1

serial

serial

serial

serial

serial

serial

Psu Cornman ds The PSUinterfaceswiththe GN&CEM BDU

IRU A on Psu on

mu A Off PSu off

IRU B on PSu on

mu B Off PSu off

IRU C on PSu on

IRu c off PSu off

StartrackerA on PSu on

Startmcker A off Psu off

Startracker Bon PSu on

Star tracker B off Psu off

Fine sun sensor on Psu on

Finesunsensoroff Psu off

EFCAon Psu on

EPCAoff PSu off

EPCBon PSu on

EPCBoff Psu off

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
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Compon. Famclion ‘Jh= Q9#Item/Operation

J?WACommands

RWA 1power on RWA1

RWA 1 power off RWA1

RWA2 power on RWti

RWA2 power off RWA2

RWA3 power on RWA3

RWA3 power off RWA3

RWA4 poweron RWA3

RWA4 poweroff RWA3

Elzm mm nt with Power D

ESA 1POW(X on

ESA 1pOWCr Off

ESA 1heater enable

ESA 1heater diasble& high torqueoff

ESA 1high tmque on

ESA 2 POWW on

ESA 2 power Off

ESA 2 heaterenable

ESA 2 heater diasble& high torque off

ESA 2 high torque on

IRU .Comma dsn

IRU cbanel A lowrate

IRU channel A high rate

IRU channel B lowrate

IRU channel B high rate

IRU channel C lowrate

IRU channel C high rate

ESA1

ESA1

ESA1

ESA1

ESA1

ESA2

Esti

ESA2

ESA2

ESA2

IRU

IRU

IRU

IRu

IRU

IRU

Star TradI~s (interfacesdirectly to 1553)

Star tracker commands ST]

Star tracker commands ST2

on

off

on

off

on

off

on

off

on

off

enable

disable

high torque

on

off

enable

disable

high torque

rate

rate

rate

rate

rate

rate

relay 1

relay 1

relay 1

relay 1

relay 1

relay 1

relay 1

relay 1

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

relay

Clnds serial

Cmds serial

1

1

1

1

1

1

1

1

1

1

1

1

I

1

1

1
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10.2 Telemetry Table Header Definition

The tableheaderbelow willbe usedfor all componenttelemetrysurnmaries. Anexplanationofeach
column heading is provided for clarity.

1 kbit H/K 16 kbit H/K

Telemetry Point units Type Bits Rate I Total Rate I Total

ICol Heading IDeftition I
ITelemetm Point lDescri~tion of the telemeay data contents I

I .

lQuantity- IThe quantity of teleme~ interfacesneeded 1

Iw Active Aalog (AA),Passive Analog (PA),Active Digital Discrete
(AD),Passive Digital Discrete (PD),Serial (S) I[

Bits IThe number of bits needed to represent the data I
lH&S (lkbps) IIdentities sample rates and total bps contributionfor a given telemetry I

point to the 1 kbps (health& safe~) housekeepingtelemetry stream.

H/K (16kbps) Identifies sample rates and total bps contributionfor a given telemetry
point to the 16kbps (housekeeping)telemetry stream.

Rate
I

The number of times the value is sampled within each major fkameof
the specified telemetry stream.

Total
‘1--

Calculated contribution to the total bandwidthof the specified
telemetxystream.
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10.3 Guidance Navigation and Control Subt@em Telemetry Estimates

10.3.1 Attitude Control EIeetronics (ACE)

Critical telemetry values include IRU rate, torque rod current, reaction wheel dxive, TAM
compensatedfield data, IRU position daw reaction wheel tachometercount, and reaction wheel
momentum.The redundantAb is in cold standby. The ACE interfaces with the GN&CBDU.

1 kbit H/K 16 kbit H/K

Telemetry Point units lype Bits Rate Total Rate TotaI

ACE A on/A~ B Off 1 AD 1 1 0.15 8 0.12

TM 1,2Power on/off 2 AD 1 1 0.03 8 0.24

CSMA> Timer State 2 AD 1 1 0.03 8 0.24

CSMAJ!IInhibit 2 AD 1 1 0.03 8 0.24

CSS 1,2YZ Posn EmorSig 4 M 8 8 7.81 8 7.81

IRURate (2 channels)t 6 AA 8 64 46.9 64 46.9

RWTachA count 4 AA 8 8 3.9 8 3.9

RWTach B count 4 AA 8 8 3.9 8 3.9

RWcontrol voltage 4 AA 8 8 3.9 8 3.9

TorqueDrive Current A/B 6 AA 8 8 5.9 8 5.9

ACE (A/B) +5,15 REG Voltg 2 m 8 1 0.24 8 1.95

ACE(A/B)-15,+28 REG Voltg 2 M 8 1 0.24 8 1.95

ACEAB+15 REG voltage 2 AA 8 1 0.24 8 1.95

UWJSafe Hold Posn–ACEu 6 AA 8 8 5.8 64 46.9

IXM Field Strength (all axes) 2 m 24 1 0.73 8 1.5

CardCageTemperature 1 PA 8 1 0.12 1 0.12

ACE Power Cond Temp 1 PA 8 1 0.12 1 0.12

I’orqueDrive Eec Temp 1 PA 8 1 0.12 1 0.12

UIUPositionData (ACE A,B) 2 s 144 8 – 8 -

rACH Data 2 s 64 8 - 8 -

Component Status Data 2 I s I 161813 .91813.9

safe Mode Elec status 2 s 24 8 5.8 8 5.8

Auxiliary Status 2 s 24 8 5.8 8 5.8

Me Hold Digital Prcsr Data 2 s 384 8 93.8 8 93.8

Total Bandwidth Contribution 184 237.5
Estimate
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10.3.2 Earth Sensor Telemetry

The earthsensor interfaceswith the DAS BDU. Critical telemetry values include both course and
fme pitch error signals.

1 kbit H/K 16 kbit H/K

Telemetry Point units Type Bits Rate Total Rate Total

Heater Status (OnlOf%) 2 PD 1 1 0.03 8 0.24

TorqueMode (Mm/High) 2 PD 1 1 0.03 8 0.24

Angle Mode wide/Normal) 2 PD 1 1 0.03 8 0.24

Leading Edge (Sun/NoSun) 2 PD 1 1 0.03 8 0.24

Trailing Edge (Sun/NoSun) 2 PD 1 1 0.03 8 0.24

Coarse Pitch Error 2 AA 8 8 2.0 8 2.0

Fine Pitch Errorl 2 AA 8 8 2.0 64 16

Coarse Roll Emor 2 AA 8 8 2.0 8 2.0

Fine Roll Errorl 2 AA 8 8 2.0 64 16

Scanner RPM 2 AA 8 1 0.24 8 2.0

Electronics Temperature 2 PA 8 1 0.24 1 0.24

Scanner Temperature 2 PA 8 1 0.24 1 0.24

Heater control relay status (scanner) 4 PA 8 1 0.49 1 0.49

Total Bandwidth Contribution 939 40.69
Estimate

I Thissamplingrateofthistelemetrycanbe reducedif thereis aneedforbaudwidth.
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10A3 Reaction Wheel Assembly Telemetry

TheRWAinterfaceswith theRWABDU. Motor currentto eachof thereactionwheelsis considered
a critical telemetry value.

*
1 kbit H/K 16 kbit H/K

Telemetry Point units ~ Bits Rate Total Rate Total
K
Motor Cument 4 AA 8 1 0.49 8 2.0

Spin Beming Temperature 8 PA 8 1 0.98 1 0.98

Wheel status (on/Off) 4 PD 1 1 0.06 8 0.49

Heater conmolrelay status 8 PD 1 1 0.12 8 0.98

Total Bandwidth Contribution 1.65 4*45
Estimate

10.3.4

The IRU

Inertial Reference Unit Telemetry

interfaces with the GN&CBDU. Standard status monitoringonly is required.

1 kbit H/K 16 kbit H/K

Telemetry Point units me Bits Rate Total Rate Total

Gyro Temperature 3 PA 8 1 0.37 1 0.37

Voltages 3 u 8 1 0.37 8 2.9

Motor Curnmt 3 AA 8 1 0.37 64 23.4

Channel Stares (on/OH) 3 PD 1 1 0.05 8 0.37

Pulse Rate Mode (High/Low) 3 PD 1 1 0.05 8 0.37

Heater control relay status 2 PD 1 1 0.03 8 0.24

Total Bandwidth Contribution 1.2 27.64
Estimate

4
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10.3.5 Star Tracker Tklemetry

The startrackerdoes not interface with any BDU, instead it is connected directly to the 1553bus.
Critical telemetry values include star position, presence indication, and intensity.

1 kbit HIK I 16 kbit HIK I

Telemetry Point lUnitsl T@el Bits Rate Total Rate TotaI
~ 4

1 0.48 1 0.48Tracker Temperature

Power Status I 21 PD11 1 10.031 8 10.241

I 21 PD11 1 10.031 8 IOQ41

Serial Word 121 S14$ 1 1.46 8 11.72
s — .

2 12.7Total Bandwidth Contribution
Estimate II

10.3.6 Three Axis Magnetometer (TAM) Telemetry

The TAMinterfaces with the GN&C BDU. Measured field strength alongeach axis is consi&md
a critical telemetty value.

IIUnits me Bits

1 kbit H/K I 16 kbit H/K I

Telemetry Point Rate Tbtal Rate TotaI

1 0.03 8 024Magnetometer Status (On/OH) w 1 1°”Ml 81°”41

Heater relay status
(electronics & sensor)

1 [0.481 8 I 3.91 IT’emp(electronics& sensor) 41 PA18

Field Strength (all axes) 21 AA 124
<

Total Bandwidth Contribution
Estimate

10.3.7 Magnetic Torque Rods (MTR) Telemetry

The temperature values for the MTRs will be telemetered via the Power EM BDU.

Telemetry Point AI Bi~ER%3=-1
Temperature I 31PA I 8 1110.3711 I 0.37 I

Total Bandwidth Contribution 0.37
Estimate
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10S.8 Body-mounted Coarse Sun Sensor (CSS) Telemetry

The tempemtumrelated telrnetry for the body-mounted course sun
BDU.

sensor is via the GN&CEM

I I I I I 1 kbit H./K ] 16 kbit H/K I

Telemetry Point units me Bits Rate Total Rate TotaI

Heater controlrelay status 2 PD 1 1 0.03 1 0.03

Temperature 1 PA 8 1 0.12 1 0.12

Total Bandwidth Contribution 0.15 0.15
Estimate +

10.3.9 Fme Sun Sensor (FSS) Telemetry

The FSS interfaceswith the PWR BDU.

1 kbit WE

Telemetry Point units Type Bits Rate I Total

Temperature 2 PA 8 1 0.24
(electronics& sensor head)

status 1 s 32 - -

Total Bandwidth Contribution 0027
Estimate

16 kbit H/K

Rate I Total

1 I0.24

8 I 3.9

I

4.4
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1003.10 Power Switching unit (mu)

The PSU sits insi& of the GN&CEquipment module and interfaces with the GN&C EM BDU.

1 kbit H/K 16 kblt H/K

Telemetry Point units Type Bits Raie Total Rate Total
> ~ 4

EPc On/offstatus 2 m 1 1 0.03 8 0.24

IN Power relay status 3 PD 1 1 0.04 8 0.37

Earth Sensur ElecL (ESE) Power 2 PD 1 1 0.03 8 0.24
Relay Status

Star Tracker Power relay status 2 PD 1 1 0.03 8 024

Fine Sun Sensor Electronics Power 1 PD 1 1 0.02 8 0.12
Relay status

EPC input current 2 M 8 - - 8 1.95

EPC Temperature 2 PA 8 1 0.03 1 1.95

Total Bandwidth Contribution 0.18 5.11
Estimate
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1 INTRODUCTION

The puqmse of this design note is to present the mechanicallayoutdrawingsfor the housekeeping
Equipment Modules (EMs) on the EOS-AM spacecraft and to give an ovemiew of significant
features and recent design modifications.

2 EQUIPMENT MODULE PACKAGING

2.1 Overall Layout on Spacecraft

The location of each EM on the spacecraft was driven by mass properties (e.g.), heat rejection
capability,field-of-view (FOV),launchvehiclefairingclearance,wiringharnesslengthandground
serviceability requirements. Each EM was sized to house all of the equipment of one electrical
subsystem. This modular design approach was not practical for all subsystems, and these are
discussed later.

TheheaviestcomponentsaretheBatteries,followedbytheRecordersandtheRWAs.Theproximity
of the EMs containing these components to the launch vehicle interface reflects this weight
relationship.

The location of the Guidance, Navigationand Control (GN&C)Sensor EM was FOV driven. It
contains the Star Trackerswhichrequirea +Y viewas well as protrudinglight shadesto reduce the
effects of structureglare.The latter requirementdictateda mid-deck locationfor this EM because
the shades would interferewith the MODIScoolerFOVif locatedanyfurther in the +X direction.

The Communications (Comm) EM was located at the +X end of the spacecraft in order to be near
the HGA. Some Command and Data Handling (C&DH) equipment was co-located with the Comm
equipment so as to preseme high-rate signal quality by mhimhing harness length. The Comm
components that are associated with the Direct AccessSystem (DAS) are located on a separate panel
which is located on the aft-end of the spacecraft nesr the nadir deck. They were located here so as
to be close to the DAS antennawhich is in bay-2 of the +Z side of the spacecraft.

There are two EM structural configurations: box-type and psnel-type. lhe latter includes only the
Hex-Bay Battery panel and the DAS panel. All other EMs are of the box-type configuration.
Kinematic mounts are used to interface all Equipment Modules to the primary structure. These
devices prevent load sharing between the two structures seas to minimize truss distortion. Electrical
interface to the spacecraft bus is accomplished with an interface comtxtor panel which is typically
located ontheouterfaceof thepsnel closest totheprimmystructure. All box-typeEMs areequipped
with aremoveable panel on the -Y side which provides limited service access to the EM components
during I&T.
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E

202 Power EM and Hex-Bay Battery Panel

The Power EM is located on the -Z side of the Hex-Bay (bay-1) of the spacecraft and is used to
house the Power Management and Distribution (PMAD) equipment the spacecmft Batteries and
certain GN&C equipment. Its structtne is composed of aluminum honeycomb sandwich panels with
aluminum facesheets. The configuration of the structure is unique in that it must mount to
non-planar node fittings on the spacecraft truss.

All of the PMAD equipment is located on the Zenith (-Z) panel and is arranged to minimize wire
harness lengths to the batteries and to simplify thermal control heatpipe layouts. The Battery Power
Conditioners (BPCS) have significant ‘hot-spots’ and dictate the need for heatpipes in the panel.

Also included on the -Z panel is the Fine Sun Sensor (FSS) electronics from the GN&C subsystem.
This was located hem so as to be near the FSS sensor which is mounted to the outside of the -Y panel
of the EM for FOV reasons.

The other GN&C component located on the Power EM is the pitch Magnetic Torque Rod (MTW.
This was located on the outside of the -X panel because that panel provided a properly oxient.edand
sufficiently long mounting surface for the rod, and offered a location far enough from other magnetic
field sensitive components.

The spacecraft Batteries are split between the +Y panel of the Power EM and a panel located on the
+Y side of the Hex-Bay. Eachhokls a 54 ceI.Ibattery pack and is fully removable at spacecraft I&T.
The arrangement of cells on the Hex-Bay mounted panel accommodates a prinwy structure tube
which travemes the panel. Both battery packs are equipped with an aluminum cover which provides
EMI protection and personnel safety. The covers have thermal blankets on the side opposite the
batteries in order to isolate the batteries from spacecraft temperature. A series of Battery Enable
Plugs are mounted to the outer surface of the -X panel. These plugs connect the batteries to the
spacecraft load and must be serviced immediately prior to launch. For this reason, they am located
so as to be accessible iiom the launch vehicle fairing service doors.

Significant changes to the Power EM since Spacecraft Bus and Subsystem PDRs include:

1.

2.

3.

4.

5.

6.

Incorporation of thermally actuated bypass switches to replace battery
bypass diodes. This allowed removal of diode bracket assembly.

Addition of aluminum battery cover for EMI control.

Relocation of the JM3s from the Power EM to the CERES plate on the nadir
side of the spacecmft to minimize harness length to earth sensor scannem.

Incorporation of redesigned Heater Control Electronics (HCE) and Bus Data
Unit (BDU).

Significant changes to the size and weight of the Power Distribution Unit
(PDU)

Addition of a Fuse and Distribution Box (FDB).
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7. Changehorn quantity4 to quantity16 BatteryEnablePlugs.

8. Movement of the MTR to a location closer to the edge of the -X panel to
reduce its random vibration environment.

9. Changes to the location and quantity of battay interface and spacecraft bus
interface connectors.

10. Re-layout of the Power EM battery panel to eliminate batte~ protrusion
through the slanted base panel.

11. Location of HCEs on same panels as the heaters they control to simplify EM
buildup and disassembly.

2.3 Recorder EM

The Recorder EM is located on the -Z side of the spacecraftin bay-2. It is composed of an all
aluminumhoneycombsandwichstructureandit housesthe spacecraftrecordemandrelatedC&DH
equipment.The layout of the modulewas designedso that all componentson the -Z panel are off
during launchhscent and sumivalmodesand all componentsthatam onduringthesemodesare on
the +Y panel. Heatpipeaare used in the -Z and+Y panels to spreadheat betweenoperatingunits,
their non-operatingredundantunits (DAS,KSAModulators)andcomponentswithvaryingpower
profiles (DCUs/DMUs)therebyreducing heater power requirementsduring scienceand surviwd
modes.

The heaviestcomponentsare the DataMemoryUnits (DMUs)andtheseare locatedtowardthe -X
and -Y sidesof the spacecrafttokeep thee.g. low,to helpcounterbalancetheweightof the batteries
and to provide accessibility.The ScienceFormattingEquipment(SFE)wasplaced in betweenthe
KSA and DAS modulatomso as to minimize harness length for the high-rate signals passing
between the units.

All of the equipment in this EM have top-mounted connectms. That is, the connectors are located
on the side opposite the mounting surface. This was done to allow for a 3“ minimum box-to-box
spacing.

Significant changes to the Recorder EM since Spacecraft Bus and Subsystem PDRs include:

1. Elimination of electromechanical High Rate Tape Recorders (HRTRs),
NASA Standard Tape Recorders (NSTRS), Solid State Buffers (SSBS) and
Load Power Conditioner (LPC) and replacement by solid-state Data
Memory Units (DMUS) and Data Control Units (DCUs).

2. Addition of the DAS Modulators (were formerly on the DAS Panel).

3. Elimination of the hahpin Muiable Conductance Heatpipes (VCHPS) and
network and the reduction of the -Z panel from 3“ thick to 1“ thick.

4. Elimination of the L-VCHP and network and the thermal link between the
+Z and +Y panels.

5. Incorporation of a mxlesigned HCE and BDU.
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6. Change of equipmentmountinglocation hn +Z panel to +Y panel.

7. Locationof HCEson samepanelsas the heaterstheycontrolto simplify EM
buildupand disassembly.

2.4 GN&C Sensor EM

The Sensor EM is located in bays 3 and4 andis composed of two separatestructures:the optical
bench and the equipment mounting shell. The optical bench is a sandwich panel with
Graphite/Epoxyface sheets andaiuminumhoneycombcore.This providesa stableplatformfor the
StarTrackersandtheInertialReference Unit (lRU). The equipmentmountingshell is composed of
aluminum honeycomb sandwich panels with aluminum face sheets. This structure holds the Attitude
Control Electronics (ACE), the Triaxial Magnetometers (TAMs) and other GN&C support
components which am not alignment critical. The shell and the optical bench are both cinematically
mounted to minimize themnal distortion.

The bench mounted components present some significant cooling challenges because the composite
face sheets me poor heat conductors. The IRU is cooled by radiation and conduction couplings to
the optical bench and by a radiation coupling to the +Y panel. The Star ‘Ikackers are cooled by
conduction to the bench through their mounting bracket. radiation from the mounting bracket and
by radiation from the Star Tkacker housings themselves, AUshell mounted components are cmled
by conduction to the -Z radiator panel.

The shell mounted components are arranged for ease of harnessing and serviceability. The only
orientation sensitive components are the TM sensors which must have their Y-axis aligned with
the spacecraft Y-axis.. The shell can be sepsrated from the bench by disengaging the kinematic
mounts and the interpanel wiring harness.

Significant changes to the GN&C Sensor EM since Spacecraft Bus and Subsystem PDRs include:

1. Incorporation of Ball Aerospace Star Trackers.

2. Incorporation of redesigned HCE, BDU, PSU and ACE.

3. Refinement of the Star Tracker Mounting Bracket.

4. Addition of an FDB.

5. Location of HCES on same panels as the heaters they conlrol to simplify EM
buildup and disassembly.

2s Communications/Command and Data Handling EM

The Comm/C&DH EM is located in bays 5 and 6 on the zenith (-Z) side of the spacecraft. The
structure of this EM is composed of all aluminum honeycomb sandwich panels with ahuninurn
facesheets.

The C&DHcomponentsof this EMincludetheComrnandandTeleme@yInterfaceUnit (CITU)and
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the Spaceaaft Controls Computer (SCC). l%ese units have significant harness interconnections
with the Master Oscillator (MO) and are thus located in close proximity.

The MO, S-Bared Transponders (SBTS),S-Band Interface Unit (SBIU) and the Band Reject Filters
(BRFs) are the major components of the Comm subsystem. The SBTShave high heat dissipation
levels and am located on the +Y panel which has the greatest heat rejection capability. The BRFs
and SBIU have low dissipation levels and are placed on the +Z panel. The layout of these
componentsrelative to each other was drivenby loopradiusrequirementsof the coax harnessand
by the need to minimizeharness length.

This EM also accommodates the Array Drive Electronics (ADE). Although this unit is a pat of the
Electrical Power Subsystem, it was located in this EM because it requi.ms close proximity to the
Solar Array Drive (SAD).

Significantchangesto the Comrn/C&DHEMsinceSpacecraftBusand SubsystemPDRsincludes:

1. Incorporation of a mksigned HCE and BDU.

2. SBIU S& increase and re-layout of related components to accommodate.

3. CTru size increase and layout changes to accommodate.

4. Location of HCEs on same panels as the heat.emthey control to simplify EM
buildup and disassembly.

2.6 Direct Access System Panel

The DAS Panel is located on the +Y face of the Hex-Bay (bay-l). It is one of two EMs on the
spacecraft that is composed of a single honeycomb sandwich panel structure (the other is the
Hex-Bay Battery panel discussed in Section 2.2). The panel core and facesheets are all aluminum.

The DAS Panel is a part of the Communications subsystem and interfaces to the DAS antenna on
the nadir side of the spacecraft. The high heat dissipating components are the DAS Transmittm
which drive the need for embedded heatpipes. All components on the panel me placed so as to
simplify waveguide and harness layouts.

Significant changes to the DAS Panel since the Spacecraft Bus and Subsystem PDRs include:

1. Movement of the DAS Modulators from the DAS Panel to the Recorder EM
as apart of the change to solid-state recorders.

2. Incorporation of a redesigned HCE and BDU.

2.7 Reaction Wheel Assembly EM

The RWAEM is located on the -Y face of the spacecraft in bay-2. It is composed of aluminum
honeycomb sandwich panels with aluminum facesheets and it houses the 4 Reaction Wheel
Assemblies and related support electronics. All RW& am attached to the +Z panel of the structure
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with special suppmt brackets.The brackets are designed to provide a natural frequency of 100 Hz
so as to prevent coupling of the RWASwith the structure dynamic modes. There area total of 2
brackets with each suppdng a pair of RW&.

The RWAJSare cooled by conducting heat to the nadir (+Z)radiatorpanel of the EM and by radiating
heat to the -Y and -X radiator panels.

Significantchanges to the RWAEM since Spaceaaft Bus and SubsystemPDRsinclude:

1. Relayout of the RWAS and redesign of the suppmt brackets to prevent
dynamic coupling with the structure.

2. Incorporation of a redesigned HCE and BDU.
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1 INTRODUCTION

The puqmse of this design note is to present the stowed and deployed layouts of the EOS-AM
spacecraft and to give an overview of significant features and recent design modifications.

1.1 StowedConfiguration

The stowed configuration represents the state of the spacecraft when it is installed in the fairing of
the launch vehicle (see Figure 1) and immediately after separation (see Figure 2). In this state, all
components which must extend large distances horn the spacecraft structme in order to operate (i.e.
high gain antenna and solar array) are retracted and fixed to the spacecraft structure with remotely
actuated release devices. The faixing shown has the dimensions of the Atlas IIAS with 36” stretch,
and the spacecraft origin is located at the geometric center of bulkhead-l.

1.2 DeployedConfiguration

The deployed configuration represents the state of the spacecraft when it is operational on-orbit.
This is illustrated in Figures 3 and 4.

2 CONFIGURATION DESCRIPTION

The configurations shown in Figures 1 through 4 have evolved over a peziod of time, and revisions
have been made since Spacecraft Bus and Subsystem PDRs. This section will give a brief
description of the spacecraft configuration by discussing each side of the vehicle and identifying
recent changes that have been made.

2.1 Nadir Side (+2)

The mdir side of the spacecraft provides mounting for the EOS-AM instrument set which includes
CERES (2), MOPllT, MISR, ASTER (TIR, SWIR VSR, VEL, Csp ~d Mps) ad MODIS. ho
mounted are the earth sensor heads and associated electrorncs, the DAS ante- an S-Band omni
antenna and an instument accommodation equipment panel. There are two types of
instrument-to-pximary structure interfaces: tit mount and plate mount. The former consists of
a truss structure which interfaces to both the instrument and the primary structure nodes, while the
latter consists of a panel which holds the instrument and interfaces to the primary structure nodes.
The plate mounted instruments include CERES and ASTER VSR. AUother instruments are direct
mounted. Kinematic mounts are used on all instrumentkuctumint erfaces to minimize load sharing
and distortion. There am no spacecraft bus deployable on the nadir side of the spacecra% however,
the instruments themselves do have deployable components such as cmler doom, lens covers, etc.

Significant design changes to the nadir side of the spacecraft since the SpacecraftBus and Subsystem
PDRs include:

1. Reconfiguration of the MOPITI’ instrument from a 4-point plate mount to
a 3-point direct mount configuration.
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2. Re-layout of the CERES-MOPI’IT-MISR instrument accommodation
equipment on the bay-2 BDU panel fm WMC ~om”

3. Movementof ASTER instrumentaccommodationequipmentfrom the
bay-2 BDU panel to the -Z side of the VSR plate to reduce harness length
snd EML

4. Placement of MODIS instrument accommodation equipment on a zenith
mounted panel in bay-6.

5. Movement of the ESE’s from the PowerEM to the CERES plate forreduction
of wire harness length to earth sensor hauls.

2.2 ZenithSide(-Z)

The zenith side of the spacecmft provides mounting for the housekeeping Equipment Modules
(EMs), Solar Array Drive (SAD), MODIS instrument accommodation equipmen~ High Gain
Antenna (HGA) deployment system and an S-Band omni antenna. The EMs accommdatedinclude
Power, Recorder, GN&C Sensor and COMM/C&DH. These sre box structures that interface to the
structure node fittings with kinematic mounts. The SAD is suppmted by a monocoque structure
which attaches to a plate that interfaces to the primary structure nodes. The HGA deployment system
also attaches to this interface plate. The HGA is the only zenith mounted deployable. Areas on the
zenith side that are unusable due to the HGA boom are covered with closeout panels that consist of
a thermal blanket supported by a lightweight support panel. The closeout panel function is to
maintain structure temperature.

Significant changes to the zenith side of the spacecraft since Spacecraft Bus and Subsystem PDRs
include:

1. Accommodation of the Fine Sun Sensor (FSS) on the -Y side of the Power
EM.

2. Refinementof theSAD anditssupport structure.

3. Additionof closeoutpanelstoBay-3andBay-4.

4. Movement of the magnetic torque rod on the Power EM closer to the -Zpanel
to reduce random vibration environment and magnetic interference with
other torque rods.

5. Modification of the HGA to reflect design maturity.

2.3 +Y Side

The +Y side of the spacecraft offers the greatest heat rejection capability. It provides mounting for
the Hex Bay Battery panel, DAS panel and radiator panels for the ASTER TIR, ASTER SWIR and
MOPllT instruments. The radiator panels are comected via a tubing network to coldplates which
attach to the respective instruments. Together, they form the Capillary Pumped Heat Transport
System (CPHTS) which is an ammonia based two-phase heat transfer mechanism. There are no
deployable or significant design changes since Spacecraft Bus and Subsystem PDRs on this side
of the spacemft.
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2.4 -Y Side

The -Y face of thespacecraft provides mounting for thestowedsolar may, RWA EM and the
magnetic torque rod panel. The solar array blanket box attaches to the primary structure at 5 node
fittings while the cannister attaches to the SAD support structure at 2 points and the SAD itself at
1 point. Separation devices are used at all interfaces except the SAD.

The RWA EM and the toxque rod panel interface to node fittings with kinematic mounts. Unusable
areas on this side of the spacecraft are covered with closeout panels similar to those described earlier.
The solar array is the only deployable on the -Y side.

Significant changes to this side of the spacecraft since Spacecraft Bus and Subsystem PDRs include:

1. Elimination of 1 RWA EM due to the consolidation of 4 RW~ into one
module.

2. Identification of TRW as the solar amay contractor.

3. Downsize of the solar array to support the change to a 2.53 KW power
system.

4. Incoqmration of torque rod and closeout panels.

2.5 +X Side

This side of the spacecraft is used to mount the stowed HGA. The HGA mounts to the fonvard
bulkhead (bulkhead-7) which is a honeycomb sandwich panel. Separation devices am used at each
of 5 points of attachment between the panel and the HGA. Significant changes to the +X side since
Spacecraft Bus and Subsystem PDRs include:

1. Addition of a fifth HGA attach point beween bu&head-7 and the boom.

2. Identification of Shape Memory Metal (SMM) based separation devices as
the prefemed type of HGA release mechanism.

2.6 -X Side

The -X face holds the fittings which interface the spacecraft to the launch vehicle. It also provides
mounting for the spacecraft Propulsion Module which fits inside of the hex bay and attaches to the
six node fittings at the separation plane. A honeycomb sandwich panel on the end of the Propulsion
Module provides closeout for the -X side and also provides mounting for the propulsion engines and
electrical support equipment. There are no deployable on this side of the spacecraft.

Significant changesto the -X side since Spacecraft Bus and Subsystem PDRs include:

1. Identification of the Propulsion Module as a Martin Marietta ‘make’ item.

2. Change from a propulsion Module constructed entirely of panels to a
panel/stru~g configuration.
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3. Changefrom a multi-tank to a single tank propellant system.

4. Change from a lug/clevis to a bolted interface between the I%pulsion
Module and the primary structure.

5. Movement of the Propulsion Module EPCS from the inside surface of the
aft panel to the outside surface.

6. Movement of the Propulsion Module BDU and PMEA from the outside
surface of the aft panel to the inside surface.

I
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1 INTRODUCTION

Thepurposeof this designnoteistopresenttheprimarystructurelayoutsof theEOS-AM spacecraft
and to give an overview of significant features and recent design modifications.

2 PRIMARY STRUCTURE DESCRIPTION

Theprimmy structure of the EOS-AM spacecmftis a truss typedesigncomposed of UHMS/7714A
graphi~epoxy (Gr/Ep) tubes bonded to machined titanium node fittings. This construction was

chosen because it provides a high strength, high s=ess, lightweight structure for launch and a
stable, distortion free platform for the earth observing instruments on-orbit.

The structure is sized for launch on either a General Dynamics Atlas IIAS (with 36” fairing stretch)
or a Martin Marietta Titan IV vehicle. The load set used in the design had inputs from both vehicles,
however, the overall size and configuration was dictated by the smaller Atlas IIAS fairing. The
higher Titan IV loads &ive the design of the joints and metallic fittings.

2.1 StructureConfiguration

Theprimarystructureisdividedinto6bayswiththelimitsof eachbaybeingdefinedbyabulkhead
assembly(see Figwes 1 and2). lle spacingof thenodesin eachbaywasdekmninedby the
mountingfootprintof theequipment(instrumentsandequipmentmodules)tobeinstalled.Theaft
bay(-X) is hexagonalinshapetoprovidea transitionfromtherectangularpartof the truss to the
circular launch vehicle interface. It also provides a volume which can accommodate the propulsion
module.

The truss type structure offers great design flexibility in the location of hard-points for equipment
mounting. This is illustrated in the design of bays 5 and 6 (see Figure 1). When the spacecraft is
installed in the launch vehicle, these bays am located in the conical section of the faking and thus
must have different Z-dimensions in order to provide envelope clearance for the instruments
mounted there (ASTER-TIR in bay 5 and MODIS in bay 6).

In order to simplify the design and assembly of the structure and to decrease its sensitivity to
instrument field of view (FOV) requirements, extensive use of secondary trusses for instrument
mounting was adopted. These seconckuy structures fasten to ptiary truss node fittings on one side
and attach to the instrument intiace on the other. The location of each instrument mounting plane
can then be custom tailored to the FOV requirements by varying the secondary truss height and
leaving the primary structure unaffected.

Significant design changes to the spacecraft primary structure configuration since the Spacecraft
Bus and Subsystem PDRs include:

1.

2.

3.

Addition of diagonals to Bay 5

Modifications to strut sizes in Bays 5 and 6

Use of a sandwich panel design for bulkhead 7
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2.2 Structure Interfaces

Equipment interf es to the primary stmctum are detailed in Figure 3. Because of the high pointing
2accuracy require en~ tdl equipment is cinematically mounted to the structure to prevent load

sharing and thermal distortion. There am 3 types of Idnematic mounts: l-axis, 2-axis and 3-axis
(see Figures 4,5 and 6). The number of axes refem to the number of directions of restraint. In all
cases, the kinematic mounts attach to the node fittings via a titanium alignment plate (see Figure 7).
This plate allows match drilling of the kinematic mount intiace at assembly without risk to the
node fitling. The interface of the alignment plate to the node fitting is stmdanbd as much as

possible to simplify machining. A shear boss is used at all alignment plate intetiaces and at the
interfaces for the 2-axis and 3-axis kinematic mounts.

The kinematic mount load points were placed as close to the node centerlines as possible to prevent
moments. However, small offsets were necessary in some cases due to the proximity of adjacent
kinematic mounts. This close spacing was dictated by fairing volume constraints. The kinematic
mount bolt/shear boss patterns are illustrated in Figure 3.

The primary structure accommodates the entire EOS-AM instrument set on the NADIR (+Z) side.
This set includes CERES (2), MOPI’IT, MISR, ASTER (TIR, SWIR and VSR, MPS, CSP, VEL)
and MODIS. The housekeeping Equipment Modules (EMs) are located primarily on the ZENITH
(-Z) side (the RW~ DAS and Battery EMs me located on the -Y, +Y and +Y sides respectively)
. Other significant interfaces include the instrument radiators on the +Y side, the stowed solar array
on the -Y side, the stowed HGA on the +X side and the propulsion module on the -X side. AU
equipment was located so as to satis~ FOV, fairing clearance, cooling and harness length
requirements.

Significant changes to the structure interfaces since Spacecraft Bus and Subsystem PDRs include:

1. Elimination of 1 RWA EM.

2. Deletion of the WBDCS instrument.

3. Addition of a bearing biasing spring to the kinematic mount assemblies to
counteract the effects of wear.

4. Movement of MODIS interfaces due to instrument design change.

5. Extension of nodes on bulkheads 3 and 4 to accommodate MISR design
change.

6. Additional interfaces for MAGE attachments.

7. Addition of HGA boom attachment on bulkhead 7

23 Structure Details

As mentioned earlier, the primary structure is compod of composite tubes and machined titanium
node fittings. The tubes are fabricated using a process developed by Martin Marietta and tit used
on a large scale on the Upper Atmosphere Research Satellite (UARS) program. The primary
challenges in fabricating these tubes include attainment of adequate strength properties and
consistent dimensions.

Dcc030993



The titanium node fittings are ve~ complex machined parts in that they provide the junction point
for several tubes which enter at a variety of angles. SeveraJ examples are shown in Figures 8,9,10
and 11.

In order to save weight and to provide flexibility in the location of attachment points, bulkhead #7
is constructed of a honeycomb sandwich panel (see Figure 12). This is the only sandwich panel in
the primary stxuctum.

Significant changes to the primary structure details since Spacecraft Bus and Subsystem PDRs
include:

1. Refinement of node fitting details

2. Establishment of propulsion module interface details

3. Refinement of launch vehicle interface accommodations

Detail design of the structure is currently in process. This document will be updated periodically to
reflect refinement of the design.

5 DCC030993
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c
1 INTRODUCTION

The purpose of this design note is to pn%ent the baseline design for the Propulsion Module
“highlighting the major features as well as noting signflcant changes since the Spacecraft Bus and
Subsystem PDRs.

2 DESCRIPTION

The Propulsion Module (PM) contains the entire propulsion subsystem including all supporting
stmcttne and electrical boxes. The overall size of the PM is roughly 62” x 68” x52” long (see Figure
1)and fits inside bay 1of the primary structure. It attaches to the primary structure at the six comers
of the base panel through a bolted interface.

2.1 PropulsionModuleFeatures

As previously stated, the entire propulsion subsystem is contained with the PM. This includes: four
5.0 lbfboost phase thrusters, twelve 1.0 lbfattitude control thrusters, two service valves, two latching
valves, two propellant falters, a low pressure transducer, a propellant tank, and all necessary
plumbing (see Figures 1through 3, propellant tubing not shown). l%e~ are several electrical boxes
located within the PM. These include: four Electrical Power Conditioners (EPCs), three Fuse
Distribution Boxes (FDBs), two Propulsion Module Electronics Assemblies (PMEAs), a Bus Data
Unit (BDU), and four Heater Control Electronics (EKEs). The last feature of thePM is the structure
which supports the propulsion, electrical, and thermal subsystems. A tank suppon ring, base panel,
and twelve support struts constitute the PM structure subsystem. Figures 1 through 3 illustrate the
overall conf@ration of the Propulsion Module and where the various components are located with
respect to one another.

Figure 4 illustrates the baseline thruster con@ration. Analysis of the thrusters has shown that the
optimal configuration of the 5.0 lbf thrusters is when they are centered around the spacecraft
beginning-of-life (BOL) e.g. and canted at a 4° angle. Eight of the 1.0 lbf thrusters are canted at
a 30° angle while the thrust vectors of the remaining four pass through the spacecraft BOL e.g.

The locations of the electrical boxes within the PM are illustrated in Figure 5 and have been
determined with the goal of providing maximum clearance between boxes and other subsystems as
well as harness accessibility. Due to tight volume constraints on the back (-X side) of the base panel
imposed by the launch vehicle, some of the electrical boxes were forced to the other side of the base
panel. The BDU, HCES, and PMEAs are located inside the PM (on the +X side of the base panel)
while the EPCS and FDBs are located on the outside (see Figures 2 & 5). The FDBs were placed
in this location because of accessibility requirements during I&T.

Figure 6 shows the location of the propellantipressurant service (fd.1and drain) valves. These valves
must be positioned such that they are accessible during all phases of integration up to and including
encapsulation within the launch vehicle fairing. Access to the service valves is through a cutout in
the torque rod support panel located on the +Y side of the spacecraft. In order to maximize access
to the valves through this cutout, they are canted at a 30° angle. The valves can be accessed while
inside the launch vehicle through either an optional access door in the cylindrical portion of the
fairing or through one of the standard access doors located in the boattail section of the fairing.

1
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2.2 Changes to PropulsionModule Design

Since the structures and mechanisms PDR, signflcant changes have been made to the Propulsion
Module configuration. The number of propellant tanks has been reduced from four to one, the
pressurization manifold has been eliminated, the number of 5.0 lbf thrusters has been reduced from
eight to four, the locations of all the thrusters has changed due to changes in the spacecraft e.g., the
number of components in the propulsion subsystem has been reduced the EPCS and FDBs moved
outside while the BDU and PMEAs moved inside the PM, the structure has changed from a four
panel design to a panel.ktruthing design, and the amount of propellant required has been reduced
roughly in half. The resulting changes have made the Propulsion Module lighter, iess expensive,
and easier to integrate.

2
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1 INTRODUCTION

The Earth Observing System (EOS) is an observing system derived from the
mission science objectives of “Mission to Planet Earth”. The observations
are made from instruments on a polar orbiting spacecraft. The ifitial
spacecraft, the EOS AM Spacecraft, will be designed, manufactured,
integrated and tested by Martin Marietta. The integrated spacecraft will
ca.ny a unique set of instruments. After Integration and Test (l&T). tie EOS
AM Spacecraft will be shipped to the Western Space and Missile Center
(WSMC) where it will be launched using an intermediate class (e.g., Atlas
IIAS) launch vehicle and placed into orbit.

1.1 Purpose and Scope

The Flight Operations Management Plan
approach, identifies the organizational

(FOMP) defines
structure and

the management
interfaces. and

D%ides descrbtions of the ‘activities and tasks to be performed and the
;esources to be- allocated to support the development, ti-tegration and test,
operational readiness verification, and in.itial operations (orbital veriilcation)
of the EOS AM Spacecraft. The EOS AM Spacecraft Flight Operations
Program encompasses the following list of activities:

“ Flight Operations Development
. Launch and Activation
. Sustaining Engineering
● Mature Operations

The FOMP defines the flight operations tasks to be performed in support of
the EOS AM Spacecraft flight operations mission tiom Contract Start Date
(CSD) until the end of the Orbital Verification Period, or 90 days after
launch. In addition, there are 3 one-year options to continue the Sustaining
Engineering and Mature Operations (Flight Operations Team) activities.

This Flight Operations Management Plan is in accordance with the scope of
work defined in Section 5.2, Flight Operations, of the EOS AM Spacecraft
Statement of Work (SOW), and the Work 33reakdown Structure (WBS)
Dictionary section, 31.0, Flight Operations.

1.2 EOS AM Project Organization

The Martin Marietta Astro Space EOS AM Project Organization
provides overall management, design, development. rnanuf=turings
integration, verification, support equipment. ad ~tial operations
(until 90 days after launch) of the EOS Spacecraft. The organization
includes management, business. and technical groups residing in the

1



. .

EOS-D N-FO-001
25 June 1993

Program Management OffIce (PMO), as well as engineering, financkd,
manufacturing, and other functions which are matrixed to the PMO.
Functional groups residing in the PMO also include: Project Management;
Resource and Program Control; Instrument Accommodations; Subcontracts:
Equipment Engineering: EOS Studies: and, Systems Engineering and
Integration (SE&I). Further details on these functions are found in the
Systems Engineering Management Plan (S13P- 103). The Word “contractor”
in this document refers to Martin Marietta Astro Space.

Figure 1 shows the Martin Marietta EOS AM program organization. Solid
lines represent lirie management relationships, while dotted lines show
fhnctiona.1 reporting relationships. Figure 2 shows the Systems Engineering
and Integration Functional Organization. Flight Operations Engineering
performs the “Operations” function under SE&1 management.

1.9 EOS AM Spacecraft Fight Operations Organization

The EOS AM Spacecraft Flight Operations Engineering Organization
(referred to as simply “Flight Operations Engineering” throughout the
remainder of this document unless the entire title is required for clarity) is
responsible for the development and implementation of the EOS AM Flight
Operations Program, including the planning and staffing of the Flight
Operations Team (FOT), planning and operations support of the AM
Instrument Set, and the task definition “and planning of EOS AM Spacecraft
Sustaining Engineering Support. Flight Operations Engineering is also
responsible for assuring that operations requirements are considered at
each stage of the EOS AM Spacecraft program development process, from
Spacecraft development to orbital verification and checkout, and that
Spacecraft flight and ground element hardware and software meet their
required operational capabilities and interface requirements. Figure 3
shows the Flight Operations Engineering Functional Organization.

1.4 FUght Operations Management Approach

The EOS AM Spacecraft Flight Operations Engineering Team Leader reports
directly to the Manager, Systems Engineering and Integration (SE8KI). This
relationship enables the Team Leader to integrate and evaluate operations
requirements with other EOS AM Spacecraft systems engineering
technical requirements. This relationship also gives operations a forum for
the discussion of operations requirements within the organization
responsible for imposing technical control on the Spacecraft design.
Through close liaison with the SE&I manager, operations plans and tasks
will have the necessary visibility in the EOS AM program internal and
external technical reviews, and this will facilitate operations integration
planning and assure operations input into the overall Spacecraft
development process.

The Flight Operations Team leader consults with the SE8d manager and is

2
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coordination, and resource
Operations Rrogram. This

includes all effort necessary to plan, develop,- validate, and conduct
Spacecraft operations until 90 days after launch. This also includes
budgeting, customer interface, scheduling, persomel management, as well
as applicable Martin Marietta and EOS program policies and procedures.

Flight Operations Engineering develops plans and establishes schedules to
accomplish a variety of operations tasks that are required in the
development, integration, testing, and operation of the EOS AM Spacecraft.
For the EOS AM program, the operations tasks have been organized under
four major activities:

● “ Flight Operations Development
● Launch and Activation .
● Sustaining Engineering
● Mature Operations.

Figure 4 shows how Flight Operations Development overlaps with the
Launch and Activation, Sustaining Engineering, and Mature Operations
activities.

1.4.1 Flight Operations Activities

The Flight Operations Activities are made up of tasks with specific end
results that lead to operational readiness and the launch and orbital
activation of the EOS AM Spacecraft. The flight operations activities lead to
the development and/or acquisition of systems, equipment, and resources
needed to operate and maintain the EOS AM Spacecraft. The information
below defines the objectives and scope of the flight operations activities.

1.4.1.1 Flight Operations Activities Concept De5ition

The following information provides concept definitions for the flight
operations activities:

The Flight Ope rations DevehIT)ment Activi ty begins at CSD and
continues until 90 days after launch (task tracking for this
document begins with the Operations Re-plan, which was
completed in early January, 1993). This Activity defines all the
tasks to be performed by the Flight Operations Engineering
Organization -- including the development of staffing and training
plans for the FOT, the generation of flight operations support
requirements for the government provided EOS ground system,
and the definition of tasks for the contractor provided Sustaining
Engineering Team. Under this activity, Flight Operations
Engineering identifies the operations tasks and establishes the
objectives for each task.

6
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nhn~N n Acti begins 18 months
before launch and focuses on the ground system and launch site
readiness preparations, including Spacecraft and ground systems
network testing. This Activity encompasses the period of FOT
training and the start-up of Sustaining Engineering, as both tasks
start one year before launch. Flight Operations Engineering also
establishes plans and resources to assure that Launch and
Activation tasks meet theti objectives.

Susta inin~ En@ineerinQ Acti vilx starts one year before launch and
ends 90 days after launch, pending the customer decision on
options in the contract. The Sustaining Engineering effort
augments the FOT and includes sustaining engineering support of
general operations, trouble-shooting on-board problems,
coordination with users, and planning. The Sustaining
Engineering Team (S~) will be made up of development
engineers with specific knowledge and background in the
operation and maintenance of specific Spacecraft subsystems
hardware and software.

Th M r~ starts two (2) years before
launch and ends 90 da; after launch. Mature Operations covers
the staffing, preparation for Spacecraft flight operations, and the
initial flight operations management by the contractor provided
Flight Operations Team (FOT). During this time, the FOT
receives both formal (classroom) and hands-on training to
develop the skills and knowledge to successfully fly the EOS AM
Spacecraft and perform the EOS AM orbital verification and
checkout activities.

1.4.1.2 FJightOperations Tasks Identification/Development Concept

The Flight Operations Program task identification process begins with
reviews and analyses of EOS AM mission objectives, operations concepts,
and Spacecrti design and flight operations requirements. Flight Operations
Engineering develops a list of prinxuy operations tasks to be performed to
meet flight operations requirements and achieve the mission objectives.
These primary tasks are reviewed and compared with tasks developed for
previous programs, reviewed and evaluated against EOS AM flight operations
requirements, submitted to EOS AM Spacecraft management for review and
approval, and incorporated in the Flight Operations Management Plan. The
Flight Operations Management Plan (FOMP] document is then submitted to
management for review and approval. After approval, the FOMP serves as
the baseline for the development and implementation of the flight
operations activities. Figure 5 shows the flight operations activities with a
representative list of the primary tasks to be performed for each activity.

8
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Plan also serves as a vehicle for
commficating the planned flight operations activities and primaxy tasks to
other EOS AM flight operations elements, and supports overall EOS AM
program planning and integration efforts.

1.4.2 Flight Operations Data Management and Communication

Flight Operations Engineering supports” various Martin Marietta and GSFC
technical interface meetings and electronic data management and
communication systems that promote operations planning and the exchange
of technical information. Identification of and access to the databases used
in support of the EOS AM Spacecraft Flight Operations Program
development, test, and integration, is a key development period goal of
Flight Operations Engineering. The achievement of this goal will facilitate
the document search and retrieval process and provide the kind of
efficiencies needed in a large program such as the EOS AM program.

Development period technical documentation and data that have been
approved for distribution will be available through the EOS Library at the
Contractor’s facility. In addition, if the data and documentation are available
from the Export Host server at the contractor’s facility, it will be accessible
via a communications link with the 11S LAN at the contractor’s facility.

SCHEDULE FILEYCHARTS

CAD

ACTION ITEM SUMMARY

FINANCIAL DATA “

DOCUMENTATION

DATABASES (EN@OPS)

E-MAIL

Figure 6. Martin Marietta to GSFC Data Interface (Martin Marietta
Export Host to GSFC SEAMIS via PSCN-I and EOSMIS)
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At the Goddard Space Flight Center, the Software Environment and
Management Information System (SEAMIS) and local network bridging
devices enables the SEAMIS to communicate with remote facilities such as
the Integrated Information System (11S) and the Export Host at the
contractor’s facility that is developed and maintained by the contractor’s
Software Engineering organization. The SEAMIS network provides for the
transport of mail, action items, schedules, documents, and database
information. Figure 6 above shows the data interface between Martin
Marietta and GSFC as depicted on page 2 in the SEAMIS User’s Guide.

1.4.9 Flight Operations Configumtion Management

The EOS AM Spacecraft Flight Operations Program will follow the policies
and requirements set forth in the EOS AM Spacecraft Configuration
Management Plan (MD- 104), including the procedures for transferring
items under Martin Marietta configuration control to GSFC configuration
control. The contractor’s Flight Operations Team (FOT) will coordinate
cotilguration control of Spacecraft data in the EOC with GSFC requirements.

1.4.4 Flight Operations Resources Management

Flight Operations Engineering supports all requirements for the
maintenance and control of contractor and government property and
resources assigned to it.

1.5 Flight Operations Assumptions

The following assumptions are key drivers in the management approach to
the EOS AM Spacecraft Flight Operations Program:

● The majority of flight operations procedures will be adapted
from I&T procedures and converted to operations procedures
with the necessary modifications for operations purposes.

“ The Spacecraft I&T procedures will be developed using OASIS;
it is assumed that the ground system will also use OASIS.

● Flight Operations will provide the Instrument developers with
procedure development formats and provide consultation for the
Instrument developers writing procedures: however, the actual
writing will be the responsibility of the Instrument developers.

. Ingres is the DBMS selected by the Spacecraft contractor, and a
compatible system is assumed for the EOS Operations Center
(EOC).

“ The Flight Operation lhining Program is scheduled to start 1

11
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year prior to launch and all facilities and equipment are
expected to be in a readiness state at that time, including
the EOC.

“ Spacecraft contractor’s Flight Operations Team [FOTI phased
onboard stafiing begins launch minus 2 years, with capability
informal training available at the contractor facility.

s Minimal Spacecraft Flight Operations logistics effort (EOC
logistics support will be provided by the EOC developer)

● O&M manuals provided by Spacecraft development engineers

12
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3 FLIGHT OPERATIONS DEVELOPMENT

3.1 Overview

The Flight Operations Development tasks are based on operations analysis of
flight operations requirements, and are closely linked with the development
activities and plans for each EOS AM Spacecraft flight operations element
(e.g., Spacecraft Subsystems, Instruments, Spacecraft Ground Elements,
EOSDIS Elements, and NASA Institutional Elements). ~ese P-W @ks

are also consistent with the Spacecraft Major Program Events (e.g.,
Spacecraft PDFL CDR. spacecraft InW@~On and Test)” Fif@re 7’ ‘light

Operations Development Plan Concept, provides an overview of the Flight
Operations Development Activity and the expected outputs from the flight
operations development tasks (~ shown as shaded ~eas On the chart)o ~s
concept evolves from a flow down of requirements from the revised
Spacecraft SOW and the related operations Re-pl= (comP1eted W earlY
January, 1993). The concept seines as a tool for showing how the flight
operations activities correspond to the overall EOS AM Spacecraft
development schedule, and it is used in organizing the information
contained in this Flight Operations Management Plan document.

3.1.1 Flight Operations Development Responsibilities

The EOS AM Spacecraft Flight Operations Engineering Organization plans
and implements the flight operations development tasks, including tie
plans for the FOT and Sustaining Engineering stafllng. Flight Operations
Engineering also provides the necessary support to accomplish the tasks,
including the necessary personnel to support the personnel selection
process.

3.1.2 Fiight Operations Development Approach

Flight Operations development tasks will correspond to the development
activities and schedules of the Spacecraft and its flight and ground support
elements. These elements are:

● Spacecraft bus
● AM Instrument Set
● Spacecraft ground elements
● EOS Data and Information System (EOSDIS) Core

System (ECS)

AS these elements progress from the development to the test stage, Flight
Operations Engineering personnel will be assigned to track and veri@ that
the developers are providing the information and documentation necessaxy
to satis~ the operations requirements of the elements. ~s process is
implemented through a series of operations tasks established to ident@ the
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item(s) needed for operation and maintenance of
that supports the operation and maintenance of the

the specific element, or
EOS AM Spacecraft.

In addition, Flight Operations implements plans for the acquisition of
information necessa.m to evaluate the opera~on~ requfiements~ including
interface requirements, needed for the operation of
Institutional elements.

3.1.9 Flight Operations Objectives

The information below describes the Flight Operations
objectives of Flight Operations Engineering:

the EOS with NASA

Development Activity

a

b

c.

d.

e.

Integration of EOS AM Spacecr* flight operations
requirements with Spacecraft flight and ground elements
de;ign and development requirements

Technical management of the Spacecraft flight
operations

1.

2.

3.

4.

5.

6.

reqti-rements implementation

Generate flight operations concepts and
requirements.
Develop operations plans and procedures sufilcient
to enable operations personnel to perform the flight
operations tasks.
Participate in EOS program flight and ground
elements reviews to assure operations input.
Plan/support the design, development, and
implementation of flight and ground operations
databases.
Support the development of flight systems
elements documentation and provide /suppofi
the development of documentation storage
and retrieval systems.
Develop the staffing plan and hire and trzdn
the Fl@ht Operations Team and support selection of
the Sustaining Engineering Team.

Ensure that operations requirements are properly
reflected in all Spacecraft flight and ground documentation.

Coordinate/develop internal and external operations
interface requirements, plans, and documentation.

Support Integration and Test and operations
readiness verification testing.
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f. Support launch operations planning, launch readiness
testing, and launch/ascent and initial operations
activities at the EOC.

3.1.4 Flight Operations Development Tasks

The Flight Operations Development Tasks include participating in design
reviews, collecting and analyzing data, evaluating Spacecraft operating
modes and constraints, and providing resources and planning to develop
launch and activation, sustaining engineering, and mature operation
schedules and other required documentation.

The primary objective is to define, develop, store, and communicate
operations related Information during the element/system development
process so as to maximize operations planning and operations
integration/implementation capabilities. The Flight Operations
Development Tasks support each stage of the development process: design
and development, integration and tesL and operational readiness retiew and
plarming -- in preparation for Launch and Activation.

The Flight Operations Development Tasks are organized under the following
categories:

1. Spacecraft Development
2. Instrument Operations Development
3. Spacecraft Ground Elements Development
4. ECS Ground System Requirements/Development

(S/C to ECS Requirements)
5. Operations Development.

The Flight Operations Development Tasks are performed by Flight
Operations Engineering, with support from the Spacecraft development
engineers, the instrument developers, and the ground elements developers.
The number of subtasks and the objectives of the tasks are evaluated and
used as a baseline for estimating the level and types of resources required to
perform the primary task.
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%2 Spacecraft Development

3.2.1 overview

This section identifies the tasks under Spacecraft Development that are to
be performed by operations during the Spacecraft subsystems development
period. These tasks include reviewing design documentation and making
comments as needed, and developing sufficient knowledge about the
subsystems to facilitate Spacecraft flight operations planning, and lead to a
smooth tm.nsition from development through Spacecraft Integration and
Test. In order to accomplish these tasks, Flight Operations Engineering
interfaces with the Spacecraft subsystems development engineers
(Hardware and Software), and Integration and Test (I&T) and Configuration
Management (i.e., for documentation control/maintenance issues).

3.2.2 Spacecraft Subsystems and Flight Software
Approach/Objectives

The primaq objectives of Flight Operations Engineering for acquiring data
on the Spacecraft subsystems and software are as follows:

a Develop sufikient understanding of the Spacecraft subsystems
and/or software operating concepts and design/development
requirements and evaluate those requirements against flight
operations requirements to determine if they are compatible

b. Identify the Spacecraft development systems, support
equipment, documentation, technical instructor personnel,
and procedures (to be converted for operations use), required
to support simulations and training for orbital operations.

These objectives are achieved through Flight Operations Engineering
participation in subsystem and software design/development reviews, by
reviewing subsystem and software design/development documentation, and
by assisting in planning and scheduling of deliverables to the EOC.

3.2.3 Operations Responsibilities

Flight Operations Engineering is responsible for reviewing Spacecraft
subsystems requirements in terms of operations requirements that include
the safe and efficient operation of the Spacecraft. Flight Operations
Engineering is also responsible for reviewing and commenting on Spacecraft
subsystem design documentation, collecting and maintaining information to
be used in to support flight operations Implementation. and supporting
Spacecraft subsystems integration, test, and verification activities.
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3.2.4 Spacecraft Operations Documentation

Flight Operations Engineering develops the following documentation during
Spacecraft development: the Flight System Manual (OPD- 1): and, the
Flight System Operations Manual (OPD-2). The Flight System Manual
provides details on the Spacecraft subsystems. ‘Ihis document is based on
the Baseline Description Document (BDD), DSN-SE&I-010. The Flight
System Operations Manual provides details on the flight subsystems
operating modes and constraints, on-board telemetry data flow, ground
command and control elements, parameters, interfaces, and operations and
maintenance specifications.

3.2.4.1 Spacecraft Technical Documentation

Flight Operations Engineering reviews and comments on Spacecraft
subsystems specifications, design notes, functional and performance test
procedures, and O&M manuals. Flight Operations Engineering also defines
and adapts Spacecraft technical documentation, and materials for use in the
Flight Operations ‘lYaining Program.

The Spacecraft subsystem engineers are responsible for developing certain
hardware, software and systems documentation such as test procedures and
user manuals for systems and equipment where they have
design/development responsibility. The following Documents are to be
developed by Software Engineering for operations support: Software
Maintenance Plan (OPD-820): Flight Software UserS Manual (SD-11 1); and
the Flight Software Operations manual (SD- 117).

3.2.4.2 Documentation Co_tion Management

Documentation developed for Spacecraft operations support is placed under
configuration control and anv chan~es or updates are made in accordance to
the files and policies defihed in-the EOS AM Spacecraft
Management Plan. All Flight Operations documents noted in
be maintained under configuration control once they have
baselined.

3.2.5 Spacecraft Integration Phnning

Configuration
the FOMP will
been formally

Spacecraft integration and test begins in the fourth quarter of 1995, about
33 months before launch. Flight Operations Engineering supports
Spacecraft subsystems integration planning and the development of
interface requirements. The Spacecraft interfaces define the EOS
elements for which operations information is to be developed and
communicated as they provide for the necessary prelaunch and launch
activities communication with the ground. The external interfaces are
controlled with Interface Control Documents (ICDS) and other applicable
spec~lcations.
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Flight Operations Engineefig will participate in test efforts on two levels:

1. Internal Level

Reviewing, ident@ing, and incorporating test plans and
schedules into operations planning; interfacing with Spacecraft
and Instrument development personnel: and, assigning
operations personnel (FOT) to test activities as part of the
operations training /development test procedures
familiarization process

2. External

Developing operational readiness plans and strategies to
accommodate Spacecraft flight and ground system integration
testing: coordinating schedules: database population: and
planning/providing resources support (incl. FOTI

Flight Operations Engineering assigns flight operations personnel to
observe/participate in all Spacecraft-level tests as soon as they are able to
demonstrate sufficient understanding of the program and knowledge about
the Spacecraft. This is part of the training given to FOT personnel, and it
enables them to get close-up, hands-on experience with Spacecraft
components early in the program.

3.2.6 Spacecraft Subsystem VerMcation Phmning

The EOS Spacecraft verification and testing process is specified in the
Spacecraft Verification Plan (VRD- 100), Verification Specification (VRD-
110), and Comprehensive Test Plan (VRD- 105).

Flight Operations Engineering supports subsystems verification test
pl~g by pa.rticipa~g in test scenario development and the verification
test process. Specific tasks include reviewing the test procedures, and
obseming the manner in which the tests are conducted. These tasks
enable Flight Operations Engineering personnel to become familiar with the
test procedures and methods, which they pass on to the FOT.

3.2.7 Spacecraft Elements Operations Pmducts/S~

For Spacecraft Subsystems and Flight Software Operations, Flight Operations
Engineering is responsible for the following items:

. Flight Systems Manual
● Flight Systems Operations Manual
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The EOS AM Spacecraft Bus provides the platform from which the
instruments make their observations, and the bus provides the environment
and services necessary to sustain instrument operability. The AM
Instrument Set is comprised of the Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER); the Clouds and Earth’s
Radiant Energy System (CERES): the Multi-Angle Imaging Spectro-
radiometer (MISR); the Moderate-Resolution Imaging Spectrometer
(MODIS): and, the Measurement of Pollution in the Troposphere (MOP1’lT).

The paragraphs below describe the tasks to be performed in support of the
AM Instruments.

3.3.2 Instrument Operations Development Responsibilities

Flight Operations Engineering is responsible for establishing interfaces with
the Instrument developers, assisting the Instrument developers in defining
operations requirements, and participating in Instrument design reviews.
Flight Operations Engineering is also responsible for supporting the
Instrument developers in the generation of instrument operating
procedures. Flight Operations Engineering assists the instrument
developers in determining what operational procedures are needed, and the
formats and guidelines to be followed in producing the procedures.

3.3.3 Inst.mment Operations Requirements Approach/Objectives

Flight Operations Engineering participates in Instrument Design Reviews
and comments on instmment design documentation to develop insight into
instrument requirements during the instrument development phase. Flight
Operations Engineering also participates in interface meetings at GSFC to
facilitate instrument operation requirements communication, and
interfaces with the Marttn Marietta Instrument Accommodations Group to
identify Instrument interface requirements that impact upon operations.
Major operations objectives with respect to the EOS AM Instrument Set are:

“ Use the Instrument Flight Operations Understanding (IFOU)
document to facilitate agreements and understanding between
Flight Operations Engineering, the EOS AM community, and the
Instrument developers on instrument operations plans

● Assign Flight Operations Engi.neefig personnel to participate
in Instrument meetings and design reviews at the contractor’s
facility and at GSFC to assure operations input in the Instrument
planning and development process.
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3.3.4 Instrument Operations Documentation

Flight Operations Engineering prepares an Instrument Flight Operations
Understanding (IFOU) document for each instrument. The objectives of the
IFOU are to facilitate instrument operations planning and to generate an
understanding between the EOS AM Spacecraft community and each
Instrument Developer/Instrument Development Team regard~ine fll~~
operations plans and requirements for their instrument.
document is used to ensure that the needs of the instrument are properly
reflected in other documentation as well. The IFOU is also used by the FOT
and EOC support personnel in defining prelaunch preparation efforts and in
veri~g operatiord readiness prior to launch. Requirements for specific
types of operational support are defined and implemented consistent with
the IFOU. Figure 8 shows the IFOU development concept and Figure 9
shows the IFOU development schedule.

9.3.5 Instmzxnent Integration Plax@xg

Flight Operations Engineering, along with Flight Operations Team (FOT)
personnel (as soon as they are on board with requisite skills) participate in
Spacecraft integration activities with the Instruments. These operations
personnel also participate In Instrument reviews, provide comments on
instrument operations documentation, and plan and manage the integration
of instmment documentation with other flight operations documentation.

3.3.6 Instmunent Vetieation Plannhg

Flight Operations Engineering participates in the Instrument verification
activities conducted at the contractor’s facility.

3.3.7 Instrument Operations Products/St~y

The 5 IFOUS are the primary output from operations in regard to the
Instruments: however, Flight Operations Engineering levies FOT
instrument training requirements on the Instrument Developers formally
via the DMRD and the Flight Operations Training Plan, and informally at
Instrument interface meetings. Flight Operations Engineering also
provides training to Instrument persomel as part of the Flight Operations
Training Program. The 5 IFOUS are:

● OPD-3a = CERES
● OPD-3b = MISR
● OPD-3C = MOPITT
● OPD-3d = MODIS
● OPD-3e = ASTER
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3.4 Spacecraft Ground Elements

3.4.1 Ovex’dew

The Spacecraft ground elements consist ofi the Spacecraft Analysis Sc@are
(SAS); the Spacecraft Simulator (SSIM): the Software Development Facility
(SDF); and, the Integrated Information System (11S). The SASisa setof
so~are-based analysis tools and data to be used for suppott of analysis and
anomaly resolution; the SSIM is provided by the Spacecraft developer to
support testing of flight software loads and databases, verification of
operational procedures, training of Spacecraft operators, and anomaly
resolution support: the SDF provides software maintenance support: and,
the 11S supports electronic data communications and data exchange
between GSFC and the GE facility.

3.4.2 Spacecraft Ground Elements Approach/Objectives

Flight Operations Engineering establishes staffing, facilities, training and
resources planning and implementation requirements for the Spacecraft
Ground Elements. One of the Flight Operations Engineering goals is to
ident@ the ground elements development test activities and plan FOT tasks
to be performed to support the test activities, with the overall objective
being to familiarize the FOT with types of tools and procedures they will
need to be familiar with to support Spacecraft flight operations. AkO, Flight
Operations Engineering and the FOT will be responsible for developing
simulation requirements for flight operations training, system validation,
and flight readiness of both systems and personnel.

Flight Operations Engineering also identifies and supports the establishment
of Sustaining Engineering and other Iypes of support (e.g., communications)
required by the Spacecraft ground elements In the EOC.

3.4.3 Spacecraft Analysis Software (SAS)

Currently, the status of the MS is TBD.

3.4.4 Spacecraft Simulator (SSIM)

Currently, the status of the SSIM is TBD.

3.4.5 Software Development Facility (SDF)

The Software Development Facility supports the design, development,
maintenance, and management of the tlight and ground software for the EOS
AM Spacecraft. The SDF has overall responsibility for flight software
maintenance, and supports the sustaining engineering activity. Figure 10
provides an architectural overview of the SDF system network including
router, sewers, workstations, Program Support Communications Network
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(PSCN) access, and the Integrated Information System (11S) system
connection.

The FOT, with support form Sustaining Engineering, requires information
and training on the SDF interface with the EOC, and the roles the SDF plays
in Spacecraft software maintenance.

3.4.6 Spacecraft Ground Elements Integration Pknning

Flight Operations Engineering assigns personnel to support Spacecraft
ground elements integration planning with the GSFC EOS AM Project
operations organization, and the EOS AM ECS ground systems development
organizations as required. The Spacecraft ground elements integration
requirements will be included with the EOS AM Spacecraft operations
requirements to be documented in the DMRD by the Spacecraft contractor
and in appropriate ICDS.
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3.5. EC%Elements Functions/Spacecraft Operation Requirements

3.5.1 overview

The EOSDIS Core System (ECS) Flight Operations Segment (FOS) provides
the primary ground system interface for EOS AM Spacecraft flight
operations. The FOS consists of the EOS Operations Center (EOC), the
Instrument Control Center(s) ICC(s), and the Instrument Support Terminals
(ISTS). The FOS receives communications and data transfer support form 2
stand alone elements, the EOS Data and Operations System (EDOS), and the
EOS Communication Network (ECOM). All FOS elements and the two stand
alone elements are involved in flight operations.

GSFC provides the ECS ground system and provides the operational support
(e.g.. logistics, maintenance) for the ground system to support flight and
ground system validations/verification activities and flight operations
activities.

3.5.2 Eoc Faeilitg Role

The ECS FOS EOS Operations Center (EOC) element provides the facilities
and ground systems equipment necessary for the FOT to perform Spacecraft
operations planning and control and to conduct real-time operations.
Details on the systems architecture and physical configuration of the EOC
are TBD.

3.5.3 Flight Operations Ground System Requirements

Flight Operations Engineering defines the Spacecraft flight operational
support requirements for the EOC and communicates those requirements to
the ECS. developer via the Ground Systems Requirement Database at the
contractor’s facility and the Detailed Mission Requirement Document
(D-). ms database maybe accessed from GSFC through a SEAMIS link
to the 11S(or by ob~g a hardcopy of database called the Ground Systems
Requirements Document. OPD- 16). The database will contain flight system
to ECS ground system interface requirements, including NASA Institutional
elements requirements, and the EOS Data Operations System (EDOS) and
the EOS Communications Network (ECOM). The Spacecraft flight
operations requirements upon the ground system will levyed upon the
ground system elements vla the GSFC Detailed Mission Requirements
Document (DMRD). Flight operations requirements in the DMRD will
include data processing and communication, flight and ground system
operating parameters, and facilities, training, and logistics support.

The ECS provides for the maintenance of the EOC ground systems
equipment and also provides the necessary logistics support such as
facilities and supplies for all EOC activities in support of flight operations.
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There are two ECS stand-along elements associated with the FOS and
because of their unique roles in flight operations, a brief description is
provided below. They will also have a part in the training program, with
lessons on each element and their role in EOS data communications.

3.5.4 WS Data and Operations System

EDOS provides data conversion services between the EOS ground system --
that is, the EOS Operations Center (EOC) for flight operations -- and the
~acking Data Relay Satellite System (TDRSS). EDOS processes return-link
telemetry data (removing communication artifacts) and provides packets
and data sets to the EOC and other EOS ground elements. Information on
the operations role and types of services to be provided by EDOS for EOS
AM flight operations are provided in the EDOS Functional and Performance
Requirements document (EOS 03568, 560-EDOS-0202.0001).

9.5.5 EQS Communication Network

ECOM provides the set of circuits, swttching, and terminal facilities for
operational telecommunications support specific to the EOS project,
including the data transport path from the EDOS to the EOC. Information
on ECOM services is provided in the ECOM Operations Concept document
(540-028).

3.5.6 ECS Elements Operations Approach/Objectives

The primary goal for flight operations with respect to the ECS elements is
to assure early and on-going communication of an integrated planning and
communications effort. The overall objectives is to assure that schedules
and resources to support operations integration are complimentary.

3.5.7 ECS Elements Operations Integration Phmning

Flight Operations Engineering provides planning and scheduling support, as
required, for the implementation of ECS elements and flight operations
elements integration activities.

3.5.8 ECS Elements Operations Readiness VeMcation

The FOT coordinates the flight operations readiness verification activities
with the ECS elements required to support flight operations.
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3.6

3.6.1

NASA Institutional Elements

Overview

The NASA Institutional Elements that support flight operations include the
Space Network (SN): the Flight Dynamics Facility (FDF): the NASA
Communications Network (NASCOM): the Deep Space Network (DSN);
Ground Network (GN): Wallops Flight Facility (WFF): and the Program
SUpport Communications Nehvork (PSCN). Detds on the ~es of se~ces
and location of these elements is provided in the Operations Concept
Document (OPD-TBD).

The NASA Institutional elements and their missions in regard to flight
operations will be covered in considerable detail in the Flight Operations
Engineering Training Program, with particular emphasis on the unique
mission and operating features of these elements.

3.6.2 NASA Institutional Elements Operations Approach/Objectives

Flight Operations Engineering establishes interfaces and communicates with
the NASA Institutional Elements on documentation and procedures defining
the policies, rules, and standards to be applied when using the services of
these elements. Spacecraft support requirements on these elements are
provided in the Ground Systems Requirements Document, (OPD- 16).

Flight Operations Engineering also obtains all necessary data and
information on the NASA Institutional Elements to sumort the fli~ht
operations
to support

training program. The FOT establishes the nec~~sary interfa~es
flight operations readiness testing and operations planning tasks.
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3.7 Operations

3.7.1 Ovenriew

Development

~S task provides for all the trac~g. co~ec~gt develop~gt organ~ing~
integrating, and managing the data and resources required to transition
from flight operations development to launch and activation. The
Operations Development task also covers the development and
implementation of operations plans, including those for staffing the FO’I’
and establishing the operations databases.

3.7.2 Operations Management

Flight Operations Engineering is responsible for overall management of the
Flight Operations program, including budgeting, staffing. resource
management and administrative support efforts. Flight Operations
Engineering communicates this information other EOS AM Spacecraft flight
and ground elements through EOS program reviews, tecficd interface
meetings, and subsystems status reviews.

3.7.3 operations Planning

Flight Operations Engineering develops flight operations schemes to define
and allocate functional responsibilities and Interactions among the various
flight operations elements. The EOS AM Flight Operations Activities
Manual (OPD-5) defines the major facilities, their functions, and how they
interact in accomplishing theh functions. The Operations Acti~ties Manual
describes the operations tasks and the planning required to satisfactorily
perform the EOS AM Spacecraft tlight operations mission. Development of a
mission reference model will be used to identify and plan mission
operations support tasks, including all aspects of initial planning under AM
contractor responsibili~.

Flight Operations Engineering conducts studies and analyses to define
operational interrelationships, flight segment resources requirements, and
establish operations schedules. The studies are also used to define flight
operations ground segment resource requirements.

3.7.4 Operations Procedures Development

Flight Operations Engineering and the FOT develop/support the generation
of operations procedures. The operations procedures are derived primarily
from the test procedures developed by I&T with support from the
Spacecraft subsystem engineers. The FOT is responsible for the final
development and validation of the operations procedures, most of which
have been converted from I&T procedures. The FOT retiews all procedwes
for compatibility with flight operations such as procedure duration and
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logical break points and performs the necessmy editing, with help from I&T
as needed.

Flight operations procedures include: nominal operations procedures,
contingency operations procedures, launch operations procedures,
activation operations procedures, activation contingency operations
procedures, and special operations procedures. In addition, the FOT
develops operations unique procedures for tasks such as configuring the
TDRSS ground elements. Figures 11, 12, and 13 show the Spacecraft
Operations Procedure Development concept.

Flight Operations Engineering participates in the effort to identi~ and edit
the I&T test procedures that will be converted to operations procedures.
This includes working with I&T and Spacecraft subsystem personnel, to
develop a thorough understanding of the test and the relative importance of
each step in the test process, and in obtaining clarifications on the
procedures as needed.

3.7.5 Performance Analysis Plandng

Flight Operations Engineering supports the development of plans to
monitor and analyze Spacecraft and Instruments performance. This
includes plans for monitoring Spacecraft operation and subsystems
performance and performing post-flight analysis. The FOT interfaces with
the Flight Dynamics Facility (FIX?) for reference data, which is also available
to the instrument developers. Details on Performance Analysis Planning is
provided in the Operations Activities Manual, OPD-5.

3.7.6 Da-e Plan

The Flight Operations Engineering approach to database development is
provided in the Database Plan (OPD- 11). The Database Plan describes how
the Ground System Database will be developed, verified, and maintained for
support of flight and ground system operations. The flight operations
ground system database plan is developed with support horn Integration and
Test (I&T). The flight operations ground system database will contain
information such as telemetxy formats, calibration cuxves, display formats,
and automated operations procedures. The flight operations objective is to
generate all the Spacecraft commands from a database, including
Instrument commands. This will require extensive coordination and
communication on formats and data: however, the end product will reduce
the command verification process while maintaining the capability for
Instrument operators to control their i.nstnunent. Details on the plans for
developing the Ground System Database will be provided in the Database
Plan. Figure 14 shows a conceptual view of the Managed Command Master
Database. Under this concept, all commands and telemetry data and
parameters wilI reside in a master database.
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The use of the database could greatly simplifying the commanding process
since all currently defined configurations for a given instrument for a
specified period of time would exist as approved, configuration controlled
items. Specific details on the use of a master command and telemetry
database are currently under review.

The FOT also maintains the flight operations database to track resource
utilization and Spacecraft configuration. The FOT maintains the following
data for each instnunent and subsystem:

● Command I.Jst
● Telemetry IJst
“ Limit List
“ Constraint List
“ Procedures Ust
● Resource Allocation/usage
● Emergency Phone

Numbers List

9.7.7 S- and IMni.ng

Flight Operations Engineering develops both the Staffing Plan (OPD- 12) and
the The Training Plan (OPD- 13). The Staffing Plan identifies the positions
to be filled for the FOT, the Spacecraft Ground Elements (SSIM, SAS, and
the SDF), and the Sustaining Engineering Team. It also describes the
special temporaxy stafling effort at the EOC for launch support.

The FOT StafYlng Plan provides for a phased stafilng of the FOT beginning
two years before launch, with the FOT Manager, the Secretary, and 2 of the
On-Ihe supervisors being brought on board at that time. The manager will
support the subsequent staffing. The full staff is on board by the time
training starts one year before launch. Section #6 contains additional
information on the FOT and the FOT StafBng Plan. Figure 15 shows the FOT
staihg schedule.

The Tkaining Plan describes the training that will be implemented for the
Flight Operations Team , members of relevant EOSDIS Core System (ECS)
elements, and EOS project management and program personnel
supporting the the EOS AM mission. The Training Plan also describes the
training approach and training methods to be used to accomplish the
training mission. Computer Based Instruction (CBI) will be the primary
method shaping the development and implementation of the training
program.

Table 1 provides a summary list of key tasks to be performed to support
training. The lWdning Materials Document (OPD- 14) contains the lesson
plans, study guides, visual aids, handouts, and a course syllabus. Tkaining is
scheduled to start one year before launch to accommodate training
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Figure 15. FOT Staffing Schedule
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Table 1. Summary List of Traidng Tasks

scheduling for the FOT and those members of the ECS requiring more
than just the introductory level training lessons. This timing is also
designed to facilitate the integration of training around the ground system
integration and test activities. Figure 16 shows the lMining Schedule.

3.7.8 Integration and Test Support

Flight Operations Engineering supports the I&T test activities at the
contractor’s facility, with particular focus on the tests conducted with the
EOC (e.g., end-to-end tests). T’hese tests give flight operations personnel
the opportunity to become familiar with operator interfaces as well as the
communications systems requirements. Flight Operations Engineering
also participates in Spacecraft integration activities to gain understanding on
how the test procedures are validated and updated, which is useful when
operations has to train the FOT to perform such tasks. Most of the
operations effort in the implementation of flight to ground test activities is
provided by the FOT, with support from Flight Operations Engineering.

3.7.9 Ground System Readiness activities

Flight Operations Engineering develops
which defines the activities associated
system operations with the Spacecraft at
the launch site.

3.7.10 Launch Readiness activities

the Operational Readiness Plan
with verifying integrated ground
the contractor’s facility and/or at

Flight Operations Engineering supports the FOT in preparing the EOC for
launch support activities such as launch script development, monitoring of
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launch site, and preparing for
the eventual command and control of the Spacecraft.

3.7.11 @erations Development Roducts/S~f

Table 2 below shows the documentation to be developed by flight operations.

DOCUMENT 71TLE DRD NO. DOCUMENTDUE DATES

JINCLUDED IN WSS (Tompo- ORW PREUMINARY UPDATE FINAL

#31, OPS RE-PLAN) mry)

Flight OPOratiOrU hOB 9CPDR-4W SC PDR SC SUSCDR I L8ur@! -28 mo

Marugornant P19n
Flight Syatoms OPml SC PDR-2W SC CDR-3M0 IULINCH-26M0

MMUA
Flight Systems 0PD2 LAUNCH .24M0 LAUNCH -16 MO IAIJWH-9MD

Opomtiona Msnual uPDATE 4.2 MO

Inmrumont Flight OPD3S APRIL, 1SS3 AUGUST, 1PP3 DECEMSER 1SP3

Oporuiorm undor-

mandhg ~. CERES

Inatrumont Flight 0PD3b APRIL, 1SS3 AUGUST, 19S3 IDECEME131S33

0porati0n8 Und4r-

smnding Doe. MISR I
Irwrumom Flight oPB3c APRIL, 1SS3 AUGUST, 1PS3 IEEMBER. 1S93

Oporuions undor-

smndirlgDoe. Mwls
Instrument Flight oPD3d APRIL, 1SS3 AUGUST, l= DEC-ER. 1~

Oporationa undof-

stil~ be. MoPIT-1
Instrument Flight OPP% APRIL, 1993 AUGUST, 1S33 LXZC-EI% 1S93

Oporuiofm undof-

mrrding Dec. ASTER I
Flight Sys:om OPD.4 SC WS CDR SC CDR4M0 IIAUNCH -14 MO

Plul

Opormions Activities OPD-S XWR+7M0 IAUNCH-21W IAUNCH.17M0

Marlud
Spacocmft OPS1O IAUNCH-22M0 LAUNCH -19M0 IA4JNCH-16MD

Suwlining
E~imhrq plan

Data Ssss OPB11 m m~

Pm

Staffing 0PB12 SC CDR+2MD As~

P18rl

Tramin# 0PP13 AUGUST. 1PP2 SC CDR+6W IAUNCH.20M0

Plan
Training OPD-14 LAUNCH -24M0 IAUNCH -20 IAW4CH - 16

Mamriak

Oporauons Roadinoas 0PD15 .sCWSCDR+6bA2 lJPlxTE As REUJIR.

TOSI Plan

Ground Syo- 0PB16 wPDR+6m w CDR LAUNCH -23 m

Roquirornonts UPDATEAS RECUR

commMd Lists oP&17 !X PDR SIC CDR fi~ ~-em

Tolomotry Lists 0PB18 sic PDR SC CDR As Rlmlmm lAuNcH-o Mo

.0 psrwions CmPf 0PB19 %PDR =PDR+6W

.

Table 2. Documentation Development Schedule
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4 Launch ancl Activation Activity

4.1 overview

The Launch and Activation (W) Activity s-s 18 montis before launch.
and is focused on efforts to prepare the ground elements and flight
operations personnel for Spacecraft launch and ~ssion opera~onso While
this section is called Launch and Activation, it is really concerned about
launch and activation preparation. The L&l Act.hdty encompasses the
planning and integration of tasks and activities to: 1.) verify Spacecraft and
ground systems operational readiness: 2.) support Spacecraft launch in the
EOC: and 3.), plan and implement the activation and checkout of the EOS
AM Spacecraft.

● Completion of FOT staffing
. Implementation of FOT training
● Sustaining Engineering Selection and Sta.tllng
● Staffing for additional launch support personnel in the

“ Support/Coordination of Operational Readiness Testing,
Including end-to-end testing

“ Implementation and Validation of the flight operations
database and tlight operations procedures

c Assure that all required resources and equipment
needed to support flight operations are in place

The launch preparation effort also includes the hnplementation of plans and
tasks to assure adequate communications between the launch site and the
EOC, coordination/development of the Launch Script, monitoring of the
Spacecraft launch and separation from the launch vehicle.

Figure 17, Flight Operations Development Plan Concept, shows the Launch
and Activation Activity, with expected preparation tasks and outputs.

4.1.1 Launch and Activation Approach/Objectives

Flight Operations Engineering evaluates the Launch and Activation
preparation (tasks and determines the level and types of contractor support
required to perform the tasks. Flight Operations Engineering reviews the
LM support requirements with Hardware and Software Engineering,
SE&I, and other EOS program functions such as Human Resources (for
staffing support), and coordinates the allocation and scheduling of personnel
and other resources to support flight operations (e.g., personneI, Spacecraft
Simulator). Flight Operations Engineering, in conjunction with I&T, also
verifies that ground systems requirements pertaining to flight operations
support identified in the DMRD have also been provided and are in place to
support the L&i tasks.
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Other L&3 objectives include:

1. Provide adequate support to the FOT effort to
Implement/coordinate end-to-end tests with the
Spacecraft at the contractor’s and at the Launch Site,
and support evaluations to verify tests occurring
within allocated planning parameters.

2. Coordinating the implementation of Launch operations support
in the EOC to coincide with launch operations at VAFB at
Vmdenberg, AFB, (beg-g appr@matelY 2 months before
launch)

The FOT identifies
supporting the EOS
readiness tasks.

4.1.2 Staffing

support requirements from other organizations
flight operations program for testing and launch

The KM staffing preparations include ofi 1.) assigning the appropriate
number and types of personnel, Including Sustaining Engineering and flight
operations experts, to support L&A tasks at the EOC (e.g., helping the FOT
with the operations database(s) population): 2.) checking and vetif@ng the
operational and availability status of ground facilities to support L&A staffig
activities: 3.) planning and allocating instructor and training support
personnel (e.g., equipment operators) to support to support training; and
4.), assuring that sufl’icient operations personnel are in place to support the
operational readiness testing.

The Flight Operations Engineering Team Leader, in support of the FOT
Manager, participates in the selection and assignment of the Sustaining
Engineering persomel to assist the FOT in the operation and maintenance
of the Spacecraft. The Sustaining Engineering Team activity begins one year
before launch, which is 8 months into the L&A period (i.e., approximately
one year before launch). This support is provided on an as needed basis
from a small cadre of Spacecraft subsystems and flight software experts.
The additional launch support personnel includes a broad range of
persomel versed in various aspects of Spacecraft flight operations.

4.1.3 Tmdning support

The EOS AM S/C Flight Operations ‘IYaining Program also takes place in the
EOC. starthw one vear before launch. The Flight Operations Engineering
~ig-~ation” provi~es/identi.fies the resources and needed to conduc~
the training program. and coordinates
equipment for training (e.g., the use flight
(OJT) training exercises).

the use of EOC facilities and
operations console for on-the-job
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4.1.4 Launch and Activation Responsibilities

The FOT has the lead responsibility for all L8A flight operations activities
except training, which is conducted by Flight Operations Engineering. The
data that follows provides a summaxy of the responsibilities of each group.

4.1.4.1 Flight Operations Engineering

Flight Operations Engineering provides the early planning for the L&l
effort, including the ground system integration planning. Flight Operations
Engineering personnel attend interface meetings with I&T, EOS Project
Management, ECS operations support personnel, and instmment operations
personnel to exchange information and coordinate scheduling of flight to
ground system integration and test activities. Fllght Operations Engineering
is also responsible for conducting/coordinating the
TYaining Program.

4.1.4.2 FOT Launch and Activation Role

The FOT has the lead flight operations responsibility

Flight Operations

for planning and
coordinating Spacecraft operational readiness verification test activities at
the EOC. The F(3T also supports the implementation and verification of the
the pre- launch Spacecraft checkout tasks at Vandenberg Air Force Base
(VAFB). At launch, the FOT monitors the activities at the launch site, and
then takes control of the Spacecraft after it has separated from the launch
vehicle, and begins the orbit acquisition process. Once the proper orbit has
been attained, the FOT begins the checkout process to establish the
Spacecraft readiness for operations.

In a parallel effort to the operational readiness effort. the FOT also
plans/coordinates with Instrument operators, the implementation of plans,
developed in accordance with EOS mission planning requirements, for
early flight operations mission science activities. These plans and activities
are also developed under the direction of the Mission Operations Manager
(MOM): however, these plans are held under configuration control until all
the Spacecraft checkout and orbital verification tasks have been satisfactorily
completed. All mission operations activities in the EOC are performed
under the management and direction of the Mission Operations Manager
with support horn the Flight Operations Team Manager.

The FOT is also responsible for configuration control of all Spacecraft
documentation and the flight operations database at the EOC.

4.1.4.3 Sustaining Engineering Team Launch and Activation Support

The Sus~g Engineering persomel come on board to support the FOT at
one year before launch on an as needed basis. The Sustaining Engineering
personnel are responsible for performing off line in-depth analysis support,
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including the review of trend data, anomaly resolution support, designated
on-line support, and other specif”c support as requested by the FOT.

4.2 EOS system Testing

The FOT supports planning snd implementation of flight and ground system
network testing from the EOC. The tests are conducted to demonstrate the
operation and interface of the Spacecraft with the Space Network (SN) and
ground supporting elements. The Spacecraft and the Spacecraft ground
elements, and the relevant ECS and NASA Institutional Elements involved
in flight operations are included in the EOS system testing.

The secondary focus of the FOT during EOS testing will be the conversion of
I&T procedures to operations procedures, and using the procedures to
support the test activities and validate the procedures in the process.

4.2.1 Teat Coordination

The FOT has the lead flight operations responsibility for
coordinating/supporting verification planning and the testing and
validation/verification of the ground system with I&T and the relevant ECS
elements, NASA Institutional elements, and the Spacecraft. These tasks
include integrated ground system network tests with the Spacecraft at the
contractor’s facility and at the launch site, to exercise Spacecraft command
and telemetry links, Spacecraft to TDRSS transmission, and TDRSS to the
EOC via the EOS ground system).

4.2.2 Launch Site/EOC Launch Readiness

The FOT, with support from Flight Operations Engineering, provides plans,
procedures, and schedules to coordinate operations support for tests
conducted to verify launch site and EOC launch readiness. This includes
identifying, coordinating, and scheduling the support required from other
EOS and NASA Institutional elements to support the launch readiness
verification tests, including the launch site to EOC communication
interfaces.

I&T and the FOT coordinate/support the end-to-end testing with the
Spacecraft at the launch site with the network testing in the EOC to verify
launch readiness at both sites.

4.2.2.1 Launch Readiness Procedures

The FOT plans/coordinates the implementation of launch readiness tasks in
the EOC. The FOT uses procedures converted from the I&T database
and/or procedures developed by the FOT to perform the launch readiness
tasks. After the tasks have been completed, the procedures are maintained
in the EOC by the FOT under configuration control.
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4.2.3 Iauneh and ACti~tiOIl operations DOCUIIlfXltdiOIl

AS part of the Launch and Activation preparation effort, the FOT implements
plans and procedures for storing, checking, and retrieving flight and ground
systems documentation delivered to the EOC to support flight operations.
In addition, the FOT develops/modifies operations procedures and may even
maintain some of them in hardcopy format. The FOT interfaces with all
EOS AM program ilight operations participants in the acquisition, storage,
and maintenance of flight operations documentation in the EOC. In addition
to the documentation shown in the table, the FOT maintains the tlight
operations database, which contains the Spacecraft computer monitoring
and Spacecraft and Instrument operating procedures and the requisite
database parameters.

4.2.3.1 Documentation Storage Accommodations

Facilities and storage for flight operations documentation in a library in the
EOC will be defined in DMRD in the list of flight operations requirements to
be levied upon the ground system.

4.2.3.2 Database Transfer

The FOT implements the conversion and transfer of the flight operations
database, with support from I&T and Software Engineering. The FOT
coordinates the database verification with the I&T database.

4.3 Launch and Activation Plandng

The FOT, in conjunction with instrument operations personnel, and the
Mission Operations Manager (MOM) prepares plans and schedules to
support the EOS AN Spacecraft launch/ascent and orbital verification
activities. These plans provide for health and status monitoring,
contingency operation, data handling, resource scheduling, and command
management. These plans also provide for the instmment activation tasks
that are to be conducted after the Spacecraft has attained its proper orbit
and all Spacecraft systems operations have been completely checked out.
In addition, plans for science operations, , worked out m accordmce *th
the Investigator Working Group (IWG) planning and the instrument
operators, are in a readiness state, under configuration control, pending the
completion of the orbital verification activities.

The Launch and Activation planning is developed within the framework of
the EOS AM Spacecraft mission phases and the Spacecraft system operating
modes which define the requirements for transitioning from one mission
phase to another. The initial mission operations plans are stored under
configuration control until all Spacecraft orbital verification activities are
completed and the Spacecraft is in the ready for operations state.
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4.3.1 Orbital Activation Coordination

The FOT coordinates orbital verification test planning with all elements
required to support the EOS AM Spacecraft flight operations mission.

4.9.2 Operational Mission Plmudng Coordination

The FOT plans/Coordinates EOS AM mission planning for mission
operations activities that begin after orbital verification is complete or until
90 days after launch. This is also dependent on the exercise of the contract
option by the customer.

4.4 Launch and ACd~tiOIl PXWIucts/Surmnsry

The Launch and Activation Activity product is a system ready to perform the
EOS AM program science mission, with the appropriate levels of support to
maintain the system over its intended life.
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5 Sustaining Ex@cieering

5.1 oveIwkw

The Sustaining Engineering Function provides a level of expertise above that
available in the Flight Operations Engineering Organization and/or the Flight
Operations Team (FOT). The Sustaining Engineering personnel perform on
an as-needed basis in response to a problem or a spacecraft emergency
defined by the FOT. The Sustaining Engineering Team (SET) responds as
requested by the FOT and is staffed with specialists from the disciplines
which are required for the particular problem or emergency. These
specialists are the same individuals who performed the design, development
md test of the spacecraft and its associated systems and instruments.

5.1.1 S-Approach/Objectives

The Flight Operations Engineering Team Leader participates in the
selection of the Sustaining Engineering persomel in conjunction with the
contractor Systems Engineering and Integration (SE&I) Manager, Human
Resources, the Flight Operations Team Manager, and other managers as
appropriate. Under the current schedule, the Sustaining Engineering Team
is in place one year before launch, with the selection process beginning
many months earlier.

The goals of the early selection process are as follows:

1. Identify Spacecraft subsystems and flight software
persomel working on the EOS AM Spacecraft who have
excellent in-depth knowledge about the Spacecraft, its
major components, and/or its operating environment.

2. Establish criteria/procedures for requesting/assigning
task(s) to Sustaining Engineering persomel.

3. Implement Sustaining Engineering support on an
as needed basis.

5.1.2 Sustaining Engineering Responsibilities

Sustaining Engineering is responsible for supporting the FOT in the
operation and maintenance of the EOS AM Spacecraft, and the Spacecraft
ground elements -- i.e., SAS, SSIM, and SDF.

5.2 Sustaining Engineering FOT Support

The Sustaining Engineering Team (SET) assists the FOT in evaluating test
results and in converting test procedures to operations procedures during
the operational readiness testing activities. A summary listing of the types of
support provided by Sustaining Engineering includes:
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. On-orbit verification

. mend Analysis

. Anomaly investigation

. Maintenance and review of short-term housekeeping
telemetry fdes and short term command histories

. Orbit adjust planning

. Telemetry limits monitoring

. Developing on-orbit testing/trouble-shooting procedures

The following data provides additional information on Sustaining
Engineering tasks.

5.2.1 O&line analysis

Off-line analysis of the performance of the spacecraft, its systems and
instruments, is performed by the FOT with support from Sustaining
Engineering. This activity is on-going and continuously follows both short-
term and long-term trends of key parameters. The off-line activity also
includes monitoring of alarms and out-of-limits messages and evaluating
their effects on spacecraft health and safety. When a condition develops
which is not clearly understood by the off-line group or cannot be rectified
by them, the SET is notified, and the persomel with the appropriate
experience are assigned to the task.

In the event of a more serious, longer term problem or multiple problems,
the SET will continue with the problem until it is resolved or reduced to a
level that it can be monitored, controlled and mitigated by the FOT.

5.2.2 Resource Management

The SET provides the Mission Scheduler with Spacecraft resource
management information such as power and heat removal to support FOT
selection of equipment that may be activated, devices that may be activated
simultaneously with other devfces/equipment, and the duration of the
activity.

5.2.3 Anomaly/Fault Detection and Isolation

Sustaining Engineering monitors and analyzes the Spacecraft for extended
durations, performing trend analysis studies to detect trends that may
require corrective action, and operations analysis for incipient failure
detection, fault isolation, and possible solution evaluations.

5.3 Sustaining Engineering Products/Summary

Sustaining Engineering is a level of effort activity, with the primary output
products being reports on work performed and system performance.
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6 Mature Operations

6.1 overview

The Mature Operations Activi@ defines the tasks to be performed by the
Flight Operations Team (FOT), including their participation in the Flight
Operations Training Program, and their phased on-board staffing supported
by the Flight Operations Team Manager. The Mature Operations Activity
begins 2 years before launch and extends through the orbital vetilcation
phase that ends 90 days after launch, with 3 one-year operations for the
contractor provided FOT to operate the EOS AM Spacecraft. In addition to
training and staffing, the Mature Operations Activity tasks include FOT
support/participation in Spacecraft flight elements integration and test
activities, including the EOS AM Instrument set, at the contractor’s facility,
and the Spacecraft ground control elements operational readiness
verification test in the EOC. Figure 18 shows the Mature Operations
Activity and expected outputs from the Mature Operations Activity tasks
(areas Wth hash marks on the chart), under the Flight Operations
Development Plan Concept. The chart also shows the FOT responsibility for
Orbital Activation.

Flight Operations Engineering, which has participated in the hiring process,
establishes informal training tasks for the FOT dependhg upon the prior
experience of the individual. The tasks are designed to familiarize the
individual with the EOS AM program and to provide insight into how the
person’s previous experience will be used to support EOS AM flight
operations. At one year before Spacecraft launch, the FOT begins the formal
training program. fiter their formal training is completed, the FOT
interfaces with the EOS AM program ground system elements to support
ground system readiness testing and launch readiness. These tasks are
performed in the EOSDIS Core System (ECS) EOS Operations Center at the
Goddard Space Flight Center.

6.1.1 Approach/Objectives

The approach to be used in implementing the Mature Operations Activi~ is
to staff the FOT with people with as much current flight operations
experience as possible, and to ver@ that all documentation and other
resources (equipment, facilities) necessary for defining and implementing
flight operations are available in the EOC and ready for use. The staffing
approach has two objectives: 1.) select FOT personnel with sufficient
experience to perform/support flight operations on-going tasks shortly
after they come on board : and, 2.) provide a level of staffing that matches
the growth in prelaunch activities and tasks.
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Responsibilities

The focus of the Mature Operations Activity is the Flight Operations Team
(FOT), and the responsibilities it has in the planning and implementation of
flight operations horn the EOC. However, Flight Operations Engineering is
responsible for hiring the FOT and ge~g the FOT ready to assume its role
in flight operations. The information below provides a summary of the
Flight Operations Engineering and FOT responsibilities under the Mature
Operations Activity.

6.1.2.1 Flight Operations Engineering

Flight Operations Engineering takes the lead role in planning and
implementing the FOT staffing effort and the flight operations training
program. Flight Operations Engineering also supports the FOT efforts to
identi~ and plan the level of types of resources required to support the
operation of the EOS AM Spacecraft.

Flight Operations Engineering is also responsible for communicating
Spacecraft flight operations ground support requirements to the
government via the Detailed Mission Operations Requirements Document
(DMRD). The objective this effort is to provide early communication of the
EOS AM Spacecraft requirements for facilities, systems, equipment, and
related ground resources to support EOS AM Flight Operations.

6.1.2.2 Flight Opemtions Team (FOT)

The FOT has the principal responsibility for the operation, and health and
safety of the Spacecraft. The FOT manages the acquisition/development and
mtitenance of operations procedures in the EOC, coordinates operations
readiness testing, coordinates/monitors the Spacecraft launch/ascent in the
EOC, and operates the Spacecraft after it is separated from the launch
vehicle. The FOT also performs flight operations planning and scheduling
in accordance with EOS program policies and procedures.

The FOT monitors Spacecraft housekeeping telemetry in real time or
playback modes, to track and evaluate Spacecraft elements trends, including
subsystem and Instrument limit conditions and resource utilization. The
FOT is supported by the contractor provided Spacecraft Simulator SSIM),
the Spacecraft Analysis Software (SAS), and the Software Development
Facility (SDF). The FOT is also supported by the contractor provided
Sustaining Engineering Team.

The FOT Manager is responsible for allocation and control of flight
operations resources and management of the administrative functions,
including finance, personnel, security, health and safety. The FOT Manager
is part of a team that resolves mission operations planning and scheduling
conflicts (other members of the team include the MOM and the Project
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Scientist or designee). The Flight Operations Team Manager reports
directly to the EOS AM Project Mission Operations Manager (MOM) at GSFC.
The MOM sewes as the focal point for technical direction ffom the various
EOS elements to the Flight Operations Team.

The EOS AM Spacecraft Program Manager at Martin Marietta provides
contract direction and support to the FOT Manager.

Figure 19 shows the FOT organization. The dotted lines show the Sustaining
Engineering support available at the contractor’s facility on an as needed
basis, and at the SDF at the contractor’s facility to support software
maintenance

6.1.S General Management Policies

The FOT is responsible for performing its flight operations tasks in
accordance with all applicable Martin Marietta and GSFC policies and
procedures, including safety requirements, configuration management
requirements, and the documentation and generation of required reports.
Flight ties, ground operations procedures and the objectives of the EOS AM
science mission are also included.

6.2 Mature Operations POT Readiness

The initial stafilng of the FOT implements The Mature Operations Activity.
The FOT Manager and the early supervisory hires assist Flight Operations
Engineering in the selection and stafIlng of the remaining FOT staff and in
the determination of the level of additional contractor persomel needed to
support the launch and activation activity at the EOC. As they come on
board, the FOT begin participating in the Spacecraft Integration and test
activities, developing operations procedures, and developing plans to
coordinate and support updates of flight operations documentation and
database plans. The F(3T also acquires necessay data and establishes plans
and schedules for their participation in the Flight Operations Training
Program.

6.2.1 Spacecraft Integration and Test Support

The FOT supports the EOS AM Spacecraft End-to-End tests, and other
tests as required, gathers information in supporting flight operations, and
supports flight operation facility/systems integration and test. The
following is a summary list of FOT test support tasks:

● Participates in Spacecraft End-to-End tests with the
Spacecraft at the contractor’s facility and with the
Spacecraft at the launch site

. Generates Standard Operating Procedures (SOPS) for
flight operations.
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● Supports/coordinates performance of mission scenario
simulations with other EOS ground elements as required.

● Plans, supports conversion of the I&T database to the
flight operations database.

6.2.2 FOT Ihining

FOT personnel receive training on the EOC hardware and software in
preparation for Operational Readiness Testing and orbital verification tasks
from the ECS EOC developer and Instrument Operations training from the
Instrument developers. FOT informal training begins as soon as the FOT
personnel come on board. Flight Operations Engineering plans tasks and
distributes EOS AM documentation to the FOT to facilitate the learning
process. FOT personnel are assigned to assist/work with Flight Operations
Engineering personnel on projects in which FOT personnel have had prior
experience. The FOT training is managed by the Flight Operations Program
Training Coordinator. The Training coordinator has the following
responsibilities:

. Preparation and maintenance of training materials

. Planning and scheduling on-the-job (OJT) instructors and
equipment for flight operations activities

. Skills certification and re-certification

● Providing training simulations instructions and control

● Performing training administration, including formal
classroom training record keeping

“ Coordinating Flight Operations Training schedules with other
EOS AM traMng program deliverers/training recipients

6.2.3 Flight Operations Database and Documentation

The FOT plans/supports the development/acquisition of operations
databases, O&M manuals, training materials, and operations history data
(primarily test data w the early stages of the program). For EOS AM flight
operations, the FOT manages documentation, both on line and off line, to
support operations and maintenance. The FOT is responsible for the
implementation, verification, and configuration control of the various EOS
ground databases used by the ground control systems to operate the EOS AM
Spacecraft.

The FOT has the lead responsibility in the conversion of the I&T database to
the operations database, with support from I&T and Flight Operations
Engineering.
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6.2.4 Operations Readiness Coordination

The FOT supports the operations readiness test activities conducted in the
EOC and with the Spacecraft at the contractors facility and with the
Spacecraft at the launch site. These tests are conducted to ver@ the
readiness of the ground system to support Spacecraft flight operations. The
FOT, with support from I&T. develops the launch script to be followed in
the EOC in preparation for the launch of the Spacecraft. Du~g launch,
The FOT monitors Spacecraft Bus housekeeping telemetry (if available)
during the Spacecraft launch/ascent phase.

6.2.5 Orbital Activation

The EOC Flight Operations Team monitors the Spacecraft launch/ascent,
and after separation from the launch vehicle, the FOT assumes the
Spacecraft command and control function. After the Spacecraft has attained
the required orbit and essential resource systems are operational, the FOT
begins implementation of a series of activities to verify the Spacecraft health
and status, activate the Spacecraft subsystems, activate the Instruments, and
to veri~ the functional performance of the Spacecraft. The FOT, in
conjunction with the MOM and contractor I&T personnel, plan the orbital
activation and verification exercises.

The EOC provides the facilities for the on-orbit command, control, data
processing, and performance evaluation of the EOS AM Spacecraft. The FOT
supports EOS AM Spacecraft flight operations 24 hours per day and 7 days a
week during the mission operations phase horn the EOC facility.

6.3 Spacecraft Operations

The FOT is responsible for establishing a Spacecraft operations plan which
is compatible with planned Instmment operations to the extent possible
without compromising Spacecraft health and safety or overall mission
guidelines.

6.3.1 Flight Operations Phmning

The FOT performs planning and scheduling for the orbital activation
exercises, and scheduling of the early mission activities that take place after
orbital verification has been completed and the Spacecraft is veriiled to be
in the readiness for operations state.

The FOT, in conjunction with the MOM, uses the Imng-Term Science Plan
and the Long-Term Instrument Plan to develop a long-term Spacecraft
operations plan that is used to develop and plan the early mission operations
plans and schedules -- i.e., initial scheduling and daily science plan and
Spacecraft operations plan (details on the planning and scheduling process
is provided in the Operations Activities Manual, OPD-5) and the Operations
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Concept Document, OPD- 19). Once approved, the early mission operations
plan(s) are placed under contlguration control until ready for use.

6.3.2 Flight Operations Implementation

The Spacecraft contractor is responsible for coordinating and integrating
orbital verification testing to assure Spacecraft operational capability, and for
performing daily operations of the Spacecraft until 90 days after launch.
The daily operations include: health and status monitoring, contingency
operation, instrument operations planning, data handling, resource
s~heduling, and command ‘management.

6.4 Instrument Operations

Instrument operations are included in the pre-flight
planning activities, and when full Spacecraft resources
Instruments, those plans will be implemented.

6.5 = SUppOrt

The EOC provides the focal point for the FOT/Mission
uses the EOC to activelv communicate with the

mission operations
are provided to the

activities. The FOT
Spacecraft ~round.

elements, the ECS FOS, EDOS, ECOM, the NASA Institutio-nal Elements, and
the EOS AM Spacecraft. The EOC also enables the FOT to communicate
with other EOS program elements as required.

6.6 Post 90 Days Operations

6.6.1 FIight Operations

There are 3 one-year options for the Spacecraft contractor to continue to
operate the Spacecraft after 90 days.

6.6.2 Sustalxhg Engineering Support

There are 3 one-year options for the Spacecraft contractor to continue to
provide Sustaining Engineering support after 90 days.
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10 Appendix A

Abbreviations and Acronyms

The list of abbreviations and acronyms is in the EOS-W Spacecraft Program
Acronym List (PAL). EOS-DN-SE~-025” F~@t Operations ‘magement
Plan Unique Abbreviations are listed below.

Item Description

DMRD Detailed Mission Requirements Document
FOMP Flight Operations Management Plan
IFou Instrument Flight Operations Understand~g document
L8ul Launch and Activation
OJT On-the-Job lhining
SET Sustaining Engineering Team
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