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1.1 Purpose

This document &scribes the test plan for the EOS-AM spacecraft and its instruments and
subsystemsduring spacecraft integration,quaMcation, and acceptancetesting.

1.2 Scope

Thisplan spedlcally addressesinstrumenttestingperfcmnedduringintegrationonto thespacecraft
bus,subsystemtestingpdcnmed subsequenttoEquipmentModule(EM)electricalcheckoutduring
integration onto the spacecraftbus, spacecraftqualificationtesting, and launch site testing.

This plan focuses on organizational management, test philosophy, test operations, support
nqdrements, facilityrequirements,andtest descriptions.Requirementsfor thisplan areestablished
in the Vefilcation Plan (PN20005404)and VerMcationSpecification(PS20005404)documentsfor
theEOS-AM Spacecraft. Mer concurrenceby the participatingorganizations,this plan will serve
as the baselinefrom which integrationand test planningfor the spacecraftcan be developed.

Figure 1 illustratesthe organizationof assembly and test documentationfor the component,major
assembly,and spacecraftlevels of assembly.The ComprehensiveTestPlan comprisesthis plan, the
Major AssemblyTestPlans, and the ComponentTestPlans.The MajorAssemblyTestPlans define
the test progmms for the Equipment Modules (EMs),High Gain Antenna (HGA) assembly,and
Solar &ray (S/A)assembly.The ComponentTestPlans define the test programsfor the individual
componentswithin the major assemblies.Details of the processes and philosophyassociatedwith
assemblyof Major Assembliesand the mechanicalintegration of the Spacecraftis provi&d in the
AssemblyPlan for the EOS–AMSpacecraft(PS20005405).Componentfabrication and assembly
plans are definedin the manufacturingplanning.

WMin this documen~“Major Assemblies”refers to equipmentmodules, the solar amayassembly,
the high gain deployment assembly,and the propulsion module. “Subsystem” will refer to fie
functional subdivisionsof the spacecraft consisting of multiple functionally related components
(command and data handling; guidance, navigation nd controh commu~cati~ns;
structureslmechanisms;electrical power thermal control; and propulsion). Additionally, each
instrumentwillbe consideredasubsystem. “Spacwl-aftBUS” refersto thefully integratedspacecraft
minus the instruments. “Spacecraft”refers to the spacecraft bus and the complete instrument set.

DCC080293



PN24KW644
30July 1993

Je el of Assembly Fabncatlon ~dAssemb ? Pl~s
. .

v 1

Component

Component Manufi3cturuW“ Plaml

● cOmonmt PslxicmionUfitin

● GmPonent AssemblyDdinition

e.

3k$LElm

Compmhendve TestPlan
,----------------*-----.-*.,

Compo nent TestPlans 4
● ~T*~*

- PC-a
- EMc
- shock
- Stsmgtb
- Vh#ion
-ThmtulQ’ok
-Mass Pmvut=“s

)o

Major Assembly

Spacecraft

SpacecraftAssemblyPlan

● Intc@onPlow r)e6nition
- EMs
- PropulsionModuk
- HGA

. AssemblyDetition
- PsnclBuild+q
- Moduk Integmtion

● Intcgntion Flow Dditition

- Spaacmft

● Integration Dcsnition

- S/C BusEquipmentIndktions
- EMInstdktion
- CPHTSlnstdlstbn
- InsmlnlaltInstslwms
- ~1
-HGA&YAFit M
-Plight A&pterFitclleck
- Thamsl Blsnket

Instdktions
- EmvironmmtdTestprep
- HGA& WAInstsllstions

Major Assembly TX Plans

● EMTestDc*
- BIc
-lVT’
- Pundion81
- Pdbmlsno2 (cm)
- Sine Vhrition
- Aoonstic
-Thumdcyck
-M8ssPmpstks

● HGAmidSolu AUSy

t
D

o
#
c
o
8
8
k

#

b

8

#

8

8

8

9

8

I

I

pacecraftandSubsystemTestPlan :
● subsyuan T- Ddnition

- ~ ~*-
-~

(m
s Spn=cmffTe LMnition

- subsystemvcri6cation
- Intufaiz Vcsi6cation
- Alignnmt Va’iiicstion
- Aliveness
- Functional
- Pdornmce
- w~~ty
-Thamslvsannn
-Acoustk
-Pyroshock
- Depbynmts
- Led Test
- Ed-m-Ed
- TroubleFsccOpcntion
- Mu h@kS

- hunch Wick In-
- I.mlnchP&iAlivencss
- LaunchDressRchssmsl

● ✎ ✎ ✎ ✎ ✍✍✍✍✍ ☛✎ ✎✎ ✍✍✍✍✍ ✎✍✍✍ .-.-a
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2 APPLICABLE DOCUMENTS
.

2.1 GovernmentDocuments

The following documentsof the exact issue shown, forma part of this plan to the extent specified
herein. In the event of contlict betweenthe documentsreferencedherein and the contents of this
plan, the contents of this plan shall be considered as superseding.

2.1.1

2.1.2

2.13

2.1.4

NASA Documents

GSFC420-0342 -

GsFc-42cuM-02

GSFC421-10-O1

GSFC421-12-11-01

GsFc-421-12-0441

GSFC-421-12-1242

GSFC421-1243-02

GSFC421-12-15-02

OtherNASA Documents

GEVS-SE
1/90

MilitaryDocuments

MIL-STD-1522A

Geneml InstrumentInterface Spec~lcationfor the Earth
Obseming System

Performance AssuranceRequirementsfor EOS
Observatories

Requirements Documentfor the EOS-AM Spacecraft

Unique Instrument InterfaceDocumentfor the
Advanced SpaceborneThermalEmission and
Reflection Radiometer (ASTER)

Unique Instrument InterfaceDocumentfor the
Moderate-Resolution Imaging SpectroRadiometer
(MODIS)

Unique InstrumentInterface Documentfor the Clouds
and the Earth’sRadiantEnergy System (CERES)

Unique Instrument InterfaceDocumentfor the
Multi-angle Imaging SpectroRadiometer (MISR)

Unique Instrument InterfaceDocumentfor the
Measurement of Pollution in the Troposphere
(MoPITr)

GeneralEnvironmentalVeriilcationfor STS and
ELV Payloads, Subsystems,and Components

Standard GeneralRequirementsfor Safe Design and
Operation of PressurizedMissile and Space Systems

OtherGovernmentDocuments

WSMCR 127–1 WesternSpaceandMissileCenterRangeSafety

12/89 Specification

3 DCCOS0293
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2.15 Standards
.

l?EWSTD-209D Clean Room and Work Station Requirements,
Controlled Environment

2.2 Non-government Documents

The following documents of the latest issue shown forma part of this specification to the extent
speci.iiedherein. In the event of conflict betweenthe documentsreferencedherein and the contents
ofthis spec~lcation,thecontentsof this specifkation shallbe consideredasupersedingrequiremen~
except for higher tier dcxuments.

2.2.1 MartinMariettaAtm SpaceDocuments

1S20008501 Genem.1Interface Specificationfor the Earth Observing
system (ICD-lol)

1S20008503 Launch VehicleIntdace Requirements Document

PS20005396 EOS-AM Spacecraft ContractEnd Item Specitlcation,
(SEP-101)

PS20005397 Product Assurance ImplementationPlan (PAW)

PS20005404 VerWcationSpecificationfor the Earth Obseming
system (VRW11O)

PS20008536 EOS-A.MSpacecraft Specifkation ‘Ike

PS20008509 Spacecraft Checkout Station Requirements Document
(SEP-900)

PS20008662 EOS-AM SpacecraftFlight Software System
Requirements SpecKlcation

PN20005404 EOS-AM Spacecraft VeritlcationPlan

PN20005868 Electromagnetic Compatibility TestPlan

PN20005869 Electromagnetic Compatibility (EMC) Control Plan,
(SEP-106)

PN20008648 Program ApprovedParts List (PAPL)

20008650 Program Approved Materials and Processes List

PN20005405 EOS-AM Assembly Plan (VRD-800)

PN20008522 Launch Site Plan (OP-51O)
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PN20008660

PN20008659

20001412

20008698

20008816

20008826

20008836

20008846

20008856

Source:

c
EOS-AM AlignmentPlan (SE1-121)

EOS-AM ComponentLife TestPlan (SEP-113)

EOS-AM ContaminationControlPlan (SEP-107)

Procedwe for Control of UnscheduledActivities during
IXMgrationand Vtilcation Testing (VRD-120)

ASTERI&T Interface ControlDrawing

CERESI&T Interface ControlDrawing

MISR I&T Interface ControlDrawing

MODISI&T Interface ControlDrawing

MOPITI’I&T Interface ControlDrawing

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

2.22 MajorAssemblies

PN2008513 lkst Plan High Gti lmtenna (Preliminary)

PN20008745 ‘l&t Plan C&lXKommunications Equipment Module
(Preliminary)

PN20008571 TestPlan Direct AccessPanel (Preliminary)

PN20008616 StructuralVefilcation TestPlan EOS-AM Spacecraft

PN20008702 ViziiicationTestPlan High Gain Antenna (PrWninary)

PN20001408 lkst Plan for the Power EM & Battery Panels
(Rdiminary)

PN20003824 Reaction Wheel AssemblyTestPlan

PN20001407 TestPlan GN&CEquipmentModule

PN20008618 TestPlan Propulsion Module

PN20001411 TM Plan Solid-State RecorderEquipment Module

PN20008601 TestPlan Solar Array Assembly

Source: MartinMarietta AstToSpace
P. O. BOX 800
Princeton, NJ 08543-0800
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203.1

2.3.2

233

-.
.

TM Roeedures

UtiIity andCalibrationProcedures

TP-PFT-20008500 FixtureProofTest

TP-ERT-200085~ EGSE ReadinessTest

TP-OST-20008500 OrdnanceDeviceSimulatiorISelf-T=t

source MartinMariettaAstroSpace
P. O. BOX 800
Princeton, NJ 08543-0800

GeneralPurposeTestProcedures

TP-CRT-20008500

TP-IOF-20008500

TP-ION-20008500

sour%

SpacecraftTestProcedures

IPR-SI-20008500

TP-ABD-20008500

lP-AE-20008500

TP-AHD-20008500

‘lT-/+b2OOO85OO

TP-AM-20008500

TP-AT-20008500

IPR-SI-20008500

TP-ABD-20008500

TP-AE-20008500

TP-AHD-20008500

DCCOS0293

Cable Routing and ~g

Instrument Tim-Off

Instmment Turn-On

Martin Marietta Mro Space
P. O. BOX 800
Princeton, NJ 08549800

Spacecraft IntegrationProcedure

Solar Array Blanket Partial Deployment

Acoustic, Electrical

Solar Amy Hinge Deployment

AlignmenLoptical

ACOUStiC,Mechanical

AlivenessTest

Spacecmft IntegrationProcedure

Solar Amy Blanket Partial Deployment

Acoustic,Electrical

Solar Array Hinge Deployment

6



TP-AL-20008500

TP-AM-20008500

TP-AT-20008500

TP~G-20008500

TP-CLN-20008500

TP-CPTE-20008500

TP-EAV-20008500

TP-EIC-20008500

TP-EMI-20008500

TP-ETE-20008500

TP-FI’E-20008500

TP-HBD-20008601G1

TP-IVT-20008500

TP-LM-20008500

TP-LK-20008500

TP-LR-20008500

TP-MH-20008500

TP-NE-20008500

TP-MVS-20008500

TP-ORB-20008500

TP-ORD-20008500

TP-PP-20008500

TP-G20008500

TP-SCT-20008500

TP-SHK-20008500

TP-SHP-20008500

TP-SOF-20008500

PN20008664
30July 1993
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AlignmenL optical
.

Acoustic,Mechanical

AlivenessTest

Battery ChargeProcedure

Cleaning, Inspection

ComprehensivePerformanceTesLElectrical

ESA Detector AlivenessTest

Electrical Interface Checkout

EMI/EMC

SpacecraftEnd to End

Functional Test,Electrical -

HGA Boom Deployment

Electrical Interface Veri.13cationTest

Launch Mode

Launch Readiness

MechanicalHandling

Mass Properties-Balance/Ballast & Inertia

Solar Array Drive MechanicalVtilcation

Orbit Test

Pyrotechnic Aming & Checks

Power Profde

RF Compatibility

Launch Stored CommandTableTest

P)TO Shock

Shipment,Receiving, Inspection

Spacecraft llrn Off
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TP-SON-20008500

TP-SSC-20008500

TP-SSHP-20008500

TP-TBT-20008500

TP-TCE-20008500

T1-TCM-20008500

TP-TGT-20008500

TP-’IT-2OOO85OO

TP-TV-20008500

TP-TVC-20008500

TP-UMB-20008500

source:

-.

Spacemft‘nun on .

Safe State Check

Spacemft ship con.f@ration Tblll Off

Thermal Balance Testing

~ennal Cycle, Electrical

Thermal Cycle,Mechanical

Thermal VacuumThrgetOperation

Transient Tolerance

Thermal VacuumProgram

Thermal VacuumChamber Operation (35’)

Umbilical PulI Test at WTR -

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

203.4 Launch Site Unique Integration and Test Procedures

(TBD-1)

2.305 EM Test Procedures

TP-EIC-20001409G1

TP-EIC-20001407

TP-EIC-20008571

TP-EIC-20001408G 1

TP-EIC-20008703G1

TP-EIC-20008746G1

TP-EIC-20001411G1

TP-EIC-20008745G1

TP-EIC-20008601G1

TP-EIC-20008572G 1

RWAElectrical Interface C/O

Sensor Electrical Interface C40

DAS Electrical Interface C/O

Power Electrical IntexfaceC/O

Propulsion Electrical Interface C/O

Battery Ekcrrical Interface C/O

Recor&r Electrical Interface C/O

C&DH/COMMElectrical Interface C/O

SoIar Amy Assy Electrical Interface C/O

HGAA Electrical Interface C/O

DCC080293 8
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source: Martin Marietta &tro Space 1
P. O. BOX 800
Princeton, NJ 08543-0800

2.3.6 Subsystem Test Procedures

‘TP-FT’E-20008567 C&DH S/S FunctionalTest,Electrical

TP-CPTE-20008567 C&DH S/S ComprehensivePerformanceTest (CPT),
Electrical

TP-AT-20008567 C&DH S/S AlivenessTest

TP-FI’E-20008580 COMM S/S FunctionalTes~Electrical

TP-CPTE-20008580 COMM S/S CPT,Electrical

TP-AT-20008580 COMM S/S AlivenessTest

‘IT+I’E-20008636 Electrical AccommodationsSystemFunctional Test,
Electrical

TP-CPTE-20008636 EAS CPT,Electrical

TP-AT-20008636 EAS Alivenesslkst

TP-IVT-20008545 EAS IntexfaceVerificationTesLPM

TP-ITE-20004749 Electrical Power System (EPS)FunctionalTes~
Elecmical

TP-CPTE-20004749 EPS CPT,Electrical

TP-AT-20004749 EPS AlivenessTest

TP-FIE-20004937 GN&C S/S FunctionalTest,Electrical

TP-CPTE-20004937 GN&C S/S CPT,Electrical

TP-AT-20004937 GN&C S/S AlivenessTest

lT-l?IZ-20008617 Propulsion ModuleFunctionalTes~Electrical

TP-CPTE-20008617 Propulsion Module CPT,Electrical

TP-AT-20008617 Propulsion Module AlivenessTest

TP-LK-20008617 Propulsion Module Leak Test

TP-EIC-20008549 Thermal Control System (TCS) S/S Integration Test,
Electrical
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TP-FT’M-20008549

TP-CPTP20008549
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3 INTEGRATION AND TEST PROGRAM OVER- :

3.1 Test Philosophy

3.1.1 LeVdS of Testing

TheEOS-AM flighthardwaretestverification progmmincorporatestest activitiesat thethreemajor
levelsof assembly:ComponenLEquipmentModule,andSpacecraft.Figure2 illustratesthe process
in whichtest requirementsareidenti.fkdandflowedintothe testplansandprocedure for eachlevel.
Collectively,the test results from each level providev=lcation, to the extent possible by testing,
that the flight hardwaremeets design and paformance requirements.

The most extensiveperformanceand environmentaltesting is perfonmxl at the component level.
This is due mainlyto the greater testabii~ tided by the direct access to box interfaces and test
comectors. Performanceis evaluatedwhile exemisingthe componentthrough its entire elecmical
and environmentaltest ranges. Componenttesting provides the earliest risk retirement. Detailed
deftition of componenttesting is described in the componenttest plans and proctxhues.

EquipmentModuletedngfocuses primmilyon theintegrationof the componentswithinanEMand
the functionalverificationofthefully assembledEM. Interfacecompatibilityis verifiedthroughout
the build up of the EM. A series of open circuit and mated circuit electrical tests are performe&
during the integrationofeachcomponen~to veri@eachinterface. After theEM is fully assembl~
a performance test is performed to demonstrate functionality and self compatibility of the
componentswithintheEM. Detaileddeftition ofEM testing is describedin tie EM test plans and
procedures.

Spacecraft testing verifks the interface compatibility of the EMs and instruments, evaluates the
functional performance of each of the spacecraft subsystems, demons~tes subsystem
self-compatibility, and vetiles spacecraftpetiormance in simulated mission environments. This
document pertainstospacecraft-level testing; componentandEM testing will only be addressedas
part of the integrationand test programoverview. Additionaldefinitionof spacecraft level testing
is described in the spacecraft test procedures.

3.1.2 Test Categories

For each level of testing discussed in the previous section, theEOS-AM program will utilize four
basic categories of tests: Aliveness,Functional, Performance,and System Characterization. The
following paragraphsdiscuss each of these categories.

Aliveness testing will be used when a quick check of the state of the spacecraft or subsystemsis
requinxl. This testingwill consistof poweringthe subsysteminto a standbymodein orderto verify
that it will receive and process commands and generate telemetry. The intent here is simply to
determine that the subsystemis stilloperatingandnot to determinethe qualityof its operation. This
type of testingmaybeusedat suchtimesaspre-test checks,afterchanges of spacecraftconf@umtion
or location, and prelaunch.

U . . DCC080293
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Functionalverillcation is the exercisingof all commandpaths for the su~systemand verifying the
proper electrical and mechanicalresponse throughtelemetry. All commandpaths, cotilgurations
and operationalmodesof the subsystemWW b OP@ but not ~ comb~tions of ~ese factors”
The intent is to activateallmechanismsandinternalconfigurations,including*tit WW,
withinthesubsystem,demonstratingthatcorrectoperationofthesubsystemisachievedforthat
conilgumtion.Thistypeoftestingisnotusedtoassesstheaccuracyoftheperformancedataan~
therefore,willnotincludetheuseofexternalstimuli.Functionalverificationwillbeusedfollowing
integrationofthesubsystemwiththespacecraftandafterselectedenvironments.

Performancetesting evaluatesthe end-to-end performanceof the subsystemonthe spacecraftand
whether or not the subsystem meets its specifkxl performance requirements. The subsystem is
placed into its various operating modes and then the end-t=nd performanceof the subsystem is
evaluated with the use of external and/or internal stimuli. This testing providesfor determination
of the subsystem’sresponse to stimuli, and the stability of the subsystem output over time and
environmentalconditions.This testingwillbeperformedseveraltimesthroughoutthe I&Tprogram
to provide for a databaseof subsystemperformance,overtime, in orderfor performancetrends to
be evaluated. As a minimum, this testing will be pexformed after integration, prior to and
immediately following environment testing, during the spacecraft thermal vacuum testing, and
prior to and immediatelyfollowing shipmentof the spacecraftto the launch site. This test maybe
petiormed on a stand-alone basis or in combination with other subsystems. For all subsystems,
includinginstruments,this test shouldbe traceableto testingperformedat lowerlevels of assembly.

System Chracterizadon is used to evaluate the response of the entire spacecraft to changes in
subsystem conf@mtion and the environment. It allows for evaluation of the repeatability and
compatibtity of spacecraft performance. For this type of @stig, fl of tie subsystemsW~ ~ in
their normal operationalmodes (Le.,sciencemode,eras close to it as the ambientenvironmentwill
allow) at the same time and the telemetry willbe rnonito-hen cornp~ totieb=e~e
perfonnancsof each subsystem. This comparison will be used to evaluate the effect of each
subsystemand its configurationson the petiormance of every other subsystem. This testing will be
used to study the inter-subsystem compatibilityof the spacecraft. Systemchamcterizationtesting
will include transient tolerance, power profde, RF compatibility and simulatedorbital operations
testing.

3.2 I&T Overview

3.2.1 I&T Planning

Planning of I&T activities begins in the early phases of the spacecraft design process. The I&T
organization is an integral member of the engineeringproduct teams, which provide a systematic
andconcurrentapproachto the design,manufacture,integration,andtest of theEOS-AM hardware.
I&T support of product teams and design reviews promotes incorporation of producibility and
testability into the flight hardware designs. Development of test requirements, tests plans, and
support equipment requirements, in the beginning phases of the program, is another significant
benefit of the concurrentengineering effort
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Earlyinvolvement with the instrument providers is one of the primary focuses of the early I&T
effort. Establishing a mutual understanding of the requirements for delivery of the instruments,
integration to the spacwafL and testing at the spacecraft level is essential for a timely, successful
completionof these tasks. Instrument Accommodationcolloquiawill be held on a regular basis to
developthese requirements. Developmentof the mechanical integrationrequirementswill identify,
amongother things,alignmentprocedures,facility requirements,contaminm“oncontrolprocedures,
ground cooling requirements, and special constraints. Similarly, electrical requirement
developmentwill establish test philosophies and formats, EGSE and IGSE requirements, and any
special test constraints.

Test planning is a large part of the pre-hardware I&T effort. The test requirements developed
through the product teams and instrument accommodation colloquiums are the foundation for the
test plans. Through the development of the test plans, facility and ground support equipment
requirements are identified. The I&T organization is actively involved in the generation of the
supportequipmentspecificationsto assureproperf~ fit andfunction. Timely,accuratedefinition
of support equipment requirements is critical as I&T procedures are dependent
Consequently,the I&T procedures m developed after support equipmentdefinition.

322 Equipment Module Integration and Test

Equipment module integration and test will be perfoxmed by the I&T organizaticm.

on them.

EM I&T
provides risk mitigation through parallel activities and interface verification prior to spacea’aft
integration. Additionalbenefits of the EM I&T approach is the validation of the C&Tdatabase and
data displays,andthe familiarizationwithEM hardware and test routines prior to spacecrafttesting.

Figure 3 illus~tes the typical equipmentmodule assembly andtest flow. Assembly and test of the
EMs will be performed in parallel and independent of each other. Each EM will have a dedicated
Equipment Module Special Test Equipment (EM STE) test station to perform all of its electrical
testing. Each EM STE is an automated computer+ased test set consisting of a SUN Workstation
running OASIS. The commandand teleme~ (C&T) databaseand test modulesutilized duringEM
I&T will be identical to those used during spacecraft I&T.

The assembly of theEMs will begin with installation of flight equipment onto the individual panels
whichmake up a module. Electrical Integration and Checkout (EIC)is a seriesof tests that provides
a safe orderly build-up and functional veriilcation during integration of an equipment module.
Powenxiandunpoweredopencircuit testswill be petiormedtoverify a safeto mateconditionbefo~
any matingoccurs. When all of the equipmentpanels for a particularEM have been assembl~ the
electrical integration of the EM will begin. This consists @mazily of mated circuit electrical
measurements. The individualEM panels will be connected to each other with test harnesses if the
flight harness does not allow this connection with the psnels disassembled A functional test will
be petiormed with the panels electricallyconnected. Aftercompletion of thefunctional test, theEM
panels will be assembled together to create the module assembly.

DCCOS0293 14 . .
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Perfcmnance and environmental testing is performed with the EM ‘in the fully assembled
conf@ration. Petiormance tests will be perfomed before and after environmental testing.
Environmentaltestingis performedtover@ worlananshipand consistsof threeaxis sinevibration,
acoustic exposure, and thexmalcycling (GNC EM testing will include thermal vacuum cycling).
Mass properties measurements will be madejust prior to spacecraft integration.

3.2.3 Spacecraft Bus Integration

3.2.3.1 Mechanical Integration

Integration of the Spacecraftwill begin with the delivery of the com structureassemblyto the I&T
organization. The assembly of the Specraft is a multi-phased activity where groups of related
hardwm are integmted with the core structure assembly. This hardware consists mainly of the
Electrical Accommodation Subsystem (harnesses), Propulsion Module, Solar Array Assembly,
HGA boom and deployment equipment, Equipment Modules, Thermal Control Subsystem, and
structure-mounted components. The Spacecraft integration flow is shownin Figure 4.

‘he f~ gToupof com~nents to be integratedwith the core structureare associatedwith the EAS.
Following the assembly of the Electrical Accommodation Subsystem (EAS), internal Thermal
Control Subsystem (TCS) and Structure and MechanismsSubsystem(SMS)hardware on the core
structure, the qualifkxi Propulsion Module will be integrated. The equipment modules will be
integrated to the Spacecraft next. As each equipment module is install@ any related
structure-mounted components will also be installed and electrically integrated to simplify the
electrical integration of each subsystem. Installation and checkoutof the CHITS assemblies will
be performednext. The HGA assemblyandthe solar may assemblywill be installedfor a fit check
to verify all mechanical and electrical interfaces and then will be removed At this point, the
instrumentswill be installed. This completesthe assemblyactivities associatedwith the Spacecraft
integration flow.

There am several mechanical integration activities which will take place as part of the Spacecraft
test flow shown in Figure 5. Thefmt activitywill be the installationof MU (thermalblankets) and
other flight thermal control hardware pxiorto the Spacecn&tthermal vacuumtest. The HGA and
solar array assemblies will be installed priorto the system acoustics test. The final mechanical
assembly activity during the test flow will be the installation of flight batteries prior to the last
Spacecraft comprehensive pexfomance test and the shipmentof the Spacecraft.

3.2.3.2 Eleetriczd Integration

Spacecraft electical integration is an iterative process in which individual major assemblies are
electrically verified immediatelyfollowingtheir mechanicalintegrationto the spacecraftstructure.
The major assembly integration sequence provides for development of the critical bus resources
necessaxyfor the integration of the subsequentmajor assemblies. Electrical integrationwill verify
performance of the spacecraft bus, including flight software,prior to instrumentintegration.

EIC will be petiomxxi immediately following mechanicalintegration of an EM. A series of open
chwit tests will be performed to verify a safe to mate conditionbefore mating the core harness to
the EM. This is followed by a series of mated circuit electrical measurements. A fictional test is
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then performedto demonstrateproper operationof the EM ThePower fid C&DH/COMMEMs
will be the fimt integrated to provide the necessary power, command and telemetry functions
requiredfcxintegrationof the remain.ing EMs. Figure4 illustratesthe sequenceof EM integration
as well as the other spacwmft integrationactivities. TheFlight SoftwareJnterfaceVefllcation test
wilI be performed after all the EMs have been integrated and verified. This test vetiles flight
software interfaces with the flight hardware. A ComprehensivePerformanceTestis ptxformed as
the final evaluation of the spacecraft bus prior to instmment integration.

Electrical testing during spacecraftintegmtionis performedusing the SpacecraftCheckoutStation
(SCS)(see Section7.1.1.3). The SCSis an automatedcomputer-basedtest set consistingof a SUN
Workstationrunning Operationsand Science JnstxumentSupportSoftware (OASIS). Spacecraft
level test procedureswillutilize thesameC&Tdatabaseand testmodulesthat wereused duringEM
I&T. Testingduring Spacecmftintegrationprovides,in additionto increasedconfidencein the bus
hardware,validation of the proceduresand databasesto be used during Spacecraft testing.

3.2.4 bstrumentIntegration

The instrument integrationprocessis divided into threephases pre+lelivery, pre-integration, and
integration. Each phasewill beplannedin detail throughthe InstrumentAccommodationcolloquia.
These working group meetings will be attended by Martin Marietta Astro Space (Astro Space),
GSFC, and the instrument providers. Detailed descriptionsof these phases can be found in the
Detailed Instnunent-to-Spacecraft IntegrationFlow design note (EOS-DN-SE&I-039).

The pre4elivery activitiesfocuspinmilyon thefabricationanddelivery(totheinstrument
providers)of the following test support device~ instrumentdrilhlignment f-s (DAFs), test
coldplate drill template, test cold plate systems, test kinematic mounts, and test harnesses.
zUtro Space will fabricate and deliver to the IP a DAF. The E%will transfer the mounting hole
pattern from their DAF to their instrument. The DAFswill be utilized by Astro Space to drill the
instrument mountinghole patterns into the spacecraftmountingstructures. The test coldplate drill
template will be used to transfer the coldplatemountinghole patternto the instrumentandcoldplate
assembly. Astro Space will deliver test coldplate systems to the ASTER and MOPI’IT IPs for
thermal control purposes during pre-delivexy and integration instrument testing. Test kinematic
mounts will be delivered to the IPs for use during prdelivery environmentaltesting. Flight-like
test harnesses will be deliveredto ASTERto createa flight-like con.tlgurationduring pre+ielivery
testing.

Pre-integmtion activities include: receipt and inspxtion of the instrument and IGSE at the Astro
Space,East Windsor facility, bench acceptancetesting,and preparationfor spacecraft integration.
The ~ceiving and inspectionprocess officiallyrecords the arrivaIof the hardware at Astro Space
and veriiles that the instrument and IGSE were not visibly damaged during shipment. The BAT
vetiles the instrument is performingproperlyand is ready for integration. The BATis performed
by IP personnel in accordancewith IT-approved procedures. Preparationsfor integration include
any modi13cationsto the instrumentconjuration that are required to prepare it for installation on
the spacecraf~
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All spacecmft accommodation equipment specitlc to an instrument will~beinstalled prior to the
mechanicalintegrationof that instrument. Instrumentintegrationwill beperformedbyAslro Space
personnel,with technical support suppliedby the IP,per an approved fitro Spaceprocedure. The
spacecraftwill be orientedhorizontally with the +Z axis up. Followingmechanicalintegration, the
instrument will be aligned to the spacecraft as specified in the instrument Mechanical Intdace
control Drawing (MICD).

Instrument integration is independent of oxtier however, electrical integration will immediately
followthe mechanicalinte~tion of an instrument. Electrical integrationconsistsof a seriesof tests
thatensurecompatibfity of all electricalspacecmft-t-ti-attiterfwes andtodemon~te the
proper operation of the instrument once it has been fully integrated Electrical integration is
performed in three steps. The fmt step is an open circuit verification to ensure a safe to mate
condition. The secondstep is a matedcircuit test tove@ propemsponse to powerand commands.
The third step is a functional test to verify proper operation of all comman~ dam and power paths
for both primary and redundant hardware and to verify CPHTSinterfaces.

3.23 Spacecraft Test

Spaceaaft testing demonstrates interface compatibility, verifies functional performance of
subsystemsand instruments,characterizesspacecmftselfcompatibilky, demonstratescompatibility
with ground and space networks, and evaluates spacecraft performance in simulated mission
environments. Figure 5 illustrates the spacecraft test flow.

The spacecraftComprehensivePerformanceTest(@T) is a detailedverificationthat the spacm
and subsystems meet performancerequirements, in all operational and contingencymodes, to the
extentthese requirementsare testable. Tbe CPI’is repeated throughoutI&T andwillbe the primary
meansby which the spacecmft’sperformance is trended during I&T. At a minimum the CPT will
be perfomed after instrument integration, during thermal vacuum testing, after environment
testing,just prim to shipment to the launch site, and at the launch site.

Compatibility testing includes self compatibility and spacecm.ft-t~etwork compatibility tests.
Selfcompatibilityischaractetid throughconductedemissionstests, radiatedemissionsandorbital
simulationtests. Conductedemissions tests characteti the effects, on spacecraftperformance,of
powerbus transients and component “noisy” modes. Radiated emissions tests measure worst case
unintentional electromagnetic radiation emanating ftom the spacecraft. orbit simulations
demonstmte the ability of all spacecraft elements to operate in science mode during simulated
mission orbits. Spacecraft-to-nework compatibility tests, utilizing the Compatibility Test Van
(CTV), verify RF compatibility between the EOS-AM spacec~ space network, and
ECOIWEOSDISnemmrk.

Spacecraft-level environmental testing includes themal vacuun acoustic, and pyro shock
environments. Thenm.1vacuumtestingvefiles the capabilityof the spacecrafttomeet performance
spec~lcations while subjected to predictednominal and worst case operatingconditions. The solar
array assembly and the HGA will not be installed during thermal vacuum testing, but they will be
installed during UOUStiC and pyrO shock tf%ting. Further self compatibfity characterization,

DCCOS0293 20



PN20008664,
30 July 1993

L

throughorbitalshmd.ations,willoccurduring this test. Performanceofthe=tiermalcontrolhardware
and accuracy of analytical models will be evaluated during the thermal balance test which is
perfcmnedas part of the thermalvacuum tes~

The acoustic test exposesthe spacecraftto an environmentwhich is 3 dB higher than the predicted
dynamic launch environment. With the spacecraft in the launch configuration, telemetry is
monitoredthroughoutthe test for any unexpectedoccurrences. h alivenesstest will be perfoxmed
before and after the test to verify no degradationto the spacecraft has occumed.

Flight-like pyro assemblieswill be installed and fd for pyro shock testing. Shock response will
be recorded and telemetry monitoredfor unexpected occurrencesduring the ftigs. Solar Army
and HGA deployments will be performed before and after environmental testing to veri@ no
degradationof performancehas occurrd due to the inducedenvironments. Alignmentverification
will also occur before and after environmentaltesting to characterizeenvironmentaleffects.

Mter environmental testing and prior to shipping, flight battery installation, a pre-ship CPT, a
continuousoperationstes~ end-t~nd test and final mass propertieswill be pexformed.

3.2.6 Launch Site Activities

Launch site activities include the transportation of the spacecraft to VandenbergAir Force Base
(VAFB),post-shipment processing, and fial preparations and verification for launch. Figure 6
illustrates the launch site flow.

The spacecraftwillbe shippedto the VAFBlaunchfacility in the modiiledGammaRay Observatory
(GRO)shipping container. Upon anival at the launch site, the spacecraft will be inspected and a
propulsion systemleak checkwill be performed.

Flight battery charging will commence following the leak check, Mter completion of batt.ezy
charging,a CPTwillbe performedtoverify the spacecraftsurvivedthe thecross-countxytransport
The test will be a repeat of the CPT perfoxmedduring spacecraft I&T. The GSE equipment and
spacecraftconjuration will be the same as during spacecmft I&T.

After performance testing is completed, the spacecraft will undergo a final inspection and any
mechanicalcloseoutsthat may be required will be performed (e.g., final arrangement of blankets,
removal of red-tagged items, etc.). AIl non-flight items on the spacecraft will be red-tagged to
ensure removal prior to launch. The batteries will be discharged prior to propellant loading. The
propulsionmodulewill thenbe servicedwith propellantandthe Spacecraftwill be installed into the
launch vehicle fairing. The encapsulatedSpacecraft will then be transportedto the SpaceLaunch
Complex-3 (SLC-3) facility and mated to the booster.

Batterychargingwill be performedfollowing the mate to the launch vehicle. An a.livenesstest will
be performedto validatethe commandandtelemetxylinks andto verifynodarnageto the spacecraft
occurredduring the move to the pad. The compositeelectrical readiness testis then performed to
verifythe spacecraftand launchvehicle commoninterfacesand self compatibilitybetween the two
systems. A launch day dress rehearsal will be pxfoxmed to demonstrate launch readiness of the
flight vehicle systemand launchsupport organizations. Final closeouts,petiormed on launch day,
will include installation of battery enable plugs, removal of fd red tag items, and arming of
spacecraftcminance.
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303 Integration and Test Schedule
.

Figure 7 is the schedule of the major EOS-AM I&T activities. The I&T schedulefor EOS plans
for two eight hour shifts per day, five days per week during ambient testing of the spacecraft,
including instrument integration activities. The remainingtime each week (nightsand weekends)
is reserved for contingency operations. During environmental testing (e.g., therrnalhacuum
testing), the schedulewill be three eight hour shiftsper day,seven&ys per week Figure 8 depicts
the planned shift coveragefor the EOS-AM spacecraft.
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4 ORGANIZATIONAL ROLES AND RESPONSIBILITIES ;

The followingorganizationswill provi& the definedsupportfor the EOS-AM EquipmentModule
and SpacecraftIntegration and Test.

Personnel levelsand experiencewill include thoserequiredto accomplishand suppcnt (1)product
teams, (2) interfaceworkinggroups, (3) GSErequirementsdefinition,(4) contingencyandtest plan
development, (5) integration and test procedure developmen~ (6) manufacture and assembly
operations, (7) I&T operations,and (8) special facility and simulationequipmentopemtion.

Each individualworkingon the test activities of the programis requiredto understandandexercise
safetyrelated practices. Each individual is equally responsible,regardless of job classflcation, to
makerecommendations,immediatelyif necessary,to assure the continuedsafetyof the test article.
The personnel shall appraise themselves of the safety aspect of their assignments. Critical
assignmentssuch as pyro handlers, tug operators, spacecrafthandlers, mattidemate personneland
MGSE operators, shall be specially trained and certifkd by the I&T Management and Quality
Assurance,as appropriate.

4.1 Integration and Test

Astro Space EOS–AMI&T will provi& the following:

a.

b.

c.

d.

e.

f.

g.

h.

i.

j.

Test direction and management

EM and spacecraftproducibility and testability engineeringsupport

Test and facilities planning

EM and SpacecraftTestProcedures development (and TestDirectives) and updates

Test scheduling

EM and spacecraft assembly

Control and ccmductionfor all EM and Spacecraft testing

Pre-test and post-test briefings. These briefings will be held prior to and after every
significant test phase

Preparation and maintenance of appropriatelogbooks

Daily test report generation and distribution

The EOS-AM I&T organizationstructure is shown in Figure 9.

Staffi.igof the I&T team provides that the I&T Managerand other keypersomel are in placeat the
beginning of the developmentphase of the contract to perform the advanceplanningrequired for
the I&T operation.

27 DCC080293



PN20008664
30 July 1993.

Following the deftition of nxpirements for plans and procedures, the staff will be increased to
address the development of these documents.

I&T staff involved with the early project planning maintains a close interface with the program
office Systems and Equipment groups to ensure a thorough understanding of the EOS-AM
components and subsystems. In addition, key I&Ts@ members maintain a tight interface with
Instrument Accommodation and the IPs to facilitate the test information uansfer required for the
EOS-AM integration program.

Testingof theEOS-AM flight hardwareis supportedby key personnelinvolvedwith the initial plan
and procedure development effort to provide continuity of thought and provide the most
knowledgeable SW during this effort.

The following sectionsprovide deftitions of the organizationresponsibilitiesof the EOS-AM I&T
team members.
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4.1.1
.

I&T Manager

The EOS-AM IntegrationandTestManageris responsiblefor the overall integration,tes~ storage,
and launch activities related to the EquipmentPanels and Modules and the Spacecraft. The I&T
Managermporrsdirectlyto theEOS-AMprogramManagerandis the primaryinformationconduit
to the deputy progmrnrnanager+velopmen~

In addition to the activitiesdirectlyrelatedto the spacec~ the I&T manageris responsiblefor the
I&T bay, all Ground Support Equipment (GSE), test equipmen~ and spacecraft documentation,
including test plans, proceduresreports and cor@umtion logs. The I&T manager’sprimary roles
and responsibilities am

a. I&T program performance

b. Manpower planning

c. Facilities planning

d. Test prO~ definition

e. ~ng range test planning

f. I&T operations management

4.12 Test Persomel

4.12.1 Test D~tor

The TestDirector managesthe administrativemattemrelated to the coordinationof the overall test
effort. He is the primary intetiace withhis managementand supportgroupsoutside integrationand
test management. He reviews and approvesall test procedures.

No alterations to theProgramPlan,affectiugtest activitiesalreadyin process,maybe made without
his cognizance and his contact with the test controller. The sole exception is where the Test
Controller is requiredto makeanon-line decisionto protecthardwareor personnelsafety. The test
director’s primary roles and responsibilitiesare:

a.

b.

c.

d

e.

f.

g.

Test planning and scheduling

Facility planning

Manpowerforecasting and scheduling

TestReadiness Reviews

Test coordination

Problem Report Board Chairman

Daily Test Report generation
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4.1.2.2 Test Controller

The Test Controller is the shift leader in whom control of W aspxts of the testing is vested. He
assures that the test article and associated GSEis confi~ accmding to the requiremmfi of that
procedure aud restraMs established by ancillary documents. It is his responsibility to starL
complete, andbr terminate all test activities andrelated supportactivitiesat his discretion. It is his
responsibtity to notify his functional and program managementimmediatelyof all matters related
to hardware safety. He has a near fidl time ~sence in the test laboratory and has ultimate
responsibilityfor spacecrafthealth andbay activities for a givenshM. The test controller’s primary
roles and responsibilities are:

a.

b.

c.

d.

e.

f.

4.102.3

Shift leader

Test floor coordination

Test safety monitoring

Contamination control monitaing

shift planning

Test documentationcontrol

Test Conductor

The Test Conductor supervises the test personnel during the ste~by-step execution of the test
procedure. He stands in for the Test Controllerwhen necessaryand so must be aware of all safety
responsibilities of that position. The Test Conductor’sprimaxyroles and responsibilities are:

a. Test supervision

b. Test configumtion control

4.12.4 Test Engineering

Test Engineefig is part of the I&T organization and reports to the I&T Manager. This group is
fonm=xiaroundthe CDRtime frame and, initially,is responsiblefor developingEquipment Module
test proceduresfrom the EM test plansand with support from subsystemengineers. Test engineers
rely heavily on subsystemengineersduringEM I&T for technicalsup= From CDRthroughEM
I&T, test engineers become knowledgeableabout the hardware and then assumeresponsibility for
that hardware during Spacecraft I&T. Duing Spacecraft I&T, subsystemengineers are expected
to support test engineers as required.

Testengineemare responsible for specflc subsystems. They haveresponsibilityfor developing all
test procedures requtid for testing a given subsystem as well as data evaluation and generation of
test reports. In preparation for EM I&T, they support subsystemengineers in the development of
the I&T database and data displays. During EM I&T, they support subsystem engineers in
troubleshooting and anomaly resolution. During Spacecraft I&T, they are responsible for
troubleshooting and anomalyresolution for their subsystem. TestEngineering’sprimary roles and
responsibilities are:

a. Spacecraft and subsystem test planning
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b. Test produre development

C. Test SUPpOlt

d. Data rtwiew

e. Anomaly nxolution

f. C&T database&velopment

4.2 Ta hppOI’t

4.2.1 Engineering

Engineeringprovidesthe following support to I&ll

a.

b.

c.

d.

e.

f.

g“

h.

i.

j.

k.

Provide the requirementsfor all tests

Reviewandapproveall test proceduresgeneratedto assure that all test requirementsare
included

Participatein the resolution of anomalies that occur

Participate in pre-test and post-test briefing

Supporttest conduction

Generatethe applicableT=t Reports

Supportoff-line analysis

#malyze/EvaluateTestResults

Provide technical support for environment exposure testing

Provide technical support for W subsystems (Power, Thermal, Communication, and
Control) includinginstruments

Provide technical support for I&T Softwaremaintenance

Instrument AccommodationEngineeringprovides the following suppofi

a. Assist IP

1.

2.

3.

4.

5.

Generate test requirements

Technicaldirection and support for spacecraft instrument testing

Lead instrument unique anomaly investigationand resolution

Assist in data review

Preparation of test reports
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b. Focal point for codination with the instrument team 5

c. Liaison with non-resident instrument team

d. Maintain spacecraft instrument database

4.2.2 Marmfkcturing

Manufacturingprovides the fo~owing 511pW

a. Provide semices for support of all hardware transfer to I&T.

b. Provide documentation logs for all components including such information as
matddemate of connectors, test results, and anomaly information.

c. Provide component test information,spec~lcally trending and calibmtion curve data.

4.2.3 Facilities

Facilities provides the following SUPW

a.

b.

c.

d.

e.

Scheduling the availability of the various facilities used by I&T.

Maintaining and refurbishingthe facilities so that they meet the needs of the EOS-AM
program activities.

Providing trained and certified personnel to operate the environmental facilities.

Supporting movement of flight and ground hardware outside controlled areas as
applicable.

Providing a security system to limit access into the EOS-AM integration bay.

4.2.4 Qu@y AmmmdPduct ksurance

Quality Assurance provides the foIlowingsup=

a.

b.

c.

d.

e.

Provide nxeiving inspection for all instruments.

Provide in-lineh-process inspection during assembly and test of the EMs and
Spacecraft.

Assist in resolution of anomalies.

Maintain appropriate logs as applicable such as signi.tlcant events, connector
matekkxnate, and operating times.

Training

4.2S Contamination Control Engineering

The Contamination Control Enghmer is responsible for implementing and enforcing the
requirements of the Contamination ControlPlan PN20001412.
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These requirements include
.

a.

b.

c.

Monitofig the TestBayandEnvironmentiFacfities for acceptableparticlecountsand
molecular deposition levels

Training of personnel in the proper practices and proceduresof hantig hardware in
clean room areas

Supervision of flight hardware cleanings

4.2.6 EOWiM Safety Enginee@

On the EOS-AM pro- SafetyEngineering makes inputs to the following, as applicable:

a. Personnel safety requirements

b. Review of procedures

C. Training

d. Flight and ground hardware design and fabrication

e. Spacecraft integration and test

f. WTR Launch site activities

Where as EHS and the WTR set the ground rules for operation within their facilities. Safety
Engineering acts as a liaison for theEOS-AM programto ensurethat the programis set up to meet
those ground rules.

4.2.7 Environmental Health and Safety

EHS activities include setting the standards as well as monitoringthe test bays and hallways to
ensure that a safe and healthy work environment is being maintainedby the resident Spacti
program. This includes making sure that program activities am complyingto applicableFederal,
State and local laws and regulations affecting the health and safety of the employees and the
environment. Throughout the facilities, EHS is active in emphasizingemployeeawarenessto.

a.

b.

c.

Proper use of personal and equipment safeguards

Recognizing and reporting potential hazards to a manageror HIS

Proper use of safety practices and procedures

4.2.8 NASA-GSFC

NASA-GSFC provides the followhg support:

a. Review this document
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b. Review W Spacecraft level procedures

z

c. Assist in resolution of anomalies

d. Rovide technical suppcxtfor all GFE

e. Provide technical support for all C&EBench AcceptanceTests

f. Provide as required the access to the Compatibility Test Van,EOC, and the TDRSS
satellite

g. IP support fa all instruments
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TEST DOCUMENTATION
.

5

The following sectionsdescribethe test documentationto be developedin order to plan, perform,
and record spacecraft and subsystem test activities. Figure 10 illustrates the implementation of

requirementsfromtheEOS-AMprogram plansanddesigndocumentsinto theI&Tdocumentation.
The documents that containall pertinent informationrelating to spacecraft and subsystem testing
are:

a.

b.

c.

d.

e.

TestProceduresand Data Sheets

Logbooks

TestReports

Non-ConformanceReports

CommandandTelemetryDatabase

5.1 Test Procedure

5.1.1 Test ProeedIIIwGeneration

AU testing of the EOS-AM spacecraft and its subsystems is performed in accordance with
authorized test procedure. Procedws are developed by the I&T qganization based upon
requirements establishedby the engineeringorganizationand describedin the test plans.

The procedures are written in a clear and concise fashion to provide the reader with a complete
understandingof the objectivesand methodsof the tests. Test proceduresare developedin enough
detail to coverall aspectsof each tes~ including:

a.

b.

c.

d.

e.

f.

ii!”

h.

i.

j.

Test article conjuration

GSE conjuration and calibration requirements

Facility controlrequirements

Testoperationinstructions

Special operatingrestraints

Deviationsfrom StandardOperatingProcedures (SOP)

Testparameterswith acceptable minhnax limits

Data collectionand reporting requirements

Special safety constraints

Special contaminationcontrol constraints
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Test planning occum prior to the development of a particular proceciuk. The responsible I&T
engineerreviews the test requirements receivedfkomengintxxi.ngand generates a “TestConcept”.
The Test Concep~written in English, destibes in &tail the approach and activities of the test. It
is n=wiewedby I&T managementand the engineering organization.

Test procedures axe developed fkom their respective Test Concepts. Spacecraft activities are
pexfoxmedin parallel to the extent pmctical. Testing is as automated as practical. Procedures are
createdin the OASISenvironmentusing the Colorado(Universityo~ StandardTestand Operations
Language(CSTOL)test progmmming language. A set of controlled CS70L command sequences,
each having a single defined function, serve as the building blocks for all procedures. Execution
of the procedures are perfoxmed interactively from a SUN Wodcstation running OASIS.
Coordinating manual activities with automated test procedures is accomplished by including
procedure statements that suspend procedureexecution.

Proceduresprovideforreal-time data displaysand data recording throughout testing. The primary
means of recording data is manual measurements made by test pemonnel and automatic
measurements performed by the SCS. Data products resulting from the test procedure are data
sheets containing manual entries, printouts of autonomous measurements, snapshots of telemetry
takenduring the tes~ post-processed telemetrytrendingoutputs,and archivedspacecraft telemetry.

5.1.2 T@-Procedure Software

Testproceduresoftwareconsistsprimarilyof the CS’lXILtestprograms,buildingblocks,and special
FSW memory uploads. Software generated to support test procedures are designed and generated
in a modular fashion and stored on the check+ut station file server after release. All test softwaxE
is tested for proper command format and syntax prior to use.

5.1.3 Approval Prior to Use

All procedures are submitted for an in-house review following their generation. Any comments
receivedduring this reviewcycleare addressedbythe authorandimplemented as appropriate. Mter
incorporationof comments andprior to use, the proceduremustreceive signatureapprovalfrom the
following individuals or organization representatives:

a.

b.

c.

d.

e.

f.

Responsible I&T Engineer

I&T management

Systems Engineering

Instrument Accommodations (only for test documents which involve instruments)

Engineering Program Manager

Product *surance

5.1.4 Procedure Changes

Procedure changes during testing are made in accordance with the Procedure for Control of
Unscheduled Activities During Integration and Veriilcation Testing (20008698). All other
procedural changes are made via a Procedure Change Request (see Section 6.2.10.1).
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5.15 Special Test Procedures

Special purposetests, whichare not part of the approvedI&T program,are pexfcmnedto authorized
test procedures. Procedures for these unscheduled activities are prepared in agreement with the
Procedure for Control of Unscheduled Activities During Integmtion and Verification Testing
(20U08698).

5.2 Logbooks

Logbooks are prepared and maintained during all test phases under the responsibility of the Test
Director. These provide dailynotes includingthe status of the tests perfoxmd the progress of the
shift complete~ any anomaliesencounteredand comectiveaction taken.

5.2.1 Test Operations Logbook

The test operations logbookis writtendaily and includesthe rough draft of the daily test report (see
Section5.3.1).The logbookis maintainedby the test personnelandcontainsnotesof significanttest
related events. The log includes times of spacecraft operation, deviations fkom procedures,
anomalies, and problems encountered. All entxies are time tagged. It contains all significant
information such that the shift’sactivity can be reconstructedas to what ticumed and when.

5.2.2 Mechanical Operations Logbook

The mechanical operations logbook is maintained by the test lead mechanical technician and
contains notes of si@lcant mechanicalintegrationrelated to events thatoccur duringhisher shift
The log includes descriptions of tasks complete~ deviations from ~ocedures, anomalies, and
problemsencountered. All entries are time tagged. It containsall si@lcant informationsuch that
the shift’s activity can be reconstructedas to what occmed and when.

5.2.3 Ground Station Logbook

The test conductor (or a designated alternate) maintains a logbook that contains notes of all
significant events that occur, related to the ground station, during hidher assigned shift This
includesdescriptionsof all anomaliesand comectiveactions,entriesfor all maintenanceperfOrm@
anddescriptionsof anyequipmentreconf@ring. It also servesas thelogfor the data archivaltapes.

5.2.4 Instrumentor’s Logbook

Each i.nstrumentormaintainsa logbookto providehistoricalinformationin regards to the particular
instrument and associatedGSE. The logbook containsas a minimum,instrument operating times,
tests performecLunplannedevents, anomalies,and all xelatedproblemreports. All entries are time
tagged.

5.23 Problem Report Imgbook

TheofficialProblemReportLogbookis maintainedby theTestControllerandremains in the control
room. Chronologicalcontrolnumberingis the test controller’sresponsibility. All originalPRs art
logged through this system. The logbookis maintainedto includecopies and closure status for all
problem reports.
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5.2.6’ MateiDemate Logbook
.

A log is maintainedto record all mates and dernates involvingflight connectors. The log contains
connector refenmce number, date snd time of mate/dernate, initials of technician performing
mateldemate, indicationof mate or demate,and mission assuranceinitialsverifjhg inspection and
witness of mate.

5.3 Ttst Reports

503.1 Daily Test Reports

A Daily Test Report (DIR) for the EOS-AM Spacecraft is preparedunder the supervision of the
Test Director for each test day’s activities. The distribution includes tie NASA~SFC
representative resident at Astro Space as well as the NAWUGSFCProject 0fi3ce.

~ica.lly the DTR includes the foIlowing information:

a.

b.

c.

d.

Brief statement of tests performedand the significantevents which occumx%including
all problem reports

Preliminary evaluation of results

Preliminary conclusions, if any

Plan of next day activities

5.32 System Tkst Report

AS ystem TestReport will be generatedat the completionof everymajor test sequence. This report
‘ contains a data packageincludingpost test analyses,a summaryof the major problemsencountered

and corrective actions, and conclusions andassessmentsof the tests performed. Systemtest reports
am genemted following these test sequences:

a.

b.

c.

d.

e.

f.

&

Mission UniqueIntegration

Instmment Integration

Electrical System Test (including Compatibilityand EMC tests)

Environmental ExposuR (includingThermal Vacuumand Acoustics)

Mechanical Tests (including Shock and Deployment)

Post-Environment/He-Ship (including Leak and End-t*End)

Launch Site

5.4 Non-conformance Reports

All problems relating to procedures, databases,flight hardware,fight software and ground support
equipment are initially documented on ProblemReports (PR). Generationof PR8is encouragedno
matter how trivial the problem. The PR system serves to record items affecting I&T. #myonecan
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generate a PR. Problemreports that are determinedto be flight hardware;orflight softxwmrelated
are documentedon AutomatedDeficiencyReports (ADRs). Descriptions of PR generation and
dispositioningare containedin Section6.1.8 of this documentand in PAPA8.8E. Descriptionsof
~-R generation and dispositioningis contained in
(PS20005397).

53 Test Database

5s.1 C&T Database

the Product *surance ImplementationPlan

The EOS-AM programhas aprogramC&T&tabase. This databasecontainscommandmnemonic,
deftition and execution verification information, telemetry mnemonic, location and calibration
informationas wellas limit setsfor ambientandthermalvacuum testing. I&Tsupportsengineering
in thedevelopmentof thisdatabase. Someof the informationcontainedin this&tabase comesfrom
componenttest information,e.g., calibrationinformationfor analog telem~ sensors.

The I&T C&T database which is used by the GSE sofisvareis extracted horn the program C&T
database. At the start of I&T, the I&T organization assumes responsibility for controlling and
updating the programC&T database. Changesto the database will be performedby the Database
Administrate- (DBA) upon receipt of an approved Database Change Request (DBCR).
Cotilguration control is describedin more detail in Section 6.2.10.

5.52 Data Displays

Data displays are user-defined information used by the GSE software to display telemetry
information in a meaningful way. These data displays permit users to associate text labels with
teleme~ data and to organizethis data such that it is easy to comprehend. The telemetry data can
be displayed in various ways as well, includingforma~ calibrated vs raw and as graphical icons.

5.5.3 Memory Loads

Mostof the EOS-AM instrumentsand the SpacecraftCon@olsComputer(SCC)andthe Command
and Telemetry Interface Unit (CTIU) in the Command and Data Handling (C&DH) Subsystem
contain microprocessors. While the informationrequired to operate these computersis containecL
to someextent, in ROM, manyof themeither require or are capable of beingmtiled via memory
loads. Memory load data is containedin a fde and is transmitted to the appropriatehardware, as
required. In somecases,memo~ loadsareperformedas part of poweringonthe hardware. In other
cases, memory loads serve to define parameters which specify how the hardwareis to operate.

5.6 I&T Library

A library is maintainedfor controlledstorageof I&Tdocumentation. Alllibraryitemsare available
for short term use through sign-out accountability. The following items m contained within the
library:

a. CompletedTestProcdures and Data Sheets
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b. I?mcedureChangeRequests (PCR)

c. Daily TestReports

d. Problem Repmts @R)

e. Offline Data AnalysisProducts

f. Test Directives

g. Test Data TiqXX

h. Commandand TelemetryDatabase

i. Database ChangeRequests (DCR)

j. I&T Conf@ration Control Tapes

k. I&T SpacecraftDmwings

1. IntegrationProcedure and Records (IPR)

m. l?l~ AlterationRecords (FAR)

n. ConfigurationThe Line (CTL)
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6 OPERATIONS

6.1 Test Operations

All test operationsam performed in accordanceto approvedAstro Spaceproceduresand policies.
All deviationsfrom the approvedprogramtest sequenceor AstroSpace opemtingpolicies must be
approval by the PMO andhr auth-g organi=tion. The SpacecraftIntegrationProcedure and
Record (IPR) is the authorizing document for all spacecraft assembly and tkst operations. The
spacecraftIPR providesa top levelroad mapof the spacecraftbuild-up andtest activitiessequence.

6.1.1 T- Readiness

Aformal review is petiorm~ prior to major test activities,to cert@ the readinessof the spacecraft
(or subsys~m), procedures, support equipment, and facilities. The review team is comprised of
representatives from the PMO, Engineering, Quality Assurance, Safety, and I&T organizations.
Test readiness reviews are performed for

a. Initial power application to the spacecraftbus

b. Spacecmft ComprehensivePerformanceEvaluation tests

c. SpacecraftThermal Vacuumtest

d. SpacecraftAcoustic test

The items listed below are reviewedby designatedpemonnelprior to the scheduledTestReacbess
Review ~) andunresolvedmatters investigatedforimput on the plannedtest. The open items,
theirimpact.sandawalkthroughofthe testprocedure= presentedattheTRR. Areviewof the open
items assures that the test objectives are not be compromisedor a safety hazard does not exist.
Authorization to stint testing is decided by the review team based upon the review of open items.
Concurrence by the SE&IManager, Engineering Program Manager,Product Assumnce Project
Engineer, and I&T Manager is required to start testing.

a.

b.

c.

d.

e.

f.

&

h.

Spacecraft Conjuration Time Line (CI’L)

Test Planning

Test Procedures

Test Software

Commandand TelemetryDatabases

Test Equipment (including check of calibrationdates)

Test Set-up and Fixtures

Test Facilities
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i.

j.

k.

1.

Automated DiscrepancyReports (AIXZ)

Problem Reports

hmgration Procedure and Records (IPR)

Flow AlterationRecords (FAR)

m. TestData

6.102 T* Discipline

During spacecraft and subsystem testing, a number of standard test practices are established and
enforcedin orderto ensurea successfulandwellcontrolled test program. The fourprimarypractices
axe: 1)no test is performedwithoutan approvedprocedure and the approvalof the test director and
the responsible systems enginee~ 2) all spacecraft stations are manned wheneverthe spacecraft is
powere@ 3) the instrument ground stations are manned by IP personnel whenever instrument
operation is plannt@ and 4) all anomalies are documented in the problem reporting system (see
Section 6.1.8), no matter how insignificant they may appear at the time of occurrence. The
enforcementof these standard practices is the responsibility of the entire I&T team with ultimate
authorityresiding with the I&T Manager.

In addition to the above, a number of other practices axeused during the I&T program as outlined
below:

a.

b.

c.

d.

e.

f.

g“

The Test Directm schedules and controls all tests at the spacecraft level and the Test
Controller is the shift leader during test (see Section 4.1.2).

A test logbook (see Section 5.2) is maintained for the spacecraft (by the test controller)
and the instruments (by the IP personnel) in which are recorded si~lcant test
information on a shift by shift basis. Signitlcant test infomatkm includes such items as
the time at which a subsystem is turned on or off, what test is being run, the particular
sideof redundantcomponentsunder test, any anomaliesandthe time of their occumence,
and significant events or activities occu.mingduring the shift.

Spacecraft power is OFF for all mechanical activities on the spacecraft including
integration of subsystems, mating and dernating of all connectors, alignment and leak
tests, installation and removal of test stimuli.

Testfuses are installed in line with the flight fusesduring electrical integrationactivities.
These fuses are rated to be less than or equal to the demted value of the flight fuse.

All signalmeasurementsat the connectorintexfacesare made through test tees and break
out boxes. No manual probing of connectors is allowed.

Opemting time for ~dundant components is as balanced as possible.

All ground stations are voice linked during testing and will have a copy of the test
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h. All personsnotifytheshift leaduponenteringthe cleanroomtoleam of anyspecialrules
or exclusionscausedby ongoingactivity in the bay.

i. All personsin the cleanroom= under the supervisionof the shift leader andlor the test
controller,and agree by entering to obey their instructions.

j. All activitieswithin the clean room have the prior approvalof the test director and shift
leaderbeforecommencing. Activitieswhichrequire touchingofflighthardwareorGSE
which interfaceswith flight hardwarerequire the use of an approvedprocedure.

k. No personnelwork alone in any of the test facilities within Astro Space.

6.13 Test Coordination

All EOS testing is pexformedin accordancewith the EOS master scheduleand lower tier spacecraft
integration and test schedules. The schedulesare used for all test activity planning, and reviewed
and updated as required throughthe life of the I&T operation. Individual test flows called out in
the I&T schedulesmaybe modifkd in real-time with the approvalof the EOS I&T manageror his
designate.

Near term schedules are developedto assist in the planning and coordination of activities in the
upcoming 3 and l14ay periods. Daily stand-up meetings are held, at the beginning of fnt shil%
to discuss the previousday’stest activitiesand to reviewthe 3 and ll+by test schedules. Status of
the past 24-hour period includes a brief statement of tests performed and the signitlcant events
which occun@ includingall problem reports. The 3 and 1l-day schedulesare m+=waluatedfor
proper priorities and readiness to pdorm the identified tasks. Decisions agreed upon during the
meeting m+incorporatedinto the I&T schedules and master schedulewhere appropriate.

6.1.4 T@ Performance

Preparation activitiesfor a test beginsmany days before the start of the test. It is the TestDirectors
primary responsibility to coordinate and ve~ readiness of the procedures, test equipmen~
manpower,and facilities required to perform a test.

The Test Con@ollerwill convenea pre-test briefing within 24 hours of the start of the test. This
includes an informal ste~by-step walk through of the test procedure. Attendanceat this meeting
by the test conductor, test technicians, and responsible engineer is mandatory. This meeting
familiarizes the entire test team of the objectives, methodologiesand constraints of the test to be
pcxformed. The meeting also provides a forum for questions for those performingthe test.

All test activities are petiormed to an approvedtest procedure. The Test Conductorsupervises the
test persomel during the stepby-step execution of the test while the Test Controller oversees the
entire integrationandtest operation. Each step of the procedureis initialedupon completionby the
test technician who pexformedthe operation. The TestController initials the bottom of each page
to indicate that all stepshave been properlycompleted and to give consentto proceedwith testing.
During the performance of a procedure, changes and deviations are permitted as described in
Procedurefor Controlof UnscheduledActivities during Integrationand Vtilcation Testingof the
EOS Spacecti EOS Document20008698.
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The typical system level test procedure is a semi-autonomok series of calls to
subsysternlinstrument building block procedures. Execution of the procedure is controlled by
interactionbetweenthe operatorandtheCRTthrougha seriesofpromptsandresponses. Ahardcopy
of the procedure, identical to that being displayed on the CRT,is distributed to all participating
ground stations. The master copy is stamped in md with “Oftlcial Test Copy” and nxna.insat the
SCScontrol console. Via the voice link, the test conductornarrates the significanttest activities as
they occur.

Testdata is collected automaticallyby the SCSin responseto the test softwarebeingexecuted. Data
from ancillary test equipment is recorded manually in the test procedwe and data sheets as directed
by the test procedures. Supplementaldataanddescriptionsof significanttest eventsare enteredinto
the test cmductom logbook All data is annotated with the applicabletes~ date and time obtaine&
and the involved test personnel. Telemetryis continuouslyrecorded on magnetic tape, and in SCS
memory,whenever the spacecraft is powered.

Upon the completion of a test the Test Controller reviewsthe enthe procedure to verify all steps
were properly performed and all associated data was recorded. The Quality Assurance Project
Engineer reviews each page of the procedure to ve~ all steps were performed and the test
objectives were not compromised Data is reviewed by the I&T Test Engineer followed by an
engineering representative. Signed off procdures are permanentlyfiled in the EOS-AM I&T
library (see Section 5.6).

6.15 Instrument Operations

Instrument conf@uation will be maintainedby IP personnelwho will ensure that it is appropriate
for each test to be performed. This includes installation of covers, thermal blankets, purges, etc.
The C&DHand InstrumentI&T ICDSwill be used to documentthe configurationofthe instruments
for each phase of spacecraft I&T including any test constraints.

IP personnel are expected to operate their ground stationswheneverthe instrument is scheduled to
be powered. Following an instrument test or system test in which an instrument participated, the
IP provides a quick look assessment of the test data by the next nwning meeting. This is an
assessmentof the instrumentsreadiness to continuewiththespacecrafttest program. Followingthis
quick look, a report on the complete data analysis is madeto the cognizantAstro SpaceInstrument
AccornrnodationsEngineer when available.

6*L6 Data Evaluation

Real-time, off-line test andpost-test &ta analysesam accomplishedinsufficient depth to ascertain
test success, in accordance with the test requirements. Such evaluation is performed by I&T with
assistance ffom the PMO SystemsEngineering organizationas required. Periodic reviews of such
data by the PMO and the customer am conducted. All test dataanalyzedby any person is annotated
to indicate the level of analysis @oxmed (checkmarb andhr annotations). All data products me
evaluated for out+f-limits conditions. Data involving special instrumentation (such as
accelerometers for acoustic test) are evaluated by the cognimnt engineering group.
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6.1.6.1 Real Time Evaluation
.

Real time analysis is performedto v- proper responseof the spacecraft and that no significant
problems exist prim to breaking configuration of the test. In the event of an anomaly, the test
conf@urationremains unaltereduntil an appropriatereviewis completed. It is imperativethat the
test condition, in the presence of an anomaly,be preserved to facilitate troubleshootingand fault
isolation.

During conduct of a test, Spacecmft data is continuouslymonitored. During normal operations,
critical Spacecraftparametemare monitoredon the CRTandbr remotedisplays. Anyrequiredstrip
charts are obsemed in real time to ver@ test results. Data displayspresent spacecmfttelemetry in
varying formats (i.e., tables, plots) on the CRT. These displays are monitored throughout testing
for out oflimit conditionsor unexplainedoccumences.The CRTdisplayis alsoutilizedto maintain
control of the test sequence. This is achieved by interaction between the operator and the CRT
through a series of prompts and responses, many of which are dependenton obsenfed test results
When test limits are excealt@ the results are automaticallyflagge& Real-time analysis consists
ptiarily of monitoring telemetry to verify spacecraft configuration and no out-of-limits
conditions.

6.1.6.2 Post-Test Analyses - General

Post–test analysis consists of a quick-look at the spacecraft telemetry display printouts and data
manually recorded in the test procedures. The final analysis consists of a detailed review of the
spacecraft telemetry display printouts, manually mxmied data and any data produced by the
ancillary test equipment.

Test data analysis will consist of verifying that the proper test sequence has been @orm@
verifying proper spacecraft nxponse, evaluating spacecmft performance, and trending critical
spacecraftparameters. The test sequenceis generallycontrolledby test software,andconfirmation
that the proper sequence was followed during a testis made by comparingthe telemetry printouts
with the software program. During this process, the proper response of the spacecraft is verifkxl.
Performance is evaluated by comparing the test results to baseline runs andkm predicted
performancedevelopedthroughanalysis. Testresultsfor thoseparametersselectedfor trendingam
cornpamd against previous results and recorded on the trending charts. Additional test data is
obtained through playback of the magnetic tapes containingspacecrafttelemetryrecorded during
testing. These tapes allow for post-test processing of spacecraft telemetg acquired during the
testing.

System engineering produces the System lkst Reports summarizingthe Esults and conclusions of
the major tests (see Section 5.3.2). The qmrt includes a brief description of the tests performed,
deviations from the test plan, problems experienced and resolutions, the final data package,
evaluation of the test mxxdts,and conclusionsregarding the state of the spacecraft.hbsystern.

6.L6.3 ‘IkendData

Trend data is accumulatedthroughout the I&T process. The data is reviewed after each major test
to determine if any meaningfulor observable changeshas occurred The spacecraftparameters to
be trended are specifkd in the Vefilcation Plan for theEOS-AM Spacecraft (PN20005404).
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601s7 Test Abort Criteria

The TestController,orhis alternate,has theauthoxityto stopa testand to takenecessary precautions
as maybe required to ensure the safety ofpmonnel and the spacecraft. Testingmaybe intemupted
for any of the following masons:

a.

b.

c.

d.

e.

f.

Electrical performance of the spacecraft test does not comply with the limits in the
applicable test procedure.

Electrical performance of the spacecraft, although meeting the requirements of the
applicable test procedure,has significantlychanged.

Supportfacilities, includingACpower source, instrumentation,or other test equipmen~
&viate from their specifkd performance.

The spacecraft is physically damaged or is in imminent danger.

A severe electrical storm is in progress.

Anyoneassociatedwith the test feels that continuingwouldpotentiallyresult in damage
to hardware or endangerpersonnel.

6.1.8 Anomaly Resolution

Anytestresponse whichfallsoutsidethe expectedlimits is documentedusingtheproblemreporting
system. Problem qxxts (seeFigure 11)aregeneratedin accordancewithPAPA8.8. If the anomaly
is determined to be flight hardware or flight software relate~ an Automated Deficiency Report
(ADR) is initiated in accordancewith Pm A8.5. Activities that area consequenceof a hardware
or softwarenonconformanceare controlled approved and documentedaccording to the Procedure
for Control of UnscheduledActivities During Integration and Wriilcation Testing (20008698).

A Problem Report meeting is held at regular intem.ls for formal closure of the Problem Reports.
The meetingis chairedby the I&TManager(orhis delegate),withrequiredattenda.nceof the Quality
Assurance Engineer (QA.Q, SE&I manager (or his delegate), and the responsible subsystem or
systemengineer. ‘ihe customerrepmentative attends the meetingsand is providedcopiesof closed
Problem Reports.

Problem Reports that are determined to be hardware Elated are documented on an ADR. In
determiningthe dispositionof the hardware,the QAEwill involverepresentatives as required from
Engineering (Parts, Materhls, Systems, Test, Design, Reliability snd safety), program ~lce,
Product Assurance, includingFailure Analysisand SystemsEffectiveness. Actual troubleshooting
dispositions are made by the Test Director using Test Directives.

The QAE has full responsibility for Automated Deficiency Reports (ADRs) generated during
System Level testing. The QAE in conjunction with the Test Director or I&T manager, directs all
activities required to determine and document on the ADR the failure cause, requin?drework and
the corrective actions necessary to prevent recurrence.
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The QAE,in conjunctionwith theTestDirectororI&Tmanager, provides~ommendeddisposition
instructions to the FRB for approval prim to implementation. me FRB approves all
hardware-related dispositionsresulting horn test failures, with the exceptionof in-place rework of
harnesses. The FRB is chaired by the EOSProduct AssuranceManager or designate and includes
representativesasrequiredfkomI&T,Manufacturing,pm, *fis, Systems.DesigntReWbfiw
and Safety Engineering, ProgxamOilice and Product Assurance. A resident customer (GSFC)
representative also sits on the FRB.

After successfulcompletionof the dispositioninstructions,the QAEensuresclose-out of the ADR.
ADRs closed with open corrective actions continue to be tracked by the QAEand worked to fidl
closure. Followingiidl closureby theQCEtheADRispresentedto theFRB formviewand closeout
approval.

6.1.9 Unscheduled Activities

Unscheduled activities are performed as a consequence of hardware or software failure or
nonconfomnance.Unscheduledactivitiesalso includesituationswhereimmediateactionis required
of the test operatorbyreasons ofpotentialor imminenthazardto theunit undertest or test personnel.
AU unscheduled activities are approv~ documented and controlled in accordance with the
IWcedure for Control of Unscheduled Activities During Integration and Verification Testing
(20008698).

&2 General Operations

All general operations pertbing to the integmtion and test of the spacecraft are performed in
accordance to approvedlktro Space practices and policies. All deviationsfrom the general Astro
Space practices and pcdiciesare approved by the PMO andkmauthmizing organization.

6.2.1 Contamination Control

Contaminationcontrol is provided for integration, test, and transport of the spacecraft. Control of
cleanliness is in accordance with Design Engineering documentation as outlined in the EOS
Contamination Control Plan (PN20001412). Exposed and accessible stufaces are monitomd by
several procedures such as visual inspection,wimess plates, and swab sampling. Visual inspection
of the spacecraft occurs on a regular basis. Tracking of contamination on exposed surfaces of the
Spacecraft is accomplished using witness plates which are analyzed gravimetrically. In addition,
Swab sampling is used to identify contaminants and to indicate magnitudeof deposition..

There are three planned cleanings of the spacecraft during the I&T process (see Figures 4 and 5).
The spacecraftwill becleaned piortoinstrument integration,thermalvacuumtesting,and shipment
to the launch site. Cleaning at the Spacecraft level will be done by I&T in accordance with
procedures and materials specified in Martin Marietta 2613944),which outlines the guidelines for
cleaning components and assemblies at the Spacecraft level. III order to pnxent unnecessary
abmsion of surfaces and generation of static charge, no dry wipingwill be used. Cleaning of GFE
will be by or as approved by the supplier. When not undergoing testing, Spacecraft Bus thermal
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radiators(Ag-Tkflon)willbeprotectedwith anapprovednon-conbkg fti. Sensitiveoptical
surfaces will be protected with appropriate covers at all times, except when the optical unit is
undergoingtesting.

Contamination control requirements for the launch site is defined in the launch site ICD.
Vetilcation includes witnessplate monitoring as speci.fkdby Astro Spw.

6.2.2 Clean Room Practices

3norder to preserve the cleanlinessof the EOS-AM spacecraft,clean room practices,as discussed
in the EOS ContaminationControl Plan (PN20001412),are followed. Access to the clean room
facilities are controlledandall activitiesare monitoredjointly by the designatedI&Tcontamination
controlpersons,QualityAssurancetechnicianandthe ContaminationControlEngineer. In general
the following apply:

a. All persons are escortedinside of the clean room unless they have receivedAstroSpace
training and certification. Training and cetilcation consists of attendance at time
courses:EnvironmentalHealth and Safety(EHS)Familiarization,GeneralCleanRoom
Etiquette and CleanRoom I%ctices for EOS.

b. All persons entering the clean room wear clean room coveralls, hoods~facialmask (to
cover moustachesand beards) and booties. These items are provided by Astro Space
along with appropriate laundry semices.

c. All personsnear to or touchingflight hardwarewill wear approvedglovesexceptwhere
the wearing of gloves could pose a hazard to personnel or flight hardware.

d. It is recommendedthat all instruments be covered with a protective cover as much as
possible during I&T to reduce the accumulationof pticulate contamination. Purging
of instruments is also recommendtxias an additionalmeans of reducing contamination.

All equipment entering the clean room must be clean and compatible with the controlled
environment. A tent is utilized to contain contaminants from incompatible equipment that is
required in the bay. For instrument GSE which is used in the clean rooms at Astro Space, the IP
providesdocumentationand certification that this equipment is clean room compatible. Lkewise
for equipment to be used in the Thermal Vacuum chambers at Astro Space, the IP provides
certification and supporting documentationthat this equipment is non-outgassing and compatible
with use in the Thermal Vacuumenvironment.

6.2.3 Mating and Demating of Connectors

Mating and demating of a flight spacecraft comector is petiomned as separate steps within an
approvedtest procedure. The mating and demating of flight spacecraft connectors are performed
only by those persomel who have received training and are approved by QA. During integration
activities or when repeated mates/demates = planntxL flight connectors are outiltted with
connector savers as required.
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Mating anddernatingof any spacecraftconnector,includingtees and exteriders,are performed with
spacecmftpower off. Unmatedconnectors are protected with dust covers.

All mates anddematesare witnessedby the TestConductorand QualityControlTechnicianand are
entered into the Mate/Demate log. Rior to mating of connectors, a visual inspection of the
connectorsto be matedis performedby the Quaiity ControlTechnician. The technicianrejects any
test tee that is damaged,broken,orcorroded. A problemreport is writtenand the test tee is removed
tiom the test area undl it is repaired. Ifrequir~ both sides are cleanedwith isopropyl alcohol and
allowed to dry before mating.

63.4 Test Tees and Breakout Boxes

Testtees and breakoutboxesareutilizedduringEM, instrumentintegration,andanomalyresolution
testing for measuring electrical signals. Bmalcoutboxes are not planned for use during spacecraft
level testing. Breakout boxed and test tees remain in the clean area and am stmed in a designated
cabinet with dust covers installed. Usage of any test tee with the spacecraft requires the following
stew

a.

b.

c.

d.

e.

f.

Test tee integrity is maintainedby storage in specialcabinets. Anyquestionabletest tee
is subjected to a continuity and resistance test prior to use.

The QualityAssuranceTechnicianvisually inspectsall pins prior to use. The technician
rejects any tee that is&image& broken, or C- and if reqti C1=S ti sockefi
and pins with alcohoL

A qualifiedTestTechnicianor Final ~embly Wnman vties connectordesignation
and orientationand insert the tee into the box and/orharnessconnector. Witnessingand
logging of test tee matingkkxnatingfollows the flight connector mate procedure. The
serial number of the tees and breakout boxes is remrded in the Mate/Demate logbook.

The breakout box is inserted into the test tee standard interface connector.

The breakoutbox is supportedsuch that its weight placesno stress on the flight harness.

Flight fuses are buffered at the derated value of the flight fuse, or as specified by the
Electrical Systems Engineer, in special fise buffexedconnectors. Fuse buffers m
continuity checked before and after use.

Test tees are removed after completion of the test requiring their use except when necessary for
troubleshooting. The test tee is immediately returned to storage upon removal.

6.23 Connection of External Leads to Spacecraft

GSEinterconnectioncabling matingand demating is performedin accordancewith the established
proceduresformating test teesandflight comectors. Testleadsaredisconnectedfiom thespacecraft
if monitoringor measurementsarenot in progress. Disconnectionoftestleads is from the spacecraft
fmt and then from the measurementdevice.
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Test DVM leads have in line protective fuses with .2.5amp maxirn~ rating. Oscilloscope
measurementsam made using differentialinput probes.

62.6 Grounding Restraints

All test equipment which directly interfaces with the spacecraft has its chassis connected to
spacecraft ground and is isolatd from building or safety ground. Isolation transformers are used
for all test equipment which will connect directly to the spat- The isolation transformer is
wiredsuch that buildingor safetygroundconnectionsamleftopen. Thetransformercase andsafety
ground are connected to spacecraftground.

6.2.7 Electrostatic Discharge Precautions

Special handling pcdures are required to protect the spacecraft horn Electrostatic Discharge
(ESD) related damage. ESD precautionsare defined in the ElectrostaticDischarge Conlrol Plan
(3261414).

6.2.8 ‘Ikaining

Trainingprovides the I&Tpersonnelthenecessaryskillsandlmowledgem@red to safelyintegrate
and test the spacecraf~ Training includes standardpractices,equipmentoperation,personnel and
hardware safety, clean room practices, and spacecraft handling. Contributions to the training
cuniculum come from EHS, SafetyEngineering,Quality Assurance,ContaminationControl, and
Environmental Test Facilitkx groups. Individuals are trained in the areas n3quired for their
responsibilities. The following training is available

a.

b.

c.

d.

e.

f.

l?”

h.

i.

j“

k.

1.

m.

EOS I&T Operations

Spacecraft Handling

ESD

Connector Mating/Demating

Wireman Cer@3cation

Soldering

Crimping

EHs I%actices

Clean Room Practices

SCS Operations

Special Test Equipment Operations

Three kis Positioner Operations

Crane Operations
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629 Safety

All I&T activities are performed in accordance with the safety practices established in the Astro
Spaceoperatingpoliciesand approvedEOS procedures. These policiesaredesignedto fmt protect
personnel and secondly to protect the flight hardware. Strict adherence to safety rules is the top
priority of the I&T bay operations. Monitoring of bay operations for safe practices is the
responsibility of everycmewith ultimate authority residing with the I&T Manager. The Safety
orgation grantsfdapprovalforti safetypoliciesandperformsroutine insp@ons of thebays.
An ovemiew of the general safety practices is given in the following sections.

6.2.9.1 Safety of Personnel

No one is exposed to any hazardous environment without understanding the necessary safety
information, following the appropriate precautionary measures, and properly using the correct
protective devices.

No test procedure is acceptedfor use, unless it providesfor completeisolationof all personnelfrom
hazardous conditions involved in the test setup. The Test Controller has authority to refuse
acceptance on this basis.

Unless at least two people are presen~ neither the equipmentunder test nor the test equipment is
energized.

AUpersonnel handling, installing, or ~tig to Mw*E@~ive Devi~ -s) ~ @fid
through the Astro Space Explosive Handling course.

Persomel are required to wear hardhats when in the immediatearea of overheadcranes in use.

All work platfcmnsare required to be equipped with guard roils and toe boards.

No personnel are Wowed to work under a suspendedload.

Ammonia sensors are utilized in all work areas to detect leaks in the spacecmftand test coldplates.

6.2.9.2 Product Safety

Test personnel= instructedby the I&TEngineer in theproperuse of equipmentand spectilc safety
aspects of each operation.

All equipment under test and test equipment is contirndly obsemd to detect tendencies toward
malfunctioning, especially equipment which could cause destruction. Any indication of
malfunctioning is cause for powefig down the affected equipment and returning it to the proper
repair activity.

Test equipment is used only in ways prescribed in written test procedures.

Test equipment is not used if the calibration schedule has expired.

There is no planned testing with test equipment where calibmtion is expected to expire during the
course of the tes~
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Fa@ equipmentof any kind is plainly tagg~ to prevent further use un=tireps.imd. ‘

Each test setup is connectedto the buildinggroun~ at a rn.inimumof one point. This connection
is madebefore any equipmentis energizedand is not removed until the setup is dismantled.

Every connectorto ac house powermust contain a third wire to the ac system ground.

All high-voltage terminals are be enclosed behind appropriate covers to prevent access to them
while in operation.

Equipmentflows are planned to minimize the amount of handlingand movement.

All tools are tetheredwhen personnelare workingabove any part of the spacecraft

6.2.10 Configuration Control

The I&T organization has the responsibility for configuration control of the program
commandhelemetry database and integration and test procdures. This does not include test
softwaredevelopedby softwareengineeringor GSEengineering. Only informationandequipment
that is under conf@urationcontrol is used to assemble and test flight hardware.

Each time anew baselineis generated,it is permanentlyarchived. This makes it possibleto restore
a previousve&ion,if necessary. A memois also generatedto documentthe changesthat havebeen
made and to notify the Test Director of which version is now available. Verificationthat this is
indeed the version being used is the responsibility of the Test Director as part of verifjzingtest
readiness.

6.2.10.1 ‘I&t Procedures and Integration Procedure and Reeords

TestProcedures (TPs) and IntegrationProcedure and Records (lPRs) are configuration controlled
byI&T. This informationis maintainedin electronicform on theEOS-AM IntegratedInformation
System(JIS). It is availablein mad-only form to anyonesupportingthe program. Changesto these
documentsrequht an approvedprocedure ChangeRequest (PCR).

TPs and II% are approved@or to use. Any signtilcant changeto these documentsafter theyhave
beenapprovedrequiresthat theyberesubmittedforapproval. Thefollowingsignaturesarerequired
for approval

& ResponsibleEngineer

b. E(3S-AM SE&I Manager

c. EOS-AM Engineeringprogram Manager

d. EOSAM Product AssuranceProject Engineer

e. EOS-AM Test Director

Once the TP or IPR has been approved, it is placed under conf@urationcontrol. Changes are
permitted with an approvedPCR. The PCR provides detailed informationas to the changesbeing
made to the document. ‘Ihe followingsignatures are required for PCR approval:

a. ResponsibleEngineer
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b. EOS-AM SE&I Manager

c. EOS-AM IWduct AssuranceProject Engineer

d. EOS-AM Test Director

‘ITsand IPRs m maintainedin an electronicas well as hardcopyform. &sembly and test activi~
can only be pexformedwith the procedure in hardcopy. This document will have “Official Test
Copy” stamped in red ink on every page. Anew copy of the document is required whenever the
activityis tobe repeated. YrIaddition,theTestControllerverWesthatthecurrenthardcopydocument
is consistent with the electronic version prior to the start of an activity.

During the performance of a procedure, changes and &viations will be permitted as described in
I%ocedurefor Control of UnscheduledActivitiesduring Integrationand VeriilcationTestingof the
EOSSpacecri@ EOSDocument20008698. Anypermanentchangesma&during the performance
of a procedure result in the genemtion of a Problem Report (PR) against the procedure at the end
of the activi~. This PR is only closed after a PCR has been approved for the procedure and the
changes have ken incorporated.

6.2.102 T~ Database and CSTOL Procedures

Configuration control of the test database and CSTOL procedures (often referred to as building
blocks) is the responsibility of the I&T organization. This informationis maintainedelectronically
on the JIS and is availablein read-only form to anyone supportingEOS-AM I&T. Initial submittal
of and subsequent changes to this information require an approved Database Change Request
(DCR). The following signaturesare required for DCR approvak

a.

b.

c.

Responsible Engineer

EOS-AM SE&I Manager

EOS-AM Test Director
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7 TEST SUPPORT REQUIRWENTS

7.1 Support Equipment

Electrical and mechanical ground support equipment (EGSE and MGSE) provide the resources
required to integrate, test and transport the EOS-AM Spat- The intent of this section is to
provide an overview of the EGSE and MGSE utilized dtuing spacecm.ftI&T and launch site
activities. Detailed defition of the support equipment is contained in the Ground Support
EquipmentRequirementsDocument (GSERD)20001430.

7.1.1 Electrical Ground SUppOrtE@pmeIlt

The EGSE is comprised of the Spacecraft checkout station, equipment module special test
equipment (EM STE), Spacecraft interface simulator(S1S),and launch supportequipment (LSE).
The major EGSE systems are of modular design and can accommodatea wide range of hardware
and test confQurations. Most of the EGSE systemsprovi& computer+ven test capability and
automated or computer–assisted test data collection, reduction, summ@zation, analysis, and
display. The major EGSE systems are identifkd in Figure 12.

7.1.1.1 Spacecraft Interface Simulator

The SIS is used at the various facilities where EOS Spacecraft instruments me developed to
demonstratethe compatibilityof the electrical interfacesbetweenthe instrumentand the Spacecraft
bus. The elecaical interfaces include Spacecraftpowersimulation,sciencebus and high-rate data
link interfaces, and BDU command and telemetry services, Time Mark and Frequency Bus
interfaces, and Commandand TelemetryBus interfaces. The SIS is designedfor transportability
betweenAstro Space and IP locations. The SIS is anautomatedcomputer-based test set consisting
of a SUNWorkstationrunning OASIS. Instrumenttests are developedin the OASISenvironment,
thus allowingfor the identical test modulesto be utilizedduring spacecraftI&Tin the SCS OASIS
environmen~ The SK is not planned for use during spacecraftI&T.

7.1.1.2 Equipment Module Special Test Equipment

The EM STE group is comprised of five different types of test stations that are used during EM
assembly and test. These stations are computer-based and operate in a stand-alone conf@uration
to provide the appropriateenvironmentfor functionaltesting of the particularEM. The stations am
interfaced to the SCS Test LAN for the purpose of downloadingsoftware or uploading test data.
During spacecraft I&T the primary roles of the EM stations am offline EM testing and to provide
redundant hardwarefor the SCS.

7.1.13 Spacecraft Checkout Station

The SCS contains the majority of the Spacecraft-level test equipmen~and is cotilgured as shown
in Figure 13. The SCSinterfacesto the Spacecraftvia the test pa% solarmay connector,umbilical
connection point, S-band omni antenna connections, high gain antenna connector or HGA test
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Figure 12. Spacecraft Electrical Ground Support Equipment (EGSE)

connections, DAS antenna connections, and certain EM test connectors. The SCS provides
command, telemetry, and science data handling services. The SCS also provides power to the
Spacecraftdc bus,and stimulito the GN&Csensors. Comp~hensive Spacecrafttests am supported
once all EMs are installed.

The majority of the SCSequipmentis remotely located from the spacecraft in an effort to mhimize
Wlc and equipment around the spacecraft. The main computer, operator workstations, and
instrument GSE are located in the spacecraft test cormol room (see Section 7.3.6). The Bay 8
mezzanine (see Section 7.3.7) houses GSE that must be located close to the spacecraft. This
equipment includes the power control racks, RF uplink and downlink equipmen~ and target
controllers. Communicationsbetween the remote-located equipment occur via the Ethernet Test
LAN. The only support equipment required in Bay 8 is the Ku- and X-band downconvertersand
the CPHTS ground cooling equipmen~
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7.1.1.4 Test Coldplate Systems

The Test Coldplate Systems (TCPS) provide ground cooling of the instruments ASTER SWIR,
ASTERTIR,and MOPITT. In flight cooling of these instruments is provided by the Capillary
pumped Heat Tmnsport Systems (CHITS). The TCPS simulate cooling characteristics of the
CPHTSSduring instrument bench tests and during phases of spaceaaft level integration and test
when the CPHTSSare not operating. The TCPS assembly at the Spacecraft level consists of a
recirculating chiller, a Data Acquisition and Control System (DACS) and auxiliary equipment
which plumb to the test channels of the ilight cold plate.

7.1.1.5 CPHTS Ground Cool@ System

The Ground Cooling Systems for the CPHTS provide cooling of the flight radiators during their
veritlcation. These systems consists of a ~circulating chiller, a control and monitoring system, a
heat exchanger for each unique radiator and auxiliary equipment.

7.1.1.6 Launch Support Equipment

The launch support equipment (LSE) provides electrical power to the ‘Spacecraft through the
umbilicalharnessduringprelaunchcheckout. TheHE alsoinclu&s separatebatterychargerpower
supplies for the Spacecraft batteries and acquisition circuitry for monitoring critical Spacecraft
parameters while on the launch vehicle. The LSE, in close proximity to the launch vehicle,
interfaces command and telemetry traffic between the Spacecraftand the remotely-located SCS.

7.12 Mechanical Ground Support Equipment

Variousmechanical, electromechanical,and pneumatic-mechanical equipmentis use~ to support
and manipulate the primaryEOS-AM Spacecraft,throughoutthe variousstages of I&T and launch
site activities. Table I provides a description of the MGSE used to supportthe vetilcation of the
EOS-AM Spacecraft.

Table I. EOS Spacecraft MGSE

r Spacecraft Level MGSE Fii

1. Three-Axis Positioner Spacecraft integrationf~ture “rolls” Spacecraft
structure *180 deg. along horizontal axis (“x”) for
installation of mass models, Instruments,Equipment
Modules, etc. Alsorotates Spacecraft about its “z” or
“y” axis Othrough 90 deg. to bring Spacecraft “x”
axis from horizontal to vertical

T
2. Spacecraft Horizontal Lift Sling Countenveighted “H” beam sling used to transfer the

Spacecraft horizontally (“b” or “~” up), in various
e.g. cor@urations, between~erent fixtures, e.g.,
TAPto METS
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Tahk 1. FY)R Spacecraft MGSE (Continued----- - —-- -.--- —-. -.————, _ ——_—.— .-,

Spacecraft Lev;MGSE Fixtures (Continued)

3. SpacecraftVerticalLift Sling “Y” shapedstructural slingused to lift and transfer
the Spacecraftvertically (“+x”up only), in various
e.g. conjurations, betweendifferentfixtures, e.g.,
TN to PrecisionRotary Table

4. SpacecraftAft MGSE Booster Replaces, and interfaceswith same Spacecraft“-x”
Adapter nodes as, il.ightBoosterAdapter (BA). Serves as the

Spacecraft’sinterface betweenits primary structure
and the MGSEfor handling(rotating,shipping,etc.)
and testing (acoustic,T/V,etc.)

5. Spacecraft to ShippingContainer Servesas the major structuralsuppor4in conjunction
Aft Adapter with the MGSEBA fm the assembledSpacecraft

during shippingas well as providingthe aft intetiace
to the GRO shippingcontainer

6. Spacecraft to ShippingContainer Provides single axis structuralsupportfor the
Forward Adapter assembledSpacecraftduring shippingas well as

providingthe fonvard interfaceto the GRO shipping
container

7. Leak Test Bag Airtightenclosureused to contain and detect gaseous
leakshorn the SpacecraftThexmalControl Subsystem
and PropulsionSubsystem

8. Spacecraft ShippingContainer Environmentallycontrolled (temperature,humidity,
and cleanlinesslevels) “hard”protectiveenclosure
whichhouses and structurallysupportsthe completely
assembledSpacecraftand adaptersfor “over the
road”, air, and sea travel (modifkd GROAJARS
container)

). VerticalTest Stand (Acoustic) Mobile structuraltie which interfaces to the flight
Booster Adapterand supportsthe full-up Spacecraft
in a vertical (“+x” up) attitudeduring the acoustic test

.0. EMI TestFixture Individual “RF’ absorbers,(hat shaped),strategically
placed near the spacecraftto absorbRF energy
throughoutSpacecraftlevel EMI testing

.1. Hotiontal Test Stand (UARS Fixture used for Spacecraftenvironmentaltests in a
METS) fm certain I&T activities, horizontal configuration,e.g., thermal-vacuum. May
e.g., Propulsion Module also be used to positionSpacecraftand provide access

Installation.
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Table L EOS Spa- MGSE (Contiud)

Spacecraft Level MGSE Fktures (Contiued)

12. Static Load TestFixtuR Structural stand which supports the complew
Spa- stru- with mass models and reacts
specified loads applied to the Spa- strut-at
specific points which simulate worst case load
COIltiti~ hlC@ during launch

13. Modal TestFuture Rigid plate desigmd for stiffnms used to support the
Spacecraft stmcture with mass modeh dtig “M@
ilequency” mode tests

,. ~0 Shock FixtIw Ad&m to the acoustic test fixture which will catch
the fired pyro bolts and the flight Booster Adapter
during separationtests

. Mass Properties Adapter Interface adapter between payload and mass
properties fmtun%

;. HGA Boom Spacecrti Fixture used to offset “lG” effects during

Deployment Support System Spacecraft-level deployment tests of the HGA
hingdboom assembly

~. SOhU my Assembly SPa_ Fixtuxeused to offset “lG effects during

Development Test Fixture Spacecraft-level deployment tests of the Soh Army
-SY -1st stage full deployment& partial blank@

Su
I *pi0p3m excursim

lbassembly tiVd MGSE Fixture

1. Proof Test Equipment Test fixnue for running proof tests on all Spacecti
handling and test fixtures, e.g., TAP,METS, Shipping
Container, EMI Fixture

Thermal-Vac~ Support Equipment

I’hennal-VacuumBaffles Laqgecurtains which zone off the thermal-vacuum
chamber to present the required view factors to the
various Instrumentsand Equipment Modules mountd
on the Spacecti

Thermal-Vwuum Cold Plates Individud plates used to simulate the space environ-
ment for those Instruments and Equipment Modules
whose fields of view to the chamber walls or baffles
are blocked by Spacti strucc or other InstnI-
ments, etc.

Therms.1-VwuumTargetPallet Support strut- which holds and positions simulated
space targets for various Instruments inside the cham-
ber during thermal-vacuum testing

Thermal-Vacuum Cold Plate SUP SuppOfistrucms for portable cryopmels (cold
plates)
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Table L EOS Spacecraft MGSE (Continued) ~

Thermal-Vacuum Support Equipment (Continued)

5. Ssu support Support structurefor SequentialShunt Unit during
room ambient and thermal-vacuum tests

[
6. ChamberPenetrationPlates Stainless steel plates with connectors or special fit-

tings allowing electrical signals or purge tubes to pass
through the thermal-vacuum chamber wall to the
Spacecraft Instrumentsduring thermal-vacuum tests

Mechanicallaunchsupportequipment(LSE)isneededto manipulatetheSpacecra.%its appendages,
andinstrumentsfor thepurposeof establishingthe launchconilgu.rationafter shipmentto thelaunch
site. Groundtransportationfutures and containers are providedby the launch vehicle contractor
to protect and transport the Spacecraftand its related equipment between the several prelaunch
facilities.

For those instrumentsusing CPHTScoldplates for thermal control, ground support equipmentis
providedto supportSpacecraftI&T. Flight coldplatesinclude separatecqding channels, capable
of carrying a non-ammonia fluid and being connected to a GSE cooling system to achieve
instrument thermal control for ground tests other than thermal performance tests. This system is
available for supportinginstrumentcoolingwhenSpacecrafttest orientationsdo not allow CPHTS
operation in CPL or reflux mode.

Additional air-conditioned cooling capabilities am provided to support housekeeping bus and
Spacecraft testing in an ambientenvironment.

7.13 Instrument Ground Support Equipment

InstrumentprovidersdeliverallEGSE andMGSEnecessaryto supportinstrument1&T.A separate
instrument ground station =a is provided for each instrument. This area is located next to the
spacecraft control room.

7.2 support software

The softwarethat is used to supportI&Tconsists of two categoriesof software. The fmt is resident
in the GSEhardwareand is used to operatethat spec~lc piece of hardware, and is often referred to
as GSEfmware. The other categoryof software is that software which is more general purpose
in nanue and supports the automatedtesting of the flight hardware and the off-line data analysis.
All of this softwareis completelytested and veritled prior to the initiation of Integration andTest.
Updates are made, as required, using standard methodology.

7.2.1 GSE Firmware

GSE firmware is resident in the racks which it controls. It is often tailored to the application.
Examples include software to coordinate command distribution and telemetry collection from
variouschassisin therack andimplementationofa statediagramto ensurethat theproper sequences
paformed or conilgurations maintainedto pevent darnageto flight hardware.
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722 Test Software

This software consists of Astro Space-developed, GFE and commemial Off The Shelf (COTS)
software. The on-line, or real-time, software consists primarily of the GFE OASIS software.
OASIS provides an automated test capability through the control language CSTOL. OASIS also
providesthe ability to camnandsndcon.tlgure GSE,comrnan~ control and test the flight hardware,
and collect, distribute, process, display and limit check GSE and flight hardware telemetry.

Theoff-line softwaresupportsdataanalysis,trending,report generationandtelemetrydata archival.
Some of the reports that are generated include:

a.

b.

c.

d.

Command‘llansmission report-List of commands that wem transmitted and whether
or not they wem properly executed

Out of Limits Summary report-List of telemetry items that were out of limits

Data Qualityreport - Summaryof how many telemetry frames were lost or considered
to be bad

Opemting Time Summary report - Summary of how long various flight components
have been in a particular state

This software consists of Mro Space+ieveloped and COTS software. The COTS product
PV-Wave is used for data analysis.

7.3 Facilities

This section describes the Astro Spacefacilities that are used to support the integration and test of
the EOS-AM spacecraft. The facility floor plan is shown in Figure 14.

7.3.1 Shipping and Receiving Area

All hardware arriving at the Astro Space, East Windsor,NJ plant is delivered to the Shipping and
Receiving Area at the east side of building 409. This area is a standard shipping dock capable of
handling equipment which can be offloaded manually or with a fork lift. Equipment must pass
through a door 7.5 feet wide x 8 feet high. Equipment requiring an overhead crane or which will
not fit throughthe areadoor is oflloadedat theeast endofbuilding417. The ShippingandReceiving
Area is located approximately 300 yards awayfrom the Bench AcceptanceTest Clean Room. The
hallway between these two facilities is slightly more than 7 feet wide and it is not environmentally
controlled. AU equipment must be received and inspected before being moved to the Bench
Acceptance Test area.

7.3,2 Bench Acceptance Test Control Room

The BAT Control Room is 35 feet long and 15 feet wide. It is located adjacent to the Bench
AcceptanceTwt CleanRoom and contains feedthroughs directly into the cleanroom. Windows in
the room provide visibility into the clean room. Access to the room is provided by a double door
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located in the rear of the room. All non-clean-room-compatible IGSE:re@red for instrument
testing is located in this room. It is sized to permit simultaneousprocessing of two instruments.
Electrical powerrequirementsdocumentedin the I&T ICI) will be accommodated. A floorpkm of
the BATarea is shown in Figure 15.

7.33 Bench Acceptance Test Clean Room

The BATClean Room is an environmentallycontrolled room dedicated to EOS.instruments for
testingandprocessingpriorto spacecraftintegration. It is44feet long, 35feet wideand 14feet high,
and is sizedto permit simultaneousprocessingof two instruments. It is rnaintahwdat Class 10,000.
It is temperature and humidity controlled.

Equipmententers the room througha 12’x12’sliding door. Personnelaccess is provided via an air
shower by a separate door. The room does not have an air lock A portable two ton crane with a
11’hook height is providedfor lifting operations. Air, vacuumand Gl@connections are available
on the wall at multiple locationsin theroom. Electrical powerrequirementsdocumentedin the I&T
ICI) will be accommodated. A floor plan of the BATam is shown in Figure 15.
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793.4 39foot Thermal Vacuum Chamber

The 35-Foot Thermal VacuumChamberhas a workingdiameter of 35 feet and an inside height of
45 feet. The sideapening 49-foot diameter main door is removableand allows for loadingfully
integratedtest itemsat floor level. At ambientconditions,it is temperatureandhurniditycontrolled,
and maintainedat Class 10,000. Using two mechanicalroughing tmins and six 48-inch cryogenic
pumps, a pmssum of 5xl@ TOITis achievedafter 24 hours.

The interior surfaces of the 35-Foot ThexmalVacuumChamber are maintahied at extremelylow
temperaturesto simulatethe low energy,absorbingcharacteristicsof space. These stufacesconsist
of a system of eight independentlycontrolledblack cooling panels (shroud)which line the walls,
ceding and floor, and throughwhich gaseous or liquid nitrogen or brine is circulated. Each panel
can be individually thermally controlled from +125 to-185 ‘C when liquid nitrogen is used. All
surfacesfacing the test article have an emissivity of ~.95.

Thereis a 5 ton cranelocatedon thecenterline of thecharnberceiling,andthree3-ton craneslocated
120° ap~ 13feet from the ceiling centerline. Personnel access is provided by a 6.5-foot door.
Penetrations for GSE are provided. Chamber instrumentation includes 580 channels for
thermocouples (460 channels for the unit under test and 120 channels‘for the facility) and a
200 AMU residual gas analyzer (by prior arrangement). Emergencypower is available.

7.3s Acoustic Chamber

The AcousticChamberis arein.forcedconcreterevexi)erantnoisetestchamberdesignedforacoustic
genemteddynamic simulationtesting. The acousticenergy is generatedby a flow of nitrogengas,
whichis frequencycontrolledby twoWyleWAS3000air streammodulatorsand twoLingEPT 200
modulatms,andtemperaturecontrolledto 20°Ci5°C. Upto eightmicrophoneswithinthechamber
measurethe acousticlevels,whichfor test areup to 155dBandhavea shapedfkequencyrangeffom
25 to 10,000Hz.. The chamber is equipped with safety interlocks and an air ventilation system.
At ambient conditions,it is temperatureand humidity controlled, and maintained at Class 10,000.

The AcousticChamberis 31.5feet wide,41.8feet deep, and 45.5feethigh. The side+pening door
is 25 feet wide by 45 feet high.

7.3.6 Spacecraft Test Control Room

The SpacecraftTestControlRoom is locatedon thefourthfloor of building417,overlookingBay 8.
It is approximately15feet longand 10feet wide. All spacecraft testingis controlledfrom this room
by the Test Controller and Test Conductor. The Control Room contains all test-related
documentation. All test stations, including the instrument ground stations, are voice-linked with
the Control Room.

7.3.7 Bay 8 Mezzanine.’

The Bay 8 Mezzanineis locatedon the secondfloor of building 417immediatelyadjacentto Bay 8.
It is located above the Bay 8 air lock and shower. It is approximately41 feet long and 8 feet high.
Half of the area is 20 feet wide. The other half of the area is 12 feet wide. It is used for
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non+lean-roorn-compatible GSE that must be located close (within 100feet) to the spacecraft
If spacepermits, it is also usedfor clean=room-compatibleGSE that can be located up to 100feet
from the spacecraft in an attempt to minbize clutter around the spaceaaft.

The mezzanine is a raised floor am which accommodates the electrical power mqdrements
dcmmented in the I&T ICD. Personnel access is provided by a door on the first floor. Access is
controlled with a cypher lock. Access for equipment is provided by a double door (5 feet wide x
7 feet high) on the secondfloor whichopens into the building 417 corridor. A forklift and special
equipment loading platfcmnare used to move equipment into the mezzanine.

The Bay 8 Mezzaninelocation is shownin Figwe 16.

7.3.8 Instrument Ground Station Area

TheInstrumentGroundStationArea is located on the fourth floor of building 417, adjacent to the
SpacecraftTest ControlRoom and SpacecraftCheckoutStation. Each instrument is providcxlwith
a ground station area of ap~oximately 150-200 square f=~ Separate office space is provided.

The ground station mea accommodatesthe electrical power requirements documented in the I&T
ICD. The area provides fluorescent lighting and forced air cooling (three 115,000 BTU air
conditioners), and has a mised floor. The ceiling height is approximately8 feet

Access to the fourth floor is provided by an elevator which has a door opening of 35 feet wide x
7 feet high. The elevator is 6.5 feet deep and rated to lift up to 3000 lbs.

73.9 Integration Bay 8

Integmtion Bay 8 is located in building 417. It is 112feet lcmg,64 feet wide and 65 feet high. It
contains a seismic mass which is 70 feet long, 45 feet wide and 6 feet deep. On top of the seismic
mass is a 100 ton, 13 feet diameter precisionrotary table which is used for spacecmft alignmen~
The baycontainsa 20ton anda 5 ton crane,each with a hookheight of 55feet. It has a larninarflow
air handling system which controls the cleanliness of the bay to better than Class 10,000. The air
handling system also maintains bay temperature to M“F of the set point and bay humidity within
the range 30 to 50%. Access to the bay is provided by a 35 foot wide, 45 foot high sliding door.
Personnel access is providedvia an air lock and air shower. Access is controlled by a cypher lock.
Air, vacuumand GNzconnectionsaxeavailableon the wall at multiple locations in the bay. A floor
plan of the bay is shown in Figure 16.

7.3.10 Calibmtion and Standards Laboratory

The Standards Laboratory paforrns the calibration and maintenance of all measuring and test
equipmenton a periodicbasis. This resourcewill be made availableto InstrumentProviders for any
IGSE requhi.ngcalibmtionafter instrumentdelivery. All standardsemployedare directly traceable
to the National Bureau of Stanckudsand encompass frequency, ac and dc voltage and current
irnpedancehxistance ratio, capacitance, inductance, impedance, Q factcx, power attenuation,
vibration and shocQ pressure,altitude, vacuum, temperature and magnetics.
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TESTING

Instrument testing at Astro Space is performed during three test phases BAT,
instrument-tc+spacecraft elecrncal integration and checkou~ and spacecraft testing. After the
instrument is received and inspected at #@ro Space, a BATis performed to verify the instrument
is performingproperlyand is readyfor integrationwith the spacecraft. During integrationwith the
spacecr@ a series ofopencircuit andmated tests are pexformedtoensure a safeorderlyintegration
andto verifyproperoperationwiththe spacecraftbus. A thermalintexfacetest ispexformedtoverify
the CPHTS system. The instruments participate in a series of spacecraft tests to evaluate
performanceat the spacecraftlevel and to verify self compatibility. Details of spacecraft testing is
provided in Section 10.

8.1 Bench Aeeeptance T-

The purpose of the BATis to verify that the instrument is pafonn.ing properly and is ready for
integration with the spacecraft. As such, it is performed by IP pemcmnelin accordance with IP
approvedprocedures. The instrumentis connectedto the IGSE and the test cold plate, if required.

The BATArea is considered by AstroSpaceandNASAto be an extension~ the IP’s homefacility.
l%erefo~, the-nmmd practicesandproceduresfor the handlingand test of flight hardwarethat are
in force at the InstrumentProvider’sfacility arein forcewithintheBATArea. In the eventthatthese
practices and proceduresappear to violate Astro Space’spolicies with respect to the safe handling
of flight hardware, the I&T Manager in conference with Astro Space PA NASA Plant
Representative, Instrument AccommodationEngineer (ME), and IP personnel will decide which
policy governs.

The BAT is performed in accordance with IP procedures and may include functional testing,
performance testing, calibration andhr alignment. Support is required from Astro Space, i.e.,
special test equipment,purgesor personnel, is agreed upon in advanceand documentedin the I&T
ICD. Data IYomthe BATis processedby the IGSE and compared to the data produced duxingthe
InstrumentPre-Ship Test. The successcriteriaare determinedby the GSFCEOSProject OffIceand
the IR

I%wequisite Activity:

IGSE Set Up and Checkout(F must certify IGSE checkoutwas successful)

Instrument Inspection

Facility:

GSE:

BAT kea

Electrical and mechanical IGSE, as required It is assumed that any special test stand
for the instrumentorGSE is providedbytheIP unlessspecificallydefinedin the I&T
ICD.
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8.2 InstmmentWpacecraft Electrical Integration

The purpose of Instrument-t~Spacecraft Electrical Integration is to electrically integrate all
instrument components with the spacecraft. It also vefiles all instrument-to-spacecraft electrical
interfaces. Instrument-ttipacecraft Electrical Integration is a series of tests which is performed
to ensurethe compatibility of all electrical spacecraft-to-instrument interfacesand to demonstrate
the proper operation of the instrument once it has been fully integrated. It is performed to Astro
Space test procedures that are developedjointly by Mro Spaceand IP personnel. All testing and
measurements are performed by Astro Space I&T persomel with support from IP personnel.
Specific details of the test and associated requirements are documentedin the I&T ICD.

Electrical integration is petionned in three steps. The fmt step involves an open circuit Interface
Vefilcation Test (NT). It verifks the propergroundingandinput of power,commandsand signals
prior to mating of flight hardware. It is ptxformed by mating one end of the flight harness to the
signal source and making measurements at the other end (i.e., the instrument interface) of the
harness. The open circuit measurementsconsist of unpoweredand powe@ measurements. The
test configuration includes connectortest tees to access harnesstest points for measurement. Fuse
buffers are i.n&alledon power bus lines for overcu.mentprotection. The unpoweredmeasurements
ensureproper groundingand groundisolation,andpowerandpowerreturdground isolation. These
measurements are made at both the spacwraft harness and instrument connector interfaces. The
powered measurements ensure proper voltage and signal (commant telemetry, ~d -g)
characteristics. Test results (i.e., oscilloscope photos) sre recoded and retaind The specific
measurements are listed in llible II. The test cotilguration is shown in Figure 17.

The second step involves a mated circuit IntexfaceVerificationTest. It vefiles proper response to
power, commands and signals upon initiid integration of flight hardware. Photogmphs maybe
required to capture cyclic or pulsed loads. Currentbalancemeasurementsare madefor power lines.
Cment inputs and current returns are measured to verify that total current “In” is equal to current
“Out” (in-to+ut balance, i.e., no cunent returned through a signal-to+hassis ground path).
Current balance line-to-line is vefiled for both input and return lines. Loaded signal (canrnand,
telemetry,and timing) characteristics are veritled and photographed. Curnmt transients and their
voltage effect on the associated power bus are measured and photographedwhile the instrument is
exercised through turn-on, turn-off, and operational modes. This test is also the fmt oppmtunity
to verify proper instrument health and safety telemetry. The spedlc measurementsare listed in
Table III. The test contlgumtion is shownin Figure 18. Telemetrydisplays in the SCS will be used
to ver@ proper telemetry values and limit check states.

The third step involvesremovingall electrical testequipmentfromthe spacecraft interfaces, mating
all spacecraft-t-instrument interfaces, verifying the connector shell-to-comector shell bonding
and performing a fictional tes~ The functional test will be defined by the IP and vexifk cmect
electrical and mechanical response in each majcmoperational mode. It tests all comman~ data and
power paths and exercises primary and nxlundant hardware.
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Table II. IVT Open Circuit Measurements

Measurement Location Spaq?craft
Configuration

~Z@S ground Spacecraft side of Power off
interface (through
harness)

Chassis ground Instrument side of Power off
interface (through
connector)

Power line isolation- Spacecmftside of Power 05 (instrument
input to retlun interface (A&Bfeeds) power relays (A&B)
- input to chassis closed)

Power bus isolation W#rurnent side of Power off
-A input to B input interface
-A return to B return

Power isolation Instrument side of Power off
- input to signal interface (A&B feeds)
– input to chissis
- return to signal
- return to chassis

Power
- input to return
- input to chassis

Power
- input to return
- input to chassis
- return to chassis

BDU relay drive
commands

Spacecraft side of
interface (A&Bfeeds)

Spacecraftside of
interface
(A&B feeds)

$pacecmft side of
k-terface(ail signals
used by instrument)

Power off (instrument
power days (A&B)
closed)

Power on (instrument
power mhys (A&B)
closed)

Power on

BDU logic level
Commands

Spacecraft side of Power on
interface (all signals
used by instrument)

PN20008664
30 July1993
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Y
Criteria

c25 ma

T
>(TBD-2) ohms
>(TBD-2) ohms I
>100 ks2
z1OOkS2 I
>1 M!2
>1 MS2
>1 MS2
>1 MS2

0.0 * 0.25 Vdc
0,0 * 0.25 Vdc

120*4% Vdc
120*4% v&
0.0 * 0.25 Vdc

+24Vto +30V
5Wt<60 msec

7
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F@UW17. Open Circuit Interface Verification Test Configuration
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Table III. lVT Mated Circuit Measurements

Measurement Spactxraft Instrument Criteria
Configuration Co*@ration

Power(for A&B Power on (instrument Instrumenton (initial 120* 470Vdc
sides) power relays (A&B) power on state)

closed)

CurrentIn Power on (instrument Instrumenton (initial per instrumentEICD
power relays (A&B) power on state)
closed)

CurrentOut Power on (instrument Instrumenton (initial per instrumentEICD
power relays (A&B) power on state) (CurnmtOut must be
closed) equal to Current In to

within 570)

Current Balance Power on (instrument Instrument on (initial Current
- line-to-line in power relays (A&B) power on state) measurements must
- line-to-line out closed) be equal to within

io% Or5 m,
whichever is greater

Wrent for each Power on (instrument Instrumenton per instrumentEICD
operatingmode power relays (A&B) (conf@uredfor each

closed) operatingmode)

l’urn-on/Thm-off Power on (instrument Instrumentcycled per GIIS
hansients power relays (A&B) tdiom initiaIpower

closed) on state to off

Dpmting transients Power on (instrument Instrumenton per GIIS
br each operating power relays (A&B) (con@ured for each
xmde closed) operatingmode)

Uyclictransients for Power on (instrument Instrumenton per GIIS
xtch operating mode power relays (A&B) (configuredfor each

closed) operatingmode)

BDUrelay drive Power on Instrumentin +24Vto +30V
;Omrnands acceptable 50ctc60 w

con@ration

D&Tbus Power off Power off lime Domain
Reflectomer (TDR)
measurementvia test
Port

Low-me science bus Power off Power off TDR measurement
via test port

lime and frequency Power off Power off TDR or level
)Us measurementvia test

port
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NOTE: Figure is rep~ ●ve and
is not intended to show every Interfiice Connector
interfhm Pane;o~A*=ition

Instrument
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F@ure 18. Mated Circuit Interface Verification Tkst Conjuration
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Prerequisite Activity:

AU instrument-related accommodation equipment is installed and integrated
(inCIUdeSFDB, IBDU,HCE and-harnesses).

Protectivefuse btiers containhg fuses sizedat one halfthe dented size of theflight
fuse are installed on the power lines.

AU intra-instrument harnesses, if applicable, and instrument ground straps are
installed.

Instrument-to-spacecraft alignment

Instrument-tWoldplate mechanicalintegration (if required)

IGSE move to instrumentground station area or Bay 8 mezzanineand setup

IGSE moveto Bay 8 and setup

Facility:

Bay 8-

GSE

IGSE required for electrical integration and checkoutof the instrument

Spacecrafton TW

The spacecraft is oriented to provide personnel access to all

spacecmft-tcArMrumentelectrical interfaces. Until spacecraftharness routinghas
been defined, specific orientationsfor each instrument cannot be determined.

Scs

Test tees, bmk-out boxes, TDR, oscilloscope,fuse buffers,DVM

8.2.1 Thermal Interface Test

The purposeoftheThermalInterfaceTestis to verifytheCPHTSsystemafterinstrumentintegration
to ensure it is capable of transporting waste heat from the instrument. The test xequires the
instrument to generate heat at the coldplate interface.

Prerequisite Activity:

ASTER and MOPI’ITmechanical and electrical integration

Facility:

Bay 8

77 DCC080293



PN2000S664
30July 1993

Spacemft is installed in T=, orientedh~olltiy with +2 Up.

CPHTS ground cooling system

S(3

8.2.2 Instmment Performance Test

The purpose of the InstrumentPerformance Testis to establish a baseline for use in trend analysis
andfor comparisonwith test results ftom performancetesting throughout the spacecraft-level test
prom. It is assmd mat this data can be traced to data collected during performance testing at
the IP’s facility.

Prerequisite Activity:

Instrument-mSpacecraft Electrical Integration

Facility: “

Bay 8

GSE

Spacecraft is installed in TAP,oriented horizontally with-Z up.

TM, SCS, IGSE

Instrument targets, calibmtion sources

TCPS
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9 SUBSYSTEMTESTING
.

9.1 Overview

Subsystemlevel testing consists of a series of tests that verify the performance of each spacecraft
bus subsystemin the spacecraftenvironment.Each subsystemis tested independentlyexceptwhe~
the resources of another subsystem are required.. Three basic types of tests are utilized during
subsystemlevel testing functional,performance,andaliveness. Each subsystemhas a separatetest
(i.e., test procedure)for each test type. Subsystemtest proceduresare typically integrated into the
higher level spacecrafttest procedures. Descriptionof spacecraftbus subsystemtests are included
in thefollowingsections detailsof the instrumentfunctional,CPT,andalivenesstests arecontained
in the instrument test plans and instrumentI&T ICDS.

9.2 Functional Test

9.2.1 _

The Function& Test is pezfoxmedwith no external stimuli applied to the subsystem and vetiles
comet electrical andmechanicalresponse in each majoroperationalmode. All commandand data
paths between components are teste& and both primary and redundant hardware is exercised.

9.23 Test Environment

Location IntegrationBay
Cleanliness: class 10,OOO
Temperature: 13 to 24°C

Humidiv 30 to 50%
Access: Limited
Pressure: Atmospheric

9.23 Test Cor@uration

Spacecraft
Test Fixture:
Test Equipment

+2 Down
TM
Scs

9.2.4 Test Description

This test is performedwith all harnessesand connectorsmated in their flight con.tlgurat.ion.To the
maximum extent possible, telemetry is used to evaluate performance. Whenthis is not adequate,
measurements are made via test connectors.

TablesIV throughXsummrize theprimmymeasurementsofeachsubsystemfor thefunctional test.
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Unit Under Test

C&DHS/S

BDU(incl. H/K
&Instr. BDUS)

Scc

relemetry Data
Recorder

science
Formatthlg
Equipment

HighRate

relemetry
Recorder

L.

Table IV. C&DH Functional TkstM~ enls

Mode (incl side)

Au

Science (A&B)

Science (A&B)

Science (A&B)

Science (A&B)

Science (A&B)

Science (A&B)

TestedhllCtiOIIS

Verifysubsystemcan be con.@ued into each of its
operational modes. V-proper power consumption.
Ve@ proper telemetry and proper response to
commands. Verifyproper initialization states.

Command Receipt and Distribution,filerneby
Collection and Formatting (1 and 16K@@,
Dum#Dwell, Bus lvhmagernen~Tm and Frequency
Bus, SCC Monitoring,Hardline -em

C&T BuSInteraction,Command=SStig,
Load/Dump, ‘IMemehySampling

Flight SoftwareFunctionality,Load/Dump,Command
Processing, TelemetryFormatting, Self Checlw,Tme
and Frequency Bus

Command Response(Recor4 Playback, Wind),
Telemetry

Command Response,Telemetry,Generationof Fill
Data

command Response(Rtxmr&Playback, Wind),
Telemetry

Table V. COMM Functional Test Measurements

Unit Under Test IMode (incl side) I Tested Functions

COMM Sls

MO

All Verify subsystemcan be conilgud into each of its
operational modes. Ver@ proper power consumption.
Verifyproper telemetry and proper response to
commands. Ver@ proper initialization states.

,

Science (A&B) INone. Operation verifkl by other component tests.

SBT TDRS (A&.B)

SBT ISTDN (A&B)

SBIU IN/A

125, lK and 10KbpsReceive Rates, 1,16, and 256
Kbps TelemetryRates, Dump, Playbac&Transmitter
Power, TransmitterFrequency,Doppler Data
Extraction, Ranging,Hardline Command..

2 Kbps Receive Rate, lK and 16 Kbps Telemetry
Rates, Dump, Playback Ranging

Relay Commands
I 1

KSA Modulator IScience (A&B) INone. Operation verified by other component tests.
1 t

KSAUpconv IScience (A&B) INone. Operation verified by other component tests.
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Table V. COMM Functional Test Measurement

IUnit Under Test ] Mode (incl side) I T&ted Functions

KSA Xrntr Science (A&B) Tm.nsmitterPower,TransmitterFrequency,Signal
Lock

DAS ModukN.or Science (A&B) None. Operationverifkd by other component tests.

DAS Upconv Science (A&B) None. Operationverifkd by other component tests.

DAS Xmtr DB (A&B) TmnsmitterPower,TransmitterFrequency,Signal
I I lhck

DAS Xmtr DDL (A&B) SignalLock

DAS Xmtr DB/DDL (A&B) SignalImck

t DAS Xmtr IDB/DP (A&B) ISignalLock
1 1

DAS XmtT IDP (A&B) ISignalLock

!WavemMe Sw IN/A !Relay Commands

Tal

Unit Under Test

GN&C S/S

RWA1

RWA2

RWA3

RWA4

Magnetic
TorquerRods

PSU (SM)

ACE

le VI. GN&C Subsystem Functional TkstMeasurernents

Mode (incl side) I Tested Functions

Au Verifysubsystemcan be conilgwed into each of its
operationalmodes. Verifyproper power consumption.
Verifyproper telemetryand proper response to
commands. Verifyproperinitialization states.

~Science Verifywheel can be poweredand sends tach data,
commandEsponse, telemetry&@ wheelspeed

Science Verifywheel can be poweredand sends tach data,
commandresponse,telemetrydata, wheel speed

Science Verifywheel can be poweredand sends tach data,
commandmspse, telemetrydata, wheel speed

Science Verifywheel can be poweredand sends tach data,
commandresponse,telemetrydaa wheelspeed

Science (A&B) Generatemagnetic field on command

1

Science (A&B) ICommandresponse,fuses integrity,current flow
Ithrough both sides,propervol~es

Science (A&B) Command Respons~ Status Data; RWA and Torquer
Rod Commands; SCC J/F; ADE Status and Dat.&
SeparationSignals ESA,CSS, FSS, TAM,IRU, and
SSSTData Processing
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Table VL GN&C Subsystem Functional Test Measurements:(Contiu@

Unit Under Test Mode (iicl side) Tested FUnCtiOIIS

Safe Mode CmnmandResponse Status Da@ Safe Mode Entry
(A&B) and ExiGRWA,TorquerBar, ‘Iluster CommandYSCC

I/l? ADE Status and Da@ E%%CSS,FSS, TAM,
IRU, and SSSTData Processing

SSST 1 Self-test Commandresponse, teleme~ data, current draw

SSST 2 Self-test Commandresponse,telemetry data, cumentdraw

IRu Science (A&B) Commandresponse, telemetry data, current draw
position and rate data

TAM 1 Science Commandresponse, telemmy data, cumentdmw
magnetic field data

TAM2 Science Commandresponse, telemetry data, current draw
magnetic field data

Css (SM) Science Telemetry&ta, attitude ti~ .

FSS Science Commandresponse, telemetry data

Table WI. EPS Suh.svstemFunctional Test M easurwnents-—-. . . — — - -—--,-.-—— _____ ___

Unit Under Test Mode (id side) Tested Functions

EPs Sls All Verify subsystem can be con@ured into each of its
operationalmodes. V* properpower consumption.
Verify propertelemetry and properresponse to
commands. Verify properinitialization states.

PDU All Verifybus regulationfor all modes and during mode
transitions. Ve@ power distribution to all spacecraft
loads

BPC All Verifybattery chargeand dischargefunctions

Ssu All Verifyshunting of excess solar array power.

solar ArTay All To be tested as Solar Array Assembly

Battery All Verifybattery dischargeand charge capabilities.
Ver@ pyro bus voltage.

FDB All V- fUXX m go@ current flow through both sides,
proper voltage.

EPc N/A None. Operation verifkd by other component tests.

Psu NIA None. Operation verifkd by other component tests.

ADE Sides A&B VerifyADE can supplydrive to the SADfor all
command states.
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Table VIIL Propulsion Subsystem Functiomd Test Meas&wnmts

Unit Under Test IMode (incl side) [ Tested Functions

T
PMEA Science (A&B)

Delta-V (A&B)
Safe Mode
(A&B)

*

Latch Valve Science (A&B)
Delta-V (A&B)

REAs IScience (A&B)
Delta-V (A&B)

Verifysubsystemcan be conf@red into each of its
operationalmcxies. Vkrifyproper power consumption.
Verifyproper telemetry and proper response to
commands. Ver@ proper initializationstates.

CommandResponse, Serial Status Telemetry,Cu.ment
Draw

CommandResponse,TelemetrySampling

CommandResponse,TelemetrySampling

Table IX. Thermal Control Subsystem Functional Test Me&mrements

Unit Under T- IMode (incl side) 1 ‘IkStedFimctions I
TCS An Ve~ subsystem can be tigu.red into each of its

operational modes. Ve@ proper telemetxy and
proper response to commands. Ve@ proper
initialization states.

HCE All Heaters powered from both aid= Command
Response, Tbetry and status da=

/
CPHTS science Ressure swit~ Command Response,

‘Ikmperature/Heater Status ‘IkJernetry.

Table X. Electrical Accommodations Subsystem Functional Test Measumments

Unit Under Test Mode (incl side) Tested Functions

PRA All CommandResponse,Telemetry

9.25 TW Criteria

The measurements will be within specifkation and compare favorably with component and
EM/panelhnajor assembly level data

9.2.6 Test Prerequisites

Thistest assumesallconstituentsofthesubsystemhavebeenelectricallyintegrated,all test teeshave
been removed and all connectorsare mated prime.

9.2.7 Guidelines/Constraints

COMS:
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hy open rczeiver or transmitter port is properlyterminated

All component power is at 120V.

9.3 Comprehensive Performance Test

9*3J -

The CPT is a detailed verification that the subsystem meets pxformance requirements in all
operationalandcontingencymodes,to the extent these requirementsare testable. All commandand
data paths are veri.tiedas well as all redundant hadware.

9.3.2 Test Environment

9.32.1 Ambient

Location:
cleanliness
Temperature:
Humidity
Access:
Pressure

9030202 Thermal Vacuum

Location:
cleanliness:
Tempemtunx
Humidiv
Acccx
Presslmx

9.303 Test Configumtion

9.303.1 Ambient

Spacecraft
TestFixture
Test Equipmexw

9.33.2 Thermal Vacuum

Spacecraft
TestFixture:
Tes Equipment

DCC080293

Integration Bay

class 10,OOO
13 to 24°C
30 to 5070
Limited
Atmospheric

35’ nermal VacuumChamber
class 10,OOO
(TBD-3) to (TBD-3)”c
NIA
Restric@ none while un&r vacuum
<1x1(F5TOIT

Horizontal, -Z Up
Spacecmft in TAP
Scs

Horizontal, -Z Up
spacecraft in METs
Scs
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93.4 T@ Description

This test is performedwith all harnessesandconnectorsmated in their flight conjuration. To the
maximumextent possible, telemetry is used to evaluate performance. When this is not adequate,
measurementsm made via test connectors.

Tables XI through XVII summarize the primary measurements of each subsystem for the
ComprehensivePerformanceTest.

Table XL C&DH Subsystem Comprehensive Performance Test Measurements

IUnit Under Test IMode (incl side) I Tested Functions

C&DH S/S

cm

All

Science (A&B)

Verify subsystemcan be configured into each of its
operational modes. Veri@proper power consumption.
Ver@ proper telemetry and proper response to
commands. Ver@ proper initializationstates.---

CommandReceipt and Distribution,Telemetry I
Collection and F-tting (1 and 16 Kbps),
Dump/Dwell, Bus Management,llme and Frequency
Bus, SCC Monitoring,Hardline Telemetry

IBDU (incl. H/K Science (A&B) IC&T Bus Interaction,CommandProcessing,
,& Instr.BDUS) LOaWDump,TUemetrySampling I
Scc Science(A&B)

~

Processing, TelemetryFormabg, Self Checks Tme
Iand FrequencyBus, ProcessorPerformance Using Test

I 1

TelemetryData IScience (A&B) ICommandResponse,Telemetry,Record and Playback I
Recorder I ITest Pattern (for each nxord rate) I
Science
Formatting
Equipment

High Rate

Telemetry
Recorder

Science(A&B)

Science (A&B)

CommandResponse,Telemetry,Generationof Fill
Data, Output at DASInterface,Provide Data On Each
Link For Recordingon HRTR

CommandResponse,Telemetry,Record and Playback
Test Pattern (for each record rate), Record Through
Speed Changes

Table XII. COMM Subsystem Comprehensive Performance Tkst Measurements

Unit Under T&t Mode (incl side) Tested Functions

MO Science (A&B) Stability
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Table XIL COMM Subsystem Comprehensive Performance T&t Measurements
(Continued)

Unit Under Test Mode (incl side) Tested hIKtiOnS

SBT TDRS (A&B) 125, lK and 10Kbps Receive Rates, 1,16 and 256
Kbps TelemetryRates, Dump, Playback,Transmitter
Power, lYansmitterFrequency,DopplerData
Extraction,Ranging,Hardline ComrnancLkQ Power
Ratio, CoherentMode Frequency,Receiver
AcquisitionThresholGCommandThreshold

SBT STDN (A&B) 2 KbpsReceiveRate, 1,16, and 512 Kbps Teleme~
Rates, Dump, Playback?Ranging

SBI’U NIA Relay Commands

KSAModulator Science (A&B) None. Operationve~ by other component tests.

KSAUpconv Science (A&B) None. Operationverifkd by other component tests.

KSAXmtr Science (A&B) TransmitterPower, llansmitter Frequency,Signal
Lock

DASModulator Science (A&B) None. Operationverified by other componenttests.

DASUpconv Science (A&B) None. Operationverified by other component tests.

DASXmm DB (A&B) TransmitterPower,TransmitterFrequency,Signal
Lock kQ POWer~tiO

DAS Xrntr DDL (A&B) Signal Imck

DASXrntI DB/DDL (A&B) SignalLoclGLQ Power Ratio

DASXmtr DP (A&B) SignalLOCQLQ Power Ratio

DASXmtr DB/DP (A&B) Signal Loci.GEQ Power Ratio

WaveguideSw NIA Relay Commands

Table XIII. GN&C Subsystem Comprehensive TkstMeasurements

Unit Under Test Mode (inel side) Tested Functions

GN&C S/S Au VerifyFlight Soilware interaction.

RWA1 Science CommandResponse,Teleme~, CurrentDraw, Speed
Safe Mode vs Torque,RundownTime, Stiction,Phasing, Reaction

Torque,MomentumStomge,TachometerOutput,
TemperatureSensor

RWA2 Science CommandResponse,Teleme@, CurnmtDraw, Speed
Safe Mode vs Torque,RundownTree, Stiction,Phasing, Reaction

Torque,MomentumStorage,TachometerOutput,
TemperatumSensa
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Table XIII. GN&C Subsystem Comprehensive Test Measurern&ts (Continued)

Unit Under Test Mode (incl side) Tested FUllCtiOIIS

RWA3 Science CommandResponse,Telemetry,Current Draw, Speed
SafeMode vs Torque,RundownTiie, Stiction, Phasing, Reaction

Torque,MomentumStorage,TachometerOutput,
TemperatureSensor

RWA4 Science CommandResponse,Telemetry,Current Draw, Speed
Safe Mode vs Torque,RundownTne, Stiction, Phasing, Reaction

Torque,MomentumStorage, TachometerOutput,
TemperatureSensor

Magnetic Science (A&B) Generatemagnetic field on command
Toquer Rods Safe Mode

(A&B)

E%U(SM) Science(A&B) Commandresponse, fuses go@ current flow through
both sides, proper voltages

ACE Science(A&B) CommandResponstyStatus Dam,Mode Switching;
RWAand TorquerRod CommandS SCC I/F; ADE
Status and Data; SepamtionSignals; ESA, CSS, FSS,
TAM,IRU, and SSSTData processing ACE logic;
Initialization

ACE SafeMode CommandResponse; Status Da@ Safe Mode Entry
(A&B) snd ExiG Drive Commandsto RWA TorquerRods,

Thrusw, SCC I/F, ADE Status and Dat&ESA, CSS,
FSS, TAM,IRU, SSSTData Processing; ACE Logic;
Initialization

!JSST1 Science CommandResponse, Status Data, Output Data,
Sensitivity,Mode, Star Position, Cu.mentDraw,
Temperature

MST 2 Science CommandResponse,Status Data, Output Data,
Sensitivity,Mode, Star Position, Current Draw,
Temperature

Ru Science(A&13) CommandResponse,Status Data, Output Data,
Phasing, Position and Rate Data, Mode, Cu.mentDraw,
Temperature,Cross-Coupling, Dri.fLLineari~

rfw 1 Science CommandResponse,Status Data, Output Data, Field
Data, Linearity,SaturationLevel

rw 2 Science CommandResponse,Status Data, OutputData, Field
Data, Linearity,SaturationLevel

Css (ml-) Science TelemetryData, StatusData Saturation Level

FSS Science Commandresponse, telemetry data
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Tiible XIIL GN&C Subsystem Comprehensive Test Measmenints (Continued)

Unit Under Test IMode (incl side) I T- hIICtiOXIS

ESA 1 Science c ommandresponse, telemelry data, current drew,
phasing, sensitivity,FOV,Sun inhibit

ESA 2 Science Commandresponse, telemetry data, cumentdraw,
Dhasimz,sensitiviw,FOV,Sun inhibit

Table XIV. EI?SSubsystem Comprehensive Test Measurements

‘ SE Unit Under Mode (iicl side) Tested hndiOJIS

Test

EPs s/s All Vkzifysubsystemcan be conf@md into each of its
operational modes. Verifyproper power consumption.
Verifyproper telemetq and proper response to
commands. Verifyproper initialization states.

PDU -

BPC

All

Au

---

Veri@bus regulationfor all modes and during mode
transitions. Verifypower distribution to all spacecraft
loads. Ver@ batteryconstant charge rate. Vefiy
batte~ ViT limiting function.

Verify battcxychage and dischargefunctions

Ssu All Ver@ shunting of excess solar army power.

solar Anay All To be tested as Solar Army Assembly

Battery All Ver@ battery dischargeand charge capabilities.
Veri@pyro bus voltage.

m ,

EPc IN/A INone. Operation verifkxiby other component tests.

Psu

ADE

FDB

WA

Sides A&B

Au

None. Operation verifkd by other component tests.

Ver@ ADE can supply drive to the SADfor all
command states. VerifyADE can operate in safe mode
conf@rat.ion, either dive to index and hold or track
sun closed loop using coarse sun sensor data.

Fuses gm power flows through both sides.
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Table XV. Propulsion Subsystem Comprehensive Test Me&nuements

Unit Under Test

Propulsion S/S

HYIEA

LatchValve

Mode (incl side)

All

Standby(A&B)
Science(A&B)
Delta-V (A&B)
Survival(A&B)
SafeMode
(A&B)

Standby(A&B)
Science(A&B)
Delta-V (A&B)
Stuvival (A&B)
SafeMode
(A&B)

Standby(A&B)
Science(A&B)
Delta-V (A&B)
Survival(A&B)
SafeMode
(A&B)

Tested -OXIS

Veri.@subsystem can be conf@red into each of its
opetitional modes. Verifyproperpower consumption.
Verifyproper telemetry and proper response to
commands. Verifyproper initialization states.

Comxt initialization and configuration
Correct CommandResponse
Correct Serial Status Telemetry
Comet Response to SeparationSignal
Comet Safe Mode Entry and Exit

Conect CommandResponse
Coxmctposition telemetry

CorrectCommandRCSpOnSC
Correct status telemetry

Table XVI. Comprehensive Performance Test Measurements

Unit Under Test

TCS

Mode (iicl side) ] mixed Functions
I

Au Verify subsystem can be configured into each of its
operational modes. Ve@ proper pawer
consumption. Ver@ proper telemetry and proper
response to commands. Verify proper initialization
states.

Au Heaters powered from both sid~ Command
Response, Telemetry and status data.

Science Pressure Switc~ Command Response,
Temperature/Heater Status Telemetry.

HCE

CPHTS

Table XVII. Electrical Accommodations Subsystem Comprehensive Test Measurements

Unit Under Test Mode (incl side) Tested Functions

PRA All CommandResponse,Telemetry
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935 Test Criteria

(TBD+

92$.6 T- Prerequisites

(TBD-s)

993.7 GuidelinedConstraints

COMS:

Any open receiver or transmitterportis properlyterminated.

All component power is at 120V.

9.4 Aliveness Test

9.4.1 Purpose

The aliveness testis a subsetof theFunctionalTest. It veri.fmsthe aliveness of redundant hardware
in the subsystems. It &monstrates nxhmdant power and signal paths to major subsystem
components, but does not send every command. It vtiles proper teleme~ response in Standby
Mode. No external stimuli is used as part of the test and it is used as a quick check when the
environmentdoes not permit a more extensive test It is also used after the spacecraft is moved to
anew facility.

9.4.2

9.43

9.4.4

Test Environment

Location:
Cleanliness
Temperature
Humidity:
Access:
Pressure:

Test Configuration

Spacecraft
TestFixture:
Test EquipmenC

T&t Description

35’ T/V,Anechoic and Acoustic Chambers
class 10,OOO
13to 24°C
30 to 50%
Limited
Atmospheric

Horizontal or Vertical
Spacecraft in METS, AnechoicFixture, Acoustic Fixture
Scs

Tables XVIII through XXIV summarize the pirnaxy measurements of each subsystem fm the
Aliveness Test.
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Table XVIIL C&DH Subsystem Aliveness T- M%ents

Unit Under Test Mode (inel side) Tested Functions

cm Science (A&B) CommandReceipt and Distribution,Telemetry
Collectionand Formatting (16 Kbps),Bus
Management,Hardline Telemetry

BDU (incl. HfK Science (A&B) C&TBus Interaction,CommandProcessing,
& Instr. BDUS) TelemetrySampling

Scc Science (A&B) Flight SoftwareFunctionality,Comnumdprocessing,
TelemetryFormatting

Teleme~ Data Science (A&B) CommandResponse,Telemetry
Recorder

Science Science (A&B) CommandResponse,Telemetry
Formatting
Equipment

High Rate Science (A&B) CommandResponse,Telemetry
Telemetry
Recorder .

Table XIX. COMM Subsystem Aliveness Test Measurements

IUnit Under Test Mode (iiel side) Tested Functions

SBT (A&B) Hardline Comman&TklemetryVeritlcat.ionof Proper
TransmitterConfigurationfor TDRSSand STDN

SBIU N/A Relay Commands

KSA XmII Science (A&B) TelemetryVtication of Proper Transmitter
Conf@ration

DAS Xmtr (A&B) Telemehy Verificationof Proper Transmitter
I Iconf@liation
1 I

Wavewide Sw INIA IRelay Commands

Table XX. GN&C Subsystem Aliveness Test Measurements

Unit Under Test Mode (incl side) Tested Functions

GN&C S/S All Verifysubsystemcan be con@ured into each of its
operationalmodes. Verifyproper power consumption.
Verifyproper teleme~ and proper response to
commands. Veri@proper initialization states.

RWA 1 STDBY V@ wheel can be powered and sends tach data,
responds to speed changecommands

RWA2 STDBY Verifywheel can be powered and sends tach data,
responds to speed changecommands

d
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Table XX. GN&C Subsystem Aliveness Test Measumments:(Continued)

Unit Under Test Mode (id side) Tested FUnCtiOllS

RWA3 STDBY v- whed can be powered and sends mch ti~,.
responds to speed change commands

RWA4 STDBY Verifywheel can be powered and sends tach data,
responds to speed change commands

Magnetic torquer Safe Mode Generatemagnetic f~ld on command
(A&B)
Science(A&B)

Psu STDBY (A&B) Cmmmd response, fuses gti cu.mnt flOWtiu@
both sides, proper voltages

ACE Science (A&B) Commandresponse, telemetry data

SSST 1 Self-test Commandresponse, telemetry data, current draw

SSST2 Self4est Commandresponse, telemetry data, cumentdmw

IRu STDBY(A&B) Commandresponse, telemetry data, current draw

TAM 1 STDBY Commandresponse, telemetry data, cummt draw

Tm 2 STDBY Cmmand response, telemetry data, cumentdxaw

Css (SM) STDBY Telemetrydata

FSS STDBY . Commandresponse, telemetry data

ESA 1 STDBY Commandresponse, teleme~ da@ current dxaw

ESA2 STDBY Cmnmandresponse, telemeay data, current draw

Table XXI. Aliveness Test Measurements

Unit Under Test Mode (id side) Tested Functions

EPs SK All Verify subsystemcan be contlgumd into each of its
operationalmodes. Ver@ proper power consumption. I

Verifyproper telemetry and proper response to
commands. Verifyproper initiakation states.

PDU All Verifybus regulation for standby modes and during
mode transitions. Verifypower distribution to all
spacecraft loads. Verifybattery constant charge rate.
Verify battery V/T limiting function.

BPC Au Verifybattery charge and dischargefunctions

Ssu All Verifyshunting of excess solar may power.

solar Army All To be tested as Solar Array Assembly

Battery All Vim@battery discharge and charge capabilities.
V&r@pyro bus voltage.
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Table XXL Aliveness Test Measurem ents (Continu-ixl)

Unit Under Test Mode (incl side) Tested FUnCtiOIIS

FDB All Verifyfuses are good and current will flow through
both sides

EPc All None. Operationverifkd by other component tests.

Psu Au None. Operationverifkd by other componenttests.

ADE Sides A&B VerifyADE can be poweredand provide teleme~.

Table XXIL Propulsion Subsystem Aliveness Test Measurements

Unit Under Test Mode (incl side) Tested Functions

Propulsion S/S Standby Verifysubsystemcan be conf@uredinto each of its
operationalmodes. Verifyproper power consumption.
Verifyproper telemetry and proper response to
commands. Verifyproper initialization states.

PMEA - Standby(A&B) CoxTCctinitializationand ctilguration
Correct CommandResponse
Comxt Serial StatusTelemetq

Latch Valve Standby(A&B) Correct CommandResponse
Correctposition telemetty

REAS Standby(A&B) CorrectCmrunandResponse
Comxt status telemetry

Table XXUL Aliveness Test Measurements

Unit Under Test Mode (incl side) lksted Fhnctions

HCE All Command Response, Iklemetry

lkmperature All Telemet~
Sensors

CPHTS Science Pressure Switch Command Response,
Temperature/Heater Status Telemetry.

Table XXIV. Electrical Accommodations Subsystem Miveness Test Measurements

Unit Under Test Mode (incl side) Tested Functions

PM All CommandResponse,Telemetry

9.45 Test Criteria

(TBD-4)
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9.4.6 T- Pmrequkites

None

9.4.7 GuidelineWonstraints

COMM:

Any open receiver or transmitter port is properly &rminate&

All component power is at 120V.

IXX080293 94



PN20008664
30July1993

10 SYSTEM-LEVEL TESTING

10.1 Overview

System-level testing mnsists of a series of tests that verify the pefiormance of each subsystem in
combinationwith the other subsystems, the inter-system compatibility of the spacec~ and the
ptxfoxmanceof the spacecmftin environmentswhich simulate the expected conditionsfor the life
cycle of the spacecmft.

Four basic types of tests are utilized during system level testing functional verification, system
characterization,pexfcmnance,and aliveness. Description of these test categories can be found in
Section3.1.2.

The system level test plan is partitioned into the following classifkations in accordancewith the
generalpurpose of the test

10.2

10.2.1

Electrical system testing Verifiesflight software interfaces with all subsystems,
quantities spacecraft conducted emissions, and characterizes inter-system
compatibility.

RF system testing Quantiles spacecraftradiatedemissionsand veriiies spacecraft
RF self compatibility.

Thermal vacuum testing Verities the spacecraft’scapabilityto meet performance
specificationswhile subjected to nominal and worst case operatingconditions.

Mechanical system testing VerifM proper performanceof appendages,confirms
the capability of flight hardware to withstand shock and launch environments,and
validates the integrity of system alignment throughoutenvironmentaltesting.

Post environmental testing Verilies no degradation of flight hardware has
occumxi during environmental testing, establishes end-to-end compatibility with
the ground and space networks, and includes final magnetic and mass properties
measurements.

Electrical System Testing

Flight Software Interfkce Verification

10.2.1.1 Purpose

Thistest verities the flight softwarein the spacecraftenvironment. The test verifks flight software
interfaces with flight hardware, operational modes, and failure detection, isolation and recovery
(F’DIR)functions.
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10.2.1.2 Test Environment

Location: Integration Bay
cleanliness: class 10,OOO
Temperature: 13 to 24°C
Humidity: 30 to 50%
Access: Limited
Pressure: Atmospheric

10.2.1.3 Test Con@guration

Spacecraft Horizontal (-Z Up)
TestFixture TAP

Test Equipment: Scs
IGSE

10JL1.4 Test Description

The test is performed with a complete, fully qualitlx% flight SOftwm-build and the full up
spacecraft. Software relating to each subsystem and instrument are verifkxl for proper command
and telemetry processing, execution, and spacecraft fault detection and response. Tests are
performed using SlOL test produres, stcmxi command stxpences and special FSW table
conf@urationsfor enhancedtelemetrycapabilities,as required. Spa- telemew.is the primary
meansof veritlcation. Initial conditionsand inducedfaults ~ simulatedthroughbothhardwareand
software techniques. Flight software interfaces (e.g., stored commands) verifkd during other
smwecrafttests (e.g., simulated orbits) do not have to be verified during this test. The fimctkms to
~ verified are ~;d in TablesXXV through XXXIV.

Table XXV. C&DH/FSW Interfhce Verification Test Measurements

Function Description

CommandProcessing Verifks command and memory data uplink process at
the various uplink rates. WrMes real time and stomi
command distribution capabilities.

TelemetryProcessing Veri@ nominal/contingencymode Spacecraft bus
telemetry processingand contents.

Ancillary Data Support Verifks generation and distribution of ancillary data.

SCC OK Signal Verifks generation and proper processing of signal.

FDIWTMON Verifks FSW telemetry monitoring and response
functions

Table XXVL COMWFSW Interface Verification Test Measurements

Function Description

S-band Management Verifks managementof transmitter turn ordoff.
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Table XXVIL GN&C/FSW Interfkce Verification Test Measurements

Function Description

HGA Control Verifks proper gimbal angle determination and
comectposition command generation. Veriiles
avoidanceof restricted RF emissions zones

Solar tiy Drive Control Verities correct solar array position determination.
Verifiesautonomousrate control of solar array drive.

Attitude Control Interface Verifks sensor and actuator command and telemetry
interfaces.

Navigation VerifiesTONS interface.

Table XXVIII. EPS/FSW Interface Verification Test Measumrn ents

Function Description

Function Description

Battery Management Verifies battery telemetry monitoring and
charge/di8charge control.

Load Mana~ement Verities properpowerload monitoring and shedding
capabilities.

Table XXIX. TC!YFSW Interkce Verification Test Measurements

Function Description

Thermal Monitoring and Control Verilks monitoring and control of TCS hardware.

Table XXX ASTEIVFSW Interfhce Verification Test Measumments

Mode Description

(TBD+ WD-6)

Table XXX. CERES/FSW Interface Verification Test Measurements

Mode Description

(TBD-6) (=M

Table XXXII. MISIUFSW Interfhce Verification Test Measurements

Mode Description

(TBD+ (TBM

Table XXXlII. MODIWI?SWInterface Verification Test Mmmrements

Mode Description

KBw @Bw
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Table XXXIV. MOPITT~W Interfke Verification Test Mess’wma@

Mode Description

‘@BD4) mM

10.2.105 Test Criteria

(T.BD4)

10.2.1.6 Test Pm+Reqtites

All testing of the flight sofhvare in the Flight Software Test Bed (FSTB) is completed and all
hardware with interfaces to the flight software is integrated.

10.2.1.7 GuidelinesKomtiti

(TBD-7)

10.2.2 Power Profile (Conducted Emissions) Test

10.22.1 P&pose

This testmeasures the magnitudeof power transients and its effect on bus voltagesto verify proper
fuse sizing. It also quantifks bus voltage ripple and noise.

10.202.2 Test Environment

Location: Integmtion Bay
Cleanliness class 10,OOO
Temperature: 13 to 24°C
Humidity: 30 to 50%
Access: Limited
Pressure: Atmospheric

10.2Q.3 Test Configuration

Spacecraft Horizontal (-Z Up)
TestFixture: TAP
Test Equipment: Scs

IGSE
Spectrum Analyzer
oscilloscope

10.2.2.4 Test Description

The PowerProfde Testcharacterizesbus voltagenoise, ripple, andtransients. The testis pexformed
in two phases. The fmt phase measures power bus characteristic during EM and instrument
integration. The secondphase measures the same chamctetistics with a fidly integrated space~
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Initial power bus characterizationis performedas part of the electricalin~gration of the EM’s and
instrumentsto the structure. Measurementsare ma&with an oscilloscopeat a bnxdcoutbox located
betweenthe assemblyand the power interface. Details of the electricalintegrationoperations im
provided in the EM and instrument test plans and procedures.

Characterizationof the fully integratedspacecraftis performedin the Launch,Science,and Noisy
(electrical) configurations. Measurements are made with the spacecraft in the steady state
conjurations definedto supportlaunch,to performmissionscienceoperationsand to create worst
case noise conditions. Sciencemode testing includes measurementsmadeduring the switchingof
instruments throughtheir prinxuy missionoperatingmodes. Thetests areperformedfor both prime
and redundant configurations. Frequency and time domain measurementsiut capture~ using an
oscilloscope and spectrum analyzer,at the Power Managementand Distribution(PMAD)EM test
connector. The measurements am repeated during thermal vacuum testing. Additional test
information can be found in the EMC TestPlan PN20005869.

10.2.2.5 Test Criteria

10.2.2.6 Test Prt+Requisites

AUhardware is electrically integrated.

10.2JL7 GuidelinedConstraints

(TBD-7)

10.23 EMC (’lhnsient Tolerance) Test

10.23.1 Purpose

This test vetiles conducted emissions (noise/transients) self-compatibility while exercising the
spacecmft through its subsystetiinstrument opmtional modes.

10.23.2 Test Environment

Location: IntegrationBay
Cleanliness: class 10,000
Temperature: 13to 24°C
Humidity: 30 to 50%
Access: Limited
Pressure: Atmospheric

10.23.3 Test Configuration

Spacecraft Horizontal(-Z Up)
Test Fixture: TAP
Test Equipmtxm Scs

IGSE
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10.23.4 T-Description

This test verifiesthat eachsubsystemis tolerantof the emissionsconductedby theothersubsystems.
Subsystem inter+ompatibi.1.itytesting evaluates the effects of conducted emissions tim a
subsystemonthe operationof the other subsystems. All subsystemsandinstrumentsare cordlgwed
in their “quiet”or most susceptiblemode. Sequentiallyeach subsystemand instrumentis exercised
through its various operational modes to produce worst case conducted noise on the power bus.
Teleme~ is monitored to detect any unexpectedperturbations. The testis performedfor both the
prime andredundantconjurations. Sometesting,relatingto hardwarewhoseworstcase emissions
occur in the thermalvacuumenvironrnen~is performedduring thermalvacuumtesting. Additional
test information can lx found in the EMC Test Plan PN20005869. Tables XICW through XLV
identify the operating modes to be exercisedfor each EM and instrumerm

Table XXXV. C&DH lkansient Tolerance Test Measurements

Mode Description

(TBD4?) (TBD-8)

-Table XXXVL C!OMMlkansient Tolerance Test Measurements

Mode Description

S-band Transponder‘llrn On Characterizes turn onl~ effects on other subsystems.

KSA TransmitterThrn On Chamcterkes turn onkdfeffects on other subsystems.

DAS Ti’ansmitterTurn On Characterizestum onkdl effects on other subsystems.

Table XXXVIL GN&C Transient Tolerance Test Measurements

Mode Description

RWARZiIIlpu~own Monitor power bus and Spacecraft performance
during RWAramp upldowm.

Table XXXVIH. El% lkansient Tolerance Tkst Measurements

I Mode I Description 1
Array Drive Electronics/ Solar Array Monitor power bus and Spacecraft performance
Drive during slew of solar array drive.

Battery Charging Monitor power bus and Spacecraftperformance
during transition to battery charging.

Batte~ Discharging Monitor power bus and Spacecraftperformance
during transition to battery discharging.

Shunt Mode Monitor power bus and Spacecraft performance
during transition to shunt mode operation.

Pyro Bus Monitor power bus and Spacecraft performance
durimzrvro ftigs.
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Propulsion Ikansient Toleranee Test MAments

Mode Description

Latch V’ve Monitor power bus and Spacecraft Pedormance
during latch valve actuation.

Table XL. TCS ‘Ikansient Tolerance Test Measurements

Mode Description

HCE/Heaters Monitorpower bus and Spacecraft pexfommce
during heater turn on. Pexfoxmedin T/V only.

Table XIX. ASTER lkamient Toleranee Test Measmwments

Mode Description

(TBD-8) (TBD-8)

Table XLIL CERES lka.nsient Tolerance Test Measurements

Mode Description

(TBD-8) (TBD-8)

Table XLIIL MISR l’hnsient Toleranee Test Measurements

Mode Description

(TBD+ @’BD+

Table XLIV. MODIS l’kansient Tolerance Test Measurements

Mode Description

(TBD-s) (TBD-8)

Table XLV. MOPITT lhnsient Toleranee Test Measurements

Mode Description

(TED+ (T-Ml-8)

10.2.3.5 Test Criteria

(TBD+

10.23.6 Test PreRequisk

All hardware is electrically integrated.

10.2J3.7 GuidelinedConstraints

(T13D-7)
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10.2.4 Orbital Mode T-

10.2A.1 Purpose

This test demonstrates the self-compatibility of all spacecraftelements as well as the ability of all
spacecraft elements to operate in nominal orbit mode.

10.2.4.2 Test Envimmment

Location:
cleanliness
Temperature:
Humidity
Access:
Ressure

10.2.4.3 Test Cor@uration

Spacecraft
TestFbaure:
Test Equipment

Integmtion Bay
class 10,OOO
13 to 24°C
30 to 50%
Limited
Atmospheric

Horizontal (-Z Up)
TAP
Scs
IGSE
Spacecraft Cooling GSE
TCPS

10.2.4.4 Test Description

This test consist of a series of simulated orbits designed to verify spacecraft self-compatibility.
Additionally, the simulated orbits demonstrate spacecraft opembil.ity during mission-like
opmtions. The OrbitalModeTestwill be is the primaxycharacterizationtestused throughout I&T.

All subsystems and instruments are operated concumentlyto emulate, to the extent practical, the
mission orbital timel.ines. Multiple orbits are pezformed to exercise spacecraft conf@urations
representative of those used throughoutthe mission. The orbits incorporatevefilcation of primary
and redundant hardware, primary data and power co@urations, and nominal spacecraft
operations. Spacecraft telemetry is monitored mltime, and subsequently revieweG to verify
compatibility between subsystems and instruments. Signflcant activities for subsystems and
instruments are observed. These activities include: instrument science operations, science and
housekeeping telemetry processing,data storage and playbacb RF transmitter duty cycling, HGA
and solar array tracking, and battcnycharge management. Figuxt 19illustrates the simulated orbit
timeline.

Results of the simulated orbits are usai to evaluate the ability of the spacecraft to perform the
intended mission operations. Spacecraft activities are monitored to verify proper response,
sequencing, and timing. Orbital data axeudlizexl during end-to+nd testing, to vexifyground and
sp= ne~ork compatibility. Simulated orbit testing
end-to-end compatibility, and thermal vacuum testing
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1002.405 T- Criteria

(TBD+

10.2.4.6 Test Pre-Requisites

(TBD-5-)

10.2.4.7 Guidelines/Constraints

(TBD-7)

10.2.5 Spacecraft-tc+Network Compatibfity Tests

10.25.1 Purpose

This test verifies the RF i.ntexfacecompatibility between the spaceaaft and the SN and GN.

10.23.2 Test Environment

Location:
cleanl@sK
Temperature:
Humidity
Access:
Pressunx

10.2.5.3 Test Configuration

Spacecraft
Test Fixturtx
Test Equipment

Test Support

10.2.5.4 Test Description

Integration Bay
class 10,000
13to 24*C
30 to 50%
Limited
Atmospheric

Horizontal (-Z Up)
TAP
Scs
IGSE
NASA Compatibility Test Van
TDRss
EOC

This test evaluates the RF interfaces between the spacecraft and the ground and space networks.
Testing will be performed in three phases: the fmt phase verifies compatibility between the EOS
operations Center @C) andthe SIM_, tie swondph~e ch~*s the sPac_ SN~~d
GN RF interfaces, and the third phase demonstrates Spacecraft compatibility with the space
network.

EOC compatibility testing demonstrates, with the spacecmfL the spacecraft commantig and
telemetry processing capabilities of theEOC. All commamktelemetry,remrder playbackand SCC
loaddump functions are verifkd to the extent practical. Command and telemetry Mlc between
the spacecraftand the EOCis hardlineviatheECOMnetwti EOC commandanddataflow testing
occurs during selected tests throughout the I&T cycle (see F= 5).
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The CTVis utilizedtoevaluatethe SpacecmftRF interfacesto thespacehdgmund networks. All
ground netwmk RF interfaces,as well as the TDRS fonvard and return signals, are characterized
by the C’IV. The Spacemft K-band signal is relayed via the (XV to WSC for characterization.
RF interfacesare validatedprior to spacenetworkcompatibilitytesting to minimhe TDRS usage.

After successful validation of the RF interfaces, the spacecmft signal is relayed to WSC via the
TDRS. WSC pmonnel will demonstrate the ability to lock-on and to process the signal. WSC
evaluates the spacemaft signal for each link mode. Spacecraftdata is flowed to the EOC if the
required SN elementsare available.

10.2.5S Test Criteria

(’I’BD4)

10.2.5.6 Test Pre-Requisites

The flightcommand database shall be verifkd prior to perfcmni.ngthe spacecraft to network
compatibility tests. All commandsme transmittedfrom the EOC,via ECOM,to AstnTcommands
are capturedby the SCS and comparedto the I&T commanddatabase.

10.25.7 Guidelines/Constraints

(TBD-7)

10.3 RF System Testing

10.3.1 EMC @Misted Emi&ons) Test

10.3.1.1 Purpose

This test measures the worst case narrowband and broadband electric fields, unrelated to the
transmitters, emanatingfrom the spacecraft.

10.3.1.2 Test Environment

Location: IntegmtionBay
Cleanliness: class 10,OOO
Tempemtunx 13to 24°C
Humidity: 30 to 50%
Access: Limited
Pressure: Atmospheric

10.3.1.3 Test Configuration

Spacecti. Horizontal (-Z Up)
TestFixture TM
Test Equipment Scs

IGSE
EMC MeasurementEquipment
TCPs
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10.3.1.4 Test Description

This testcharacterizesthe spacecraft’sradiatedemissionswiththe transmittersturnedoff. Radiation
stuveys are petiomed withthe spacecraftconfiguredin Launch,Science,andRP Noisy modes (see
AppendixI). Findingsfrom the Launchmodesu.xveyverify the spacecraftmeets the launch vehicle
requirements. Results fkom the Science survey verify the Spac+xrafl meets the performance
requirements,establishedintheEMC ControlPlan (PN20005869),duringsimulatedmission orbits.
The RF Noisy mode suxveymeasures worst case emissions with all subsystems and instruments
simultaneouslyin their “noisy” modes.

The test is performed with the spacecraft controlled via RF command and telemetry links. All
external cables and test equipmen~ in the immediate vicinity of the spacecraft, are shielded to
minimk the emissions induced by the test environment. A background survey is pexformedto
determine placement of test antennas at points of maximum emissions. A minimum of four test
locations are used Emissions are characterized for each mode using a combination RF probes,
antennas and RF analyzers. Testingvefiles both primary and redundant conf@urations. Detailed
test information is provided in the EMC Test Plan PN20005869.

10.3.1.5 Test Criteria

(ml)+

10.3.1.6 Test Prr+Requisites

All hardware is electricallymated in its flight configuration.

10.3.1.7 Guidelindhstmints

(TBD-7)

10.3Q RF Compatibility Test

10.3.2.1 Purpose

This test verities thespacecraftoperatesproperly in the presenceof radiated emissionsproduced by
the spacecraft.

10.3.2.2 Test Environment

Location: Bay 8
Cleanliness Class 10,000(using spacecraft enclosure)
Temperature 15 to 3o”c
Humidity 30 to 60%
Access: Restricted
Pressurlx Atmospheric
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10323 Test Configuration

Spacecraft Horizontal
-Z Up (in enclosure)

TestFixture: AcousticTestFixture
TestEquipment Scs

IGSE
EMC MeasurementEquipment
TCPS

10.3Q.4 Test Description

The RF compatibility test veriiles that the spacecraftoperatesproperlyin the presence of radiated
emissionsproducedby the spacecraft’stransmitters,subsystems,and instruments. The first part of
the test compares the performance of the commandreceiver during selected quiet, nominal, and
worst case combinations of subsystem, instrument and transmitteroperating modes. The second
part evaluates the effects of spacecraft transmitter operations on subsystem and instrument
performance,and radiated emissions. TableXLVIsummarkes the tests pezformedduring the test.

Table XLVI. RF Compatibility T

Test Subsystemhshument
Mode

Receiver Performance IQuiet

Receiver Performance

Receiver Performance lNoisy

Spacecraft XMTR IQuiet
Self<ompatibility

Radiated Emissions INominal

St

‘IhnsmitterState
(S-band, K-band, DAS)

AU(M
Alloff
Allen
Auon

All On

Receiver performance testing measurescommandreceiverloss-of-lock, acquisitionthresholdand
commandthreshold levels. Commandreceivertestingincrementallydecreasesthe groundradiated
power levels to measure and verify receiver loss+f-lock. Acquisition threshold testing
incrementally increases the radiated power levels to measureandverifythe thresholdfor acquiring
receiver lock. Command threshold testing sends sets of commands to the spacecraft while
incrementally decreasingradiated power levels to measureand ver@ the threshold for execution
of commands. The testsare repeatedfor the varioustransmitterandsubsystemconfigurationslisted
in TableXLVI. Testingencompassesboth primaryandredundantconjurations and veri13esboth
GSTDN and TDRSS receiver modes.

During spacecraft transmitter selkompatibility testing, the transmitters are operating with the
subsystems and instruments con@ured in their quiet modes (see Appendix I). Telemetxyis
monitored, and subsequently reviewe~ to determine if any perturbations were induced by the
transmitters.
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Finally,the subsystemsandinstrumenfi are configuredinto their nominal ~it mode. Msmitters
are turned on and the radiated emissions measurements(as described in Section 10.3J EMC Test)
am repeated. Detailed test informationis provided in the EMC TestPlan PN20005869.

10.XL5 Test Criteria

(’IBM)

10.3.2.6 Test IM+Requisites

C&DE

The flight omni and DAS antennas are installed in their flight configuration.

10.32.7 GuidelineslCo_ts

ThistestinvolvesradiatingRF energyfromthe variousspacecraftantennas. This energyrepresents
a serious personnel hazard. Proper precautions are observed.

10.4 Thea Vacuum Testing

Thermalvacuum testing consists of a series of tests that verify electrical and thermal performance
ofthe spacecraftin a simulatedorbitalenvironment. ThermalBalancetesting has been incorporated
into the Thermal VacuumTest in order to reduce overall cost and risk of environmental testing.
Figure 20 depicts the SpacemaftThenna.1VacuumTestprofile. The primary objectivesof the tests
arttcx

a.

b.

c.

d.

e.

f.

Verify capability of Spacecraft to meet performance requirements while subjected to
nominal and worst case T/V operating conditions

Vali&te ability of the thermal control subsystem to maintain the required temperatures
and @adientlimits

Confirm accuracy of Spacecraft analytical thermal models and mission temperature
predicts

Verifyfunctionality of hardware requiring vacuum environment

Provide baseline data for validation of fight telemetry measurements

Demonstrates system compatibtity

Testing is partitioned into the following test phases:

‘lYialPump Dow. Vtiles operation of chamber and ground support equipment
pnorto installationof spacecraft. It also providesfor bakeoutof chamber and GSE.

PrAhlnlp Dowm
chamber C1OSU.E
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Bakeout Provides time for outgassing of camuninants horn spa-

Launch Mode (Pump Down): VerMes spacecmft performance, while in launch
conjuration, during transition ftom ambient pressure to predicted on orbit
pressure.

Thermal Balanax Veril%xthermal conmolsubsystemperformance and validates
analytical thexmalmodels.

Vacuum (’T’hermalCycling) Test: Verifks the capability of the spacecraft to meet
performancerequirements while exposed to womtcase orbital T/V conditions.

Post Ventbaek Vefiles no degmdation has occurrd to the spacecraft due to the
thermal vacuum exposure.

10.4.1 l’kial pump Down Test

10.4.1.1 Purpose

This test verifies the operation of the chamber and test supportequipment prior to the installation
of the spacecraft into the chamber. It also verifies cleanlinessof the vacuum chamberand support
equipment by.bake+ut prior to testing with fight hardware.

10.4.1Q T@ Environment

Location 35’ Thermal VacuumChamber
Cleanliness* class 10,OOO
Temperature (TBD-3) to (TBD-3y’c
Humidity NIA
Accesx Restricted (none while under vacuum)
Pressure: <1x1(F5Torr

10.4.1.3 Test Con6guration

Spacecraft N/A
TestFixture: METS
Test Equipment TBD

Contamination Monitor
Thermocouples (incLmonitoringetpipmmt)
Supplemental heaters (incl. controllerdpower supplies)
Supplemental insulation
Contamination monitor

All GSE to be used during actual thermal vacuum test is positioned in the charnbr
in the same conf@ration as expected for the test to the extent practicaL

10.4.1.4 Test Description

This test is pexforrnedprior to the installation of the spacecraft into the thermal vacuum chamber.
Proper installation and operation of the cables, fluid lines, fixtures, targets, heater controls and
monitoring devices used in the chamber are verified to the extent practicaL Chamberpressure and
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I.iqtid nitrogen shroud perf~ce ae also evalua~d. Chambr tines, UH during the
spacecrafttest, are installedto characterizezone temperaw control. Wlmessplates and TQCMS
are used to monitorcontaminantquantitiesand types.

10.4.1.5 Test Criteria

(TBD+

10.4.1.6 Test Pre-Requisites

(TBD-5)

10.4.1.7 GuidelinedCo*k

It is assumedthat the conf@uratioIIof the thermalvacuum chamberdoes not change betweenthis
test and the spacecraftthe~ vacuumtest.

Personnel workingin the thermal vacuumchambermust take proper precautions to ensure that an
environmentcapable of supportinglife exists prior to entering the chamber.

10.4.2 P-puIIIp DOWIITest

10.4.2.1 Purpose

This test verities the operation of the spacecraft subsystems and supporting GSE in the the-
vacuum chamberprior to the initiation of thermal vacuum testing.

10.4.2.2 Test Environment

Location: 35’ ThermalVacuumChamber
Cleanliness: class 10,000
Temperature: 13 to 24°C
Humidity: 30 to 50%
Access: Resrncted
Pressure: Atmospheric

10.4.2.3 Test Confi-tion

Spacecraft Horizontal (-Z Up)
TestFixture: METS (Spacecraft)

HGA Fixture (supports HGA and allows gimbal rotation)
SSU Bench

Test Equipmenfi Scs
IGSE

10.4.2.4 Test Description

This test validates the thermal vacuum test conilguration before chamber closure and the start of
pumpdown. An Aliveness Tkst (Section 9.4) is performd to ve~ operation of the spacecraft
subsystemsandGSEinterfaces. Specialpurposetests arepexformedto demonstrateunvefiltiGSE
electrical interfaces, thermal control and monitoringhardware,and target support equipment.
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10,425

(mm+

10.426

(T13D-5)

10.42.7

Test Criteria “

T- Prc+Requisites

Guidelines/Constraints

Personnel working in the thermal vacuum chambermust take proper precautions to ensure that an
environmentcapable of supporting life exists prior to enteringthe chamber.

Any changes to the equipment conf@ration after the test must be verifkd prior to the start of the
thermal vacuum testing.

10.43 Launch Mode @ump Down) Test

10.4.3.1 Purpose

This test vefiis proper operation of the spacecrr@ while in the launch conilguxation, during
chamber pressure evacuation to simulate transition from ambient to the on orbit environment.

10.43.2 Test Exwironrnent

Locatim 35’ Tknnal Vacuumchamber
cleanliness: class 10,OOO
Temperatww (TB&3) to (TBD-3)”c
Humidity N/A
Access: Restricted (none while under vacuum)
Pressure: <lx10_5Tom

10.43.3 Test Configuration

Spacecraft Horizontal (-Z Up)
TestFixtmx METS
Test Equipment Scs

Thermocouples(incl. monitoring equipment)
Supplementalheaters (incl. controllerdpower supplies)
Supplementalinsulation
Contaminationmonitor

10.43.4 TestDescription

The spacecm.ftsubsystems are conilgmed for launch (instruments are off). The chamber is
evacuated to less than 7.5xl@3 Torr to simulate the pressure profde of the EL.-powered flight
within the constraints of the chamber facility. During the transition, bus voltage and current are
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mmitored for abnmmal variations. Spacecraft telemetry is monitomd to evaluak launch mode
activities. I%ovidedthat no bus anomaliesam &tect.ed+the cher is evacuatd to a pressure of
less than lx10_5Tomand maintainedfor the duration of T/V testing.

10.435

(TBD4)

10.4.3.6

(TBD-s)

10.403.7

~D-7)

Test Criteria

Test IW+Reqtites

GuidelinedCo_@

10.4.4 Bakeout

10.4.4.1 Purpose

This activity fivides for outgassingof the spacecraftstructure and components.

10.4.4.2 Test Euviromnent

Location 35’ !IhermalVacuumChamber
cleanliness:
Temwratunz

class10,OOO
(TBD-3) to 0’BD-3)0c

Hunikli@: N/A
Access: None
Pressure: <lx10_5 Tom

10.4.4.3 Test Configuration

Spacecraft Horizontal (-Z Up)
TestFixturtx METS
Test EquipmenC Scs

IGSE
Thermmouples (incl. monitoringequipment)
Supplementalheaters (incl. controlle~power supplies)
Supplement insulation
Contaminationmonitor

10.4.4.4 Test Description

The spacecraft is heated using both internal (component)and external (shroud)heat sources. It is
heated to temperaws which are sufficient to foster contaminantrelease but which do not exceed
the upper qualificatim temperaw. The bakeout conditions are maintained until contaminant
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release has ceased or for a minimum duration of eight hours. Molecular ~ontaminationwithin the
chamberis monitoredwitha Temperature-controllti Quanz CrystalMicro-cc (TQUW during
T/V testing. During the bakexmtprocess, thermal control of the chamber shrouds are used as
required to maintainall flight hardwarewithinits qutilcation temperature limits. A functional test
are pezfoxmedduring bakeout to provide early vefication that the spacecraft and GSE m
operational in the thermal vacuum environment.

10.4.4.5 Test Criteria

(TBM)

10.4.4.6 Test l?m+Requisites

(TBD-S)

10.4.4.7 Guidelines/Constraints

WD=7)

10.4.5 Thermal Balance Test

10.43.1 Purpose

This test confirm the accuracy of the spacecraft analytical thermal models and the ability of the
thermal conlrol system to maintain the required tempemtures and gradient limits with margin.

10.4S2 Test Environment

Location:
Cleanliness:
Temperature:
Humidity
Access:
Pressure:

10.43.3 T* Configuration

Spacecraft
Test Fixture:
Test Equipmenfi

35’ Thermal VacuumChamber
class 10,OOO
(TBD-3) to (TBD-3)”c
WA
None
<lx10_5 TOIT

Horizontal (-Z Up)
METS
Scs
IGSE
Thermocouples (incl. monitoring equipment)
Supplementalheaters (incl. controllers/power supplies)
Supplemental insulation
Contamination monitor
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10.45A T-Description

Aftercompletingbakeou~the thermalbalancetestbeginsby adjustingtheT/Vchambertemperatu.re
and reco@uring the spacecmft in order to simulate the womt-case hot scemuio. Spacecraft
temperaturesare monitoredto ensureno temperatureexceedsthe maximumallowabletemperature
limit for that location. This scenariorequires simulationof the maximumexternal absorbed flux
incombinationwiththe maximuminternalpowerdissipationpredictedduringthenomal spacecraft
operational profde. These conditions are maintained until the spacecraft reaches temperatm
stabilization and for a minimum of eight hours afterward. Temperaturereadings throughout the
spacecraft and heater currents are closely monitored and recorded for post-test correlation of the
thermal analytical model.

After simulating the worst-case hot scenario, the nominal scenario is simulated by lowering the
chambertemperatureandmcon@uring thespacecmftagain. Theworst-casecold nominalscenario
requires simulationof the nominal external absorbedflux in combinationwith the nominal internal
power dissipationpredictedduring the ncnmalspacecraftoperationalprofde. These conditions are
maintaineduntil the spacecraftreaches temperaturestabilizationand for a minimumof eight hours
afterward. Temperaturereadings throughoutthe spacecraftand heater currents are monitored and
recorded for post–testcorrelation of the thermal analytical model.

After simulating the nominal scenario, the worst+xse cold scenario is simulated by lowering the
chamber temperate andreconf@ring the spacecraftagain. Thewomt+ase coldscenariorequires
simulationofthe minimumexternalabsorbedflux in combinationwiththe minimuminternalpower
dissipation predicted during the normal spacecraft operational profile. These conditions ~
maintaineduntil the spacecraftreaches temperaturestabilizationand for a minimumof eight hours
afterward. Temperaturereadings throughoutthe spacecraftand heater cummts are monitored and
recorded for post-test cmrelation of the thermal analyticalmodel.

10.43.5 Test Criteria

(TBD+

10.43.6 Test Pre-Requisites

(’I’BD-5)

10.4S.7 Guidelines/Constraints

(TBD-7)

10.4.6 Vacuum (Thermal Cycling) Test

10.4.6.1 Purpose

Thermal Viwuumtestingvtiles the capability of the spacecraft to meetperformancespecification
requirements while exposed to nominal and worst+se orbital T/V conditions.
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10.4.6Q T&t Environment

L.
.

Locatim
Cleanliness:
Temperature
Humidity:
Access:
Pressure:

10.4.6.3 Test Conjuration

spacecraft
Test Fixture:
Test EquipmenC

35’ ThemnalVacuumChamber
class 10,OOO
(TBIk3) to (TBD-3)0c
WA
None
C1X1O-5‘lbrr

Horizontal (-Z Up)
METS
Scs
IGSE
Thermocouples(incLmonitoring equipment)
Supplementalheaters (incLcomrollers/powersupplies)
Supplementalinsulation
Contaminationmonitor

10.4.6.4 Test Description

Vacuum testing consists of four thermal cycles during which spacecmft performance will be
evaluated During hot plateau testing, the chamber will be controlled such that the hottest
component is maintained at 10’C above its rnaxhnum predicted on-orbit operating temperature.
During cold plateau testing, the chamber will be controlled such that the coldest component is
maintained at 10”C below its maximum predicted on+rbit operating temperature. Under no
condition shall any component be pexmitted to reach a temperature which is outside its
non+xmating limits. The spacecmft thermal vacuum test profiie is defined in Figure 20.

Spacecraft temperature transitions are inducedby changesin chambertemperatures. The spacecraft
temperature transition rate is the “worst case” expectedon-orbit rate (10”Cper hour) to the extent
practical. Orbital simulations (see Section 10.2.4)are performed during all transitions and also
during temperature plateaus when no other testing is scheduled.

During T/V cycling, a portion of the CPT (see Section 9.3) is pczfcxmedduring each cycle’s high
and low plateaus. On a cumulative basis, one full CPTis performedat the high temperature level,
and one full CPT at the low temperature level. High and lowtemperatureplateaus are maintained
for at least 16 hours.

The following sequence is employed for spacecraft thermal cycling in TN

a. Cycle 1, High Temperature-After temperaturestabilizationhas been achieved at the
upper qtilcation temperature, the spacecraft is turned off (essential Spacecraft
hardware will remain powered). Hot start capability is demonstrated two successive
times. Applicablesectionsof theTransientTolemnce(Section10.2.3)andPowerProfde
(Section 10.2.2)tests will be perfm.rwl. A portionof the CPTis performed in order to
ensure that the spacecraft is fimctioningproperly.
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Cycle 1, Low Tempemture - After temperatureStabilization’hasbeen achieved at the
lower qu~lcation temperature, the spacecraft is turned off (essential Spacecraft
hardware will remain powered). Cold stat capability is demonsmted two successive
times. Cold-start capabilityis verifkd by perfcmninga shutdown,waitingfor a period
of 30 minutes, and then performing a rest.at During the shutdow, the Spacecraft is
configuredin its “stuvival” modeand test heaters and shroudcontrolis used in order to
prevent exposure to tempemtures signifkantly below the lower qualification
temperature. A portion of the CPT is performedin order to ensure that the spacecraft
is fimctioningproperly.

Cycle 2, High and Low Ttxnperatures - Simulatedorbits are perfoxmedduringwhich
EOC data flow testing occurs. Dwing this testing, the EOC receives and processes
telemetry fkomthe spacecraftthrough the NASCOMlink

Cycle 3, High and Low Temperatures- CP’Ttesting occurs.

Cycle 4, High and Low Temperatures- CPT testing occurs.

Following the fouxth cycle, a contamination prevention half-cycle is performed in which the
spacecraft’ssensitiveexternal surfacesare stabilized at tempemtureswithin their operatingranges
that minirnizecontamination. The spacecrafttemperatureis controlledsuch that contaminantsare
attracted to tie colder chamberwalls rather than the spacecrak During this cycle the spacecraft is
conf@red to a mode safe for transition to ambient pressure.

10.4.6.5 Test Criteria

(TBIH)

10.4.6.6 TimtPre-Requisites

(TBD-5)

10.4.6.7 GuidelinedConstraints

(TBD-7)

10.4.7 Post-ventback H

10.4.7.1 Purpose

This test vetiles proper operationof the spacecraft subsystemsin the thermal vacuum chamber at
the conclusion of thermal vacuumtesting.

10.4.7.2 Test Environment

Location: 35’ Thermal VacuumChamber
Cleanliness: class 10,OOO
Temperature 13 to 24°C
Humidity: 30 to 50%
Access: Restricted
Pressure: Atmospheric
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10.4.7.3 T- Con@ration

Spacecmft Horizontal (-Z Up)
Test Fixture: METS”
Test Equipment Scs

IGSE

10.4.7.4 Test Description

Upon entering the chamber following ventbac~ witness plates axe removed for analysis of
contaminant compositionand quantity. An in-place inspection of the spacecraft is performed to
ve@ no physical damage has occun’edduring the thermal vacuum test. An ahveness test is
performedto verify all subsystemsare functional and that no degradationhas occurred during the
ventback process.

10.4.7.5 Test Criteria

(TBD-4)

10.4.7.6 Test Pre-Requisites

(TBD-5)

10.4.7.7 GuidelinedConstraints

Personnel working in the thermal vacuum chamber take proper precautions
environment capable of supportinglife exists prior to entering the chamber.

toensure that an

10.5 Mechanical System Testing

10.5.1 Pm+ and Post-mechanical System Alignment Test

10.5.1.1 Purpose

Thepre–andpost-mechanical systemalignmenttest measwementsverifythat eachrequired sensor,
instrumen~HGA,S/A,andpropulsionsubsystemcomponentis alignedto the Spacecraftnavigation
base coordinate system within the tolerance spec~led in the Spacecraft Alignment Plan,
PN20008660. The alignmentmeasurementsare performedbeforeand afterthe Spacecraftexposure
to acoustic and shock environmentsto determine if any shift has occurred that exceeds the budget
allowance.

10.5.1.2 Tkst Environment

Location Integration Bay
cleanliness: class 10,OOO
Temperatunx 13to 24°C
Humidity 30 to 509’0
Access Limited
Pressure Atmospheric
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10.5.1.3 Test confi&I@on

Spacecraft Vertical
TestFixture: Rotab (Spacecrafton rotab adaptor)
TestEquipment AlignmentEquipment

10.5.1.4 Test _ptiOn

Alignmentshavebeenpreviouslyverifkd andabaselineestabliskd duringstructuretestingandthe
integrationphase of I&T. Measurementsare made at the beginningof the mechanicalsystem test
phase and at the conclusion in order to evaluate the effects of acoustics, pyrotec~c~y induced
shock and handling on the spacecmft. The Spat-is vertically positioned (+X axis up) on a
precision rotay table for these alignmentmeasurements.

10.5.1.5 Test Criteria

(TBD4)

10.5.1.6 Test Pre-Requisit.es

~D-5)

10.5.1.7 Guidelines/Co~~

(TBD-7)

10.5.2 Deployment Verification Test

100502.1 Purpose

Deployment t.e-g is perh=d to verify proper instidlatim of deployable, to ccm.firmthe
deploymentmechtisms operate as designed,and to verify there is no degradationin operationclue
to environmentalexposures.

10.5Q.2 Test Environment

Location:
Cleanliness:
Temperature:
Humidity:
Access:
Pressure:

10.5Q.3 Test Configuration

Spat*
TestFixture
TestEquipment:

IntegrationBay
class 10,OOO
13to 24°C
30 to 50%
Limited
Atmospheric

Horizontal,TBD Up
TAP
HGA DeploymentFixture
S/A HingeDeploymentFixture
S/A Blanket Box Pop and Catch Fixture
DeploymentTable
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a.

b.

1050205

c.
.

T&t Description

Solar Array Deployment Prior to Spacecraftacoustic testing, the S/A is installed in
its flight configuration.The SpacecraftwiUbe positionedin averticalconfiguration(+X
up) on the TAP.The S/A blanket box and canister will be supportedfrom above using
specially designed fmtures to simulate Zerbg conditions. The S/A canister hinge
deploymentis performedby pneumaticallyactuatingthe release. The deploymentof the
canister is timed and the deployment angle measured and aligned if necessary. The
canister hinge heater and latch microswitchoperationare verifkxl. The next part of this
test involves the blanket box deploymen~ The S/A blanket box pop and catch f~ture
are installed on the S/A and the S/A blanket are &ployed via Spacecraftcommands to
showfmt motion (approx 2 in.). At the completionof this testing, the S/A is restowed
on the Spacecmftin flight configurationfor the acoustic test. This test is repeated after
the acoustic test using pyrotechnics to actuate the release.

HGA Boom Deployment Rior to acoustic testing, the HGA Deployment Assembly
is installed in its flight conf@ration. The Spacecraft is positioned and aligned to the
deploymenttable using the TAP.The HGARF electronicsbox is supportedby specially
designedfutures, to simulatezero-g conditions,whichride acr6ssthe deploymenttable
omiir bearings. The HGAboomdeploymentis deployedbypneumaticallyactuatingthe
four electronicsbox release mechanisms. The deploymentof the boom is timed and the
deployment angle measured and aligned if necessary. The boomhinge heater and latch
rnicroswitch operation are verified. At the completion of this test the HGA boom is
restowed on the Spacecraft in flight conf@mtion for the acoustic test. This test is
rqeated after the acoustic test using pyrotechnics to actuate the release mechanisms.

Test Criteria

The deployments occur when the deploy command is transmitted within the times described by
specKlcation.

The deployments take place in a controlled, repeatable manner to the extent possible taking into
account fixture and facility constraints.

The post-deployment alignmentof theHGAand the S/Acanistermust be withinthespecifiedrange.

10.5.2.6 Test Pr+RequiAtes

The HGA and S/A must be installed in their launch conf@rations.

10S.2.7 GuidelinedConstraints

(TBD-7)

10.53 Acoustic Test

10.53.1 Purpose

This test demonstrates the ability of the spacecmftto withstandand operate in the launch and ascent
dynamic environment.
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10.53.2 Test Environment

Location:
Cleanliness:
Temperature
Humidity
Access:
Pressure

10.5.3.3 Test Configumtion

Spacecti
TestFixturcx
TestEquipment

Acoustic Chad=
Class 100,000(controlledto Class 10,000)
13 to 24°C
30 to 50%
Limited (none during test)
Atmospheric

Vertical,with flight adaptor ring
Acoustic TestFixture
Accelerometers (incl. data acquisition equipment)
Scs
IGSE
Data Central

10.5S.4 T&t Description

The acoustic test of the EOS-AM Spacecraft is conducted in the Acoustic Chamber at the Astro
SpaceEast Windsorfacility. Beforethe Spacecraftis installed in the chamber,the spectrumof the
acousticfield in the test chamberis preshaped The Spacecraftis movedinto thefacility and set-up
vertically with test accelerometers installed. Prior to acoustic exposure, an aliveness test is
perfoxmedwiththe Spacecraftsetupin the acousticchamber.Afterthealivenesstesg the Spacecraft
is placed in its launch mode per Appendix I and remains in this conf@urationduxingthe acoustic
exposure. A low-level acoustic test is pexformedto make final adjustments to the shape of the
acoustic spectrum. The Spacecraft is then be subjected to the quaMcation test levels specifkd in
Table XVII for a Protoflightdumtion. During exposureto the acousticenvironment,telemetry is
monitored for anomalousconditions and unexpectedchanges. A sniff test will be performedupon
entering the test chamber following the test to verify no leaks in the CPHTSwere induced. After
acousticexpcmue,an alivenesstest is performedandthe Spacecraftwillbe inspectedfor anyvisible
damage.

10.5.3.5 Test Criteria

The Spacecraft showsno degradation in functional performanceduring acoustic exposure, and no
degradation in functional performance or mechanical structural integrity upon completion of
testing.

10.53.6 Test Pr-Requ.idtes

The Spawcraft must be completely (electrically and mechanically) integrated in its launch
conf@ration, except that the propellant tank is empty.
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Table XLYII. Qualification Acoustic Test Levels (TITAN-IV (NW)and A-mS)

On*Third Octave :inu=a) T= Tolerance
Center Frequency (H@ .. (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 1273
1000 1255 +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

Rotoflight Duratioxx One Minute
QuaMcat.ionDuration: Two M.inutea
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10.5.4 Shock Test

10.5.4.1 Purpose .

This testdemonstratesthecapabilityof theflight hardwareto withstandanhropemtein apredicted
shock environment. In addition, shock response measurements are taken and companxi to the
component level shock environments in order to ascertain if the imposed levels are potentially
damaging to the components.

10S.4.2 Test Euvi.ronment

Locatiom
cleanliness:
Temperature:
Humidity
Access:
Pressure:

10.5.4.3 Test Configuration

Space&ait

Test Fixturtx

Test Equipment

Acoustic Chamber,IntegrationBay
class 10,OOO
13 to 24°C
30 to 50%
Limited
Atmospheric

Vetical, with flight adaptorfig (PM 1)
Horizontal (-Y Up) (Part2)
spacecraft VerticalLift Sling (part 1)
TW (part 2)
Accelerometers(incLdata acquisitionequipment)
Data Central
Scs
IGSE (for FunctionalTest)
Flight AdaptorRing CatchFixture
HGADeploymentFixtuR
S/A Hinge DeploymentFixture
S/A Blanket Box Pop and Catch Fixture

10.5.4.4 Test Desc@tion

The shock test is performedin two parts. The fmt partof the test simulatesthe externally-induced
shockscausedby Spacecraftseparationfrom the launchvehicle. Thistest isperformedimmediately
following the acoustic test in the acoustjc test chamber. Test accelerometersare installed at the
appropriate locations. The Spacecraft is suspendedvertically and the launch vehicle adapter is
pyrotechnicallyseparatedfromSpacecraft. Thispartofthe testis performedat leasttwiceto account
for the data scatter associatedwith each actuation. Followingthis part of the tes~ the Spacecraft is
returned to the Integration Bay.

The second part of the shock test simulates the self-induced shocks causedby the solar array and
HGAdeploymentreleases. This testis pexformedwiththe Spacecraftonthe -Axis Positioner
(’TAP).HGA and solar array deploymentactuationsare performedseparatelywith the appropriate
deploymentf-in place. Each of these actuationsis performedtwiceto accountfor data scatter.
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10.5.4.5 Test Criteria

A successful test requires the following:

a. Successful ftig of ordnance.

b. Successfd Sep~tiOIi.

c. No darnagetospacecraft

d. Spacecraft equipment shock response levels as verifkxl from Data Central spectrum
analyses are not excessive.

10.5.4.6 Test -Requisites

(TBD-5)

10.5.4.7 GuidelinedConstraints

(TBD-7)

10.6 Post Environmental Testing

10.6.1 Leak Test

10.6.1.1 Purpose

This test is conducted to insure the integrity of the propulsion subsystem after thrusterffigs and
exposure to acoustic and shock environments.

10.6.1Q T- Environment

Location Integration Bay
cleanliness: class 10,OOO
Temperature: 13 to 24°C
Humidity 30 to 50%
Access Limited
Pressure: Atmospheric

10.6.103 Test coti~tion

Spacwraft (TBD-9)
Test Fixturw (TBD-9)
Test Equipment (’IYML9)

10.6.1.4 Test Description

The propulsion subsystem is pressurized with helium as a working gas. The system is monitored
for a decay in the pressure of the system. Leak presence is determined by the measured rate of
pressurereduction.
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10.6.105 Test Criteria

(TBD4)

10.6.1.6 T--Requisites

(TBD-5)

10.6.1.7 Guidelines/Constraints

This test involves theuse of helium gas. Personnel working within (TBD-7) feet of the spacecraft
take the properprecautionsto ensure thatthe environmentis capable of supportinglife. Portable
life supportequipmentmust be available in the immediate vicinity for all personnel.

10.62 lkouble - Free Operations Test

10.6.2.1 Purpose

This test demonstratesn9iable, continuous operation of the spacecraft prior to shipment to the
launch facility.

10.6.2.2 T-Environment

Location IntegrationBay
cleanliness class 10,OOO
Temperaturtx 13 to 24°C
Humidity 30 to 50%
Access: Limited
Pressure: Atmospheric

10.6.2.3 Test Configuration

Spacecraft Horizontal, (-Z Up)
Test Fixture: TAP
Test Equipment Scs

IGSE
Spacecraft Cooling GSE

10.6.2.4 Test Description

Reliableoperationisdemonstratedbyperformingaminimumof 100hoursof testingdevoidofflight
hardware or flight softwareproblems. Tixxi.ngconsists of a continuousseries of simulated orbi~,
the spacecraft is operated as defined in the Orbital Mode Test (see Section 10.2.4). Spacecraft
telemetry is monitored and subsequentlyreviewe&for anomalous conditions. Data is flowed to
the EOC as part of end-to-end compatibility testing.
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10.60205 Test Criteria

(TBIkl)

10.602.6 Test -Requisites

All hardwareis electrically mated in its flight configuration.

10.6.2.7 Guidelines/Constrab@

(TBD-7)

10.63 End-to-end Compatibility Test

10.63.1 Purpose

This test demonstmtex the operationalcompatibility of the EOS-AM Spacecraft with the ECOM,
EOSDIS and Space networks.

10.63.2 Test Environment

Location:
Cleanliness:
Temperature:
Humidity
Access:
Pressurtx

10.63.3 Test Configuration

Spacecraft
Test Fixture:
Test Equipment:

Test SUppOIt

IntegrationBay
class10,OOO
13 to 24°C
30 to 50%
Limited
Atmospheric

Horizontal (-Z Up)
TAP
Scs
IGSE
NASA CompatibilityTest Van
TDRSS
ECOM
EOSDIS

10.6.3.4 Test *Li@iOIl

The End-t~End (E’133)test verifks operational compatibility bemeen the EOS Spacecraft and
appropriate ground and space network elements. All tracking, telemetry, command and control
elements are linked to demonstrate integrated network operation. Command and data interfaces,
as well as ground network command and data processing,are evaluated. The primary activities of
the ETE test are:

a. Vtilcation of the ability to send Spacecraft telemetry to the WSC, via TDRSS, in the
various RF link and transponder conjurations.
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b. Verificationof the ability of the EOS OperationsCenter (Ek) to send all command
typx, at all canmand mtes, to the space-

c. Verificationof the ability of the EOC to receiveall telemetrytypesfrom the Spacecraft.

d. Verificationof the ability of the groundnetwork to processand distributedata to EOC.

During ETE testing, the spacecraft is interfaced with the CTV. The Cl’V,by serving as a pass
through relay betweenthe Spacecraft and TDRSS,completesthe link betweenthe Spacecraftand
spacenetworkelements. Operationof the Spacecmftby EOC,via the ECOMand spacenetworks,
is through the spacecraftcheckoutstation. All commandand SCCload functionswill be exercised
from theirpoint of oxiginduringthe mission. Data processingis verifiedat all pointsof distribution
throughout the ECOM and EOSDIS networks. All SN communication links and modes are
demonstmted. Detailed test information is provided in the RF CompatibilityPlan and Report for
the EOS-AM Spacecraft(PN20008709).

10.63.5 Test Criteria

(TBD4) -

10.63.6 T&t -Requisites

Spacecraft to TDRS and Spacecraft to EOC compatibility must be demonstratedpriorto this test.

10.63.7 Guidelines/Constraints

(TBD-7)

10.6.4 Mission Simulation Test

10.6.4.1 Purpose

This test validates a subset of the activation, nominal, and contingency mission operatkg
procedures. The test also provides mission operations trainingfor the flight operationteams.

10.6.4.2 Test Environment

Location: Integration Bay
Cleanliness: class 10,OOO
Tempmut: 15 to 30°c
Humidity 30 to 60%
Access: Limited
Pressure Atmospheric
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10.6.4.3 T&tConfiguration

SpaceCraft Horizontal, (-Z Up)
T=t Fixture: ‘
Test Equipment Scs

IGSE
ECOM
NASA Compatibility Test Van
llllRSS
EOC

10.6.4.4 Test Description

This test provides training for the flight operations _ validates a subset of the flight operation
procedures,andvexi.fksnetworkend-t~nd compatibility. The test consistsofup to a24(TBR-1)
hour period in which the flight operations team commands andmonitors the spacecraftas if it were
in orbit. Actual ilight operation procedures are utilized to perform a simulated nominal mission
timeline. The testis performedwith all required network elements, includingthe CTV and TDRS,
linked to provide end-~nd verification of the integratedoperation. AUcommandand SCCload
functions are exercised from their point of origin during the mission. Selected network
organizations and users participate to verify pro~ command and telemetry processing at their
respective locations. Throughout the test, the SCS maintains hardline telemetry monitoring
capability Detailed test information is provided in the RF CompatibilityPlan and Report for the
EOS-AM Spacexxaft(PN20008709).

10.6.4.5 Test Criteria

(TBD4)

10.6.4.6 Test Pre-Requisites

Spacecraft to TDRS and Spacecraft to EOC compatibfity is demonstratedpriorto this test.

10.6.4.7 Guidelines/Constraints

(TBD-7)

10.605 Mass Properties Test

10.605.1 Purpose

This test measures the weight and center of gravity of the spacecraft. From these measurements,
moments and products of inertia are calculated.
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10.6S.2 Test Environment

Location:
cleanliness:
Temperature:
Humidiqc
Accessz
Pressure

10.6S.3 Test Configuration

Spacecraft
TestFixture

Test Equipment

10.6.5.4 Test Description

IntegmtionBay
class 10,OOO
15 to 30°c
30 to 60%
Limited
Atmospheric

Horizontal,lkrticid
HorizontalLift Sling
VerticalLift Sling
Load Cells

This test is paformed in twoparts. The fmt pm of the test detemninesthe.weightof the Spacecraft
and the center of gravity in the X-Y plane. The Spacecmftis lifted using the horizontal lift sling
with a load cell attachedto each of the four slhg risers. The load in each of the tiers is measured.
The weight and center of gravity in the X-Y plane are calculatedhorn these measurements. The
second part of the test detenn.inesthe center of gravity of the Spacecraft in the Y-Z plane. The
Spacecmft is rotated and lifted using the vertical lift sling with a load cell attached to each of the
three sling risers. The load in each of the risers is measuredand the center of gravity in the Y-Z
plane calculated.

10.6.5.5 Test Criteria

(TBD-4)

10.63.6 Test Prc-Requisites

All hardware is installed in its launch conf@uration(with the exceptionof fuel).

10.6S.7 GuidelinedConstraints

(TBD-7)
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II LAUNCH SITETESTING

11.1 Overview

Launch site testing verifks the integrity of the propulsion systexmreadiness of the spacecraft for
launch,and performanceof the spacecraft to launch vehicle intetiaces. Activities are performed
at theprocessingfacilityandat the launchpad. Detailedlaunchsite activityinfcmnationis provided
in the Launch Site Plan PN20008522.

11.2 Spacecraft Leak Check

11.2.1 Purpose

This test is conducted to insure the integrity of the propulsion subsystem after the shipping and
handlingoperationsto the launchsitehave beencompletedandpriorto loadingfuel into the system.

11.2.2 Test Environment

Location: Payload ProcessingFacility (TBD)at WTR
cleanliness: Class 100,000(controlled to Class 10,000)
Temperature: 15 to 3o”c
Humidity 30 to 60%
Access: Limited
Pressurel Atmospheric

11.23 T* Conjuration

Spacecraft Horizontal
-z up

Test Fixture: TAP
Test Equipment: Scs

IGSE

11.2.4 Test Description

The propulsionsubsystemis presstuized with a workinggas. The systemis monitomdfor a decay
in the pressure of the system. Leak presence is determined by the measured rate of pressure
reduction.

11.2.5 Test Criteria

(TBD-4)

11.2.6 Test Prerequisites

(TBD-5)
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This test involvestheuseof (TBD-7) gas. Personnelworkingwithin (TBD-7) feet of thespacm
must take the proper precautions to ensure that the environment is capable of supporting life.
Portable life support equipmentmust be available in the immediate vicinity for all personnel.

11.3 SpacecraftComprehensive Performance T@@

113.1 Purpose

This test demonstratesproperspacecraftperformanceafter shipment from Astro Space to WI’R.

11.32 T= Environment

LocatioK Payload Processing Facility (TBD) at WTR
cleanliness Class 100,000(controlled to Class 10,000)
Temperatm: 13 to 24°C
Humidity: 30 to 50%
Access: Limited
Pressure: Atmospheric

11.3.3 T- Configuration

Spacecraft Horizontal (-Z UP)
Test Fixture: TN
Test Equipment Scs

IGSE
Spacecmft Cooling GSE

11.3.4 T* Description

Flight battery charging commencesfollowing the post shipment inspection. After completion of
battery charging, a comprehensiveperformancetestis perfonmxi to vetiy the spacecraft sumived
the the cross-countIYtransport and that the HGA has beenproperly installed after transport. The
test is a repeat of the CPT (see Section 9.3) perfoxmed during spacecraft I&T. The GSE
configuration is the same as during spacecraft I&T. Review and analysis of the test data occurs, at
the launch site, immediately following testing.

11.3.5 Test Criteria

(TBM)

11.3.6 T- Prt+Requisites

(TBD-5)
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1103.7 Guidelines/Constraints

(TBD-7)

11.4 Launch Pad Spacecraft Bus AIiveness Test

11.4.1 Purpose

This test vetiles the properinstallation and operationof the T-O Umbilical cable. The test also
vefiles thatno damage occumed to the spacecraftduringthe move to the launchpad.

11.43

11.43

11.4.4

Test Environment

Location:
cleanliness:
Temperatu.nx
Humidity
Access:
Pressure:

Test Configuration

Spacwraft
Test Fixture
Test Equipment

TestDesenption

SLC-3E (T13R)
Class 100,000(controlledto Class 10,000)
13 to 24°C
30 to 60%
Limited
Atmosphtic

Mounted to ELV(Encapsula@ Vertical)
N/A
Scs
IGSE
LSE

This test verifks proper operationof the T-OUmbilicaland the spacecraftafter being matedto the
ELV.Prior to the matingof theT-OUmbilical, impedanceandopencircuit measurementsaremade
toverify a safeto matecondition. h alivenesstest is thenperformedto validatethe umbfical cable
and to ver@ no damageto the spacecraftoccurredduring the moveto the pad. The test is a repeat
of the alivenesstest performedthroughoutspacecraftI&T. Spacecraftpowerisprovided by theSCS
throughout the test. After successfulcompletion of the test, battery chaging commences.

11.4.5 Test Criteria

(TBDA)

11.4.6 Test ~Requisites

(TBD-5)

11.5 Composite Electrical Readiness T@

113.1 Purpose

This test vetiles the spacecm.ftand launch vehicle common interfaces and self compatibility
betweenthe two systems. The test also provides final verification of spacecraftbattery operation
and readiness of redundant components.
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11.52

11.53

11.5.4

TestI?dronrnent

Location
Cleanliness:
Temperature
HumidiqK
Access:
Pressure:

Test Configuration

Spactxlait
Test Fixture
Test Equipment:

Test Description

SLC-3E (TBR)
class100;OOO(controlled to class 10,OOO)
13 to 24°C
30 to 50%
Limited
Atmospheric

Mounted to ELV (EnCaPS_V~C~)
NIA
Scs
IGSE
NE
Spacecmft Cooling GSE

This test co~ists of three phass vefilcation of the spacecmft and launch vehicle intdace,
demonstration of spacecraft and launch vehicle self compatibility,and verification of spacecraft
launch readiness.

The spacecraftandlaunch vehicle interfacetest verifiesproperoperationof thetelemetryinterleaver
locatedwithin the launchvehicle. Friorto the mating of the SpacecraftandLV intetiace connectm,
impedance and open circuit measurementsart made to verify a safe to mate condition. Spacecraft
telemetry, stripped fkom the launch vehicle interleaved data stmanL is verifkd against the I&T
database. This spacecraft teleme&ystream,receivedfromthe launchvehicle,is alsoverifkd against
the spacecmft hardline telemetxystream obtained via the T41 Umbilical cable.

Electrical compatibility between the launch vehicle, launch control center equipment, and the
spacecraft is verified. The spacecmft is con@ured to the launchmode. During the con@uring and
while in the steady state, launch vehicle telemetry is evaluatedfor any perturbationscaused by the
spacecraft- Similarly, the launch vehicle and launch contmi equipment is conf@uredto its launch
mode; spacecraft teleme~, both hardline and from the LV, is reviewed for any abnormalities
induced by the launch environmen~

Launch readiness of the spacecraft redundant components is demonstrated. The spacecraft is
conilgumd in the launch mode utilizing redundant components. Spacecraft telemetry is evaluated
for any differences from the signature obtained while in the primary configuration. Once
cotilgu.re4 the spacecraft is transitioned to battery power for a brief period. This seines as final
ve~lcation, before launchday,of the battery interfacecircuitry. Spacecraftbatteryoperation,while
on the pad, is kept to a minimum to assure optimal battery charge at launch.

11.505 Test Criteria

(TBD4)
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11.5.6 Test-Requisites

(TBD-5)

11.6 Launch Day Dress Rehearsal

11.6.1 Purpose

This test demonstratesthe launch readiness of the flight vehicle system (LV and Spacecraft) and
launch SUppOlt(XgtitiOnS.

11.64 Test Environment

Location:
Cleanliness:
Temperatunx
Humidity:
Access
Pressure:

11.6S Test Conjuration

Spacecraft
Test Fixture:
Test Equipment

SLC-3E (TBR)
Class 100,000(controlledto Class 10,000)
13 to 24°C
30 to 50%
Limited
Atmospheric

Mounted to ELV (Encapsulate4Vdcd)
N/A
Scs
IGSE
LSE

11.6.4 Test kri@iOll

This test is arehearsal of the launch day countdownactivities. It is an integrated test involving the
launchvehicle,spacecraft,andall personnelrequiredto supportthe launch countdown. The launch
vehiclecontractorconductsthesimulatedcountdownwiththesuppofiof all involvedorganizations.
Actual launchdaycmmtdcmmproceduresareutilizedto pexformall activities,to theextentpractical,
from the start of thecountdownthrulaunch. Launchholdandabortcontingencyproceduresare also
exercised. Countdowmoperationsare orchestratedon the voicenetworks allocatedfor launch day.

Spacecraft activities include final closeouts, cordlgdng for launch, and demonstration of EOC
readiness. All spacecraftactivities are performed in the same manner as on launchday. Closeout
activities includefinal MU blanket installation,removal of final red tag items, and installation of
flight enable plugs. The spacecraftis con@ured for launchwhile on external power. Telemetty is
evaluated to determine the Go-for-Launch status. The EOC issues a no+p comrnan~ to the
spaeecraf~ to demonstrate the operational readiness of the EOC and the command and telemetry
links. Tricklechargingoccurs throughoutthe countdown;chargingis terminatedjust priorto launch
when the spacecraftis transitionedto battery power. Spacecraftpersonneland the conilgwation of
the spacecraftand GSE are identical to that plannedfor launch day.
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11.605 Test Criteria

(TBIM)

11.6.6 Test -Requidtes

(TBD-5)
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12 ACRO_ AND ABBREVIATIONS

EOS-AM Spaeeeraft Acronym List

ACS

ADE

ADR

ASSY

ASTER

BDU

BER

BPC

BPM

bps

c

C&DH

C8ZDHS

C&T

CCB

CCHP

CCP

CDR

CEI

CEREs

CERT

CM

cm

cm

Attitude Control System

by Drive Electronics

AutomatedDiscrepancyReport

Wsembly

AdvancedSpaceborneThermal Emission and ReflectionRadiometer

Bus Data Unit

Bit ErTorRat

BatteryPower Conditioner

BatteryPressure Monitor

Bits Per Second

-Celsius (temperature)

Commandand Data Handling

Commandand Data Handling Subsystem

Commandand Telemetry

Charge/Discharge

ConfiguraticmControl Board

ConstantConductanceHeat Pipe

ContaminationControlPlan

CriticalDesign Review

ContractEnd Item

Clouds and the Earth’sRadiant EnergySystem

CompositeElectricalReadiness Test

CubicFeet Per Minute

Conf@ration Management

Centimeter

Command

CMIYTLM Comrnand/Teleme~

COMM Communications

COMMS CommunicationsSubsystem
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CPHTS Capillaxy-~ped Heat lhnsport System

Css Coarse Sun Sensor

CSTOL Colorado (Universityof) StandardTest and OperationsLanguage

cr&c Cornmad Telemetry,and Control

Commandand Telemelg Interface Unit

ComprehensiveTestPlan

CompatibilityTest Van

DAS Direct Access System

dB Decibel

DB Direct Broadcast (D#d3Service)

DBMS Database Management System

& Direct Current

DDL Direct Downlink

deg - Degree

DEU DeploymentElectronics Unit (Solar Array Assembly)

DOD Depth-of-Discharge

DP Direct Playback (DAS Service)

DPM Deputy Program Manager

ECN Engineering Change Notice

ECOM EOS CommunicationSystem

Electr@Explosive Device

ELv Expendable Launch Vehicle

EM Equipment Module

EM STE Equipment Module Special Test Equipment

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

EOC EOS Operations Center

EOL End-of-Life

EOM End of Mission

EOS Earth Observing System

EOS-AM Earth Observing System (AM Mission)

EOS-PM Earth ObsexvingSystem (PM Mission)
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EOSDIS

EPc

EPs

ESA

ESD

ESE

ESH

ESTOL

ETE

ETM

EU

FBA

FDB

mm

FSS

FSTB

FSW

ft

Fvs

g

i?

GaAs

GDE

GHz

GIIS

GE

GN

GN&C

GN&CS

GNC

EOS Data InformationSystem

Electronic Power Conditioner

Elemical Power Subsystem

Earth Sensor Assembly

Electrostatic Discharge

Earth SensorElectronics

Earth SensorHead

EOS StandardTest aud OperationsLanguage

End-T@End

Engineering TestModel

Electronics Unit (HR’IR)

Fuse Board Assembly

Fuse DistributionBox

Fault Detection, Isolation, and Recove~

Fine Sun Sensm

Flight SoftwareTestbed

Flight Software

Feet

Flight VehicleSystem

Acceleration of Gravity

Ga.liumArsenide

GimbalDrive Electronics

GovernmentFurnishedEquipment

GovernmentFurnishedProperty

Gigahertz

General InstrumentInterface Specification

General Interface Specification

GroundNetwork

Guidance,Navigation,and Control

Guidance,Navigation,and Control Subsystem

Guidance,Navigation,and Control (also GN&C)
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GRo

GSE

GSERD

GSFC

HCA

HCE

HGA

hr

HTs

HW

Hz

I&T

I/F

I/o

in

INST

IP

IRu

kb

Kbps

kg

kHz

km

KSA

Ku

kW

lb

lbf

LC

DCC080293
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~ Ray Observatory

Ground Support Equipment

Ground Support Equipment RequirementsDocument

Goddard Space Flight Center (NASA)

Housekeeping

Hardware (also HW)

Heater Control Assembly

Heater Control Electronics

High Gain Antenna

Hour

Horizontal Test Stand

Hardware (~SO~)

Hertz

Integration and Test

Interface

IIlput/output

inch

Instrument

International Partner

Inertial Reference Unit

Interface Verii3cationTest

kilobit

Kilobits per Second

Kilogram

Kilohertz

kilometer

Ku-Band Single Access

RF band (Giga hertz mge)

Kilowatt

Pound (h@JS)

Pounds of Force

Launch Complex
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LCC

LSB

LSE

LSSP

LV

LVC

MAGE

Mb

Mbps

MLI

MODIS-N

MOPITI’

MSB

msec

MST

N/A

NASA

Launch Control Center

Least Si#lcat Bit

Launch SupportEquipment

Launch Site SupportPlan

Launch Vehicle(alsoUV)

Launch VehicleContractor

Mini-Amperes

MechanicalAerospaceGroundEquipment

Megabit

Megabyte (*o Mbyte)

Megabhs per second

Mega Hertz

Multi-Layer Insulation

Millimeter .
ModerateResolution Imaging Spectrome@r-Nati

Measuremmts of Pollution in the Troposph=

Most SignificantBit

Mini-second

Mobile ServiceTower

Not Applicable (also NA)

NationalAeronauticsand Space Atismtion

NASWGSFC NationalAeronauticsand Space Adminis~tiodG*d SpaceFlight Center

NASCOM

NCC

NiH2

OASIS

P-P
P/B

P/L

PAI

Pm

PAM

NASACommunicationsNetwork

NetworkControl Center

NickelHydregen @atterY)

Operationsand ScienceInstrument SupportSoftwm

Peak-to-Peak

Playback

Payload

Product AssuranWInstruction

Product AssuranceImplemenmtionPlan

Product As-w -Wer
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Pm

PAPL

PAPS

PDR

PDU

PMO

pps

psia

QA

QAE

QC

RF

RT

RTC

RTN

RWA

Slc

sic

Sls

Sw

SA

SAD

SADE

SAES

SBCAR

SBIU

SBT

SCA

SCAPE
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L.
.

Produce Asuran@ ProgramEngineer

Program ApprovedParts List

Product Asurance Pro@ur=

preliminary Design Review

Power Distribution Unit

program ManagementOfllce

pulses per second

Pounds per Square Inch, Absolute

Quality Assurance

Quality AssuranceEngineer

Quality Control

Return Link

Real-Time (alsoRT)

Radio Frequency

Radio Frequency Interfenmce

Remote Terminal

Relative Tu Command

Return

Reaction Wheel Asembly

Spacecraft (also SC)

Subconnact

Subsystem

software (also Sw)

Solar Array (aIsoS/A)

Solar Array Drive

Solar Array Drive Electronics

Solar Army Electrical Simulator

SpacecmftBus Cme Activity Request

S-band Interface Unit

S-band Transponder

Spacecraft Adapter

Self ContainedAtmosphereProtection Ensemble
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Scc SpacecraftControls Computer

SCE Spacecraft CommandEncoder

SCM Software Conjuration Management

Scs Spacecraft CheckoutStation

Scr Stared CommandTable

SD Space Division

SE&I Systems Engineeringand Integration

Sec

SEN

SERD

SEU

SFE

SIS

SLC -

SLC–3

SMA

SMS

SN

SOP

SPA

SSA

SSA

SSA

SSE

SSPA

SSST

Ssu

ST

STE

STOL

STOP

TfB

Second

Sensor

SupportEquipmentRequirementsDocument

Single Event Upset

Science FormattingEquipment

Spacecraft Interface Simulator

Space Launch Complex

SpaceLaunch Complex- 3 (VandenbergAir Force Base)

S-band Multiple ACceSS(TDRSS)

Structure and MechanismsSubsystem

Space Network

Standard OperatingProcedure

S-band Power hlphfi~

S-band Single Access (.TDRSS)

Sun Sensor Asembly

Source Selection Authority

Sun Sensor Electronic

Solid-State Power Ampli.tier

Solid State Star ‘Ikacke

Sequential Shunt Unit

Star Tracker

Special Test Equipment

Standard Test and OperationsLanguage

Short Term OperationsPlan

Thermal/Balance
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T/v

TAM

T~

TBD

TBR

TBs

TCS

TD

TDRS

TDRSS

TLM

TONS

TP

TQCM

TR

v

Vrr

VAFB

Vdc

Vxo

w

Wsc

WSGT

WSMC

WSMCR

WSMR

WTs
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Thermal Vacuum

Three-Acis Ma@etometer

Three-tis Positioner

To Be Determined

To Be Reviewed

To Be Supplied

Thermal Control Subsystem

Test Directive

Tracking and Data Relay Satellite

Tracking and Data Relay Satellite System

Telemetry

TDRSS OnboardNavigation System

Test Procedure

Tempemture<ontrolled Quanz Crystal Microbalance

Tape Recorder

Test Review Board

Test Readiness Review

Voltage

Voltage/Temperature

VandenbergAir Force Base

Volts,dkct cument

VandenbergLaunch Site

VoltageControlled Crystal Oscillator

Watt

White Sands Complex

White Sands Ground Terminal

Western Space and Missile Center

Western Space and Missile Center Regulation

white Sands Missile Range

Western Test Range

Wallops Tracking Station

Transmitter
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APPENDIX I

20 SPACECIUFT’ ELECTRICAL CONFIGURATIONS

2&1 Launch Mode

(TBD-lo)

24.2 ~lence Mode

(TBD-lo)

20.3 Noisy Mode

(TBD-lo)

20.4 Quiet Mode

(TBD-lo)
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1 SUMMARY

This report reflects the mass properties of the EOS-AM Spacecraft as of May 14, 1993, the baseline
freeze. The configuration represents the mass estitnutes, primary structure design, and the
component layout to be used with the Atlas IIAS stretched fairing consistent with the mechanical
subsystem PDR. All masses in this report have been approved and are in the Mass and Power Report,
EOS-DN-RES-025 (Revision P), dated 07 June 1993. All the masses provided in this report are
approved estimates with the exception of instrument masses, Solar Array Assembly, High Gain
Antenna, and propellant which are shown at their approved allocations. Mthe estimate exceeds the
allocation for these components, the estimated weight is reported and no contingency is added
(currently the High Gain Antenna mass exceeds its allocation , see section 3.12). SECNS 294
through 476 have been incorporated into this report. The status of the incorporation of the SECN’S
into the master model, from which the mass properties report is genemted, is tracked by the SECN
LOG, Appendix I. Changes and updates to the Mass Properties Report are summarized in Table I.
This table summarizes changes horn the last published report (07 May 1993). Results from
intermediate runs have been supplied to analysis when requested. Stowed nadir, zenith, and
deployed zenith configurations of the Spacecraft are shown in Figures 1,2, and 3, respectively.
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‘lhble I. Changes/Updates to Mass Properties

CHANGES IN 12A!3ELIFE FROM AFRIL 1993 TO JULY 1993
CONF IG!JRATION - STOWEO

.,Cc, 111 SY~te~ AXOS (in) .. .........Inert ias, local @ CC, I“ Syst.m

-- -_---::f:------------- __-: --------:::------:----__--:::- Iyy ----- lZZ -----:::-_

Axes llb-ln”21 .......... (lb!

:Yz 1X2 was,
---------- ------ ---------- ------.

FRoM: BASELINE [Incl Cent Wt)
TO:

104.2833 2.1678 -2.9374 1.7436e+07 6.e644e+ol 6.4923e+07 7.5170+04 -1.318e+05 3.043.+06 10970.10
BASELINE flnCl Cent Wt) 105.2482 1.5504 -2.5407 1.7302-+0? 6.81060+07 6.43800+07 1.061a+05 -2.696.+05 2.@61a+06 1013E5.o3

“Primary Structura”
FROM: PS TOP ASSY
TO: PS TOP ASSY

110.2700 -0.4658 -1.3990 1.6748m+06 7.6451.+06 8.2321.+06 1.3350+04 -6.961e+03 -2.31 Sa+05 1550.600
112.2700 -0.3526 -1.4703 1.69560+06 7.9326.+06 8.S317e+06 3.136e+04 -7.915a+03 -2.414=+0S 1SS3.700

,.se=ondary 8tructurD”

FROM : CORE STR BRACKETS
TO: CON-C sTR FNWCKETS

116.0000 0.0000 0.0000 0.0000e+OO O. fJOOOe+OO O. 0000e+OO O. 000e+OO O.000e+OO
lze.000o O.ocoo

0.000e+oo
0.0000 0.0000e+OO 5.l102e-09 S.1102O-O9 0.000e+oo o.000-+00 0.000a+oo

59.900
Sa.000

79.700

79.100

129.000
116.000

206.200
291.400

5.000
0.000

10.000
10.000

9.700
9.7eo

4.500

69.700
69.700

15.160
15.160

31.6B0
31.680

19.200
17.400

1.67S
1.675

1.675
1.675

“Harness”’
1S4 .6983 0.0s00 1 .S630 O.00000+00 0.0000e+OO 0.0000.+00 O.000*+00 0. 3009+00 0.000m+oo

152.6400 6.9100 14.6100 O.0000*+00 7,0222e-09 7.0222e-09 0.000a+OO 0.000e+OO O.OCO*+OO

FROM :

TO:

FROM:
TO:

FROM :
TO:

FROM :
TO:

FROM :
TO:

FROM :
TO?

FROM :
TO:

INSTRUMENT HARNESS

INSTROMZNT UARNES S

CORE HAR20?ss
cORE HARNESS

En HARNEss
EM HARNESS

s ANo KU CABLES
S ANO KU CABLES

SIGNAL REF PLANI!
SIGNAL REF PLANE

PRA VOL
PRA~VOL

(no .ntry)
XBAND CARLE ANO WG

110.2700 -0.4658 -1. 399S 0.0000e+OO O. LIOOOe+OO 0.00000+00 0.000e+OO 0.000m+OO 0.0009+00
112.2700 -0.3526 -1.4703 0.00009+00 0.00009+00 0.000 om+oo 0.000e.00 0.000a+OO 0.000a+oo

76.0000 9.0000 -35.0000 0.00000+00 0.0000a+OO 0.00000+00
S5.6450 5.3765 -35.9750 0.0000m+OO 0.0000e+OO O.00000+00

0.0000+00
0.000e+OO

0. 0009+00
0.000m+oo

0.000e+OO
0.0009+00

110.2700 -0.4658 -1.3998 0.00000+00 0.00009+00 o.0000*+00
112.2700 -0.3526 -1.4703 0.0000e+OO 0.0000e+OO 0.0000e+OO

0.000e+OO
0.000e+oo

0.0009+00
0.0000+00

0.0000+00
O.000*+00

110.2100 -D. 465@ -1.3998 O.0000*+00 0.00000+00 0.00000+00
112.2700 -0.3526 -1.4703 0.0000e+OO 0.0000e+OO O. 0000e+OO

0.0009+00
0.0009+00

o.000m*oo
0.000e+OO

0.000e+oo
0.000m+oo

143.3100 ~;g.;;;g -32.4730 1.3034e+02 1.2144e+02 1.2312e+02
143.3100 . -32.4130 1.3034a +02 1.214 te+02 1.2312e+02

O.000*+00
0.000e+oo

O.gooe+oo
0.000m+oo

2.047.+01
2.047a+ol

112.2100 -0.3526 -1.4703 0.00009+00 0.000 oa+oo O.0000*+00 0.0000+00 O.000*+00 O.000*+00

r“Thormalw
FROM: EM CCHFS ML I MISC
TO: EM CCHPS t4L1 MISC

FROM: MISC THEPJ4AL
TO: MISC THERMAL

70.9000 0.9000 -31.3000 0.0000e+OO O.0000*+00 O.OCOOe+OO
70.4320 9.1241 -39.9660 O.ODOOe+OO 0.0000e+OO 0.0000,.00

0.000e+oo O.000*+00
0.000a+oo 0.0000+00

0.000e+OO
0.000e+oo

116.0000 0.0000 0.0000 0.00009+00 0.000 oe+oo O.0000*+00
128.0000 0.0000 0.0000 0.00008+00 0.000 oe+oo 0.00000+00

0.000a+oo O.000*+00
O.000*+00 0.0000+00

0.000a+oo
0.000e+oo

FROM: S/C ML!
TO: SIC t4L1

116.0000 0.0000 0.0000 0.00000+00 O .0000e+OO 0.0000e+OO
120.0000 O. ODOO O.DOOO 0.0000e+OO 0.0900e+O0 0.0000-+00

0.000a+oo 0.0000+00
0.0008+00 0.0000+00

0.0000+00
0.0000+00

116.0000 0.0000 0.0030 0.0000e+OO 0.0000e+OO 0.0000e+OO
120.0000 0.0000 0.0000 0. 0000e+OO 0.000 Ce+OO O .0000e+OO

0.000a+oo 0.000e+oo
0.0000+00 0.0000+00

0.0009+00
0.000e+oo

“s-Band Omni..
FROM: S-BANO W/DOOM
TO: S-DANO W1900M

FROM: s ‘BANO W/BOOH
To: S-BAND W/8CN3M

1S2 .88(70 -19.6250 46.300C 3.060 #e.02 3.060 .3e-02 5.9537e-01 0.000e+OO -7.588e-]3 0.000e+OO
162. S900 -19.6250 46.3000 3.060 @e*02 3.0608--02 5.9537--01 O.000*+00 -7. S8E*-13 0.0000+00

200.0000 -11.3750 -5S.5410 3.060 fJa+02 3.0608e+02 5.9537e-01 -3.689e-11 4.553a-12 -7.264.-11
200.0000 -11.3750 -55.5410 3.060 @a+02 3.060 S.+32 5.9537e-01 -3.6998-11 4.553.-12 -7.2848-21



‘lhble I. Changes/Updates to Mass Properties (Continued)

CHANGES IN BASELINE FRCM SEPT 1992 T(.2APRIL 1993
CONFIGURATION: STOWED

..CG (in System Axe61). . Inertlas (local @ CG, In System Axes) ............
Name

......... ....
x Y z r xx Iyy 122 Ixy Iyz IXZ

--------------- -------------- ----------------------- --—--------- -------------- ----------------------- ----------------- -------

MAss

,---

‘,DhS Ancannas,
FROM : DAS
To : DAS

82.8620 -9.8755 47.5350 2.01708+03
82.8620 -9.e755 47.S350 2.O11OO*O3

2.0T70e+03 9.6966e+O0
2.0170-+03 9.6966-+00

0.0000.+00 0.000oe+oo

0.000e+OO
0.000.+00

0.000e+OC
0.000-+00
0.000e+OO

0.000m+oo
0.0000+00

12.491
12.491

15.000FROM: XBAF4D cABLE AND WC 132.8600 -9.97C0 47.5000 0.000oe+oo
TO : (distributed to appropriate equipment)

0.000e+oo 0.0000+00

““Torque Rods’.
FROM: TOROUE ROD SYS1
To : TORQUE ROO SYS1

27.5000 -39. 3-?50 -0.0000 3.7613a-29
27.5000 -39.a750 -0.0000 3.4620e-29

1.7346e-lC 1.7346e-ZO 0.000e+OO O.000*+00 S.077e-20 31.500
1.5969e-lC 1.59698-10 0.000e+oo 0.0000+00 7.436--20 29.000

FROM: TORQIJE ROD SYSI -3.2500
TO:

0.0000 -50.0000 O.0000*+00
TOROUE ROD SYS1 -3.2500 0.0000 -59.0000 O.0000**00

FROP4: TORQOE ROD SYS1 2.2s00 -39.3750 0.0000 O.0000*+00
TO: TOROUE ROD SYS1 2.2500 -39. t3750 0.0000 0.000oe+oo

0.000oe+oo 0.0000--00
2.4952--12 2,4952--12

0.0000+00
0.0000+00

0.0009+00
0.000e+oo

0.0000+00
0.000e+oo

31.500
29.000

0.0000e+OC 0.0000e+OO
0.0000.+00 0.000oe+oo

0.0000+00
0.000e+oo

0.0000+00
0.0000+00

0.0000+00
0.000a+oo

31.500
29.OOO

,-Body Sun Smnsorm..
FROM : FSS ASY 0.2400 -31
TO: OCLETED {rss i= In PeW*C MOdulOl

“Earth Sennors.’
w FRO@J: ESA ICM

To:
20.9520 31

JZSA IC?4 23.6070 7B

FROM: CSA ZCM 6.3779 -27
TO: J%SA ICM 6.3779 -27.

5340 -60.40S0 1.5514e+O0 1.1225e+O0 2.2157m+O0 4.503e-03 -5.466e-01 -1.86Se-03 0.900

la70 40.0190 3.79s79+00
1900 48.0160 0.00009+00

4310 49.R190 2.3749e400
4310 4a.a190 0.0000.s+00

2.3749-+00 3.4e67m+O0
0.0000e+OO 0.0000e+OO

0.000-+00
0.000m+oo

6.625e-01 0.000a+oo
0.000e+OO O.000*+00
0.000-+00 -6.625--01
0.000e+oo 0.0000+00

2.250
2.200

2.250
2.200

S.500
5.s00

3.79S7-+00 3.4a67m+O0
0.0000e+OO 0.0000m+OD

0.0000+00
0.0000+00

FROM: (no ●ntry - wore pzoviouwl
TO: GSA ELECTRONICS ;;:3:fi=-3;::~~~d::?i470 0.00000+00
TO: ESA ELEcTRoNICS 49.3470 O.0000*+00

0.00000+00 O.0000*+00 0.0000+00 0.0000+00 0.000-+00
0.0000.+00 0.00000+00 0.000m+OO 0.0000+00 0.0000+00

,’Solar Array’”
FROM: CAL_ARS_ARRAX
TO:

32a.1300
GAL_ARS_ARWY 128.1300

FROM: a/A Box SOPPT. SYS
TO:

206.7000
s/A BOX SOPPT. SYS 206.7000

FROM: sAO_STJ7UC_SYS
TO:

12a.0700
SAO_STRUC_SYS 129.0700

FROM : SA IIARNEsS 12B.0000
TO : S* llhRNESS 120.0003

-53.9940 1.4a29 2.29090+05
-53.9940 1.4a29 2.2909e+05

9.74940+05 7.a404.+Os
9.74S4e+OS 7.8404m+05

1.4al-+02
1.4a10+02

2.13S.+04 -1.643e403
2.13eo+04 -1.643.+03

453.400
453.400

3.116
3.116

36.001
36.001

5.700
5.700

6.79Sa-01
6.195--01

-2.6SOe+Ol
-2.650-+01

0.0000+00
0.0000+00

-3.907s)+00
-1.261e+02

0.000SI+OO
0.000.+00

0.000-+00

3.614e+04
3.446~+04

-37
-37

-21
-21

-54
-s.4

-3
-3

2040 -3.4S35 5.1379.+02
2040 -3.4S35 5.1370s+02

1260 -25.9390 4.5579-+03
1260 -25.9390 4.59790+03

Ooco 1.0000 0.00009+00
0000 1.0000 O.0000-+DO

5.1756-+02 7.67920+00
5.1756_~02 7.6792-+00

-7.136.-01
–7.13s.-01

2.S70-+00
2.S70.+00

7.241.-03
7.241e-03

0.0000+00
0.000-+00

4.97Se+03
2.974e+03

0.0000+00
0.000-+00

0.000.+00

4.9902-+03 7.70a7a+03
4.99020+03 7.7007n+03

6.a17*-04
S.017*-04

0.000oe+oo 0.0000-+00
0.00000+00 0.00009+00

0.000e+oo
0.000.9+00

..HCA A9s0&lY”’
FROM: HGA SySTEM 237.aloo
TO : HCA SYSTEM 237.9600

TO: !4GA HARNESS 186.4800
FROM: HGA HARNEsS 170.0000

FROM : (no ●ntryl
TO : HGA S C KO CABLES 106.4ROO

6S73 -23.5440 5.7429aY04
6417 -24.4640 5.5293e+04

1.9451e+05 2.035SO+05
1.9599e+05 2.0304e+05

0.0000e+OO 0.90009+00
0.0000.+00 0.000oe+oo

-2.603e+02
-a.B840*ol

279.S00
2a5.5oo

-3.5000 -26.5310 o.0000e+OO
0.0000 -25.7000 0.0000m+OO

-3.5000 -26.5310 o.CoOOO+OO

2.s00
2.noo

17.000e+oo
0.000-+00

u

lj
00
0
zw

0.0000-+00 0.0000$3+00 0.000--00 3.200

,,Eq~ipment Modulesn,
FROM: PM.Ao4_26_IcM
TO: pt4A05_14_IcM

26.24C0
2-?.2280

13,45no -46. 361O 3.23@3e 05 2.1105o+O5 3.S
13.0620 -47.6690 3.2416e 05 2.071L4-+05 4.0

E6*+05
41*+05

-1.5>7-+04
-1.6750+34

-2.5EO*+03
-6.5101D+03

590.140
600.5C0



‘lhble I. Changes/Updates to Mass Properties (Continued) u~
~~

CHANGES IN BASELINE FROM SEPT 1992 TO APRIL 1993
CONFIGUWTION:

~:
STOWED

Wu

,.CG (in System Axes) ... .............Inertias (local @ CG, in System Axes] ............ MASS
w~
w=

Name x Y z xxx Iyy Izz Ixy Iyz Ixz
------------------------------------------------------------------—---------------------------------------------------------------

FROM?
To:

FROM :
TO:

FROM :
TO:

F’ROU:
TO:

FROM :
TO:

FROM :
TO:

HEXBhT3 31 lCM
HExaATs:14:xct4

25.7200 34.6700 -1.3711
24.4C50 34.6950 -1.371s

3.8211e+04
4.looln+04

1 .065@*+05
1.14413e+05

7.39360+04
7.952Ee+04

-4.73-le+ol
2.0110+01

2.2020+01
2.291-+01

-2.942-+03
-3.154-+03

0.336.+03
1.561e+04

1.0150+04
9.712a+03

9.761e-01
-3.123~+03

9.7400+00
I.azle+ol

-1.560=+03
-2.173.+03

320.300
34S.000

2.37830+05
2 1929-+05

SSRCC4 26_ICM
ssRlzc5:14_Icrl

77.Oelo 1.7029 -30.6160
74.9330 3.4039 -49.9433

4.65439+05
3.@60ee+05

S.5006e+OS
4.5772-+05

4.033.+03
4.e37W404

5.002-+04
3.566.+04

748.900
747.000

sENson4 26 XCM
SENSOR5~14~ICM

141.6000 20.6710 -38.5670
141.3600 20.4760 -37.8S60

4.667Se+04
5.07s50+04

1
1

6
7

1
1

2330-+05
3346a+05

7610=+04
7316.*O4

0360.+04
6643-+04

1 .1932-+05
1.2S61-+0S

2.414=+03
2.7108+03

4.702-+03
4.754e+03

2s2.2s0
270.730

RWA4_26 ZCM
RwAs_14:IcM

79.5coo -4S. 9120 -6.1S12
79.4C1O -49.0300 -5.6210

i.e41sc+04
2.1906.+04

6.6057-+04
>.4-t97e+04

1.s22-+00
-2.371-+02

-1.5340+03
-1.863.+03

214.900
236.900

26.S450 36.0390 30.3500
26. 3e90 36.37eo 30.1430

2.2340.+03
3.3635a+03

9.070S-+C3
1.4361-+04

8.s53-+01
1.52ee+02

-1.767-+01
-3.96Se+Ol

S1.400
63.900

QAS4 26 IC24
13As5:14:Icn

203.4700 22.61150 -37.0930
203.2000 22.6630 -37.0690

3.4067-+04
3.3703e+04

6.e451e+04
6.9707e+04

7.0415-+04
7.2260.+04

-1.9110+03
-1.069w+03

2.0330+03
1.022-+03

22s.100
222.2s0

cO?U4_26_X CM
coFs45_14_1 Cn

.“Instruments”
FRO?4: SWIR
TO:

165.O@OO -11.5760
SWIR 165.0600 -11.5760

36.9900 0.0000-+00
36.9900 0.0000e+OO

22.3800 0.0000.+00
22.3000 0.0000-+00

47.7s50 0.00000+00
47.7550 0.00000+00

39.0050 0.00000+00
39.0050 0.000oe+oo

3E.6050 0.0000.+00
38.6850 0.0000-+00

37.6650 2.1862--10
37.6650 2.1062o-10

16.S760 0.0000.+00
16.5760 O.0000*+00

-7.1920 4.3361e+03
-6.E251 2.2112-+03

40.4350 0.000oe+oo
40.7500 S.5OS2O-10

O.0000**00
0.00000+00

0.00000+00
0.0000-+00

0.030m+O0
0.0009+00

0.000e+oo
0.0000+00

O.000*+00
0.0000+00

0.0000+00
0.0000+00

0.0000+00
0.000.+00
0,000=+00
0.000a+oo

0.000-+00
0.000a+oo

O.000*+00
0.000-+00

0.000-+00
0.000-+00

0.0000+00
O.000*+00

2.356e+02
4J.42E*+01

0.0004J+O0
0.0000+00

291.100
291.100

359.400
359.400

TIR
TIR

VSR
VWXR

VEL
vEL

CSP
CSP

UPS
24PS

240DIs ICM
Uooxs:lcn

MODIS 2NCI STRUCT
MODIS 2ND STRUCT

MOPITT
MOPITT-NP

19@.0900
19e.0900

119.S600
119.5600

140.6900
140.6900

160.6300
160.6300

11E.21OO
116.2100

23S.9100
235.9100

239.4200
247.9100

77.3s30
76.7930

S.000o
S.000o

13.5400
13.5400

O.0000*+00
0.0000.+00

0.00000+00
0.000ow+oo

0.0009+00
0.0000+00

FROM :

A TO:

1.03009-08
1.0300e-oe

1.03000-oe
1.0300e-oe

0.0000+00
0.000-+00

0.0000+00
0.000-+00

116.900
116.900

FROF4:
TO :

0.0000-+00
0.00000+00

0.00000+00
0.00000+00

0.0000+00
0.0000+00

0.0000+00
0.0000+00

FROM :
TO:

24.9500
24.9500

63.900
63.900

0.0000--00
0.0000.+00

0.00000+00
0.00000+00

0.000m*OO
0.0000+00

0.0000+00
0.0000+00

121.300
121.300

FROM :
TO:

FROM :
TO :

FROM :
TO:

FRoM :
TO:

FRoM !
TO :

FROM :
TO:

FRoM :
TO:

28.5200
2s.5200

34.2700
34.’2700

2.1862m-10
2.1062o-10

0.00009+00
0.00000+00

0.0000+00
0.000-+00

0.000e+oo
0.000-+00

39.700
39.700

0.00000+00
0.00000+00

0.0000s)+00
0.0000-+00

0,000-+00
O.ooce+oo

0.0009+00
0.000m+OO

-3.E17e+02
-1.039.+02

613.000
613.000

17.05eo
17.0580

4.469so+03
6.0467-+02

8.2640.+03
2.59el_+03

-1.46S.+02
2.550-+02

20.230
14.130

19.5920
19.4500

23.7070
1s.5370

7.77i].-O9
0.0000-+00

7.77110-09
S.SS52--1O

0.0000+00
0.000-+00

0.000.+00
0.0000+00

352.000
405.700

(no antry - w.. included in MOPITT RADIATOR)
cOLD PLATE 09.8300 16.9180 32.5220 1.6423e+02

(no entry - inadvmrtnntly doletnd)
MOPITT 234 e5. 3270 16.912C 31.7423 :.4302-+03

CEIUSICM 30.9100
CERES

-15.90s0 57.2690 2.1OS1*-O9
9.4990 14.5550 57.2690 2.1SS1O-O9

ccReslcM 9.4998 14.5550 57.2690 2.l@Sle-09
CERES 3e.9100 -15.9050 S7.2690 2.lESle-09

cCI?ES TRUSS 25.7610 0.0000 34.721O 4.0S19-+04
CERES TRUSS 25.7640 4.6147 33.5?40 3.430e0+04

CER!ZS TR~jSs 26.05C0 0.0000 30.0000 C.00009+00
(deleted - this was a dcpliea?.=1

7.2747e+02 L?.0715n+02 -2.4590-01 2.S08--04 -5.492e-04 13.500

2.9156s+03 4.3457.+03 3.4(i3n-02 0.0000+00 7.5000.1700*+00

0.000-+00
0.0000400
O.000*+00
O.000*+00

-4.023e*O0
-3.467-+00

0.000a+oo

2.1851--09
2.1851o-O9

0.0000-+00
0.000oe+oo

0.0000+00
0.000e+oo

0.0000+00
0.0009+00

99.2oo
99.2oo

FROM :
TO :

O.acooe+oo
0.000oe+oo

6.7SS5-+04
s.5175e+oa

0.000.+00
0.000e+oo

2.1851.s-09
2.la510-09

0.000e+oo
0.0000+00

-3.3760+00
-5.61<=+00

99.2oo
99.2ooFROM ?

TO :

1.01!3*-04
1.091a+03

3.1264ee04
2.42919+34

0.000oe+oc

44.000
34.000FROM :

TO:

FROM :
TO !

0.000om+oc O.oDoe+ooO.or-lom+oo 40.000



‘lhble L Changes/Updates to Mass Properties (Continued)

CHANGES IN BASELINE FROM SF2T 1992 TO APRIL 1993
CONFIGURATION: STONED

..CG (in .System Axes),,, . . . . . . . . . . . . . Inerti.as(local @ CG, In System Axes] .. .. .

Nams x Y z IXX Iyy IZ2 Ixy Iyz
.-.---— ----------------------- -------- -------------------------- -------------------------- ----- --------- -----------

. . . . MASS.

Ixz
.------ ------- --

FRot4: MISR 122.8100 -20.5520
TO : MISR 122.B1oO -20.5520

42.0170 6.6293c+04 9.8790e+04 8.<267e+34
42.0170 6.6293.+04 9.S790-+04 0.<267-+04

-3.417*+02 -9.226-+02 9.5680+02
-3.417-+02 -9.226=+02 9.S60-+02

297.620
297.620

.vInstrunmnt Radiatorm-.
FROM: TIR RADIATOR
TO: TIR RADIATOR

179.5000 37.0500
179.5000 37.!3500

-6.6650 3.4790e403 2.l@09rnd04 1.7543-+04
-6.6650 3.50700+03 2.ll19a+04 1.1604-+04

0.0000 7.1600.+03 1.3160.+0; 5.9913-*o3
0.0000 7.23146a+03 1.3266-+04 6.039S.+33

2.1500 1.0519-+04 2.S433.+04 1.4930-+04
2.1500 7.Se969+03 1.e351e+04 1.0772e+04

0.0000+00
0.0009+00

0.0000+00
0.000-+00

O.000*+00
0.000m+OO

40.310
4e 700

FROU: SWIR RADIfiTOR
TO : SWIR RAD1ATO17

FROM: MOPXTT RADIATOR
TO: MOPITT ~DIATOR

127.0000 37.esoo
127.0000 37.0500

0.0000+00
0.0000+00
0.0000-00
0.0000+00

0.000e+oo
0.0000+00

0.0000+00
0.000e+oo

0.0009+00
0.000-+00

47
47

57
41

17
17.

220
600

100
200

000
aoo

0.0000+00
1.41e0-11

O.000*+00
0.000-+00

79.5oO0 37.6500
79.5000 37.e500

“’Inntnumnnt r400,s-<
FRoM: BDU
TO : BDO

216.0600 -2s. 3560
216.0600 -2S.3560

164.5100 26.36S0
164. S100 26.3650

73.7950 -29.2750
73.79so -29.2750

-27.6i7SC 2.SS49-+02 2.9367m+02 2.4047-+02
-27.147S0 2.S049a+02 2.9367.+02 2.4047.+02

22.6400 2,56498+02 2.S367-+02 2.4047e+02
22.6400 2.5e49e+02 2.9367e+02 2.40478+02

27.13750 2.Sa49.+02 2.9367.+02 2.4047e*f)2
27.8750 2.Se49e+02 2.9367-+02 2.4041o+O2

0.0009+00
0.000-+00

0.000e+oo
0.0000+00

rR0t4: BOO
TO : now

O.000*+00
0.0000+00

0.000-+00
0.0000+00

0.000-+00
0.0000+00

i>.eoo
17.000

17.000
17.eoo

1.700
1.700

1.700
1.700

1.700
1.700

1.700
1.700

0.600
D. 600

0.600
0.600

0.600
0.600

0.s00
0.500

0.s00
0.500

0.500
0.500

0.s00
0.500

0.500
0.500

FROM: BDU
TO: slow

0.0009+00
0.0004)+00

0.0000+00
0.000-+00

0.000e+oo
0.000e+oo

0.000-+00
0.000e+oo

m
.-Inotrum_nt rBD’m”
FROM: rnB
TO : FOB

141.6400 25.7380
141.6400 2s.73eo

26.
26.

26.
26.

24.
24.

24.
24.

2750
2750

27s0
2750

2500
2500

2500
2500

1.0342-+01
l,0342a+Ol

1 .0342-+01
1.0342-+01

3.s4170+00
3.5417.+00

1.0342.+01
1.0342~+01

3.s4170+00
3.54179+00

3.s417-+00
3.s417-+00

1.0342.+01
1.0342-+01

3.!3417-+00
3.5417-+00

1.1333-+01
1.13330+01

1.13330+01
1.1333*+01

1.1333*+01
1.1333e+ol

1.13330+01
1.13330+01

0.0000+00
0.0000+00

-3.7450-11
-3.74S*-11

o
0
0
0

0
0

0.

0000+00
000.+00

0.0009+00 0.0000+00
0.000e+oo 0.000m+oo

135.3400 25.7300
135.3400 25.7360

60.9960 -6.S297
60.9960 -6.5297

60.6440 -20.7000
60.6440 -26.7800

FROM: FDB
TO ? FOfl

000**00
0000-00

0.0009+00
0.000e+oo

0.000e+OO
0.0000+00FRoM: ~OB

TO: t=DB

000--00
000-+00

FRoM: FDB
TO: FDB

0.000e+OO
0.0000+00

0.000*+OC
0.000-+00

m““Instrument HCE’S’.
S’ROM: HC13 TYPE 2
TO : HCE TYPE 2

-24.7S00 0.0000-+00 0.0000=+00 0.0000.+00
-26.1S00 0.0000-+00 0.0000-+00 0.0000-+00

22.7750 0.0000-+00 0.0000m+OO O.0000*+00
26.17S0 0.0000-+00 0.00009+00 0.0000-+00

22.7500 0.00D0a+OO 0.0000m+OO 0.0000m+OO
26.1500 0.0000.+00 O.00000+00 0.0000.+00

0000.00
0.0000-00

0.000-+00
0.000-+00

0.0000+00
0.000-+00

213.E400 -lS.e610
216.3400 -14.4610

136.4000 1s.4s50
130.9000 16.E550

O.ocoe+oo
0.0000-00

O.000*+00
0.0009*00

0.0000+00
0.000.+00

0.000-+00
0.000e+oo

FRoM! HCE TYPE 2
TO : i4ClZTYPE 2

60.7000 -22.4650
63.2000 -21.0050

0.000.+00
0.000.+00

0.0000+00
0.0000+00FRo?4: 14CE TYPE 2

TO: HCIZ TYPP. 2

“’lnstrum-nt IC’S”
FROM: XC-ASTER
TO : IC-ASTER

FROM: XC STO
TO : 1(z STD

FROM : XC STD
TO ! IC STO

FRot4: xc STo
TO : xc sT13

2s.2eoo
25.2S00

1.
1.

3746e+O0
3746m+o0

9.0971e+O0
9.89710+00

0.61080+00
6.610ile+00

0.000-+00
O.000*+00

0.0000+00
0.000-+00

O.000*+00
0.00D0+OO

122.5700 29.9560
122. 5?00 29.9560

226.1350D -13.7650
226. RSOO -13.7650

-24.5470
-24.S4?0

6.
6.

1211.-01
1211.-01

1.0072.+01
i .0072-+01

9.5733e+O0
9.5733.+00

0.000e+oo
0.000-+00

0.000a+oo
0.0009+00

0.0000+00
0.0000+00

88.2620 -26.65C0
sS.2620 -2e.65C0

72.4810 -10.7060
72.4E1O -10.7060

4S.?630 -3@. 601n
45.2630 -.30.6010

24.5470
24.5470

1.
1.

0072*+01
0072.-01

6.1211--01
6.1211s-01

9.s733.+00
9.S733*+O0

0.000”+00
0.000.+00

0.000.+00
0.000.+00

0.000e+OO
0.0009+00

24.5470
24.5470

6.
6.

5.
5.

1211.-01
1211--01

1.00720+01
1.0072-+01

9.5733.+00
9.s733-+00

0.000e+oo
0.0000+00

0.000.+00
0.0008)+00

0.000..00
0.0000.00

99550+00
995s.+00

6.3716e-01
8.3716--01

5.276q++r10
5.2769e+o0

49.2430
4E.24J0

t-).000m+oo
LI.00C*+OO

0.0000+00
0.0000+00

0.000e+OO
O.ooc-+oo



lhble I. Changes/Updates to Mass Properties (Continued)

CHANGES IN BASELINE FROM SEPT 1992 TO APRIL 1993
COtWICURATION: STOW2D

..CG (in System Axes) .,. , . . . . . . . . . . . . Inertiaa (local @ CG, in System lixea] . . . . . . . . . . . . MM s

Name x Y z xxx Iyy IZZ Ixy Iyz Ixz-------------- -------- ---------------- ------------ -------------- ------- ----------- -------- -------- ------- ---------- ---------------

“BDO Panels”
FROM: (no entry)
TO: BAY 2 BOW PANEL
TO: BAY 6 BDU PANEL

‘*Torque Rod Panel”
FROM: (no entry]

TO: TORQUE ROD PANEL SYS

“Clo9e-out Panels”
FROM: (no entry)
TO: CP BAY1/TRIANGSYS
TO: CP BAY3 -Y SYSTEM
TO: CP BAY4 -Y SYSTEM

a TO: CP BAY5 -Y SYSTEM
TO: CP BAY4 -Z SYSTEM
TO: CP BAY5 -Z SYSTEM

“Propulsion Module”
FROM: PROP MODULE 4-27
TO: PROP MODULE 6-2

FROM: PROPELLANT

TO: FUEL (LAUNCH)

“Contingency”
FROM: CONT WT (20%)
TO: CONTINGENCY 12%

74.85oo -19.0500 22.2500 3.3t14e-11 9.3614e-11 O,OCCOe+OC 0.000e+OO 0,000e+OO 0.000e+OO 17.000
220.2700 -21.3670 -22.2500 0.0000e+OO 0.0000e+OO 0.0000e+OO 0.00Ue+OO 0.000e+OO 0.000e+OO 14.000

26.9190 -73.7500 19.5650 0.0000e+OO 0.0000e+OO 0.00C0e+OO 0.000e+OO 0.000e+OO 0.000e+OO 25.000

25.7500 0.0000 33.45S0 1.8638e+04 2.5766e+04 4.2850e+04 0.000e+OO 0.000e+OO 0.000e+OO 32.400
127.0000 -37.1250 -6.4500 1.2720e+03 3.0732e+03 1.8037e+03 0.000e+OO 0.000e+OO 0.000e+OO
159.7500 -37.1250

15.000
-6.4500 8.3740e+02 1.7544e+03 9.1856e+02 0.000e+OO 0.000e+OO 0.000e+OO

190.0000 -37.1250
9.500

-6.4500 8.3426e+02 1.7205e+03 8.8784e+02 0.000e+OO 0.000e+OO 0.000e+OO 9.500
161.9400 -17,6630 -22.2500 1.4126e+03 7.9962e+02 2.2105e+03 0.000e+OO 0.000e+OO 0.000e+OO 10.500
193.6200 -17.6650 -21.@250 2.1796e+03 2.3353e+03 4.5124e+03 -2.535e-01 0.000e+OO 0.000e+OO 15.000

17.1986 -0.3344 0.3896 2.46B7e+05 2.2759e+05 2.3140e+05 4.199e+03 -1.905e+03 -4.248e+03 1099.957
17.1919 -0.2591 0.4472 2.5927e+05 2.3443e+05 2.3608e+05 2.439e+03 -9.427e+02 -5.238e+03 1101.414

21.3210 0.0000 0.0000 1.2645e+05 0.5501e+04 8.5501e+05 0.000e+OO 0.000E+OO 0.000E+OO 760.000

21.3210 0.0000 0.0000 1.2645e+05 8.5501e+04 8.5501e+04 0.000e+OO 0.000e+OO 0.000e+OO 760.000

86.9788 4.3249 -15.0399 1.6731e+06 5.4871e+06 5.3164e+06 9.830e+03 -3.9EOe+04 -2.278e+04 1170.510
90.8700 3.7150 -15.3020 1.0539e+06 3.5938e+06 3.5079eT06 -i.510e+04 -3.S21e+04 l,?54e+04 742.140

r
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2 ATLAS LIFT REQUIREMENTS AND CURRENT STATUS

The Atlas IIAS has a lift capability of 11410 lbm, which includes 350 lbm for flight support

equipment. The stowed Spacecraft with 12 percent contingency and flight support equipment has

a total mass of 10885 lbm, leaving a 175 lbm lift margin. Currently, the applied hmdw=
contingency weight is 742 lbm. Together the contingency weight and lift margin account for 11
percent of the total lift capability. The lift margin is not included in the mass properties calculations
shown in this report. Previously, 500 lbm was reserved as Manager’s Reserve but it is being
accounted for in the lift margin, Table 11provides a summary of the Spacecmft mass distribution,
and Appendix II is a report of the mass properties for all components and assemblies on the
Spacecraft.

The Atlas IIAS launch center-of-gravity (CG) requirements, derived from the line load limit at the
adapter interface, dictates that the Spacecraft have no greater than a 116 irich offset from the
separation plane in the +X direction. The design goal of a radial CG offset less than 2.0 inches in
the YZ plane has been established based on Titan IV requirements. Cummtly the Spacecraft has an
X CG of 105.3 inches and a YZradial CG offset of 3.0 inches, the latter of which does not currently
meet these design goals.

The last Mass Properties Report (07 May 1993) showed an X CG of 104.3 inches and a radial YZ
CG of 3.65 inches. The 1.0 inch increase in the Spacecmft X CG is due primarily to the decrease
of the contingency mass, the addition of the closeout panels and the increase in the primary structure
mass. The 0.65 inch decrease in the radial offset can be largely attributed to MOPI’IT’Sincrease in
mass and decrease in they component of its center of gravity. The addition of the closeout panels
also pulled the spacecraft cg in the negative y direction, which helped move the radial cg in towards
its 2 inch limit.

Table IL Spacecraft Weight Summary (Ibm)

Spacecraft Bus

Instruments (allocation)

propellant (allocation)

Contingency

Atlas Interface Equipment

Spacecraft Total

Lift Capability

Lift Margin

Manager’s Reserve

Current Estimate May 7,1993
Last Report

6876 6585

2507 2454

760 760

742 1171

350 350

11235 11320

11410 11415

175 -405

0 500

11 DCC080393
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3 STATEMENT OF ASSUMPTIONS

3.1 Primary Structure

The fore and aft sections are truss structures with a panel located at bulkhead 7. The base nodes on
the aft section accommodate a separation concept that uses separation nuts at six discrete locations
at the base of the primary structure. The primary structure accommodates the stretched faking
layout.

3.2 Instruments

The cument instrument set includes the following instruments: ASTER, CERES, MISR, MODIS,
and MOPITI’. The instrument masses are the instrument allocations which include instrument
contingency (refer to Section 3.12).

3.3 Instrument Accommodation

For the stretch fairing configuration the CERES, ASTER-NIPS, ASTER-CSP, ASTER-VEL, and
ASTER-VSR instruments will be accommodated on cinematically mounted plates. Estimates for
the mass of the plates and kinematic mounts are included in this report.

MOPIIT, MODIS, MISR, ASTER-TIR, and ASTER-SWIR will be direetly mounted using
kinematic mounts as the interface between the instrument and the primary structure. The mass of
the kinematic mounts are included in this report.

The weight breakdown of the each ASTER component is listed separately in Appendix II.

3.3.1 Thermal Accommodation

The ASTER and MOPI’IT instruments require CPHTS radiators and coldplates resulting in a total
of three instrument radiators-two for ASTER (TIR and SWIR) and one for MOPI’IT.

3.3.2 Instrument BDUS, HC@ and FDBs

Currently, there are three instrument BDUS at locations consistent with SECN 363. There are 27
instruments HCES on the spacecraft eight instrument accommodation hardware HCES for each
CPHTS system (24 total), and one for each BDU system (three total). There are also four FDBs.

3.4 Equipment Modules

The equipment modules consist of one each of the following: GN&C Sensor, COMWC&DH,
RWA, Power, battery panel, Recorder, and DAS panel. In an effort to reduce model complexity, the
equipment modules’ component listings are not provided in this report. Equipment module
component level reports are available upon request. The mass of the kinematic mounts for each
equipment module are individually identitled in Appendix H.

13 DCC080393
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Harness mass and thermal mass are each listed as lump masses located at the combined CG of the
equipment modules.

3.5 Solar Array

The solar array has Gallium Arsenide cells on flexible blankets that are deployed with an astromast.
The baseline array used for this report is the TRW 5 kW array.

The deployed blanket is oriented in the XY plane for all deployed cases reported in this document.
This orientation is the “zero degree” orientation as per the GN&C Speci.tlcation PS20004937. The
mass properties of the deployed solar array are given in Appendix 111.

3.6 High Gain Antenna

The configuration of the High Gain Antenna (HGA) is a 4.5 ft reflector with a RF component box
where dimensions Meet SPAR’s cuxrent baseline design. The CG has also been updated to reflect
SPAR’s latest estimate, as of June 1993.

The stowed HGA is located off of the +X end of the Spacecraft bus with the deployment system on
the zenith face. The “short boom” has been selected as the optimal boom length with the hinge
mounting pad on the solar may drive support plate.

The HGA is deployed using a single negator spring hinge such that in the deployed position theHGA
is above the zenith face and the boom is pa.mliel to the Spacecraft Z axis. The deployed HGA is
oriented facing the +X direction with a “zero degree” elevation for all deployed cases reported in
this document as per the GN&C Specii3cation PS20004937. The mass properties of the deployed
HGA are given in Appendix III.

3.7 Propulsion Module

The Propulsion Module has changed considerably since the original baseline. Due to a decrease in
Spacecraft mass margin and a change in injection orbit, the propellant load has been reduced.
Subsequently, the cotilguration of the Propulsion Module has been simpli.tied. It includes: a single
propellant tank attached to a ring which is supported by an all-shut structu~ and a base panel which
houses all propulsion and electronic equipment (one BDU, two PMEAs, fourEPCs, four HCEs, and
three FDBs).

3.8 Propellant

The total propellant mass is 760 lbm. This mass is for an orbit of 550 x 6% km with a 7.5 year
mission life. propellant is not included in the 12 percent contingency application because the 760
Ibm includes a 10 percent propellant margin.

See Figure 4 for the propellant bum throughout the life of the Spacecraft.

3.9 Harness

The harness mass is broken out into applicable regions. The mass for each region appears as a line
item in the mass properties report. The X and Y CG coordinates for the instrument harness are the
same as the calculated X and Y CG coordinates for all of the instruments. The Z CG coordinate is

DCC080393 14
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located based on the position of each instrument on the primary structure, along the Z axis. The core
harness, S and Ku Cables, Signal Reference Plane, and X-band cable and waveguide are located at
the primary structure center of gravity. Each harness mass is assigned as a lumped mass, i.e., zero
inertia. Since the location of the harness has a large impact on the center of gravity of the entire
Spacecraft, the locations will continue to be refined.

3.10 Thermal

The thermal mass is broken out into applicable regions. The mass for each region appears as a line
item in the mass properties report and the CG of the region has been estimated. Each thermal mass
is assigned as a lumped mass, i.e., zero inertia.

3.11 Secondary Structure and Miscellaneous

The secondary stxucture mass is broken out into applicable regions. The mass for each region
appears as a line item in the mass properties report and the CG of the region has been estimated.
Each secondary mass, in cases where a detailed model is not available, is assigned as a lumped mass,
i.e., zero inertia. As the design evolves, this mass will be repnxented by specitlc secondary support
structure that will have a mass and inertia and will be located on the Spacecraft.

3.12 Contingency

The reported masses of the instruments, propellant, solar may and high gain antenna are their
allocations. For these systems, should the estimated mass exceed the allocated mass, the estimated
mass, without addhional contingency added, is reported. Currently the high gain antenna estimated
mass of 238 lbm exceeds its allocated mass of 200 lbm.

A 12% contingency is applied to all other hardware. This 1290was calculated based on the Mass
and Power Report, EOS–DN-RES-025 (Revision P), dated 07 June 1993. The average accurac y
class can be determined by dividing the total allocated spacecraft bus mass by the total estimated
spacecraft bus mass. Similar to the propellant and instruments, those assemblies and components
which have their allocation, rather than estimate, included in the mass properties report are
subtracted from the total spacecraft bus mass, and then the average accuracy class computed, shown
in Table III.

Table IV shows the mass properties of each phase including this 12% contingency weight. Table V
shows the mass properties of each phase, without contingencey.

3.13 LMtMargin and Manager’s Reserve

Lift margin is not included in the calculation of the mass properties. Manager’s Reserve is now
included in the lift margin.

3.14 Mass Property Components

For components such as harness and thermal equipment, the total mass is represented as a lump mass:
amass located at the proper CG location, but with zero inertia. For vendor supplied assemblies, the
models are detailed, but the mass, CG, and inertias, which are supplied by the vendors, are input as

DCC080393 16
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a single mass properties component. There are several components listed in the Appendices which
show zero mass and inertia, but their system mass and inertia are accounted for in a mass properties
component.

Table III. Calculation of Percent Average Contingency

Data from Mass & Power Repor4 Allocation Estimate

Rev. P, Table 5-1 (lbs) (Ibs)

Spacecraft Bus Totals 7690.0 6886.2

Subtract assemblkdcomponents with masses listed
as allocations in the Mass Properties Report:

HGA 225.0 238.0

solar Army 353.0 302.0

Ssu 98.0 83.8

Css 2.4 2.4

New Spacecraft Bus Total I 7011.6 I
6260.0

Percent Average Contingency - ((Allocation /Estimate) - 1)x 100%
%= ((7011.6/6260.0)– 1)X 100% =12 %

17 DCC080393



Table IV. SpacecraR Phase Inertia Matrix with Contingency

1 2 3 4 5 6
Phase Launch Separation Solar Array Orbit Orbit Acq. End of Life

HGA Deploy Acquisition w/o Solar Array

Mass (lbm) 10885.03 10885.03 10885.03 10521.03 10067.63 10144.56

Center of Gravity

X (in) 105.248 105.248 102.879 105.533 104.519 108.809

Y (in) 1.590 1.590 -3.544 -3.666 4.160 -3.802

Z (in) -2.541 -2.541 -7.007 -7.249 -5.456 -7.518

[nertias (lbm-inA2)

Ixx 1.7302e+07 1.7302e+07 4.2628e+07 4,2541e+07 1.9415e+07 4.2453e+07

Iyy 6.8186e+07 6.8186e+07 6.8046e+07 6.5778e+07 6.3982e+07 6.2681e+07

lZZ 6.4380e+07 6.4380e+07 8.0567e+07 7.8332e+07 5.5021c+07 7.5250e+07

Ixy 1.0607e+05 1.0607c+05 -1.1485e+06 -1.0461e+06 7.9399e+05 -9. 1974e+05

Iyz -2.6855c+05 -2.6855e+05 3.0039e+06 2.9946e+06 1.7637e+04 2.9842e+06

lXZ 2,8611c+06 2.8611e+06 1.8164e+06 2.0189e+06 2.4443c+06 2.2687e+06

r



Table V. Spacecraft Phase Inertia Matrix without Contingency

1 2 3 4 5 6
Phase Launch Separation Solar Array Orbit Orbit Acq. End of Life

HGA Deploy Acquisition w/o Solar Array

Mass (lbm) 10142.89 10142.89 10142.89 9778.89 9325.49 9402.42

Center of Gravity

X (in) 106.300 106.300 103.758 106.646 105.606 110.225

Y (in) 1.435 1.435 -4.075 -4,226 4.196 -4.396

Z (in) -1.607 -1.607 -6.400 -6.638 -4.672 -6.904

lnertias (lbm-inA2)

Ixx 1.6115e+07 1.61 15e+07 4.1 477e+07 4.1392e+07 1.8284e+07 4.1306e+07

Iyy 6.4298e+07 6.4298e+07 6.4283e+07 6.1960e+07 6.0161e+07 5.8781e+07

Jzz 6.0704e+07 6.0704e+07 7.6922e+07 7.4609e+07 5.1364e+07 7.1440e+07

Ixy 1.4550C+05 1.4550C+05 –1.0640c+06 -9.4458c+05 8.0389e+05 -7.9666e+05

Iyz -2.1 177e+05 -201177e+05 3.0871e+06 3.0773e+06 4.9310e+04 3,0663e+06

lXZ 2,6974e+06 2.6974e+06 1.7195e+06 1.9070e+06 2.3191e+06 2.1394e+06

r

—
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SECN LOG (Mechanical Engr) (Iastufxfafed: 6/8/93)

Incom I AFFECTS: I I I

II
STATUS:

In-Date Esff
Approve

Reject

‘“oc Withdraw M:t*rlfi:i:lE~:~~~tl‘EAsONFORcHANGEI CHANGEIECN Orlglnator

SECN’S up to and including SECN 293 have been incorporatedinto the masterfor October ’92 PI)R.

Change the DASufxonverfer/Frequency=

9116192

9116/?)2

G

9116i92

9116192

9/17192

9124192

r

NIA

NIA

N/A

)AS Panel 3esign Maturity - Frequency source
noved to Modulator.
2hange name to DAS Upconverfer.

B. Stephen-
son

B. Stephen-
son

A
9118/92 Source estimated power from 1O.OW to ‘

5.OW, allocation from 15.OW 105.0 W, and
dissipation estimation from 1O.OWto 5.OW.

Change the DASTransmitter estimated pow-
er from 60W to 52W, allocated power from
24W to 52W, allocated weightfrom 20 ba to
4.5 lb%, and dfaslpation estimation from 45W
tO38W.

911$92
>AS Panel Design Maturity - make allocations consis-

tentwith single power level. Estimate
Oased on recalculation.

Change the DAS Modulator estimated power
from 28.1 W to 40.OW, allocation from 18.oW

)AS Panel Design Maturity - allocation - addition of
Irequency source. Estimate updated on
weadboard results.

296 B. Stephen-
son

B. Stephen-
son

B. Stephen-
son

A
9118/92 ----

to 40.0 W, and dissipation estimation from
28.1 W tO 40.OW.

Change the KSA Modulator estimated power
from 8.4W to 11.2W, allocation from 8.4W to
11.2 W, and dissipation estimatkrn from 13.4W
to 11.2W.

Change the Comm Subsystem allocated

power from 69.6W to 26.8W and allocated
mass margin from 65.0 lb to 80.5 lb.

A
9/1 8192

P

M,P

P,T

Rec EM Design Maturity - for KSA modulator due to
breadboard results.

297

ZK 20MM EM Design Maturity - afferfng unallocated mar-
gin to account for changes from SECN’s
294 thru 297.

A
9/1 8/92

NIA

NIA Change component temp ranges to be cnn-Power and Dissipation: Design Maturity of
the Oomm Subsystem components.9/1:92

DAS Panel299 B. Stephen-
son

N. Benko

B, Stephen-
son

.-. .
sisteni with values in Table fV-of GfS for
components mounted in equipment module

1or on the DAS Panel. Change B-band omnl
and DAS antenna temp ranges based on fal-
est thermal predktions.

Replace the mechanical sheets of the data-
base with the MISR MlCD. Also included =r~

To baseline the MISR Mechanical fCD.A
9/1 8192

x P

M

Instrument300
.- . ..-

changes to the overview, distribution, and
power and data rate estimates.

Change the DAS Upconverfer Source es ff-
mated weiaht from 10.0 Ibs to 5.O lb% NfI

DAS Panel Movement of frequency source from DAS
Upconveder to DAS Modulator.

A
9/25192

x301 .-
change In ~eight of DAS modulator.



SECN LOG (Mechanical Engr) (/ast up~ate~: 6/8/g3~

STATUS: Incorp AFFECTS:
Approve in Mass,Dhq EqulpmntIECN Orlglnator In-Date Eat/

Reject Power,Loc,
REASON FOR CHANGE CHANGE

Allot wlt~raw M=ter Thermal Location

302 N. Benko 91241’92 A x M Instrument Define hrdfvidual mass allocations for AS- Indivldual mass allocations have been de-
912~192 TER components. fined for the ASTER components due to the

need for this information to further spacf3craR
design and due to the fact that the UffD
placeholders forsuchlnfoare TBD. This kr-
formation should be usad for aft spacecraft
analyses.

303 N. Benko 9/24/92 A A x N/A instrument Baseline ASTER TIR 6 SWIR kinematic To baseline ASTER TIR and SWIR kinematic
9/25/92 mount amarrgements. mount arrangements for inclusion in the AB-

TER dafabase.

304 R. Renzulll 10112192 A A x L Instmment Maintain the same refative proximity and Shift CERES-FORE and CERE&A~ foca-
10123192 clear tions.

science FOVS.

305 L. Rattenni 10119192 E,A A x M,P Prop. Mod. Update EOS Mass & Power Budget Sum- Change In mass& power estimate to reflect
1/8/93 marks to reffecf GE ASD make of propul- the Propufsfon Module to support the 550 km

sion module and the 550 km injection orbit. injection orbit. (See SECNS for details)

306 H. Bond 10123192 A A N/A N/A fmpmved probability ot recovery. Revise the baseline orientation for the sun-
3/1 9/93 pointing levels of safe mode.

307 S. Raymus 11/18/92 A A N/A D To document the changes to various kine- Orfginaf desfgn change due to spacecraft d~
118193 matfc mount ICD’S which have occurred as sign maturity.

a result of design maturity.

308 N. Benko 11/20/s2 A A x D Instrument As a reauft of Competing negotiaffons for Change MISR dimensions from
estabftshlng the MfSR to Spacecraft ma- 51 .0’%31 .0%30.5” to 50.0”x30.5W4.5”, afso
chanicaf interface. ad,ditionaf changes per SECN.

309 N. Benko 12/3/92 A A x M,P Instrument EOS Requirements Document for EOS- Charrge mass, power, and data rate alloca-
1/13193 AM Spacecraft dated 10/30/92. tions for all five instruments based on EOS

Requirements Document for EOS-AM S/C.

31(3 N. Benko 1213/92 A A x M, P,L,D fnstmment Defete the WBDCS per customers direc- Remove WBDCS from EOS basefine and
12/tl#2 tfon. from aff Program documentation Incfudng

databases, speclficatfons, interface control
documents, deliverable Iisfs, OqUipMWtt lists,
reqmts documents, etc.

311 N. Benko 1213192 A A x (FOV) Instrument Redefined thermal fields of view and field of Make editortaf changes to database per mrr-
12/11/92 view origin locations as well as editorial veraion to Interleaf 5.3. Make changes to

changes to database. Revfse MODIS MODIS database Contamination section and
model to reffecf thermal FOV locations and Power profile.
revise drawing to eliminate confusion.



SECN LOG (Mechanical Engr) (/astu~atect 6/8/93)

STATUS: Incorp AFFECTS:
Approve ,“ Mass,t)tn Equlp~ntSECN Originator In-Date EsU REASON FOR CHANGE CHANGE

Allot ~y~:;w
Power,Loc,

Master Thermal Location

312 D. Cobb 12/7t92 E A
~.

M,P,D Comm EM The original estimates for the EOS ADE Change the Dimensions from 7x9.5x8 to
12/1 7192 were based on the Mars Observer Gimbfe 10.5x9.5x1O (L,W,H), Weight from 10.4 to

Electronics. The new design utiffzea the 13.4 fbs, Power (cons.] from 10W to 13W,
UARS SADDE with the standard EOS Power (diss) from 10W to 4.8W on the ADE.
packaging concept.

313 D. Cobb 1217192 A A NIA M,P Comm EM The original allocatlone for the EOS ADE Change the WefgM from 12.32 to 16.0 be,
12117192 were based on the Mars Obsewer Gimble Power (cons.) frum 12.12W to 15.5W, Power

Electronics. The new design utilizes the (disc) from 12.12W to 6W on the ADE.
UARS SADDE with the standard EOS
packaging concept.

314 N. Benko 12/11/92 A A x M Instrument Update to instmment model due to design Update database to Include attocatfon and

12/1 7192 maturity. Changes to database due to error weight changes to dlstrfbutfon,C&OH, me-
mrrectiorra and updated ICD Information. chankal, operations, pointing, power, and

thermal sections.

315 J. Fmdley 1/w93 E A x M,D Instrument Completion of detail review on CPHTS Change the wefght of Inst. Thermal Acrmrn-
1/22193 components of the thermal subsystem pre- modation-ASTER from 97.41095.6 and Insl

Iiminary design. Thermaf Accomrnodafiorr-MOPlll weight
from 59.o to 57.1 in the Thermal Subsystem.
TIR = 48.31, SWtR=47.22

316 T. McName 1/6/93 E A NIA M,L Sensor EM A thermal analysis performed on the GN6C Delete the GN&C Sensor and ComrnlC&DH
1/8/93 Comm EM Sensor and ComrrVCilDH EMs have Equipment MocMea fmm the Thermal Sub

shown that the CCHPS will not be requked. system. Est. weight ohange from 341.33 fb
to 336.17 b.

317 J. Thomas 118193 E,A A x M,D Instrument Redefinement of the packaging design Change the weight of the BDU instruments
1122193 based on the crment efectrtcal and nre- (7) from 13.20 tba each 1016.0 Ibs or 17.1

chanical design requirements. where apptbsbte 9

318 T. Ford 1/8/93 A x M Prop. Mod. New injsdbn soenarb allows for lower Changes in the Mass requirements from
lli$93 Propulsion Subsystem and Propulsion 13,600 be to 10,650 Ibs resulted in Injectbn

Module affocatfons. orbff changa from 300 to 550 km and
associated LV Lift allocation fmm 13,600 to
ll,4151bs.

319 R. Renzulli 1111193 E x M Instrument ASTER-TIR seconda~ structure requires ASTER-TlR secondary structure reduced
112&93 fewer struts due to change in the kinematic the number of struts from 10 to 6 (weight

mount configuration. changed fmm 56.64 fbs to 45.6 lba) In the
Structure and Mechanism Subsystem.



SECN LOG (Mechanical Engr) (/~stu~~ate~: 6/8/93)

STATUS: ln~~fp AFFECTS:
Approve ,“ Mass,Dlm E@p~nt3ECN Orfglnator In-Date Estl

Reject
REASONFORCHANGE CHANGEPower,Loc,

Allot Wfl,hdraw Master Thetmal Location

320 D. Cobb 1111193 E A x M,D SIC Oore The EOS Pyrotechnic Relay Assembfy is Using the Inmamat Pyrotechnic Relay As-
1122193 Assy larger due to the one-for-one relay config- sembfy (PRA) as a baseline, Inaease the

uration. PRA from 7.7 be to 8.12 fbs In the EAS Sub-
system.

32 I Ft. Renzulli 1114/93 A A x L Instrument CorrectIon to SECN #304. The x-coordi- Change old x=40.54 (fore) to x=39.o4, and
1122193 nates were mistakenly given relative fo the old x=11.1 3 (aft) to x=9.63. CERES Is not

IMP and not S/C coordinates. moving, only the reporting of its focstion IS
changing.

322 G. Gordon 1/21/93 E NIA P Instrument Correction to SECN #309 and the Mass& Change the MISR Database from 60.7 to
112%93 Power 67.4 (OnMrblt Average).

Database.

323 P. Beresin 1/21/93 E,A A x M,P,D Comm EM To reflect updated information from Honey- Change the weight (eat & allot), .sIze, and
1/29193 well contained in SCC Della Proposal power of the Spacecraft Controls Computer

92-517, Ltr dated 1215192. in the Comnr/C&DH EM Subsystem.
Wt (eat): from 13.2 lb to 12.0 lb
Power (0s1): from 19 Wlo 14 W
Power (allot): from 19Wto17 W
Dim (allot): from 5.6x1 0.6x7 to 5.OX10.9x9.1
(LxWXH, in)

32A J. Thomas 1/21/93 E,A A x M,D Sensor EM Refinement of the packaging design based Equipment modules: Change the weight of
1129/93 Power EM on current electrical and mechanical design the GN6C, PWR, COMfWC&DH, and DAS

Comm EM requirements. BDU-Housekeeping from 19.0 to 20.1 each
DAS Panel and dimensions from 10.3x1 0.6x7 to

9.1 x13.1 x8.6. Delete the BDU-Housekeep
Ing (Prop) from the C&DH Subsystem.

II
x D Rec EM SSRec and RWA BDU-Housekeeping

RWA EM stays at 19.0 lb. but dimensions change from
10.3x1 0.6x7 to 9.1 x13.1 x8,8.

325 N: Benko 1122193 A A x M,D Instmment Addition to a sunshade and corrected di- Correct the dimensions for the solar view
1122193 menslons for the solar view door per MO- daor and add a sunshade to the MODIS da-

DIS PDR documentation. tabase.

326 J. Sonsino 3/3/93 E,A x M,P,D Rec EM Revise the SFE, given the proposed imple- Change the Sdence Formatting Equipment in
2/$33 mentation from the subcontractor. the C&DH Subsystem in the TR module as

follows:
Mass (est): from 50 lb to 40 lb,

(allot): from 42 to 40 lb
Power: (eat & allot): from 60 W to 75 W
Dim: from 27x20x10 to 14.5x12x7.7

(LxWxHjn)



SECN LOG (Mechanical Engr) (/ast uPdated: 6/8/93)

In-Date

V25Kt3

ZIZX

211193

211193

1/21/93

STATUS
Approve

Reject
Wfthdraw

Incorp

in

Master

4FFECTS:
h4ass,Di~
~ower,Loc,
Thermal

M,P,D

M,P,D

Orfglnator

W. D. Herrn

J. Thomas

F. W. Short

F. W. Short

F. W. Short

REASON FOR CHANGE I CHANGEsqufprnant

Location

Rac EM

Comm EM

Replace HRTR, NSTR, and SS6 with new
component - SolId-State Remrder Equip
ment Module.

ReDtace HRTR. NSTR ,SSB wfth new corn-
2/1;/93 ponents: HRSR-DCU: @rantffyof 2; Masa:

47.5 lb
Power: 130 W(cOrrs), 55W (dIs)
Dim: 20x6.22x1 1
ANO HRSR-DMU: qfy of 5; Mass: 8t lb
ea.
power: 14 W (dts); Dlrn 19x9x12
Delete the LPC from the C&DH Subsystem.

,
Redetinement of the packaging design ] Change the C&OHS CTIU (Comnr/C & OHA

2f5r93 based on the current electrfialand rne-

1
EM): -

chanical das!gn requirements. Mass: from 23.2 lb to 202 lb
Powec from 43.2 W to 36,6 W
Dim: from 8.6x1 O.6X7 to 9.1x1 1.8x8.8
(LxWxHJn)

x

x

x

M,P,D

M, P,D,L

Sensor EM

Rec EM

Increase power because of fuses and
diodes.

Change the PSU [GN&C EM):
Mass from 12.8 fb to 12.0 lb
Powec from 15.0 W to 15.5 W
Dirn from 8.5x8.0x9.5 fo 7.OX9.5X1O.O
(LxWxH,ln)

The LPC has been deleted from use. Its Delete the LPC from the Power Subsys (TR
ordv focatforrIs In the Taoe Recorder. EM):

330

E

215?93

IMass was 7.0 lb, Power was 15.0 W, Dim
were 6.5x6x9.5

Chanoe the EPC In the Prom Module:M,P,L Prop. Mod, The weight of the box haa grown due to the
chassis being thfcker.

A
4/9/93 Mass; from 1.8 fb to 2.0 lb ~alfocIs 2.2 fb)

Power (SOL): from 15.6 W (disp, consump)
to

4.3W (dfsp) 626.6W (COW
sump)
Power (EOL): from 13.5 W (dlsp, consump)
10

(Action ftem to Linda Palniert to rswrtte
Powar SectIon.)

I 4.9W (disp) & 29.2W (COW
sump)
Dim: from 6.5x7 .3x1.5 to 7x7.3x 1.5



SECN LOG (Mechanical Engr) (/ast uPdated: 6/8/93)

STATUS: Incorp AFFECTS:
Approve ,n Masa,DiW Equlpmnt)ECN Orfglnator In-Date Eat/

Reject
REASON FOR CHANGE CHANGEPower,Loc,

Allot Withdraw Master Thermal Location

332 F. W. Short 1/25/93 E,A x M Sensor EM Thicker wall box and 16 fuses on both Side Equipment modules: Change maasofthe
2/1$93 Rec EM A and B. FDB and add FDB to the GN&C EM Subeys-

Comm EM tern, total quantity Irmeases from 13 to 14.
RWA EM Mass (est): from 1.5 lb to 1.7 lb

DAS Panel Mass (allot): from 1.78 lb to 1.9 fb

x M prop. Mod. Prop. Mod.: Change mass of the FDB,
Mass (esI): from 1.5 lb to 1.7 lb
Mass (aflock from 5.18 to 5,6

x M Instrument SIC Assy Change mass of the FDB,
Mass (eSt): from 4.0 fb to 1.7 fb
Mass (allot): from 37.91 lb to 11.22 fb

333 E. Kohl 215/93 A NIA N/A Lfpdale Launch Vehicle IRD. Misc. updates to the Launch Vehicle IRD.
21;D3

334 N. Benko 214193 A A x NIA Instrument To baseline the MISR Mechanical ICD Replace the MISR MICD Draft 001 of the da-
2/5/93 (MICD) Draft 002. tabase with MISR MICD Draft 002.

335 N. Benko 214193 A A x NIA Instrument To baseline the CERES Mechanical ICD Replace the Mechanical data sheets of the
215193 (MICD). database with the CERES ICD Draft 001.

336 N. Benko 214193 A A x NIA Instrument To baseline the MODIS Mechanfcel ICD Replace the MODIS MICD Draft 001 of the
215~3 (MICD) Draft 002. database with MODIS MICD Draft 002.

337 H. Silver- 215193 E,A A x M,P Instrument Mass, power, and cost reduction per the Reduce number of Instrument BDUS from 7
man 2/1 9193 customers direction. to 3. See SECN317.

338 D. Cobb 2/10B3 E,A A N/A P Comm EM New allocations &estimates are based on Change the estimate and allocation 10 the
2119193 a drive rate of 1 nominal orbital rate. ADE of the EPS Subsystem. I

339 N. Sauera 2112193 E,A x D Comm EM Motorola presented data at Component
2/1;/93

Change the dimensions of the S-Band
PDR to reffacf estimated dimensions. Transponder Assy in the Comrn/C&DH EM:

Dim (afloc): fmm 11x6x5 to 10x8x8 (LxWXH)
Dim (eat): to 10x7.4x6.1 (LxWxH)

340 T. Milboume 2/1 2/93 E x M, P,L,D DAS Panel PDR data and design maturity for weight Change the DAS Modulator In the Comm
211~193 Rec EM and power. Minimization of cabling/har- Subsystem (DAS Panel): (REFER TO

ness for location change. SECN 348)
Mass: from 12 lb to 22 lb
Power: from 4(JW to 49.2 W
Lot: from DAS to Recorder EM
Dim: from 7x9x6 10 11x9x7.5 (LxWXH)



SECN LOG (Mechanical Engr) (/astuP~ateci: 6/8/93)

T
STATUS: tncorp
Approve ,n

Reject
Withdraw ‘aster

\FFECTS:
Maas,t)lm
‘ower,Loc,
Thermal

REASON FOR CHANGE CHANGEIECN Orlglnator

4. Silver-
wan

In-Date EsV

Woc

m

Equlpmant

Locaflon

T x
211:193

341 M Instrument 2hangein BOU-lnst. quanfify and
associated change In Instrument ground
wqulremenf,

3hange In BDU-lnst. quantify and
msociated change In instrument ground
equirement.

rhe Power Converters (2) are being incor-
mrated Into the Power Module Boards.

Spacecraft and Power Subsystem changrx
Change quantfty of the Fuse& Dist. Board
(Inst) In the Power Subsystem. Reduce Inetr
FDBs from 6 to 4. See SECN 332.

T
(SW:N

2/1:193
supar-
cades

this
SECN)

A x
3119193

342 H. Silver-
man

2/1 8193 A M

M,P,D

M,P

M,P,D

M,P,D

Instmment

Power EM

sic
(RWA EM)

DAS Panel

Rec EM

Change quantity and weight of the Intertaoe
Corm. Panel (Inst) in the SIC Subsystem.

Change the BPCIn the Power Module
Mass: from 21.5 lb to 19.6 b

Powec (dissipation) from 99 W to 77 W
Dim: from 12.5x1OX7 to 9.5x11x1O

343 F.W. Short 2118/93

2/1 91$13

2/1 7r93

T lkwreased design definition.

PDR update and design maturffy. Removal
~f frequency source.

PDR update and design maturity. AcktNon
of frequency source.

PDR update.

correction to error in PDR Data Package.

Change the weight and aitocation 01the RWi
Power Harness and RWA C&DH. Dower

344 S. Holaday

harness from 4 lb to 5 tb. C6DH hbmees
from 13 fbto36.7fb.

Change the DAS Upconverfer fn the DAS
Panel:
Mass from 5 lb to 1 fb
Powe~ from 5W to 4W
Dim: from 7.5x5.5x2.2 to 3.5x3.5x1.2

345

m-

T.Milboume

T.Milbourne

T.Milbourne $A x
313193

WA
212$93

Change the KSA Modulator in the Recorder21t1193

2/1 7/93

2125193

E

T

T

T

EM: -
Mass: from 12 tb to 20.3 lb
Power from 11.2 W to 16.5 W
Dim: from 7x9x6 10 11x9x7.5

P Comm EM Change the power consumption of the S-
Band Transponder from 46W to 39.1 W In UN
Communicatforr Subsystem.

347

T M

T

Rec EM

Instrument

Change the wafghf of the DAS Modufator
from 22 Ibe to 20.3 be each in the Recorder
EM.

T.Milboume

N. Benko
*

Update thermal section of the CERES Data.
base.

Updated temperature rangea from instru-
menlers based on recent analysis.

2/25/93



SECN LOG (Mechanical Engr) (last u@ated: 6/8/93)

STATUS:
hpprove
ReJsct

Nlthdraw

AFFECTS:
Mass,Dl~
‘ower,Loc,
Thermal

(FOV)

lncorp

in

Waster

~

REASON FOR CHANGE CHANGE

Change FOV’s In the MISR Database.

>rfglnator

1. Benko

1. Renzulll

EstI

illoc

T

Equlprnsnt

Location

fistmment )eslgn Maturity.A
315E13

Relocate ASTER-TIR.~26t93

e

=

313193

315193

3/3/93

,oca-
tion

A
3/5/93

x

x

x

x

x

x

x

x

x

L Instrument Ielocatiorr,

Relocate ASTER-SWIR.1. Renzulli

L Renzulll

V. Banenl
). Chalm-
lre

,oca-
tion

A
315B3

L Instmment

SIG

Relocation.

Relocate TRX, TRY and TRZ Torque Rock In
Ihe GN&C Subsystem.

Ielocaled to reduce the magnetic field lev-
IISat the TAMs in the Sensor EM.

L

Change the HCES (total qty horn 98 to 67):
S/C Assy: (qty from 42 to 27):
Mass: from 17.16 RI to 19.2 lb
Powen from 17.22 W to 16.05 W
Dimensions: See SECN for details

Iew Type 5 and deletion of Type 2’s in
kopulsion Module.

M,P,D

M,P,D

M,P,D

M

Slc

ProP. Mod.

A
315/93
Action
Item

HCE’S: Propulsion module (qfy from 23 to 5]
Mass: from 14.95 lb to 6.5 b
Powec from 23.0 W to 10.0 W
Dimensions See SECN for details

HCE’S: Equipment modules (qfy from 33 to
35}:

Power,Sem
sor,

Rec,RWA-
Comm EMs
DAS Panel

B/c

--, .
Mass: from 14.27 lb 1035.6 lb
Powe~ from 8.46 W to 29.75 W
Dimensions See SECN for details

DC Power Distribution Harness mass)esign maturity.. . Miller

2. scoff

A
3/5/93 change.

Est from 60 RI to 43.
Allocation from 70 fb to 45 lb.

Pyrofechnk Cabling Harness mass change.
Est from 18 lb to 6.
Allocation from 16 lb to 6.25 lb.

M

M

M,P

Slc

DAS Panel Harness mass change.
Est from 5.1 lb to 9.6; Allot from 6 lb to 10.2
lb.

Slc
(DAS Pan-

el)

sic
(Power EM

Rec EM)

Change heat pipe weight from 49.54 lb to
15.76 lb (See SECN for details)

ncorporation of HRSR allowed TR EM de-
Jgn complexity reduction. Power EM
2CHP definition changed to match latest
>roposal.

A
315n3

x



. . .

SECN LOG (Mechanical Engr) (/ast updated: 6/8/93)

I 1 STATUS:
Approve

Reject
Nlthdraw

m
IIFFECTS:Incorp

In

Master

Y

REASON FOR CHANGE I CHANGE

*

3ECN Ckfgtnstor

357 M.Roza

a!ja L. Rattenl

Mass,Dl~
~ower,Loc,
Thermal

M, P,L,D

In-onto

315193

315193

Equlpmant

Location

Rec EM HRSR does not correctly reflect all hmc- Change from HRSR to Solid State Recorder
tions. — no other info given. (See SECN for ds+

tells).

A
315193

NIA

-mr
--Y-

-r

TTii-

-I-

-mi-

M,P Prop. Mod.

HGA

Shift Propulsion subsystem EPC’S and Recategorization of Prop Mod EPCS and
harness into proper subsystem. Harness

Most recent SPAR data Change power on HGA

A
315193

I359 T. Milboume 213193

3/1 2/’93

3112/93

3/12/93

3117193

3117/93

3119/93

3118193

E,A P

D

D,L

=-t==
MISR baffle dimensions defined due to a Change in length and width, snd height of
change in FOV. (Sss SECN 350) tower portion. See SECN for details.

A A
3126193

Instmment

Instrument

t

361 N. Benko Post PDR redesign. Change MODIS model, including changes to
the MODIS mainframe dimensions, mounting
bracket locations, and cooler field of view.
See SECN for details.

Refinement of Power Dissipation and Con- Various power dissipation and mnsumptfon
sumption estimates of the three types of changes to the BDU’S,
BDU’S.

A

-E-

zx-

A
3/26/93

& P

M

Slc

Instrument

A
3/1 9193

+

363 H. Silver-
man

Change in BDU-lnst. quantify and Change quantity and weight of the Interface
associated change in instrument ground Connedor Panel (Inst) in the S/C Subsystem
requirement. from 3 to qty 5,0.5 lb ea (est. and alfoc.).

(Action Item to R. Renzulll to determine
THIS SECN SUPERCEDES SECN # 342. where to locate these on the SIC.)

A
419t93

+

364 D. Fischer P Solar Array Correction to Mase and Power Database, Change power consumption (eat and Afloc)
for the Solar Array Drtve. from 10 W to O W, and dissipation from 10

to 8.6 w. 1

3/1$93

Tafjs E. Kohl A
41W93

At 3/26/93
(to be re-
submitted
when up

dated)

x N/A

M

Review of the power requirements needed
for EOS AM processing

Update power receptacle requirements,
change injection orbit parameters. (Action
Item to Ertka Kohl to review pln ellocs.
tlons)

sic
Instrument

Increased design definition.
Re-allocaticm to specific instrument cate-
goriesT

366 L. Miller Instrument Power Harness:
Wt: from 26.4 to 23.2 (est), 29.7 to 29.7 (ak
Iocr
Instrument C&DH Harness:
Wt: froml 4.4 to 52.5 (est), 20 to 20 (attoc)”
● See SECN for Details

E,A N/A

1



u

SECN LOG (Mechanical Engr) (k?Sf updated: 6/8/93)

STATUS: l“ctjQ AFFECTS:
Approve ,“ Mass,Ding Equip~ntIECN Orfglnator In-Date Esff REASON FOR CI{ANGE CHANGE

Reject Power,Loc,
Allot wlt~raw Master Thermal Location

BfjT M. Riley 3/1 9193 E A x M,D,T Solar Array Baseline locations caused FOV problems. Coarse Sun Sensor Change qfy from 2 to 4,
3126193 Temperatures now reflect those shown in Change wt. from 1.2 lb each to.6 lb each,

the performance spec. Change dim’s from 5.3x5 .3x3.5 to
4.1x4.1x2.5.
Action Item to S. Raymua to aaaess the
change.

368 M. Riley 3119/93 E A N/A D,T Power EM Update dimensions, temperature ranges Earth Sensor Electronics (PMAD EM):
3119193 (SECN specified are too restrictive. Change dim’s from TBD to 7x7.9x4.3.

410) (see SECN 410)

x D,T S/C Earth Sensor Head dim’s from TBD to 3.9dia
x 5.0
(See SECN 425)

369 S. Holaday 3119/93 E A x M,L SIC tire Reduction in total number of pyrotechnic Pyrotechnk Relay Assy Qfy from 2 to 1
3/t 9/93 Assy mechanisms Change wt. from 19.56 to 9.78. The PRA to

be efimkrated should be the one presently
located on the hex bay close out panel.
Keep the remaining PRA on the SAD support
structure.

370 K. Smith 3117193 E,A A x M HGA Contractually the vendor, must meet weight HGA Assembly:
3/26/93 atlocatlon of 225 lb. Current weight alloca- Mass (affoc & est): from 200 to 225 lb.

lion uses more than this total allocation. CHANGES THAT WERE APPROVED.
(2361b) EST MASS FROM 200 TOO 238 LB

NO ALLOC. MASS CHANGE WAS AP-
PROVED

371 L. Palmieri 3126193 E,A A x M,P,D Solar Array The SSU wefght es fimate has been UP Mass: from 50 lb to 83.8 lb (allot Is 96.0 lb)
419193 dated to reflect the down-sizing of the So- Power: from 120W to 57.8W (dis)

tar Array Acsy. This weighl estimate Is Dim: from 21x15.5x7 to 28.5x16.5x8
based upon 28 shunt switches. ACTIONS: ~

~~~ 2.
L. Palmlerf to update SECN with Justlflce
tlon for 83 fb. 3. Art Neufefd to verffy d.
mansions.

372 L. Palmieri 3126193 E,A A x M,P,D Power EM The PDU weight estimate reflects a pack- Mass: from 62 lb to 84.7 lb (allot Is 101.6)
419193 aging analysis presented at the component Power from 37.6W to 42.6W (disp)

PDR and Includes the ackhlicn of the instru- from 18W to 32W (consump)
ment feed current meter shunts and the Dim: from 33x8x9 to 22.4x16 .5x11.7
deletion of the capacitor bank blast shields. ACTIONS: 1. C. Faust to asses Impact of

wt. and dfm. change. 2. L. Pafmlerf to
complete TED and fncfude sketch of new
PDU.



SECN LOG (Mechanical Engr) (las~ updated: 6/8/93)

STATUS: lne~rp AFFECTS:
Approve ,“ Mass,f)lm Equlpmnt!IECN Orfglnator In-ate Est/ REASON FOR C’ !ANGE CHANGE

Reject Power,Loc,
Allot Withdraw Master Thermal Location

373 N. Benko 3/25/93 A x M,P,D Instrument To baseline the MISR Mechwrical ICD Replace the nreehanical sheets of the data-
312t193 Draft 002 with changes as requested by base with the MISR MlCD.

Instrumented.

374 y: 3/26/93 NIA A N/A NIA WA This SECN ties not call otft any changes. No Change.
3/26/93 It Mabiishes the card sets (hoard type and

qfy) for the three BOW configurations.
There are no impacts or alloctect docu-
ments.

375 S.Holaday 3126193 E A x M S/0 Core inoreased design definifiirr. Re-allocation ~.:
3126193 Harness of 1553 data bus stubs to be part of the Mass (eat): from 62 ib to 20 lb

CD&H harness of each instrument and EM Mass (alfoc): from 65 lb to 20 lb
instead of the S/C sore Data Bus Harness.

376 J. Thomas 3126193 E,A A x M,D SIC Increase in length of iBDU (.7 in) ia re- ~
416E33 quired fo accommodate the acMition of the Mass: from 17.1 lb fo 17.8 lb (eat)

Command Relay Output Assy. Overall wt. from 17.1 tb to 19.6 lb (allot)
increase due to increase size of chassis Dim: from 8.8x9.1 x1O.3 to 9.5x9.1 x1O.3
and EPC weight increase form 1.8 to 2.0 lb. ACTION: C. Faust to assess Impact of

weight Increase.

x M,D Prop. Mod. EfL?U:
Maas: from 17.1 itr to 17.6 lb (eat)

from 17.1 lb to 19.6 lb (allot)
Dim: from 8.8x9.1 x1O.3 to 9.5x9.1 x1O.3

377 J. Thomas 3126193 E,A A x M,D Sensor EM Increase in height of HBDU (.7 in) is re- ~
416B3 Power EM quired to accommodate the addition of the Mass: from 20.1 to 20.8 ib (eat)

Comm EM Command Reiay Oufpuf Assy. Overatf from 20.1 to 22.9 lb (afloc)
DAS Panei weight increase due to increases size of Dim: 9.1x13.1x8.8 to 9.1x13.1x9.5 r

chassis and EPC weight increase from 1.8 ACTION: C. Faust to assess Impact of
to 2.0 lb. weight increase.

x M,D Rec EM ~:
RWA EM Mass: from 19.0 to 20.6 lb (eat)

from 19.0 to 22.9 ib (atfoc)
Dirn 9.1x13.1x8.8 to 9.1x13.1x9.5

378 J. Thomas 3126193 E,A x M,D Comm EM Size of CTIU increased to accommodate w
4K!93 the Honeywell Computer Assy and the Mass: from 20.2 to 25.9 lb (eat)

Command Relay Oulput Assy. overall from 20.2 to 28.5 lb (allot)
weight increase of CTIU due to increase Dim: from 9.1x1 1.8x8.8 to 10.8xI 3.6x10.8
size of chassis, EPC weight increase from
1.8 to 2.0 lb and increase weight of CTIU
Computer from 2.2 to 5.0 lb.



SECN LOG (Mechanical Engr) OaSI u~~ateci: 6/8/93)

STATUS: lfl~oQ AFFECTS:
Approve ,“ Mass,Dln Equipment9ECN Orlglnator In-Date EsV REASON FOR CI{ANGE CHANGEReJect Power,Loc,

Allot wlt~raw Masw Thermal LocaIlon

379 N. Benko 313tt193 A A x NIA Instrument To baseline the ASTER Mechanical ICD Replace the ASTER drawing section of the
4/2/93 Drawing. database with the ASTER Mechanical ICD

Drawing.

380 N. Benko 3125193 A A x N/A Instrument To baseline the CERES Mccharrlcsl ICD, Replace the CERES MICD Draft 001 of the
412iS3 Draft 002. database with CERES MICD Draft 002.

381 S.Holaday 3/29/93 E,A x M HGA Har- Previous estimate was based on a ‘similar-
41?B3

Boom P~
ness to’ harness at the beginning of the Space Mass (eSt): from 2.9 lb to 1.0 lb

Station Plaftomr program and then scaled Mass (allot): from 3.0 lb to 1.1 lb
up or down based on configuration. This Is klj
the current estimate basecl on the actual Mass (est): from 0.9 lb to 1.8 lb
Interface requirements. (RF cables not Mass (allot): from 1.0 lb to 2.0 lb
included In this weight.)

382 S. Holaday 3129/93 E,A x M EM Har-
41&J3

FM power ~

ness tom’s up weight estimate based on real Mass (eat): from 2.2 lb to 9.3 lb
configuration, power and thcrmaf definition. Mass (afloe): fmm 3.0 lb to 10.2 lb

Mass (eat): from 12.5 lb to 24.4 lb
Mass (affoc): from 15.0 lb to 26.8 lb

383 S. Holaday 3129193 E,A A x M SIC Core Data Bus C~ .

4/2/93 Harness weight includes only the 1553 data bus Mass (eat): from 62.0 lb to 21.0 lb
cabling within S/C core. 1553 data bus Mass (alfoc): from 65.0 lb to 23.0 lb
stuba are being reallocated to EM and
Instrument C&DH Harnesses.

384 S.Holaday 3130193 E,A x M S/A Har- Increased desfgn definition, due to latest ~
41:B3 ness power Informaffon and mechanical corrffgu- Mass (eat): fmm 10.6 lb to 4.8 lb I

ration. Mass (allot): from 11.0 lb to 5.3 lb
Roo~ .

Mass (est): from 3.2 lb to 0.9 lb
Mass (allot): Irbm 4.0 lb to 1.0 lb

365 S. Raymus 418193 A A N/A D To update kinematic mount MlCD’s Design changes reflect latest design maturi-
419193 20001400 and 20006963. ties.

386 L. Miller 412!93 E,A A x M EM Har- Irrcreased design definition, due to latest ~
412193 ness power Information and mechanical oonfigu- Mass (eat): from 4.5 lb to 10.9 lb

ration. Part of Increase for the C&DH har- Mass (allot): from 4 lb to 12 lb
ness Is due to the reallocation of 1553 data ~&DH H~
bus stubs to this harness. Mass (est): from 21.3 lb to 31.8 lb

Mass (allot): from 21 lb to 35 lb



SECN LOG (Mechanical Engr) (last uPdated: 6/8/93)

STATU9 lnc~rp AFFECTS:
Approve ,“ Masa,Dlm Equlp~nt9ECN Orlglnator In-Date Est/

Reject
REASON FOR CHANGE CHANGE

Power,Loc,
Allot wlt~raw Master Thermal Location

I

387 L. Miller 411193 E,A A x M SIC Core Increased design detinilion. Change due ~
4/2/93 Harness partly to HRDL weight being rr?allocaledto Mass(est): from ll.51bto9.0~

EM’s and Instmment C&Dtl harnesses. Mass(alfoc]: from ll.5krfo9.Ofb

3f3f3 L. Miller 411193 E,A A x M,P Instrument Increased design definition. Pari of fhe in-
412193 Harness crease in the CtkDH harness is due to the from. 26.4 lb (eat) & 29.7 (alloo), qty 8

m-allocation of the 1553 data bus stubs lo to: ASTER: 12.5 (E) & 12.5 (A), qtyl
be part of the C6DH harness of each ASTER Irrtra-lnst 3.9 (E)& 4.3 (A),
instrument instead of the S/C Core Data qfyl
Bus Harness. Also HRDL were re-atto- CERES 1.4 (E) & 1.5 (A), qty 1
cated to ASTER, MISR, MODIS CUDH MISR: 0.7 (E) & 0.8 (A), qfy 1
harnesses. MODIS 1.0 (E) & 1.1 (A), qty 1

MOPITT 3,2 (E)& 3.5 (A), qfy f
(SEE SECN for details on power changes.)

from: 14.4 lb (eat)& 20.0 tb (allot), qty 8
to: ASTER: 28.1 (E) & 30.9 (A), qty 1

ASTER Irrtra-lnst 7.0 (E)& 7.7 (A), qty
1

CERES 5.1 (E) & 5.6 (A), qty 1
MISR: 3.6 [E) & 4.0 [A), qfy 1
MODIS 4.7 (E) & 5.2 (A), qfy 1
MOPITT: 8.5 (E)& 9.4 (A), qfy 1

389 J. DoW 4/3193 E,A NIA P Comm EM Refinement of the CTIU interfaces. Power: (Irrit Consump) from 29.4 W to 27.3
4L$93 w

(Sfby Dissipation) from 15.4 W to 18.8 W
(Init. Dissipation) from 29.4 W to 30.9 W

390 H. Bond 418193 E,A A N/A P Solar Array The Drive Ektmnics Unit (DEU) of the Power (Science mode): from 10 W to O W
419193 Vendor supplied SA is tumod on in prepa- (Oet)

ratton for the deployment of Iho solar array, from 12.12 Wto OW
and it turns itself off once the array has (altoc) ADD: (Standby): 10 W
beerr successfully deployed. (Deptoyment~ 70 W (stepper motor

operation for blanket box separation
and for

391 T. Milburne 4~/93 E

mast deployment)

N/A P HGA System requirement change from 30 min- Powar (eat): from 126 W 10121 W
41!$ii3 ute contact time 1020 mirwto contact time.

392 N. Benko 4115193 A A N/A P MoDIS update per MODIS UIID dated 1l/6r92 Power (atloc): from 295 W to 245 W



SECN LOG (Mechanical Engr) w up~atect 6/8/93)

STATUS: ln~~rp AFFECTS:
Approve ,“ Mass,Dl~ E@p~rrt9ECN Orfglnator In-Date Estl REASON FOR CHANGE CHANGE

Reject Power,loc,
Allot withdraw Master Thermal Location

393 D. Chalm- 4112193 E,A A x M, P SIG Update heater power requirements. Up- (See SECN for power details)
em dale for latest configuration changes. Change MLl massto: 31.881b

Clean up excessive detail In CDD section. Change MJscfhermequlpto: 15.161b

x M Pow- (Equip modchange MLI to/ change mlsc
er,Comm, therm to)
Sensor, (Power /8.47 / 18.83), (Comm / 3.o8 / 3.14),
RWA, (Sensorl 2.8613.51), (RWA ) 1.98 12.25),

Rae, DAS (SSREC / 3.69 / 4.29), (DAS / 0.55 / 1.27)

x M Prop. mod (Prep mod / MLI: 7.10 / Misc 6.49)E, A

394 M.DiNardo 4127193 E x M Primary To sttfen struoture to Jncrease frequencies Mass change from 1550.50 lb to 1578.14 tb
413:193 Structure of bcsl structure modes to PDLC levels.

395 R. Renzulll 4127193 E x M CERES Dynamic & stress analysis shows that Mass change from 95 RI to !35lb.
413$93 Structure struts 153 and 253 can be removed& re-

quirements will still be met.

age L. Miller 4115/93 E,A A x M,P Prep, Mod. Increased design definition. Re-allocation Mass Change from: Prop Mod Harness,
4130193 of 1553 data bus stubs to be part of the 46.3 (eat) and 50.93 (aJloc)to:

C&DH harness of each EM instead of the Prop Mod power ham: 17.6 (est), 19.6 (allot)
S/C Core Data Bus Harness. Prop Mod CLIDH ham: 15.2 (eSt), 16.7 (af-

Ioc)

397 H. Bond 4/28/93 A A NIA M Varfous Revise allocations to be consistent. Al- (See SECN for details)
G. Gordon 4/30/93 (Structures locations will now be equal to the estimate -SECNS 394 and 395 affect this sactlon.

& mufttpliad by the accuracy class, except for
Mecha- vendor supplied assemblies, for which the

nlsms Sub- allocated mass assigned to the vendor will
system) be reported. f

398 H. Bond 4128193 A A N/A M Varfous see 397. (See SECN for defalls) Only allocations

G. Gordon 4130/93 (Thermal which aren’t refened to Jnthe master modat
Subsystem) are changed

399 H. Bond 4126i!13 A A N/A M Varfous see 397. (See SECN for details)

G. Gordon 4/30/93 (Elect Ac-
com Sub-
system)

40f) H. Bond 4128/93 E,A A x M Various see 397. (See SECN for more details)

G. Gordon 4130193 (Electrical Solar Array est changed from 409 (which ln-
Power Sub eluded SSU, CSStJ & cable) to 302. Allocs-

system) tion changed from 490.8 to 351. SSU allcc
Will remain 96 lb.



SECN LOG (Mechanical Engr) (last updated: 6/8/93)

NFFECTS:
Mass,Di~
~ower,Loc,
Thermal

M

9ECN

STATUS:
Approve

Reject
Withdraw

A
4/30193

A
4/30/93

A
4/30193

Rejected
4/30193

(Replaced
by 447)

A
4130193

A
4130193

A
4130193

A
4130193

REASON FOR CHANGE

Wa397.

ncorp

in

#aster

x

T

CHANGEIn-Oate

K

4126193

4128193

EstI

hlloc

Equipment

Location

Ortglnator

+. Bond
3. Gordon

Various
(C&DH

Wbsystem)

(See SECN for more details)
Allocations for vendor supptied Items will be
listed as the maximum mass specified In the

401

E

specs:
SCC 241tx DCU: 95 lb DMU: 405 ftz SFE:
40 b

We 397. (EweSECNfor more details)
S-Band Transponder eat from 17.3 to 15.3

+. Bond M Various
(Comm

Msystem)

Varfous
[Prop. Mod.
Wbayetem)

Varfous
(GN&C

Subsystem)

G. Gordon
allot. from: 36.06 to

34.6
Band Reject Fitter allot from 11.43 to 1.4
Master Oscillator eat from: 5.5 to 2

atfoc fmrm 12.1 to 11
High Gain Antenna afloc remains at 200 (eat
Is currently 238)

3ee 397.

see397.

(See SECN for details)M

M

M, P

M

403 H. Bond
G. Gordon

A

(See SECN for more details)
Fine Sun Sensor Head: qfy IS 1, not 2
Star Tracker est. from 20 to 21.34; alloo.
Womes 44 lb (par SECN 405)

Star Tracker est. from 20 to 21 .34;

e

ZiiT H. Bond
IG. Gordon

4128193

4/26/93 Negotiations with vendor.Sensor EM

RWA EM

Solar Array

To agree with vendor compliance matrfx.

T
406 M. Riley

4137 M. Riley

4129i93

41291S3

E

mii To update nom-operational design allow-
able timits. The body rnountod coarse sun
seneor thermal limits should have changec
with the solar array mounted CSS limits in
SECN 367.

To update non-operational design allow-
able limits.

T

T l-=-Power EM4129193 N/A



SECN LOG (Mechanical Engr) (/ast uP~ateci 6/8/93)

STATUS:
Approve

Reject
Withdraw

NFFECTS:
Mass,Di~
‘ower,Loc,
Thermal

IIncorp

In

Master

;qulprnent I REASON FOR CHANGE
Location

CHANGE

FfECFMpOv@rHarnfm
Mass (ss1): from 3.6 to 12.1 lb

5ECN Orlglnator In-Date

409

im

L. Miller 4/29/’93

4/30/93

413:193
x

-x-

M EM Har- Irrcreased design definition. Change due to
ness latest power info and mechanical configura-

tion In first bottoms up esiima!c. Mass (allot): from 4.01013.3 lb

Mass (esI): from 19.4 to 50.3 lb
Mass (allot): from 21.0 to 55.3 lb

~

Power EM Harness length between ESE and Earth
Sensor head must be d4” This require-
ment cannot be met with the ESE in the

Relocate ESE from Power EM to S/C CoreS. Raymus
517AB3

L

x L

L. Miller

N. Sauers

H. Bond

t.. Palmlerl

H. Bond

D. Alex Du-
que

4/29/’93

514193

4130193

5/5/93

4130193

5/fY93

A
4130193

5ffAB3

x M SIC Core

I
Increased design definition. Changes due

Harness to first bottoms up estimate with latest con-
figuration.

crete m
Mass (eat): from 50 to 37.8 lb
Mass (atloc): from 50 to 4 t.6 tb

x

NIA

x

x

D

T

M

Rec EM Change requested by SFE vendor.
Change in size allocation is intended to al-
low Fairchild to assess additional packag-
ing options with the goal of reducing rfsks
in box design, fabrication, and test.

SEE
Change dimensions from 14.5x1 2x7.7 to
18x14x1O

Various I To ptace atl component temperature re- Add the non-operational quallfloatlontemper-
ature range to the CDD Report517AR3

+=d--
;Propulsion quiremenfs under configumlion control.

To change the baselkre design of the bat-
tery cell open failure by-pass protect!ar.

H9Ma@ma est.m=~
from 275.3 to 295 ltx Allot from 302.8 to
324.5 tb

A
5/14193

1Power EM EwQ@WWY: esL r’nass: f
from 275.3 to 29o ltx Allot from 302.8 to 319
lb

M

Add the non-operational qualification temper-
ature range to the CDD ReporL5nAB3

A
5171?33

N/A

N/A

T

P

Various

I

To place all component temperature re-
(Comm quirements under configuration control.

Msystern)

Varfous SECN 401 changed all BDU power alloca-
tions to 10% higher than estimates. The
resulted in nUmbtrrSto the nearest hun-
dredfh watt. This represents more accura-
cv than is reasonable.

The allocations should be changed to the
nearest fenth waft.

416



SECN LOG (Mechanical Engr) (last uPdared: 6/8/93)
I

STATUS: krcorp AFFECTS:
Approve ,n Mass,DIW Eqdpmnt9ECN Orlglrrator In-Date Estl REASON FO~ C! IANGE CHANGE

ReJect Power,Loc,
Afloc ~,,hdraw Master Thermal Location

417 R. Renzulli 515193 E x M MODIS The responsibility for secondary structure ~
5nAB3 Structure strut SL65i and the mounting pad are be- Mass (eat): from 20.23 to 14.73 fb

ing transferred to the primary structure. ~
Mass (esI): from 1578.14 to 1563.64

418 R. RenzuHi 515193 E x M SIC Aaay These panels are required to mount the mu PatlQk
5i7AB3 BDU/HCE/FDB/tC on the SIC as tocated In Mass: horn O to 23 lb

SECN 363. Ctuarrtify from 4 to 2

Mass: trom O to 6 ib
Quantity from O to 8

419 R. Renzulli 5/3/93 NIA A x D MOPITT MOPlll going from a plate mount to a 3 Change model in master file to reffect the 3
Structure point direct mount. point mount.

5/1 4193

420 H. Bond 4130t93 NIA A NIA T Various To ptace aft component temperature ra- Add the non-operatfonal qualification temper-
5171’93 (GN&C quirementa under configuration control. ature range to the CDD ReporL

Subsystem)

421 H. Bond 4130193 NIA NIA T Various To pfaca afl component temperature re- Add the non-operational quafifkation ternper-
WWB3 (Thermai quirements under configuration control. ature range to the CDD Report.

Subsystem)

422 H. Bond 4130193 NIA N/A T Various To place aft component temperature re- Add the non-operational qualilkation temper-
51iAB3 (Etec. qulrementa under corrftguration control. afure range to the CDD Report.

Power
Subsystem)

423 H. Bond 4130B3 NIA N/A T Various To pface alt comfxment temperature re- Add the non-operationaf qualification temper
WAB3 (C&DH quirementa under configuration corrtml. ature range to the COD Report.

Subsystem)

42A H. Bond 4130/93 N/A A N/A T Various To pface att component temperature re- Add the non-operational qualification temper-
517t?33 (Eleo. Ac- quirements under configuration contmt. ature range to the CDO Report

Su;y;;em)



SECN LOG (Mechanical Engr) (last uPdatti: 6/8/93)

STATUS: Incorp AFFECTS:
Approve ,n Mass,Dlm E@pment)ECN Orlglnator In-Date Estl REASON FOR CHANGE CHANGE

Reject Power,Loc,
Allot wl,~raw Master Thermal Location

W5 M. Riley 5/8/93 E A x D RWA EM Old dimension did not inclut’foheight and w
517t93 diameter was exclusive of connectors. Change dimension from 0D=16 to 8.5 x 18.0

(height x max OD).

x D Sensor EM New dimensions reflect the latest evalua- ASiE
tion. Change dim’s from 13.5 x18x 9 tol 3.3 x 18

x 9.5

x D sIC Assy Length and OD order was switched. sot Head
Change dim’s from 3.9 x 5.0 to 5.0 x 3.9 (L x
OD)

426 T.Milboume 4129193 E A N/A P HGA SPAR PDR pad(age received shows heat- (See SECN for details)
517193 er power to be higher than ROM made by

GE.

427 T. Milbourne 41291’93 E N/A P Rec EM Give visibility to the fact that 2 EPC’S are ~
WAB3 used in each modulator. (See SECN for details)

428 T.Milbume 4129i93 E N/A P Rec EM Give vlsibillfy to the fact that 2 EPC’S are
5nAm3

KSA Mo-
used in each modulator.

429 T.Milfmurne 41291’93 E

(See SEC~ for details)

A N/A P Comm EM Give visibility to the fact that the master os- !daater Osd I*
5171’93 cillator receives 28 volt ~wer from CTfU (See SECN ‘fordetails)

versus dedicated 120 volt suf@y used pre-
viously.

430 T. MilfJoume 41291’93 E A N/A P DAS Panel DAS Upoonverfer to be pwered from
5114193 SSPA EPC since previously planned power (See SECN for details)

tap from DAS modulator moved off the pan-
el. I

431 T.Milboume 4129193 E A NIA P DAS Panel DAS Upconverfer to be powered from DAS Ummwkz
5114193 SSPA EPC since previously planned power (See SECN for details)

tap from DAS modulator moved off the pan-
el.

432 T. Milboume 4/29/93 E A N/A P Comm EM Give visibility to the fact that the transpond- ~
517193 er has 2 EPCS, one supplying continuous (See SECN for details)

power to receiver and the second supply-
ing power to the transmitter as required.

433 N. Sauers 4/30/93 E,A A x P,D Comm EM Motorola data provided in response to PDR Filter Assy
5f7193 Action Items, telecon Action ilems and up- Dissip.: from 1 W to 0.1 W

dated SBT performance SPCC. Dimensions: from 6 x 1.8x 2 to 6.01 x 1.78x
2.05



SECN LOG (Mechanical Engr) (lastu~~afe~:6/8/93~
STATUS: Incorp AFFECTS:
Approve ,n Mass,D1~ Equip~nt9ECN Orlghrator Itiate EsV REASON FOR C! IANGE CHANGE

Reject Power,Loc,
Allot wlt~r~w Master Thmal Location

434 N. Bhnko 5/w93 E N/A N/A Instmment Updated information from tlODISlnstm- (See SECN for details)
5nAB3

I
reenter.

435 N. Benko 51W93 A N/A N/A Instrument To baseline the MISR Mechanical ICD Replace the MISR drawing section of the da-
5nAm3 Drawing. tabase with the MISR Machanfcal ICD Draw-

ing.

436 N. Benko 51W93 A A N/A N/A Instrument To baseline the MODIS Mcchanicsl ICD Replacing the MODIS drawing sectfen of the
5nD3 Drawing. database with the MODIS Mechanical ICD

Drawing.

437 N. Benko 51W93 A N/A N/A Instmment To baseline the MODIS Thermal ICD Draft Make changes to the MODIS Thermal MICD
mAB3 002 tith changes as requested by insW- Dratt 002.

mentor.

438 N. Benko 51W93 A A N/A NIA Instmment Add ASTER Unique Irrstmment Interface Add UIID to database and make changes as
5flB3 Dowmerrt (UIID) dated January 29,1993 noted on reddened pages of SECN.

to ASTER Database.

43g N. Benko 5/w3 A N/A N/A Irrstmment Add CERES Unique Instrument Intedace Add UIID to database and make changes as
5nAB3 Document (UIID) dated March 15,1993 to ~td on ~lin~ pag= O! SECN.

CERES Database.

440 N. Benko 51W93 A N/A N/A Instrument Add MODIS Unique Instrument Interface Add UIID to database and make changes as
5FAB3 Document (UIID) dated November 6,1992 noted on redlined pages of SECN.

10CERES Database.

441 P. Beresin 5n193 E,A x. M,P Comm EM To reflect updated weight estimate fmm a
WAB3 Honeywell contained in SCC PDR Data Mass (est): fmm 12 to 12.7 lb

Package dated 22-23 Aptif 1993. Powec see SECN for details
(

442 L. Miller 515193 E A x M EM Har- Increased design definition. Change due to~
5nm3 noes Isteat power Info and mechanical cerrtigura- Mass (eat): from 45.6 to 52.7 lb

tion first bottoms up estimate. Mass (allot): from 50 to 58 lb

Mass (eat): from 9.71040.40
Mass (allot): from 10 to 44.4

443 J. Sonsino 5/5/93 N/A A N/A N/A Rec EM To implement the X-Band operational
5nB3 changes as directed by Program Directfve (See SECN for details)

1ENA-VM493 dated 4P6193.

444 J. Sonsino 515193 N/A A N/A N/A Rec EM To eliminate the K*Band simultaneous E
5nB3 reaVtime and playback data downfirrks at (See SECN for details)

75 Mbps which are not required by the C El
specification.

—



446

E

448

Xfginator

1.Dow

J. Benko

i. Bond
L Riley

R. Renzulli

lh-D.9te

F

5/6/93

5/tV93

5/6/93 E,A

E

—

SECN LOG (Mechanical Engr) (/ast u~~atect 6/8/93)

pg--

Reject
Wfthdraw

A
517193

A
5114193

A
5113193

A
517193

Incorp

In

Waster

N/A

x

x

N/A

x

N/A

NIA

x

AFFECTS:
Mass,Di~
Jower,Loc,
Thermal

P

N/A

M

M

M

M

M

M

;qulprnent

Location

Oomm EM

Instrument

SIC Assy

Power EM

Sensor EM

RWA EM

Solar Array

SIC Assy
(Stmcture)

REASON FOR C! IANGE

4dditional requirement for CTIU Intertacw
Supply 28 Vdc at 300 ma to Master Oscilla-
torComponent.

Uew MOPITT contractor has finalized de-
dgn to be used for S/C PDR.

To rationalize the GN&C mass estimates
and alfacations for the MTR, RWA, ESA,
FSS. CSS (badv), CSS (S/A), IRU, SSST,
TAM; ““”
Tochange power allocations to match val-
ues in the component specs (See SECN
for details)

To add the mass of the torq[le rod panel la
the Mass & Power report.

CHANGE

[See SECN for details)

Replace MOPITT model to reflect new con-
Ilguratlon. Also make changes in MOPll_E
mass allocation Increased by 52.9 lb, to
405.7 Rx dimensions also changed.

Earth Sensor Head eat from 2.25 to 2.2 lb
each

allot from 4.73 to 4.4 fb
Magnetic Torque Rods: est fmm 31.5 to 29
lb ea.

allot from 94.5 to 87 lb
Earth Sensor Electronics: eat from 5.52 to
5.5 lb ea

allot from 11.59 to 11.0
lb

Fine Sun Sensor Elec: allot from 2.52 to 2.4
lb
Fine Sun Sensor Head allot from .95 to.9
fb

h@am@W2c
Elec.: Mass eat from 1.35 (qfy) to 1.6 lb ea
(qfy 2) Sermon Mass est from 1.35 (qty2) t(
1 lb ea (qfy 2)
Mass allot from 5.67 lb (tolal) to 3.4 lb (for
elec.) and 2.0 lb (for sensor).

~“
CSS (body): fmm .26 to .25 lb
Star Trackec from 46.95 to 44 lb
IRU: from 39.38 to 37.5 lb

RWA allot from 132.72 to 126.40 lb

CSS (S/A): allot from 2.52 to 2.4 lb. .

Change Core Str Mist from 63 to 58 lb (5 b
was included for the closeout Panel). The
panel is 21 lbs and the mounts are 4 Ibs; di-
mensions are 50.5 x 41 x 1.5.



SECN LOG (Mechanical Engr) (/astuP~ateci 6/8/93)

STATUS: Incorp AFFECTS:

3ECN Orlglnator Approve ,n Mass,DiW &@pmntIn-Date Estl REASON FOR CHANGE CHANGEReject Power,Loc,
Allot W,thdraw Master Thermal Location

449 R. Renzulll 5A?f93 N/A x L SIC Assy TRx and TRz are translatk?g-0.5 Inches to Translate Torque mdsandbattery pfugsln
5RAB3 (structure) account for the thickness change of the master model, per SECN 449.

torque rod panel.

45fJ 1.Khatri 2/10/93 E x M,D Comm EM Orfginal estimate was an error.
5nAm3 Mass: trom 10 to 11.75 lb

Dim’s from 12x8x 6t021 x1O.1 x5kr.

451 1.Khatri 5/5/93 E A x’ M,L SIC Har- Estimate based on cable type and lengths ~ est mass from 5.0 fb
5/7/93 ness detailed cakulatkm vs first rough estimate. to 3.2 lb @ HGA tmom

8.0 lb@ WC core
1.8 lb@ REC EM
2.2 lb@ Oomm EM

d!jz W. D. Henn 517193 A A x D,P Rec EM Design mafurlty, plus memory capacity in- RQ!J
5/1 4193 crease from 130 to 140 Gb per PD. Dim’s from 20x 8.22 x 11 to 20.05x 8.22x

13.25
Power change: See SECN

453 W. D. Henn 5t7193 A A N/A M,P Rec EM Design maturity.
51t 4193 Mass allot from 47.5 to 46.2 fb ea

Power change: See SECN for defaifs.

454 W. D. Henn 517193 E A NIA P Rec EM Design maturity PIUSmemory capacity in- RQJ
5114193 crease from 130 to 140 Gb per PD. See SECN for power changes.

455 W. D. Henn 5n193 E,A A x M,P,D Rec EM Design maturity permits reduction of num- RM!J
5/1 4193 bar of DMU boxes from 5 to 2. The dimen- Mass eat from 81 lb es (qty 5) to 210 fb ea

she, weight, and power have been refined (qty 2)
accordirrgfy. Mass allot from 81 lb ea (qfy5) to 252 lb ea

(qty 2) f
Dim’w from 19x9x 12to 20.8x 23.5x 15
Power change See SECN for details.

456 W. D. Henn 517193 E A x M,P Rec EM Design maturity.
5114193 Mass eat fmm 47.5 ea (qfy 2) to 38.5 fb as

(m 2)

457 L. Palmieri 5/14/93 E,A A x M, D,P,L Power EM The Power EM requires an FOB to fuse the Add FDB 10 Power EM:
5114193 power of the Power EM BDU’S and HCE’S. Mass (estlalloc): 1.7 lb 11.9 lb

This FOB is the standard FDB supplied Dim’s: 8 x 4 x 3
throughout the SIC. Powec See SECN

&j8 L. Palmiert 5114/93 N/A A NIA NIA Varfous The ‘FDB’ is a box not a board. Change name of ‘Fuse Distribution Board’ fn
5114193 M&P Report to ‘Fuse Distribution Box’.



SECN LOG (Mechanical Engr) (/ast uP~ate~: 6/8/93)

STATUS: Incorp AFFECTS:
Approve ,n Maaa,Dl~ Equlpmnt3ECN Orlglnator In-Oate Est/ REASON FOR CHANGE CHANGEReject Power,Loc,

Allot wi,~raw Master Thermal Location

459 L. Rattennl 5114193 E A x M,P,D Prop Mod To add mass to rear bulkhead for panel _ Mass eat from 66.82 to
5/1 4193 stiffener and primary structure Interface

brackets. Toremove 4boostphase thrust- &&uU@$&: Mass eat from 17.5 to
ersandassociated HCE. Toupdate PMEA 25.35 fb
mass, power, & dim’s. ~ Qtyfrom 5t04; total mass from6.5

to 5.2
(See SECN for power changes) _ Qty from 8 to 4; total mass

11.28 to 5.64

&: Mass est from 13.6 to 14.26 fb ea
Dim’s from 8.8 x 8.1 x 8.5 to 8.8 x

9.3 X 8.5

46fJ D. Llnder 5/12/93 N/A A N/A N/A Sensor EM This SECN was submitted to define No change.
5114193 changes to the baseline design to support

off-index sun pointing.

461 L. Miller 5/12/93 E A x L Power EM This SECN establishes the size of the Bat- See SECN for sample layout.
5/1 4/93 tery-Enable/Pn+Enable Panel located on

-X panel of the Power EM for baseline.

462 L Khatrf 5/1 0193 E x D DAS Panel New estimate from the switch spec.
5/1:/93

~
Dim’s from 2.6 x 2.2x 1.4 to 3.75 x 2.5x 2.5

dfja N. Benko 5/1 1193 A A NIA NIA Instruments To reffect changes to SIC C&DH resources See SECN for detaifs.
5114193 to instruments due to the BDU changes

made In SECNS 337 and 363.

464 R. Palmer 5114193 E A x M RWA EM Redesign of panels of RWA EM to account j3WA tvfo~
5114193 for reconfigured RWA support design. Mass (eat): from 40 lb to 46.2 lb

f
dfjs R. Palmer 5114193 E,A x RWA EM Redesign of RWA supfxxl structure.

511:193
M ~

RWA Supports, Taft eat mass= 17.1 lb (qty
1)
RWA Supports, Short est mass= 12.3 lb
(qty 1)
Update model wifh new configuration of
RWA’S & SIJ~t’tS.

466 T. McCor- 5/14193 N/A A N/A P DAS Panel The SSPA will house a “pulse stretchercir- See SECN for details.
mick 5114193 cuit which stretches the standard BDU

relay drive PLIISeto a length compatible
with the waveguide switch requirements.



SECN LOG (Mechanical Engr) (/ast uP~atect WWW)

SECN

77

m-

z66-

T7F

ESV

f4110c

Y-

K

STATUS:
Approve

Reject
Withdraw

-
Mass,Dl~
Power,Loc,

Thetmal

hCOQ

in

Master

REASON FOR CHANGE CHANGEOriginator n-Date

e

5/14/93

G

5/1 4193

Equlprnent

Location

. Khatrf

). Chalm-
ws

3 Raymus

S. Raymus

5/1%33
x

x

-i--

M

M,P,D

SIC Har-
ness

Estimate based on cable type and lengths
detailed calculation vs first rough estimate.

~WJt mass from

10” 3.0 lb@ DAS Panel
4.5 lb@ SIC core
l.Olb@Rec EM

Reo EM -Change in qfy of Rec EM HCE’S due to
reducfforr In DMU’S oer SECN 455.

~ Reduoeqfyfrom7t06
Change dim’s from 4 x 4 x 2 to 2.8 x 5 x 6.8511:193

-change (n qty of pkp mod HCE’S due fo
reduced #of thrusters; same change as
SECN 459.

D

M,P,D

D

Comm,
RWA Sen-
sor, Power
EM’s, DAS

Prop Mod

I&fS2 dim’afrom4 x4x2t02.8x5x6.8

-Change In dmensions reflects post-PDR
design mods to enable top connectors and
reduce footprint area.

~ Reduce qfy from 5 to 4
Change dim’s from 6x6x 1.5 to 2.6x5x 6.8

x

-r
(See SECN for power details)

Slc H!2E2 cfim’sfrom 4x4x2 t02.6x5x6.8
~ dim’s from 6.5x 4.6x 2.4 to 2.6 x 5 x
6.8

Power EM -Uodate EM structure weiahts to reflect p#p!Lwm Mass (act) from 123 toA
5114193

x

x

-I--

x

7

x

x

M

M

M

d&ign maturffy. -
-change Sensor EM shelf and DAS panel
kkrematfc mounts to the standard type due
to toads.
-Deorease Recorder EM kin. mount qfy
from 6 to 5 due to inaccessibility of 1
mount

Hexbay
Panel

Sensor EM _ FM Sin@ Mass (0s1) from 60.5 to
65.5 lb
~ MaSS (est) from 1.5
ea to 2.5 lb ea.

~: Mass (act) from 86 to 91M

M

M

Rec EM

Comm EM

k: QfY from 6 to 5

SggnMmm Mass (E@ from 41 to

DAS Panel
17RI

~ Mass (est) from 1.0 to

Add Star Tracker Bracket fo Sensor EM:
Mass (est) = 5.0 lb; acc class = 3 allot= 5.!
lb

Star Tracker Bracket mass was never in-
cluded In Mass 6 Power report.

M Sensor EM
5/1:/93



SECN LOG (Mechanical Engr) (last uP~ate~: 6/8/93)

STATUS: lne~rp AFFECTS:
Approve ,“ Mass,fllW Equlp~nt$ECN Orfglnator In-Date Est/ REASONFORCHANGE CHANGE

Reject Power,Loc,
Allot withdraw Master Thermal Location

471 S. Raymus 5114193 E A x M SIC Assy Close-out panels weights were never rt+ Add mass (92.0 lb) for close-out panels to
5114193 (sec. fleeted in M & P report.

Struct.)
Sec. Str.: mass est from 58 lb (per SECN
448) to 150 lb

472 H. Bond 5118193 N/A A NIA T Varfous (This SECN replaces SECN 421 which
(Thermal

(See SECN for details)
was withdrawn.) To update temperature

Control requirements and add the non-operational
Subsystem) qualification temperature range to the CDD

Report.

473 N. Sauers 5/1 8/93 E,A A x
~.

HGA ASSY Additional supporl needed to suppxf HGA Increase the weight estimate and allocation
deployment. of the HGA Support System in the Structure

and Mechanism Subsystem.

474 K. Smith 5124193 A A N/A M HGA ASSY Customer compliance at contract award. Increase HGA Assembly allocation from 200
Ibs to 225 Ibs.

475 K. Smith 5119193 NIA A N/A NIA NIA Name change Change -Core Harness” in No change to model.
the COD to “Core Harness Brackets” for
clarification.

476 H. Bond 5193 N/A A N/A T N/A Required for baseline freeze. Update temperature ranges in the CDD sec-
tion of the Stmcfure & Mechanism Subsys-
tem.

SECN’S from 294 to 476 are included in the master model representing the baseline design which wiii be presented at the September ’93 PDR

r
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PDR BAS!SLINZ
CONFIGURATION - STONS1’I

..CG, In System Axes (in).. .........Inertias, local @ CG, in System Axes (lb-in-2) .......... (lb)

Name x Y z Ixx :YY Izz Ixy Iyz 1X2 Mass
------ -------- ------ ------------------------------- -------------------------------------- ---------------------- ------ ------------ .
“Spacecraft-Stowed Configuration with Cmtinqeney”

BASELINE

“Primary Structure”

PS TOP ASSY

.EOS LONGERON ASSY

..21AY1 LONGERON ASSY

...BAY 1 LONGERON

...BAY 1 LONGERON

...BAY 1 LONGERON
.BAY 1 LONGERON

::.BAY 1 LONGERON
...BAY 1 LONGERO!4

..BAY 2 LONGERON ASSY

...BAY 2 LONGERON

...BAY 2 LONGERON

...BAY 2 LONGERON

...BAY 2 LONGERO!4

..BAY 3 LONGERON ASSY

...BAY 3 LONGERON

...BAY 3 LONGERO!4

...BAY 3 LONGERON

...BAY 3 LoNGERON

..BAY 4 LONGERON ASSY

...BAY 4 LONGERON

...BAY 4 LONG3%RON

...BAY 4 LONGERON

...BAY 4 LONGERON

..BhY 5 LONGERON ASSY

...BAY 5 LONGERON -Z

...BAY 5 LONGERON +Z
.BAY 5 LONGERON ‘Z

::.BAY 5 LONGERON +Z

..BAY 6 LONGERON 14SSY

...BAY 6 LONGERON +2,-Y
.BAY 6 LONGERON +.Z,+Y

::.BAX 6 LONGERON -Z,-Y
...BAY 6 LONGERON -Z.+Y

.EOS BHD STRUT ASSY

..BHD 1 STRUT ASSY

...D2.5 224wALL 31.9:N

...D2.5 224w&LL 30.711N

...D2.5 224WALL 37.91N

...D2.5 224WALL 38.711N

. . .D2.S 224wALL j8.711N

105.2482 1.s904 -2.54C7 1.1302e+07 6.0186e+07 6.4300e+07 1.061e+05 -2.696e+05 2.S61~+06 10BL15.030

112.2700 -0.3526 -1.4703 1.6956e+06 7.9326e+06 11.5317et06 3.136e+04 -7.915e+03 -2.414e+05 1583.700

96.2070 0.0244 -1.6S11 3.1044e+05 9.4372.+05 1.0579et06

25.?500 0.0000 O. COOO 1.0400w+05 6.6213e+04 6.7755e+04
25.7500 33.8250 18.9500 1.7i92@+Ol 2.5056*+03 2.50S6et03
25.7500 -33.8250 18.9500 1.7192e+Ol 2.S056e+03 2.SOS6e+03
25.7500 33.8250 -18.9500 1.7192e+Ol 2.5056e+03 2.5056e+03
25.7500 -33.a250 -18.9500 1.?192e+Ol 2.5056e+03 2.5056e+03
25.7500 -0.0000 38.7700 1.7!92e+Ol 2.5056e+03 2.50S6e+03
25.7500 0.0000 -38.7700 1.7192e+Ol 2.S056e+03 2.S0S6, +03

79.s000 0.0000 O.COOO 7.6139e+04 3.l197e+04 7.0919et04
79.S000 33.8250 lS.9500 1.08790+01 3.256Se+03 3.2565e+03
79.5000 -33.8250 18.9500 1.8E79e+Ol 3.2565.+03 3.2565.+03
79.5000 33.B250 -18.9S00 1.EB79e+Ol 3.256Se+03 3.2565-+03
79.5000 -33.8250 -18.9500 1.8#79e+Ol 3.2565e+03 3.2565e+03

127.0000 0.0000 0.0000 S.3021e+04 1.70340+04 4.46Me+04
127.0000 33.8250 18.9500 1.314@e+Ol 1.0948e+03 1.0948e+03
127.0000 -33.8250 18.9500 1.3148e+Ol 1.0948m+03 1.0948e+03
127.0000 33.B250 -18.9500 1.31480+01 1.0948e+03 1.0948et03
127.0000 -33.0250 -i8.9500 1.3148e+Ol 1.094@e+03 1.094Llm+03

160.7500 G.000o 0.0000 3.8039e+04 1.0749e+04 3.0594e+04
160.7500 33.a250 i8.9500 9.4319e+O0 4.1762e+02 4.1762a+02
160.7500 -33.8250 18.9500 9.4319e+O0 4.1762e+02 4.1762et02
160.7500 33.S250 -18.9500 9.43198+00 4.1762e+02 4.1762-+02
160;7500 -ii~%250 -18.9500 9.4319e+O0 4.1762e+02 4.1762e+02

192.7500 0.0000 -11.5680 2.8593@ +04 5.2172*+03 2.79S3e+04
192:7500 33.8250 -18.9500 1.1790e+Ol 8.1235e+02 0.1235e+02
192.7500 33.E250 6.0500 9.0732e-01 3.3935e+02 3.3835e+02
192.?500 -33.6250 -18.9500 1.1790e+Ol 8.123SO+02 8.1235e+02
192.7500 -33.8250 6.0500 9.0732e-01 3.3835e+02 3.3835e+02

221.0700 0.7651 -13.8570 6.9479e+03 5.3700e+02 6.90B4e+03
221.1300 -29.2720 -5.4500 9.7137Q+O0 5.0050e+Ol 5.9120e+Ol
221.0000 33.6250 -5.4500 S.B479e-01 4.4392e+Ol 4.4392e+ol
221.1300 -29.2720 -18.9500 1.6594e+Ol S.30030401 9.7937e*O]
221.0000 33.8250 -18.9500 1.5076e+O0 7.3519e+Ol 7.3519e+Ol

6.809e+02

0.000e+OO
0.000e+OO
0.0000+00
0.000e+OO
0.0000+00
0. 0000+00
0.000e+OO

0.0004+00
0.000e+OO
0.000e+OO
0.000e+oo
O.OOOe+OO

0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.0000+00

0.000e+OO
0.0009+00
0.000e+OO
0.000e+OO
0.000e+OO

3.8E5e-10
0.000e+OO
O.ocoe+oo
C.OCOe+OO
O,OCOe+OO

4.2@le+Ol
2.l17e+Ol
O.COOe+OO
3.4950+01
0.000e+OO

-6.192e+Ol

0.000e+OO
0.000e+OO
0.000m+oo
0.000e+OO
0.000e+OO
0.000e+OO
O.000*+00

0.000e+OO
0.000m+oo
0.000e400
O.0000+00
0.000e+OO

0.000e+OO
0.000b+oo
0.000.3+00
0.000e+OO
0.0009+00

0.000e+OO
-1.7400-11
1.740e-11
1.740e-11

-1.740e-11

0.000e+OO
0.0000+00
0.000e+oo
0.000e+OO
O .000e+OO

3.060e-01
0.000e+OO
0.000e+OO
0.000e+oo
0.000e+OO

-3.660e+04

0.000e+OO
O.0000+03
0.000e+OO
0.000e+OO
O.000e+OO
0.000e+OO
0.000e+OO

0.000e+OO
0.000e+OO
O.000e+OO
0.000e+OO
0.0000+00

O.0000+00
0.000a+oo
0.0000+00
O.000e+OO
0.000e+OO

0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO

0.000e+OO
O.000e400
0.000e+OO
0.000e+OO
0.000e+OO

-6.096e-04
O.000e400
0.000e+OO
0.000e+OO
0.000e+OO

103.2600 -0.2999 -0.5644 2.5026e+05 1.5702e+06 1.6196e+06 ].802e+03 6.373e+Ol -2.147e+04

-0.0000 0.000c 0.00C0 6.0166e+04 2.9E20e+04 3.33740+04 0.0000+00 3.822e+O0 0.000e+OO
-0.0000 33.S250 0.0000 9.4744e+02 9.4744e+02 6.0377e+O0 0.000e+OO 0.000e+OO 0.000e+OO
-0.0000 16.9150 28.8610 1.0352e+03 2.6925e+02 7.7207e+02 0.000e+OO -4.489e+02 0.000e+OO
-0.0000 -33.8250 0.0000 9,4744e+02 9.4744e+02 6.01?77e+O0 0.00oe+OO 0.000e+OO 0.000e+OO
-0.0000 -16.9050 28.8630 1.0352e+03 2.6912c+02 7.?220e+02 0.000e+OO 4.49Ee+02 0.000e+OO
-0.0000 -16.9150 -28.8610 1.0352e+03 2.6925e+02 7.?20~e+02 0.000e+OO ‘4.489e+02 0.000e+OO

209.340

69.120
11.520
11.520
11.520
11.520
11.520
11.520

S0.600
12.650
12.650
12.650
12.650

3S.240
8.810
e.alo
8.810
9.810

2s.280
6.320
6.320
6.320
6.320

22.420
7.900
3.310
7.900
3.310

6.680
1.320
1.200
2.180
1.9eo

277.910

48.020
7.090
0.060
7.e90
0.060
8.060

r



PDR BAsELINE
CONFIGURATIf2N = STONED

..CG, in.System Axes (in).. ..... .. ..Inertlag, local @ CG, in !jystem Axeg (lb-lnA2) .......... (lb)

-__--___::y-------------____-~----___-:--__----:----__---:::-------::~--------:::-------_::~--_____--:~:-------:::_---__-y_::----

. . . D2.5 224WALL 38.711N

STRUT ASSY
16SWALL 67.651N

-0.0000 16.9050 -28.8630 1.0352e+03 2.6912e+02 9.7220e+02 C.000e+oo 4.4f!8e+02 0.000e+oo

-3.714e-05
0.000e+oo
0.000e+OO

-2.401e-05
0.000e+OO
0.0000+00
0.000e+oo
O.000*+00
0.000e+OO
0.0000+00
0.000e+OO
0.0000+00
0.0000+00
0.000e+OO
0.000e+OO

-1.574--05
0.000e+OO
0.000e+OO

-2.401o-O5
0.000e+OO
0.000e+oo
0.000e+oo
0.000e+OO
0.000e+OO

-1.5740-05
0.0006+00
0.000e+oo

-2.401*-05
0.000e+OO
0.0000+00
0.000e+OO
0.000e+OO
0.0000+00

9.060

77.900..I!HD 2

:::!::!
.D1.5

::.D1.5
.D1.5

::.D1.5
...02.0

-0.4434
-0.0000
16.9130
0.0000

-16.E380
-17’.0130

0.0000

0.1692 7.9612e+04 4.014Be+04
18.9500 3.1522e+03 4.0252.e+OO
0.0004 5.8317e+02 3.24949+02

-0.0000 2.8042a+02 2.f1042e+02
12.S280 2.5371e+02 3.2766e+Ol
-6.3754 3.S723e+02 1.2664e+02

-28.8630 5.9e59e+ol 5.98590+01

51.s000
51.5000
51.5000
51.5000
51.s000
51.5000
S1.5000

3.9512e+04
3.1522e+03
2.589’/e+O2
6.4143.-01
2.21570+02
2.3127e+02
4.9fln9e-ol
3.1522e+03
4.qE09e-01
6.0077e+O0

2.514--05
C.000e+OO
C.000ebOO

-9.242--06
C.000e+oo
C.000e+OO
C.000e+OO
C.0009+00

-1.0170+01
0.0000+00
2.893e+02

8.260
2.710
2.340
2.300
2.450
1.e20
a.260

ii2wALL 50.81N
li2WALL 37.91t4
li2WALL 36.361N
l~2wALL 41.811N
112WALL 19.S21N
168WALL 67.651N
112wALL 19.t721N
224WALL 37.91N

i.399e-05
tl.426e+Ol

-1.704e+02
0.000e+OO
0.0000+00
0.000e+OO
0.0000+00
0.0000+00

-4.4a9e+02
4.4S9e+02

-4.4899+02
4.4%9e+02

-3.244e+O0
0.000e+OO
2.893e+02
4.399*-OS
E1.426e+Ol

-1.704e+02
0.000e+OO
0.0000+00
0.000e+OO

-3.246e400
0.000e+OO
2.893e+02

S1:5000
51.5000
51.5000
51.5000
51.5000
51.5000
S1.5000
S1.5000

-0:0000
0.0000

33.8250
-33.82S0
16.9100

-19.9500 3.1522e+03 4.0252e+O0
29.6630 5.9B59e+Ol 5.9859e+Ol
0.0000 9.4744e+02 9.4744e+02
0.0000 9.4744e+02 9.4744e+02

29.6650 1.0352e+03 2.6923e+02
20.8640 1.0352e+03 2.6925e+02

-29.8650 1.0352-+03 2.6923-+02
-2E.8640 1.03520+03 2.6925e+02

3.3768 2.72920404 S.2067-+03
19.9500 3.1522e+03 4.0252e+O0
0.0004 5.8317e+02 3.2494e+02

-0.0000 2.t3042e+02 2.a042e+02
12.S280 2.S371e+02 3.2766e+Ol
-6.3754 3.5723e+02 1.2664e+02

-18.9500 3.1522e+03 4.0252e+O0
0.0007 5.2296e+02 5.2296e+02

.V1.5
::.D2.5

C.000e+OO
G.000e+oo

1.820
7.6!90
7.090
8.060
0.060
S.060
8.060

.D2.5
::.rJ2.5

.D2.5
::.02.5
...D2.5

224wALL 37.91N
224WALL 39.711N
224WALL 3e.711N
224WALL 38.711N
224wALL 3B.711N

6.0077e+O0
7.7209e+02
7.7207e+02
7.7209e+02
7.7207e+02

C.000e+oo
0.000e+OO
C.000e+OO
C.000e+OO
C.000a+oo

-3.091W-05
C.000e+OO
0.000e+OO

-9.242tfJ-06
0.000e+oo
0.0000+00
0.000e+OO
0.000e+OO
0.000e+OO

-3.092e-05
C.000e+OO
2.9S5e-11

–)6:9100
-16.9100
16.9100

. . BHO 3 STRUT AS9Y 107.5000
107.5000
107.5000
107.5000

-0.9%66
-0.0000
16.9130
0.0000

-16.B380
-17.0130

1..91000+04
3.1522e+03
2.5897e+02
6.4143e-01
2.2157e+02
2.3127e+02

35.040
8.260
2.710
2.340

. . . 02.6 16@wALL 67
.01.5 112WALL 50

::.D1.5 112wALL 37

651N
IJIN
91N
361N
OIIN
651N
.91W
.91N

. . .01.5 112WALL 36
.01.5 112wALL 41

::.D2.O 168WALL 67
.02.00 ;68WALL 3

::.D2.00 i6BWALL 3’

107.5000
107.s000

2.300
2.450
8.260
4.360
4.360

107.5000
107.5000
107.5000

-0.0000
33.8260

-33.8240

3.1522e+03
2.1247e+o0
2.1247e+O00.0007 5.2296e+02 5.22961s+02

0.3766 2.7292e+04 t3.2067e+03
19.9500 3.1522-+03 4.0252a+O0

0.0004 5.8317e+02 3.2494e+02
-0.0000 2.8042e+02 2.S042*+02
-6.3754 3.5723e+02 1.2664e+02

..BHD 4 STRUT ASSY

...D2.o 166wALL 67.65IN
.01.5 112WALL 50.@IN

::.D1.5 112WALL 37.91N

146.5000 -0.9868
-0.0000
16.9130
0.0000

-17.0130
-0.0000
33.8250

-33.02S0
-16.83S0

1.9100e+04
3.1522*+03
2.5097e+02

35.040
0.260
2.710

146.5000
146.S000
i46.5ooo
146.5000
146.5000
146.5000
146.5000
146.5000

6.41430-01
2.3127e+02

-9.Z42W-06
C.000e+OO
0.000e+OO
0.000e+OO
0.000e+oo
0.000e+oo

4.399e-OS
-1.704e+02
0.000e+OO
0.0000+00
0.000e+OO
8.426=+01

2.340
2.4S0
8.260
4.360
4.360
2.300 r

.01.5 112WALL 41.811N
...D2.O 16ewALL 67.651N.. -18.9500 3.1522e+03 4.0252e+O0

0.0000 S.2296-+02 5.2296.+02
0.0000 5.22960+02 5.2296-+02

12.52B0 2.5371o+O2 3.2766-+01

-5.0109 2.5027-+04 4.2949e+03
-6.4500 1.@995e+02 1.8995e+02

-12.2oOO 2.5454-+02 3.5519e+Ol
-6.4500 1.5165Q+02 1.0974e+02
-6.4510 1.3079e+02 1.0712e+02
0.2996 1.0173e+02 2.21900+01
0.3006 7.3231e+Ol 2.1045e+Ol

-12.2000 2.5454e+02 3.5519e+Ol
-6.4500 1.8995e+02 1.t1995e+02
6.0500 4.9781e+03 9.9290e+O0

-18,9500 3.1522e+03 4.0252e+O0

0.2400 2.9847e+04 8.B716e+03
10.9500 3.1522e+03 4.0252e+OC
-6.5246 3.s723e+02 1.2664eJ+02
-0.0019 2.8206e+02 2.13156e+02
-6.3754 3.5723e+02 1.2664e+02

-lE.9500 3.1522e+03 4.0252e+O0
0.0000 5.2296-+02 5.22966+02
0.0000 5.2296e+02 5.2296e+02

i2.5000 5.681o*+o1 2.I136e+Ol
12.5020 5.7250e+ol 2.5474n+Ol
-0.0015 3.447Be+02 2.B770a+02
-C.0001 3.7398-+02 2.9727eI+02

3.1522e+03
2.1247e+O0
2.12478+00
2.2157e+02

2.0753e+04
1.7689e+O0
2.1966e+02
4.24.97e+Ol
2.4234e+Ol
8.0078e+Ol
5.2699e+Ol
2.i966e+02
1.76B9e+oo
4.97010+03
3.15220+03

2.0992e+04
3.1522e+03
2.3127e+02
1.144ea+oo
2.3127e+02
3.1.57.2e+03
2.1247e+o0
2.124?o+o0
3.6086e+ol
3.2272e+oI
5.77370+01
7.7393e+Ol

...D2.00 L68WALL 37.91N

...02.00 168wALL 37.9It4

...01.5 li2WALL 36.36IN

210
210
210
210
210
210
210

5000
5000

0.1306
33.B2S0

0.000e+OO
0.000e+OO
0.000e+oo
O.ODOe+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.0000+00
0.000e+OO
0.000e+OO

-1.0540-05
0.000e+OO
0.000e+OO

-1.054e-05
0.000e+oo
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+03

2.6499+01
0.000e+OO

-4.7950-1o
0.000e+OO
0.0000+00
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO

-2.374e-05
O,oooe+oo
0.000e+oo

-2.3740-05
0.000e+oo
0.000e+oo
0.0009+00
0.0000+00
0.0009+00
0.3000+00
0.0000+00
o.00Ce+OO

41.150
3.630
2.300
2.100
2.050
1.970
1.e70
2.300
3.630

13.040
0.260

..8HD 6 STRUT ASSY

...02.00 168WALL 25.oIN

...01.5 112WALL 36.42IN

...D1.5 l12wALL 29.411N
.D1.5 l12wALL 21.641N

::.01.5 112wALL 24.861N
...D1.5 112wALL 21.641N
...D1.5 112WALL 36.42IN

.D2.00 168WALL 25.OIN
::.D2.5 280WALL 67.65IN
...D2.O 168wALL 67.6SIN

5000
5000
5000
5000
5000
5000
5000
5000
5000

16:9120
7.7450

-5.e908
-22.80s0
24.6570

-16.9120
-33.0250

8.742s+01
6.764e+Ol

-5.022-+01
4.150e+Ol

-3,2730+01
-8.742e+ol
0.000e+OO
0.0000+00
0.000e+OO

210
210
210
210

-0.0000
-0.0000

40.600
0.260
2.450
2.350
2.45o
8.260
4.36o
4.360

175.0000
175.0000
175.0000
175.0000

0.3691
-0.0000
16.B120
0.7999

1.5230+02
0.000e+OO
1.704e+02
1.186e+Ol

-1.704e+02
0.000e+OO
0.000e+Oo
0.000e+OO
2.719e+ol

-2.817e+Ol
-1.2EOe+02
1.508e+02

. .

. .

. .
,.
. .
. .

BlfD 5 STRUT ASSY
.D2.O 168WALL 67.65IN
.D1.5 112wALL 41.811N
.01.5 112wALL 37.931N
.01.5 112wALL 41.811t4
.D2.0 16BwALL 67.6!51N
.02.00 168WALL 37.9IN
.02.00 168wALL 37,91N
.D1.5 l12wALL 21.2EIN
.D1.5 l12wALL 19.441N
.D1.5 112wALL 41.501N
.D1.~ l12wALL 42.52IN

175.0000
175.0000
175.0000
175.0000
175.0000

-17.0130
-0.0000
33.9250

-33.8250
-25.3630

. .

. .

. .

. .

. .

1.500
1.810
2.400
2.480

175.0000
175.0000

26.5480
-e.4497
9.6375:75.0000. .

110.1:”00 -1.2344 4.1675e+oS 1.68160+06 1.#785e.06 -7.428e+03 -1.007e+03 -s.0830+04 403.690.EOS BAY DIAGONALS -3 >11(’). . - - - --- .- -



PDR BASELINE w~
CONFIGUAATICN = STOWED o

&l

..CG, in System Axes (in)..
li!

.........Inertias, local @ CG, in System Axes (lb-inA2) . . . . . . . . . . (lb) ‘zO

Name x Y z xxx Iyy Iz2 Ixy Iyz rxz Mass gg
------- --------- ---------------- --------- ------- ---------- --------------------------- ------- --------- ---------------------------- ---

3.9611*+n4
3.(3150e+03
4.o144e+03
4.0144-+03
3.o15.oe+03
3.0150-103
3.01s0-+03

5.leei~+04
9.4S60e+03
2.769Bo+03
9.4S6S.+03
2.7697.+03
2.76989+03
2.7697.+03
1.4099-+03
1.4099m+03

2.5060.+04
S.3143S-+03
6.5316-+02
s.383sm+03
G.s316a+02
6.5316e+02
6.S316,+02
S.6131tB+02
S.6131.+02

1.S619.+04
1.7111o+O2
1.s990-+03
1.0006-+03
1.0006-+03
1.s990-+03
1.7111=+02
3.691OO+O2
2.0139.+02

3.924=+03
-1.00s-+03
1.912m+03
1.912=+03

-1.ooam+03
1 .008-+03
1.ooe0+03

-0.74s=+03
-4.372,+03
0.000e+oo

-4.372,+o3
0.0000+00
0.0009+00
0.0009+00
0.0000+00
0.000e+oo

S.3490+03
2.6740+03
0.0000+00
2.674*+03
0.000-+00
0.0000+00
0.0009+00
0.0009+00
0.0000+00

0.2000+02
0.0000+00
7.SS40+02

-3.709.+02
-3.709*+02
7.054.+02
0.0009+00
0.000e+oo
0.000a+oo

70.9eo
11.860
11.770
11.770
11.660
11.860
11.860

BAY 1
::.D2.S
...02.S

02.s
:::D2.S

02.s
:::02.5

DI&GoNALS
2eOWALL 64.72ZN
200WALL 63.941N
2e0wALL 63.941N
2BOWALL 64.721N
2aOWALL 64.721N
260WALL 64.721N

25.7460 -0.2C05 0.00C3 6.SJ9GOn404
25.74.90 16.9110 26.0630 1.5263m*03
25.74E0 33.9240 0.0009 1.4164,+03
25.74n0 -33.e260 0.0009 1.4164,+03
25.7400 -16.91.10 26.8630 1.S263-+03
25.7460 -16.9110 -26.8630 1.5263.+03
2S.7480 16.9110 -26.9630 1.5263s+03

6.0739-+04
3.7S64-+03
2.6070-+03
2.6070w+03
3.7S64*+03
3.7564-+03
3.7564w+03

9.97090+04
6.4976e+03
3.7774-+03
6.*9760+03
3.77740+03
3.77740+03
3.7774-+03
1.40990+03
1.4099e+03

6.69a2e+04
2.7046-+03
1.1426-+03
2.76460+03
1.142e*+03
1.1426-+03
1.14260+03
5.6131-+02
S.6131O+O2

6.963a=+04
4.1117-+02
9.0997-+02
e.3274_+02
S.3274.+02
9.0997-+02
4.1117-+02
1.4606-+03
3.9e66e+02

-2.986--01
1.7200+03

-1.4949-01
-1.494--01
-1.7zoe+03
-1 720-+03

720e+03

-2.less-ol
-6.619-+02
-1.099--01
-1.0999-01
6.6190+02

-6.6190+02
6.619.+02i

-9
6

-1
e

-:

:

415.-02
3ezs-07
666-+03
3e2=-07
66e-+03
6669+03
66eo+03
0000+00

.Oooa+oo

4.7470-04
2.e2se-04
0.0000+00
2.62Bn-04
0.0000+00
0.0000,+00
0.0000+00
0.0000+00
0.0000+00

2.137.-04
1.110--04
:.::::+::

0:000-+00
0.0000+00
0.0000+00
0.0009+00
0.000-+00

102.640
24.710
10.S60
24.710
lo.seo
lo.5eo
20.5eo
S.390
5.390

..BAY 2
.D3.!i

::.D2.S
...D3.S

D2.5
:::D2.5

.D2.S
::.02.0
...02.0

..BAY 3
.03.S

:;:::.:

:::::::
...D2.O
...02.0
...D2.O

OIAGONALS
392WALL 61.621N
Z24WA3.L 65.421N
392WALL 67.621N
Z24WALL 65.4ZIN
224WALL 65.421N
224WALL 65.421N
166 wALL 56.OIN
26e WALL 56.OIN

79.5000
79.5000
79.4990
79.5000
79.4990
79.4990
7s.4990
79.s000
79.5000

0..7CO4
33.S250
16.9130

-33.0250
-;:.;;;:

-::::;::

-0:0000

–o .
-0.
16.
-0.

-:::
-16.

-;::

0001
0001
9500
0001
9500
9500
9s00
9s00
9500

9.79149+04
2.9962e+03
1.0156-+03
2.99629+03
1.olsea+03
1.01S6.+03
1.o15e9+03
2.6266q+O0
2.6266-+00 o

127.0000
127.0000
127.0000
127.0000
127.0000
127.0000
127.0000
127.0000
127.0000

-0.0004
::.;:::

-33:62S0
-16.9140
16.9140

-16.9140
-0.0C32
-0.0032

0.

1::
0.

-:::
-16.

-:::

0004
0007
9500
0007
9s00
9500
S500
9500
9500

7.3s139+04
2.63159+03
4.9194-+02
2.631S.+03
4.91949+02
4.91940+02
4.9194,+02
2.1S39-+00
2.1S39-+00

2.93S--04
4.626.-05

-S.643e+02
4.626--05
S.643-+02

-S.643.+02
5.6430+02
0.000-+00
0.000-+00

-4.S190+02
-2.023,+02
-3.4539-05
-7.117--06
-7.117.-06
-3.4530-0s
2.023.+02

-6.324.+02
1.610-+02

72.960
21.7eo
S.140

21.780
5.140
S.140
S.140
4.420
4.420

DIAGONALS
392WAL1. 54.301W
16@WALL 51.621w
392WALL 54.36Iw
160WALL 51.6zIW
16SWALL 51.62XN
166WALL 51.621W
166WALL 39.OIN
166WALL 39.OXN

OIAGONALS
IIZWALL 44.23~W
336WALL 37.911W
336WALL 31.2eIN
336W_L 31.2SIN
336WALL 37.911W
112wALL 44.23ZN
166WALL 56.04XN
16aWALL 33.951N

m
o

160.7500
160.7S00
160.7S00
160.7500
160.7500
160.7500
160.7S00
160.7500
160.7S00

-0.7694
16.9130
;:.411;:

-33:a2so
-33.0250
-16.9130

9.2349
-24.5900

3.3403
-la.9500
-6.4496
12.s010
12.5.010
-6.4496

-ia.9500
la.9soo
18.9500

7.SS63-+04
2.407S-+02
7.035S,+02
1.aa240+02
1.a124~+02
7.035S0+02
2.407S-+02
1 .09410+03
1.1929,+02

-a.07a*+02
0.0000+00

-2.375--05
2.1449-05
2.144.-05

-2.375=-0S
0.0000+00
0.0009+00
0.000-+00

65.s60
2.520

13.290
12.190
12.190
13.290
3!.s20
S.420
4.140

..33AY 4

...D1.S
.D3.O

::.03.0
. ..03.0
...D3.O

.D1.S
::.D2.O
...02.0

-4.02Sm+02
1.3970+02
1.742-+02

-4.46SW+OZ
-4.4658+02
1.742.+02
0.000-+00
0.0000+00
3.040.-02
3.1050-02

-6.130=+01
-a.sao~+ol
0.0000+00
0.0000+00
0.0000+00
O.000*+00
7.973*+00

6a.3eo
3.500
4.370

13.190
13.1s0
4.370
9.4s0
9.4s0
S.360
5.4ao

0.1s05
-0.3010
33.8210
33.a250

-33.925o
-33.a290
16.9130

-16.9190
-Zz.aozo
24.6S60

-6.345S
4;.;:::

0:2990
0.2990

-12.2010
-1s.9500
->6.9500

6.0490
6.0490

6.2004,+04
1.3aa5-+03
6.a377*+ol
1.59090+02
1.5909a+oz
6.a377s+ol
9.O61OO+O2
9.0675Q+OZ
2.2014.+02
1 .SS97,+02

1.3943a+04
4.21S.S_+02
S.2637-+02
1.53730+03
1.5373-+03
5.2637.+02
9.97e00+02
9.9714e+02
S.6676.+02
S.7724-+02

..BAY 5
D1.S

:::D2.O
...03.0
...03.0
...02.0
. ..D2.5
...02.s
...D2.O
...02.0

..BAY 6

. ..D2.O

...02.0

...D2.0

. ..D2.O

...D2.O

.,.DI.5

la2.7500
192.7500
192.7500
192.7500
192.7500
192.7500
192.7500
192.7500
192.7600
192.7600

r
O:oooe+oc
1.093.-02

-1.60.40-02

1.234a~+04
1.672S-+02
7.01726_+OZ
4.9239-+02
3.S.571e+02
9.6176-+02
1 .521e0+ol

-1.9650+02
s.9a90+ol

-3.036e+02
2.3040+02

-1.753.+02
3.793m+02

-5.ao20+oo

-3.17S0+02
-3.aosO+ol
0.0000+00
0.000.+00
0.0000.00
0.0000+00

-1.649a+ol

23.160
3.730
4.600
4.300
4.oao
4.9s0
1 .s00

220.5900
221.1200
221.1200
221.1-300
221.1200
221.1200
212.aaoo

-2.07a7
-29.2730
15.1620

-lB.6630
21.6630

-12.1620
2fI.9120

-12.23ao
-:;.::;:

-5:4500
-10.9500
-16.9500
-12.2000

1.2333,+04
a.3e90a+ol
5.3544-+02
3.3092.+02
2.0260.+02
7.7S73e+02
3.5072-+01

1.ala49+03
1.9eoo0+02
1.7507eJ+02
1.6356-+02
1.5S09-+02
1.aa450+02
2.5a7s0+ol

106.5100 -1 .0406 -0.9552 6.9031e+05 2.E640e+06 3.0910-.06 7.651-+03 -4.061e+03 -6.060w+04

-1.146.+01
-S.llB*-01
-5. llae-01
-3.725=-31
-3.725e-Gl
-1 .196.+00

536.ooo

96.000
16.000
16.000
16.000
16.0(1(7
16.000

.n!lD NODE ASSY

NSSY
la

1.4319.+05
9.ao24.+oi
9.ao24@+ol
1.oa97~+02
1.f3n9./e,o.?
9.6SS4.+01

7.1246-+04
1.89S2.+02
1.8952e+02
2.0063e+02
2.00R3nln7
1.9$30-+02

7.363e*+04
1.6945--02
1.a94s~to2
1.at41-+02
1.a741m+02
1.e545e+02

-6.309e-04
-s.s900-01
5.a90--ol

-3.306u-01
3.3?6e-01
o.cooe~no

0.0000+00
-4.96S--01
4.965e-01

-3.5500+00
a.ssoe+oo
0.00GC.-OI7

1.oee9
1.0693
1.0693
l.oess
1.0255
1.1120

0.
.33.

-33.
33.

-33.
-0.

0030
6210
6210
6990 -
69.43 -
0000

-o.1o61
19.7730
16.773C
.19.091C
.19.091G
3s.3)70

. .BND 1 NOO~ J
.NODl? 1

;:.NOOC 1
...NoDE 1

.
lB
Ic

. ..NODE ID

. ..NODE II?



PDR BASELINE
CONFIGUPATICN E STOWED

..CG, in System Axes [in).. .........Inertia9. local @ CG, in System Axes (lb-inAZ) . . . . . . . . . . (lb)

Name x Y z xxx Iyy Izz Ixy Iyz Ixz ual19
------- ------- ---------------------- --------------------- -------------------- ---------------------- ------- ----------------------

. . .NODE lF 1.1120 0.0000 -38.3770 9.65S4e+(71 1.9e3n?l+n7

6.2C04m+04
3.22099+02
3.2209e+02
3.73n9.+02
4.07090+02
7.9467e+ol
7.9467.+01
7.49070+01
7.4907e+ol
4.76EO@+Ol

1.a5<5e+02 O.ooc-+oo 0.000a+oo 1.196.+00 16.000

. .BHD 2 t40DE

::::%: ::
...NODE 2C
...NODE 2D
.. .NODE 2E

NODE 2F
;; lNODE 2AB

NODE 2CCI
:::NODE 2B0

ASSY

ASSY

S1.5000
51.5000
51.5000
51.5000
51.5000
49.5000
49.5000
54.0000
54.0000
51 .s000

-1.e450
33.9250

-33.0250
33.0250

-33.8250
-0.0000
-0.0000

0.0000
0.0000

-33.8250

0.3302
18.9500
18.9500

-le.9soo
-18.9500
38.7750

-3B.7750
le.9500

-18.9500
6.0500

1 .4532*+OS
a.ae530+ol
e.ee53-+ol
n.ee53*+ol
e.ea53m+ol
5.2267e+Ol
5.2267-+01
3.7573*+01
3.7573-+01
4.76Eoo+01

S.62289+04
3.2209e+02
3.22090+02
3.7399.+02
4.0709Q+02
7.9467e+Ol
7.94670*01
7.0667.+01
7.0667e+Ol
3.1360e+Ol

8.5709e+04
2.6122-+02
3.2562m+02
2.6122e+02
2.7Q23-+02
1.2293-+02
1.2293e+02
3.1360.+01

-4.99E*-03
0.0000+00
0.000-+00
0.0000+00
0.0000+00
0.000-+00
0.000-+00
0.000a+oo
0. 0009+00
0.0000+00

-1.161-+03
0.0000+00
0.0000+00
0.000-+00
0.0000+00
0.0000+00
0.000-+00
0.00De+OO
0.0000+00
0.000-+00

-4.9100-05
0.0000+00
0.000.+00
0.0009+00
0.0009+00
0.0009+00
O.000*+00
0.0000+00
0.000m+OO
0.000QI+OO

110.000
17.000
17.000
17.000
17.000
10.000
10.00
e.od i
E.000
6.ooO

90.000
17.000
17.000
17.000
17.000
0.000
e.000
6.OOO

107.5000
107.5000
107.s100
107.5000
107.5000
107.5000
107.5000
107.5000

-2.

-;::
33.

-33.
0.

-3::

2@75
0250
9970
82s0
)3250
0000
0000
0250

0.4146
18.9500
19.0100

-19.9500
-10.9500

16.9s00
-18.9500

6.0500

1.

::
7.
s.
3.
3.
4.

1526e+OS
9943-+01
6563.+01
98430+01
0053-+01
7573e+ol
75730+01
76f30e+Ol

3.lE41!e+04
2.7023-+02
3.27700+02
2.7023e+02
2.7023e+02
1.2717e*oz
1.2717.+02
4.74140e+ol

-1.2366+03
0.0009+00

-3.216e+O0
0.000-+00
0.000-+00
0.0000+00
0.0000+00
0.000-+00

2.301o+oo
0.0000+00
1.2019-01
0.0000+00
0.0000+00
0.0000400
0.0000+00
0.0000+00

flHo 3 t400E
::.NODE 3A

NoDE 3B
:: :NOOC 3C
...NOOE 30

NOD!S 3A0
:: :NODE 3co
.. .NOOE 313D

-4 .064e+O0
0.0000+00

-3.453W-01
0.0000+00
0.0009+00
0.000m+OO
0.000e+oo
0.000.3+00

ISHL34
:: .NODE

. NoDI!
:; .NOQE

. NODE
; : .NODE
.. .NODE
.. .UOOE

NOO12 A*SY

x
4C
40
4 AB
4cD
490

146.7700
146.5000
147.9300
146.s000
146.5000
146.5.000
146.5000
146.s000

29S4
C1250
0s50
0250
0250
0000
0000
0250

0.3943
10.9500
10.9020

-1s.9500
-18.9500
10.9500

-10.9500
6.0500

1.
7.
a.
-1.
7.
6.

::

:S290+05
9s43-+01
6069=+01
90430+01
90430+01
35730+01
35730+01
4s000+01

90.000
17.000
17.000
17.ODO
17.000

0.000
e.000
6.OOO

m

174.9700
172.3100
172.3100
175.0000
17s.0000
17s.0000
17s.0000
179.3700
179.3700
174.5000
175.0000

0.

.-:::
33.

-33.
1.

-3;:
33.
19.

2264
0250
6250
E250
0250
6000
0000
8250
8250
2750

-0.0971
16.9500
le.9500

-10.9500
-10.9500
10.9500

-18.9500
6.0500
6.0500

18.9500
1s.9500

1.
4.
3.
1.
7.
2.
0.
3.
3.

i:

0561-+05
6967e+Ol
04670+01
9e43e+ol
9e43-+ol
4773-+01
7s73-+01
1325e+ol
1325-+01
6E40a+Ol
4290e+ol

2.9001-+04
9.9376e+Ol
9.0876e+Ol
1.6894e+02
1.6694.+02
2.4773-+01
3.7373*+01
1.77449+02
1.7744e+02
1.l1340a+ol
9.2900s+00

7.88s1..04
9.4076e+Ol
9.4076.+01
1.5993e+02
1.5993m+02
2.1333e+ol
B.3333*+01
1.64194e+02
1.6E94e+02
1.30000+01
1.3000e+Ol

-2.027.+01
0.000.6+00
0.000a+oo
0.000CJ+OO
0.0410*+00
0.0000+00
O.DOOO+OO
O.000*+00
O.oaoe+oo
4.0000+00
0.000e+oo

3.9550+02
0.000e+oo
0.000e+oo

-4.6E1o-1I
4.681e-11
0.0000+00
0.000-+00
0.0000+00
0.000e+oo
0.000e+oo
0.000e+oo

-7. 324.+02
0.0000+00
0.0009+00
0.0000+00
0.000-+00
0.0000+00
0.000m+OO
0.0009+00
0.000e+oo
0.00De+OO
0.0000+00

ea.000
10.000 -
10.000
17.000
l;.:cm:

0:000
6.OOO
6.OOO
3.000
3.000 r

. . EIHD 5
NOOE

;: ;NODE
...NoDE
...NODE
...NOOE
.. .NODE
...NOOE

:: :::::
. ..NODE

NODE ASSY
5A
5B
Sc
50
5A0
5C0
5BD
5Ac
5AB1
5AB 3 -16. 9000

2.468-*O2 -2.177.+02
O.000*+00
0.000.+00

210.3100
20n.7500
200.7500
210.5000
210.5000
210.0000
210.0000
210.0000
210.0000
210.0000
215.5000

231.7500
231.7500

lll,314no

0.6125
33.8250

-33.E250
33.0250

–33.L4250
-0.0000

-33.S250
33.025D
15.4910

-11.7a30
23.6250

-8.S790
6.0500
6.0500

-18.9500
-le. gsoo
-18.9500
-5.4500
-5.4s00
6.0500
6.0s00

-5.4500

6.0600-+04
1.54e3e+ol
1.5403-+01
4.6967e+Ol
4.6967,+01
6.3573a+Ol
5.9333*+01
4.4500e+ol
3.s5400+01
3.s5400+01
1.6667.+01

7.1346-+03
3.2254.+01
3.2254-+01
7.3000e+Ol
7.3ooe*+ol
3.75730+Dl
5.93330+01
4.4500e+Ol
9.2900w+O0
9.2900e+O0
1.6667e+ol

5.4221m+04
3.01040+01
3.01040+01
6.770ne+Ol
6.77000+01
5.9333e+ol
3.33330+01
2.5000-+01
3.4250e+Ol
3.4250m+Ol
1.6661a+ol

5.07e.+02
0.0000+00
0.000e+oo
O.000*+00
0.000-+00
0.0000+00
0.0000+00
0.000m+OO
0.000-+00
0.000e+oo
0.000e+oo

62.OOO
5.000
5.000

10.000
10.000
a.000
0.000
6.OOO
3.000
3.000
4.000

BHD 6 NODE ASSY
:: .NoDE

:: :::::
. ..NODIZ

NOOE 6
:::NODC 6

NOOE 6
:;:NOOE 6

O.000*+00
0.000.+00
0.0000+00
0.000.+00
0.000a+oo
0.000a+oo
0.000e+oo
0.000.+00
0.000.+00
0.000-+00

-1 .22e.+02
-1.22ee+02

0.000.+00

6A
69

%
5cD
FBO
SAC
&AB 1

NOOE 6A132
1: INOOE sL620

0.0000+00
0.0000+00
0.000a+oo
0.000e+oo
O.000*+00
0.0000+00
0.000e+oo
0.000e+OO
0.000e+oo
0.0000+00

o .0000+00

-12.5100
-12.5100

-1.4500

1.9690e+04
1.9690e+04

1.7ioe~+03
1.7100e+03

1.Eo72e+04
1.6072e+04

0.000e+oo
0.0009+00

52.63o
!32.630

.13ND 7 PNL ASSY

..PNL 7 FACE SHT
4.0289
4.0209

-0.4500.CG m.OCK 1.73409+01 1.734e~+ol1.734e~.ol 0.000e+OO 104.090

[1

S3 %ecamdnry Structure’<

E CORE sTR BMCKETS

z

lze.000o 0.0000 0.0000 O.onooa+oo 5.1107*-179 5.l102e-09 0.0004F.00 O.oone+oo 0.000a+oo 58.000



PDR BASELINE u~
CONFIGURATION = STOWED ON

28
..CG, in System Axes (In).. .........Inertias. local @ cG, In System Axes (lb-inA2) . . . . . . . . . . (lb) we

.H

Name x Y z Ixx Iyy 12Z Ixy 8

u
Iyz Ixz Mess w

------. ---------------------- -------.-- ------- --------------- --------------------- ----------------------- ----------------- ------ o

“Harnamslo

152.6400
112.2700
85.6450

112.2700
112.2700
112.2700
143.3100

-::
5.

-o.
-o.
-o.

-20.

eloo
3526
3’/65
3526
3526
3526
9270

0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.000e+oo
0.0000+00
0.000a-oo

0.000m+OO
O.000*+00
0.000D+OO
0.0009+00
0.0000+00
0.0000+00
2.047=+01

79.700
116.800
291.400

0.000
10.000
4.500
9.7eo

lNSTRUFtENT HARNESS
CORE HARNESS
EM HARNEss
S ANO KIJ CABLES
SIGNAL UE~ PLANE
xt3AN0 CABLE ANO WG
PRA_vOL

“Thermal ““

EM CCHPS MLI MISC
MISC THIM4MAL
S/C MLX
S/C HCES

70.4320 9.1241
12B.0000 0.0000
120.0000 0.0000
120.0000 0.0000

-39.9060 0.00C0_+OO 0.0000.+00
0.0000 O,ooooe+oo 0.00000+00
0.0000 0.00009+00 0.0000.+00
0.0000 O.0000*+00 0.0000.+00

0.00000+00
0.00000+00
0.00000+00
0.0000C4+O0

0.0000+00
0.0009+00
0.000-+00
0.000-+00

O.000*+00
0.0000+00
O.000*+00
0.000-+00

0.000e+oo
0.0000+00
0.0000+00
0.0000+00

69.700
15.160
31.6a0
17.400

.’S-Band Omnl’,

182.aeoo -19.6250 46.3000 3.060E=+02 3.060a_+02

55.3760 0.0000.+00 0.0000.+00
S5.3760 0.00C0O+OO 0.0000e+OO
0.0000 0.0000-+00 0.00000+00

32.0S40 1.0166.+02 1.0166.+02

5.9s370-01

0.00000+00
0.00000+00
0.0000-+00

5.9S37m-01

0.0000+00

0.0000+00
0.0000+00
0.0000+00

0.0000+00

-7.5e0a-13

0.0000+00
0.000-+00
0.000-+00

0.000Q+OO

0.000e+oo

0.0000+00
O.000*+00
0.000e+oo

0.0000+00

1.67S

1.000
1.000
0.000

S-BAND W/BOOt4

.S-BANO OMNI

..HOUSING

..ANT

le2.eeoo -19.6250
18:.:::; -19.62S0

0.0000

102.SEOO -19.6250 0.675.S0034

200.0000 -11.3750 -5s.5410 3

-64.6170 0
-64.6170 0

0.0000 0

-42.0950 1

06C80+02 3.0600.+02 5.95370-o1 -3.689.-11 4.553e-12 -7.2S40-11 1.675

1.000
1.000
0.000

s-t9hND W/S.00M

0.000oe+oo
0.00000+00
0.000oe+oo

5.9537*-01

0.0000+00
0.0000+00
0.0000+00

0.0000+00

0.0000+00
0.000-+00
0.0000+00

0.000-+00
0.0009+00
0.000e+OO
0.000e+OO

00000+00 0.00000+00
Ooooe+oo O.0000*+00
0000-+00 0.00000+00

.S-BAND 0t4NI

..NOUSING

..ANT

200.0000 -11.3750
200.0000 -1;.:;::

0.0000 .

200.0000 -11.3750 0166a+02 1.0166.+02 0.0000+00 O. 675. soon r
,SDAS antenna.’

DAS
.ANTENNA
.POLE

47.S3S0 2.01700+03 2.0170a+03
S9.2000 0.00009+00 0.0000-+00
39.7500 0.8270.+02 0.E2700+02

9.6966e+o0
0.000oa+oo
9.6966e+O0

0.0000+00
0.000-+00
0.0009+00

0.000e+OO
0.000-+00
0.0000+00

12.491
S.000
7.491

S2.S620 -9.0755
92.0620 -9.075s
S2.8620 -9.a75s

0.000e+oo
0.000m+oo
0.000-+00

27.5000
27.5000
0,0000
0.0000
0.0000

-39.0750
-39.ft750

0.0000
0.0000
0.0000

-0.OCOO 3.4628.-29 1.S969CJ-10 1.5969e-10
-0.0000 3.462S*-29 1.S969--10 1.S969.-10
O.onoo 0.00000+00 0.00000+00 O.aoooe-oo
0.0000 0.000oe+oo 0.00009+00 0.000oe+oo
0.0s00 0.000oe+oo 0.00000+00 0.00000+00

2.4932e-12
2.49S2--12
0.00C0e+OO
0.000oe-oo
o.oocce*Go

0.0000+00
0.0000+00
0.000e.oo
0.000e+oo
Z.000e+oo

0.000e+oo
0.000e+oo
0.000e+OO
0.000w+oo
c,CoOe+OO

0.000e+oo
0.000e+oo
0.000,+00
0.000e+OO
0.000a+oo

0.0000+00
O.000*+00
0.000e-oo
0.000.+00
0.0000+00

7.436.-20 29.OOO
7.436=-20 29.000
0.0000+30 0.000
0.0000+00 0.000
0.000e+oo 0.000

TORQUE ROD SY9]
.TORQUE ROD
.SUPPORT TR
.SUPPORT Tn2
.SUPPORT TR3

-59.
-s9.

o.
0.
0.

0.500
0000
0000
0000
0000

0.
0.
0.
::

Ooooa+oo
Ooooe+oo
0000e+30
Oooom+oo
Ooooe+oo

2.49520-12
2.4952*–12
0.0000e+OO
0.03000+00
O.o:ocle.oo

0.000-+00
0.0009+00
0.000-+00
0.0000+00
0.0009+00

29.000
29.OOO
0.000
0.000
0.000

-3.2s00
-3.2500
0.0000
G.000o
0.0000

0.0000
0.0000
0.0000
0.0000
(7.02!2(3

TORQUE ROD SYSI
.TORQUE ROO
.SUPPORT TR
,SUPPORT TR2
.SUPP03T TR3



PDR BASELINE
CONFIGURATION = STOWED

--e------_---_--_--------:::;:-::-:;:!::_:::-::::::_:::::::::--_--_--:----------_:---------.-----_.-_:-_:--::::::::::---::;---

Inertias local @ CG in System Axes [lb in 2)

Name x Y z Ixx Iyy Izz Ixy Iyz Ixz Mass

TDRQUE ROD SYS1
TORQUE ROD
;SUPPORT TR
SUPPORT TR2
:SUPPORT TR3

2.2500 -39.97S0 0.0000 O.onnorl+oo 0.000oe+f)o
2.2500 -39.s7s0 0.0000 0.00300+00 0.0000-+00
0.0000 0.0000 0.0000 0.0000.+00 0.0000.+00
3.0000 0.0000 0.0000 0.000oe+oo 0.0000Q+OO
0.0000 0.0000 0.0000 0.00000+00 0.00009+00

o.000ce*oo
0.00000+00
0.00000+00
0.000oe+oo
0.000oe+oo

0.000-+00
0.000e+oo
0.000e+oo
0.000.s+00
0,000.+00

0.0000+00
0.0009+00
0.0009+00
0.0000+00
0.000.+00

29.000
2:::::

0.000
0.000

‘“llerth s.naex.s”

ZS& IcM
.ESA BKT lCM
.RARTf4 SEW ICM

XSA XCM
.CSA ?3XT ICM
.EARTH SEN ICM

ESA ELECTRONICS
CSA ELECTRONICS

23.6070 2a.1900
0.0000 0.0000

23.6870 28.1900

6.3779 -27.4310
0.0000 0.0000
6.3779 -2’7.4310

25.4300 -30.0710
23.6870 2.8300

40.s180 0.0000-+00
0.0000 0.00000+00

4s.8100 0.0000-+00

O.0000*+00
0.00000+00
0.000oe+oo

0.00000+00
0.000oe+oo
0.0000.+00

0.00009+00
0.00000+00
0.00000+00

0.000oe+oo
0.00000.30

0.0009+00
0.000.+00
0.000-+00

0.0000+00
0.0000+00
0.000e+oo

0.000.+00
0.0000+00

0.0000+00
0.000e+oo
0.0000+00

0.0009+00
0.0000+00
0.0000+00

0.0000+00
0.000e+oo
0.0000+00

0.0009+00
0.000.+00

2.200
0.000
2.200

2.200
0.000
2.200

5.s00
5.500

0.000=+00
0.000-+00
o 0009+00

49.SIEO 0.00009+00
0.0000 0.00009+00

40.8100 0.00009+00

0.0000.+00
0.00000+00
0.0000.+00

4a.3470 0.00008+00
414.3470 0.000oe+oo

0.0000e+OO
0.000oe+oo o

0

2
0
0
0

000e+OO
Oooa+oo

“solar Array’”

128.1300 -53.9940
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

1.4029 2.2909.+0S
0.0000 0.00000+00
0.0000 0.00000+00
O.cooo 0.0000-+00
0.0000 0.00000+00
0.0000 0.00009+00
0.0000 0.00009+00
0.0000 0.00009+00

9.74840+05
o.000oeJ+oo
0.0000.+00
0.00009+00
0.0000-+00
0.000oe+oo
0.0000-+00
0.00000+00

7.84040+05
0.0000-+00
0.0000=+00
0.0000e+OO
0.00000+00
0.00009+00
0.00000+00
0.00000+00

13e-+04 -1.643*+03
0000+00 0.0000+00

453.400
0.000
0.000
0.000
0.000
0.000
0.000
0.000

GAL ARS ARRAY
.cA!?lS ~5
.aSOa XO 6
.13ASE~04-2 16
.covCR20T Z_16
.14AST16 55
.BLANKT-STOW_GALARS
.OEU_MA~T

1.4S1-+02
0.0009+00
0.0000+00
0.0000+00
O.000*-00
0.0000+00
0.0000+00
0.0000+00

0.9959-02
1.616.-04
1.616e-04

-5.113--11
2.393*–11

-9.237.-12
-9.237e-12
7.670e-02

-1.203=-11
-1.203m-11
3.926.-05
3.9260-05

2.515e-02
1.6160-04
1.616--04
8.7810-12
3.320.-11

-1.580e-12
-;.571e-12
3.9978-02
4.315--12
4.315e-12
3.926e-05
3.926e-05

-6.995.3-02
-1.616e-C4
-1.616a-04
!7.690--12

-6.636.-11
1.141e-12

000-+00 0.0009+00
Ooom+oo O.000*+00

0.0000+00 0.0000+00
0.0009+00 0.000m+oo
0.000-+00 0.000m+OO
0.0000+00 0.000-+00

.CSS4D-N

..DETCSS

..DETCSS
ocTcsa

1:DETCSS
..POS 200EC BAFFLE
.POS 200EG nAFFt.E

..BKTCSS4-N

..FULL BAFFLE

..FULL BAFFLE

..FULL BAFFLE

..FULL DAFFLE

.CSS40-U

..DETCSS
DE7’CSS

::DcTCSS
..DETCSS
..POS 20DEG BAFFLE
..POS 20DEG BAFFLE
.BKTCSS4-N
.FuLL BAFFLE

..FULL BA~FLE

..FuLL 8AFFLE

. .FULL f3AFFLE

14.3360 6.17960-01
13.0350 9.9767=-04
13.S140 9.9767=-04
15.SS00 S.24S5--04
14.7230 2J.24550-04
14.9740 1.0735=-04
16.1300 1.07350-04
14.3130 5.3056=-01
14.7920 2.9476--04
15.94B0 2.9476--04
13.4710 3.36S1O-O4
13.7920 3.36019-04

S.0S64e-01
9.7544--04
9.-)544--04
1.113s0-03
1.113s--03
1.S212--04
1.5212--04
6.9291s-01
3.649S--04
3.649S--04
3.3141a-04
3.3141.-04

-1.
-5.
-5.
1.
1.
2.
2.
1.
3.

-::
-1.

530.-02
792--05
792.-05
207=-04
2070-04
834e-06
034--06
601--04
125=-05
:25.-05
407e-05
407.-05

-6.231a-02
6.2048-0S
6.204.-05
3.260--11

-1 .427*-11
-4.963e-12
-4.9638-12
-2.544--02
S.869.-12
9.069--12
1.5c70-05
1.5070-0s

0.600
0.011
0.011
0.011
0.011
0.002
0.002
0.542
0.003
0.003
0.003
0.003

224.6700
226.2900
225.4000
224.1000
224.1000
224.1000
224.1000
224.6400
224.1000
224.1000
225.5200
226.4100

-53.
-53.
-54.
-54.
-54.
-55.
-54.
-53.
-55.
-54.
-54.
-s3.

9900
7000
5350
4aso
9990
0900
5750
9390
1540
639o
647o
nllo

r
20.8610 6.1796s–01
20.2950 9.9767a-04
20.6150 9.9767--04
22.3390 0.24559-04
21.0240 0.2455.-04
22.0710 1.0735w-04
22.$.660 1.0735.-04
2O.81OO 5.3056--01
21.9790 2.9416--04
22.4940 2.94368-04
20.65~0 3.36Sle-04
20.33S0 3.3601e-04

19.0600 6.1796e-01
2O.381O 9.97679-04
20.7010 9.9767.-04
113.3360 0-2455.-04
19.4920 9.2455e-04
19.2420 1.0735e-04

7.2a20w-ol
9.75449-04
9.7544--04
8.01s39-04
9.sln3a-04
1.7075.-04
1.70759-04
6.0929m-01
3.0667--04
3.0867.s-04
3.3141a-c4
3.314:e-04

6.7S45.-01
E.4679m-04
0.46799-04
1.l135e-03
1.11350-03
1.9139--04
1.S1390-04
5.90130-01
3.6495~-04
3.6495e-04
3.0016.-04
3,0016.-04

5,9501.-(31
8.4679--04
0.46790-04
n.61S3e-04
n.n103*-f34
2.ooc3m-04

0.600
0.011
0.011
0.011
0.011
0.002
0.002
0.542
0.003
0.003
0.003
0.003

0.600
0.011
0.011
0.011
0.011
0.002

31.3330
29.7050
30.6000
31.s950
31.6950
31.s950
31.E950
31.3630
31.0950
31.s950
30.4aoo
29.585C

-36.
-36.
-35.
-37.
-36.
-36.
-37.
-36.
-36,
-37.
-35.
-36.

-36.
-36.
-35.
-35.
-35.
-35.

8250
7060
0700
4910
3350
4350
5910
6490
2660
422o
7590
5940

-1.046.-01
-5.792--05
-5.792--05
-1.287a-04
-1.2S7.-04
2.353s-05
2.3530-05

-9.271o–O2
-3,425.-05
-3.1250-05
-1.4070-05
-1.4070-05

1.065.-01
6.204--0S
6.204--05

-3.0190-11
5.466*-11

-2.297.-12
-2.297s-12
7.023e-02

-a.i51--l2
-8.1510-12
1.5070-05
1.507e-05

a.0064e-01
9.7544--04
9.7544e-04
1.11350-03
1.113SP-03
1.5212e-04

-1.530s-02
-5.’?92.-05
-5.7920-05
1.287e-04
?.297e-n4
2.a34e-06

6.231o-O2
-6.204a-05
-6,204*–05
1.764.-12
4.063e-11
1.17?e-13

.css40-N

. DETCSS

..DETCSS
DETCSS

::OETCSS
.Pos 2ollEG SAFFLE

224.6700
226.2900
225.4000
224.1000
224.1000
224.1000

4430
7330
09s0
94s0
4340
3430



PDR BASELINE w~
CONFIGURATION= STOWED o~

G
c

n System Axes (in).. . . . . . . . . . Inertias, local @ cG, in System Axe.q (lb-inA2) . . . . . . . . . . (lb) G ~
.-. .CG,

Name x Y z Ixx Iyy lZZ Ixy Iyz Ixz Mass
----------- -------- ---------- -------- .------—-- --------- --------------------- -------------- --------- -------. ------- --------- -----

POS 20DEG BAFFLE
11BKTCSS4-N
..FULL BAFFLE
..~VLL BAFrLE
..FW3LL BAFFLE

FULL BAITLE

224.1000
224.6400
224.1000
224.1000
225.5200
226.4100

-3s.
-36,
-35,
-3s.
-35.
-36.

8S80
4940
2790
7940
7060
6210

lE.086c 1.0735--04
19.9020 5.3056e-01
19.4242 2.9476e-04
10.2670 2.9476e-04
20.744C 3.36019-04
20.4240 3.36flLe-04

1.52L2e-04
6.9291--01
3.6495a-04
3.6495e-04
3.3141--04
3.3141a-04

2.0003--04
S.l1651a-01
3.0fi67e-04
3.0867a-04
3.0016--04
3.00>6.–04

1.141--12
-7.670e-02
2.a920-12
2.B92m-12

-3.9260-cs
-3.926c-05

:.;:::-::
.-

3.125e-05
3.125--0S

-1.407--0s
-1.407*-05

0.002
0.542
0.003
0.003
0.003
0.003

0.600
0.011
0.011
0.011
0.011
0.002
0.002
0.542
0.003
0.003
0.003
0.003

-53.
-53.
-54.
-52.
-54.
-54.
-52.
-53.

6130
7300
5670
9s30
1070
0000
8s30
5900
1770
0220
6790
0420

13.3s63
13.9230
13.6050
11.e760
12.3940
12.1480
11.6290
13.4070
12.2400
11.7210
13.S630
13.eeoo

1796.-01
9767v-04
97670-04
2455e-04
2455e-04
0735*-04
0735*-04
3056--01
9476--04

7.2896.-01
9.75950-04
9.7ses9-04
e.e276.-o4
e.e2760-04
1.7058e-04
1.705e0-04
6.0996--01
3.oa90*-04
3.oe90_-04
3.3151e-04
3.31s10-04

6.7469.-01
0.4637.-04
e.46370-04
1.L1260-03
1.11260-03
1.S156e-04
1.61S6--04
s.e946a-ol
3.6472--04

-2.554e-02
-1.61Et-04
-1.61e*-04
-5.4770-11
-7.950--11
-2.054--11
-2.054.-11
-4.022,-02
-1.5310-11
-1.5310-11
-3.9310-05
-3.931e-05

-1.044e-01
-5.746.-0S
-S.746=-05
-1.29S.-04
-1.2950-04
2.349--0S
2.349m-05

-9.264.-02
-3.145--05
-3.14s0-05
-1.39Se-05
-1.395*-OS

-1.064e-oL
–6.146--05
-6.146a-05
-e.9310-11
-1.7439-10
-2.920.-12
-2.920--12
-7.ooe~-02
-2.242e-11
-2.242.-11
-1.4939-05
-1.4939-05

SS41X-U
XNZTCSS
DETCSS
DXXTCSS
DETCSS
POS 20DI?G BAFFLE

31.3330
29.7050
30.6000
3i.e950
31.e9so
31.e950
31.e950
31.3630
31.8950
31.e950
30. 4aoo
29.se50

POS 20DEG BAFE
POCTCSS4-N
FULL BAFFLE
FULL BAVFLE
~VLL BAk_17Ltz
l_ULL BAFFLE

.LE

. .

. .

. .

. .

-54.
-53.
-54.
-53.

9476e-04
36S1.-04
36E1G-04

3:6472w-04
3.0006.-04
3.0006.-04

0.0000+00
2.099.+04

0.0000+00

0.000-+00
0.0000400
0.000-+00
0.000-+00
O.000-*00
0..000-+00
0.0000+00
0.0000+00
0.000.+00
0.0000+00
0.000-+00
O.000*+00
0.0000+00
O.000**00
0.0000+00
0.0000+00
0.0000+00
o.000e~oo
o.000e*oo

.NEW SAD HINGE

.MASSPROPS_STOW
0.0000

12E.L300

12e.000o

0.0000
-54.0410

0.0000 0.0000e+OO 0.0000.+00 0.0000.+00 0.0000+00
1.3997 2.2Ell_+05 9.SIEOw-05 7.6i250+O!i 1.505a+02

0.0000+00 0.000
-1.636-+03 451.000

-54.0000 1.0000 0.0000e+OO 0.00000+00

e.17e7a+02
0.0000-+00
0.00009+00
0.00000+00
0.000oe+oo
0.00000+00
O.0000*+00
0.0000-+00
0.00009+00
0.00000+00
8.178?0+02
0.00000+00
O.ooaoa+oo
o.oo30a+oo
0.00300+00
0.00000+00
O.ooc)oe+oo
0.0000.+00
0.00000+00

0.0000-+00 0.0000+00 0.0000+00

0.000a+oo
0.000-+00
0.0000+00
0.000e+oo
0.0009+00
0.0009+00
0.0009+00
0.000a+oo
0.000-+00
O.000*+00
0.0004+00
O.000*+00
0.0000+00
O.000**00
0.0008+00

5.700

79.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

79.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

SA HARNESS

-44.2200
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

-44.2200
0.0000
0.0000
0.0000
0.0000
0.0000
0.000c
0.0009
0.0033

1.3569-+03
O.0000*+00
O.0000*+00
0.00000+00
O.0000*+00
0.000om+oo
0.00000+00
O.0000*+00
O.0000*+00
0.00000+00
1.3569.+03
0.0000-+00
0.00000+00
O.0000*+00
0.00000+00
0.00000+00
0.0000e+OO
C.00009+00
C.000om-oo

L.3569_+03
0.00000+00
0.00000+00
0.00000+00
0.000om+oo
0.0000-+00
O.0000*+00
0.00000+00
0.0000.+00
0.000oe+oo
1.3569-+03
0.0000-+00
0.00000400
O.0000*+00
0.00000+00
0.00000+00
0.03000+00
0.0000-+00
0.0000-+00

0.0030+00
0.000=+00
0.000-+00
0.0039+00
0.0008+00
0.000m+OO
0.0000+00
0.000-+00
0.0000+00
O.000*+00
0.0000400
0.0000+00
0.000e+oo
0.000e+oo

SAD ASS
.sH~T
.DRXVE-nO~
.uoroR-034
.NARx40~IC DRTVE
.STILPPER MOTOR

SY91
E~T~NSION

WSING
LIVE PLATE

126.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

12e.000o
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

-22.
0.

::
0.

::
0.
0.
0.

-22 .

::
0.
0.
0.
0.
0.
0.

3790
0000
0000
0000
00!)0
0000
0000
0000
0000
0000
3790

.COVER Px :ATC

.COVER—PLATE
R—PLATE
R-P LATE

.CoViii
.Covxi!e -– .-.

.PTA_N&3SING
sAO_UTG_SIK T_LX?
:SA0_MTG_8KT_LF
.SAD_FFl=_BK T_RR
.sAD_14TG BKT RF
.SAD MOUnTIN=_FOOT
.SAO-MOUNTING FOOT

0000
0000
0000
0000
0000
0000
0000
0000

r0.0000+00
0.000n+oo
0.000e+oo
0.0000+00
0.0000+00

O:oooe+oo
0.000e+oo
0.0000+00
0.0009+00

. .
,SAO~MOUNTING~FOOT
.sAo_HOUNT ING_POOT

.,Solar Array Support Hardware””

-3.4e35 s.137e*+02
6.0500 7.00610-01

-le.lloo 1.oe25~+oo
-0.9s00 1.4e370+02
le.9500 1.14410-01

5.1156.+02
2.6187-+00
3.02e40+oo
2.4e370+02
1.6412=-01

7.6792m+O0
2.0217.+00
2.96e79+oo
1.17750+00
5.12e9e-02

-7..136--01 6.79S.-01
-2.63e0-ol 0.0000+00
-2.590e-01 -3.997--02
0.000-+00 0.000-+00
0.000e+OO 0.0009+00

2.570-+00
0.0009+00

-1.231.s-oL
0.0000+00
0.0000+00

3.116
0.746
0.9o13
1.310
0.151

s/A BOX SUPPT. SYS
.SA FL_POLE THRu FIT

206.7000
206.3700

.SA FL POLC BASE FIT 206.4eoo

.FLAGPOLE 207.0000

.BATNTVB FITTING 207.0000

-37.2040
-37.0070
-36.997o
-3-?.5750
-36.2000

-25.9390
-22.2500
-29.5230
-29.S230
-36.7970
-2e.3e20
-2e.3e20
-22.24eo

4.
:.
1.
1.
6.
4.
4.
2.

55790+03
1202e+03
4109e+OZ
4109=J+O2
7e05~+ol
ae91G+ol
ee910+ol
6219c+01

4,9902m+C3
2.2seo0+03
9.1646e+Ol
9.1646m+Ol
4.2615-+01
2.3253m+02
2.32S3.+02
3.3719-+02

7.70e7e+t33
3.9755-+03
1.2579-+02
1.2579-+02
1 .0997.-02
1.E421e-02
1.e42Le+02
3.6292e+02

6.e179-04
0.0000.00
0.000e+oo
0.000a+oo
0.0009+00
0.000e+oo
0.000e+oo
0.000e+OO

-2.650a+ol
0.000e+oo
0.0009+00
0.000e+oo
0.0000+00
0.000e+OO
0.000.+00

-7.149.-03

7.241o-O3
0.000e+oo
4.4e99+ol

-4.4e9m+ol
0.000e+OO
0.000e+oo
0.000a+oo
0.000-+00

36,001
16.41e
3.496
3.496
:.:;:

3:474
2.937

SAO_STRUC SYS
.sAD BAs!ZFLATE
SAO_SUPT_+x
:SAD_SUPT -x
.sAO TOPFLATE
sAO Y PANEL

:sAD Y PP.NXIL
.sAO CAN SUPPT-

12e.0700
120.0700
139.9700
116.L700
126.0700
12e.0700
129.0700
I?FJ.07C0

-2L.
-17.
-20.
-20.
-20.
-12.
-29.
-39.

1260
9070
9270
9270
9270
7570
0900
7950-B11



PDR BASELINE
CONFIGUlt4TICN= STOWED

..CG, in System Axes (in].. ..... . ...lnertias, local @ CG, in System Axes (lb-inA2) . . . . . . . . . . (lb)

Name x Y z xxx Iyy Izz Ixy Iyz Ixz Mass
---- ---- - - - ---- ----------------- - - ------------- ----- ------- - - ----------------- -------- - -------- - ----- - - ------- ---- ---- -- --------- - -

,eHGA Aanmmbly*,

I*GA SYSTEM
SHORT BOOM 0/5/92
:Hlt4Gc_voL

.HGA (VENDOR DATA)

..bIsH-4.5-sPAR

..RP BOX-SPAR

..GXUBAL-COUPACT

..HY13RID-SPAR
HGA SUPPT-CYL

;:NGA MASSPROPS ST

23’?.96oO -3.641? -24.4640
le6.4eoo -3.5000 -26.5310
140.?s00 -3,5000 -27.2000

5.52930+04
1.1828-+01
1.722S9+02

1.9599e+o!i
6.6274q+03
1.9325-+02

2.0304-+05
6.6260e+03
2.21000+02

-e.ee4-+ol
0.0000+00
0.000e+oo

-1.261-+02
0.0000+00
0.000e+oo

2.974e+03
9.665w+01
0.0000+00

-1.174e+03
0.0000+00
0.0000+00
0.000m+oo
0.0000+00
0.0000+00
4.940.+02

2e5.soo
9.500

12.000

25s.000
0.000
0.000
0.000
0.000
0.000

23e.000

244.6000 -;.:::: -24.3800
0.0000 0.0000
0.0000 0:0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

24S.3700 -3.6700 -25.OeOO

5.4S16e+04
0.00000+00
0.00000+00
0.00000+00
0.00000+00
0.000099+00
4.7740*+04

3.t13ele+04
0.000oa+oo
0.000om+oo
0.00000+00
O.oocoe+oo
0.0000$3+00
3.3915-+04

4.57009+04
0.00000+30
0.00000+00
0.00008+00
0.00009+30
0.00000+00
3.92e90+04

1.79e0+02
0.0009+00
0.000a+oo
0.0000+00
0.0000+00
0.000e+oo
2.1110+02

-1.227.+02
0.0000+00
0.0000+00
0.000-+00
O.000*+00
0.000e+oo

-1.5100+02

. . -Z RSLEASE ASSY

...-Z NOOe BRACKET

.. .BOX BRACKET

..-Z RELEAsE ASSY
.-z NODE BRACKET

:: .BOX BRACKET

235.2100 -21.s000 -23.1210 2.1327.+01 2.8290-+01
233.64oo -21.5000 -22.4370 e.5227e+O0 9.3405*+00
236.7700 -21.5000 -23.0040 1.04710+01 4.31320+00

3.6603.+01
1.4220-+01
1.0079e+Ol

-7.561a+o0
-2.763.+00
5.S92.-01

S.000
2.s00
2.s00

S.000
2.500
2.s00

-7
-2
s

-1

-:

-1

361-+00
763a+O0
592a-01

002*+01
592--01
772-+00

235.2100 14.5000 -23.1210 2.1327*+01
233.6400 14.5000 -22.4370 8.5227*+00
236.7700 14.5000 -23.eo40 1.04710+01

23S.6000 7.5000 -0.9724 3.0347-+01
236.7700 7.s000 -10.3040 1.0471*+01
234.43oO 7.5000 -7.6413 1.9016,+01

2.E290_+Ol
9.34050+00
4.3132sJ+O0

3.6603.+01
1.4220.+01
1.0079=+01

0.0000+00
0.000e+oo
0.0000+00

0.0009+00
0.0009+00
0.000-+00

5.520--11 -2.e45_-12
0.000-+00 0.0000+00
0.000-+00 0.0000+00

3.4622-+01
4. 3132.+00
1.4s740+01

S.000
2.500
2.s00

S.000
2.s00
2.s00

6.000

2.000
3.2oo

. . +Z RELEASE ASSY

. . . BOX BRAcKET

. . . +Z NODE BRACKET

2.67S9m+Dl
1.00790+01
9.B046w+O0

WI
m 3.90S--06 _ 0020+01

0.0009+00 5.!392.-01
0.0000+00 -2.772e+O0

+Z RELEAsEASSY
: : .nox BRACKET
. . . +Z NOOE B=CKET

.MIDBOOM RIZSTR MASS

HGA HARNESS
HGA S 6 KU CAISLEZ

235.6000 -14.5000 -8.9724 3.a347*+Ol 3.4622.+01 2.67S9W+OI
236.7700 -14.5000 -10.3040 1.0471-+01 4.3132.+00 1.00790+01
234.4300 -14.5000 -7.6413 1.9016-+01 1.45740+01 9.e0460+O0

228.3900 -3.5000 -19.3220 1.0000e+OO 1.00009+00 1.00000+00 0.000-+00

0.0009+00
0.000e+oo

0.00003+00

0.0000+00
O.000*+00

0.0000+00

0.0009+00
0.000-+00

186.4800 -3.5ooO -26.5310 O.0000*+00 0.0000-+00 0.0000.+00
106.4000 -3.s000 -26.531O O.0000*+00 0.0000.+00 0.0000e+OO

“POWOK EM”

27.2280 1~:~~~~ -47.6690 3.24i6Q+05
0.0000 0.0000 0.00D0o+oo

27.2660 13.3960 -48.14e0 3.0339e+05
0.0000 -33.e250 -22.3670 3.120S8+00
0.0000 -0.0000 -42.2060 3.120e0+O0
0.0000 33.8250 -22.3670 3.120ee+O0

51.S000 –33.e250 -22.3670 3.120em+O0
51.5000 -0.0000 -42.2060 3.120ec+O0
51.5000 33.e2S0 -22.3670 3.120e**O0

2.071e-+05
0.00000+00
1.90s0-+05
3.120e0+oo
3.120e=+oo
3.1206e+O0
3.1200=+00
3.120e~+oo
3.120e0+oo

4.01410+05
0.00000+00
3.77340+05
4.0644.+00
4.0644e+o0
4.0644e+o0
4.0644m+O0
4.0644e+O0
4.0644e+o0

-1.675-+04
0.0000+00

-1.705-+04
0.0000+00
0.000e+oo
0.0000+00
0.0000+00
0.0009+00
0.0000+00

3.446-+04
0.0000+00
3.e210+04
0.000-+00
0.0000+00
0.000e+OO
0.000m+oo
0.000etoo
0.000.+00

-6.slee+03
0.000-+00

-6.093=+03
0.0000+00
0.000-+00
0.000e+OO
0.0000+00
0.000e+oo
O.000*+00

600.S00
0.000

5s5.500
2.s00
2.5oo
2.5oo
2.s00
2.s00
2.500

l“
TAPI?
TAPE
TAPE
TAPE
TAPE
TAPE

TAPE
TAP E
TAPE
TAPE
TAPE

.1-AX3

.1-AXIS K

.3-AxI:

.1-AXIS KM POWER

.1-AXIS KM POWSR

.2-AxIs KM POW5R

74.9330 3.4039 -49.9430 3.a606e+05
0.0000 0.0000 0.0000 0.0000-+00

74.75.40 3.4618 -50.4120 3.64e10+05
s5.7500 -33.s250 -22.3670 3.120e0+O0
55.7500 33.6250 -22.3670 3.1206*+o0

105.2500 -33.8250 –22.3670 3.120aq+o0
105.2500 -0.0000 -22.3670 3.1206e+o0
105.2500 33.e250 -22.3670 3.12060+oo

2.1929e+05
0.0000.+00
2,0385e+05
3.12C8e+O0
3.1209e+O0
3.120S.+00
3.120e=+oo
3.1200-+00

4.5772e+05
0.000oe.oo
4.3736.+05
4 .0644e+o0
4.0644-+00
4,0644-+00
4.0644-+00
4.0644.+00

4.037e+04
0.000-+00
4,ae2e+04
0.000-400
0.003-+00
0.0000.00
0.000e+oo
0.000e+oo

3.566e+04
o.000e*oo
3.61350+04
0.000e+oo
0.0009-00
0.000.-00
0.000.+00
0.000e+oo

1.561o+O4
0.0000+00
1.192e+04
0.0000+00
0.000.+00
O.ODO*+OO
O.ooce+oo
0.00Ce+OO

747.800
0.000

735.300
2.s00
2.s00

sSREC4 2
.REC V51
NEC –up_
:2-AXIS

!6 lCt4
._Cone
cot4P

‘KM POWER
.3-AXIS KM POWER
.1-AXIS KM POWER
1-AXIS KM POWER

:1-AxIS 109 POWI?R

2. Soo
2.s00
2.500

-sensor Et-f”’



PDR BASELINE w~
CONFIGURATION= STOWED o~

U

s

.-----___--------_-.----_:::::-:-::;:::-z::-::::::-::::::::::::::::::-.__-----------_---_------------_-:--::::::::::---::;--- ‘w

local @ CG, in System Axes (lb-in 2)

Name x Y z Ixx Iyy Izz Ixy Iyz Ixz *95 gg

20.4760
0.0000

20.6200
4.82S0

3:.:;::

33:0250
4.82S0

33.6250
4.e2S0
4.E250
4.6250

33.0250
33.0250
33.41250
0.0000
0.0000
0.0000
0.0000
0.0000

-37.8560
0.0000

-39.46S0
-23.4420
-23.4420
-23.4420
-23.4420
-23.442o
-23.4420
-26.4490
-26.4490
-26.4490
-26.4490
-26.449o
-26.4490

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

5.07S5e+04
0.00000+00
3.B6930+04
2.15110-I.I
0.000ow+oo
2.1511,-13
O.ocnl-ln+oo
2.1511.-13
O.aocoo+oo
3.12CSO+O0
3.12009+00
3.12CSa+O0
3.1208=+00
3.1200.+00
3.1200-+00
0.00000+00
0.00000+00
0.00000+00
0.00009+00
0.0000-+00
0.00000+00

1.3346n+05
0.00000+00
1.0763-+05
0.000nn+otl
0.00009+00
0.00000+00
0.00009+00
0.00000+00
0.0000-+00
3.1206e+O0
3.12080+00
3.120ae+O0
3.12080+00
3.1200.+00
3.1200e+o0
0.00000+00
0.0000=+00
0.000om+oo
0.00000+00
0.00000+00
0.00000+00

2.71OCJ6O3
0.0006+00
2.774e+03
0.0000+00
0.000m+oo
0.000-+00
0.000-+00
0.0004$+00
0.0000+00
0.0000+00
0.0000+00
0.0009+00
0.000-+00
0.0000+00
O.000*+00
0.000-+00
0.000e+oo
0.0000+00
0.0000+00
0.0000+00
0.0009+00

4.154e~03
0.0009+00
5.256-+03
0.000e+oo
0.0000+00
0.000-+00
0.0000+00
0.000-+00
0.000-+00
0.000e+oo
0.0000+00
0.000-+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.000e*OO

9.712=+03SENSOR
. SENSOR
.SENSOR
.l-AXIS
.3-AX~S
.l-Axzs
.l-Axrs
.1-AxIs
.2-AXIS
.1-AxIs
.1-AXIS

LF:’P_8-

“VOL TOP
vOL TOP
VOL TOP
VOL TOP
VOL ToP
VOL TOP
VOL aOT
V03. BoT
VOL BOT
VOL BOT

-n 7

z
?4T
UT
km
MT
UT

UT

141.3600
0.0000

141.1600
109.7s00
109.7500
146.5000
146.5000
172.7500
172.7S00
109.7500
146.5000
172.7500
146.5000
109.7500
172.7S00

3.0000
0.0000

1.23161m+05
0.0000-+00
1.02129+05
2.lSlle-13
0.00000+00
2.1511*-13
0.000oe+oo
2.1S11.-13
0.00000+00
4.0644-+00
4.0644,+00
4.0644-+00
4.04i44e+oo
4.06449+00
4.0s440+00
c 00000+00
o 00000+00
o 00000+00
o 00000+00
o 00000+00
o Ooooe+oo

270.730
0.000

240.730
2.5oo
2.s00
2.500
2.s00
2.500
2.500
2.s00
2.s00
2.s00
2.s00
2.500
2.s00
0.000
0.000
0.000
0.000
0.000
0.000

0:

::
0.
0.
0.

::
0.
0.
0.
0.
0.

::
0.
0.
0.
0.
0.

0000)+00
9990+03
000m+OO
000-+00
Oooe+oo
0000+00
0000+00
0009+00
0009+00
Oooa+oo
Ooom+oo
Oooe+oo
000-+00
0000+00
000-+00
0000+00
0000+00
000*+00
000-+00
0000+00

.3-AxIs KM VOL Bf3T UT

.2-Axxs KM VOL BOT UT

.33ALL s14AOE ICU

.DALL sHADE ICM
icss2 ict4

BRXTCSS-XCM
1:0cTcs5-Xct4
. . DETCSS-ICM

0:0000
0.0000
0.0000
0.0000 0.0000

‘,RWA EM,,

l?WA4_26 ICM
uWA_VO~_CCS4P

;41wA UP_C~
.l-AfiIs KU VOL

3-AXIS KM VOL
:1-AxIs KM VOL
.2-AxIS XM VOL

79.4010
0.0000

79.3970
51.5000
51.5000

107.5000
10?.5000

-49.0300
0.0000

-49.5490
-37.2420
-37.2420
-37.2420
-37.2420

-5.6230
0.0000

-;.::;;

-18:9500
6.0S00

-1s.9500

2.1906a+04
0.00000+00
1.89730+04
3.120s.+00
3.120S-+00
3.1200=+00
3.120fle+O0

7.7316m+04
0.00000+00
6.7990e+04
4.06440+00
4.0644w+O0
4.0644=+00
4.0644-+00

.4797e+04
0.000oe+oo
6.S494e+04
3.1209-+00
3.1209-+00
3.120a*+oo
3.1200.+00

-1.S63.+03
0.0000+00

-1.761w+03
O.000*+00
6.SE30-i2
0.000=+00
6.0S3e-12

-3.123-+03
0.0000+00

-3.122-+03
0.0000+00
0.0009+00
0.0000+00
0.0000-00

236.

22::
2.
2.

::

900
000
900
500
500
500
SOo

BOT UT
00T Ml’
3tOT MT
BOT MT

‘,OnS PanOl’”

36.3760
0.0000

36.0090
37.695o
37.e950
37.6950
37.0950
37.a950

30.1430
0.0000

30.s540
41.0500
20.0s00
20.0500
20.0s00
41.0500

3.363S=+03
0.000oe+oo
1.9602.+03
1.3767.-11
1.37670-11
1.3767.-11
1.3767=-11
1.3767--11

1.S643m+04
0.00000+00
S.63E1O+O3
0.000oe+oo
0.0000-+00
0.00000+00
0.0000-+00
O.0000*+00

4361-+04
0000-+00
60009+03
3767e-11
37679-n
3767_-11
3767--11
3767--11

1.526e+02
O.000*+00
1.679a+02
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00

-3.965a+ol
0.0000+00
2.sloa-ol
O.odoo+oo
O.000*+00
0.0000600
0.0000+00
0.0000+00

1.021s+01 63.900
O.000*+00 0.000
1.395*+00 S1.400
0.000e+oo 2.500
0.000-+00 2.s00 r
0.0000+00 2.s00
0.0000+00 2.s00
0.000a+oo 2.s00

26

2:
0
0

25
51
51

#.3e90
.0000
.S4S.O
.0000
.0000
.7s00
.5000
.5000

TOP MT
ToP 14T
TOP MT
TOP MT
TOP MT

““COM141En”’
-2.173.+03
-2.066e+03
0.0009+00
0.000w+oo
0.000e+oo
0.000-+00
O.000*+00

222.2s0
212.2s0

0.000
2.500
2.500
2.s00
2.500

203.2000
203.2300

0.0000
177.2500
177.2S00
227.7500
227.7s00

6630
6210
0000
e250
0250
8250
ezs.o

-37.0690
-37.7610

0.0000
-22.3670
-22.3610
-22.3670
-22.3670

3.3703e+04
2.9221-+04
0.000om+oo
2.1512e-13
O.0000*+00
2.1511a-13
0.000oe+oo

6.9707e+04
6.1063-+04
0.0000-400
0.0000e+OO
o 00000+00
o Ooooe+oo
o Ooooa+oo

2260.+04
3660.+04
00000+00
1s110-13

6.00000+00
2.1S11O-13
0.0000-+00

-1 .069.+03
-1.0940+03
0.000e+oo
0.0009+00
0.0009+00
0.0000+00
0.000-+00

1.0220+03
1.536.+03
O.000*+00
0.0000400
O.000*+00
0.0000+00
0.0009400

ToP t4T
TOP ~
TOP MT
TOP MT

34.6950 -1.3715 4.lflole*04
O.ocoo 0.0000 0.00000+00

1
0

1446e+05
0000-+00

7.952F?**+174
0.0000.+00

2.olle+91
0.000-+00

2.291o+o1
o.nooa+oo

-3.1S4*+03 345.000
0.0000.00 0.000

HExslAT3_3~_Ic34
.t4RXBAT_v0 L_co~

24.4053
0.0000



PDR BASELINE
CONFIGURATION= STOWED

..CG, in System Axes (in),. . . . . . . . . . Inertias, local @ CG, in System Axes (lb-inA2) . . . . . . . . . . (lb)

Name x Y z Ixx Iyy Izz Ixy Iyz Ixz Mass
--- ---------------- ---- ------ --- --------------- --------- -------------- ------------- -------- ---------- ---------------------------

-;.3680
16<0500

-18.9500
16.0500

-la,9500
16.0S00

-18.9500

3.6224.s+04
1.3767e-11
1.3767e-11
1.3761--11
1.3767e-11
1.3767.-11
1.3767e-11

1.t7323e+05
0.0000-+00
O.nrloon+oo
0.0000-+00
0.000oe+oo
0.000oa+oo
0.00000+00

-s.709.+01
().0000+00
0.000e+OO
0.000”+00
0.0000+00
0.000e+oo
0.000a+oo

2.713e+Ol
0.000-+00
O.OCO*+OO
0.000-+00
0.0000+00
0.0009+00
0.0C09+O0

-3.152e+f)3
0.000e+oo
0.0009+00
0.000-+00
0.000e+oo
0.000e+oo
0.0000+00

}!EXBAT
:3-AxIs-
.I-AXIS
2-AXIS

:l-Ax1s
1-AXIS

:1-AXIS

-Me
I(M”
KM
KM
KM
KM
KM

_cOuP
VOL TOP
VOL TOP
VOL TOP
VOL TOP
vOL TOP
vOL TOP

UT
MT
MT
MT
MT
t-r-r

24.3440 34.5400
0.0000 3a.l190
0.0000 38.1190

51 .s000 30.1190
51.5000 3a.l190
25.7!$00 3a.l190
25.7500 3e.l190

7.2E05A+04
1.3767e-11
1 .3767w-11
1.3767*-11
1.3767--11
1.3767*-11
1.3767e-11

330.000
2.500
2.500
2.s00
2.500
2.500
2.500

.,SWIR,,

0.00000+00
0.000oe+oo
O.0000-*00
0.000oe+oo
o.ooOo*+oo
0.0000-+00
0.00009+00
0.0000e+OO
0.0000e+OO
0.00000+00

1.431Se+04
6.0904e+02
4.1670-+02
3.2500*+02
0.00000+00
1.540E*+02
1.lle10+02
9.3772-+01
0.0000-+00
0.00000+00
1.2915e+02

0.0000+00
0.0000+00
0.000-+00
0.0000+00
0.000-+00
0.0000+00
0.0000+00
0.000=+00
0.0000+00
0.0000+00

0.000m+oo
0.0000+00
0.000m+oo
0.0000+00
0.000-+00
0.000=+00
0.0000+00
0.000e+oo
0.000e+OO
0.000m+OO

0.0000+00
-.0000+00

291.100
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

291.100

SWIR
.SWIR HOUSING

36.9900
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

36.9900

0.00000+00
0.0000-+00
0.00000+00
0.000oe+oo
0.000oe+oo
0.00000+00
0.00009+00
0.00000+00
0.00009+00
0.00000+00

0.000oa+oo
0.00009+00
0.00000+00
0.0000e+OO
0.000oe+oo
O.oocoa+oc
0.000oe+oo
0.00000+00
0.0000.3+00
0.0000-+00

0
O.000*+00
o
0
0

.9WIR:MOUNT

.SWIR t+OUNT
SWIR-MOUNT
:SWIR-MOUNT
.SWIll~MOUNT
.swIR MOUNT
.cOLO—PLATE
.swxP1-t4P

Oooe+oo
:Oooe+oo
.0000+00
.000.+000

0.000e+oo
0.000-+00
0.0000+00

1.

-::
-1.
0.

-::
0.
0.
0.
0.

S21*+02
839-+02
260.+01
s970+02
Oooe+oo
1590+01
231o+o1
000*+00
000-+00
000-+00
0009+00

-1.7400+03
-S.062.+02
-4.S4S-+02
2.e47e+02
0.000a+oo
2.701-+02

-2.214-+02
0.000m+oo
0.000e+oo
0.0000+00
0.000e+oo

6.9529
0.3006
0.2999
o.299e
0.3063
0.2996
0.3011

19.2520
19.2520
19.2500
19.2520

1.85109+04
1.0376e+03
9.93S90+02
7.2552=+02
1.5696--15
6.9E22e+02
6.3S01*+02
9.3772.+01
0.0000e+OO
6.2oaa_-12
1.6617e+O0

0.9430m+03
0.2450-+02
6.2313e+02
7.7070-+02
1.56960-15
5.76E6e+02
5.61421_+02
1.see60+oo
0.0000e+OO
6.2oasa-12
1.2915e+02

44.700
5.230
5.010
4.s90
4.670
4.640
4.570
3.260
4.510
4.510
3.410

SWIR 2
D2.O
:02.0
02.0
:02.0
.02.0
.D2.O
02.0
:SWIR
.SWIR
.D2.O

!ND STRUC
16BWALL
168WALL
16eWALL
168WALL
16SWALL
168WALL
16SWALL
MTG FTG
WTC FTG
16SWALL

:T
53
49
47

:2
41
1s

.191N

.291N

.211N

.56IN

.-171N

.531N

.51N

.251N

156.9100 -6.0127
164.3700 16.9540
150.1200 16.9540
164.3700 -26.1260
164.3600 0.0403
150.1200 -26.1260
150.1200 -9.2143
153.7400 -7.6426
153.7400 1.6074
153.7400 -16.8960
164.3700 -16.0930

164-3700 -16.3710
175.0000 -16.8960
153.7400 -16.es!60
153.7400 1.6060
175.0000 1.60f10
153.7400 -33.S250
175.0000 -33.82!50

VI
--J

21

22.1670
22.1670
22.1670
22.1670
22.1670
22.1670
22.1670

7.2oe0-12
0.0000+00
0.0000+00
0.000m+oo
0.000-+00
0.0000+00
0.000e+oo

15.000
2.s00
2.500
2-500
2.500
2.500
2.5.00

SWIR KM
.3-AXIS
2-AxIS

:;:::::

.1-AXIS

.l-AxXS

KM
KM
Iw4
KM
KM
KM

VOL
VOL
VOL
VOL
VOL
VOL

TOP
TOP
TOP
TOP
TOP
TOP

MT
MT
MT
MT
MT
MT 1’

,.TIRo”

0.0000+00
0.000-+00
0.000-+00
0.0000+00

359.400
0.000
0.000

359.400

45.6oo
4.970
4.e50
e.000
0.000
S.320
4.670
4.760
5.230

19s.0900 5.0000
0.0000 0:0000
0.0000 0.0000

190.0900 5.0000

22.3S00
0.0000
0.0000

22.3600

0.00004!+00
0.00000+00
0.0003.+00
0.000om+oo

0.00000+00
0.00000+00
0.0000-+00
0.0000-+00

3.7794e+03
0.000oa+oo
0.0000e+OO
O.ooco.+oo
0.00000+00
0.000oe+oo
0.000oa+oo
0.00000+00
0.000oe-oo
2.9753--03
0.00000.00
0.000oe+oo
0.0000e+OO

0.0000-+00
0.000oe+oo
0.90000+00
O.0000*+00

1.7050e+04
0.000om+oo
O.ocooe+oo
0.00000+00
0.00000+00
0.00000+00
0.000cs+oo
0.00000+00
0.000oe+oo

1.6294-+04
0.0003e+O0
0.000cl-+cfl
0.0000-400

0.000$s+00
O.000*+00
0.000-+00
0.000e+OO

-1.essa+ol
0.000-+00
0.000e+oo
0.0000+00
0.000-+00
0.0000+00
0.000e+oo
0.0000+00
0.000.+00

3.0550-04
0.000e+oo
0.000e+OO
(3.IJOO.+00

0.0000+00
0.0000+00
0.000a+oo
0.000.+00

1.399e+02
O.000.+co
0.000a+co
0.0009+00
0.0000+00
0.000e+OO
0.0000+00
0.00D.+00
0.000..00

TIR
TIR HOUSING

: INSTR COLDPLATE
.TIR-l@

-9.518e+Ol-2.0832
-6.4499
-6.4495
6.0500
6.0500

-6.4506
-6.4517
-6.4490
-6.4496

1.6524e+04
a.000oa+oo
0.0000e+OO
0.0000.+00
O.0000*+00
0.0000e+OO
0.00000+00
0.00000+00
O.0000*+00

1.3310-+04
0.000om+oo
0.000o-+co
0.000oe+oo

TIR 2N0 STRUCT
.SL5SS 2X.~6a 3S.131N
.sL552 2x.16S 32.93IN
.TIR t4TG FTG
.TIR MTG FTG
.sL556 2X.16S 41.31N
.s4.s54 2x.168 29.791N
.sL551 2x.166 31.441N
.sL553 2X.16E 39.451N

0.000e+oo
0.000e+oo
0.
o.
0.
0.0000+00
o.000e400
0.000.+00

.0009+00

.000-+00

.0000+00

9.2672
9.2677
9.2672
9.2672

0.000.+00
0.000.+00
0.0000+00
0.000e+oo

20.000
2.500
2.5oo
2.500

19a. 3ooo 0.926S
1E6.11OO -33.B250
210.5000 15.491C
21o.5OOO -33.8250

TIR KM
.1-AxIS RM VOI. TOP MT
.2-AXIS KM vOL TOP MT
.2-AxIS KM vOL TOP ~



F’DRBASELINE
CONFIGURATION= STOWED

..CG, in System Axes (in).. . . . . . . . ..Inertias. local @ CG, in System Axes (lb-in-2) . . .

Name x Y z [xx Iyy Izz Ixy Iyz
------- ----.---- -------- ------- -------------- ------- ------- -------------------- -------------- ---------------------- --------------- w

-11. 7s50
-11.7e50
1s.4910
33.S250
33.e250

9.2672 0.0000e+OO 0.0000-+00
9.2672 0.0000e+OO O.0000-+00
9.2672 0.0000a+OO 0.0000.+00
9.2672 0.00000+00 3.0000e+OO
9.2672 0.0000e+OO 0.0000-+00

0.0000+00
0.0000+00
0.0000+00
0.0009+00
0.0000+00

O.000*+00
0.000D+OO
0.000e+oo
0.000--00
0.0000-00

.1-AxIS KM VOL TOP MT
l-Ax1S 304 VOL TOP UT

:1-AxIs KM VOL TOP MT
l-Ax1s KM VOL TOP UT

:2-AxIS KM VOL TOP UT

196.1100
210.5000
le6.1300
1E6.11OO
210.5000

0.00000+00
0.00000+00
0.00000+00
0.00000+00
0.000rla+oo

0.0000+00
O.ooa-+oo
0.000-+00
0.000.+00
0.000.+00

2.500
2.500
2.500
2.500
2.500

VNIR 119.5600
0.0000

119.5600

13.s400
0.0000

13.S400

20.3410
19.97ao

20.3730
33.e250
33.S250
0.1200
0.7200

33,82S0
19. 32S0

20.3730
0.7200
0.7200

33.e250
33.0250
33.0250
19.32s0

47.7553 O.0000*+00
0.0000 0.00000+00

47.7550 0.00000+00

1.03000-08
0.0000e+OO
1 .0300--oe

0.000.+00
0.000m+oo
0,000.+00

0.0009+00
0.0000+00
0.000-+00

0.000-+00
0.0009+00
0.000-+00

116.900
0.000

116,900

.VNIP 340USINC

. VN I R=MP

VSR S(2C STRUCT
.VSR IMP

13e.a900
136.0100

27.7770 7.7141e+03 2.7199a+04 3.42630+04 3.4090+03 -2.057.+01 -5.047w+02
29.2750 2.6S42,-10 2.6542--10 0.0000a+OO

e2.000
O.000*+00 0.0000+00 0.0000+00 4e.2oo

143.0000
101.3000
17s.0000
107.5000
146.5000
146.SOGO
135.0000

1.4ee.403
0.0009+00
0.000-+00
0.0000+00
0.000-+00
0.000-+00
0.0000+00

O.000*+00
0.000=+00
0.0009+00
0.000a+oo
0.000-+00
0.0009+00
0.000=+00

1s.000
2.500
2.500
2.s00
2.s00
2.s00
2.s00

:%::;s

: :;-::::
. . 1-AXIS

1-AXIS
::1-AXZS

NM
R?4
*F4
W4
8M
nr4

vOL
VOL
VOL
vo L
Vol,
VOL

TOP
TOP
TOP
TOP
TOP
TOP

24.1630 4.1249a+03
24.1630 0.0000-+00
24.1630 0.0000.+00
24.1630 0.00000+00
24.1630 0.0000m+OO
24.1630 O.0000*+00
24.1630 0.0000-+00

1.4391a+04
0,00000+00
0.00000+00
0.0000-+00
0.0000-+00
0.0000-+00
O.0000-*00

1.0S16.+04
0.00000+00
0.00009+00
0.00000+00
0.00000+00
0.00009+00
0.00000+00

1.e66m+03
0.000-+00
O.000*+00
0.0000+00
0.0000+00
0.000a+oo
0.000e+oo

2.42B_-11
0.0000+00
O.000*+00
0.000-+00
0.000-+00
0.0009+00
0.0000+00

0.000G+OO
0.000-+00
0.0000+00
0.000a+oo
0.0000+00
0.0009+00
0.000-+00

10.800
3.133
3.133
3.133
3.133
3.133
3.133

.VSR STANOOTT SYS

. .V3R STANOOTr

..VSR STANOOFT

. .VSR STANOOFT

. .VSR STANDOF~

. .VSR STANOOFF

. .VSR STANDOFF

163.0000
107.5000
146.S000
S07.SOOO
146.S000
175.0000
175.0000

..”=y, ,.

140.6900 24.9!S00 39.00s0 0.0000-+00 0.0000-+00 0.00009+00
0.0000 0.0000

0.000-.00
C.000o O.0000*+00 0.0000=+00 0.00009+00

140.6900 24.9S00
0.000e+oo

39.0050 0.00000+00 0.0000-+00 0.0000-+00 0.000-+00

0.000-+00
0.0000+00
0.000-+00

O.000*+00
0.0009+00
0.000a+oo

63.900
0.000

63.900

VSL
.v2L_140us1 NC
.=L-MP

r-CSP.”

CSP
.cSP_HOUSING
.CSP-MP

0.0000+00
O.000*+00
0.000-+00

160.6300 2s.s200
0.0000 0.0000

160.6300 2e.5200

3s.6e50 0.0000-+00
0.0000 O.0000*+00

30.68S0 0.0000s+00

0.0000.+00
0.00009+00
0.0000-+00

0.0000.+00
0.0000-+00
0.00000-00

O.000**00
0.0000+00
0.000e+oo

0.000.+00
0.0000+00
0.000-+00

121.300
0.000

121.300

,,”pcJ . .

nPs
A:?4=~VSING

11s.2100
0.0000

11B.21OO

37.6650 2.1S62=-10
0.0000 0.00000+00

37.6650 2.1@62e-10

2.1E62O-10
0.00000+00
Z.lI1620-10

0.0000-+00
0.00000+00
o.00t30.+oo

0.0000+00
0.000e+OO
O.000*+00

0.0009+00
0.000-+00
0.000.+00

0.0009+00
0.0000+00
0.0009400

39.700
0.000

39.700

34.2700
0.0000

34.2700

‘-MODIS.’

235.9100 17.0ss0 16.5760 0.300Ce+O0 o.00000+00
0.0000 0.0000 0.0000 0.00009+00 O,ooooa+oo
0.0000 0.0000 0.0000 0.0000e+oo o.000om+oo
0.00.70 C.000o 3.0000 2.0000*+OC 0.000oe+oo
0,0000 0.0000 0.0000 0.000o.+oc 0.0000.+00

0.000oe+clo
O.rloooe+oo
o.oocne+!l~
0.001:0 .. 1:3
0.000oll+oo

0.000-+00
0,000*+OC
0.000*+OC
O.onn-+oo
O.OUU*.00

0.0000.00
0.0000+00
0.000.3+00
0.!300-,00
0.000-+00

0.0000+00
0.0000+00
0.0009+00
0.0000+03
(J.000*+K.3

613.000
0.000
O.coo
O.con
0.000

MOOtS_rCM
000R SBRC_SIMP

:mlN~AAME W!Hf3LES
.14TG FOOT -Y
.MTG FOOT +Y



PDR BASELINE
CONF1GU12ATICN= STOWED

..CG, in System Axes (in),. .........IfleKtiaS,local @ CG, in System Axes (lb-inA2).......... (lb]

Name x Y z Ixx Iyy Izz Ixy Iyz Ixz Masts
---------------------------------------------------------------------------------------------------------------------------------

O.oono
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

17.0580

19.45ao
-0.7335
20.5390
28.5390
23.6250

0.0000
0.0000
0.000G
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000c
0.0000
0.0000
0.0000
0.0000
0.0000

16.5760

0.0009-+00
o.ooil~e+oo
0.UUU3**O0
I-3.0003*+00
0.00000+00
0.00000+00
O.0000*+00
O.oflooa+oo
0.0000.+00
0.0000.+00
O.OCOOe+OO
O.ocooa+oo
O.OCOII**OO
O.ocoo.+oo
0.000oe+oo
O.ocooe+oo
O.ocooo+oo

.MTG FOOT +Y-X

.NAOIR APERT[lRE DOOR
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

235.9100

247.9100
243.7500
243.7S00
243.7500
256.0000

O.onoo”+oo
0.000oa+oo
0.0000.+00
0.00000+00
0.0000-+00
O.0000*+00
0.0000-+00
0.000om+oo
0.0000-+00
0.00009+00
0.000on+oo
0.000om+oo
0.000om+oo
0.00000+00
0.00000+00
0.00000+00
o.ooOoe*oo

0.000-+02
0.000.+03
0.000.+03
0.0000+03
0.000.+00
0.000e+oo
0.000w+oo
0.000.+00
0.000e+oo
0.0000+00
0.000.+00
0.000-+00
0.000.+00
0.0000+00
0.000-+00
0.0000+90
0.0000+00

0.0000+00
0.0000+00
0.0000+00
0.000-+00
0.0000+00
0.000e+oo
0.000-+00
0.0000+00
0.0000+00
0.000-+00
0.000-+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
o.000e*oo

0.0000-00
0.0000-00
0.000--00
O.000**00
0.0000+00
0.000e-oo
0.0000+00
0.0009+00
0.000a+oo
O.000**00
0.000.+00
0.000e+oo
0.000.+00
0.0000+00
0.000.+00
0.000-+00
0.000-+00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

SOLAR APERTURE 000R
:SUNSNADE
SCAN t4TR
;t4AIN ELEcTR MODULE
.DOOR ACCESS -Y
.MOTOR_LZNKASS Y_SIMP
,NINGE_SIMP
HINGE SIMP2
:SHROU6 SBRC stnr
.FRA24E SBRC =IMP
.HOUSlftC Si3~C SIf4P
PIVOT S~RC STMP
:H0U!31t?G S13~C SIMP
.PIvOT SBRC STMP
,MODIS~UASS:COMPONENT

0.000
0.000
0.000
0.000
0.000
0.000
0.000

613.000

?-!OD~S 2?40 STRUCT
02.0 16t4WALL S4.531N
:02.0 168WALL 29.641N
02.0 16EWALL 26.391N
:BAY 7 CLUSTER FTC

-6.Q2S1
-5.4500

-12.2020
-5.4500
-5.4s00

2.2112-.03
O,ooooe+oo
!3.00000+00
0.00000+00
0.0000e+OO

6.0467e+02
O.ocooe+oo
0.0CO09+O0
O.ocooe+oo
O.ocooe+oo

2.S901O+O3 2.5S0-+02 -1.939.+02
0.0000e+OO 0.0009+00 o.9ooe+oo
0.00000+00 0.000.+00 0.0000+00
0.00000+00 0.0000+00 0.0000+00
0.000oa+oo 0.0009+00 0.0000+00

S.42S.+01
0.0000+00
0.000-+00
0.0000+00
0.0000+00

14.730
3.730
3.000
3.000
5.000

234.4200 7.s100
231.1500 -24.7200
256.0000 23.6250
215.5000 23.62S0

-2.0329
-2.032#
-2.0320
–2.0328

3.90480+03
3.1200.+00
3.120Ba+O0
3.1200-+00

2.0863.+03
3.120ec+o0
3.120e9+oo
3.120e0+oo

5.9846e+03
4.0644-+00
4.0644.+00
4.0644a+O0

3.223.+02
0.000-+00
0.000-+00
0.000.+00

-2.276a-12
0.000-+00
0.0000+00
0.0000+00

4.742--13
0.000.+00
0.0009+00
O.000*+00

7.s00
2.500
2.5oo
2.5oo

MODIS KM
.3-AXIS KM VOL
2-Ax1S KM VOL

:1-AXIS KM VOL

00T UT
BOT MT
BOT UT

77.2130
0.0000
0.0000
0.0000

..MoPITT,)

?40PITT 04.93
,nASX2
.POWER SUPPLY
.COV32R2

15.5020 40.40s0 1.0736-+03
0.0000 0.0000 0.00000+00
0.0000 0.0000 0.000oe+oo
0.0000 0.0000 0.000oe+oo

3.13270+03 2.349-+02 -1.4134_+02
0.000om+oo 0.000.+00 0.000a+oo
0.0000.+00 0.0000+00 0.0000+00
0.0000.+00 0.000-+00 o .0000+00

419.200
0.000
0.000
0.000

0.0000 0.0000.+00
0.0000 0.000om+oo
0.0000 0.0000-+00
0.0000 a.000o*+oo
0.0000 0.00009+00

0.0000-+00
O.OCOO*+OO
0.0000-+00
O.ocoom+oo
0.0000=+00

.OUST EARTH ASSY2

..DUST MoTOR

..DUST COVSF4 SNA3’T4

..DUST SUPPORT

..Ous’r COVER(EARTH2)

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000-+00
0.0000.+00
0.0030-+00
0.00000+00
0.000oa+oo

0.000m*30
0.0000+:0
0.000-+00
0.0000+00
0.0000+00

0.000-+00
0.000-+00
0.000.+00
0.0000+00
0.0000+00

0.0000+00
0.0000+00
0.000a+oo
0.000-+00
0.000-+00

0.000
0.000
0.000
0.000
0.000 r

0.0000 0.0000 0.0000 O.0000*+00
0.0000 0.0000 0.0000 0.00000+00
0.0000 0.0000 0.0000 0.000oe+oo
0.0000 0.0000 0.0000 0.00000+00
0.0000 0.0000 0.000c 0.000oe-oo

0.0000.+00
0.00009+00
0.000oe+oo
0.00000+00
0.0000e+OO

0.00000+00 0.000.+00 0.0000+00 0.000-+00 0.000
0.000oe+oo 0.000-+00 0.0000+00 0.0000+00 0.000
0.0000-+00 0.0000+00 0.0000+00 0.0000+00 0.000
0.00000+00 0.000e+oo 0.000-+00 0.000e+OO 0.000
0.000oa+oo 0.000e+oo 0.000e+oo 0.000e+oo 0.000

OUST SPACE2 ASSY
:.DUST covER(spAce2)
..DUST SUPPORT
..OUST F40T0R
..OUST COVER SHAFT3

0.000c 3.0000--00
0.000c 0.0000--00

32.s220 1.6423.+02
40.7500 5.S8S2CS-10

0.0003.+00
0.00000400
7.2747-+02
0.00000+00

0.0000.+00
0.0000.+00
0.871S.+02
5.5852o-10

,BB CWVSLOPE
.BB ENVELOPE
.C02.O PLATE
.MOPITT-W

0.0000
0.0000

89.8300
76.7930

Bo.eooo
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

no.eooo

0.0000
0.0000

16.91S0
15.5370

0.000-+00
O,ooom+oo

-2.4S90-01
0.0000+00

0.000=+00
0.0000+00
0.000-+00
0.000e+oo
0.000e+oo
0.000e+OO
0.000a+oo
0.0000+00

O.000*+00
O.OGO*+OO
2.88S--04
0.0000+00

0.000.+00
0.000a+oo

-S.492--04
O.000.*00

0.000-+00
0.000e+oo
0.000e+OO
0.000.+00
0.000.+00
0.000.+00
0.000-+00
0.0000+00

0.000
0.000

13.s00
405.700

1S.5000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

16.5000

26.3000
0.0000
O.ooco
O.ooco
0.0000
0.0000
O.oouo

26.3003

O.0000*+00
0.0000.+00
0.0000.+00
0.0000.+00
0.0000.+00
0.0000-+00
0.0000.+00
0.0000.+00

0.0000.+00
0.0000.+00
0.000c.+or)
0.000C*+OO
0.00004)+00
0.00000+00
O.0000*+00
O.0000*+00

0.000.+00
0.000.+00
0.000-+00
0.000.+00
0.000e+oo
0.000-+00
0.000-+00
0.000.+00

40.000
0.000
0.000
0.000
0.000
0.000
0.000

40.000

MOPITT S/S
.UOP KM PAOS
.uY PANEL
PY PANEL
:?434PANEL
.PX PANEL
.STR PADS
.MOPITT S/S UP

t40PlTT KU E5.3270 16.Q1211 31.7423 1.43020*03 2.91S6-.03 4.3457e+03 3.4e3c-02 0,000.+03 0.000”+00 7.5oo



PDR BAsELINE
CONFIGURATION = STOWED

..CG, in System Axes (in).. .........Inertias.

Name x Y z Ixx Iyy

w~
ON

28
local @ CG, in System Axes (lb-inA2).......... (lb) ‘-co

-M

Izz Ixy Iyz Ixz MS39
------- ---------- ------------ ---------- ------------------- ------------------------ ---------- _______---------------- ---------- --- —w

99.2680 -0.0000
57.4430 16.9120
99.266C 33.S250

.1-AxIS KM VOL TOP MT

.2-AXIS KM VOL TOP t4T

.3-AXIS KM VOL ToP MT

31.7470 0.00005890 0.000oeloo 0.0300*+00
31.7420 0.0000e+OO 0.0000.++00 o.o~ooe+oo
31.7420 o.oOOOe+OO 0.0000e+oO 0.0000c+OO

o.oan~+oo
0.0!300+00
o.030e+oo

0.0000+00
O.0000*00
0.000-+00

0.0000+00
0.0000+00
0.0000+00

2.s00
2.s00
2. Soo

“CERES””

9.4998
9.499a
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

14.
14.
0.
0.
0.
0.

5550
S550
0000
0000
0000
0000
0000

57.2690 2.1BS1O-O9 2
57.2690 2.l@51--o9 2
0.0030 0.00000+00 o
0.0000 0.000oe+oo o
0.0000 0.000om+oo o
0.0009 0.000oe+oo o
0.0000 0.0000-+00 o

le510-09 0.93000+00
lesL*–09 O.0000*+00
4)0000+00 0.03000+00
Ooooe+oo O.’JOOO*+OO
00000+00 0.00000+00
ooco@+oo O.0000*+00
00000+00 0.0.7000+00

0.0004!+00
0.000e+oo
O.000*+00
0.000n+oo
o.030m+oo
0.000e+oo
O.000*+00

o.
0.

::
0.
0.

::
0.
0.

::

0000+00
0000+00
Ocoe+oo
000*+00
0000+00
0000+00
000-+00

0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0008+00
0.0000+00
0.0000+00
0.000-+00
0.000-+00
0.0000+00

0.000-+00
0.0000+00
0.0000+00
0.0009+00
0.0000+00
0.0000+00
0.0009+00
0.0000+00
0.000m+OO
0.0000+00
0.0000+00
0.000a+oo

CERES
.COMPONENT1 8

:::E;:

99.
99.

::
0.
0.
0.
0.
0.
0.

::

200
200
000
000
000
000
000
000
000
000
000
000

.COVSR2

.COM?ONENT24

.BASE

.THERMAL TRGT

.THEF04AL-TRGT

.TNEWL-T17GT

.THIKRMAL-TRGT

.THERUAL~TRGT

o.
0.
0.
0.

::

0000
0000
0000
0000
0000

0.0000 0.00000+00
0.0000 0.000oe+oo
0.0000 0.00000+00
0.0000 0.000oa+oo
0.0000 O.0000*+00

0.00000+00 0.000oil+oo
0.000oe+oo 0.000oe+oo
0.00000+00 0.00000+00
0.000om+oo 0.00000+00
O.0000*+00 0.00000+00

0:0000+00
0.0000+00
0.000=+00
0.000w+oo
0.000-+00

0.0000+00
0.0009+00
O.000*+00
0.000-+00
0.0009+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.0000+00
0.000-+00

0000+00
0000+00
0000+00
Oooa+oo
0000+00

0000+00
0000+00
000e+OO
000-+00
0000+00
0000+00
000*+OV
0009+00
0000+00
0000+00
Oooa+oo

38.9100 -15.90s0
38.9100 -15.9050
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

57.2690 2.1B51o-O9
57.2690 2.1S51O-O9
0.0000 0.00000+00

2.1051.-09 0.0000a+OO
2.1051,-09 0.00000+00
0.00000+00 0.00009+00

o.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

99.2oo
99.200
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

CE!?ES
.COMPONENT1.4
SENSOR
:cOVER1
.COVER2
.conPoNENT24

u!
o

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.
0.

::
0.
0.

::
0.

Ooooe+oo
0000*+00
0000*+00
00000+00
00000+00
Ooooe+oo
Ooooe+oo
00000+00

o.
0.

::
0.

::
0.
0.

0000-+00 o-
Ooooe+oo o
0000-+00 o
0000*+00 o
00009+00 o
00009+00 o
0000*+00 o
00000+00 o
00009+00 o

0000*+00
Ooooe+oo
00000+00
0000*+00
Ooooe+oo
0000*+00
00000+00
00000+00

.BASE

.THERMAL_TRGT

.THERMAL_TRGT

.THERMAL_TRGT

.TNCRMAL_TRGT

.THER14AL_TRGT

0.0000 0.0000
0,0000 0.0000
0.0000 0.0000
0.0000 0.0000

0.000
0.0000000e+OO 0000*+00

7040a+04

0.0000+00 0000+00

. . . . . A,. 2.206-+01 -6.906-+00cERES SEC 6TR 25.7550 1.S690 40.6610 4. t3936m+04 3. 6@660+04 7 100.000-..*>,.- ““ -

33.5740
40.5270
30.9800
22.9000
0.0000
0.0000

40.3270
40.5270
22.9oOO
40.5270
40.5270
40.5270
30. 9eeo
22.9000
22.9ooo
30.9e80
30.9eeo

3.
0.
0.
0.
0.
0.
0.

::
0.
0.
0.

::
0.
0.
0.

43ee.+04
00000+00
Oooco+oo
00000+00
Ooooe+oo
Oooce+oo
Ooooe+oo
Ooooe+oo
0000*+00
Ooooa+oo
00000+00
00009+00
00000+00
00000+00
0000*+00
0000-+00
Oooom+oo

2.
0.
0.

::
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

4291,+04
0000*+00
0000*+00
00000+00
0000-+00
0000*+00
00000+00
0000-+00
00000+00
00000+00
00000+00
Ooooa+oo
00000+00

5
0
0

:
0
0

.CERES TRUSS

..NORIZ STRUT 1.5X.1

..VERT STRUT 1.5X.11

..vERT FTG
SPACER PLATE

11s3wACER eLnTE
..ccRES NODE

HORIZ STRUT 1.5X.1
::VCRT rTG
..cERES NOOE
..CERES W03E
..CERIES N02E
..vERT STRUT
..vCRT ?TG
..vERT FTC
. .VERT eTRUT
..VERT STNUT

517S*+04
00000+00
00000+00
00000+00
00000.00
Ooooe+oo
00000+00
00000+00
00000+00
00000+00
ooooe*oo
0000*+00
0000*+00

-s.
o.
0.
0.
0.
0.
0.

::
0.
0.
0.

::
0.
0.
0.

614.+00
0000+00
0000+00
000=+00
0000+00
000-+00
0000+00
Ooon+oo
0000+00
oooo~oo
Oooa+oo
0000+00
0000+00
0000+00
Ooow+oo
Oooe.oo
000-+00

25.7640
S1.sooo
-0.0000
o.04es
0.0000
0.0000

51.5000
-0.0000
o.04es

S1.5000
-0.0000
o.04es

51.5000
sl.sdeo
51.54eo
51.5000
-0.0000

4.6147
19.6130
33.8250

-33.8250
0.0000
0.0000

34.eooo
19.6130
33.e250

-34.eooo
34.eooo

-34.eooo
33.e250
33.e250

-33.e250
-33.e250
-33.S2.90

1.091=+03 -3.467.+00
0.000e+oo 0.0000+00
0.0009+00 0.000m+oo
0.000=+00 0.000-+00
0.0009+00 0.000e+oo

34.000
4.000
2.s00
2.000
0.000
0.000
2.000
4.000
2.000
2.000
2.000
2.000
2.s00

12
2

12

r
0.0000+00
0.000e+OO
O.COO*+OO
0.000.+00
0.000-+00
0.000e+oo
0.0009+00
0.0000+00
0.0000+00
0.000-+00

0.000e+oo
0.000e+oo
0.000m+oo
0.0000+00
0.0000+00
0.000e+oo
0.0000+00
0.000e+oo

:.
0.
0.
0.

::
0.
0.
0.

1.5X.112

1.5X.112
1.5x.112

00009+00
0000*+OC
Ooooe+oo
0000-+00

Oooom+oo
00000+00
0000-+00
Ooooe+oo

0.0009+00
0.000m+oo
0.0000+00
0.0009+00
O.000*+00
0.000m+OO
0.0000+00
0.000-+00
O.000*+00
0.0009+00
0.000!3+00
O.000*+00
0.000-+00

2.000
2.000
2.s00
2.s00

0.0000+00
0.0000+00

3.7949-oe
0.0000+00
0.000m+oo
0.000e+oo
0.0000+00
0.000-+00
0.0000+00
0.0000+00
0.00043+00

25.7500 -0.0000 44.3220 1.147e9+04 9.9t32ee+03 2.13e7e+04 0.000e+oo
44.7270 o.ooOOO+OO 0.0000-+00 0.0000-400 0.000e+oo
42.9440 1.14419+04 9.9459e+03 2.13a7-+04 -2.371e-14
42.9440 O.00000+00 0.0000e+CO 0.0000e+OO O.000*+00
42.9440 0.0000e+oo 0.0000e+C3 0.0000e+oo 0.000=+00
.42.9440 0.00000+00 0.00000+00 0.000oe+oo
42.9440 0.0000m+oo o.000oe+oo 0.0000-+00

0.0009+00
3.000*+00

42.9440 0.0000e+oo 0.0000a+OO 0.0000.+00 0.000.=+00
42.9440 O.OCOOe.+00 0.oOOOa+3n o.0000e+OO 0.000a+oo

66.000
51.000
1s.000
2.s00
2.s00
2.s00
2.s00
2.5oo
2.s00

.IMP w/KM

..cERES PLATE

..KM AS~Y

.. .3=AXXS KM VOL

.. ,2-AxXS KM VOL

.. .1-AXIS KM VOL

., .1-AXIS KM VOL

...1-AXIS KM VOL

...1-AXIS KM VOL

25:
25.

5::

s::

5::

7500
7500
0000
5000
0000 -
5000 -
0000
5000

-0.ooco
-0.0000
-0.0000
-0.0000
.33.a250
.33,E250
33.e250
33.E250

TOP
TOP
TOP
TOP
TOP
TOP

UT
MT
UT
MT
t4T
t-m



PDR BASELINE
CONFIGURATION - STOWED

..CG, in System Axes (in).. .........Inertias. local @ CG, in System Axes (lb-inA2) . . . . . . . . . . (lb)

Name x Y z Ixx Iyy Izz Ixy Iyz Ixz Mass
--------------------------------------------------------------------------------------------------------------------------------.

,,MISR,!

42.0170 6.6293e+04 9.0790-+04
0.0000 0.0000e+OO 0.0000eJ+oo
0.0000 0.00(70-+00 0.0000.+00

42.01?0 6.6293=+04 9.S790-+04

8.4267e+34
0.000oe+oo
0.00000+00
a.4267e+04

6.5763e+03
4.0644-+00
4.0644e+O0
4.0644.+00
4.0644-+00

-3.417s+02 -9.226e+02
0.000e+oo 0.000e+oo
0.0000+00 0.0000+00

-3.417e+02 -9.226-+02

9.568.+02
0.0009+00
0.000=+00
9.56ae+02

O.000*+00
0.0006400
O.000*+00
0.000.+00
0.0000+00

MISR
.UISR.B034
.MISR.000R
.MISR-MP

122.II1OO -20.5520
0.0000 0.0000
0.0000 0.0000

122.8100 -20.5520

297.620
0.000
0.000

297.620

I;.gg;

2:5oO
2.500
2.500

0.000e+oo
0.0000+00
0.000-+00
0.0000+00
0.000e+oo

0.000e+oo
0.0000+00
0.000e+oo
0.000a+oo
0.000e+oo

MIsR KU
.RM VOL

127.0000 -19.6150
107.5000 -36.221O
146.5000 -36.2210
107.5000 -3.009s
146.5000 -3.0095

22.6750 2.7701a+03 3.tl150e+03
22.6750 3.120Ba+O0 3.1208=+00
22.6750 3.120Ba+O0 3.12080+00
22.6750 3.120aa+O0 3.12080+00
22.6750 3.1208-+00 3.1208.+00

.W4 VOL

.Ku VOL

.UM vol.

“’Instrument Radiator””

131.3600 37.8500
179.s000 37.e500
127.0000 37.8500
79.5000 37.0500

-1.7164 2.02t94~+04 2.7932.+05
-6.6650 3.50700+03 2.1179.+04
0.0000 7.23860+03 1.3266e+04
2.1500 7.5096e+03 1.a351e+04

2.5907-+05
1.7604m+04
6.0395e+03
1.07720+04

0.0000-+00

0.0006700
0.0000+00
0.000e+oo
0.000-+00

0.0006+00

0.0000+00
0.0000+00
0.000e+oo
1.41ae-11

0.000e+oo

-2.022.+04
0.000-+00
0.0000+00
0.000e+oo

0.0000+00

137.s00
4s.700
47.600
41.200

14.000

RAOIRTORS
TIR RADIATOR

:SWIR RAOIATOR
.MOPITT PAOIATOR

P.ADXJITOR MTS 128.7900 37.e500 -1.61OO 0.0003e*O0 0.0000e+OO

“Instrument BDU. s.’

TDB’ s).

HC!ZO❑ ,o

~c, ,,,

73.7950 -29.2750
164.S100 26.3650
216.0603 -2S. 3560

27.E~50 2.5e49*+02 2.9367.+02
22.6400 2.5649,+02 2.93679+02

-27.8750 2.S0498+02 2.9367a+02

2.4047e+02
2.4047w+02
2.40478+02

0.0009+00
0.0000+00
0.0000+00

0.0009+00
0.000m+oo
0.000e+OO

0.0000+00
0.0009+00
O.0000*00

17.EOO
17.aoo
17.800

Ett3u
BDU
Bl)u

,,Instrument

60.6440 -2~.7BO0
60.9960 -6.S297

135.3400 25.7380
141.6400 25.7390

24.2500 1.0342.+01 3.5417e+o0
24.2500 3.5417-+00 1.0342.s+01
26.2750 1.0342e+Ol 3.5417e+O0
26.2750 1.0342-+01 3.5417-+00

1.13330+01
1.13330+01
1.1333-+01
1.1333-+01

0.0000+00
0.0000+00
0.0000+00
0.0000+00

0.00043+00
0.000-+00
0.0000+00
0.0000+00

FOR
FDB
FOB
FDB

,Qlnntrument

HCE TYPE 2
HCE TYPE 2
HCE TYPE 2

63.2000 -21.0850 26.1500 o.0000e+OO 0.0000a+OO 0.0000.+00
138.9000

0.000e+OO 0.000m+oo 0.000m+oo 0.600
16.~550 26.1750 o.ooOO-+00 0.0000-+00 0.00008+00 0.0000+00 0.0000+00

216.3400 -14.4610 -26.1500 o.000o~+oo o.000o*+oo o.000oa+oo 0.000e.oo
O.000*+00 0.600

0.000e+oo 0.0000+00 0.600

,,Insttrummnt

48.2430 o.0000e+OO 0.0060e+O0
24.S470 0.0000e+OO 0.0000e+OO
24.5470 0.0000e+oo 0.0000a+OC

-24.5470 0.0000a+OO 1.7621e-10
25.2S00 o.0000e+OO 0.0000a+OO

0.00300+00
O.0000*+00
0.0000e+OO
1.7621--10
0.000om+oo

0.000m+oo
0.000a+oo
0.000-+00
0.000a+oo
0.0000+00

0.000e+oo
o .Ooom+oo
O.000*+00
0.000-+00
0.000e+oo

0.000e+oo
0.000-+00
0.0000+00
0.0000+00
0.000e+oo

0.s00
0.500
0.500
0.500
0.500

IC-CP.RES
xc S’TO
IC STO
lC STD
XC-ASTER

(including klnamatic mount~)q.

22.2500 9.3614.-11 9.3614.-11
-22.2500 o.0000e+03 0.000oe+OO

0.0000.+00
0.000r.e.?o

O.oofle+oo
n.nooe.oo

0.000.+00
0.000e+oo

0.0000.00
0.000e.00

17.000
14.000

BAY 2 BOO PANEL 14.B500 -19.0500
BAY 6 BOU PANEL 220.2700 -21.3670



PDR BASELINE g~
CONFIGURATION = STOWED

~~

.-----------__---------.-:::::-::.;:::::_::::-::::::-::::::::::::::::::-----------:-----------_-___---_-_---::::::::::---::;---

local @ CG in System Axes (lb-inA2) ~g

Name x Y z Ixx Iyy Izz Ixy Iyz Ixz MaS.e ~g

‘-Torqua Rod Panel,”

TORQUE ROD PANEL SY9
.TOROUE ROG PANEL

26.9190 -73.7500 19.5650 0.00000+00
26.9190 -73.7500 19.5650 0.0000e+OO

0.000oe+oo
0.00000+00

0.0000Q.00
0.000og+oo

0.000.+00
0.000e+oo

0.0000+00
0.0000+00

0.000-.00
0.0000+00

25.000
25.000

,.clomm-out P#l”wlm-

CP nAY1/TRIRNG SYS
.CP TRIKNG *Y
.CP TRIANG +Y
.CP TRIANG -Y
.CP TRIANG -Y
.CP 13AYl -Y’

25.7s00 0.3000
-2.0200 ,22.0010
S3.5200 22.0010
-2.0200 -22.0010
S3.S200 -22..0010
0.0000 0.0000

33.4550 1.e63Ee+04
33.4550 7.3E1359+02
33.4550 7.3985*+02
33.4550 7.3885.+02
33.4550 7.3B05m+02
0.0000 0.00009+00

2.5766e+04
1.9492e+02
1.9492.+02
1.9492-+02
1.9492-+02
0.0000-+00

4.2E50e+04
5.4539e*02
5.4539e+02
5.4539.+02
5.4539.+02
0.000om+oo

0.0000+00
0.0000+00
0.000-+00
0.0000+00
0.0000+00
0.0000+00

0.000-+00
0.000a+oo
0.0000+00
0.0000.00
0.0000+00
0.000a+oo

32.400
8.100
0.100
9.100
a.loo
0.000

c? BAY3 -Y SYSI’EX4
.cP BAY3 -Y

127.0000 -37.1250
127.0000 -37.1250

-6.4S00 1.2720*+03
-6.4S00 1.2720s+03

3.0732.+03
3.0732-+03

1.8037*+03
1.S037.+03

0.000m+oo
0.000-+00

0.0000+00
0.0000+00

0.000m+oo
0.000--00

15.000
15.000

9.s00
9.s00

9.500
9.s00

10.500
10.5.00

15.000
15.000

1s9.7s00 -37.1250
1S9.7S00 -37.1250

-6.4S00 8.3740e+02
-6.4S00 s.3740~+02

1.7544e+03
1.7544e+03

9.18569+02
9.l13S6e+02

0.0009+00
0.0009+00

CP ~AY4 -Y SYSTEM
.CP S.AY4 -Y

CP t3AY5 -Y SYSTEM
.CP BAY5 -Y

0.0000+00
0.000.+00

O.000*+00
0.0000+00

-6.4S00 e.3426e+02
-6.4S00 8.3426e+02

1.7205.+03
1.7205e+03

190.0000 -37.12S0
190.0000 -37.1250

S.0704e+02
fJ.137134a+02

0.000-+00
0.0000+00

0.0000+00
O.000*+00

O.000.*00
0.000m+oo

CP 13AY4 -2 SYSTEM
.CP EiAY4 -Z

CP BAYS -Z SYSTEM
.CP SJAY5 -2

161.9400 -17.6630 -22.2500 1.4126=+03
161.9400 -17.6630 -22.2500 1.4126e+03

193.6200 -17.6650 -21.0250 2.1796.+03
193.6200 -17.6650 -21.0250 2.1796e+03

7.9962a+02
7.99620+02

2.210S-+03 0.000m+oo 0.0000+00 0.0000+00
2.210s-+03 0.000a+oo 0.000-+00 0.0000+00

2.3353-*O3 4.S1240+03 -2.s35.-01 0.0000+00
2.3353e+03 4.5124e+03 -2.53S9-01 0.0000+00

0.0000+00
0.0000+00

“PrOpuleion Modul.mn

PROP t400VLlS 6_2

.PM STRUCTORC ASSY

..BASE PAUEL ASSY

...13ASE PANEL

.. .z-cORNER FTG

...LN Y-cORNER FTG
.RH Y-cORNER ?tG

:: .2-CORNER FTG
.. .LN Y-CORNER FTG
...RH Y-coRNER FTC
...t4AGE FITTING
.. .t4AGE FITTING
...t4AGC FITTING

17.1919 –0.2591 0.4472 2.5927.+05

5.3099 0.0071 0.0120 6.4573e+04

2.3443-+0S 2.3600.+05 2.439e+03

-4.149Q+oo

-9.427.+02 -5.236-+03

?.644.-01 -7.572e+o0

1101.414

4.2S77.s+04 3.sa99m+04 109.590

0.
0,
0.
0.

5613
0000
1160
1150
1150
1160
11s0
1150
3790
3790
3-f90

0.0102
0.0170
0.0000

-27.7040
-27.7o4O

0.0000
27.7o4O
27.7040
0.0000

19.6520
-18.6520

-::
31.
15.

-15.
-31.
-1s.

:?:

0172
0040
7610
5250
S250
7610
S2S0
5250
1250
9176
9176

4.46468+04
2.347Ee+04
9.74400+03
9.7500e+oo
9.7500W+O0
9.74400+00
9.7s000+00
9.75000+00
2.2240e+o0
2.2240,+00
2.22400+00

2.4442e+04
1.163S.+04
S.0920e+O0
7.00000+00
7.000oe+oo
5.09206+00
7.00000+00
7.00000+00
1.47200*00
1.4720-+00
1.4720w*O0

2.0S709+04
1.la74m+04
7.6430a+o0
5.7440e+oo
S.74409*00
7.6430e+o0
5 7A40.+OIJ

-4.

::
7.
7.
0.

-7.
-7.
0.
0.
0.

3E60-01
000-+00
():::::;

9100-01
0000+00
9000-01
9100-01
000-+00
0000+00
Oooe+oo

7.
7.
0.

-; :
0+

-::

-::
2.

654a-01
020e-01
0006+00
Oelm+oo
0s10+00
000s.+00
Oela+oo
0919+00
Oooe+oo
9710-09
9719-09

-1.310-+00
0.0000+00

-9.0600-01
-4.330--01
4.330--01
9.060.-01
4.3300-01

-4.3300-01
0.0000+00
0.0000+00
0.000e+OO

76.460
45.965
2.5oo
2.5oo
2.500
2.s00
2.s00
2.s00
1.165
1.16S
1.165

r
o.
0.
0.

-::
-0.
-0.

-...
5.7440*+00
1.4720eJ+O0
1.4720-+00
1.4720e+o0

-9.
-9.

3.5425 0.0000 C.000o 4.413ea+03
3.0000 0.0000 0.0000 1.6400*+03
5.2s00 0.0000 0.0000 6.~3141_+02
S..5360 0.0000 0
2.5520 0.0000 20
2.s520 0.0000 -20

4.4343-+03
1.0457e+03
6.7130e+02
1.9666=+02
2.8940-+00
2.B940e+O0

4.S442.+01
2.S337.+01
1.9110e+oo
S.4500C-01
3.2140e+o0
3.2740.+00

0.000e+oo 0.000e+OO 0.000a+oo
0.000e+oo 0.0000+00
0.00063+00

0.000a+oo
0.0000+00 0.000.3+00

0.000e+oo 0.000e+oo 0.0009+00
0.000e+oo 0.000e+oo -6.240e-01
0.000e+oo 0.000.+00 6.240cI-01

12.000
6.760
2.400
0.726
1.017
1.017

.. .SP STIFFENER

....80% BERM

... .VEM LAYER

. . .cONSTRAIUING LAYER

... .BP sTIFFENER FTC

....BP STIFFENER FTC

0000 1.9722e+02
9160 1.3200-+00
9160 1.3200a+o0

0000 1.9927.+04

8.340 3.3276e+02
4410 7.07840-01
6170 7.07a4e-ol

16.26E0 -0.0000 0

12.7900 12.2o7O 20
3.6974 2.3564 29

21.0830 9.0961 19

1.24320+04 1.261Ele+04 -4.456e-05 ‘4.977e-03 -5.092.-05

-3.5770+01 -1.278.+02 -6.026-+01
2.9711?-nl -1.610=-01 -4.246e-01
2.971P-01 -1.6100-01 -4.246e-01

33.134

3.S467e*02
1.40536+00
1.4053e+oo

4.9826P+oz
1.2elec+clo
1.2B7Ee+Oo

3.944
0.650
0.650

. , .YZ mlwm-assy

.. . .EflD FITTING

. . . . ENO FITTING



PDR BASELINE
CONFIGUWITICN = STOWED

_------_----.----__------:::::-::.::::::-::::-::::::_::::::::::::::::::-----------:--------_---__------_-:--::::::::::---:::---

local @ CG in System Axes (lb-in 2)

Name x Y z Ixx Iyy Izz Ixy Iyz Ixz Mass

24.6293 8.0609-+00
16.4553 7.07B4*-OL
17.0380 a.e609-+oo
17.6210 7.0794--01

2.6s213e+ol
1.1706-+00
2.0B>7m&ol
1.1706-+00

. . . . +/-Y +/–Z TUBE

... .END FITTING
+/-Y +/-2 TUBE

: :Et.30FITTING..

12.7900
3.6974

12.7900
21.E830

5.7260
24.5340
le.6R90
~2.e430

24.2?90
26.0200
21.7300
24.2790
26.a200
24.2790
21.7390

12.2090
24.5330
:2.e430
~a.6aao
2.364e
5.7303
9.0962

2.3601C+01
1.5146e+O0
2.9250-+01
1.S1469+00

7.5n9e+oo
-5.157m-ol
-1.316,+01
-5.157e-ol

-4.016w+O0
-3.400e-02
-a.427_-ol
-3.400--02

-I .oa3a+ol
5.165--02
1.3100+00
5.165e-02

O. 672
0.650
0.672
0.650

12.7900
3.7090

21.8710
12.7900
3.7090

12.7900
21.e710

0.0000 3.11220+02
12.3790 6.970em-01
2.0994 6.970ao-01
7.2390 a.3990e+O0

-12.379o 6.970am-01
-7.2390 0.3990e+O0
-2.0994 6.970aa-01

5.<9250.02
1.452a-+oo
1.452a9+oo
2.7092e+ol
1.452Be+C0
2.7092e+Ol
1.45200+00

2.ao57*+02
1.2s119+00
1.251i0+O0
2.2183=+01
1.251:0+00
2.21a3_+ol
1.2511e+oo

-?.226e+ol
-2.275e-ol
-2.275e-01
-5.675a+o0
-2.275=-01
-5.676**00
-2.2750-01

-2.a640-04
1.3190-01
1.3199-OX
3.212e+O0

-1.3190-oa
-3.2120+00
-1.3190-01

-2.S460-G4
-4.6018-01
-4.601o-o1
–1.14em+01
4.601.-01
1.14e0+ol
4.601--01

. . .

. . .

. . .

. . .

. . .

. . .

. . .

Y BIPoD ASSY
.~ND FI~TING
.ENo FITTING
+/-Y TUO.S
:END FITTINO
.+/-Y TUBE
.2.t4DFITTINC

3.934
0.650
0.650
0.667
0.6S0
0.667
0.650

. . . YZ BIPOD &SSY

... .l!~D FIT~lNG

.. ..CNO FITTING

. . . . +/-Y +/-2 runE

. ..CND rlTTING

.. ..~/-Y ●I-Z TUBQ.

.. ..END FITTINC

12.7900
3.6974

21.m830
12.7900
3.6974

12.7900
21.aa30

-20.a320 3.3276e+02
-16.4450 1.07a4e-01
-17.6210 7.07040-01
-17.0330 a.a6090+oo
-29.4460 7.07a40-01
-24.6320 a.a6090~O0
-19.a17c 7.07a40-ol

3.55948+02
1.17E6e+o0
1.1796.+00
2.oa740+ol
1 .4053m+oo
2.6539e+ol
1.4053**00

4.9e09a+02
1.51460+00
1.S1460+O0
2.924a0+ol
1 .2e713_+O0
2.3S92m+Ol
1.2a7ae+oo

-3.533=+01
-5.1571S-01
-5.1570-01
-1.316e+oI
2.971.-01
7.5750+OC
2.971o-oI

1.279-+02
3.401e-02
3.401--02
a.szs--ol
1.610--01
4.0130+00
1 .610--01

6.022a+Ol
-5.166a-02
–S.167--02
-1.326.+00
4.246.-01
1.0840+01
4.246e-01

3.944
0.650
0.650
0.672
0.650
0.672
0.650

1$;;;;:

21:ne30
12.7900
3.6974

12.7900
21.aa30

-12.2070
-2.3564
-9.0961
-5.7260

-24.5340
-le.6090
-i2.a430

-20.S340 3.3276-*O2
-29.4410 7.07f14m-01
-19.a~70 7.07m4_-ol
-24.6290 a.a609*+O0
-16.455o 7.07a4.-Ol
-17.03eo a.a609_+oo
-17.6210 7.07@40-01

3.s4a7-+02
3.40539-00
1.4053-+00
2.6320-+01
1.17a6*+oo
2.oa720+ol
1.17e60+oo

4.9826-+02
1.2a7e0+oo
i.2a7a0+oo
2.3601o+o1
1.5146.+00
2.92500+01
1.51460+00

3.527.*oI
-2.971e-01
-2.971--01
-:.;;;:+:;

l:316m+Ol
5.157=-01

-1.278-+02
-1.alo.-ol
-1.610--01
-4.0160+00
-3.400.-02
-E.4270-01
-3.400--02

6.026w+OI
4.246e-01
4.246--01
1.oa30+ol

-5.165e-02
-1.3109+00
-5.165.-02

3.944
0.650
0.650
0.672
0.650
0.672
0.650

. .Yz_F3rPoo nssv

.. .ENO FIT~ING
....IcN13TITTXNG
. +/-Y +/-2 TUnE
... .ENO FITTING
... .+/-Y +/-2 TUBE
... .END FITTING

et
w

, . .Y 81PO0 assY
....~N13 FI~TING
. ..END FITTING
....+/-Y TuBE
.. ..END FITTINC
. ..+/-r TNBE
....END FITTING

-0.0000 3.1122.+02
-12.3790 6.970e=-01
-2.0994 6.970ee-01
-7.2390 e.3990_+O0
12.3790 6.970ae-01
7.2390 a.3990*+00
2.0994 6.970ao-01

2.aos70+02
1 .2511o+OO
1.25110+00
2.2103Q+O1
1.25110+00
2.21S3-+01
1.25.110+00

7.226s+01
2.27s--01
2.275--01
5.675e.*OC
2.275--01
5.676e+OC
2.275.s-01

-2.0640–04
1.3190-01
1.3190-01
3.212.+00

-1.3190-01
-3.212-+00
-1.319-–01

2.546--04
4.601o-O1
4.601e-01
1.14e0+ol

-4.601m-01
-x.14a0+ol
-4.601o-O1

3.934
0.650
0.650
0.667
0.650
0.667
0.650

r20.a32c
16.445C
17.6210
17.033C
29.446C
24.6320
19.0170

O.oocc

3.3276-+02
7.07840-01
7.07840-01
a.e6090*oo
7.07e4--ol
e.a609.+oo
7.07e4_-ol

4.1370.+03

3.5504.+02
1.17a6e+O0
1.1786-+00
2.oa74-+ol
1.40530+00
2.6530=+01
1.40!53e-oo

2.0683.+03

4.9a09*+02
1.5146.+00
1.S1460+O0
2.924a-+ol
1.2a7a9+oo
2.3592e+Ol
1.2a7e0+oo

2.0762e+03

3.5330+01
5.157s-01
5.157--01
1.316.+01

-2.971.-01
-7.5750+00
-2.971o-O1

0.0009+00

1.2790+02
3.401o-O2
3.401--02
a.525e-ol
1.610--01
4.013.+00
1.61f7e-01

O.000*+00

-6.022.+01
5.146m-02
5.167--02
1.326e+O0

-4.246e-01
-1.oa40+ol
-4.246e-01

0.0000+00

3.944
0.650
0.650
0.672
0.650
0.672
0.6S0

9.490

.

..<

. .

. . .

. . .

. . .

. . .

. .TANN SUPPORT RIvG 24.9330 0.0000

-0.
0.

4093
0000

2.4e60e.04
1,3075..04

2.3573e+04
1.0601-+04

1.2aaiO+03
6.1776e+O0
6.1753n+C0
6.1776.+CO
6.1753e+O0
1.50000-01
1.SOOO*-01
6.50C,Em-31
6.500Be-01
6.500S9-01

3.2213-+04
1 .0602”+04

6.8896-+03
6.la?9e+oo
6.lr352e+O0
6.1829-+00
6.la52e+oo
2.2300e-00
2.2300*-00
1.72+9.+00
1.7299-+00
1.7299e+00

1.129e+02
0.0000+00

3.loe9+ol
-3.0570-01
-3.2490-01
3.05a0-ol
3.249--01
0.000=+00
o.000e*oo
O.ocloe+oo
0.0008+00
0.000-+00

-9.331o+o2
0.000-+00

-6. 326-+02
--1.414e-03
-6.l12m-03
-7.414.-03
-6.I1OO-O3
2.300--02
2.3000-02
E.E92m-01
e.a92*-ol

-a.a92e-01

1.1330+03
0.000e+OO

97.010
76.000

12.a40
1.410
1.410
L.410
1.410
0.600
0.600
0.600
0.600
0.600

.PROPULSION ASSY
.PROP TANK ITOR

. .ROCKET ENQINES

. .SLS ENGINE

. ..5LB ENGINE

. ..5LB ENGINE

...5LB ENGINE
.lLB ENGINE

::.1L13 ENGINE
...lLS ENGINE
...13-B ENGINE
.. .lLB ENGINE

6_2
;)

6_2

ia.e270 -0.2117
24.3950 0.0000

-4.3ae8 -l.664I3
-5.f1427 11.4S90
-5.0427 9.9026
-5.a427 -19.0390
-5.6427 -17.4a30
-2.2500 -27.5070
-4.25oO -27.Sa70
-2.25oo -27.97a0
-4.2500 -27.97a0
-2.25oo 27.97ao

0937
6000
2720
6204
2923
65oO
6500
9110
9710
9710

8.07350-03
9.7653.m-oI
9.7653--01
9.7653.-01
9. 7653e-01
2.2400.+00
2.2400-+00
2.240Ca+00
2. 2400-+00
2.2400.+00

3.s04-+01
2.005.-01
1.67Ee-01

-2.004e-01
-1.6779-01
0.0000+00
0.000.3+00
0.0000+00
0.000.+00
0.000.+00

-4.
-13.
-16.

0.
3.

-6.
-6.
11.
11.
11.

.



PDR BASELINE
CONFIGURATION = STOWED

..CG, in system Axes (in).. .........Inertias,

Name x Y z xxx Iyy
------------------------------------------------------------------------

local @ cG, in System Axes (lb-inAZ) .......... (lb) .*

Izz Ixy Iyz Ixz Mass %6
Wg--------------------------------------------------------

lLB ENGINE
:::lLB ENGINE

-4.2S00 27.9780
-2.2!500 27.5070

11.9710 2.24(lac+Of7
-6.65oo 2.24170e+o0

S,sooae-r)l
I.sollnn-ol

-8.B92e-01
-2.300a-02

0.0000+00
0.000.3+00

1 .72990+00
2.2300e+oo

0.000e+OO
0.000-+00

0.600
0.600

.lLB ENGINE
:: .1L13 ENGINE

lLD ENGINE
:::lLB ENGINE
. . . lLD ENGINE

2.2300.+00
1.7299.+00
1.7299e+O0
1.72990+00
1.7299m+oo

0.000e+OO
0.000m+oo
0.0000+00
0.000e+oo
0.000e400

-2.300e-02
B.092e-01
8.B92a-01

-e.e92a-ol
-8.892e-01

0.0000+00
0.0009+00
0.0000+00
0.0000+00
0.0009+00

0.600
0.600
0.600
0.600
0.600

.PROP CMPNTS 6_2
.FILTZR ASSY

:1.FILTER Assy
.I.ATcN VALVE

::.LATcH VALVE
LP SERVICE VALVE

:::LP SERVICE VALVE
PRESSURE TIUNSDUCER

:::sERvIcE VALVE BRKT

2.
4.

-4.

-::
6.

::
5.

4~60
6250
3750
e5eo
4090
4SIS2
49S2
0000
51S2

::
!3.
7.
7.

::
6.
7.

4497e.03
2000*-01
2300--01
67t30e-01
6700--01
05009-01
05009-01
9400--01

3.44040+03
6.6000.-02
6.6000.-02

-3.s17e+02
6.000a-03
6.000a-03

4,775e+Ol
0.000.+00
0.0000+00

S.170
0.400
0.400
0.740
0.740
0.270
0.270
0.600
1.7s0

7.laooe-ol
7.lEOOO-01
n.s250e-02
0.6250e-02
6.9400=-01

9.932e-09 5.0000-02
9.932e-09 -5.000--02

-3.0749-02 0.0000+00
-3.074a-02 0.0000+00
0.000e+oo 0.0009+00

4S60e+O0 3.7742-+01 -1.14@e+O0 3.646,-01

0.0000+00

6.630fI-01

0.000=+00..MANIFOLO TOB~NG 0.0000 0.0000 0.0000 0.00CC*+OO 0.00000+00 0.00000+00 0.0000+00 3.000

S.2166
1s.6550
19.7E1O
-2.0000
-2.0000

2.
1.
1.

::

::
1.
2.
1.
1.
7.

::
7.
0.
0.
0.

06133e+04
896.S.+02
8965-+02
704ee+ol
70409+01
70480+01
704s0+01
13330+01
5094-+02
13330+01
13330+01
SOOO*+OO

1.
1.

;:
s.
e.
9.
s.

;:
1.

14939+04
60999+02
8099.+02
5420.+00
S4200+Oa
S420e+O0
0763-+00
6420.+00
S951.+02
24200+00
0342.+01
S240.+00
S2409+00
S240.+00
S240.+00
15110-1s
00000+00

1.1067sJ+O4
1.7.S370+02
1.7s370+02
9.2570.+00
9.2S70.+00
9.25709+00
e.720e~+oo
5.2420.+00
2.7221*+02
B.6420*+00
3.S420e+O0
4.S240.+00
4.5240.+00
4.S240.+00
4.S240.+00
2.1s110-1s
0.00000+00

-1.207-+03
0.0009+00
s.5730-07
0.0000+00
0.0000+00

2.036.+03
-2.263.+00
2.263e+O0
0.000a+oo
C.000*+00

.ELEC BOXES 6_2
?MEA

::P14EA
..EPC
..EPC
..13Pc

EPC
::FOF4 1120v1

S4.620
14.260
14.2s0
2.000
2.000
2.000
2.000
1.700

17.noo
1.700
1.700

-2.0000
11.5460
26.s490
2.2000

-25.2100
S.7650

-1.667e-OS
3.096--01
2.945a+oo

-1.96Ee-06
2.945Q+o0

-1.5S5*-07
0.0009+00
0.0009+00
0.000a+oo
O.000*+00
0.000e+oo
0.0000+00
0.0000+00

..BDU

..FDB (2ev)

..FDB (28v)

..HCE (TYPE 4)

..HCC (TYPE 4\

..HCE (TYPE 4)
HCC (TYPE 4)

::S/C HARNEsS B17KT
.THERMAL COMP NASS
.PoWCI? HARNESS -SS

-14.0000
-16.7620
-16.7620
-14.0000
24.1170

4.
4.
4.

;:
o.

0.0000+00
0.0000+00
0.0000+00
0.000m+oo
0.000e+oo
0.0000+00
0.0000+00

-1.243e-08
0.0000+00

-2.059=-01
-2.0S9.-01
0.000e+oo
2.059e-01
2.0590-01

0.0000+00
0.000m+oo
0.0000+00
0.000e+OO
0.0009+00
O.000*+00

1.300
1.300
1.300
1.300
0.000

13.s90
17.800

eoooe+oo
eoooo+oo
SOOO*+OO
00000+00
00000+00
0000-+00

r0.0000
0.0000 0.000oe+oo 0.000oe+oo 0.0009+00

s
4
4

:
4
4

e

-0.0000 1.7523.+04
34.1460 5.55100+00
16.6900 S.SSIOe+OO

-16.6890 5.55100+00
-34.1460 5.5S10e+O0
-16.6900 5.55100+00
16.6S90 S.351OO+OO

644Se+03
92700+00
S996e+O0
139960+00
9270e+O0
8996*+00
8996e+O0

9.9036e+03
4.09109+00
4.91s4e+oo
4.91s49+00
4.891OG+OO
4.91s4-+00
4.9184e+o0

6.457e-02
0.000e+oo
1.535a-02

-1.S35e-02
O.000*+00
1.535a-02

-1.535s-02

0.000e+oo

0.000.+00
0.000e+oo

0.0009+OCI
-2.360.-01
-1.1530-01
1.1530-01
2.360e-01
1.153e-ol

-1.1s3=-01

0.000a+oo

0.0000+00
0.000e+OO

1s.000
2.s00
2.s00
2.500
2, 500
2.500
2.500

.PR1MAR% STRUCT I/F

..INTERFACE FTG
INTERFACE rTG

::INTER?AcE FTG
..INTERFACE FTG

INTERFACE FTG
. INTERFACE FTc..

0.0000 1.264Se+OS 0.5501e+04.FUEL (LAUNCH)

.COUPONENT BRKT MASS

.c’so14IIARNESS MASS

21.3210 0.0000 55010+04 0.0004!+00 760.000

2.0000 0.0000
0.(7000 0.0000

0.0000 0.00000+00
0.0000 0.0000e+OO

0.00009+00
0.0000e+OO

3.593@e+06

0.00000+00
0.0000e+OO

0.0009+00
0.0000+00

e.600
15.200

,.con~l”gencv (12+) “

coNTINGENCY 12% -15.3020 1.Q539e+06 3.5C79e+06 -3.521e+04 142.14090.B700 3.7150 -:.5:oe+04 1.754e+04
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PDR BASELINE
CONFIGURATION - DEPLOYED SOLAR ARRAY

..CG, in System Axes (In).. . . . . . . . ..In=rtias. local @ CG,

Name x Y z lxx Iyy Izz
..__-.-_ ------------- --------------- ----------------------- --------------------- -----
GAL ARS kRRAY
.cAU10 55
.SSUO 30 6
.BASE204-2 16
,COVER207 7 16
,DEV WAST- –
.f?LG~LARs192_471

.CSS4D-N

..DIZTCSS

..DETcSS

..OETCSS

..OETCSS
,.POS 200EG IIAFFLE
..POS 200EG BAFFLE
..BKTCSS4-N
..FULL BAFFLE
..FULL 33hFFLE
..FULL BAFFLE
..FULL BAFFLE

.CSSqC)-N

. .OETCSS

..OETCSS

..OF.TCSS
OETCSS

::POS 200EG BAFFLE
..POS 200EG BAFFLE
..BKTCSS4-N
..FVLL BAFFLE
..FULL BAFFLE
..FULL BAFFLE
..FULL BAFFLE

.CSS4D-N

..OETCSS

. .OETCSS
DETCSS

..OETCSS

..POS 20DEG BAFFLE
.POS 200EG I+AFF1.F.

. .BKTCSS4-N
FULL BAFFLE

::FULL BAFFLE
.FULL I’4AFFLE

.:FUiL BAFFLE

.cSS40-N

..OETCSS

..oETcSS

. DETCSS

. .OETCSS

..POS 20DF.G RAFFLE

..POS 200EG BAFFLE

..BKTCSS4-N

..FuLL BAFFIE

.-FULL BAFFLE
-FULL BAFFLE

UJw
AND D17PLOYED HGA ON

-0
Eo

in sY9tem Axe= (lb-in-Z)..........
:~

(lb)

Ixy Iyz Ixz Mamm gg
---------------------------- -----------------

12E.0500-177.4500 -47.0650 8.0649c+06 8.0429e+05 8.7607e+06
0.0000

1.3950+04 -3.016e+05 -6.519e+02
0.0000 0.0000 tl.OoOOe+OO D.0000e+OO 0.0000e+OO

453.400
U.000e+co 0.0000+00 0.000e+OO 0.000

0.0000.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

31;3330 -99.2670
29.7050 -98.6950
30.6000 -98.6950
31.e950-loo.41900
31.0950 -99.9900
31.8950-100.2600
31.8950-101.1500
31.3630 -99.2270
31.8950-100.1100
31.9950-101.0000
30.4800 -90.6950
29.5850 -98.6950

0.0000 0.0000e+OO 0.0000e+OO OiOOOt)e+OO
0.0000 0.0000e+OO 0.0000e+OO 0.0000e+OO
0.0000 0.0000e+OO 0.0000e+OO 0.0000e+OO
0.0000 O.0000*+00 O.0000*+00 0.0000e+OO
0.0000 0.0000c+OO 0.0000e+OO 0.0000e+OO

-50.0000 6.1796e-01 6.1221e-01 7.9144e-01
-50.1600 9.9767e-04 @.2455e-04 9.9767.-04
-49.2850 9.9767e-04 8.24558-04 9.9767e-04
-50.1800 8.2455e-04 9.9767a-04 9.9767e-04
-49.2050 0.2455e-04 9.9767e-04 9.9767e-04
-49.2900 1.0735e-04 1.9S77e-04 1.5638e-04
-50.1850 1.0735e-04 1.9571e-04 1.5630e-04
-50.1280 5.3056e-01 5.3056e-01 6.68S6e-01
-49.1650 2.9476e-04 3.3681e-04 3.36@le-04
-50.0600 2.9476e-04 3.3681e-04 3.36Ele-04
-49.1650 3.3681e-04 2.9476e-04 3.36t31e-04
-50.0600 3.3681e-04 2.9476e-04 3.3681e-04

224.6700 -99.2670 -68.4520 6.1796e-01 6.1221e-01
226.2900 -9@.6950 -68.3600 9.9767e-04 E.2455e-04
225.4000 -9S.6950 -69.2550 9.9767e-04 8.2455e-04
224.1000-100.8900 -68.3600 9.2455e-04 9.9767e-04
224.1000 -99.9900 -69.2550 8.2455e-04 9.9767e-04
224.1000-100.2600 -69.2500 1.0735e-04 1.95770-04
224.1OOO-101.15CO -68.3550 1.0735e-04 1.9577e-04
224.6400 -99.2270 -68.4120 5.3056e-01 5.30S6e-01
224.1000-100.1100 -69.37S0 2.9476e-04 3.36@le-04
224.1000-101.0000 -68.4800 2.94769-04 3.3681e-04
225.5200 -90.6950 -69.3750 3.36111e-042.9476e-04
226.4100 -98.6950 -68.4800 3.3601e-04 2.9476e-04

31.3330 -98.2130 -6S.4520 6.1796e-01 6.1221e-01
29.7050 -98.7850 -60.3600 9.97670-04 0.2455e-04
30.6000 -914.7850-69.2SS0 9.9767e-04 8.24S5=-04
31.B950 -96.5950 -60.3600 0.2455e-04 9.9767--04
31.S950 -97.4900 -69.2550 9.2455e-04 9.9767e-04
31.8950 -97.2240 -69.2500 1.07350-04 1.95770-04
31.8950 -96.3290 -60.3550 1.073Se-04 1.9577e-04
31.3630 -98.2530 -68.4120 5.30S6e-01 S.3056e-01
31.8950 -97.3700 -69.3750 2.9476e-04 3.3601e-04
31.89s0 -96.4750 -6E.413002.9476e-04 3.3681e-04
30.4800 -98.7850 -69.3750 3.36@le-04 2.9476e-04
29.5850 -9E.7fIS0-68.4S00 3.3681e-04 2.9476e-04

224.67oO -98.2130 -50.08Bo 6.1796e-01 6.1221e-01
226.2900 -98.7850 -50.1800 9.9767e-04 8.24S5e-04
225.4000 -98.7959 -49.2950 9.976?e-04 0.24S5e-04
224.1000 -96.5959 -50.1800 8.245se-04 9.9767e-04
224.1OOO -97.490D -49.2050 8.245Se-04 9.9767e-04
224.1OOO -97.2240 -49.2900 1.0~35e-04 1.9S77e-04
224.1000 -96.3290 -50.1S50 1.0735e-04 1.9577e-04
224.6400 -98.2S30 -so.1290 5.3056e-01 5.3056e-01
i!!~.~~~~-97.3700 -49.1650 2.94?6e-04 3.3681e-04

-96.47S0 -50.0600 2.94m6e-04 3.36Ele-04
225:5200 -98.705o -49.1650 3.36@le-04 2.9476e-04

7.9144e-01
9.9761a-04
9:9767e-04
9.9767e-04
9.9767a-04
1.5638e-04
1.563!le-04
6.6t3E6e-01
3.3681o-O4
3.36@le-04
3.3601e-04
3.36)31o-O4

7.9144e-01
9.9767e-04
9.97678-04
9.9767e-04
9.9767e-04
1.S63@e-04
1.S638e-04
6.6886e-Oi
3.3681e-04
3.3681o-O4

0.000a+OO 0.000e+OO
0.000a+OO 0.0000+00
0.0000+00 O.000*+00
0.0009+00 0.000e+OO
0.000a+OO 0.000e+oo

-9.041a-02 6.OIOa-02
0.0000+00 0.0000+00
7.066e-11 -S.32tla-11
0.000e+oo 1.731e-04

-7.066e-11 1.7310-04
0.000a+OO -1.392e-05
0.000e+OO -1.392e-05

-S.124e-02 6.248e-02
0.000e+OO 4.205.-05
0.000e+oo 4.205e-05
0.000a+OO O.000*+00
0.0009+00 0.0009+00

0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO
0.000e+OO

6.165.-02
1.731e-04
1.731a-04
;.:;;:+:;

O:OOOe+OO
0.000a+OO
6.240a-02
O.000*+00
0.000e+OO
4.205a-OS
4.20Se-05

9.041a-D2 -6.OIOe-02
0.0009+00 O.000*+00

-7.066a-11 5.328e-11
0.000e+OO -1.7319-04
7.066e-11 -1.7310-04
0.000.+00 1.392e-05
g.fgj:+gg 1.392e-05

-6.248e-02
O:OOOa+OO -4.205a-OS
0.0000+00 -4.205e-05
0.000e+OO 0.000a+OO
0.000e+OO O.COOe+OO

9.O41O-O2 6.OIOa-02
0.000e+OO 0.000e+OO

-7.066e-11 -5.328a-n
0.000e+OO 1.7310-04
7.066e-11 1.731e-04
0.000e+OO -1 .392e-oS
0.000e+OO -1.392e-05
5.1240-02 6.24E0-02
0.000e+oo 4.20Se-05
0.000e+OO 4.20S--05

3.3681e-04 O:oooe+oo 0.000e+OO
3.3681e-04 0,.000e+OO 0.000e+OO

7.9144e-01
9.9767e-04
9.9767e-04
9.9767e-04
!3.9767e-04
1.563Be-04
1.5638e-04
6.6SS6e-01
3.36111e-04
3.36E1L=-04
3.36@le-04

-9.041a-02 -6.OIOe-02
0.0000+00 0.000m+oo
7.066e-11 5.328e-11
0.000e+OO -1.731e-04

-7.066e-11 -1.7310-04
0.000a+OO 1.392e–05
0.000e+OO 1.392e-05

-S.124a-02 -6.240e-oz
0.000a+OO -4.205e-05
0.200e+O0 -4.205eJ-os
0.000a+OO 0.0009+00

6.16Se-02
1.7319-04
1.731a-04
0.000e+OO
S.328e-11
0.000a+OO
0.000a+OO
6.248a-02
0.000-+00
0.0000+00
4.20Sa-05
4.20Se-05

-6.165e-02
-1.7319-04
–1.731a-04
0.000e+OO

-5.32Ee-11
0.0000+00
0.0000+00

-6.24@*-02
0.000e+OO
0.0000+00

-4.20Se-05
-4.205e-05

-6.165e-02
-1.731e-04
-1.731e-04
0.000e+OO

-5.328e-11
0.000e+OO
0.000.=.00

-6.24Re-02
0.000e+OO
0.000e+oo

-4.205e-05

0.000
0.000
0.000
0.000

0.600
0.011
0.011
0.011
0.011
0.002
0.002
0.542
0.003
0.003
0.003
0.003

0.600
0.011
0.011
0.011
0.011
0.002
0.002
0.542
0.003
0.003
0.003
0.003

0.600
0.011
0.011
0.011
0.011
0.002
0.002
0.542
0.003
0.003
0.003
0.003

0.600
0.011
0.011
0.011
0.011
0.002
0.002
0.S42
0.003
0.003
0.003



PDR BASELINE
cONFIGURATION - DEPLOYEG SOLAR ARP.AY AND DEPLOYED HGA

..CG , in Sy9teM AXaS (in).. ........!Inertias. local @ CG, :n System Axes [lb-in”2).......... (lb)

Name x Y z xxx :YY Izz Ixy Iyz Ixz Mass---------------------------- ----------------------------------------------------------------------------—------------------------

..FULL BAFFLE 226.4100 -98.7850 -50.0600

0.0000 0.0000 0.0000
128.0500-177.8700 -47.0000
0.0000 0.0000 0.0000

3.3681e-04 2.9476e-04 3,3681e-04 OoOOOe+OO 0.000e+OO -4.205e-05

0.0000e+OO 0.0030e+O0 0.0000e+OO 0.000e+OO 0.000e+OO 0.000e+OO
8.0494e+06 7.8130e+05 E.7233e+06 1.396e+04 -2.993e+05 -6.534e+02
0.0000e+OO 0.0000e+OO 0.0000e+OO 0.000e+OO 0.000e+OO 0.0000+00

0.003

.NEW SAD HINGE
,MASSPROPS DEPLOY
.MAST4.4 434

0.000
451.000

0.000

147.7500
140.7500
140.7500

-3.3583-117.6300
-3.5oOO -72.9310
-3,5000 -27.2000

HGA SYSTEM
.SHORT BOOM 0/5/92
.HINGE_VOL

3.8162e+05 4.8284e+05 1.6357e+05 -4.133e+02 -6.689e+02 1.406e+05
6.6274e+03 6.6274e+03 1.0416e+Ol 0.000e+OO 0.000e+OO -2.341e-04
1.7225e+02 1.9325e+02 2.2100e+02 0.000e+OO 0.000e+OO 0.000e+OO

285.500
9.500

12.000

.HGA (VENDOR DATAI
..DISH-4.5-SPAR
..RF BOX-SPAR
..GIMBAL-COMPACT
..HYBRID-SPAR
..HGA SOPPT-CYL

184.0900
0.0000
0.0000
0.0000
0.0000
0.0000

-3.5000 -76.75S0
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

8.1735e+04 1.2713e+05 5.4418e+04 2.037e-04 0.000e+OO 6.166e+04
0.0000e+OO 0.0000e+OO 0.0000e+OO 0.000e+OO 0.000e+OO 0.000e+OO
0.0000e+OO 0.0000e+OO 0.0000e+OO 0.000e+OO 0.0000+00 0.000e+OO
0.0000e+OO 0.0000e+OO 0.0000e+OO 0.000e+OO 0.000e+OO 0.000e+OO
0.0000e+OO 0.0000e+OO 0.0000e+OO 0.000e+OO 0.000e+OO 0.000e+OO
0.0000e+OO 0.0000e+OO 0.0000e+OO 0.000e+OO 0.000e+OO 0.000e+OO

20.000
0.000
0.000
0.000
0.000
0.000

183.9000 -3.5000 -77.0820
233.6400 -21.5000 -22.4370
134.1500 14.5000-131.7300

1.6569e+04 2.7315e+04 1.4015e+04 -4.477e+03 -4.918e+03 1.359e+04
f3.5227e+O09.3405e+O0 1.4220e+Ol 0.000e+OO 0.000e+OO -2.763e+O0
1.0471e+Ol 4.3132e+O0 1.0079e+Ol 0.000e+OO 0.000e+OO -5.S92e-01

5.000
2.500
2.500

..-2 RELEASE ASSY

. . . -Z NODE BRACKET

. ..f30X BRACKET

..-2 RELEASE ASSY

. . . -Z NODE BRACKET

. ..BOX BRACKET

183.9000 -3.5000 -77.0820
233.6400 14.5000 -22.4370
134.1500 -21,5000-131.7300

1.6569e+04 2.7315e+04 1.4015e+04 4.477e+03 4.918e+03 1.359e+04
8.5227e+O0 9.3405e+O0 1.4220e+Ol @.000e+OO 0.000e+OO -2.763e+O0
1.0471e+Ol 4.3132e+O0 1.0079e+Ol 0.000e+OO 0.000e+OO -5.592e-01

2.4297e+04 3.6250e+04 1.3193e+04 2.758e+03 3.784e+03 1.724e+04
1.0471e+Ol 4.3132e+O0 1.0079e+Ol 0.000e+OO 0.000c+OO -5.5920-01
1.9016e+Ol 1.4574e+Ol 9.8046e+O0 0.000e+OO 0.000e+OO -2.772e+O0

5.000
2.500
2.500

k..+2 RF ASE ASSY
. ..130f CKET
. . .+2 WOE BRACKET

184.2900 -3.5000 -76,4340
134.1500 -14.5000-145.230.0
234.4300 7.5000 -7.6413

5.000
2.500
2.500 r

. .+2 RELEASR ASSY

. ..tlOX BRACKET

. . ,+2 NOOE BRACKET

184.2900 -3.5000 -76.4340
134.1500 7.5000-145,2300
234.4300 -14.5000 -7.6413

2.4297e+04 3.6250e+04 1.3193e+04 -2.758e+03 -3,784e+03 1.724e+04
1.0471e+Ol 4.3132e+O0 1.0079e+Ol 0.000e+OO 0.000e+OO -5.592e-01
1.9016e+Ol 1.4574e+Ol 9.8046e+O0 0.000e+OO 0.0000+00 -2.7720+00

4.8798e+04 3.3406e+04 3.7721e+04 -2.331e+02 -1.730e+02 -7.490e+02
1.00000+00 1.0000e+OO 1,00000+00 0.000e+OO 0.000e+OO 0.000e+OO

5.000
2.500
2.500

143.3000 -3.3300-129.8900
228.3900 -3..5000 -19.3220

238.000
6.000

.HGA MASSPROPS DP

.M1OBOOM RESTR MASS

h)
o
0
0



220001390
30 July 1993

(This page intentionally left blank.)

DCC080393 68



PN20005405
CAGE No. 49671

30 July 1993

(Preliminary)
Spacecraft Assembly Plan
for EOS-AM Spacecraft

(VRD-800)

Prepared under:
Contract NAS5-32500

NASA Goddard Space Flight Center
Greenbel~ Maryland 20771

Prepared by:
Martin Marietta Corporation

Astro Space
P.O. BOX 800

Princeton, New Jersey 08543-0800

DCC070993



PN20005405
30July 1993

DCC070993

(This page intentionally left blank)

ii



PN20005405
30 July 1993

c

REVISION LOG

This log identities those portions of this document which have been revised since the original
issue. Revised portions of eaeh page, for the cument revision only, are identifki by marginal
Stliping.

Revision Paragraph Number(s) Affeeted Rev. Date Approval

l%el.imimy 07/30/93 EM

... ,
ul DCC070993



PN20005405
30July 1993

DCC070993

(This page intentionally left blank.)

iv



PN241005405
30 July 1993

SECTION /
PARAGRAPH

1

1.1

1.2

1.3

1.4

2

2.1

2.2

3

3.1

3.1.1

3.1.2

3.2

3.2.1

3.2.2

3.2.3

3.3

4

4.1

4.2

4.3

4.4

4.5

4.6

5

5.1

c

TABLE OF CONTENTS

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

General Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

APPLICABLE DOCUMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Government Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Martin Marietta Astro Space Documents . . . . . . . . . . . . . . . . . . . . . . . . . .

SPACECRAFT ASSEMBLY OVERVIEW . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Assembly Management andPlanning . . . . . . . . . . . . . . . . . . . .

Prelimimuy Assembly Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Detailed Assembly Planning and Procedure Development . . . . . . . . . . .

Hardware Integmtion Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Major Assemblies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Launch Site Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ORGANIZATIONAL ROLES AND RESPONSIBILITIES . . . . . . . . . . . . .

Integration and Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Quality AssuranceA%oduct Assurance . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Environmental Health and Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

NASA-GSFC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

DOCUMENTATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Integration and Test Documentation . . . . . . . . . . . . . . . . . . . . . . ...’.. . . .

1

1

1

1

2

3

3

3

5

5

5

6

6

6

6

6

7

9

9

9

9

10

10

10

11

’11

v DCC070993



PN20005405
30JuIy 1993

c

TABLE OF CONTENTS (continued)

SECTION f
PARAGRAPH PAGE

5.1.1

5.1.1.1

5.1.1.2

5.1.1.3

5.1.2

5.2

6

6.1

6.2

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

6.3

6.4

6.5

7

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

Integration Procedure and Record . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft IPR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Equipment Module IPR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Assembly IPRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Flow Alteration Recod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

MAJOR ASSEMBLY INTEGIL4TION PROCESS . . . . . . . . . . . . . . . . . . . .

Spacecraft Structure Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Equipment Module Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Communication/Command and Data Handling Equipment Module . . . .

Power Equipment Module/Hex Bay Batteq Module . . . . . . . . . . . . . . .

Recorder Equipment Module (Ret EM) . . . . . . . . . . . . . . . . . . . . . . . . . .

Direct Access (DAS) Equipment Panel . . . . . . . . . . . . . . . . . . . . . . . . . .

Guidance, Navigation and Control Sensor Equipment Module . . . . . . . .

RWA Equipment Module . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Solar by Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

High Gain Mtema(HGA) Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Propulsion Module Assembly (PM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SPACECRAFT ASSEMBLY INTEGRATION PROCESS . . . . . . . . . . . . . .

Spacecraft Structure Assembly Handling . . . . . . . . . . . . . . . . . . . . . . . . . .

Electrical Accommodations Subsystem Installation . . . . . . . . . . . . . . . . . .

Propulsion Module Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Installation of the Power Subsystem Equipment . . . . . . . . . . . . . . . . . . . . .

Installation of C&DH/Comm Equipment Module and Related Hardware .

Installation of the Recorder Equipment Module . . . . . . . . . . . . . . . . . . . . .

Installation of the DASPanel Equipment Module . . . . . . . . . . . . . . . . . . .

Installation of the Guidance, Navigation, and Umtrol Equipment . . . . . . .

Installation of Capillary Pumped Heat Transport System and the
Heater Control Electronics Components . . . . . . . . . . . . . . . . . . . . . . . . . . .

DCC070993 vi

11

11

15

16

16

16

17

17

17

22

27

31

32

35

35

37

37

37

41

41

45

45

45

4a

48

48

48

49



PN2000S405
30July 1993

c

TABLE OF CONTENTS (~tiud)

SECTION /
PARAGRAPH PAGE

7.10

7.11

7.11.1

7.11.2

7.11.2.1

7.11.2.2

7.11.2.3

7.11.2.4

7.11.2.5

7.11.3

7.11.4

7.11.5

7.12

7.13

7.14

7.15

7.16

8

8.1

8.2

8.3

8.4

85

8.6

8.7

9

9.1

Fit Check of the Solar Array and HGA Deployment Assemblies . . . . . . . .

Instrument Integmtion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Instrument Accommodation Equipment Integration . . . . . . . . . . . . . . . .

Instnunent Mechanical Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ASTER Mechanical Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CERES Mechanical Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

MISR Mechanical Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

MODIS Mechanical Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

MOPITT Mechanical Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Instrument to Spacecraft Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Instrument Cold Plate Mechanical Integmtion . . . . . . . . . . . . . . . . . . . . .

Instrument El~cal Integration . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . .

Thermal Blanket Installatio n. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Installation of the Solar/may and HGA Deployment Assemblies . . . . . . .

Installation of Flight Launch Vehicle Adapter . . . . . . . . . . . . . . . . . . . . . .

Installation of Flight Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Preparations for Shipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LAUNCH !XIEINTEGRATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Inspecticm and Removal From Container . . . . . . . . . . . . . . . . .

HGAReflector I.nstallation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Fuel Loading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SpacecraftMechanical Closeoutand Final Inspection . . . . . . . . . . . . . . . .

InstallLaunchVehicleFairing..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Launch Vehicle Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Final Spacecraft Closeouts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

NOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AcronymsandAbbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

50

50

50

52

54

54

54

54

54

54

55

55

56

56

56

56

57

59

59

59

59

62

62

62

62

63

63

vii DCC070993



PN200W05
30 July 1993

FIGURE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

DCC070993

LIST OF FIGURES

PAGE

EOS-AM Integration and Test Schedule . . . . . . . . . . . . . . . . . . . . . . .

I&T Requiremen~ocument Flow.... . . . . . . . . . . . . . . . . . . . . . . . .

CT’PDocumentation and I&T Assembly Plan Coverage . . . . . . . . . . .

Integration Procedure and Record . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EOS-AM Spacecraft lPR . . . ...*. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Equipment Module IPR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EM Gentzic Assembly Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Strongback Fixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Turnover Cart with Panels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EM/Panel Nomenclature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...”.

Lifting Panel frOmTumovm C~...... . . . . . . . . . . . . . . . . . . . . . . .

Base Panel and EM Integration Flow Diagram . . . . . . . . . . . . . . . . . .

Front Panel Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Top Panel Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Battery Panel Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Base Panel and EM Integration Flow Diagram for Power EM . . . . . . .

DASEquipment Panel kte~tion . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sensor EWBase Panel Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Propulsion Module Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Propulsion Module Assembly in Turnover Fixture . . . . . . . . . . . . . . .

Propulsion Module Assembly Flow... . . . . . . . . . . . . . . . . . . . . . . . .

EOS-AM Spacecraft Conf@mtion.. . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Integration Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Test Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Three-Axis Positioner (TAP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Propulsion Module Installatio n...... . . . . . . . . . . . . . . . . . . . . . . . . .

Instrument Integration Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Instrument Locations on Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Launch Site Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SpacecraWLaunch Vehicle Integration Activities . . . . . . . . . . . . . . . . .

...
Vul

8

12

13

14

15

15

18

19

19

20

22

23

24

24

28

29

34

36

39

40

40

42

43

44

46

47

51

53

60

“61



PN20005405
30 July 1993

TABLE

I

II

III

Iv

v

VI

VII

Ix

x

XI

XrI

xv

L

LIST OF TABLES

TITLE PAGE

COMM/C&DH EM Integration Flow SuppOfl . . . . . . . . . . . . . . . . . . .

COWC&DH Front EP Integration Flow Support . . . . . . . . . . . . . .

COMM/C&DH Top EPLntegration Flow SuppOfi . . . . . . . . . . . . . . . .

Battery Panel Integration Flow Support . . . . . . . . . . . . . . . . . . . . . . . .

Power Equipment Module Integration Flow Support . . . . . . . . . . . . . .

Rec EMand Base EPIntegration Flow SuppOfi . . . . . . . . . . . . . . . . .

Rec Front EPIntegrat.ion Flow Support . . . . . . . . . . . . . . . . . . . . . . . .

Rec Top EP Integration Flow Support . . . . . . . . . . . . . . . . . . . . . . . . .

DASPanel Integration Flow Support . . . . . . . . . . . . . . . . . . . . . . . . . .

Sensor EM and Optical Bench Base EP Integration Flow Support . . .

Sensor Front EPIntegration Flow Support . . . . . . . . . . . . . . . . . . . . . .

Sensor Optical Bench (Base) EP Integration Flow Support . . . . . . . . .

RWAEMand Base EPIntegration Flow Support . . . . . . . . . . . . . . . .

RWAFront EPIntegration Flow Support . . . . . . . . . . . . . . . . . . . . . . .

RWATop EPIntegration Flow Support. . . . . . . . . . . . . . . . . . . . . . . .

Propulsion Module Integration Flow Support . . . . . . . . . . . . . . . . . . .

25

27

27

30

31

32

32

32

32

35

35

35

37

37

37

38

ix DCC070993



30July1993

ITEM SECTION

TBD-1

TBB2

TBD-3

TBD4

TBB5

TBD-6

TBW7

TBD-8

TBD-9

TBD-10

TBD-11

TBIL12

TBD-13

TBW14

TBD-15

TBD-16

TBD-17

TBD-18

TBB19

Table I

Table II

Table III

TableIV

Table V

TableVI

Table VII

TableVIII

Table IX

TableX

Table XI

TableXII

TableXIII

Table XIV

ThbleXV

Table XVI

7.2

7.14

Figure 30

TBD-20 8.4

TBD-21 8.5

TBD-22 8.6

TBJX?3 8.7

PAGE

25

27

27

30

31

32

32

32

32

35

35

35

37

37

37

38

45

56

59

62

62

62

62

TBD LOG

SUBJECT

CommK2kDH

CommK&DH Front EP

Corntn/C&DHTopEP

Battety panel

PowerEquipmentModule

Rec EM

Rcc I%ontEP

Rcc TopEP

DASPanel

sensor EM

sensor Front EP

SensorOpticalBench

RWAEM

RWAFront EP

RWATopEP

Repulsion Module

Groundingprocedure

Launch VehicleICD number

Spacecmft-tManch Vehicle
integrationactivities

c

RESP.

K Schutter

K. Schutter

K Schuttcr

K Schuttcr

K Schutter

K Schutrer

K Schutmr

K Schutter

K. Schutter

K Schutter

K. Schutter

K Schuttcr

K. Schuttcr

K Schutter

K Schutter

K Schutter

E. Shade

E. Shade

E. Shace

Spacmaft closeoutand final inspection E. Shade

Installationof LaunchVehiclefairing E. Shade

Launch Vehicleintegration E. Shade

Final Spaceraftcbeouts E. Shade

DUE

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

CDR

DCC070993



PN20005405
30 July 1993

1 INTRODUCTION

1.1 Purpose

The purpose of the Spacecraft Assembly Plan for the Earth Obseming System (EOS-AM)
Spacecraft is to provide the details of the processes and philosophy associated with the mechanical
assembly of the Equipment Modules (EMs) and the mechanical integration of the spacecraft.
Assembly planning activities by the I&T organization begin with a review of preliminary concepts
and designs of the Spacecraft and its major assemblies. ‘his activity leads to the development of
a comprehensive Spacecraft Assembly Plan. This plan will provide an overall summaq of the
efforWactivititx required to assemble a fully integrated Spacecraft and will be used as a basis for
the generation of detailed assembly flows, procedures, and schedules.

1.2 scope

The assembly plan presented in this document describes a process where flight hardware is
systematically integmted in accordance with engineering design prior to being exposed to system
level testing. The assembly process is a time phased process designed to provide a logical flow of
integration and test activities for the various EOS Spacecraft components, subsystems, EMs, major
assemblies, and instruments which ultimately results in a fully integrated EOS-AM Spacecraft.
Checkout activities am accomplished at intermediate levels of assembly and verification activities
are done at the end of major integration activities such as an assembled EM. All test activities above

~component level test are described in the Spacecraft and Subsystem Test Plan, PN20008664 or the
Equipment Module TestPlans. Tasks which contain both assembly and test operations willhave the
necessary hand-off of responsibility identified in both the assembly and test plans, as required.

1.3 summary

This document provides information related to the mechanical assembly processes that are required
to build the flight hardware assemblies mentioned above. An overview of the Spacecraft assembly
process, including integration scheduling, is initially discussed and presented in Section 3 to show
the overall integration peri@ and to show the relationship of assembly, electrical integration, test,
and launch preparation. Section 4 describes the organizational roles and responsibilities during the
Spacecraft assembly process. The documentation used to control and record the assembly process
is discussed in Section 5.

The levels of assembly and their descriptions are organized as follows:

a. Section 6, Major Assemblies (EMs, HGA, S/A, PM) assembly

b. Section 7, Spacecraft assembly

c. Section 8, Launch Site assembly and closeout activities

1 DCC070993
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1.4 General Objectives

The objectives of this assembly plan areas follows:

a. Show the relationship of controlling documentation to the assembly process.

b. Provide a general flow of assembly activities.

c. Describe the major assembly activities beginning at the Equipment Module (EM) level.

d. Describe how the major mechanical ground equipment items will be used to support the
assembly processes.

e. Explain the type of procedures which will be used to document the detailed assembly
process.

f. Discuss organizational responsibilities and management of the assembly plan.

g. Provide an integration and test period ovemiew.

DCC070993 2
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2 APPLICABLE DOCUMENTS

The following documents of the exact revision shown, form part of this plan to the extent spec~led
herein. In the event of a conflict between the documents referenced herein and the contents of this
plan, this document shall take precedence.

2.1 Government Documents

GsFc-421-1041 Requirements Document for the EOS-AM Spacecraft

m)

GSFC-415-EOS-004 Performance Assurance Requirements (PAR)

GSFC 420-03-02 Geneml Instrument Intetiace Specifkation (GIIS)

2.2 Martin Marietta Aim Space Documents

PN20001407 GN&C Sensor Equipment Module Test Plan

PN20001408 Power Equipment Module and Battery Panel Test Plan

PN20001409 GN&C Reaction Wheel Assembly Equipment Module
Test Plan

PN20001411 Test Plan for the Recorder Equipment Module

PN20001412 Contamination Control Plan for the EOS-AM
Spacecraft

PS20005396 EOS–AM Spacecraft Contract End Item Speci.ilcation
(CEI) (SEP-101)

1S20008501 General Interface Specification (GIS) (ICD-101)

PN20005404 EOS-AM Verification Plan (VRD-1OO)

PS20005404 EOS-AM Verification Spccillcation

PN20005397 Performance Assurance Implementation Plan (PAW)
(PA-1OO)

PN20005869 EOS–AM Spacecraft Electromagnetic Compatibility
Control Plan (SEP-106)

PN20008522 Launch Site Plan (OP-51O)

PN20008571 Direct Access System Panel Test Plan

3
.-
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PN20008618

PN20008660

PN20008664

PN20008745

20008698

source:

Propulsion Module Tkst Plan for EOS-AM Spacaaft

EOS-AM Spacemft Alignment Plan (SEP-121)

Spactzraft and Subsystem ‘IkstPlan (SSTP)
~105a)

Test Plan for the Communication/Command and Data
Handling Equipment Module

Proccxhue for Control of Unscheduled Activities
During Integration and Vexi.fkation Tinting

Matin Marietta Mm Space
P. O. BOX 800
Princeton, NJ 08543-0800
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3 SPACECRAIW ASSEMBLY OVERVIEW

The EOS-AM Spacecraft consists of a spacecraft structure to which are attached major assemblies
and scientiilc instruments. The struchue is composed of graphitedepoxy struts bonded to titanium
end fittings. The rnajcxassemblies consist ofcquipment modules, the solar array assembly, the high
gain antenna and deployment assembly, and the propulsion module. The equipment modules
contain subsystem related electronic hardware and provide a modular means to assemble and test
the spacecraft. The major assemblies integrated to the spacecraft structure foim the spacecraft bus
which provides the necessary resources (power, comman~ telemetry, thermal control, etc.) required
to support the payload in meeting its scientilc mission objectives.

Each major assembly and instrument that _ up the Spacecraft system will be assembled and
tested as completely as is practical @or to integration with the Spacecraft bus. Additionally, if
required, the EMs can be electrically integrated as a subsystem with the aid of STE and tested for
interface compatibility prior to integration with the Spacecraft bus. These p~–spacecrti

vetilcation steps are designed to minimize Spacecraft level problems and schedule impacts. This
plan also depends upon parallel integration activities in order to minimke the overall time required
to complete the assembly activities.

3.1 Spacecraft Assembly Management and Planning

Spacecraft assembly planning is the responsibility of the I&T organization. I&T activities m
divided into a series of elements which take the EOS-AM assembly process from a management
and planning phase through design, buildup, test, ~d ~~unch ch~kout of tie SPac~~. The
management and planning portion of that overall process contributes to the initial inter-relationship
of documentation, verifkation, assembly, and scheduling. This planning effort will also help
management to assure that manpower, equipment, and facilities are adequately provided for and that
the requirements of the EOS-AM Program are being met.

3.1.1 Pxdiminary Assembly Planning

During the preliminary design phase of the program, the primary assembly Elated I&T tasks am
planning and the review of engineering designs for producibility. It is during this time that both the
Spacecraft Assembly Plan and the Spacecraft and Subsystem Test Plan are developed. I&T
engineers will review specflcations, layouts, and drawings to develop an assembly flow plan for
the spacecraft and its major assemblies. These plans are developed with consideration for ease of
assembly, facility constraints, optical alignment requirements, accessibility, cost effectiveness, and
operator safety. I&T will provide feedbacldsuggestions to design engineering regarding these issues
so that a more producible and cost effective&sign can be achieved. I&Twill develop requirements
for the Mechanical Ground Support Equipment (MGSE) necessary to support the assembly and
testing processes.

The I&T o~anization is a part of concurrent engineering for the EOS-AM Program as a member
of the product development teams for each subsystem. This involvement enables I&T to be aware
of and help resolve issues early in the progmm which may affect EOS-AM integration activities.
I&T support to Spacecraft and subsystem design reviews is an important part of the concummt
engineering process.
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3.12 Detailed Assembly Planning and procedure Development

The next phase of activity is the detailed assembly planning and procdure development. This
activity will begin when the subsystem CDRShave been completed and continues until the hardware
is received by I&T for assembly. The Spacwraft ~mbly Plan will be updated to incmpomte the
latest I&T plans based on the completion of the Spacecraft detailed design. I&Twill also verify that
the design of MGSE is adequate to support the updated Assembly Plan. Assembly IPRs (see
Section 5) will be generated by I&T for all Spacecraft and major assembly opemtions beginning at
the EM leveL AU component and structure level assembly and testing will be performed by
Manufacturing prior to hardware delivery to I&T. The combination of the Spacecraft Assembly
Plan and the issued engineering drawings will form a basis for procedure development The
Spacecraft IPR will also be written to document the flow of all I&T activities and to direct the
implementation of IPRs and TPs.

3.2 Hardware Integration Assembly

The I&T assembly activity will encompass the final assembly of theEOS-AM Spacecraft intollight
con.figuration starting with the component integration into the EM structures and ending with the
Spacecraft closeout activities at the launch site. This task will include implementing and
maintaining the Assembly IPRs as well as generating Flow Alteration Records (FAILs) for
unplanned work or rework operations. A more detailed description of the assembly activities is
described in sections 6,7, and 8 of this document.

3.2.1 Major Assemblies

The major assemblies of the EOS-AM Spacecraft are the High Gain Antenna and Deployment
System, the Solar/may Assembly, the Propulsion Module, the Spacecmft Structure Assembly, and
the Equipment Modules. I&T is responsible for the assembly and testing of the EMs prior to
installation onto the Spacecraft. The mxnaining major assemblies are completely assembled by
manufacturing or a subcontractor with the exception of the HGA, which is not fully assembled until
it is mechanically integrated to the Spacecraft. Section 6 discusses the I&T assembly activities for
major assemblies.

3.2.2 Spacecraft Assembly

The final assembly of the EOS-AM Spacecraft is performed by the I&T organization. This effort
includes the mechanical integration of the completed major assemblies and other equipment
components which mount to the spacecraft structure assembly. This activity is discussed in
Section 7.

3.23 Launch Site Integration

Launch site integration activities begin with the anival of the Spacecraft at Vandenberg AFJ3. These
activities include the installation of any flight equipment which was removed for shipping, fuel
loading, mechanical closeout operations, removal of non-flight protective covers, and final
inspection. These activities are discussed in Section 8.
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303 Schedule

A schedule of the major tasks associated with the integration activities is summarizd in Figure 1.
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r



PN20005405
30 July 1993

L

4 ORGANIZATIONAL ROLES AND RESPONSI13~

The following organizations will provide the defined support for the assembly of the EOS-AM
Spacecmft and majorassemblies. Each individual working on the assembly activities of the program
is required to understand and exercise safety related practices. Each individu~ is eq~y
responsible, ~gardless of job classification, to make recommendations, immediate y if necessary,
to assm the continued safety of the personnel and the test article. The ~rsonnel ap~=

themselves of the safety aspect of their assignments. Critical assignments such as pyro handlers,
tug operators, spacecraft handlers, crane operators, and mat.ddemate personnel, are specially trained
and certifkd by the Quality Asurance andkx EHS pxmnel.

4.1 Integration and T&t

The Integmtion and Test Ch@zation will provide the following

a.

b.

c.

CL

e.

f.

g.

h.

Generate Assembly Plan.

Assembly planning direction and managemen~

Integration Procedure and Records (IPRsj and u@~s.

Flow Alteration Records (FAR@for unplanned or rework operations.

Control and conduction of Spacecmft assembly operations.

Control and conduction of Spacecraft alignment operatkms.

Preparation and maintenance of appropriate logbooks.

Assistance in resolution of assembly anomalies.

4.2 Engineering

Engineering will provide the following:

a.

b.

c.

d.

e.

Review of Assembly Plan.

Requirements (dmwing deftition) for all assembly operations.

Suppoxt to Spacecraft assembly operations as required.

Participation in the resolution of anomalies.

Review all Integration Procedure and Records.

4.3 Manufacturing

Manufacturing will provide the following:

a.

b.

Production control services for the timely delivery of components and hardware to I&T
for assembly activities.

Provide Manufacturing Engineering ador technician support for unplanned or rework
operations requiring specific skills.
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4.4 Quality ~~C@dUd ~Ce

Quality Assurancdproduct Assurance will pmvi& the following

a.

b.

c.

d.

e.

f.

Review of Assembly Plan.

Training and certifkation of personnel for critical operations.

Inspection of all components delivered to I&T for damage and completeness of
paperwork.

JAi@in-process inspection of Spacecraft assembly operations.

Assistance in the resolution of anomalies.

Review/approve IPRs and FARs.

4.5 Environmental Health and Safety

Environmental Health and Safety will provide the followiug

a. Instmction on the implementation of safety practices and procedures.

b. Instruction on the proper use of personal and hardware safety equipment.

4.6 NASA-GSFC

NASA-GSFC shall provide the following

a.

b.

c.

d.

e.

Review of this document.

Review of all Spacecraft level IPRs.

Assistance in the resolution of anomalies.

Technical support for the installation assembly of all GFE.

Support from each Instrument Provider for the installation of each instrument.

DCC070993 10



PN20005405
30July 1993

5 DOCUMENTATION

5.1 Integration and Test Documentation
.

The Spacecraft assembly process is responsive to a variety of documents. These documents include
GSFC requirements documents and Martin Marietta Astro Space (Astro Space) EOS Project unique
documents as well as Astro Space standard policy instructions. Those documents which tiect the
integration planning activity are used by I&T as controlling, reference, or applicable documents to
aid in the planning, managemen~ design, and implementation of the I&T tasks. Figure 2 shows the
I&T RequiremenVDocument Flow.

The Spacecraft and Subsystem Test Plan (SSTP), PN20008664, establishes the requirements and
defines the implementation for testing the EOS-AM Spacecraft and its subsystems in accordance
with the VerMcation Plan, PN20005404. The combination of the Spacecraft and Subsystem Test
Plan, the Equipment Module Test Plans, and this document, the Spacecraft Assembly Plan,
completely describes idl I&T activities required to assemble and test the Spacecraft. Figure 3 shows
the relationship of this assembly plan with the test plans for components, major assemblies,
subsystems, and the Spacecraft. For a description of the testing required at intermediate levels of
the spacecraft assembly, this document will refer to the SSTP. Testing requirements for the
Equipment Modules are described in sepaxate test plans which have been written for each EM.

5.1.1 Integration Procedure and Record

The Integration Procedure and Recod (IPR) is a standard Astro Space document which is used to
provide assembly direction and seine as a record of all spacecraft operations. The standard IPR
cover sheet is shown in Figure 4. The IPR describes the operations to be performed along with the
required operator acknowledgement and defines the points at which Astro Space Quality Assurance
and customer (DPRO) inspections are to be perfcmned. Test Procedures (’ITs) are used to document
spacecraft test operations. The types of IPRs which will be used on the EOS-AM Program are
described below in sections 5.1.1.1 thru 5.1.1.3.

5.1.1.1 Spacecraft IPR

The EOS-AM Program will have one Spacecraft IPR, designated IPR-S/C-20008500. This IPR
provides atop level roadmap of the Spacecraft build-up and test flow as defined by the Spacecraft
Test and Assembly Plans. It resides in the Spacecraft Documentation (“Doc”) Folder. All spacecraft
assembly IPRs and spacecraft level Test Procedures (’II%)flow down from this document. This IPR
provides the overall direction and record of assembly and test for all Spacecraft I&T activities.
Detailed assembly and test instructions are not included in this IPR but are contained in the Assembly
IPRs and TPs which are directed from it. Figure 5 shows the relationship of the Spacecraft IPR with
the assembly IPRs and ‘IT%.
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EXAMPLE
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Figure 5. EOS-AM Spacecraft IPR

5.1.1.2 Equipment Module IPR

Each of the Equipment Modules (EMs) on the EOS-AM Program has an Equipment Module IPR
to provide a top level flow of assembly and test operations for the EM. All EM assembly IPRs and
EM level TPs flow down tim the EM IPR. The EM IPR is similar in format to the Spacecraft IPR
described above. Figure 6 shows the relationship of the Equipment Module IPR with the assembly
FRs and TPS.
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Figure 6. Equipment Module IPR
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5.1.1.3 Assembly IPRS

Anembly IPRs contain the instruction and direction for implementing the assembly operations
required by the Spacecraft IPR or the EM IPR. Detailed instructions are included to mechanically
integratehssemble the Spacecraft or major assemblies per the appropriate engineering drawings and
process spec~lcations. By comparison, all test operations will be directed by ‘IT%as described in
the SSTP.

5.12 Flow Alteration Record

The Flow Alteration Record (FAR) is a standard Mro Space document which is used to provide
direction for unplanned or rework operations. FARs are generated on an as needed basis to provide
a record of all assembly operations that axenot documentedin an existing IPR. The FAR will contain
the detailed instructions required to perform the additional work including the necessary Astro
Space and DPRO inspection points. The usage of FARs is also described in the Procedure for
Control of Unscheduled Activities During Integration and Vefilcation Testing, 20008698.

5.2 Design Controls

The mechanical integmtion of the EOS-AM Spacecraft is performed per procedures described in
the Assembly IPRs. These IPRs will describe an integration process which is in accordance with
assembly drawings and process spec~lcations issued by Design Engineering. The procedure for
conllgumtion management of I&T documentation is described in the Spacecmftand Subsystem Test
Plan, PN20008664, and the Procedure for Control of Unscheduled Activities During Integration and
Vetilcation Testing, 20008698.
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6 MAJOR AS_LY INTEGRATION PROCESS

This section describes the integration activities to be performed by I&T f~ the major assemblies
of the EOS-AM Spacecraf~ These activities include all flight hardware assembly and elecrncal
integration activities which are required at the major assembly level. Installation and check+ut of
the major assemblies to the spacecraft are described in section 7.0 of this document. The spacecraft
major assemblies are the High Gain Antenna and Deployment System the Solar Amy Assembly,
the Propulsion Module, the Core Structure Assembly and the Equipment Modules.

The major assemblies are discussed below in the approximate sequence in which they are integmted.
These assemblies may, however, be worked in a different sequence or in parallel at the discretion
of the I&T Manager. Major assemblies which will be received by I&T fully integrated are briefly
discussed to describe the status of the assembly when received.

All hardware and prms requhed for major assembly integration are accumulated and kitted by
Production Control and delivered to I&T. Completed components (i.e. black boxes) am delivered
to I&T with closed document folders (Le. no unapproved or open paperwork) which contain all
pextinent test data required for integration. This includes all trending test data.

All hardware received by I&T is inspected for damage and the completeness of the required
papemvork. /my hardware that is delivered damaged will be returned to Production Control for
disposition. Mter rtxxip~ the hardware is stored in a &signated flight hardware storage mea until
it is needed for integration. Any damage sustained by the hardware after it has been placed in or
removed from this designated flighthardware storage area is handled according to the procedures
set forth in document 20008698, Procechue for Control of Unscheduled Activities During
Integration and Wrification Tating.

Subsystem component hardware is delivered to I&T in the fully-quaMed and
ready-for-integration condition.

At the completion of the receiving inspection activity, each of the component parts of the major
assemblies are either stored in a controlled access stomge area or directed into the assembly process
for a specific major assembly.

6.1 Spacecmft Structure Assembly

The spacecraft structure is an assembly of individual structural components including longerons,
bay tubes, diagonals, node fittings and secondary structure. The structure assembly is covered by
Manufacturing Planning Documentation. The structure is delivered to I&T fully assembled and
tested for strength and modal requirements. The signal reference plane grounding is also applied
as well as some thermal coatings (i.e. pain~ tape, etc.) prior to delivery to I&T.

6.2 Equipment Module Assembly

The generic assembly flow of the EMs is shown in Figure 7. This figure includes verification
activities to show the ovemll integration of the EMs.
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Any hardware discrepancies with inspection or vetilcation are resolved before that piece of
hardware is received and integrated at the levels of assembly performed by I&T. The assembly of
the EMs begins with installation of the flight equipment onto the individual structural honeycomb
panels which make up a module. The EM structural panels (radiator and non-radiator) are fully
prepared for hardware installation when they are received by I&T. The prepared panels include all
necessary edgeblock fastener inserts (helicoils) anchr imbedded fastener sleeves (spools) required
to either assemble the structural panels together and/or integrate subsystem hardware components
onto them. The panel surfaces (inside and out) are painted with thermal coatings if required or
cove~d with tape. The EM panels which contain heat pipes are pre-tested and operational when
received by I&T. Heat pipes are considered sealed vessels which will not requixe any special
handling or facility requirements. These equipment panels are be bolted to a MGSE strongback
fixture for hardware integration, Figure 8. The strongback fmtums are nquired to stiffen the panels
for equipment installation when they are not assembled as an EM structure. These MGSE
strongback fmtures are placed on a turn+ver dolly which allows the panel to be positioned in
various orientations to facilitate the assembly process and provide necessary access to lift points
as shown in Figure 9.
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The assembly begins when all of the components are delivered to I&T for a particular panel.

Figure 10 provi&s the nomenclature used to &scribe the different panels and their orientation.

The assembly of the EM’s takes place in Astro Space’s Bay 8 in East Wmdsa, NJ. which is
maintained at a cleanliness level of Class 10,000.

The following is an assembly scmuuio for an EM beginning with the condition that the panels
making up the EM’s ~ mounted to strongbacks which are then mounted to an assembly table or
a turn-over cart or directly mounted to an assembly table without a panel strongback

a.

b.

‘Ikrmal control hardware (heaters, temperature sensors, etc.) is integrated to the EM
panel interior surface per the installation drawing. These may be bonded or secured by
fasteners.

Harnesses are attached to the EM panel per the harness mockup installation. This order
of assembly would assume that the majority of the blackboxes to be installed have side
mounted connectors because otherwise, top mounted connectors would make use of
harnesses connected to harness support structure. If this were not the case then the
harness is installed at a later time (see f). Areas in which harness access may be Mlcult
after component installation have the harness permanently tied down at this time.
Otherwise the harnesses are held in place temporarily.

-Y: RWA

\

+Z RWA

\

. ... ..—.
-Z RWA

- BasePanel (mountedto SK)
+2 COMM

Sensor
power
Recorder

+Y:RWA
Battery
DAS

Figure 10. ElW/Panel Nomenclature
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c. Electronic components (’Mackboxes) are

c

attached mechanically
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to the EM panel by

threaded fasteners. If brackets am needed to attach the components then they axe
installed @or to installing the blackboxes.

Depending on the thermal requirements, some components are installed with themmlly
conductive adhesive or a thermal gasket at the mounting interface.

d. A component to panel ground bond measurement is taken for each component as
described in the assembly procedure.

e. Connector brackets, harness supports, and harness tiedowns are installed on the EM
panel per the designated drawings.

f. The panel harness is routed and secured into position on the EM panel harness support
structure with tiedowns using the harness mockup as a guide. This assumes that the
blackboxes have top mounted connectors.

In some cases, more than one EM equipment panel in the same EM uses the same harness
and the routing is completed after the EM panels sharing that harness are bolted together.

g. Electrical intexface checkout procedures are then conducted prior to any connector
mating.

h. Connectors are mated at the blackboxes per the electrical integration test procedures.

When all of the equipment panels for a particular EM have been assembled the electrical
vetilcation of the EM begins. Details of the electrical vefilcation are contained in the ‘lkst Plan
for each EM. This process includes placing the EM panels in close proximity of each other and
mating of the flight harness to the components after the initial unpowered portion of the verification
is completed by means of breakout boxes. Test jumper harnesses are used if the flight harness does
not allow these connections with the modules unassembled. Powered interface checks are then
conducted followed by an EM functional test.

At the completion of this portion of the electrical vetilcation, the panels are assembled together to
create the module assembly and flight comectors are connected to the component boxes. Figure 11
shows atypical example of how the panels with strongbacks sre removed from a turn-over cart so
that the panel can be assembled as part of the module. In some instances, like the Power EM, the
module is integrated on an EM turn+ver f~ture which makes use of a strongback that is similar to
that used for the EM panels. As each panel is install~ all the final harness routing is performed
including the mating of interface connectors at the appropriate interface brackets. The EM is fully
assembled except for the back panel. Upon completion of the electrical integration with the module
in this conf@uration, the back panel is installed.

EM level performance testing is conducted in the assembled module conf@ration, with or without
the access back panel, as described in the appropriate EM Test Plan.

Any silver teflon taping associated with external radiators is applied with its protective mylar
covering just prior to thermal environment testing. The mylar covering is removed before thenna.1
testing and ttplaced after thermal testing.
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Equipment
Module Lift

Fixture

~t
Panel ent

Cart

Figure11. Lifting Panel from lhrnover Cat

Figure 12 is the generic integration flow for the Base equipment panel and the EM whi.leFigures 13,
and 14are the generic integration flows for the Fronh and Top equipment panels. Variations to these
flows for each EM are given in the following EM assembly paragraphs.

The Equipment Modules are designed to include kinematic type mounts which are used to attach
the EMs securely to the Spacecraft Structure. The number of kinematic mounts dMers between the
EMs however, they all make use of a single three-axis mount a twbaxis mount and more than one
one-axis mounts.

6.2.1 Communication/Co~nd and Data Handling Equipment Module

Description

The COWC&DH Equipment Module consists of (+2), (-Z), and (+Y) equipment panel
assemblies, 2 closure panels ((+X), and (-X)), and an access panel (-Y).

The COWC&DH EM has no heat pipes. l%e (+W and (-Z) panels are radiators and have silver
teflon tape and the possibility of patch blankets on the exterior surface. The (+X) and (-Y) panels
have full and partial MLI blankets installe~ respectively. The COMM/C&DH EM is designed to
be located on the Zenith (-Z) face of the Spacecraft Bus. The (+2) panel has aluminum-kapton tape
on its interior side and is painted black on the exterior surface and is designed to include four (4)
kinematic type mounts which are used to attach the COMM/C&DH EM securely to the Spacecraft
structure.
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F@re 12. Base Panel and EM Integration Flow Diagram

(Not applicable to Power and Sensor EM)
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Integration Details

‘I’heintegrationof the COMM/C&DH EM is illustrated in Tables I, II, and III; and described in
Figure 7.

Table L COWC&DH EM Integration Flow Support (TBD-1)

Documentation Equipment Tool@@xtum Facilities

Mall panel to lPR-COM- 20008895G1, 20034968, Bay 8
support frame 20008745 Panel; Strongback
(strongback)

Install strong- IPR-COM- (TBD-1) 200034967, EM Bay 8
back to EM 20008745
tum+ver cart

Install thermal IPR-COM- (TBD-1) (TBD-1) Bay 8
control H/W to 20008745
panel

Install harness to IPR-COM- (TBD-1) (mm-l) Bay 8
panel 20008745

Install box assys IPR-COM- (TBD-1) (TBD-1) Bay 8
to panel 20008745

Perform chassis IPR<OM- (T’IULl) (’I’M&l) Bay 8
ground measure- 20008745
ments on boxes

Install harness IPR-COM- (TBD-1) (TBWl) Bay 8
COIIIICZtOrbrack- 20008745
et(s) to panel

install harness IPR- (TBD-1) (TBD-1) Bay 8
support brackets COM-20008745
for additional
harness assys

bd hanging lPR-COM- (TBD-1) (mm-l) Bay 8
harnesses to sup 20008745
port bracket

Unpowered Eiec- PN20008745 (TBD-1) (TBD-1) Bay 8
vital Integration
and checkout
fEIC)

Co-locate all IPR-COM- (TBD-1) (TBD-1) Bay 8
panels in the 20008745
same area on an
Aecrnca.l bench
next to the base
panel.
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Table L COMM/C&DH EM IntegrationFlowSupport (TBD-1) (Continued)— —

Documentation Equipment Toolin@Mures FaeiIities

Hanwss comec- IPR<OM- (TBD-1) (TB&l) Bay 8
torsmated to “ 20008745
flight boxes us-
ing breakout
boxes.

Conduct ektri- PN20008745 (TBD-1) (TBD-1) Bay 8
cul~tional
tests

Remove break- IPR-COM- (TBIkl) (TBD-1) Bay 8
out boxes and 20008745
mate harness
comectors to
flight boxes.

Attach side pan- IPR-COM- (TBD-1) (TB&l) Bay 8
els to base panel 20008745

Attach Front IPR<OM- (TB&l) (TBD-1) Bay 8
panel 20008745

Mate harness IPR-COM- (TBD-1) (TB&l) Bay 8
connectorsbe- 20008745
tween panels and
panel boxes

Attach Top panel lPR-COM- (TBIH) (’I’B-l) Bay 8
20008745

Mate harness lPR-COM- (TBD-1) (’I’B&l) Bay 8
connectors be- 20008745
rween panels and
panel boxes

Conduct EM per- PN20008745 (TBD-1) (TBD-1) Bay 8
formance tests
without the Back
Wrlel

Attach back pan- lPR-COM- (TBD-1) (TB&l) Bay 8
31 20008745

blstall silver-te- IPR-COM– (TBD-1) (TBWl) Bay 8
flon tape and 20008745
MLI prior to
bermal testing

Conduct EM ert- PN20008745 (’HID-l) (’HID-l)
vironmental tests
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Table IL COMM/C&DH Fmmt EP Integration Flow Support (TBIL2)

1 IDocumentation IEauipment Tooiing/Fii Facilities

)-2) (TBIL2) (TBD-2)
1 I

(TBD-2) I(TIHP2) 16D, ,., . . 1

Table HL COWC&DH Top EP Integration Flow Support (TBD-3)

Doeurnentation Equipment Tooling/Fiixtures Facilities

(TBD-3) (TBD-3) (TBD-3) (TBD-3) (’HID-3)

6.2.2 Power Equipment ModuldHex Bay Batiery Module

TWOBatteg panels am associated with the Power Subsystem. One Battery EP is part of the PEM
(+Y) and one Battery EP is located on and secured to the hex bay below the PEM (+Y).

The Power Equipment Module (PEM) consists of 3 EP assemblies ((-Z), (+Y), (+X)), a
(-X) closure panel, an access panel (-Y), and 5 panels on the EM base (+Z). The base panels are
designed to include six (6) kinematic type mounts which are used to attach the Power EM securely
to the Spacecraft Structure. The hex bay Battery Module is designed to include six (6) kinematic
type mounts which are used to attach it to the Spacecraft Structure

In the PEM the (-Z) and (+Y_)panels are radiatorswith silver teflon tape and the possibility of patch
blankets applied to the external surface. The (-Z) panel has heatpipes.

The (-X) and (-Y) panels have MU on their external surfaces. The (-Y) panel has
aluminum-kapton tape on its internal surface.

The (+2) panels are black on theirextemal surface and have aluminum-kapton tape on their internal
sutiace.

The integration details concerning the Battery EM are illustrated in Figure 15, and Table IV.

The Power equipment module integration details are given in Figure 16 and Table V.
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Figure 15. Batte~ Panel Assembly
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the Batmn Panels as applicable.

harnesses and boxes that
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Figure 16. Base Panel and EM Integration Flow D@raxn for Power EM
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Table IV. Batterv Panel Intetzration Flow SUPPoti (TBM). --

Documentation Equipment Too~ Facilities

Sign4ut Flight IPR-BA~- (TBD4) (TBM) Bay 8
hardware fkom 20001408
controlled-ac-
cess storage

Install panel to IPR- Panel, (TBn4) 20034968, Bay 8
support fkame BAIT-20001408 1-his Kine- Strongback
(strongback) matic Mounts,

20001400
2-Axis Kinemat-
ic MOLML
2ooo1400
3-Axis Kinemat-
ic Mount,
2ooo1400

Install strong- lPR- (TBD4) 20034969, EP Bay 8
back to equip BA~-20001408 Turn-over cart
ment panel tur-
novercart

Install thermal IPR- Temperature (’IBM) Bay 8
control H/W to BAIT-20001408 Sensors(TBD4)
panel Make-up Heat-

m, (TBM)
Coatings,
(TBD4)

Install harness to @BM) Power Harness, (TBM) Bay 8
panel (TBM)

C&DH Harness,
(TBIPl)

Install box assys IPR– HCES, (TBIMl) Electrical break- Bay 8
to panel BA~-20001 408 FDB, out boxes,

20008694G1 ; ~w)
BDU, 20008568;
EPcs,
20(X)8597G1;
NH Cells,
2000495U

Perform chassis IPR- (TBD4) (TBD4) Bay 8
ground measure- BAIT-20001408
ments on boxes
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Table IV. Batterv Panel Integration FJowSuPPort (TBW) (Contiued).

Doeurnentation Equipment ‘Toolin@tms Facilities

Install harness IPR- (TEUL4) (TBD4) Bay 8
comector brack- BAm-2oool 408
et(s) to panel

Unpowered Elec- PN20001408 (TBW4) (mm-4) Bay 8
trical Integration TP-
and Checkout EIC-20008571
(Ezc)

Powered ELxtri- PN20001408 (’I’m-4) (TBD+ Bay 8
cal Integration TP-
and Checbut EIC-20008571
(EIC) with Pow-
er Module

Remove strong- IPR– (TBD+ 20038089, EM Bay 8
back and Batteq BAn-20001408 Lift Fixture
Panel horn turn-
over cart

Table V. Power Equipment Module Integration Flow Support (TBD-5).-

Doeumentation Equipment Tool@@xtm= Facilities

@D-5) (TBD-5) (TBD-5) (TBD-5) (TBD-5)

6.23 Recorder Equipment Module (We EM)

The Recorder EM is located on the Zenith face of the Spacecraft and is attached to the Primary
Structure using kinematic mounts located in the (+Z) base panel. me Rec EM includes two
Equipment Panel @P) assemblies, (+Y) and (-Z) that are radiators with internal heat pipes as well
as having silver-teflon (and patch blankets as requind) installed on their exterior surface. Them
are two closure panels, (+X) and (-X). The (+X) panel has MLI covering part of its exterior surface.
A bulkhead panel is included in the design to provide structural stiffness. The bulkhead panel
attaches to both the +Z and –Z panels and is located midway between the EM +X and –X panels.
The (+Z) panel is black on the Spacecraft side of the panel and has ahninum-kapton tape on the
inside surface. *access panel (-Y) with MLI on the exterior surface and aluminum-kapton tape
on the interior surface completes the design of the EM.

The base panel is designed to include five kinematic type mounts which are used to attach the
Recorder EM securely to the Spacecraft Structure.

The integration &tails concem.ing the Rec EM are illustrated in Figure 7, and Tables VI
through VIII.
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Table VL Rec EM and Base EP Integration Flow Support (TBW

Documentation Equipment Tooling/FixtunEs Facilities

(TBD-6) Ww (TBD4) Ww (TBIW)

Table VII, Rec Front EP Integration Flow Support (TBD-’7)

Documentation Equipment Tooling/Fixtures Facilities

(TBD-7) (TBD-7) (TBW7) (TBn7) (TBW’7)

Table VIIL Rec Top EP Integration Flow Support (TBD-8)

Documentation Equipment Tooling/Fixtures Facilities

(TBD43) (’IBM) (TBIMl) (TBILS) (TBD-8)

6.2.4 Dwect Access (DAS) Equipment Panel

TheDAS equipment panel consists of a single equipment support panel (+Y). This equipment panel
is designed with internal heat pipes and silver teflon tape on its exterior surface.

The DAS W is located on the +Y side of the EOS-AM Spacecraft Bus. The panel is designed to
include six (6) kinematic type mounts which am used to attach the DAS EP to the Spacecraft Bus
primary structure.

The integration details concerning the DAS EP are illustrated in Thble IX and Figure 17.

Table IX. DAS Panel Integration Flow Support (TBD-9)

Documentation Equipment Tool@@xtum Facilities

Sign+mt Flight IPR-DAS- (TBD-9) (TBD-9) (TBD-9)
hardware horn 20008571
controlled-ac-
cess storage

Install panel to IPR- Panel, 20034968, Bay 8
support frame DAS-20008571 2OOO891OGI, Strongback
(strongback) 1- Axis Kine-

matic Mounts,
20001400
2-his Kinemat-
ic Mounq
20001400
3-Axis Kinemat-
ic Mount,
20001400

bstall strong- IPR- (TBD-9) 20034969, EP Bay 8
back to equip- DAS-20008571 Turn-over cart
rnent panel tum-
wer cart
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Table IX. DAS Panel Intem’ation Flow SuPPOrt ~D-9) (CO*U~). .

Documentation Equipment Toofi~ Fa~ti=
hstall thermal lPR- Temperature (TBD-9) Bay 8
xmrol H/W to DAS-20008571 Sensor (TBD-9)
3anel Make-up Heater,

(TBD-9)
coatings,
(TBW9)

kmall harness to lPR- Power Harness, (TBD-9) Bay 8
mnel DAS-20008571 (TBD-9)

C&DH Harness,
(TBm9)
X-BancVWG
Cabling,
(TBD-9)

JIStiill box %SyS IPR- HCES, (’HID-9) Electrical break- Bay 8
0 panel DAS-20008571 FDB, out boxes,

20008694G1 (TBD-9)
BDU, 20008568
EPCs,
20008597G1
Upccmverter
Freq Source,
(T’BD-9)
Transmitter,
(TBW9)
Modulator,
(TBB9)
Wave Guide
Switch, (TBD-9)
DAS Filter Assy

‘erform chassis IPR- (TBD-9) (TBD-9) Bay 8
?ound measure- DAS-20008571
nents on boxes

nstall harness IPR- (TBD-9) (TBD-9) Bay 8
:onnector brack- DAS-20008571
x(s) to panel

Ynpowered Eiec- PN20008571 (TBD-9) (TBD-9) Bay 8
rical Integration
Z?ldcheckout
‘EIC)
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Table IX DAS Panel ~on ~OW SUP
rOOhgwhm=

—

Equipment

p&9)

FdlitiesDoemnentah“on
>N2~8571Powered Eieclri- @D-9) Bay8

cal Integration
and Checbut
(EIC), Fm”on-
al Testr, Perfor-
mance Tests

Install silver te- Bay 8PR-
DAS-20008571
?N2~5871

flon tape.

~-w9)

(’I’’I3W9)

Environmental
Tests

~D-9) Bay 8Remove strong-
back and panel
from tunwver
cart

PR-
D%S-20008571

Signuut panel structure
InstaU panel to

frcml Ccsltrdled+cess 1A suppcxtframe(Stmngbsck) I
I Stuage I

Install harness to psnel -l Install box assysto
panel

I

I I

Perform chassis ground
measurements cm bcmes I

F ——. ——

Unpowered 1

d Electrical Inte “a
PCheckout (’EI ) I

L- ——— ——

~ r———”-— ——-
Cmduct I

EnviroIlmczltal
Tests I
——— J

‘ pln-hnhlcdfy’iitl‘
d and perform& b

hlstau silverteflonb
l-l&at—————-1

Electrical
verification
Activities

il

Figure 17. DAS Equipment Panel Integration
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625 Guidan~ Navigation and Control Sensor Equipment Module

The GN&C SensorEquipment Module consists of 3EP assemblies, ((+2), (-Z), and (+Y)), 2 closure
panels ((+X), and (-X)), and an access panel (-Y). The (+2) panel acts as an optical bench for the
GN8zC Sensor EM.

The panel is designed to inchide six (6) kinematic type mounts which are used to attach the optical
bench (+Z panel) to the Spacecraft Bus primaxy structure and six (6) kinematic mounts (placed
piggyback to the other kinematic mounts) which attach the rest of the Sensor EM structure to the
optical bench.

The (-Z) and (+Y_)panels are the radiators for the EM and have silver teflon tape and the possibility
of patch blankets on their exterior suxfaces. The (-Y) panel has MU on its exterior surface and
alurninum-kapton tape on its interior surface. The (+2) panel is black on the exterior side of the
panel and has alumimun-kapton tape on the interior surface.

The integration details concerning the GN&C Sensor EM are illustrated in Tables X, XI, XII and
Figure 18.

6.2.6 RWA Equipment Module

One RWA equipment module is required for use in the EOS GN&C S/S. The RWA equipment
mcxiuleconsists of equipment panels ((+Y), (+2),(-X)), 2 closure panels ((-X),(-Z)), and an access
panel (-Y). The RWA EM is used in conjunction with the GN&C Sensor EM as part of the EOS
GN&C S/S. The RWA EM is located on the -Y face of the Spacecraft, below the SW in the -X
direction tim the SAD.

The base panel is designed to include four(4) kinematic type mounts which m used to attach the
RWA EM securely to the Spacecraft Structure.

On this EM the (+2), (-Y) and (-X) panels are radiators. As such they have silver-teflon tape and
the possibility of patch blankets on their exterior surface. The (+X), (+Y), and (–Z) panels have MU
on their exterior surface.

Table X. Sensor EM and Optical Bench Base EP Integration Flow Support (TBD-1O)

I IDocumentation IEquipment IToo@/Fixtures [Facilities I
I(TBD-1O)

1 1 1 I
I(TBBlo) I(TBD-lo) I(TBD-lo) I(TBD-lo)

1“ I I 1 1 I

Table XI. Sensor Front EP Integration Flow Support (TBD-11)

Documentation Equipment Toolin#Fiitures Facilities

(TBD-11) (TBD-11) (TBD-H) (TBD-11) (TBD-11)

Table XII. Sensor Optical Bench (Base) EP Integration Flow Support (TBD-12)

I IDocumentation IEquipment ITooling/Fiitures lFacilities I

I(TBD-12)
1 I 1 I
I(T’BD-12) I(TBD-12) I(’IBD-12) I(TBD-12) i
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Figure 18. Sensor EM/Base Panel Integration
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The integration details concerning the RWA EM are illustrated in Figure 7, and Tables XIII, XIV,
and XV.

Table XIII. RWA EM and Base EP Integration Flow Support (TBD-13)

Documentation Equipment Tool@@xtum Facilities

(TBD-13) (TBD-13) (TBD-13) (TBD-13) (TBIH3)

Table XIV. RWA Front EP Integration Flow SUppOfi~E14)

Documentation Equipment TboUn@xtum Facilities

(TBD-14) (TBD-14) @BIL14) (TBD-14) (T’BD-14)

Table XV. RWA Top EP Integration Flow Support (TBD-15)— ——

I IDocumentation IEquipment ITooIi@FMum IFacilities I
1 I m

(TBD-15) I(TBD-15) I(TBD-15) I(TBD-15) I(TBD-15) 1

6.3 Solar Array Assembly

The Solar Amy Assembly is supplied to I&T completely assembled and tested by the subcontractor.
The assembly consists of a single flexible blanket housed in a blanket box and a continuous longeron
astromast used to extend and provide tension to the blanket when in orbi~ The hardware needed
to retain the blanket box to the Spacecraft during launch by connecting the blanket box to the
Spacecraft primary structure node fittings is provided with the blanket box.

The Sequential Shunt Unit which is mounted on the Solar Amy mast cannister for flight, will not
be on the Solar Anay when it is delivered to I&T.

The SSU is used fm all electrical testing of the Spacecraft even when the Solar Amy is removed
from the Spacecraft. For example, after the Solar Array is removed after its fit check with the
Spacecmft the SSU remains electrically integrated to the Spacecraft. Final installation of the Solar
Amy is done just prior to the acoustic environmental test. Integration of the Solar Array Assembly
by I&T is performed at the Spacecraft level as described in Spacecraft integration, Section 7.

6.4 High Gain Antenna (HGA) Assembly

The HGA is a major assembly qualified and delivered by the subcontractor fully assembled. The
HGA Assembly consists of the following major componen~, the HGA Assembly Reflector, the
Gimbal Drive and Cable Wrap Assembly, the Gimbal Drive Electronics, the Ku-band RF
Electronics, and the Thermal Control Equipment. The HGA Assembly and the mating boom and
hinge assemblies are integrated with the EOS Spacecraft as described in the Spacecraft Integration,
Seetion 7.

6.5 PropuMon Module Assembly (PM)

The propulsion module flight stmctw assembly is delive~d to I&T complete with harness, flight
tank, valves, thrusters, line heaters and associated piping and the MAGE turnover fixture. The
propulsion subsystem acceptance test is also completed prior to &livery to I&T.

37 DCC070993



PNZOO05405
30July 1993

c

The assembly of the propulsion module begins with the installation of thermal control hardware
(heaters, thermostats, temperature sensors, etc.) tothepropulsion module ba$epmel. l%eelectronic
component boxes and any additional harnesses am mechanically installed next These components
are installed with thermally conductive adhesive at their interface where requhwi. A
component-t-panel ground measurement is taken for each componen~ The propulsion module
harnesses are routed and secured into position using the harness mockup as a guide. Harness
connectors are mated to the electronic components as part of the electrical integration procedure.
Thermal coatings and NfLI will be installed onto the propulsion module prior to propulsion module
environmental tests.

Figure 19 provides two views showing the various electronic boxes and their locations on the
propulsion module. Figure 20 shows the assembled propulsion module still in the turnover fixture.
A flow diagram of the PM assembly activities by I&T is given in Figure 21. The integration details
concerning the l%opulsion Module are provided in ‘IkbleXVI.

Note: The full-up PM will be assembled to the Spacecmft Structure during the Spacecraft assembly
process. The specflc details of this assembly activity are in Section 7.1.

Table XVL Prcmuision Module Megration Flow Support (’HID-16)—

Documentation Equipment Toolin@ii Facilities

@D-16) (TBD-16) (TBW16) (TBIM6) (TBD-16)
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7 SPACECRAFT’ASSEMBLY INTEGRATION PROCESS

TM section describes the integmtion activities to be performed by I&T duxingthe Spacecraft
assembly and test phases of the EOS-AM Program. These activities include the installation and
electricalintegrationofall flighthardwarewiththe spacecraftstructureassembly.A layoutdrawing
of the EOS-AM Spacecraftis shownin Figure 22. The assemblyof the Spacecraft takes place in
the Mro Space Bay 8 facility in East Windsor,NJ. which is maintainedat a cleanliness level of
Class 10,000. Integration of the Spacecraft begins with the delivery of the spacecraft structure
assemblyto I&T. Theassemblyofthe Spacecraftis a multi-phasedactivitywheregroupsof related
hardwareare integratedwith the spacecraftstructureassembly. This hardwareconsists mainly of
the Electrical AccommodationSubsystem (harnesses), propulsion module, solar array, HGA
deployment subsystem, equipment modules, thermal control subsystem and structure mounted
components. The Spacecraftintegrationflow is shownin Figure 23.

The fkst -p of componentsto be integratedwith the spacecraftstructure is associated with the
ElectricalAccommodationSubsystem(EAS). Followingthe assemblyof theEAShardwareon the
spacecraft structure, the qualified Propulsion Module is integrated. The equipment modules is
integrated to the Spacecraft next. W each equipment module is installed any related structure
mountedcomponentsis also installedto simplifythe electricalintegrationof each subsystem. This
is depictedin the Spacecraftintegrationflow. Installationand checkoutof the CPHTSassemblies
is performednext The HGA and deploymentassemblyand the solar may are installed for a fit
checktover@ allmechanicalintetiacesandthenareremoved.Finalinstallationofthese assemblies
is accomplishedduringthe Spacecrafttest flow just prior to the Spacecmftacoustics tesL At this
point the instruments axe installed. This completes the assembly activities associated with the
Spacecmftintegrationflow.

Thereareseveralmechanicalassemblyactivitieswhichtakeplaceaspart of the Spacecrafttest flow
shownin Figure 24. The fmt activityis the installationof MLI(thermalblankets)and other flight
thermalcontrolhardwarepriorto theSpacecraftthenna.1vacuumtest. The Spacecraftis thoroughly
cleaned per a processdefinedby contaminationcontrolengineeringin the ContaminationControl
Plan for the EOS-AM Spacecraft,PN20001412. The HGA and solsr array assembly is installed
prior to the spacecraftacoustictest. The next mechanicalassemblyactivity during the test flow is
the installationof fight batteries prior to the last Spacecraftcomprehensiveperformancetest and
the shipment of the Spacecraft. The Spacecraft is thoroughlycleaned again, as described above,
prior to its prepamtionfor shipment. Figure 1, in section3, showsthe integrationschedulefor the
EOS-AM Spacecraft.

7.1 Spacecraft Structure Assembly Handling

The spacecraftstructureassemblyis deliveredto I&Tafterit hascompletedvetilcation testing (i.e,
modal and static load tests). The sncture is installed in the mobile environmental test stand
(METS)when it is delivered to the I&T bay. Once in the I&T Bay,the core structure assembly is
transferred to the three axis positioner (TAP) using the horizontal lift sling and refurbished in
preparationfor the integrationprocess. The TAPis the Spacecraftintegrationfixture which“rolls”
the Spacecraft structure*180 degrees along its horizontalaxis (“X”) for installation or access to
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equipmentmodules,instruments,connectors,ete. It alsorotates the Spacecraftaboutits ‘Y or “Z”
axis Othrough90 degreesbringingthe Spacecraft“X” axis from horizontal to vertical. The TAP
is shownin Figure 25.

7.2 Eleetrieal Accommodations Subsystem Installation

The integrationof the Spacecraftbeginswith theinstallationoftheEAS componentswhichconsists
mainly of tie electrical harnesses. The electrical harnesses installed on the structure include the
electrical power harnesses, C&DH harnesses, high rate data links, RF cables, and pyrotechnic
harnesses. The harnessesare pre-foxmedwith all connectorsterminated prior to being installed.
All connectorbracketsand othermiscellaneousharnesssupportequipmentare also installedat this
time. The full size harness mockup is used to show the detailed harness routing and tie-down
requirementsfor theinstallation.The connectorbracketsandharnesssupportbracketsamgrounded
as requhed pergroundingprocedure(TBD-17). TheTAPis rotatedasnecessaryfor the installation
of the EAS components.

7.3 Propulsion Module InsWation

The mechanical integration of the Spacecraft continues with the installation of the propulsion
moduleinto theaftendof thehexbayofthestructureassembly.Thepropulsionmoduleispositioned
on its turn-over fmtum with the -Z axis up. The Spacecraft structure is rotated to the -Z up
orientationin the TAPand liftedusingthe ho~tal lift sling. The Spacecraftis installedonto the
METSfmture to allow aeeessfor propulsionmoduleinstallationfrom the-X direction. Figure 26
shows this installationproms. The propulsionmodule is lifted from its nun-over fixture with a
counterweightedstrongbackassemblyand sling. The module is then inserted into the spacecraft
structure’s Bay 1 using the overhead crane. The rear bulkhead of the module is bolted to the
spacecraftaft hexbulkhead. TheSpacecraftis liftedfromthe METSandreplacedon theTAPusing
the Spacecrafthorizontallift sling. Electricalintegrationof the propulsionmoduleoccursafter the
integrationof the DASpanel equipmentmodule(deseribedin section5.7 and shownin Figure 23).
The electrical integration is pexformedper the Propulsion Module test plan which includes the
mating of Spacecraftharnessesto the module.

7.4 Installation of the Power Subsystem Equipment

The Spacecraftis positionedin the-Z up orientationin the TAPfor thePowerEM installation. The
six kinematicmountsfor theequipmentmoduleare installed onthe Spacecraftnodefittings and the
upper kinematicmountbearingsare installedin the base of the equipmentmodule. Theequipment
moduleis liftedfrom its assemblyfmturewithits-Z panelupusingtheequipmentmodulelift sling.
The module is then lowered onto its kinematic mounts on the Spaceemftand secured. When the
Power EM installation is completd the Spaeeaaft is rotated in the TM to the +Y up orientation
for the batterypanelinstallation. Thebatterypanelis installedontoits Spacecraftkinematicmounts
usingthe sameprocessas thePowerEM above. Electricalintegrationof thePowerandbatterypanel
EMs is pexfonnedper the Power EM and battery panel test plans. The Spacecraft harnesses arE
mated to the EM and panel as part of the electrical integration procedure.
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7.5 InsMktion of C&DH/Comm Equipment Module and Related Hardware

The Spacecraft is positioned in the -Z up cxientation in the TAP for the C&DH/Comm EM
installation. The four kinematicmounts for the equipmentmodule are installed on the Spacecraft
node fittings and the upper kinematic mount bearings me installed in the base of the equipment
rnahde. The equipmentmodule is lifted horn its assemblyf~tum with its-Z panel up using the
equipment module lift sling. The module is then be lowered onto its kinematic mounts on the
spacecraft and semred.

The next step installs the instrument bus data units (BDUS)and related fuse distribution beads
(FDBs)ontotheSpacecr@ stic~ assembly.Thhequipment mountsdirectlyto the structurewith
thermallyconductiveR~ used at their mutual interfaces. ThehousekeepingBDUSandFDBs are
not included because they are installed inside of their designatedequipment modules. The solar
array chive(SAD) component is also mounted to the Spacecraft at this time. It is installed onto
secondary structure which is on the -Z side of the Spacecraft. Electrical integration of the
C&DH/CommEM and its related equipmentis performedper the C&DH/COMMEM and C&DH
Subsystemtest plans. The Spacecraftharnessesare matedto thisequipmentas part of the electrical
integrationprocedure.

7.6 InstdWion of the Reeorder Equipment Module

The Spacecraft is positioned in the -Z up orientation in the TAPfor the recorderEM installation.
The five kinematic mounts for the equipmentmodule are installed on the Spacecmftnode fittings
and the uppr kinematic mount bearings are installed in the base of the equipment module. The
equipment module is lifted from its assembly fixture with its -Z panel up using the equipment
module lift sling. The module is then lowered onto its kinematic mounts on the Spacecraft and
secured Electrical integrationof theReconlerEM is petiormed per theRecorderEM test plan. The
Spacecraftharnesses are mated to the EM as part of the electrical integration procedm.

7.7 Imtaktion of the DAS Panel Equipment Module

The Spacecraft is positioned in the +Y up orientation in the TAP for the DAS panel equipment
module installation. The five kinematic mounts for the equipment module are installed on the
Spacecraft node fittings and the upper kinematic mount bearings am installed in the base of the
equipment module. The equipment module is lifted from its assembly f~ture with its +Y panel
sutiace up using the equipment mtiule lift sling. The module is then lowered onto its kinematic
mountson the spacecraftandsecured. Electrical integrationof theDAS panelEM is performedper
the Spacecraftand SubsystemTestPlan. The Spacecraft harnesses are mated to the EM as part of
the electrical integration procedure.

7.8 Installation of the Guidance, Navigation, and Control Equipment

The spacecraft is positioned in the -Z up orientation in the TAPfor the GuidanceNavigation and
Control (GN&C) sensor EM installation. The six kinematic mounts for the equipment module
optical bench an installed on the Spacecraftnode fittings and the uppr kinematicmountbearings
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m installed in their appropriatelocationson the opticalbench. The optical benchis lifted from its
assemblyfwture with its-Z side up using the equipmentmodule lift sling. The bench is lowered
ontoits kinematicmounts. Thesixkinematicmountsforthe GN&CEMshellassemblyare installed
on the -Z side of the optical bench and the upper kinematic mount bearings are installed in the
appropriatefittings oftheEM shellassembly.The shellassemblyis liftedfrom its assemblyf-
with its -Z side up using the equipmentmodulelift sling. The shell is lowered onto its kinematic
mountsontheopticalbench. The shellassemblyis electricallymatedtotheopticalbenchequipment
and the Spacecraftby removing a -Y access panelduringthe electricalintegration of the module.

The Spacecmftis rotated in the TN to the -Y up orientationfor the Reaction Wheel Assembly
(RWA)EM installation. Thefour kinematicmountsfor the equipmentmodule are installedon the
Spacecraft node fittings and the upper kinematic mount bearings m installed in the base of the
equipmentmodule. The equipmentmoduleis liftedhorn its assemblyfmture with its-Y panel up
using the equipmentmodule lift sling. The module is then be loweredonto its kinematic mounts
on the Spacecraftand secured.

The next step in the installation of the GN&Cequipmentis the installation of the three magnetic
torquerod assemblies(M’IR). Theroll andyawMTRsareinstalledon the structurecloseoutpanel
located on the-Y side of bay 1.Thepitch MTRis installedon the -X panel of the powerEM. The
two ESAs are installedon the Spacecraftnext The earth sensorassemblies(ESAs)are located on
the +Z equipment panel at structure bay 1 (CERESpsnel). The fine sun sensor (FSS) head is
assembledto its mountingbracketon the-Y panelof the powerEM and the body mountedcoarse
sun sensor (CSS) is installed on the +Y panelof the GN&Csensor EM. Electrical integration of
the GN&C subsystemequipmentis pexformedper the Spacecraftand SubsystemTest Plan. The
Spacecrafthmnessesare matedto this equipmentas part of the electricalintegrationproceduresfor
the GN&Cequipment.

7.9 Installation of Capillary Pumped Heat Transport System and the Heater Control
Electronics Components

The Spacecraftis positionedin the +Z up orientationin the TM for the installationof this thermal
control equipment. The three CPHTS assemblies are individually lifted from their assembly/
holding future usinga strongbackand lift f~ture attachedto the overheadcrane. The assembly is
positionedwith the miiator panel securedto the +Y side of the Spacecraft. The cold plate is on the
+Z si& oftheSpacecraftandheld inplacewitha MGSEbracketuntil it is mountedonthe instrument
baseplate. Installationof the ASTERSWIRCPHTSassemblyrequires the removalof the ASTER
InstrumentMountingPlate (IMP)becausetheplumbingfrom the coldplateto the radiatorwill pass
under the IMP. The IMP will be Einstalled immediatelyfollowingthe installation of tie CPHTS
assembly. The structure mounted HCES(i.e., the HCESwhich are not installed in equipment
modules) are installednext. The HCEs are mountedto the Spacecraftstructureat their designated
locations. Electrical integration of this thermal control equipment is performed per the Thermal
Control Subsystemtest plan. The Spacecraftharnessesare mated to this equipmentas part of the
electrical integmtionprocedure.

49 DCC070993



PN20005405
30July 1993

c

7.10 FMCheck of the Solar Array and HGA Deployment Assemblies

This section &scnibes the mechanical fit check installation of the solar array and HGA and
Deployment Assemblies. These fit checks are performed at this point in the integration flow to
verifyall the mechanicalintafaces betweentheSpacecraftandS/AandHGA. This allowsstilcient
time to comectany anomalieswhich maybe discoveredbefore the S/A and HGA sre installed for
the Spacemaft acoustic test which occurs late in the Spacecrafttest flow.

The Spacecraft is positioned in the +2 up orientation in the TAP for the solar army assembly
installation. The S/Aassemblyis liftedfromits holdingfmtureusing a lift sling suppliedby the S/A
subcontractor. The S/A is positioned on the Spacecmft using the overhead crane such that the
elevationhinge mounts to the solar may drive and the blsnket box restraint mechanisms mount to
the designated node fittings on the primary structure. The mounting of the S/A assembly is
“flight-like” to V* that no mechanicaliuterface anomaliesexist.

Next, the Spacecraft is positionedin the-Z up cxientationin the TAPfor the HGA anddeployment
assembly installation. The fmt step of this assembly is to install the HGA bocmdhingeassembly
to the spacecraftusing the overheadcrane. Thehinge ismountedto its interfaceon the SADsupport
pIateandthe boomis securedbyitsnxmiint mechanismwhichmountsto theother endof the bcmm.
The HGA assembly (dish, electronics, and gimbal) is installed next by mounting the gimbal
assembly to the end of the boom and the electronicsbox restraint assemblies to the +X Spacecraft
structure. The mountingof theHGA assemblyis “flight-like” tove~ thatnomechanical interface
anomalies exist.

An electrical integration of the S/A and HGA assemblies takes place per the Spacecraft and
Subsystem Test Plan. At the completion of this testing, the assemblies are removed from the
Spaceaaft. The next Spacecraftactivities are the flight software interface test and the Spacecraft
bus comprehensive performance test as shown in Figure 24 and described in the Spacecraft and
SubsystemTest Plan.

7.11 Instrument Integration

The flow of activities performedfor instrumentintegration is shownin Figure 27. The instruments
are either mounted on Instrument MountingPlates (IMP) or mounted directly to the Spacecraft
_ Sn- throughthe use of kinematicmounts and secondarysupport structm. The term

“Instrument” is used to denote either an Instrument on an Instrument Mounting Plate or an
Instrument using a secondag mounting structure. The EOS-AM set of Instruments consists of
MISR, MOPXTT,ASTER, CERES,and MODIS. Instrument accommodationequipment (BDUS,
FDBs, HCES,CPHTSassemblies, harnesses,and interconnectionbrackets) are mechanically and
electrically integrated with the spacecraftbus prior to instrumentinstallation.

7.11.1 Instrument Accommodation Equipment Integration

All flight instrument accommodationequipment is installed to the spacecraft prim to instrument
installation as described in previous sections. me instrument mountingplates are installed on the
spacecraft during the alignment phase of the structure assembly build-up. For direct mounted
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instruments, the flight kinematic mounts (excludingthe bearings mounted to the instrument) are
installedon the spacecraft. The instrument-related BusData Unit (BDU),FuseDistribution Board
(FDB) and Heater Control Electronics (IKE) flight hardware are already mechanically and
electrically integrated to the spacecraft.

The instrumentCapillsry-Pumped Heat TransportSystem (CPHTS)assembliesare assembledand
tested as a unit off the spacecraft. The tested assemblies am then installed on the spacecraft prior
to instmment integration. The coldplates am held in place on the structure with MGSE until they
are mountedon the instrument.

7.112 Instrument Mechanical Integration

The instruments are installed onto the spacecraft by Astro Space mechanicalI&T personnel with
technical support supplied by instrument provider personnel per an approved Astro Space
procedure. The spacecraftis orientedhorizontallywith the +2 axisup in the SpacecraftThree-fis
Positioner for all instrument installations.

All instrumentequipmentwhichweighsmore than 35 poundsis liftedusing theoverheadcraneand
a lifting fwture and/or slings supplied by the insuument provider.

Direct mounted instruments are Ii&d tim their holding f-container to a position above the
spacecraftand loweredonto the kinematicmounts. Plate mountedinstrumentsam lifted horn their
holding fmture/container to a positionabove tie spacecmftand lowered onto the plate.

In some cases, the installation of an instrument significantly Iinits the access to the spat-
interfaceofanotherinstrument. Specifkally, thesecasesm asfollows(seeFigure28for locations):

a.

b.

c.

d.

Access to the ASTER VSR mountingfeet is limited if MOPI’ITand SWIR have been
installed.

Access to the SWIR +Y kinematic mounts (locations SW-1 and SW-4) is limited if
ASTER CSP has been previously installed.

Access to the MISR +Y kinematic mounts (locations MI-1 and MI-3) is limited if
ASTER VSR,VEL, and MPS have been installed.

Access to the TIR +X kinematicmounts (locationsTI-6 and TI-7) is limited if MODIS
has already been instaUed.

Based on these installationaccessconcerns,there is a prefemedsequenceof instrument installation.
The recommended installation sequence for the instruments is MISR, ASTER, MOPITT and
MODIS, ~spectively. The sequence for MOPIIT and MODIS instruments maybe reversed but
they must follow the installation of both the MISR and ASTER instruments. Within the ASTER
group of equipment, the VSR componentshould be installedfirst. SWIR should then be mounted
to the spacecraftprior to the remainderof the boxes on the ASTERmountingplate (CSP,VEL,and
MPS) and TIR. There is no prefemd sequence for the installation of the CERES instrument.
CERESmay be installed before, in between,or after any of the instrumentslisted above.
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Immediately after each instrument is installed and aligned(as describedbelow), it is grounded to
its spacecraft interface ccmnectorbracket, This bracket wiLlbe groundedto the spacecrail signal
reference plane. A bondingmeasumnent betweenthe chassisof each instrumentcomponent and
spacecmft chassis will be made. This bond resistance value must meet the requirements of the
EOS-AM SpacecraftElectromagneticCompatibilityControlPlan, PN20005869.

7.1L2.1 ASTER Mechanical h@X%ltiOIl

The ASTER mechanical integration is performed as described in Section 7.11.2. The ASTER
Instrument MountingPlate (IMP) is installed onto the Spacecraftprior to instrument integration.
The plate mounted ASTER compcments (VSR, CSP, VEL, and Ml%) are installed onto the
Spacecraftby mountingthemto the integratedIMP. This installationapproachis preferredbecause
of limited accesstotheIMPkinematicmountsduringinstallationi.ftheinstrumentcomponentswere
mountedto it Thesequenceof installationfor theASTERcomponents,asdiscussedabove,is VSR,
SWIR, CSP,VEL, Ml%, and ‘IT%nxpectively.

7.1122 CERES Mechanical Integration

The mechanical integration of CERES includes the installation of the Fore (+X) and Aft (-X)
CERESinstruments. These instruments are installed onto the CERESinstrumentmounting plate
which will have been previously integrated to the Spamcraft There is no prefemd order for the
integration of CERES.

7.11.23 MISR Mechanical Integration

MISR is a direct mount instrumentwhichis mechanicallyintegratedas describedin Section7.112.
MISR is the first instrument installed on the Spacecraftto allow better access to its +Y kinematic
mounts. Access to these mounts is hindeti by surroundinginstrumentsas is described above.

7.112.4 MODIS Mechanical Integration

The MODISmechanicalintegrationis performedas describedin Section7.11.2. MODISis a direct
mount instrument which is installed after the ASTERTIR component so that the +X kinematic
mounts of TIR are accessibleduring installation.

7.11.2.5 MOPI’IT Mechanical Integration

MOPI’IT is a direct mount instrument which is mechanically integrated as described in Section
7.11.2. MOPITT is installed after the MISR and ASTER instruments due to installation access
concerns for these instruments.

7.113 Instrument to Spacecraft Alignment

The purpose of instrument to spacecraft alignment is to ensure that the instrumentboresight(s) is
aligned as spdfled in the instrument MICD with respect to the spacecraftreference axes. There
are no co-alignment requirements between instruments.
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Eachinstrumentto be alignedis deliveredwith anopticalcubeinstalled. TheIP also suppliesAstro
Space with the data which relates the instrument bcmight to the instrument cube. The cube is
locatedon the instrumentsuchthattwo orthogonalfaces (*Yand+Z)havea clearlineof sightwhen
theinstrumentis installedon the spacecraf~ It is preferredto havea cleaxline of sightto orthogonal
faces of the cube in the X, Y,and Z axes of the spacecmft. It is also prefernd for all faces of the
cube, except the mountingface, to have optical surfaces. This adds flexibility to the alignment
pmedures andsigMcantly simplifiesthe instrumentalignmentmeasurementswith the spacecraft
in thehorizontalandverticalorientations. The locationofthe cubeonthe instrumentis documented
in the instrumentMICD.

Instrument-pacecraft Alignmentdetemninesthe shimmingrequiredto adjustthe instrumentin
theroll and pitchaxes. Shimmingof an instrumenttakesplace if the alignmentbudgetis exceeded
bythe instrumentor the Spacecraft. The instrumentyawalignmentcannot be adjustedat this point
because it is establishedduring instmment intexfacedrilling at the structure assembly. For direct
mountedinstruments,the interfacebetweenthe kinematicmountsand the spacecraftare shimmecl
as required. For plate mounted instruments, the instrument interface is adjusted to meet its
alignment requirement prior to instmment installation. This is accomplishedby shimming the
kinematic mounts which attach the instrument mountingplate to the structure. The instrument
alignment measurementsare repeated later in the Integrationand Testflow. These measurements
are performed just befm and after spacecraft environmental testing to verify that any
environmentallyinduced shifts are within the valuesallocated. For more details of the spacecraft
alignmentplan see referencedocumentPN20008660EOS-AM SpacecmftAlignmentPlan.

7.11.4 Instrument Cold Plate Mechanical Integration

The coldplate is boltedto the instrumentafter the instrumentis installed CPHTSassemblieswill
be installed on the Spacecmftfor the ASTERSWIR,ASTERTIR andMOPITI’instruments. This
activity is performed by Astro Space I&T pemonnelusing an approved Astro Space procedure.
Thereis stilcient accessto thecoldplatesfrom withinthespacecrafttopermit coldplateinstallation
andremoval fromthe instrument. MGSEis usedto supportthe coldplateswhenthe instrumentsZIR
not installed. The CPHTSassemblycan only be installedor removedfrom the spacecraftwhen its
ccmespondinginstrumentis not on the spacecraft. For installationor removalof the SWIRCPHTS
assembly, the ASTER instrument mounting plate (including the ASTER instrument and
accommodationcomponentswhich are mounted to it) must also be removed The coldplate is
mountedto the instrumentusing 24 bolts and a Chotherm1679thermalgaake~ The thermalgasket
is adheredto the coldplateprior to installation. Groundcoolingchannelsare containedin the flight
coldplates for instrument cooling dwing spacecraft I&T when the CHITS assemblies are not
operating in CPLor reflux mode.

7.11.5 Instrument Electrical Integration

~is task will be perhmed as described in PN20008664,Spacecraftand SubsystemTestPlan.
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7.12 Thermal Blanket InstaUation

%x to performing the Spacecraft EMC tes~ the Spacecraft thermal blankets are installed in
preparationfor the thermal vacuum testing as shown on the Spacecraft test flow, Figure 24. The
Spacecraft is in the TAP and positionedin various orientations to install thermal blankets on the
entire Spacecraft.

The installationprocessbeginswiththe applicationof velcro to the Spacecraft. Mylar templates of
the thermalblanketsare usedto determinethe locationsfmthe bondhg of velcroon the Spacecraft.
The thermal blankets axe installed next per the engineering drawing and thenna.1engineering
direction. Radiator surfaceswhichwerenot completedat the component.hnajorassembly level are
prepared with silverAeflontape at this time also. Blankets am installed in flight cmn@urationas
much as possible for the Spacecmftthermal vacuum test.

7.13 InstaUation of the Solar Array and HGA Deployment Assemblies

Theinstallationof thesetwoassembliesis identicalto thefit checkinstallationsdescribedin section
5.10, except that the HGA and S/A restraint mechanismsare tensioned to flight pre-loads. After
the S/A has been installe4 the four come sun sensor (CS!3)assemblies are mounted to the S/A
panels. Electrical integrationof these assemblies is performedper the Spacecraft and Subsystem
TestPlan. All harnessesarematedas pan of the electricalintegration. Spacecrafttesting continues
with acoustic and pyro shocktests as shownin Figure 24.

7.14 InstaUation of Flight Launch Vehicle Adapter

The flight Launch VehicleAdapter (LVA)will be installed onto the Spacemft in Bay 8 after the
completionof the gasfimddeploymentverificationtestsas showninFigure 24. TheLVAis installed
onto the Spacecraft acoustic test fmture. The Spacecraft is then rotated to the +X up (vertical)
orientation in the TN and lifted using the Spacecraft vertical lifting sling. The Spacecmft is
lowered onto the LVAand installed per engineering definition. Launch vehicle ICI) #(TBD-18)
defines this configuration. The LVA kick-off springs are adjusted to flight loads during the
installation. The six ilight separationbolts are also installed and tensionedin flight conf@ration.
Afterthe Spacecrafthas beeninstalledon theLVAandacoustictest fmture, the Spacecraftis moved
to the acoustic test chamberfor testing.

7.15 Installation of Flight Batteries

The Spacecraftis positionedin the+Yup orientationforthe removalof the workhorsebatteries after
theyhavebeen completelydischarged.Theworkhorsebatterypanel is removedfrom its Spacecraft
kinematicmounts using theequipmentmodule lift sling andplacedon its handlingf~ture. The +Y
PowerEM workhorsebatterypanelis unboltedfkomtheEM andremovedfkomthe Spacecraftwith
the EM lift sling also. The flight battery panels are reinstalled on the Spacecraft using the same
technique. There is accessto mateharnessesto the batteries inside the powerEM throughan access
hole in the-X EM panel (the moduleis not disassembledfor access). Electrical integration of the
batterieswill be performedper the Spacecraftand SubsystemTestPlan. After this activity the final
Spacecraft testing is pezfonned and the spacecraft is prepared for shipment to the launch site as
described in the next section.
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7.16 Spacecraft Preparations for Shipment

The Spacecraft is shippedto the launch site in the modifiid GRO shipping container. The HGA
reflector is removedfkomthe HGAelectronicsbox to accommodatethe Spacecraftin the shipping
container. Thespacecraftis liftedffom the TAPin the -Y up confQurationusingthe horizontallift
sling and loweredinto the GRO shippingcontainer. The Spacecmftis attached to MAGEaft and
forward supportsin the container.
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8 LMJNCH SITE INTEGRATION

Thelaunchsite integrationactivitiesbeginwhentheSpacecrafta.nivesatVandenbergAFB. Aflow
of the launch site activities is shownin Figure 29. The Spacecraft is translated to a test facility
where it is unpackd inspected,tested and verifkd as ready for launch. The Spacecraft is placed
in themodifki GROshippingcontainerfor~s~tion to the launchsitefacility. TheSpacecraft
is transportedto the launch site facility Building 1610for electical testing, fuel loading, and final
mechanicalintegration activities. The fairing is installed after the electrical tests and mechanical
closeout activities have been completed. The Spacecraft is then transported to the launch pad,
installed on the booster, and readied for launch. Figure 30 (TBD-19) illustrates the
spacecraWhm ch Vehicle integration activities. The following is a discussion of the various
integrationactivitiespexfcmnedat the Launch Site.

8.1 Spacecraft Inspection and Removal Fmm Container

The cover and access panels are removed fkomthe modifkd GRO shipping container and the
Spacecmftis inspectedfor any obvious damage which may have occurredduring shipping. The
Spacecraft is then removed horn the container using the horizontal lift sling and mounted on the
Three-his Positioner. A full close-up inspectionof the Spacecraftis performed at this time.

8.2 HGA Reflector Installation

The HGA Dish Reflector is reinstalled on the HGA electronics box per drawing requirements.
Electrical integration of the antenna is performed as part of the launch site comprehensive
performancetest per the Spacecraftand SubsystemTestPlan.

8.3 Spacecraft Fuel Loading

All pm-flight propulsion subsystem servicing is conducted in a certifkxl hazardous operations
facility which will provideadequateventilation,scrubbing,and drainageprovisionsfor hazardous
waste. These operations include post shipment integrity testing to verify flight readiness and
propellantloading. Integritytests includepressuretestingat maximumexpectedoperatingpressure
and leakage. All fuel loadingoperationsare performedby personnelequippedwith self-contained
atmospheric pressure ensemble (SCAPE) protective suits. A SPCM hydr=ine l~d Cm is
utilized to accomplish all fuel handling. Propellant gauging during fuel loading is perfmmed by
weightthroughtheuse ofanexplosionproofscalethatmonitorsrealtime fluid transferfromholding
drums to the spacecraft. Fuel is passed through a 5-micron absolute filter and loaded through a
spacecraftsemice valve. Loadingof the propulsionsubsystemis performedby pulling vacuumon
the fluid lines and tank to allowpropellant wettingup to the servicevalves and thruster valves. A
hydrazine sample is taken from the load cart at the start of fuel loading for chemical analysis to
provide a record of the exact state of the hydrazine on the loading day which will be compared
against a previous sample analysis taken approximatelyone week earlier to verify purity of the
propel.hum At the conclusionof the loading, the propulsion subsystem is pressurized to blanket
pressure and all equipmentwill be drained, flushe4 and de-contaminated.
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(TBIL19)

Figure 30. Spacecraft/Launch Vehicle Integration Activities
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&4 Spacecraft Mechanical Closeout and Final Inspection

(TBD-20)

8s Install Launch Vehicle Fairing

(TBD-21)

8.6 Launch Vehicle Integration

(TBD-22)

8.7 Final spacecraft closeouts

(T13D-23)
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9 NOTES

9.1 Acronyms and Abbreviations

AGE

ASTER

BATI’

BDU

C&DH

CG

Comm

CPHTS

Css

DAS

DPRO

EAS

EGSE

EIC

EM

EMC

EMI

EOS

EP

FAR

FDB

FSS

GN&C

GRo

GSE

GSERD

GSFC

AerospaceGroundEquipment

AdvancedSpaceborneThermal Emission andReflectionRadiometer

Battery

Bus Data Unit

Commandand Data Handling

Cloudsand the Earth’sRadiant System

Center-of-gravity

Communications

CapillaryPumpedHeat TransportationSystem

CoarseSun Sensor

Direct AccessSubsystem

DefensePlantRepresentativeOffIce

Electrical AccommodationSubsystem

ElectricalGroundSupportEquipment

Electrical Imqyation Checkout

EquipmentModule

ElectromagneticCompatibility

ElectromagneticInterference

Earth ObservingSystem

EquipmentPanel

Flow AlterationRecord

Fuse DistributionBoard

Fine Sun Sensor

GovernmentFurnishedEquipment

Guidance,Navigation,and Control

GammaRay Observatory

GroundSupportEquipment

GroundSupportEquipmentRequirementsDocument

GoddardSpaceFlight Center
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HCE

HGA

I&T

IBDU

ICD

lP

IPR

LVA

MAGE

METS

MGSE

MISR

MODIS

MOPI’lT

NASA

PEM

PM

RF

IUVA

SIA

Slc

SM

SAD

SSTP

Ssu

STE

T-V

TAP

TBD

DCC070993

Heater ControlElectronics

High Gain Antenna

Integration and test

Instrument Bus Data Unit

Interface ControlDocument

Instrument MountingPlate

Instrument Provider

Integration Procedure and Record

Launch VehicleAdapter

Mechanical AerospaceGroundEquipment

Mobile EnvironmentalTransportationStand

Mechanical Ground SupportEquipment

Multi-angle Imaging Spectroradiometer

Multi Layer Insulation

Moderate Resolution Imaging Spectroradiorne~

Measurementsof Pollution in the l’koposphere

Mechanical Test Model

National Aeronauticsand Space A~ti~

Power Equipment Module

Propulsion Module

Radio Frequency

Reaction Wheel Assembly

solar Amay

Spacecraft

Solar Array Assembly

Solar *Y Drive

Spacecraft and SubsystemTkstPlan

Sequential Shunt Unit

Special Test Equipment

Thermal-vacuum

Three-Axis Positioner

To Be Determined
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TP TestProcedure

Umb Umbilical

VAFB VandenbergAir Fmce Base

WSMCR WesternSpace and Missile CenterRegulation

WesternTestRange
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1 INTRODUCTION

1.1 scope

This sped.tlcation identiles and definesthe applicableverillcationmethods(analyses,inspections,
demonstrations,and tests), the applicabletest levels and environmentaltest parametersholerances
for the vetilcation program of the Earth Observing System (EOS) Spacecraft, its subsystems,
equipment modules, major assemblies, and components. ~s~ments are included in tie toP
Spacecraftassemblylevel and, as such,am part of the Spacecraftverificationprogram. However,
individualinstrumentvefilcation isnotcoveredinthisdocument.Lower-levelcomponentandEM
vetilcation requirements described in this document do not apply to instruments. The test
environmentsand criteriain this specificationareestablishedwithregardto thenaturalandinduced
environments to which flight hardware for the EOS-AM mission will be exposed. The design
environmentsare specifiedin the EOS GeneralInterfaceSpecflcation (GIS),1S20008501,and for
random vibrationand shock loads, in the individualcomponentspeeifkations. I

1.2 Applicability

This speeWlcation will be used in conjunction with other documents to generate test plans and
procedures for verification of the performance of EOS Spacecraft flight hardware and support
equipment. The veritlcation requirements deseribed in this specifkation are applicable to all
EOS-AM hardware (H/W) and equipment.

This documentis drivenby the VerMcationPlan (PN20005404).That plandefinesthe verMcation
pro- required of the EOS-AM program, and iden~les ~ vefilcation activities for the
Spacecmft,itselements(components,equipmentm~ul=, maj~msembfies~SOftWare3SUbSyStemS*
Spacecraft Bus) and external interfaces (instruments,ground support equipment (GSE), ground
segment, flight support equipment (FSE). The VerificationSpecflcation takes those vetilcation
activities and providesthe performance,interface,environmental,and test parameterrequirements
associatedwith each one. In addition,it providesdefinitionsof all vefilcation terms and standards
which will be used.

The ComprehensiveTestPlan (PN20008664)is also drivenby the Veri.flcationPlan. It takes each
test activity required by the VeriilcationPlan, and defineshow the test will be implemented.The
test parametersgiven in the ComprehensiveTestPlan shallbe consistentwith the test requirements
definedherein. Deviationsfrom therequirementsofthis documentshallbe statedin a separatetable
in the individual performance specklcations.

Verillcation requirements which are specflc to a Spacecraft element (component, EM, subsystem,
major assembly) are spec~led in Section 4 of the performance spedcation for that element.
Verificationrequirementsgiveninallperformancespeeiticationsshallbe consistentwiththegeneric
requirements defined herein.

The relationship of this specillcation and related verillcation documents to the EOS-AM
Spec~lcation Tree is shown in Figure 1. m
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2 APPLICABLE DOCUMENTS

The following documentsform a part of this speciilcation to the extent spec~led herein, and are
subjectto constraint,exception,or amendmentby the EOS ContractEnd Item (CEI) Speciilcation
(PS200053%). Only documents of the given revision or issue dates shall be applicable. For
documentslisted withoutspec~lcrevision or issue dates, the versioncuxmmtas of the issue date of
this specitlcationshall be applicable.

2.1 Government Documents

The following documentsof the exact issue shown,forma part of this specificationto the extent
specifkd herein. In the eventof conflictbetweenthe documentsreferencedhereinand the contents
of thisspecflcation, thecontentsof thisspecificationshallbeconsideredasupersedingmqdrement.

2.1.1 Specifications

Mtitary

MIL-C-45662A CalibrationSystemRequirements

NASA-GSFC

GSFC420-05-02 PerfcmnanceAssuranceRequirements(PAR)for the
EOS-AM Spacecraft 1

GSFC420-03~2 General Instrument Interface Specification(GJIS)for
the Earth ObservingSystem (EOS) Observato~

GSFC-421-12-11-01 UniqueInstrumentInteflace Documentfor the
AdvancedSpaceborneThermalEmission and
ReflectionRadiometer (ASTER) I

GSFC421-1 2-04-01 UniqueInstrument InterfaceDocument for the
Moderate-ResolutionImaging Spectrometer (MODIS)

GSFC-421-12-1242 Unique InstrumentInterfaceDocument for the Clouds
and Earth’sRadiantEnergy System (CERES)

GSFC-421-12-0342 UniqueInstrumentInterfaceDocument for the
dated (TBD-1) Multi-Angle Imaging Spectr~Radiometer (MISR)

GSFC-421-12-15-02 UniqueInstrument Interface Document for the
Measurementof Pollution in the Troposphere
(MOPITI’)

2.1.2 Standards

Federal

FED-STD-209D Clean Room and Work StationRequirements,
ControlledEnvironment
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Military

IvfIbsTD-1522A StandardGeneralRequirementsfor Safe Design and
Operationof PressurizedMissile and Space Systems

MIL-STD-1541 EMC Requimnents for Space Systems

MIJA3TD-461C ElectromagneticEmissionsand Susceptibility
Requirementsfor Control of EMI

MIL-STD-462 Measurementsof EMI Characteristics

MIL-WD463A Deftitions and Systems of Units, Electromagnetic
InterferenceandElectromagneticCompatibility
Twhnology

2.2 Non-Government Documents

The followingdocumentsof the latest issue,forma part of this specflcation to the extent specfled
hensin. In the event of a conflictbetweenthe documentsreferencedhereinand the contentsof this
specflcation, the contents of this specitlcationshall be considereda supersdng requirement.

2.2.1 Specifications

PS20005396

1S20008501

1S20008503
30 April 1993

1S20008504

PS20008617
19January 1993

Source:

EOS-A SpacecraftContmctEnd Item (CEI)
SpecKlcation(SEP-101)

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

Intetiace RequirementsDocumentfor EOS-AM
Spacecraftto LaunchVehicle

Radio FrequencyInterfaceControlDocument Between
the EOS-AM Spacecraftand the SpaceflightTracking
and Data Network(ICD-104)

PropulsionSubsystemPerformanceSpecification
for the EOS-AM Spacecmft

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

2.2.2 Other D~ument.s

PN20001412 ContaminationControlPlan for the EOS-AM
12 May 1992 spacecraft (SEP-107) I
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02 December 1992

23001146

PN20005397
17January 1992

PN20005404

PN20008664
30 September 1992

PN20005869A

PN20008660
28 September 1992

20004280

PS20001415
28 September 1992

PN20008655
26 October 1992

20001422
15 April 1993

20008633

Source:
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EOS-AM Conf@ration ManagementPlan (MD-104)
I

ConfQuration ManagementRequirementsfor
Subcontractors

EOS PerformanceAssuranceImplementationPlan
(PAIP)(PA-1OO)

VerMcationPlan for the EOS-AM Spacecraft m
-1OO)

EOS-AM ComprehensiveTestPlan, ThermalControl
SubsystemSubsetfor the EOS-AM Spacecraft
(VKD-105)

ElectromagneticCompatibility(EMC)ControlPlan for I
the EOS-AM Spacecraft(SEP-106)

EOS-AM SpacecraftAlignmentPlan (SEP-121)

SubcontractorPerformanceAssuranceRequirements
for the EOS ObservatoryProgram

Structuresand MechanismsSubsystemSpecKlcation
for EOS-AM Spacecraft(SP-101)

EOS-AM SoftwareManagementPlan

EOS-AM SpacecraftSoftwareDevelopmentPlan
(MD-109)

SoftwareRequirementsfor EOS–AMSubcontractors

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

I

I
I
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3 VERIFICATION PROCESS

3.1 General

The VerificationProcess is designed to demonstratethat all EOS Spacecraftelements will meet
peticmnance and interface requirements during the proposed EOS-AM mission. The EOS
Verification Process shall wherever practical use the Protoflight Qu=lcation concept when? I
hardware shall serve the dual purposes of being used for qu~lcation testing and for flight. In
general, Protoflight hardware shall be subjected to qual.iilcationenvironment test levels for
acceptancedurationsand then be used for flight. All Spacecrafthadwam must be qualifkd for the
EOS-AM mission through analysis, inspection, demonstration, and either Protoflight or
Qualitlcation TestModel(QTM)testing.Oncequalifkd anyadditionalflighthardware(follow-n
units) shall only unde~o flight acceptancetesting.

Through a combinationof verificationmethods,the EOS Vetilcation Program shall demonstrate
that the Spacecraft and all its elements have met all of its allocated performance and interface
requirements.The tests and analyseswill encompassall expectedenvironmentsincludingthermal
vacuum, stmctural loads,vibroacoustic,mechanicalshock,and pressureprofile.

The aboveprocessisdefinedin the Veri.tlcationPlan. TheRequirementsVerifkationMatrixin that
document (alsoAppendixIII in this document)defines the verifkation processto be usedfor each
Spacecraft-level requtiment. The plan describes the processes to be used to ver@ that the
Spacecraftperformanceandinttxfacerequirementsspecifkd in theContmctEndItem Specification
(PS20005396)aremet..TheFiightHardware’lkstMatxixidentiiiesa l.lteststobeperfor medonflight
hardware,at all component-and higherlevels,to verifythat the givenSpacecraftelementmeets its
speci.fkdperformanceand interfacerequirements,

This document gives the generic vetilcation requirements applying to all EOS-AM Spacecraft
element verification activities identifkd in the VerificationPlan. Spec~lc elements may have
additionalrequirementsidentiled inlowerlevelspecitlcations.Thoseadditionalrequirementsshall
be consistent with the generic requirementsspecifiedherein.

IIIorder to ensure that the Spacecraftand its elementshave met the electromagneticcompatibility
requirements, a comprehensive EMC test progmm will be conducted in conjunction with the
environmental testing specifkd hemirt.The speci.fkdetails of the EMC testing am defined in the
EOS SpacecraftEMC ControlPlan (PN20005869)and its subtierdocuments.

3.2 Verification Methods

Methodsusedfor the veri.tlcationprocessshallconsistof eitheranalysis,inspection,demonstration,
or test. In several cases, a combinationof these methodswill be employed.

All four methodsare defined in AppendixII of this document. In many cases, analysis performed
atone level of assemblywill require reviewof test or inspectiondata from a lowerassembly level.
In addition, vetilcation tests will generally require support analyses for the purposes of test
requirement definition and test result interpretation.

7 DCC080593



PS2QO05404A
06August1993

303 Verification Hardware

A genericcomparisonof theenvironmentlevelsandtest durationsfor QTM,Protoflight,andFlight
Acceptancetesting to the predictedenvironmentconditions is illustratedin Figures 2 and 3. Test
levels for ETM and EDM hardware,when used for verification testing, are generally the same as
those used for QTMhardware. In the case of Protoflighthardware,test durationsmaybe Educed.
QTM, ETM, EDM, Protoflight, and Acceptancehardware are defined in Appendix II, and axe
discussed in the following sections.

3.3.1 Qualification Hardware

Qualificationtests amformal,con~ctualconfirmationsthat thedesignandmanufacturingmethods
have resulted in hardware (and software) capable of meeting performance specflcation
requirements. During qualiflcat.iontests, the test item is subjectedto environmentallevels greater
than those which the flight item shall experienceduring ground handling,transportation,storage,
launch, powered flight, or on orbit. All qualiilcation hmdware shall be producedfrom the same
drawings,using the same materials, tooling and manufacturingmethodsas those used to produce
flight hardware.

For theEOSProgram,theream twotypesof Qualillcationtesting. Theseare:Protoflightand QTM
testing. Theprimarydifferencebetweenthetypesof testsis thedurationofexposureto therelatively
severe environmentalconditions.

In vibration, for example, Protoflight hardware shall receive qualifkation levels for flight
(acceptance) durations. Qualiilcation hardware will receive qualification levels for qualification
durations. Whtxeas Protoflight hardwtm will be used for flight prwided it passes qualification
testing, QTM hardw~ will not be used for flight. Therefore, Protoflight hardware is flight
hardwarebyform,fi~andfunction. QTMhardwareshallbebuiltto thesamestandards,withrespect
to the parameters which are critical to qualMcation,i.e. manufacturingprocesses and tolerances,
electronic pans designation, materials used, etc. After a QTM has been qualiiled, subsequent
hardware that is producedfrom that design shaIIbe flight acceptancetested only.

3.3.1.1 Qualification Test Model (QTM)

QTMtesting involveshardwareof a newdesignwithouttest orflight heritage. QTMhardwareshall
not be usedfor flight becausethecombinedenvironmentallevelsand testdurationsare significantly
more severe than those anticipated during groun~ launch or orbital operations. This severe
environmental exposure may produce deleterious effect on the subsequent performance or
reliability of the QTM. Usually the fnt version of newly designedflight hardware,without flight
or test heritage, is selectedfor QTM testing.

TableI is a list of QTM hardware. This hardwareshall be subjectedto QTMtesting in accordance
with Table XIII of AppendixIII. Note that in some cases,qutilcaticm is performedusing ETM or H
EDMhardwarein a separatequalificationtest program. Thequtilcation testrequirementsin these
cases am unchanged. Use of ETM/EDMhardware in these applicationsmquims GSFC approval.
All other hardware shall be qualifkd by Protoflight testing.
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MAX +10
~ PROTOFUGHVQTM TEST

_ FLIGHT ACCEPTANCE TEST
MAX +5

MAX PREDICTED MAXIMUM (0)

THE 5 AND 10 DEGREE
TEMPERATURE

OFFSETS SHOWN IN
THE FIGURE APPLY TO
THE PREDICTED DURATION

OPERATIONAL OR TEMP W
AS

NON-OPERATIONAL SPECIFIED

TEMPERATURE
E~REMES

MIN
PREDICTED MINIMUM (s)

TEMPERATURE

MIN -5
= FLIGHT ACCEPTANCE TEST

MIN -10 -pROTOFLIGHT~TM Tp~

,

TEST DURATION

a) Predicted worst-case temperatures which the Spacecraft shall experience during
ground, launch, or orbital operations, as specified in GIS.

Figure 2. Comparison of Thermal Test Uvels

● QTM TEST@) ●

+ PROTOFUGHT TEST-
MAX+3

ACCEPTANCE TEST
MAx

PREDICTED
MAXIMUM @)

FUGHT
~DURATION FLIGHT

POWER - DURATION

SPECTRAL x2

DENSITY
dB

1.0 2.0

TEST DURATION, MINUTES

a) Predicted worst-case vibro-acoustic levels which the Spacecraft shall
experience during ground, launch, and orbital operations, as specified in GIS.

‘b) QTM testing is for 2 minutes versus 1 minute for Protoflight and Acceptance.

Figure 3. Comparison of Vibmacoustic T- Levels and Durations
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‘hble L Hardware to be O’Ill Tested-—..- — _— —

Hardware Item #of QTMs

EquipmentModuleStructurWThermalControl System 1
pWght-like EDM of Power EM] m

CapillaryPumpedHeat lhnsport Systenx 1
(Flight-like EDM- similar model for life test)

KinematicMounts 1 set

Solar Array Drive (SAD)
a. Flight-like EDM for life test

I
1

b. Full QTMfor qual.iilcationtesting 1 I

HGAGimbalDrive 1
(Flight-like EDM for life test)

WorkhorseBatteryPanelsx u 2(1 of each type) 1

BatteryLtie Test Unit (7 cells) B 1
(ElectricallyEquivalentOnly)

HeaterControlElectronics 9 4(lofeachtype) ~

SolidState Recorder (EDMversion of DC’(Jand DMU) I 1 each B
.- . ..- - . . . . .— .-. -. m
‘Unly liex Bay ~attery Yanel=Semt)ly recewes ‘In- vacuum “lest I

32.1.2 Protoflight Hardware

Protoflight hardwareconstitutesthe first unit of a given design,or the fmt applicationof a design
to a given mission, which is used to qualify that design to the intendedmission and subsequently
is used for 13ight.In general, the environmentallevels to whichProtoflighthardware is tested am
the same as those used on QTMhardware,however,the durationof exposureis less; i.e., the same
as for flight hardwaredurations (acceptanceduration). I

However,whilebothQTMandpmtoflight hardwareaxenewlydesigned,previoustestpetiorma.nce,
andor orbital flight experience with qualified hardwareof similar design precludes the necessity
of exposingProtoflight hardwareto the potentially harmfulrigors of long durationenvironmental
exposure involved in QTM testing. Thexefore,unlike QTM hardware Protoflight hardware may
be used for flight once it has passed Protoflight qualification tests.

Protoflight hardware will undergo the tests indicated in Table XIII of Appendix III. The ~
requirements for those tests am defined in the followingsections.

3.32 Acceptance Hardware

Acceptance tests shall verify that subsystems, major assemblies, instruments, and components
operate in accordance with the applicable performancespecflcation(s) during powered flight and
on-mbit operation. SubsysterrdcomponentAcceptance Tests shall be performed after unit
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qualification,and shalldemonstratethat the test item is readyfor flight. In manyinstances,the test
requirements defined for the qtilcation of flight hardware shall also apply to the Acceptance
Tests,exceptfor theenvironmentallevels. Allsparesubsystemdcomponensshallalsobe subjected
to the AcceptanceTest environmentsspecifiedin the followingsections.

3.4 Verification Documentation

The following documentation shall be generated in order to record the veri$cation activities
performed in preparation for the EOS-AM mission. Documentationrequirementsfor items built
by Martin Marietta Astro Space (Astro Space) and those built by its subcontractor are the same;
however,theformat of subcontractor-generatedvetilcation documentsmaybe differentthanthose
presentedherein as long as the same informationis present.

3.4.1 Verification Reports

Upon completion of any veriilcation activity at any level of hardware assembly,a Vetilcation
Report shall be generated in order to document the nxults of the vetilcation activity. A blank
VerillcationReport Form is shownin Figure 4. Thisfoxmor equivalentshall be used to document
howeach requirementis verifkd includinganyspecialconditions,assumptions,or limitations. All”
requirements which are to be documentedas vefied by the report shallbe clearlydelineated.The
report shall describe how the math models used were validated by test data and what were the
signflcant results of any verification by analysis.All supportingdocumentationshall be attached
to the report upon submission.Detailed test and analysisdata shallbe retainedby the organization
performing the veritkation, unless quested to do othenvise. All VerificationReports that are
genemted by Subcontractorsshall be submitted to Astro Spacefor review prior to transmittal to
NASA-GSFC by Astro Space.

3.4.2 Verification Test Procedures

Test procedures shall be developed in enough detail to cover all aspects of each vefilcation test,
including:test article conf@uration,test parameterswithacceptablemin/maxlimits, facilitycontrol
measures, instrumentation, data collection, and reportingrequirements.The test procedures shall
also address what measureswill be takento maintainsafety,controlcontaminationand protect the
test hardware from damage. Procedures for performancetests shall provide for !eal-time data
display in a readily distinguishableformat. Testpredictionsshall also be attachedto the procedure
documents. Pass-fail criteria and limits shall be determined prior to test procedure approval.
Correctiveactionfor all test failures, includingretestrequirements,shallbe approvedby theFailure
ReviewBoard in accordancewith the PerformanceAssuranceImplementationPlan (PN20005397)
for testing at Astro Space, and the SubcontractorPAR (20004280)for testing at Subcontractor
facilities, prior to final acceptanceof the hardware.

Verificationtest proceduresshall providethe followingmeansof cotilguration controlfor the Unit
Under Test (UUT):

a. Nomenclature and @awing/specKlcationnumberof the assemblybeing tested shall be
stated
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PERFORMANCE VERIFICfU’ION
DOCUMEMWION

F8ge_af_EOS OBSERVATORY
VERIFICA’llON REPORT

MANUFA~
P- NO. SERJALNO.
LEVELOFASSEIUBIX ❑ COMPONENT•l EM •l MAJORASSY.

❑ HOUSEKEEPINGBUS El SPACECRAFT’
TYPEOFHARDWARE D QTM •l PRO’N3FIJGHT❑ FLIGHT•l SP_

D ENGINEERING

REQUIRWENT(S)~
(Statercquircment(s)vcticd and

idenm source)

VERIFICAI’ION MEIT-IOD •l ANALYSIS ❑

TYPE m.

❑ COMPREHENSIVE PmFmMANm

El MODAL SUWIW

El s’rRucruRAL LOADS
•l SINEVIBRATION

❑ RANDOM VIBRATION

ElAWUSTIC

•l ELECI’ROMAGXYEI’ICCOMPATIBILITY

❑ ALIGNMENT

INSPECHON •l DEMONSIRATI ON CI TEST

❑ FuNcnoNALPERFoRMANcE@-.
•lMECHANICALSHO=
❑ THERMALBALANCE
❑ THERMAL VACUUM

❑ LEAKAGE

Cl W PROPERITES

❑ TEMPEIwruRE CYCLE

•l INTEREACEVERIF’ICAIION

•l FLJNCI’IONALPERFORMANCE@ AMBIENT

❑ OTHER (Cxphin)

VERIFICATION S~
(Summarizeresultsof

verification)

F@me 4. Verification Report Form
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PERFORMANCE VERIFICATION

VERIFICATION REPORT (Continued)
DO~ON

*_”f—

VERIFICK170NPROCEDURE NO. REV DAm
❑ INI’nALTEsT
❑ REI’EST(CI PAR17ALOR0U INI’HALTESTS’IAKI’ DAZE

)

APPIJCABLE TesI’ PI.Aht
FACILJTYDESCRIPTION

LOCATION
TESTJ-XIGREFERENCE

COMMENTS:
SIGNATURE

DESIGN OR SYSTEMSENGINEER DiU’E
TESTDIRJ3CI’OROR TESTENGINEEIL DAI’E
QUALITYASSURANCEREPRESENIXHVE. DATE

Date(addtime
for thermal
tests)

Ambient~mp/ Notebegirmingandendofactualactivity, FailureReport
Humidiv~C
RH)

deviationfromtheplammlprocedure,and NumberandDate
diacrepaneicsmtestpcrfommnee. (inapplicable)

I .

I

I I

I (use additionalpaperasrequired) I
The activitiescoveredbythese rqmrts ineludeanalyses,teatsandmeasurementsperformedfor tie
PWo= of=@% me W@’ofi= of W= at he aPP~*le levelof =mblY”

MateriaJnwesaaryto elmifj thisreport includingcopiesofDesignNotesor testliion data shallbe
attached. ‘lkat10S and data shouldbe retainedbythoseresponsiblefor the teatitemm aecordan= with
tbe provisionsof the PerformanceAaauranceImplementationPlan.

W report doesnot repiaecthe need formaintainingcompletelogs,records,ek; it is intendedto
documentthe implementationof tbe verificationprogramandto providea minimumamountof
informationas to the performanceof the teat item.

Figure 4. Verification Report Form (Continued)
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b. If the assembly is within a manufacturing process, the manufacturingplanning step
numberat whichthe testis to be performedshall be stated. As often the test procedure
will be written prior to the manufacturingplanning,“TBD may be used provided the
planningstep is addedprior to closeout of the test procedure.

c. Testreadiness nwiew (TRR)requirements, if any, shall be spec~led in the procedure.
Testswhichnxpire test readiness reviews are specified in Sections4 through 7 of this
document. WherespecialTRRparameterswhichare not specifkxiin the Performance
AssuranceImplementationPlan are required for the particular test, these requirements
shall be stated in the procedure.

3.43 Activity Log Book

A daily log shallbe keptbythe AstroSpaceI&T organizationandall subcontractorsthroughoutthe
quaMcation and flight acceptance testing and shall contain all test hardware identification,
proceduredescriptionsand a record of all pertinent events during the test program. A similar log
shall be kept by the Manufacturing Test, Inspection, and Edronmental Test organizations
throughoutthe componentand assemblylevel veriilcationactivities.

3s Special Procedures

3.5.1 Deviations

Deviations finm the requirements of this spedication shall be avoided where possible. For
deviations to internal requirements which do not violate contract requirements, the following
procedureshall be followed Recommendeddeviationsshall be submittedto the Martin Marietta
Astro Space EOS SE&I organization with stilcient engineering information to justify the
deviation. Furthemmre,all lowerlevel ptnformancespecii@u.ionsor applicabletest speciilcations
shall contain a matrix which lists deviations from this document Under these conditions, if the
rationale is found to be acceptable,the lower level procedurewill be approved,thus approvingthe
deviation.

Deviations from this document which violate contract requirements shall be submitted by the
Astro SpaceEOSPMOtoGSFC inaccordancewiththerequirementsof thePerformanceAssurance
ImplementationPlan. If deviations to the veritlcation requirementsare approved these changes
shall then be incorporatedinto the applicableprocedureand other test documentation.

3.5.2 Unscheduled Activities

Astro Space shall prepare a documentthat shall describeproceduresfor controlling,documenting
and approvingall activities not part of an approvedvetilcation procedure.All Subcontractorsare
required to prepare a similar document which shall be submitted to Mro Space for approval.
Included shall be actions for dealing with unscheduled problems during a test and potentially
hazardousconditionsto test personnel.These proceduresshall institutecontrolswhichwill pn?vent
accident or injury or Spacecraft hardware damage. The procedures shall also utilize real-time
decision making mechanismsto expeditesuspensionor resumptionof testing after a failure which
will rninimk the impact on testing.

DCC080593



PS20005404A
06August 1993

r c

TheseProceduresfor ControlofUnscheduledActivitiesDuringIntegrationandVerificationTesting
shall be in accordancewith recphements given in this documentand the Performance Assurance
Implementation Plan (PN20005397) or applicable Subcontractor Performance Assurance
Requirements(20004280).

3.53 Anomalies, Failures, and Retest

An anomaly is a deviationffom predictedbehaviorduring a veri.flcationprocess. Anomalies are
attributable to product failures or to veritlcation process deficiencies such as improper test
equipment, test procedureerrors, or humanerror.

A fai.hm is a departure from specificationrequirementsthat is discovered in the functioning or
operationofvefilcation hardwareor softswue.Foralldesignrelatedfailurestheretestsrequiredwill
be determined on an individual case basis consideringthe specitlc nature of the failure and the
corrective action to be taken.

A designated Government representative shall participate in the nxiution of anomalies and
failures, as part of the FailureReviewBoard,per thePerformanceAssuranceImplementationPlan
and the Proceduxefor Control of Unscheduled Activities During Integration and Vetilcation
Testing. FRB approvalshallbe requiredon the AutomatedDiscrepancyReport (ADR)disposition
for retest of design related failures.

If conjuration changes are requkd they shall be in accordance with the Configuration
Management Plan (PN20005387) ardor Conf@atkm Management Requirements for
Subcontractors (23001146). For the closeout of each failure, corrective actions shall be taken, and
necessary design changes shall be verifkxl in test. These comective actions shall be performed in
a manner which minimizes the impact upon other subsystems, majcmassemblies, and components.

Followingretest,testing will nxume where it was intemupted in accmlance with retest logic detailed
below.

Any anomaly which is caused by test procedure,test operator, or test equipment failure shall be
documented, and evaluated by the cognizantcomponent,subsystem, or systems engineer. If the
anomaly is determinedto have a potential for damageto flight hardwareit shall be class~led as a
“failure”anddocumentedon ADR or equivalent subcontractor form. An analysis of subsequent test
data shall be performed prior to ADR closure to verify that no damagehas been done to the flight I
hardware.

3.5.3.1 Component Anomalies and Failures

Component anomalies shall be documented on ADR or equivalent subcontractor form, and
investigated by the Quality AssuranceEngineer responsiblefor that ADR in accordance with the
Performance Assurance Implementation Plan and the Procedure for Control of Unscheduled
Activities during Integration and Veri.tlcationtesting, and Subcontractor PAR, for Spacecraft
hardware. If the anomalyis determinedto be test or inspectionrelate~ processingshallbe resumed
after the verification process is corrected, after proper disposition and approval. Retest or
reinspection shall be required for those verification steps which are determined to have been
compmnised by the anomaly.
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Componentfailuresmay be causedby designdeficienciesor randomfailures.Randomfailuresare
attributabledefectsin manufactm, installation,workrnanship,or handling. Designrelatedfailures
are treated as discussedin Section 3.5.3.

If the component failures me determined to be random, the failed hardware will be repaired or
reworked. In addition, sunounding or interfacing components will be evaluatedhumlyz.cdif
necessary,to assurethat the faihne did not propagateanddamagethem. Then,dependingon where
the failure occurred in the test cycle, the &gree of retesting will be determined The degree of
retesting will be in accordancewith ‘IhbleII. Deviations tim the retest logic in that table will
require FRB approvalon the ADR disposition.

3.53.2 EM and Other Major Assembly Anomalies and Failures

Equipment module and major assembly anomalies shall be documented on a problem report (PR)
and investigated in accordance with the Performance Assurance Implementation Plan and the
Procedurefor Controlof UnscheduledActivitiesduring Integmtionand Verifkation testing. If the
anomaly is determined to be test or inspection related, processing shall be mumed after the
verMcationprocessis comec@ after properdispositionand approval. Retestor reinspectionshall
be required for those verifkaticm steps which are determined to have been compromisedby the
anomaly. If the anomaly is determinedto be a failure, it shall be documentedon ADR.

EM andother MajorAssemblyfailuresusuallyoccurfromeither interfaceincompatibfities or from
component failures as described above. Intexface incompatibilities will be investigated and
determinedto be due to one of the following reason~

a. InterfaceDesign Deficiency (mechanical,thermal, electrical,harness)

b. Harness Manufacturing Error or Damage

c. Assembly/InstallationError or Damage

Componentfailures shall be treatedas specfled in Section3.5.3.1. Afterretest,reintegrationof the
thecomponentinto theEM orMajorAssemblywillberequired. Reintegrationinterfacevertilcation
test requirementsare spectiled in Section5.

Failures due to interface design deficiencies shall require FRB approval of retest operations as
discussed in Section 3.5.3.

Failures due to manufacturingor installation errors shall be treated as follows. After repair of the
failed hardware,the degreeof retesting will be determinedby where the failureoccurred in the test
cycle. The degree of retesting for failures caused by random component faihms shall be in
accordancewithTableIII. Thedegreeof retestingfor failurescausedby randominstallationor EM
assemblyemorsshallbe inaccordancewithTableIV. Deviationshorn theretestlogicin thosetables
shall require FRB approvalon the ADRdisposition.

In additionto the aboveretesting,ifa failure occursto the GNCSensorEM whichrequires removal
of any of the sensorcomponents(IRU,T~, SSST)ffom the optical bench,an alignment test shall
be petionned upon reinstallation of the affected component to verify the remount placement.
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Table IL Retest Logic for Component Random Failures
lhilnre occurrence I Retest (after all rework). —— . - -- —--—.- _——-—— ,–.

nitial Functional a. Repeat initial functional
b. Continue testing

comprehensive Petiormance a. Perform initial functional to verify repair

b. Repeat comprehensive performance

c. Continue testing

iMCTest a. Pexform initial functional to verify repair

b. Repeat EMC test

c. Continue testing I

trength Test a. FRB approval required prior to retest

Wng Vibration or Acoustic a. Perform initial fictional to verify repair

b. Repeat axis of vibration where failure occumed or repeat
acoustic

c. Continue test cycle

‘ostVlb/Acoustic Functional a. Perform initial functional test to verify repair

b. Perform single-axis acceptance level vibration along most
sensitive axis relative to failed component

c. Repeat post-vib functional test

d. Continue test cycle

IItmnal Cycle/Vacuum a. Perform initial functional test to vexify repair

b. Petiorm single-axis acceptance level vibration along most
sensitive axis

c. Repeat post-vib functional test

d. Perform two powered thermal cycles. Operating
parameters shall be monitored whenever the component is
powered. A CPT* shall be performed during transitions
and plateaus of one full thermal cycle. I

e. Continue test cycle

)uri,ng or After Final CPT a. Perform initial functional test to verify repair

b. Perform single-axis acceptance level vibration along most
sensitive axis

c Repeat post-vib functional test

Subset of CPT which can be d. Perform two powered thermal cycles. Operating
pe~onned within the Thermal
Cycle vacuum or ambient

parameters shall be monitored whenever the component is
powered. A CPT* shall be performed during transitions

pressure environment and plateaus of one full thermal cycle. I

e. Repeat final CPT

f. Continue test cycle
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‘Ihble III. Retest Logic for EM or Other Major Assembly Failure Caused by Component
Random Failure

Failure Occurrence I Retest (aftercomponentrework)
ElectricalIntegradon a. RewcrkandretestcarqonentperTableH

b. RepeatelectricalintexfaceVeKifiiOn tests involving C-pCIEllt

(rncludingmodule-t-cture groundingcheck)
c. Continuetestcycle

hitialFunctional a. Reworkandretestcampcnentperllble II
b. Repeatelectricalinterfaceverifiiat testsinvolving companent
c. Repeatinitialfunctionaltest
d. Ccntinuetest cycle

ComprehensivePerformance a. Rewcrkandretestccmtpunentperlhble II
b. Repeatektrical interfaceverifikatkmtestsinvolvingccxnponettt
c. Repeatcomprehensivepexfcmnancetest
d. Continuetest cycle

DuringVibrationlAcoustic a. RewarkandretestccmponentperTable11
b. Repeatelectricalintetiaceverificationtestsinvolvingccnnpcment
c. Repeatinitialftmcticmaltest
d. Repeatfailedvibaxisor acoustictest
e. Pcaformacceptancelevelrandamvibalongmm sensitiveaxis(ifna

coveredine.)
f. Cattinuetestcycle

Rxt-vlb/AccNsticCPT a Rewcdc and retestcattponentpeI‘hbleII
b. Repeatelectricalinterfacevdicatkm teatsinvolvingcampcrient
c. Repeatinitialfuncticmaltest
d. Performacceptancelevelrandomvibalongmostsensitiveaxis
e. RepeatCPT
f. Cantinuetestcycle

lkrmd Cycle a ReworkandretestcomponentperllibleII
b. Repeatekctricalinterfacevtilcation testsinvolvingcampcment
c. RepeatW functicmaltest
d. Performacceptancelevelrandomvibalongmostsensitiveaxis
e. RepeatCPT
f. Resumethermalcycletestremainingcycles+qeat ofCPTat

plateaus,if aktdy perfumed)

g. Ccxninuetest cycle
%talCPT a. ReworkandretestccanpmentperTableII

b. Repeatekctricalinterfaceverificationtestsinvolvingcomponent
c. Repeatinitialfuncticutaltest
d. Perftxmacceptancelevelvibrationtestalongmostsensitiveaxis
e. RepeatCPT
f. PerformabbrevT/Ctest(1cycle)

g. RepeatCPT
h CcxUinuetestcycle
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Table IV. Retest Logic for EM or Other Major Assembly Fail- Caused by Random
InstaUation or Assembly Error

Failure Occurrence Retest(afterreinstallationheassmbly)
ElectricalIntegration a. Inspect illStidkltiOllandrepeat groundingcheck*

b. Repeatelectrical interfaceverificationtests
involvingaxnponent(s) nxnoved

c. continue test cycle
Initial Functiond Test a. hISpWtiUStdkLtiOIland repeatgroundingChdC*

b. Repeat initial functionaltest
c. Continuetest cycle

ComprehensivePerformance a Inspect installationandrepeat groundingcheck*
b. Repeat CPT
c. Continuetest cycle

During Vibration/Acoustic a. Inspecthtdktioll and repeat groundingcheck*
b. Repeat initial Iimetionaltest
c. Repeat failed vib axisor acoustictest
d. perform acceptancelevel randomvib alongmost

sensitiveaxis (if not coveredin e)
e Continuetest cycle

Post-VWAcousticCPT a Inspect installationandrepeat groundingcheck*
b. Repeat initial functionaltest
c. Performacceptancelevel randomvib (mostsensitiveaxis)
d. Repeat (IT
e. Continuetest cycle

ThermalCycle ‘Itst a Inspect installationandxepeatgroundingcheck*
b. Repeat initial functionaltest
c. Performacceptancelevel randomvib (mostsensitiveaxis)
d. Repeat CIT
e. Resumethermalcycletest rernainingcycles

+ repeat of CPT at plateaus,if alreadyperformed)
f. Continuetest cycle

Duringor After Final CPT a. inspect installationandrepeat groundingcheck*
b. Repeat initial functionaltest
c Performacceptancelevel randomvib (mostsensitiveaxis)
d. Repeat Cm

*Module-tistructure e. Perform abbrev acceptanceT/C test (1 cycle)
grounding check f. Repeat CPT

g. Continuetest cycle
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If an EM or major assembly failure is caused b; mrtdom harness construction or installation emors,
the degree of retesting shall depend upon the nature of the defec~ subject to the following criteria:
Defects which can be safely mworkedi.n place shall beretestedin accordance with ‘1’hbleV. Defects
which require removal of the harness to rework shall be retested in accordance with Thble VI.
Deviations from the retest logic in those tables shall require FRB approval on the ADR disposition.

Table V. Retest Logic for Spacecraft BW EM, or Other Major Assembly Failure Caused
by Random-Harness Failure (harness zwworkedin place)

Faihwe Occurrence 1 Retest (after reinstallation/=mblY)

Electrical Integration a. Inspect rework for workmanship emors.

b. Perform isolationkontinuity test through reworked
connectors andbr lines (harness &mated fkom any
connectors interfacing with reworked lines)

c. Repeat electrical int.date verification tests involving
I’CWOIiCCdharness

d. Continue test cvcle

Any Subsequent Functional Test a. Inspect rework for workmanship errors.

b. Perform isolation/continuity test through reworked
connectors and/a lines (harness demated from any
connectors intafacing with reworked lines)

c. Repeat electrical interface verification tests involving
rCWOrkCdharness

& Repeat functional test in which failure was detected

I e. Continue test cycle where interrupted

Table VL Retest Logic for Spacecraft BW EM, or Other M@or Assembly Failure
Caused by Random Harness Failure (harness removed for rework)

Failure Occurrence I Retest (after reinstallationhwassembly)--

Any Failure a. Inspect rework for workmanship errors.

Ib. Repeat harness acceptance testing (Hipot/Meggar,
Insulation Resistance)

1.. Install harness on EM or Spacemaft

Id. Inspect installation

1e. Continue retest per Table V starting at step c.

3.5303 Instrument and Spacecraft I&T Anomalies and Failures

Instrument and Spacecraft I&T anomalies shall be documented fnt on Problem Reports and
dispositioned in accordance with the Performance Assurance Implementation Plan and the
Procedure for Control of Unscheduled Activities during Integration and Vetilcation testing. If the
anomaly is determined to be test or inspection related, processing shall be nxumed after the
verification process is comctcd, after proper disposition and approval. Retest or reinspection shall
be required for those verillcation steps which are determined to have been compromised by the
anomaly.
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If the anomaly is determined to be a flight hardware failure, an ADR will be wiitten and
dispositioned by the Failure Review Board in accordance with the Performance Assurance
Implementation Plan. As with EMs and Major Assemblies, failures during instrument or Spacecraft
I&T will usually occur from either interface incompatibilities or from component failures as
described in the previous section. Design related failures shall be ~tested as discussed in
section 3.5.3.

Failures to housekeeping equipment due to manufacturing or installation errors shall be treated as
follows: After repair of the failed hardware, the degree of retesting will be depend upon whe~ the
failure occurred in the test cycle. Failure &ta and proposed remedies shall be reviewed by the FRB
in order to determine what retesting will be required. The degree of retesting will be in accordance
with Thble VII. Deviations from the retest logic in that table will require FRB approval on the ADR
disposition.

Table VII. Retest Logic for Instrument/Spacecraft I&T Failures Caused by Random
Componen~ EM, or Other Major Assembly Failure

(No-Harness Housekeeping Equipment)--- -

Failure Oecurmnce Retest

Electrical Integration a. Retest component per lhble II (Thble III if an EM-
mounted component)

b. Perform re-integration lVT of component or EM

c. Continue test cycle

S/S Initial Functional a. Retest component per Thble II (’l%bleIII if an EM-
mounted component)

b. Perform re-integration lVT of component or EM

c. Repeat initial functional test

d. Continue test cycle

Pre-T/V CPT, B/L, EMC Tests a. Retest component per Table II (Table III if an EM-
mounted component)

b. Perform rc-integmtion IVT of component or EM

c. Repeat subsystem B/L test

d. Continue test cycle

TN or Subsequent a. GSFC approval required

If a Spacecraft or Spacecraft Bus failure is caused by random harness construction or installation
errors, the degree of retesting shall depend upon the nature of the defect, subject to the following
criteria. Defects which can be safely reworked in place shall be retested in accordance with Table V.
Defects which require removal of the harness to Ework shall be retested in accordance with
Table VI. Deviations fkom the retest logic in those tables shall require FRB approval on the ADR
disposition.
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In the event of a failure dining testing of a flight instrument, the testing shall be halte.cLa Problem
Report written (immediately), and the cognizant GSFC nqmxentative shall be contacted before
procedng. AUinstrument retest operations during I&T shall mquim GSFC approval.

Instrument or housekeeping equipment failures during I&T which nx@re removal of an instrument,
major assembly, or EM from the Spacecraft shall also require reintegration of the affected hardware
upon reinstallation. Intexface veritlcation test requirements for reintegration are specifkd in
Section 7.

3.53.4 Failure Review Board (FRB)

A Failure Review Bored (FRB) shall be operated in accordance with either the Performance
Assurance Implementation Plan (PN20005397) or the subcontractor PAR (20004280). This FRB
shall control final acceptance of all hardwaxe for which failures have been recorded.

3.503.5 Failure Reporting
.

Failures which occur at Astro Space facilities shall be reported in accordance with the PAIP
(PN20005397). Those which occur at Subcontractor facilities shall be reported in accordance with
the Subcontractor PAR (20004280). In the event of any failure, the cognizant government
representative shall be contacted.

3.5W35.1 Failure Reports

The format fm failure reports is specifkxl in either PN20005397 or 20004280 (for subcontracted
hardware). All reference data for failure reports shall be maintained on fde and wiU be available
upon request.

Corrective action should be stipulated as soon as the cause of failure is accurately determined.
Results of failure analysis which show rationale for the cornxtive action proposed shall be submitted
to NASA. Failure reports will be submitted to NASA in accordance with the PAIR

3.52.5.2 statussUrmnaries

The Performance Assurance Status Report shall contain a section for a listing of all the failure
repons. This listing shall be updmed monthly to show new open failure reports as well as recently
closed reports. A file shall be maintained including failure analysis and Failure Review Board
(FRB) activities.

3.6 General Test and Inspection Requirements

This section defines the geneml requirements for the environmental tests identiled in the
Veriilcation Plan, which are required to ver@ compliance of the Spacecraft, its major assemblies,
subsystems, and components to the design requirements specifkxi in the Contract End Item
Specflcation (PS20005396) and General Interface Specification (GIS, number 1S20008501), and
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the lower level subsystem andwmponent spec~lcations. Instruments are included at the top

Spacecraft assembly level an~ as such, are part of the Spacecraft vefilcation pro- However,
individual instrument vtilcation is not covered in this document. Lower-level component and
equipment module verification described in this document does not apply to instruments.

A summary of the environmental testing which will be conducted as part of the EOS-AM Spacecraft
verification program is shown in Table XIII of Appendix III. B

~ght hardware shall be qualifhxl in accordance with the environmental test parameters described
in this specitlcation and Section 4of the pertinent major assembly or component specflcation. Upon
quaMcation, all identical (replicate) flight hardware shall be subjected to Flight Acceptance Testing
in accordance with the environmental test program outlined in this spec~lcation and Section 4 of
the pertinent hardware specification.

Environmental test levels defined herein take into consideration launch vehicle interfaces specified
in the Launch Vehicle IRD, 1S20008503.

3.6.1 Preparation for T* Program

Hardware submitted for testing shall be identical to flight hardware in all respects which may affect
test results, and complete with protective covering, potting, thermal insulation, shock mounting
an~or any other means of attenuating environmental rigors expected during launch, ascent, and
on-orbit operations. Any appendage or attachment which may render the test hardware more
vulnerable under environmental exposure shall be included or simulated during tests.

Hardware undergoing environmental exposure in the qualification or acceptance test program shall
be operated in its most stressful condition expected for the portion of the flight which is being
simulated by environmental exposure.

3.63 Test Sequence

The environmental testing sequence of the Spacecraft, its equipment modules, major assemblies,
and components shall be in accordance with the flow diagrams in Appendix IV andor any
elaborations contained within Section 4 of the applicable element (component, EM, subsystem,
major assembly) speci.tlcation.

3.6.3 Test Evaluation

Whenever applicable, test evaluations shall include the following:

a.

b.

c.

3.6.3.1

A comparison of predicted versus actual test performance

Necessary adjustments to analytical models

Logging of ident.ifkd trend parameters (see Section 3.6.3.1)

Trend Parameters

Measurable parameters which relate to performance stability shall be evaluated at all levels of
assembly, starting with component Protoflight or acceptance testing, through Spacecraft testing.
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The monitoring shall be accomplished within the normal test framework. A system shall be
establishedformcording and analyzing the parameters as well as any changesffom thefmt observed
value, even if the levels are within specifkd limits.

~ical parameters might be: power supply output voltages with minimum, nominal, and maximum
bus voltage; input current as a function of bus voltage; ripple measuremen~, RF output powe~ or
other key characterization parameters. A general list of trend parameters to be followed will be
contained in the Verification Plan. Detailed listings shti be included in the Spacecraf4 subsystem,
and compment speci.tlcations.

3.6.4 Test Facilities

The facilities and equipment used in conducting tests shall be capable of producing and maintaining
the required test conditions while the test hardware is in either an operating ornon-operating mode,
and shall not induce failure or cause contamination.

Ambient conditions in the test facilities used for the checkout of test hardware before and after
environmental exposure shall be maintained in accordance with the parameters spectiled in the GIS.
After delivery to Astro Space I&T, exposed instruments or components which am
particulate-sensitive shall be maintained in a Class 10,000 environment (including thermal vacuum
test chamber). Cleanliness during all I&T activities shall be maintained in accordance with the EOS I
Spacecraft Contamination Control Plan @N20001412). Cleaning of all components prior to
integration into EM or higher assembly levels shall be as specified in the Contamination Control
Plan.

If the test hardware is sealed or otherwise insensitive to variations in temperature and humidity,
operational checkout at ambient room conditions shall be acceptable.

Certain facilities housing the Spacecraft or components during I&T may not meet all of the
requirements specified in the GIS, 1S20008501. In those cases bagging, purging, vacuum,
protective covers, or other protective measures shall be used to compensate for the environmental
deficiencies of those facilities. Those methods shall meet the requirements specifkd in the
Contamination Control Plan as well as the conditions in the GIS.

3.6.5 Calibration

All inspection, measuring and test equipment shall be calibrated at scheduled intervals against
certifkl standards in accordance with PN20005397 (EOS Performance Assurance Implementation
Plan) for veritlcation activities at Astro Space facilities and the launch site, and 20004280 (EOS
Subcontractor Petiormance Assurance Requirements FAR]) for verification activities at
subcontractor facilities.

3.6.6 Tolerances

Table VIII indicates the maximum allowable tolerances for test conditions. Where required for
element-specific vetilcat.ion activities, tighter tolerances shall be specifkd in the element
specification.
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‘1’hMeVIII. Maximum Allowable T= Tolerances. . . . . —. -

Parameter Tolerance

Tempenmue ‘C ~ ti I

HRelative Humidity, % * 1

Vibration (input)

Sinusoidal (Amplitude), % *lo
Sinusoidal (Frequency), % H or 1 Hz, whichever is greater
Random (Overall RMS Level), % *lo
Random (Power Spectral Density), dB 2W50 Hz * 1.5 dB

500-2000 Hz A 3.(MB I

Mass

Spacecraft, % g M125
Components (All levels of assembly) Mll lb or 33.5%, whichever is greater I

Center of Mass

Spacecraft, inches S.25
Components, inches Mllo I

kertia

Products, % fia

Moments, % % I

Ilrne Dumtion Exposure duration
shall beat least for the time stated,
unless othenvise stated

Shock

Response Spectrum, % +25, -10
Time History, % *lo a

Acoustic, dBb (1/3 Octave Band Tolerance) z

Overall *1 9
F < @HZ center. freq.

I

+3, 4
44) CF<3150HZ +3, -3
F >3150 HZ center freq. +3, -6

Electromagnetic Compatibility

Voltage Magnitude, % M (of peak)
Cument Magnitude, % S (of peak)
RF Amplitude, dB S
Frequency, %
Distance, %

e
tic u

(a) of associated moments (by analysis)
(b] Sound Pressure Levels, dll ref 20mNJM2
(c) S % of specified distance or Y in, whichever is greater I
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-.. w— mH.2---- A llnwmhla Tst Tnlerance8 (Continu@
“lime VJ.IL NWWWUJ -v-- .=. . . . . . . .

&ads

Steady State Accel., %
i!l

static, % 35

‘ressure, %

760 to 100 ton i5

100 to 1 tm *lo

1 to l@ torr i25
<10-3 torr Ho

dagnetic Properties

Mapping Distance, inches *1

Displacement of Assy. CG from Rotation Axis,
inches e

Vertical Displacement of Single Probe
Centerline from CG of Assembly, inches

%2

Mapping lluntable Angulu Displacement, degs

Magnetic Field Strength, Repeatability of
Magnetic Measurements (Short Tex@ i5 % or M nT, whichever is greater I

~oe~n~hag @ Magnetizhg Field Level,. %

Antenna Pattern Detenn., dB ML3 1

3.6.7 Vibration and Acoustic Testing

The requirements stated herek shall apply to all vibration and acoustic tests performed on EOS-AM
Spacecraft elements. Additional requirements for the component, major assembly, EM, and

Spacectit assembly levels are defmedin Sections 4,5,6, and 7 of this spectilcation, and in Section 4
of the element spec~lcations.

3.6.7.1 General

Vibration tests demonsmte the ability of the componenti~mjor assembly to withsmd an~or
operate in the vibration environment which is predicted for the hardware during launch and ascent.

Vibration test levels generally simulate the maximum expected launch@cent loads for acceptance
testing, with a suitable margin added for qu~lcation or Protoflight testing. Random vibration test
levels are designed to include the effect of acoustic inputs as well as vibmtion transmiti through
the structure. All test levels are discussed in greater detail in Sections 4,5,6, and 7.

As with vibration testing, acoustic accepmce test levels encompms the maximum ex~kd launch
environment. A suitable margin is added for qualification and Protoflight test levels. All test levels
are discussed in greater detail in Sections 5,6, and 7.
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Functional tests shall be pdxrned on the test items before and after exposure to vibration and
acoustic testing.

3.6.7.2 Instrumentation

The following requirements for instmmentation during vibration and testing shall be met.

3.6.7.2.1 Accelerometers

The transduce shall be located so that the signal output accurately defines the motion of the surface
under evaluation. Either of the two following methods shall be used for mountihg the
accelerometers onto the test itenx

a.

b.

3.6.7.22

Direct attachment by threaded fasteners to the surface being monitored, using torque
values spectled by the manufacturer. This method is mandatory for mounting control
accelerometers.

Direct bonding of the accelerometer to the surface being monitored using an approved,
rigid, high modulus adhesive.

Signal Conditioner

The signal conditioner shall prepare the output of the accelerometer in a form suitable for display
or recording. The input and output impedance of the signal conditioner shall match those of the
accelerometer and the mording equipment.

3.6.7.23 Recorders

X–Y recorders shall require a converter tochangethe AC vibration signal to aDC voltage for Y-axis
display. This display shall be either linear or logarithmic and the recorder shall have adequate
response and damping characteristics in order to provide a chart display without excessive
overshooting or lag in the system.

Recording oscillographs maybe used for direct readout of AC accelerometers as well as from tape
playback. Galvanometers used in recording oscillogmphs shall be capable of flat response to the
maximum frequent y expected during the test. Proper damping circuits shall be used, when required,
with the recording oscillograph. Magnetic tape recorders shall exhibit a flat frequency response
sufficient to record and reproduce the frequency spectrum of the test.

3.6.7.3 Measurement of Vibration

The input vibration shall be measured at the test itemkst fmture interface. (Acoustic input shall
be as defined in the spectlc test procedu.m) Power spectral density levels spedled in each
frequency band and the overall (-s) shall be within the tolerances specifkd in Table VIII. An
X-Y plot of the power spectral &nsity versus frequency in each axis shall be generated. A tape
recording of the data, including the control accelerometer signal, shall be required.
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The spectrum analyzer shall have the following characteristics:

a.

b.

3.6.7.4

Real time, parallel fdteg fdterbandwidths shall not exceed 25 cps below 1200 Hz or 100
cps above 1200 Hz.

The random vibration control cxplizer shall have fflter roll-off characteristics above
2000 Hz of 40 dB per octave or greater.

Test Set-Up

The test item shall be attached to the test equipment by a rigid fmtm. A future sumey shall be
conducted using a dummy-mass test item which simulates the interface, weight, and center of
gravity (CG) of the actual test item.

3.6.7.5 Test

The test item shall be operated in modes consistent with the mission phases during which the
Spacecraft may experience the environmental (vibration) conditions being simulated by the test.
The operations during test need not be comp~hensive, but must include all operations (e.g., those
involving mechanical motions/position changes) which are likely to affect test results. For vibration
tests, the test item shall be vibrated in three orthogonal axes, one of which shall be parallel to the
predicted major vibrational axis.

3.6.8 Thermal Vacuum (TN) Testing

3.6.8.1 General

T/V testing shall verify the capability of flight hardware to meet specifkation requirements, while
subjected to worst-case orbital T/V conditions. Components requiring thermal vacuum testing are
listed in Table IX. Qualification hardware shall be tested to demonstrate its capability to operate 9
at temperatures 10”Cbeyond the predicted on-orbit operational exnmes, and survive 10”C beyond –
the predicted nonoperational extremes. The predicted on-orbit operational and non-operational
extremes im listed in the GIS. Deviations must be worked out on a case-by-case basis, as defined
in par. 3.5.1.

Table IX. Right Components Requiring Thermal-Vacuum Testing. —

Subsystem Acronym Title*

C&DH Scc Spacecraft Control Computer

DMU Data Memory Unit (Rut of Solid-State Recorder)

DCU Data Control Unit (Part of Solid-State Recorder)

SFE Science Formatting Equipment

Cornrnand/Telemetry Interface Unit

BDU, Housekeeping Bus Data UniL Housekeeping

BDU, Instrument Bus Data Unit Instrument
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‘Ihble IX. Flight Components Requiring Thermal-Vacuum T-rig (Continued)
v

Subsystem Acronym TWe*

COMM SBT S-Band Transponder

MO Master Oscillator

KSA MOD K-Band Single Access Modulator

DAS XMIT Direct Access System Transmitter

DAS MOD Direct Access System Modulator

DAS UP/FS DAS Upconverter Frequency Source

XBECA DAS Antema

OMNI Omni Antenna

SBIU S-Band Intexface Unit

HGA High Gain Antenna Assembly

HGA Upeonverter -

HGA Transmitter (TWTA)

HGA GimbaI Assembly

HGA Antenna Controller I
GN&C ACE Attitude Control Electronics

RWA Reaction Wheel Assembly

SSST Solid State Star Tkacker

IRu Inertial Reference Unit

ESA (ESH, ESE) Earth Sensor Assembly (Earth Sensor Head, Earth
Sensor Electronics) , I

Power EPc Elecrncal Power Conditioner

ADE Array Dtive Electronics

SAD Solar Amy Drive

Ssu Sequential Shunt Unit

BAIT’ Battery (Hex Bay Battery Panel Assembly) I
BPC Battety Power Conditioner

Psu Power Switching Unit

PDU Power Disrnbution Unit

Propulsion PMEA Propulsion Module Electrical Assembly I
Thermal HCE Heater Control Electronics

*Except for RF componentsof the Communicationssubsystem this list appliesonly to the QTM or
Rotoflight unit of each item listed. Subsequentunits may receive temperaturecycling at ambient
pressure.All designatedRF units requirethermalvacuumtesting.
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3.6.8.2 Measurement and htrumentation

Temperature sensors shall be located in positions which closely coincide with the nodal breakdown
of the analytical thermal model. These locations shall also be identiled in pertinent test procedures.
Thermocouples and precision thermistors will be used to measure the temperature of the test item.

~ical components and major assemblies consist of numerous piece parts which generally operate
at different tempemtures in an orbital environment. For the purposes of this specification, the
reference temperature for thermal stabilization shall be as follows:

a. For an element that is primrily coupled to its environment by thermal radiation, the
reference temperature shall be the average temperature of the most massive structural
member within the element.

b. For an element that is primrily coupled to its environment by thermal conduction, the
reference temperature shall be the avexage temperature of the conduction heat sink used
in the test.

3.6.8.3 Precautions

The rate of test item temperature change during TN testing shall not exceed the allowable
temperature change rate for that item. Rates used in TN testing shall approximate the maximum
values predicted for mission operation. These thermal transition rates shall be as specifkd in
Sections 4,5,6, and 7.

3.6.8.3.1 Contamination

As stated in Section 3.6.4 particulate contamination within the TN chamber shall satisfy ~
FEWSTD-209 requirements for Class 10,000 particle count. All T/V set-up and teardown
procedures shall confoxm to requirements in the EOS Spacecraft Contamination Control Plan
(PN20001412). Whness mirrors shall be installed near the areas of expected deposition and critical
cleanliness * to ver@ compliance to the deposition budgets spcciiled in the Contamination
Control Plan. Identifkation of condensable contaminants shall also be performed via cold-finger
test and analysis, as described in the Contamination Control Plan. Additional requirements for
monitoring contamination~tical assemblies are specifkd in Sections 4, 5,6, and 7.

3.6.8.3.2 Electrical Isolation

The test item shall be electrically isolated from the vacuum chamber to prevent short<ircuiting
which may result in damage to the item.

3.6.8.32 Electrical D~ha.rge Cheek

The instrumented test item shall be placed in the TN chamber and an operational check shall be
performed prior to Ml chamber evacuation. Wkh the test item in its operational status for launch,
the chamber shall then be evacuated to less than 7.5x l@3 tom to simulate the pressure profde of
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ELV-powered flight. If the test item is to be powered during ascent (see Table XII in Section 4),
then the item shall be powextxion and monitoredforelectrica.1 discharge during chamber evacuation,
down to 1~3 tom Mter evacuation is complete, telemetry checks shall be performed to verify that
the item has not been damaged by electrical discharge. Items not powered during launch shall be
off during chamber pumpdown. Additional functional tests required for this verillcation shall be
specifkd in the element spec~lcation and in Sections 4,5,6, and 7 of this document.

3.6.8.4 Test Set-up

The test item shall be installed in the test chamber and instrumented in preparation for exposure to
thermal vacuum conditions. Structuml and thermal considerations shall determine the test
contlgumtion which properly supports and yet mbhizes its influence on the temperature
distribution of the test item.

Provisions shall be ma&to assure that specifkd environmental test limits will not be exceeded
during the test.

3.6.83 T&t Item @xations

The test item shall be operated during thermal cycling and its performance shall be monitored. A
Compmhensive Performance Test shall also be performed at least at one high and one low
tempemture plateau, to the extent possible within the thermal vacuum chamber. This environmental
performance test shall be as spedfkd in Sections 4 through 7.

3.6.8.6 Thermal Cycling

SpecKIccomponents which must receive thermal-vacuum cycli.ngat the component level me shown
in Table IX. Immediately following the electrical discharge check, descxibed in Section 3.6.8.3.3,
the T/V chamber shall be evacuated to a pressure of less than 1 x l~s torr and maintained for the
remainder of TN testing. At this point, thermal cycling shall begin.

~ order for a component to be treated as not requiring thermal-vacuum testing, analysis shall be

I

[

provided by the component manufacturer which shows that the component does not have any of
the T/V<ritical attributes listed in Table X. The analysis shall be submitted as a veriilcat.ion report
no later than component CDR. (Table X, Thermal-Vacuum Criteria Guidelines, provides some of
the guidelines which were used in developing Table LX,which is the governing table.) I

Table X. Thermal Vacuum Criteria Guidelines 9

a.

b.

c.

d.

e.

f.

High Voltage (>200 V)

High Frequency (>100 MHz)

Internal Radiative Thermally-coupled

Components which are exposed to 120 volts and m to be powered through launch
@rOtO~@t Or QTM Ody)

Mechanisms which operate throughout the life of the mission

New Designs (To be judged on a case-by<ase basis) 1 I
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Criteria for determination of thexmal cycle Profdes and soak durations shall be as follows.

a.

b.

c.

d.

e.

A qualification or Protoflight “thermal cycle” consists of a transition from ambient
tempemture to the upper qualiilcation limit, stabilization at that limit as specifkd in
Section 3.6.8.2, followed by a transition to the lower quaMcation limit, stabilization at
that limit as specified in Section 3.6.8.2, followed by a transition to ambient, petiormed
in a vacuum environment of less than 1 x 1~5 tom A “temperature cycle” consists of ~
a similar tmnsition of item bulk temperature in an ambient pressuxe environment. Upper
and lower quali.tlcation temperatures are defined in Paragraph 3.6.8.1. See Definitions,
Appendix II.

Thermal transition rates shall not exceed those specified in Section 3.6.8.3.

All Spacecraft components shall be subjected to a minimum of 12 thermal cycles, of
which at least four shall be at the Spacecraft level (as defined in Section 7). Component
and/or assembly level tests shall provide the mnaining required cycles.

All Spacecraft components shall be subjected to a minimum of 96 hours of thermal soak
at each temperature extreme, of which at least 64 hours shall beat the Spacecraft level
(as defined in Section 7). Component and/or assembly level tests shall provide the
remaining nx@nxi hours.

The components listed in lhble K Components Requiring Thermal-Vacuum Testing, I
shall receive eight thermal-vacuum cycles at the component level. Components not
listed in ‘Ihble IX shall ~ive eight temperature cycles at ambient pressure, although
vacuum would be acceptable. All flight components will receive four thermal-vacuum
cycles at the Spacecraft level.

The sequences employed during thermal cycling in thermal-vacuum shall be as specifiedin Sections
4,5,6, and 7 of this document. Upon completion of the required number of thermal cycles, the
temperature and pressure of the chamber shall be returned to ambient conditions.

3.6.8.7 Thermal Vacuum Acceptance Test

For flight Acceptance testing, the requirements and constraints described above for Thermal
Vacuum testing shall apply, except that thermal stabilization of the test item at hot and cold plateaus
shall be at 5°C above or below the predicted on-orbit temperature extremes.

3.6.9 EMC Tests

The performance of components, EMs, major assemblies, and the Spacecraft shall be verifkd for
electromagnetic compatibility by testing in accordance with the EOS Spacecraft EMC Control Plan
(PN20005869). This testing shall demonstrate that the Spacecraft and its elements shall not generate
EMI which could affect itseiforthe safety and operation of the launch vehicle. The testing shall also
demonstrate that the Spacecraft and its elements are not susceptible to electromagnetic emissions
that are either self-generated or generated by other sources.
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Component and major assembly level EMC/EMI tests shall meet the requirements specifkd in the
EMC Control Plan. No EMUHVII tests shall be performed on equipment modules. Spacecraft level
EMC/EMI tests shall meet the requirements of Section 7 of this specflcation and the EMC Control
Plan.

3.6.10 Life Verification Requirements

The Vetilcation Plan contains a list of hardware that shall undergo life testing as defined in the
appropriate componentimajor assembly specflcation

These items shall be included in the limited life list in accordance with thePAIP (PN20005397). As
other items are identitled to have limited life, they shall be added to the M.. Items which should
be vefiled for useful life expectancy incluti: mechanisms which move repetitively, electronics
which suffer si@lcant performance degradation overtime, and items which have known wearout
processes.

The Failure Modes, Effects, and Criticality Analysis (FMECA) for each item shall iden~ all
life-related failure modes. These modes shall include both those resulting in complete functional
failure and those resulting in petiormance degradation below specifications.

A heritage analysis shall then be performed for the limited life elements which determine the faihne
modes. These elements shall be identifkd along with their heritage to previously life-quaMed
items. If the analysis shows the previously qualifkd life meets the mission life requiremen~ the
element shall not require testing. The heritage analysis shall be documented in a verification mpor&

The mnai.ning non-qualified limited life elements shall be modeled in a preliminary Efe analysis.
This analysis shall provide a life prediction for the component based on the anticipated mission
environment, and shall be used to determine the test parameters (environment, equipment, test
article) used in the life test design. The analysis shall be documented in a vtilcation report. The
life test design shall be documented in a life test plan and submitted to GSFC for approval.

Life test hardwme shall be engineering (EDM or ETM) hardware incorporating all the limited life
elements identilled in the preliminary life analysis. The hardware shall be built using flight materials
and processes.

Life test environments shall simulate the mission thermal environment determined in the
preliminary life analysis to within the tolerances specifkxl in Table VIII. Where testing cannot be
performed in this environment, or acceleration of the testis required, justification shall be provided
in the life test plan and approved by GSFC.

Functional testing during the life test shall include an initial Comprehensive Pefiormance Test as
defined in Section 4. Throughout the imposition of the life test environmen~ periodic tests shall
be paformed to trend those performance parameters which are influenced by the life related failure
modes. At the end of the life test, a final Comprehensive Performance Test shall be performed.

The fma.1life analysis shall be documented in a vetilcation report. This analysis shall incorporate
life test data and provide a final life prediction for the component.
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3.6.11 Electrical Interhee Verification Tksts

Before the integration of a major assembly, component or subsystem into the next higher hardwaxe
assembly level, electrical interface vtilcation tests shall be performed to verify that all interface
signals meet performance requirements.

Prior to mating with other hardwme, electrical harnessing shall also be tested to verify proper
characteristics such as: routing of electrical signals, impedance, isolation, high potential breakdown
resistance, and overall workmanship.

Electrical NT requirements are based on the interface deftitions provided in the General Interface
Specification. These test requirements are specified in Sections 4,5,6, and 7.

3.6.12 Mass Properties

The weight of components, major assemblies, and the Spacecraft shall be measured. The required
accuracy of reported mass properties shall be as specifkd in Table VIII. Weighing shall be classified
as an inspection, and in order to meet the requirements of ’lhble VIII, the accuracy of the measuring
equipment shall meet the system error specflcations identified in the Performance Assurance
Implementation Plan, Section 8.17.3.

Center of mass and moments and products of inertia shall be calculated, with additional
measurements required if analysis or other considerations so dictate. Measurements shall be made
at the beginning and/or at the end of the test program to show conformance with design values.

The componenthnajor assembly shall be in its proper ilight configuration, or as close as possible,
for mass properties measurements. The mass properties for each test item shall be reported in a
manner which can be readily transcribed in mass property control systems.

3.6.13 General Inspection Requirements

Inspections used to verify EOS-AM performance or interface requirements shall conform to the
measurement tolerances identifkd in the Petiorrnance Assurance Implementation Plan,
Section 8.17.3, or the applicable subcontractor PAR.
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4 COMPONENT VERIFICATION

4.1 General

~is section shall specify the mqutiments for vedlcation methods to be used that are common to
all hardware at the component level of assembly.

4.2 Analysis

The following sections define the analyses at the component level that shall be conducted to verify
the performance of the EOS Spacecraft components.

4.2.1 Mechanical

Stress analysis shall be performed on all components in order to veri@that positive margins of safety
exist for all load cases. ‘Ihe analysis shall demonstrate that positive margins of safety exist for all
load cases, The analysis shall be performed in accordance with the structural design criteria
specifkd in Section 4.9 of the General Intexface SpecKication. These criteria shall indicate the
necessary design margins over the predicted limit loads shown in that specification. Structural
elements which do not meet the no-test criteria speci.fkd therein shall be subjected to stnmgth
testing.

Kinematic analyses shall be performed on all components with moving or deployable mechanisms.
These analyses must ensure that each mechanism can perform satisfactorily with adequate margin
under worst-case conditions that cleamnces are satisfactory in both stowed and any operational
conilgurmion; and that all mechanical elements can withstand the worst-case loads that may be
encountered. The stresses determined by these analyses shall be compared to the allowable stresses
for all moving parts, both for flight and ground test operations. The results of these analyses shall
be used to guide ground test activities to ensure that the safe operating conditions for deployable
mechanisms shall not be exceeded. A verification report shall be issued listing all one-G test
limitations for moving or deployable mechanisms.

Analysis shall also be conducted to verify that the component housing will maintain a positive
margin at loads equal to those induced by the maximum expected pmsure differential during ascent
to orbit, with appropriate factors of safety, as defined in the GIS.

4.2.2 Mass Properties

All components and higher levels of assembly shall be weighed to the accuracy stated in Table VIII.
The requirement for additional mass properties measurements wiIl be determined on a case-by<ase
basis.

Analysis shall be performed in order to supplement weight measurement in defining critical mass
properties of components. A mass property database shall be maintained to provide accurate weight
estimates of components. This database shall be used to support mechanical analysis activities.
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4.23 Thermal

Detailed analytical models of the component shall be developed and used to ensure the component
can endure the temperature conditions it will encounter during the life of the component. TIwse
conditions am specified in the General Intetiace Specification and in the test&tails provided in this
document. Analysis shall also be performed to verify that the component can endure the humidity
conditions it will encounter during all aspects of manufacture, storage, transportation, launch, and
mission life.

Thermal modelling shall predict the worst case maximum (and/or minimum, if applicable)
temperatures of all critical elements within the componen~ All Thermal Math Models (TMMs) shall
include stilcient detail to fully characterize the tempera-s and temperature gradients of all
critical elements within the component during the anticipatti mission conditions. These models
shall be updated during the design and test phases, ifrequimd.

4.2.3.1 Components Requiring Detailed Modelling and Reporting

This section describes the thermal analysis requirements for components which am not required to
provide TRASYS or SINDA thermal models, as described in par 6.2.3.

Thermal analysis and report requirements for electronic boxes associated with Spacecraft bus
functions am described below. (These nxpdrements also apply to equipment modules,
Section 5.2.3.)

A detailed thermal analysis, down to the piece-part level, shall be performed to determine the
highest part temperatures when the component is operating under the maximum temperature
condition spectiled for the mission. A thermal analysis verification report shall be written to
describe the analysis, and the following items shall be included in the report as a minimum effom

a.

b.

c.

d.

e.

f.

Statement of the thermal design condition (the thermal environment and the electrical
operating mode set forth in the component spec~lcation that results in worst+ase stress
on the parts).

Statement of the acceptance criteria for all part operating temperatures set forth in the
component spec~lcation.

Description of the cooling (or heating) technique(s) and the approaches taken to perform
the analysis. This includes: heat sources, heat sinks, environmental influences, modes
of heat tmnsfer, analysis methods, assumptions made, references cited, etc.

Pictures, sketches, drawings, etc., of the component and the thermal model showing the
location of heat sources, heat sinks, nodes, etc.

Description of the computer programs or the analysis toolshechniques used to perform
the analysis.

Table(s) listing the thermal model node numbers, node temperatures, node powers, and
the~ cond~ctance (or resistance) network. This could be purtions of the computer
input andhr output fdes.
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Materials and properties used in the analysis.

Sample calculations of temperatures, conductance (resistances), power dissipations,
etc.

Results table showing part mode number, pmt type, generic part number, schematic
identilcation, power dissipation, surface-t~ resistance (inapplicable), and surface
temperature. Surface temperature is defined as the part hot-spot (i.e., junction)
temperature. A suggested format is shown in Table XL 9

Total power dissipation of each assembly within the component and the total power
dissipation of the component.

Recommendations to solve cooling (or heating) problems if they exist or changes that
might improve the reliability of the component.

Statement of conclusion assessing a favorable or harmful outcome as predicted by the
analysis.

Table XI. Suggested Table - Thermal Parameters Predicted for (Component Name)

Part
Node

Number

1

Generic
Part

Part me Number

capacitor IM39014 LSchematic
Identification

C8

Sllrhm
to-case Sur&ce

Power Resistance* Temperature*
Disdpation (C/w)

0.0

2 nxistor ‘ RWR55 R1 ~!,
.3 diode 1N6392 CRlj

r 1.5 I 120 @
!

● ● ● ●

I

● ● ● ● ●

● ✍ ● ● ● ● ● ●

309 IC 54LS200 U117 1.05 35.0 109

Total Power Dissipation = 54.925 W

Notes: * “Surface” is defined as the part hot spot
@ Exceeds the temperature derating
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42.4 Electrical

Analysis of electrical component performance shall be as specifkd in each individual component
performance specification. VerMcation of component electrical performance shall be accomplished
by performance testing during environmental exposure. Performance parameters which cannot be
veri.fkd by com~nent level testing shall be so designated in Section 4 of the component
spec~lcation. A vtilcation report shall be submitted upon completion of the higher level test or
analyses which mused to verify the remaining component level requirements.

4.2.S Single Event Upset (SEU)

An analysis shall be perfoxmedfor SEU effects, depending on the Linear Energy llansferthreshold
(LET~) of each semiconductor device, for the environments described below.

If the LET~ is less than 10Mev cm2 mgl, the environment to be assessed shall include cosmic rays,
solar flares, and trapped protons.

If the LETti is between 10 and 100 Mev cm2 mg_l, the environment to be assessed shall include
cosmic rays.

If the LETti is greater than 100 Mev cm2 mg_l, no analysis is required. The device is considered
to be SEU immune.

4S Inspections

Inspections to be performed on components as part of the verification process shall be spedied in
the applicable component performance specification. Measurement accuracies and calibmtion
requirements for these inspections shall be as specifkd in the Performance Assurance
Implementation Plan, or the subcontractor PAR.

Non-destructive test methods such as dye penetrant inspections and radiography maybe required
to supplement visual and dimensional inspections. These methods shall meet the inspection
requirements spez~led in the Performance Assurance Implementation Plan, or the subcontractor
PAR. The component specification shall in Section 4 define any requirements for non-destructive
tests.

4.4 Environmental Test Sequence

A typical component verification test flow is depicted in Figme 9, Appendix IV. The tests to be
performed for each component are defined in Appendix III. Component testing shall be petiormed
in this sequence wherever possible. Deviations from this sequence shall be as defined in par. 3.5.1.

4.4.1 ‘IkendParameters

Measurable parameters which relate to performance stability shall be evaluated at the component
level. See Section 3.6.3.1 for detailed rwpirements.
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4,42 Electrical Function

Component electrical fimction tests shall include the following tests:

a.

b.

c.

Functional tests used to verify operability after assembly, rework, or handling
operations.

Comp~hensive pefiormancetests used to monitortrendsof performance parameters and ~
verify performance requirements including total power required for operation.

Environmental performance tests consisting of that subset of the CPT which can be
petiormed within the thermal or EMC test environments.

Perfommnce Tests shall be performed at key points before, during and after the environmental
portions of Quali.tlcation and Acceptance Testing of flight hardware to confixm that the hardware
has not su&ered damage as a result of environmental exposure. These tests shall include the
application of expected voltages, impedances, frequencies, pulses and waveforms at the electrical
and communication interlaces of the test item. Electrical continuity and performance, response
time, and other relative checks shall be pexformed.

4.402.1 Functional Test

A Functional Test shall verify the conect electrical/mechanical response from the test item in each
of its operational modes. End-to-end evaluations of communications, C1OCLpower, and other
signals shall be vetiki. Functional Tests shall be used in cases where a Comprehensive
Performance Test is not warmnted or impractical. These uses shall be as defined in Appendix IH,
Appendix IV, Section 4 of the component specflcation, and the retest determination tables within
this document. In addition, component functional tests maybe required by disposition of ADRs.

4.42.2 Comprehensive Performance Tkst

The Comprehensive Performance Test (CPT) shall be a detailed verification that the test item meets
performance spectilcation requirements. The CYI’shall be used to ver@ satisfactory performance
in all operational and contingency modes within practical limits of cost, schedule, and
environmental simulation capabilities. The CPT shall also include the following parameters:

a.

b.

c.

d.

e.

The operation of all redundant circuitry shall be vetiled.

All command and data paths to and from the component shall be ver~led.

Values for trended performance parameters shall be evaluated for both prime and
redundant hardware.

Each petiormance requirement for the component listed as verifkd by component level
test in Section 4 of the component specflcation shall be addmsed.

The total powerrequiredforall operational modes shall be measured and verifkd against
requirements.

The position of Comp~hensive Performance Tests in a typical component verification sequence can
be seen in Appendix IV. The initial CPT shall be used as a baseline for comparison against all
subsequent CPTs.
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4.423 Environmental Performance T-

Perfonnance tests during thermal testing shall be equal to the CPT wherever possible. In some cases
&viations Ilom the CPT shall be required for one of the following purposes:

a. Test equipment required for the CPT cannot be used within the environmental facility.
In these cases a verification report shall be prepared documenting the elements of the
CPT which cannot be perfoxmed and assessing the risks.

b. Performance data is only valid within the thermal vacuum environmen~ In these cases
a verification report shall be prepared explaining how the remaining tests shall be used
to monitor trends of performance data over the EMC/EMI and mechanical ~
environments.

Performance tests dwing component EMC/EMI testing shall consist of the following:

a. A susceptible mode shall be defined during which the component’s performance shall
be monitored for susceptibtity testing. This mode shall include all elements of the CPT
for which EMC susceptibility can influence performance.

b. A noisy mode shall be defined in which the operation of the component results in worst
cases emissions. Sepamte noisy modes may be required for radiated and conducted
emissions tests.

Performance tests during vibration or acoustic tests apply only to components which are to be
powered during launch. The component shall be powered and monitored in the launch mode, and
performance requirements applicable to that mode shall be monitcmedand verifkd.

4.43 EMC Tests

The performance of the test item shall be verified for electromagnetic compatibility in accordance
with the requirements of the EOS Spacecraft EMC Control Plan (PN20005869).

During these tests the component shall be operated in the susceptible or noisy mode as required for
susceptibility or emissions testing.

4.4.4 Mechanical Testing

Components shall &subjected to the mechanical test environments identifiedherein. The mounting
of the components shall duplicate the final equipment mounting conf@uration. During the test, the
component shall be operated in the same manner as during the launch phase and monitored for
malfunction in accordance with requirements spedled in Section 4 of the component spec~lcation.
(Components which arc powered on during launch are listed in Table XII. They must be powered
during vibration and acoustic testing.) At the conclusion of the test, the component shall be visually I
inspected to determine ifit has suffered any deleterious effects due to the mechanical testing. In the
case of structural components, additional non-destructive inspections may be required. The
component shall then be operated to verify operation in accordance with requirements specifkd in
the component test procedure.
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Table XII. Commments Which Am Powered On at Launch*

Subsystem Acronym TMe

C&DH DCU ~ Data Control Unit, (’Partof SSR) 9
Scc Spacecmft Controls Computer

Comrnand/TelemetIy Interface Unit

BDU(H) Bus Data Unit (Housekeeping)

BDU(’1) Bus Data Unit (Instrument)

COMM SBT S-Band Transponder

MO Master Oscillator

GN&C FSS Fine Sun Sensor

IRu Inertial Reference Unit

ACE Attitude Control Electronics

TAM Time-Axis Magnetometer

MTR Magnetic Torque Rod

RWA Reaction Wheel Assembly

ESH, ESE Earth Sensor Head, Earth Sensor Electronics

SSST ~ Solid State Star Tracker a
Power ADE Amy Drive Electronics

EPc Electrical Power Conditioner

Ssu Sequential Shunt Unit

PDU Power Distribution Unit

BA~ Battery (Hex Bay Battery Panel Assembly and Power
Module Battery Panel Assembly) I

BPC Battery Power Conditioner

Psu Power Switching Unit

FDB ~ Fuse Distribution Box 9
Thermal HCE Heater Control Electronics

Propulsion PMEA Propulsion Module Electronics Assembly

~ Catalyst Bed Heaters I

4.4.4.1 Resonant Frequency Check/Signature Test (Low Level Sine Sweep)

For both tests described below, the input levels will be determined on a case-by<ase basis.

a. Fixtures. Prior to use, or attachment of test articles, vibration fmtures shall be subjeeted
to a three-axis sine vibration sumey from 5-2000 Hz, to verify that resonant frequencies
are sufficiently above the test frequency range.
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b. Flight Components. The following requirementapplies to the QTMand all flight units
of each componenc

After attachment to the vibration fmture, and pnorto (and following) Random Vibration
Testing (in eaeh of three axes), the component shall be subjected to a low level sine
vibration suwey (from 5-2000 Hz), to verify that resonant frequencies are above 100Hz,
and to establish component modal characteristics, in order to verify that no resonant
frequency shifls occurred as a result of structural damage resulting from the test.

4.4.4.2 Random Vibration

Random vibration shall be paformed on eaeh component to verify that the component will survive
the launch environmen~ and to demonstrate acceptable workmanship. The component shall be
tested in each of three mutually perpendicular axes.

Components powered during launch (’llible XKI)shall be operated during vibration.

QuaWlcation and Protoflight components shall be tested to random vibration levels which are 3 dB
higher than the predicted flight exposure, defined in the individual component specification. Repeat
Acceptance units shall be tested at the predicted flight load levels listed in the component
spcciilcation. See Figure 5.

g%lz

1

Qualification or
Protoflight Level

~. . . . 1 --------- .,

Frequency Range, Hz

Figure 5. Random Vibration Loads

Test durations arc as follows:

a. Qualiilcation items - ‘Rvo minutes for each of three axes.

b. Protoflight items-One minute for each of three axes.

c. Acceptance Items-One minute for each of three axes

I

I
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4.4.4.3 Acoustics

Acoustic testing shall be performed on components which have low mass density and very large
surface areas as specitled in the Verification plan. Box components which house printed circuit
boanls are assumed to be insensitive to dkct acoustic loading, therefore, they shall be veritled via
random vibration testing. Acoustic test levels for Acceptance testing are equal to the maximum
expected levels spectled in the General Interface Spectlcation. Qualification/Protoflight acoustic
test levels are, in general, 3 dB above the Acceptance levels across the full spectrum.

The test dumtion for Acceptance or Protoflight is one minute, and the QualKlcation test duration is
two minutes.

Components powered during launch (l%ble XII) shall be operated during acoustics exposure
according to the requirements of pamgraph 4.4.2.3.

4.4.4.4 Pyro Shock

Components shall be capable of surviving the pyroshockenvironment induced by the launch vehicle
separation system andor appendage deployment systems. The fmt unit of all components shall
receive shock testing unless it can be proven by analysis, heritage, etc., that the component is
definitely not sensitive to a shock environment at the required level, which is 1.4times the maximum
expected flight level. Shock flight levels am defined in the individual component specifications.

Subsequent components of the same design do not require shock testing.

Components to be shock tested shall be mounted through the normal mounting points onto either
a rigid fixture or a dynamically similar structure simulating the component attach points (prefemed
method). The test spectrum shall be applied via the use of a synthesized shock transient waveform ~
generated by an electrodynamicsshaker system. The amplitude requirement is met in both directions
(plus and minus) along a given axis in a single application so that only six applications are retpkd
(two times along each orthogonal axis). The damage potential of the synthesized waveform and the
flight transient are the same when the shock response spectrum of each is equal and the frequency
components are applied simultaneously. The test shock waveform shall be applied and measured
at the interface of the hardware being tested and the fixtme.

A triaxial accelerometer mounted to the structure shall be used to measure the response spectrum
in each of the three orthogonal axes. I

4.4.4.5 Strength Test

Strength testing shall be performed on all components not meeting the “no-test” structural design
margins defined in the General Interface Specfilcation. Strength testing shall use one of the
following three methods to apply the test load to the anticipated load paths within the component: ~

a. Static Load Test

b. Acceleration Test
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c. Sine Burst Test

‘Xltethree methods are described in the following paragraphs.

4.4.4.5.1 Sine Burst (Strength Test)

Sine burst tests may be conducted to determine if a structural component is capable of withstanding
the acceleration forces associated with launch. The accelemtions shall be applied using a shaker to
impose a steady state sinusoidal vibmtion at a single frquency below the resonant frequency of the
component. The frequency of excitation shall be the lowest hquency achievable within the test
equipment limitations which will produce the specified accelerations. Resonant frequencies shall
be reviewed and vedfkd by low level sine sweep signature tests as required to assure that overtest
is not imposed.

Protoflight components to be Sine Burst tested shall achieve peak accelerations of 1.2S times the 1
predicted flight load. Accelerometers shall be attached as desaibed in Section 3.6.7 and used to
verify response. Repeat components shall be Acceptance tested. The Acceptance test load is equal
to the predicted flight load. For all components, the test duration is five cycles, minimum. I

If Sine Bmt testing is requirtxL pe-and Post-nvironmental visuai inspections and
non-desuuctive tests (i.e. signaturetests), as well as the functional tests nx@red by Section 3.6 of
this document and Section 4 of the applicable element specflcation, shall be used to verify the
component has survived the imposed loading. Flight hardwarewhich is to be powered during
launchshallbeplacedin its launchmode atthistimeandtelemetry shallbe monitomdandcompamd
to predictedvalues.

4.4.4.5.2 Static Load

Stmctural components for which loads at applied at unique mechanical interfaces, such as
kinematic mounts, shall undergo static load testing, as shown in Table XIII of Appendix III. This
test shall be used in lieu of sine burst or acceleration testing in these cases to minimize fatigue cycles
on the flight hardware. Protoflight components shall be subjected to 1.25 times the design limit loads
defined in the General Interface SpecK1cation. Repeat components shall be Acceptance tested. The
Acceptance test bad is equal to the design limit load defined in the GIS. Strain gauges shall be used
where required to verify structuml materials have not yielded. Subsequent fiactm! inspections shall
also be used where required to verify the component has survived the imposed loading.

4.4.4.53 Acceleration

Acceleration tests may be used in place of sine burst or static load tests to impose structural loads
onto components. If testing is require~ pre-and Post+mvironmental visual inspections and
nondestructive tests, as well as the functional tests required by Section 3.6 of this document and
Section 4 of the applicable element specification, shall be used to verify the component has survived
the imposed loading.
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4,4.4s.4 Test Setup

Flight hardware shall be rigidly attached to the mounting fixture. The mounting shall duplicate the
component flight installation to the extent practicable. For acceleration tests, the fmture shall be
capable of attachment to a centrifuge large enough to prevent an acceleration variation exceeding
MO% across the test item.

4.4.4.5.5 Test

Test levels shall be su.fllcient to load the component to 1.25 times the predicted flight loads in each
of three mutually perpendicular axes. For the sine burst test, the duration shall be five cycles at
maximum level. For the static load and acceleration tests, the time at full load shall be minimized.
Mer reaching the required level, the required measurements shall be taken and the load removed.

Flight hardware which is to be powered during launch shall be placed in its launch mode for the test
duration and telemetry shall be monitored and compared to predicted values.

4.4.5 Thermal Vacuum

Thermal Vacuum testing shall verify the capability of the component to meet performance
specitlcation requirements while exposed to worst<ase orbital T/V conditions. The general
requirements of T/V testing specfled in Section 3.6.8 shall apply to component testing. m

The component shall be subjected to thermal cycling as specfled in Appendix III and the
component’s performance specification. Vacuum-sensitive components shall be subjected to
thermal vacuum testing at the component level, to the requirements specitlxi herein. As noted in
Section 3.6.8.6, analysis must be provided by the component manufacturer which shows that any
component treated as non-T/V critical does not have any of the T/V<ritical attributes listed in
Table X. A minimum set of components which shall be tested in vacuum are shown in Table IX.

All components shall be subjected to at least eight temperatm or thermal cycles before being
integrated to the Spacecraft. At the Spacecraft level, the components will be subjected to at least four
cycles, which amounts to a minimum total of twelve thermal cycles.

4.4.5.1 Mmsurement and Instrumentation

The general requirements of Section 3.6.8 apply to components.

4.4.5.2 Precautions

The requirements of Section 3.6.8.3 and subparagraphs apply to components. I

4.4.5.2.1 Contamination

Components which have sensitive viewing or measuring openings must be kept clean of particles
and other depositions, as defined in the Contamination Control Plan. Components which are
sensitive to non-volatile residue (NVR) include: I
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a. Solid State Star ‘Ikacker (SSST)

b. Earth Sensor Assembly (ESA)

Prior to testing or exposure of the above-li.sti components in any environment (including test
chambem), a contamination swvey shall be conducted which includes all internal test equipment.
Temperaw chambers shall be taken to the temperatures used in the test.. Witness plates shall be
located where the sensor surfaces will be, to verify that the deposition rates for NVR or pardcle
deposition do not exceed the allowable levels spec~led in the Contamination Control Pl~. Wg
the actual tes~ witness plates shall be used to verify that the ckqmsitions did not exceed allowable
levels.

4.4.5.2.2 Electrical Discharge Cheek

Components which are exposed to 120 volts and are powered duringlaunch (See ‘IhbleXII) shall
be checked for electrical discharge duringvacuumpumpdown. Test details shall be provided in the
individual performancespec~lcations.

4.4s.3 Test Set-up

The general requirementsof Section 3.6.8.4 apply to components.

The component shall be mounted onto a fmture which thermally simulates the actual mounting
condition to the maximum extent practical. Conductive and thermal capacitance material
properties, as well as mounting methods and torque values, shall emulate the flight mounting
conditions to the extent practical.

4.4.5.4 Test Item Operations

Prior to the thermal vacuum test, a comprehensive performance test shall be perfoxmed to the
requirements specifkd in Section 4.4.2.

Functional operations during the test include the following:

a. If required in Section 4.4.5.2.2, the component shall be powered in launch mode during
chamber pum~own and telemetry shall be evaluated to verify no degradation from
electrical discharge effects until the vacuum reaches a level of 1W3torr.

b. Environmental performance tests as defined in Section 4.4.2.3 shall be performed at the
hot and cold operating temperature plateaus. These plateaus are defined in the next

section.

c. High- and low-voltage turn-on tests shall be performed at the hot and cold operating
plateaus. These tests may be combined with the environmental pexfonnance test. The
high and low voltages are defined as the maximum and minimum bus or EPC voltages
which the component will operate to on orbi~ These voltages shall be defined in the
Geneml Interface Specification and the component specflcations. The component shall
be turned on and telemetry shall be checked to verify functionality.

I

9
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d. Components which am designated as sensitive toon+rbit temperature change rates shalJ
undergo a perfoxma.ncetest during a controlled temperature transition cycle as discussed
in the next section.

Following the thermal vacuum tes~ a comprehensive performance test shall be performed to the
requirements specifkd in Section 4.4.2.

4.4,s.5 Thermal Cycling

Immediately following the electrical discharge check described in Sections 4.4.5.2.2 and 4.4.5 .4.a.,
the TN chamber shall be evacuated to a pressure of less than 1 x l@5 torr and maintained for the ~
remainder of the test. At this point, thermal cycling shall begin.

The following sequence shall be employed during thermal cycling (see Figwe 6):

Note: In the following description, it is assumed that the component will be subjected to Protoflight
testing. As such, Qu~lcation test levels iue 10”C beyond the predicted operating
temperature range, and the nonoperating swvival levels are 10”C beyond the predicted
non-operating temperature range. For Acceptance testing, the operational test levels are S“c
beyond the predicted operating range, and the survival levels are 5°C beyond the predicted
non-operating temperature range. For all testing, the duration of the upper and lower
temperature plateaus shall beat least four hours.

a. (Cycle No. 1) Non-Operating Temperature Limits (Survival Temperatures)-The
temperature of the chamber shall be controlled to cause one thermal cycle as defined in
Section 3.6.8.6, with the following provisions employed to test the predicted
non-operational limits of the component:

1. During this temperature cycle, the component shall be powered on (except where
indicated) and its operating parameters monitored continuously, but
petiormance testing and mode changes me not required. The rate of temperatu~
change shall be at least 10°C per hour, which comesponds to the worst-case
on-orbit change rate.

2. When the component temperature reaches the upper qualitlcation operating
limit, it shall be powered off, and the chamber shall be controlled to drive the test
article to 10”C above its predicted upper nonoperating orbital extreme
temperature if this is above the operational limit. This plateau shall be
maintained for four hours, after which the test article temperature shall be driven
back down to the operating limit. The component shall then be powered on.

3. When the component temperature reaches the lower quaMcation level operating
limi~ it shall be powered off, and the chamber shall be controlled to drive the test
article to 10”C below its predicted lower nonoperating orbital extreme
temperature if this is below the opemttional limit. The component shall then be
powered on. (At no time shall the component be operated if the temperature is
beyond the qua.liilcation temperature range.)
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b. (Cycles No. 2 and 3) Operating Performan% Qualification Tkst Uvels-During
these temperature cycles, the component shall be operating and subjected to pedormance
testing. The high and low temperature plateaus shall be at the upper and lower
quaMcation levels, mpectively. The mte of temperature change shall be at least 10”C
per hour, which ccmesponds to the worst<ase on+rbit change rate.

c. (Cycle No. 4) Operating Performance+ Qualification Test Leve~ Hot/Cold Start—
During this temperature cycle, the component shall be operating and subjected to
petionnance testing. The high and low temperature plateaus shall be at the upper and
lower qutilcation levels, respectively. The temperature of the chamber shall be
increased to cause the component to reach the qualification level high temperature.
Hot-start capability shall then be veri.fkd by turning the component off and then
verifying proper start-up. The component shall again be turned off and allowed to
stabilize at the upper qualification temperature level. The turn-on test shall be repeated,
and the environmental performance test at the high plateau shall then be completed. Do
not drive the component temperature beyond the upper qu~lcation level while
powered, or petit the non-operating temperature to exceed the survival limit.

The temperature of the chamber shall then be decreased to cause the component to reach
the quali.tlcation level low temperature. Cold-start capability shall then be verified by
turning the component off and then verifying proper staxt-up. The component shall
again be turned off and allowed to stabilize at the lower qualWcation tempemtme level.
The turn-on test shall be repeate@ and the environmental performance test at the low
plateau shall then be completed. Do not attempt to operate the component at a
temperature which is beyond the lower qualifkation level, nor penn.it the temperature
to fall below the lower survival temperature.

d. (Cycles No. 5,6, and 7) Non-Performance Tested, Qualification Test Levels+The
component shall be powered on during these cycles, and its operating parameters
monitoredcontinuously, but performancetesting and mode changes are not required.
There is no requfiment for rate of temperature change. The upper and lower
temperaturelevels shall be the QualMcationtest levels.

e. (Cycle 8) (Same as Cycles 2 and 3) Operating Performance+ Qualification Test
Levels-During this temperature cycle, the component shall be operating and subjected
to petiorrnance testing. The high and low temperature plateaus shall be at the upper and
lower qualification levels, respectively. The rate of temperature change shall be at least
10”C per hour, which corresponds to the worst-case on-orbit change rate.

f. Contamination Prevention Half-Cycle+For contaminationprevention,anadditional
halkycle shall be pcrfonned. The component shall be powered on, and its operating
pammeters monitmd continuously, but performance testing and mode changes are not
nx@red. During this half<ycle, the chamber temperature shall be increased to stabilize
the component at 350C. The component shall be maintained at this temperature for two
hours. The chamber shall then be brought to ambient temperature. During the
cockiown perid the component temperature must be kept higher than the chamber
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wall temperature to prevent condensation on the component. The temperature change
rate shall not exceed the worst-case on-orbit temperatmt change rate (10”C per hour)
during this half~ycle.

Figure 6 illustrates the required thermal cycling sequence.

4.4.5.6 Qualification

For qualification (QTM and Protoflight) testing, thermal cycling shall subject the component to
temperatures 10”C above and below the predicted on-orbit temperature extremes listed in GIS for
the component. Deviations shall be worked out on a case-by+tse basis, and defined in the
component specification.

4.4.s.7 Acceptance

After the component has successfully completed qu~lcation testing, all subsequent units shall be
acceptance tested. For acceptance testing, thermal cycling shall subject the component to
temperatures 5°C above and below the predicted on+xbit temperature extremes for the component.

4.4.6 Temperature Cycle

Components which ate not vacuum+xitical can be subjected to temperature cycle testing at ambient
pressure in lieu of thermal vacuum testing. Tables IX and XIII indicate which components rcquixe
T/V and which components can be temperature cycled at ambient pressure.

4.4.6.1 Measurement and Instrumentation

The thermal vacuum requirements of Section 4.4.5 apply to temperature cycle tests except as
modifkd herein.

As thermal pndictions will genemlly not apply to ambient pressure tests, test thermocouples shall
be attached as a minimum to the flight article elements having the largest thermal mass. In addition,
control thermocouples shall be attached to elements having the greatest sensitivity to tempemture
exceedances, per par. 3.6.8.2, and these shall be monitomd through the test process. In general,
instrumentation cables may be run into the temperature chamber through portholes without the use
of feedthrough connectors, as long as contamination and safety requirements are met.

4.4.6.2 Precautions

The precautionary thermal vacuum requirements of Section 4.4.5 apply to temperature cycle tests,
except as mcxMed herein.

4.4.6.2.1 Contamination

Flight hardwa.m shall be protected from moistum deposition through the use of gaseous nitrogen
(GN2) puxging. Use of GN2 shall be in accordance with the safety requirements specified in the
Perfomumce Assurance Implementation Plan or the subcontractor PAR. Purge gases shall meet the
cleanliness requirements specifkd in the Contamination Control Plan.

I

I
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A trial temperature cycle shall be perfonntxl to the maximum temperature ranges with all available
test equipment prior to installation of the flight component into the chamber. Wimess plates shall
be used to verify deposition levels are within the allowable ranges specfled in the Contamination
Control Plan during the trial cycle and the test.

4.4.6.2.2 Electrical D&harge Check

Not applicable for ambient pressure testing.

4.4.6.3 Test Set-up

The thermal vacuum requirements of Section 4.4.5 apply to temperate cycle tests, except as
modifkd herein.

Test fixtures used for ambient pressure temperature cycle tests should emulate the mechanical
mounting configuration used in the flight &sign to the maximum extent possible. Thermal
simulation of mounting surface properties is not a requirement unless otherwise specifkd in
Section 4 of the component spectilcation.

4.4.6.4 . Test Item Operations

The thermal vacuum requirements of Section 4.4.5 apply to tempmture cycle tests.

4.4.6.5 Temperature Cycling

Temperature cycling requirements for the ambient temperature cycle tests follow the same sequence
as that used for the thermal vacuum component tes~ except for the pressure-related activities
(pumpdown, electrical discharge check vent-back).

Figure 6 illustrates the required thenna.1cycling sequence.

4.4.6.6 Qualification

For quaMcation (QTM and Protoflight) testing, tempemture cycling shall subject the component
to temperatures 10”C above and below the predicted on+xbit temperature extremes for the
component. (See Section 3.6.8.6.)

4.4.6.7 Acceptance

After the component has successfully completed qualification testing, all subsequent units shall bc
acceptance tested. For acceptance testing, temperature cycling shall subject the component to
temperatures 5°C above and below the predicted on+rbit temperature extremes for the component.
(See Section 3.6.8.6.)

4.4.7 Thermal Balance

Components so designated in Table XIII of Appendix III andlor the component specflcation shall ~
undergo thenmd balance testing. Thermal balance tests ver@ the thermal design and the ability of
the thermal control system to maintain the required temperature and gradient limits by validating
the TMM used to predict flight thermal conditions. Thermal balance tests maybe combined with
thermal vacuum tests provided the ~quirements of both tests are met.
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4.4.7.1 General

Critical thermal balance conditions shall be determined by analysis. Nominal and worst-case
scenarios shall include:

a. Nominal external absorbed flux plus nominal internal power dissipation.

b. Maximum external absorbed flux plus maximum internal power dissipation (at
maximum voltage).

c. Minimum external absorbed flux plus minimum internal power dissipation (at minimum
voltage).

Consideration shall be given to the following factors:

a. Reflections

b. Satellite infrared emissions

c. Shadowing

d. Changes in properties of thermal surfaces due to orbital exposure or ground handling.

e. Smoothing of highly variable parameters

The component TMM as described in Seetion 4.2.3 shall be exercised using the data fi’om the
nominal and worst case scenarios listed above to predict the on-orbit performance of the component
thermal design. Conflation of analytic predictions with the test results shall serve to refine and
validate the TMM, which upon validation shall be used to verify that all thermal design requirements
have been met, and shall be used to validate thermal cycle and thermal vacuum temperature limits.

4.4.7.2 Measurement and Instrumentation

The thermal vacuum test provisions of Sections 3.6.8 and 4.4.5 apply to component thermal balance
testing. Test thermocouples shall be located close to areas corresponding to the thermal nodes used
in the component detailed TMM.

4.4.7.3 Precautions

The thermal vacuum test precautions of Sections 3.6.8 and 4.4.5 apply to component thermal
balance testing.

4.4.7.4 Test Set-up

External boundary conditions resulting fkom the orbital environment and Spacecraft interactions
shall be supplied by simulating incident andhr absorbed solar’planetary imdiation. Internal
therrnaI boundary conditions shall be supplied by use of mechanical and thermal mock-ups with
resistance elements to duplicate internal dissipation, the use of interfacing flight hardware, or a
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combination of both. The thermal balance test setup and chamber shall be calibrated to determine
direction and intensity of the si@lcant energy sources and effective heat skin temperature.
Calibration may be obtained by direet measurement analysis, or an earlier determination. The
resulting energy parameters selected for the test condition and component test configuration shall
be used on the analytical model to predict nodal temperatures for chamber test conditions prior to
the test. The component test cotilguration shall adequately refleet the conditions and predictions
of the analytical model to ensure verification. Simulated energy balance conditions shall be
suftlcient to verify thermal design.

4,4.7.5 Test Item Operations

During the tes~ the component shall be operated in its orbital mode and monitored. IrI some cases,
component operations may be sirnpli.tied as long as the power dissipations are simulated (e.g., a
digital component whose power dissipation does not vary with operational mode may just be left
powered on).

4.4.7.6 Test Levels and Cycles

Test temperature levels, duration, and stabilization conditions for components shall be determined
in the TMM and included in the verification proeedum

4.5 Demonstrations

The following demonstrations shall be performed at the component level in order to verify
operational capability.

4.5.1 Mechanical Function

Componentswhich containmechanicaldeviees shalldemonstrateall mechanicaloperationsduring
quaMcation and acceptance testing of the hardware,to the extent possible. These demonstrations
shall ensuns: that each mechanism can perform satisfactorily under worst-case conditions, that
clearances arcsatisfactoryin all cases, andthatall mechanismscanwithstandtheworst-caseloads.
Where practical, the demonstrationsshall be conductedatnominal, low andhigh energy levels for
each mechanical operation. The demonstmtions shall consider the adverse effects of variations in
temperature, friction, spring forces, stiffness of cabling and thermal insulation, and where
applicable, spin rate.

4.5.1.1 Precautions

The results of the static and kinematic analyses described in Seetion 4.2.1 shall be used to guide
mechanical demonstrations to ensure that the safe operating conditions for deployable mechanisms
shall not be exceeded.

4.5.2 Leakage

Components containing fluids or pressurized compartments shall be checked for leakage before and
after being subjected to the stress-inducing portions of the environmental test program. These
checks may be conducted while the test item is in either an operating ornon-operating mode. Leak
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checks shall be conducted under steady-state conditions. Adequate precautions shall be taken to
prevent injury to test personnel ordarnage to the component while checking for leaks. Leakage rates
shall be within prescribed mission limits as specifkxl in the pertinent ptxformance specification.

4.6 Mass Properties

The weight and the center of mass of all components shall be measured. Moments and products of
inertia shall be calculated with additional measurements as required if analysis ur other
considemtions so dictate. Measurements shall be made at the end of the environmental test sequence
in order to demonstrate confcmnance with design values. The component shall be in its proper flight
confQumtion, or as close as possible, for mass properties meamuements. Mass properties shall
demonstrate conformance to design values within the tolerances specifkd in ‘EtbleVIII.

4.7 Interface Verification

Component interface requirementsare specifkd in the General Intexface Specflcation. These
requirementsshall in general be verifkd in two ways:

a. Intetiaces which affect testable performance parameters of the component or its higher
level assemblies shall have fmai verification upon petiormance testing of the affected
assembly.

b. Interfaces for which no higher level performance test exists, or for which any of the
following conditions are pmsen~ shall undergo interface verifkation tests andor
inspections prior to integration with other hardwm elemenw

1. Damage could result from integrationhnstallation activities for which interface
parameters are not met.

2. Anomalies would be diflicult to isolate or cornxt if detected at the integrated
~ level.

4.7.1 Internal Interfaces

Componentinternal interfaces are not covered in this document.(See component specifications).

4.72 External Interfaces

Components which have electrical, thermal, or mechanical interfaces to other components shall
have these interfaces verifkd during EM, major assembly, subsystem, or Spacecraft intefiace
verification tests.

Component mechanical, thermal, and electrical interfaces shall be verifhxi to meet the appropriate
requirements of the GIS (and the GIIS, for components which are to be mounted on an instrument
or on an instrument panel.)
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5 EQUIPMENT MODULE VERIFICATION

5.1 General

Equipment modules (EMs) shall be designed, assembled and qua.lifkd at Astro Space using
hardware qualilkd at the component level. Equipment modules shall be designed to allow
standalone analysis, tes~ inspection and demonstration activities.

5.2 Analysis

The following sections define the analysis at the EM level that shall be conducted to verify the
performance of the EM.

5.2.1 Mechanical

Stressanalysisshallbe performedon allEM structuresto ve@ thatpositive marginsof safetyexist
for all load cases. Stress analysis shall also be performed to provide test predictions and load
limitations. The analysis shall be performed in accordance with the structuraldesign criteria
specifkdin theAppendixtotheStmcturesandMechanismsSubsystemSpecitlcation,PS20001415.
Structuralelements which do not meet the no-test criteria specifkxi therein shall be subjected to
strength testing.

Dynamic analysis shall be pexfonned to verify dynamic characteristics and to assess test
environments. The modeling techniques used shall be validated by a modal survey of each EM using
the flight structure and mass models of the components. Each EM model shall be updated so that
the model correlates with the frequencies and mode shapes of the suxvey up to 70 Hz.

Intierence analysis shall be pedormed to verify clearances between components within EMs.
Field-of-view (FOV) analysis shall be performed to verify that GN&C sensor EM FOVS are not
obstructed. The solid modeling techniques used shall be integrated to the extent practicable with
the actual design database, and shall assume maximum material conditions. Allowances shall be
made for thermal and/or electrical hardwaxe which is routed within the EM in evaluating clearances.

Analysis shall also be conducted (where appropriate) to ver@ that the EM structures will maintain
a positive margin at loads equal to those induced by the maximum expected pressure differential
during ascent to orbit, with appropriate factors of safety, as defined in the GIS.

5.2.2 Mass Properties

Analysis shall be performed in order to supplement weight measmment in defining critical mass
properties. A mass property database shall be maintained to provide accurate weight estimates of
EMs. This database shall be used to support mechanical analysis activities.

5.2.3 Thermal

A detailed analytical model of the EM shall be developed and used to make thermal balance test
predictions. Thermal Math Models (TMMs) shall & developed for each EM to the same
requirements as specifkd in Section 6.2.3 for all Major Assemblies. Nodes representing each
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component, as well as the performance predictions fortheEM-mountedheat pipes, and the required
external intetiaces shall be incorporated into the EM-level models. These models shall be validated
by use of thermal balance tests on the most complicated andh temperature+itical modules, as
specifkd in Table XIII of Appendix Ill. Upon completion of thermal balance tests, test results shall
be used to comelate a detailed model to increase the accuracy of further flight perfcmnance
predictions.

Analysis shall also be performed to ensure that the EMs and their components can endure the
temperature and humidity conditions they will encounter during transportation and storage. These
conditions are specified in the General Interface Spedlcation.

5.2.4 Electrical

Analysis of electrical subsystem performance shall in most cases be conducted at the subsystem level
because some of the electrical components within a given subsystem maybe distributed among
different EMs. Analysis shall be paformed, where required, to predict electrical performance
characteristics expected during EM-1evel subsystem performance tests. Verification of electrical
subsystem performance at the EM level will be accomplished generally by performance testing
during environmental exposure.

5.3 Inspections

Inspections which are requiredto be performedon EMs during the veriilcation process shall be
specifkd in the applicable assembly performance spec~lcation. Measurement accuracies and
calibrationrequirementsfor these inspections shall be as specifkxl in the PerformanceAssurance
ImplementationPlan.

Non-destructive test methods such as dye penetrantinspections andradiographymaybe required
to supplementvisual anddimensionalinspections,particularlyfor theEM structtut. These methods
shall meet the inspection requirementsspecfled in the Performance Assurance Implementation
Plan. The item speciilcation shall in Section 4 define any item-specific requirements for
non-destructive tests.

5.4 Environmental Test Sequence

The typical EM test flow is depicted in Figure 10, Appendix IV.
is depicted in Figure 11 of Appendix IV. These test flows are

The GN&C Sensor EM test flow
general, and may be varied on a

case-by<ase basis. Inspections must be performed before and after all mechanical tests to verify
that no signi.ilcant changes have occurred.

5.4.1 ~nd Parameters

Measurable parameters which relate to performance stability shall be evaluated at the equipment
module level. See Section 3.6.3.1 for detailed requirements.

5.4.2 Electrical Function

Performance tests shall be performed at key points before, during, and after the environmental
portions of qualWcation anciacceptance testing of EMs toconfirmthat the hardware hasnot stiered
any functional damage as a result of environmental exposure. These tests shall include the
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application of expected voltages, impedances, frequencies, pulses and waveforms at the electrical
and communication interfaces of the test iterns. Electrical continuity and performance, response
time, and other relative checks shall be performed. These tests shall be conducted in areas which
satisfy the cleanliness requhements of the Spacecraft Contamination Control Plan, PN20001412.

Functional test requirements specitlc to each EM shall be defined in the EM performance
speci.tlcation.

5.4.2.1 Functional Test

A Functional Test shall verify the comet electrictimechanica.1 response from the test item in each
of its operational modes. End-to-end evaluations of communications, clock, power, and other
signals shall be verifkd. Functional Ttxts shall be used in cases where a Comprehensive
Performance Test is not warmnted or impractical, as shown in Figure 10, Appendix IV.

Functional Tests shall be performed upon assembly of the EM. Additional functional tests maybe
required after rework to or reassembly of the EM where spectled by ADR disposition or by
Tables III through VI.

5.4.2.2 Comprehensive Performance Test

The Comprehensive Performance Ttxt (CPT) shall be a detailed verification that the EM meets
performance specKlcation nx@mments. The CPT shall be used to verify satisfactory performance
in all operational and contingency modes within practical limits of cost, schedule, and
environmental simulation capabilities. The following parameters shall be included during this test.

a.

b.

c.

d.

e.

The operation of all redundant circuitry andhr components shall be verified. This shall
include verification of cress-strap paths between components.

All command and data paths to, from, and between subsystem elements within the EM
shall be verifkd.

Values for subsystem trended performance parameters ident~led in the Veriilcation Plan
shall be evaluated for both prime and redundant hardware.

Each performance requirement for the EM listed as verifkd by EM level test in Section 4
of the EM specillcation shall be addressed.

Each performance requtiment for the subsystem listed as verifkd by EM level test in
Section 4 of the subsystem speciilcation shall be addressed.

The position of the CPTs in the EM vefilcation sequence is shown in Figure 10,Appendix IV. The
initial CPT shall be used as a baseline for comparison against all subsequent CPTs. Additional CP13
shall be conducted after environmental testing.

5.4.2.3 Environmental Performance Test (EP’I’)

During the temperaturecycle test (undervacuum or ambientpressure),the EM shall undergo an
abbreviatedperformance test at the high and low temperatureplateaus.
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Performance tests during thermal or temperature testing shall be a subset of the CPT as requi.md to
vexify workmanship parameters at the EM level. Speciilcally, any subsystem performance
pararnetem thought to be influenced by assemblyhnstallation errors shall be tested to the extent
practical within the temperature cycle facility. The difference between the EPT and the CPT shall
be documented in a Vetilcation Repcxt.

5.403 EMC Tests

EMC tests are not applicable at the EM level, except as defined on a case-by<ase basis in the
individual EM specification.

5.4.4 Modal Survey

5.4.4.1 General

Modal surveys shall be performed on QTMs of EM structures or on the Protoflight units as identiled
in Table XIII, Appendix III. These suxveys shall be performed to establish structural modes and
natural frequencies in order to validate analytical models. Inspections shall be conducted before and I
after a modal survey in order to determine if any signifkant changes have occumxi.

Mass simulation for components mounted within the EMs shall be used to facilitate testing and to
i&ntify the fundamental modes of the structure. The mass models used shall emulate the weight
and CG of the components to within the tolerances shown in ‘Ihble VIII.

5.4.4.2 Instrumentation and Measurement

The general requirements specifkd in Section 3.6.7 for instrumentation and measwment shall also
be applicable for modal survey testing. Response measurements shall be recorded and plotted using
modal graphics. Measurements and the location of these instruments shall be specilied in the
pminent test plan and procedure(s).

5.4*4.3 Test Set-Up

Boundary conditions between the test article and test fmturing shall represent the launch
configuration. Structures incorporating kinematic mounts at the Spacecraft interface shall use flight
or simulated mounts.

5.4.4.4 Test

Test levels for modal testing shall be specikd in the pertinent test plan and procedure(s). During
exposure, the test item shall be monitomd and measurements shall be compared to the input levels
specified in the test documents. Modes shall be measured from OHz up to 70 Hz as a minimum. The
orthogonality of the measured modes to the analytically predicted modes shall be determined to
evaluate the adequacy of the test.
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5.4.5 Optical Bench Vibration

5.45*1 General

Prior to final assembly in the GN&C Equipment Module, the Optical Bench (with mass model
components) shall be subjected to a three-axis sine vibration exposure, for the purpose of verifying
alignment stability.

Mass simulation for the Optical Bench shall be identical to the modal test se~p, unless analysis
results indicate that a more appropriate mass distribution is desirable to achieve the test goal. In
addition to simulating the weight and CG, the mass models will include an alignment minor cube
mounted in a similar location to the sensor aperture. Mechanical mounting interfaces between the
sensor mass model and the Optical Bench shall be identical in design and manufacturing tolemnces
to the flight installation, and shall be verifkd by inspection.

Hardwa.m items to which alignment cubes shall be mounted for environmental testing include the
following:

a.

b.

c.

d.

5.4.5.2

Optical Bench (Primary Cube)

Optical Bench (Secondary Cube)

IRU Mass Model

SSST Mass Models

Instrumentation and Measurement

The geneml nxpirements speeifkd in Section 3.6.7 for instrumentation and measurement shall be
applicable for optical bench sine vibration. Response measurements shall be recorded and plotted.
Measurements and the locations of the sensors shall be spectiled in the pertinent test plan.

5.4.5.3 Test Set-Up

Boundary conditions between the Optical Bench
mounting configuration to the extent possible.

5.405.4 Test Levels

The optical bench sine vibration input shall beat
the GIS as follows:

and the test fmturing shall represent the launch

the Protoflight level and duration, derived from

The GIS contains maximum expected sine vibmtion levels, which me equivalent to
Acceptance test levels. Protoflight levels are calculated by multiplying Acceptance
levels by a factor of 1.25. The Protoflight sweep rate is 4 Octaves/minute.
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S.4.6 Acoustic Test

5.4.6.1 General

The Acoustic Noise Test shall expose the equipment modules to an acceptance-level dynamic
environment similar to that expected when the Spaeeeraft is launched. (For battery panel, see
Section 5.4.6.5.) A visual inspection and functional testing shall be performed before and after the
test in order to assess the affect of acoustic noise on the equipment modules. In addition, pre- amd
post-test alignment measurements shall verify launch shift of aligned items, wheie applicable.

5.4.6.2 Measurement and Instrumentation

The general mqutiments specifkxi in Section 3.6.7 apply to the EM Acoustic Tkst.

5.4.6.3 Precautions

The acoustic facility shall meet the cleanliness requirements stated in the GIS, with the additional
requirement that particulate-sensitive components and instruments shall not be exposed to
environments which exceed Class 10,000 in cleanliness. Witness plates shall be installed near all
contamination-sensitive apertures and on qxesentative horizontal stiaces. Prior to and after the
test, these plates shall be evaluated to verify the deposition requirements of the Contamination
Control Plan.

Prior to installation of the EM into the chamber, a trial run shall be be performed to verify the
dynamic control equipment and procedures. Whness plates shall be examined to establish the
cleanliness of the test process.

5.4.6.4 TkstSet-Up

The EM shall be installed in an acoustic cell capable of generating launch sound presswe levels.
There shall be a uniform sound ene~y density throughout the chamber. Normally sealed
components shall be pressurized during the test to their prelaunch pressure. The EM shall be
oriented in its launch orientation.

5.4.6.5 Test Levels

Initially, the EM shall be subjected to low–level “shaping runs.” Then the EM shall be subjected to
Acceptance level testing, i.e., an acoustic input spectrum which is the same as the Maximum
Expected Acoustic levels shown in the GIS. The duration of the test shall be one minute.

The Battery Panel, with workhorse batteries installed, shall be subjected to Protoflight acoustic
testing, i.e., an acoustic input spectrum which is 3 dB higher than the Maximum Expected Acoustic
levels shown in the GIS. The duration of the test shall be one minute.

When the flight batteries are installed, the acoustic exposure shall beat the Acceptance level (equal
to the maximum expected acoustic levels shown in the GIS). The test duration shall be one minute. I

A post-test Comprehensive Performance Test shall then be performed.
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5.4.7 Siie Vibration

5.4.7.1 Strength Test (Sine Burst)

Sine Burst tests shall be performed to qualify the strength of EM structures. Mass simulation shall
be identical to the modal test setup unless analysis results indicate that a more appropriate mass
distribution is desirable to achieve the test goal. Mass simulation for Protoflight and flight units shall
represent the flight con.f$yration to the best possible extent.

5.4.7.1.1 Instrumentation and Measurement

The general requirements specifkd in Section 3.6.7 for instrumentation and measurement shall be
applicable for Sine Burnt testing. Response measurements shaU be recorded and plotted
Measurements and the locations of the sensors shall be speci.fkxlin the pertinent test plan.

5.4.7.12 Test Set-IJp

Boundary conditions belxveenthe test article and test fmturing shall represent the launch mounting
conf@uration. Structures incorporating Kinematic Mounts at the Spacecraft interface shall use flight
quality mounts.

5.4.7.103 T~ Levels (Sine Burst Test)
\

\ The test input level for the Protoflight and QTM EM structure shall be 1.25 times the Final Design
Loads Cycle results in each of three axes. For Acceptance level testing, the input test level shall be
equal to the maximum predicted load ffom the Final Design hads Cycle Analysis. The loads and I
frequency values may be different for each axis of each EM. The test loads shall be imposed at the
lowest tiequency which permits development of the calculated loads (to be determined at the time
of test, based on low level frequency surveys).

The duration for QTM, Protoflight, and acceptartce units shall be a minimum of five cycles. I

5.4.7.2 Sine Sweep Vibration Test

Sine sweep vibration testing shall be performed on each Equipment Module to verify that the EM
and its constituent components will survive the launch environment. The EM shall be tested in each
of th~e mutually perpendicular axes.

5.4.7.2.1 Instrumentation and Measurement

The requirements listed in Section 5.4.7.1.1 for Strength Test also apply to the Sine Sweep Vibration
Test.

5.4.7.2.2 T@ Setup

The requirements listed in Section 5.4.7.1.2 for Strength Test also apply to the Sine Sweep Vibration
Tes~

61 DCC080593



PS20005404A
06 August 1993

c

5.4.7.22 Test bVdS

All EMs shall be subjected to Protoflight sine vibration. Test details, such as sweep rate and test
levels, axe provided in the Appendix of the Structure and Mechanisms Subsystem Specifkation. I

5.4.8 Mechanical Shock

Equipment Modules will not be exposed to mechanical shock testing.

5.4.9 Thermal Balance

‘Iherrnal Balance tests shall be performed to confixm the analytical thermal model of certain EMs
and to ver@ the design of its thermal control hardware. These tests shall simulate the thermal
conditions predicted to be the most critical for the thermal control subsystem. Table XIII indicates
which EMs shall receive thermal balance testing. I

5.4.9.1 General

The analytical thermal model, which simulates the EM shall be exercised using worst<ase scenarios
as well as PtWinent temperature and thermal flux parameters. This model shall be modifkd to reflect
the test chamber conditions and used to predict the performance of the thcmmd control subsystem
during the test. Correlation of the analytical predictions with the thermal balance test results shall
serve to refine and validate the analytical model.

The analyses of worst-case scenarios shall include, but not be limited to the following

a. Maximum external absorbed flux plus maximum internal power dissipation

b. Minimum external absorbed flux plus minimum internal power dissipation.

The analysis shall also conside~ surface reflections; shadowing; infrared emission from other
Spacecraft surfaces; and changes in the solar absorptance/emittance ratio of the thermal control
surfaces due to degradation in orbit.

5.4.9.2 Measurement and Instrumentation

The thermal vacuum test provisions of Sections 3.6.8 and 4.4.5 apply to EM thermal balance testing.
Test thermocouples shall be located close to areas comsponding to the thermal nodes used in the
component detailed TMM.

5.4.9.3 Precautions

The thermal vacuum test pnxamions of Sections 3.6.8 and 4.4.5 apply to EM thermal balance
testing.
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5.4.9.4 Test Set-up

External thermal boundary conditions resulting from orbital thermal effects on the EM shall be
induced in the test chamber by simulating incident andor absorbed solar/planetary imadiation.

Internal thermal boundary conditions shall be induced by the use of actual flight hardware or
simulators which have been verifkd to match the thermal characteristics of the flight hardware and
with resistance heater elements to supplement internal dissipation, if necessary. Component heat
dissipation and harness line losses shall be measmd to an accuracy of 1%, wherever feasible.

5.4.9.5 Test Item Operations

Dwi.ng the test, the EM shall be operated in its orbital mode, unless otherwise spectiled and
monitored. In some cases, EM operations maybe simplifkd as long as the power dissipations are
simulated.

5.4.9.6 Test Levels and Cycles

Test temperature levels, duration, and stabilization conditions for components shall be determined
in the TMM and included in the vefilcation procedure.

The tests shall conform to the conditions analyzed wherever practical and encompass as many
scenarios as analyze~ with a minimum of two. The test results shall be recorded for post-test
correlation to the analytical model. Adjustments made to the analytical model to impmve correlation
shall be included in the analytical model used for flight pexfonnance predictions.

5.4.10 Thermal Vacuum

Thermal vacuum testing of equipment modules, where performed (see Table XIII, Appendix III),
shall be as defined in Section 5.4.11.6. The thermal vacuum test requirements of Section 3.6.8 apply 1
to equipment modules. Test levels and sequences shall conform to the requirements spectiled in
Section 5.4.11.

Thermal-vacuum testing at the equipment module level is not counted against the 96-hour ~
cumulative soak durations required for components.

504.11 Temperature Cycle (Thermal Cycle at Ambient Pressure)

Table XIII indicates which EMs shall be temperate cycle tested, to the levels defined in Figure 7.
Thermal cycling at the EM level is not counted against the 96-hour cumulative soak durations
indicated for components. I

5.4.11.1 Measurement and Instrumentation

The requirements spectiled for component temperature cycle tests in Section 4.4.6.1 apply to EMs.

5.4.11.2 Precautions

The precautionary requirements spec~led for component temperature cycle tests in Section 4.4.6.2
apply to EMs.
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(RepIacewith fig7)

F@we 7. Equipment Module Temperature Cycle Test Sequence
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5.4.11.3 Test Set-up

The requirements spectiled for component temperature cycle tests in Section 4.4.6.3 apply to EMs.

5.4.11.4 Test Item Operations

The EM shall be powe~d throughout the test, unless othenvise specifkxi

5.4.11.5 Temperature Cycling

The cycling described below applies to vacuum or ambient pressure operations. The temperature
change rates shall be 10”C per hour. The spec~lc details of where to measure the effective
temperature shall be in the EM performance specification

Three temperaturecycles shall be performed, followed by a contamination prevention halkycle
as follows (see Figure 7):

a. (Cycle 1) Initial Cycle - Starting from ambient temperature, the chamber shall be
operated to induce one full temperature cycle to workmanship levels, as defined in
Section 5.4.11.6. The plateaus shall be maintained for four hours after stabilization to
the requirements of Section 3.6.8.2.

During the high and low temperature plateaus, a functional test shall be performd
followed by Thermal Balance testing.

b. (Cycle 2 and 3) - The chamber shall be opemted to induce a temperature cycle to [
workmanship levels. The plateaus shall be maintained for four hours after stabilization
to the requirements of Section 3.6.8.2. CFT testing shall be performed throughout the
cycle.

c. Contamination Prevention Half Cycle - For contamination prevention, an addhional
half cycle shall then be performed. During this half cycle, the chamber temperature shall
be increased to stabilize the EM at 35”C. The module shall be maintained at this
temperature for two hours. The chamber shall then be brought to ambient temperature.
The temperature change rate shall not exceed the on-orbit operating temperature change
rates (lO°C per hour) during this half cycle.

Figure 7 illustrates the required temperature cycling sequence.

5.4.11.6 Workmanship Temperature Testing

All EM units shall be workmanship tested. For workmanship testing, temperature cycling shall
subject the most temperature-limited component within the EM to temperatures 10“C above and
below the predicted on-orbit opxating temperature extremes for that component. Other
components shall float to the resulting values, which shall be monitored to be no worse than 10”C
above or below the predicted on-orbit temperature extremes. The predicted on+xbit temperature
extremes are listed in the GIS. Deviations must be worked out on a case-by-case basis, as defined
in paragraph 3.5.1.
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505 Demonstrations

The following demonstrations shall be pexformed on the EMs in tier to verify their operational
capability.

5.5.1 Mechanical Function

EMs which contain mechanical devices shall demonstrate all mechanical operations during
petiormance testing of the hardware. These demonstrations shall ensure: that each mechanism carI
petiorm satisfactorily under worst-case conditions, that clearances are satisfactory in all cases, and
that all mechanisms can withstand the worst-case loads. The demonstmtions shall consider the
adverse effects of variations in tempemure, friction, spring forces, stiffhess of cabling and thermal
insulation, and where applicable, spin rate.

5.5.1.1 Precautions

The results of the static and kinematic analyses described in Section 4.2.1 shall be used to guide
mechanical demonstrations to ensure that the safe operating conditions for deployable mechanisms
shall not be exceeded.

5.52 bakage

EMs containing fluids or pressurized compartments shall be checked for leakage before and after
being subjected to the stress-inducing portions of the environmental test program, as identifkd in
the Vefilcation Plan. These checks maybe conducted while the test item is in either an operating
or nonoperating mode. Leak checks shall be conducted under steady-state conditions. Adequate
precautions shall be taken to prevent injury to test personnel or darnage to the EM while checking
for leaks. Leakage rates shall be within prescribed mission limits as spec~led in the pertinent
performance speciilcation.

5.6 Mass Properties

The weight and the center of mass of EMs shall be measured. Moments and products of inertia shall
be calculated with additional measurements if analysis or other considerations so d~ctate.
Measurements shall be made at the end of the environmental test program. The EM shall be in its
proper flight contlgumtion, or as close as possible, for mass properties measurements. Mass
properties shall demonstrate conformance to design values within the tolerances speci.tied in
Table VIII.
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5.7 Interface Verification

EM intexfacerequirementsarespecifkd in theGeneralInterfaceSpecKlcation. These requirements
shall in general be verifkd in two ways:

a.

b.

Interfaces which
assemblies shall
assembly.

affect
have

testable performance parameters of the EM or its higher level
final vefilcation upon performance testing of the affected

Interfaces for which no higher level performance test exists, or for which any of the
following conditions are ‘~sen~ shall undergo intexface verification tests and/or
inspections prior to integration with other hardware elements:

1. Damage could result from integrationlinstallation activities for which interface
parametem are not met.

2. Anomalies would be diftlcult to isolate or cornxt if detected at the integrated
level.

EM intexface parametem which fall into classflcation “b” above, and their interface verification
requirements, shall be specifkd in the EM Performance Speeifieation. These parameters, which
include mechanical, thermal, and electrical interfaces shall be verifkd at the EM level of assembly.

5.7.1 Internal Interfaces

Intetiaces among EM components are verifkd during the module assembly and integration phases
of the EM test flow. These interfaces are verified as identi.tied in the individual component
spediication.

The mechanical, thermal, and electrical interfaces between the Equipment Module and its subsidiary
components shall be verified to meet the appropriate ~quirements of the GIS and the component
specifications.

5.7.2 External Interfaces

EMs which have electrical, thermal, or mechanical interfaces to other components shall have these
interfaces verifkd during subsystem or Spacecraft interface vefilcation tests.
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6 MAJOR ASSEMBLY VERIFICATION

6.1 General

The EOS-AM majorassemblies are as follows:

a.

b.

c.

d.

e.

Propulsion Module (PM)

Spacecraft Core Assembly (Struc~)

High Gain Antenna

solar Array

Equipment Modules (covered in Section 5, not addressed in this section).

Vetilcation activities for these assemblies shall be performed to the requirements identMed herein.
V@lcation activities for EMs shall be performed to the requirements of Section 5.

Subcontractors who produce the Major Assemblies shall comply with the requirements of this
section and the assembly specflcation. Subcontractors shall document their veri.ilcation plans and
activities in accordance with 20004280, Subcontractor PAR.

6.2 Analysis

The following analyses at the Major Assembly level am required to adequately verify the
performance of the assembly.

6.2.1 Meehanieal

The requirements specifkd in Section 5.2.1 for EM mechanical analyses apply to other major
assemblies.

In addition, kinematic analysis shall be performed for all deployable appendages to verify clearances
and toxque maqgins. Kinematic analysis must also be performed on all moving mechanisms to
ensure that the mechanism can perform satisfactorily with adequate margin under worst-case
conditions.

6.2.2 Mass Properties

Analysis shall be pexformed in order to supplement weight measurement in defining critical mass
properties. A mass property database shall be maintained to provide accurate weight estimates of
Major Assemblies. This database shall be used to support mechanical analysis activities.

6.22 Thermal

The Thermal Math Models (’TMMs)listed below shall be used to support the design and analysis
of the Solar Mray Assembly, the High Gain Antenna Assembly, and the Propulsion Module
Assembly:

a. ‘IRASYS22 sutiace model

b. SINDA87 or SINDA85 reduced node thermal model

c. SINDA87 or SINDA85 detailed thermal model

69 DCC080593



PS20005404A
06August1993

=-

The surface model and the reduced node model will be incaporated into the Spacecraft level TMM
described in Section 7. These models shall be validated by use of thermal balance tests and updated
during the design and test phases, as required. Analysis shall also be performed to ensure that the
maior assemblies can endure the temperature and humidity conditions they will encounter during
tes~,transportation, stomge, and orbit.

6.2.3.1 Detailed Thermal Model Requirement@

The detailed TMM shall demonstrate that all internal assembly thermal requirements am met for all
expected mission modes and testing. This model shall predict the change in heat flows and the
resulting temperattue changes for any alteration in the environmen~ internal power dissipation, or
other model parameter.

a. SINDA85 or SINDA87 am the mquirwl thermal analysis software on which the model
shti be based.

b. The size of the detailed thermal model shall be sufllcient to demonstrate that all defined
requirements for temperature and temperature gradients are met.

c. Every critical element or subassembly within the component and every flight
temperature sensor shall be represented by a node which adequately predicts its
temperature.

6.23.2 !hr’fhce Model Requirements

a. The surface model shall be developed in a Thermal Radiation Analyzer System
mYs22) format.

b. The surface model shall be as small as is reasonably possible. The total number of
surfaces shall not exceed 50.

c. The surface model shall form a completely closed volume. Surface area used for
mechanical attachment of the component to a Spacecmft surface shall be represented by
a suxface or set of surfaces.

d. In general, each external node of the assembly reduced node and detailed TMMs shall
be qresented by a surface or set of surfaces in the surface model. Any surface of special
interest (i.e., a radiator) shall be modeled sepamtely.

e. The local coordinate system shall be rectangular with the same orientation as the
Spacecraft coordinate system.

f. All length dimensions shall be in inches.

g. A unique numbering system shall be developed which prevents duplication of ID
numbers between components.
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6.233 Reduced Node Model Requhx?ments \

The reduced node model shall be a reduced version of the detailed thermal model. Results of the
reduced and detailed models shall be sirnilarin the areas of heat flow (both radiation and conduction)
and average temperatums.

a.

b.

c.

d.

e.

f.

&

h.

i.

The reduced node model shall be developed in a Systems Improved Numerical
Dtierencing Analyzer (SINDA) SINDA85 or SINDA87 format.

The model shall be capable of steady-state and transient analysis.

The model shall not exceed 50 rides.

All length dimensions shall be input in inches. All heat energy data shall be input in
watts. The Celsius temperaturescale shall be used.

The overall energy balance summationof the reducednode TMM with its boundaries
shall agree with the detailed TMM to 3 percent or better for any set of boundary
conditions and internal power dissipations.

The heat transfemd by conduction or radiation from node to node of the reduced node
thermal model shall agree with the heat transfemd from the corresponding nodes in the
detailed thermal model to within 5 percent for any set of boundary conditions and
internal power dissipations.

The temperature relationship between each flight temperature sensor and the reduced
node thermal model node which contains the flight sensor shall be provided.

Power distribution and time-lines shall be provided for each expected node of the
mission and for ground testing.

Each external node of the reduced node thermal model shall have a one-to+ne
cmespondence with a surface or group of surfaces from the surface model.

6.2.4 Electrical

Since any particular Major Assembly often contains components from multiple subsystems,
analysis of electrical subsystem performance at the Major Axembly level shall be performed where
required to predict test results or interpret test data. Vetilcation of electrical subsystem performance
at the major assembly level will be primarily accomplished by performance testing during
environmental exposure.

Analysis of electrical subsystem performance for the Propulsion Module will be performed by
Astro Space in accordance with the PM performance specification.

6.3 Inspection

Inspections to be performed on Major Assemblies as part of the vefilcation process shall be
specifkd in the applicable assembly performance specification.
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6.4 Environmental Test Sequence I

The verMcation flows of the Major Assemblies are shown in the figures listed below (All figures
in Appendix IV):

Propulsion Module -Figure 12
Spacecraft Stmctum - Figure 13
High Gain Antema - Figtue 16
Solar Array - Figure 17

6.4.1 Trend Parameters

Measured parameters which relate to performance stability shall be evaluated at the major assembly
level. See Section 3.6.3.1 for detailed requirements.

6.4,2 Electrical Function u

Performance tests shall be performed at key points before, during, and after the environmental
portions of Protoflight Testing of Major Assembly hardware to confirm that the hardware has not
suffenxi damage as a mult of environmental exposure.

These tests shall include the application of expected voltages, impedances, frequencies, pulses and
waveforms at the electrical and communication interfaces of the test hardware. Electrical continuity
and performance, response time, and other relative check shall be performed Satisfacto~
performance shall be demonstrated in all operational and contingency modes. The testing shall
exercise all redundant circuitry.

6.4.2.1 Functional Test 9

A Functional Test shall be performed to verify the correct electrical/mechanical qxmse to the test
hardware in each of its operational modes. Detailed end-to-end evaluations of communications,
clock, power, and other signals shall be vetiled.

Functional Tests shall be performed before, during and after environmental tests in order to verify
that the test item has not been degraded by environmental testing. Functional Tests shaii also be used
in cases where a Comprehensive Testis not wamanted or impractical.

Functional Tests shall be performed upon assembly of the major assembly. Additional functional
tests may be nxyi.red after rework to or reassembly of the unit where spec~led by ADR disposition
or by Tables III through VI.

6.4.2.2 Comprehensive Performance Test I

The Comprehensive Performance Test (CPT) shall be a detailed vefilcation that the major assembly
meets performance specillcation requirements. The CPT shall be used to verify satisfactory
performance in all operational and contingency modes within practical limits of cost, schedule, and
environmental simulation capabilities. The following pammetem shall be included during this testi
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The operation of all redundant circui~ andkx components shall be verifkd. This shall
include vtilcation of cross-strap paths betsveen components.

M command and data paths to, from, and between components within the major
assembly shall be verifkd.

Values for subsystem trended performance paramete~ shall be evaluated for both prime
and ~dundant hardware. (See Sections 3.6.3.1 and 4.4.1.)

Each performance requirement for the major assembly listed as “veriiled by test” in
Section 4 of the major assembly spec~lcation shall be addressed.

Each performance requirement for the subsystem listed as “verified by major assembly
level &st” in Section 4 of the subsystem specflcation shall be addressed.

The position of the CP’11in the PM, HGA, and S/A verification sequences am shown in Figures 12,
16, and 17, qxctively, of Appendix IS? I

The initial CPT shall be used as a baseline for comparison against all subsequent CP’Ik. Additional
CP’lk shall be conducted after environmental testing.

6.4.2.3 Environmental Performance Test B

Requirements specified in Section 4.4.2.3 for environmental performance testing of components
apply to major assemblies.

6.4.3 EMC Tests

The performance of Major Assemblies shall be verifkd for electromagnetic compatibility
accordance with the requirements of the EOS Spacecraft EMC Control Plan, PN20005869.

6.4.4 Static Load Tests

6.4.4.1 General

A Staticload test shall be petiormed on the primary structure and its truss elements and titanium node
fittings to verify the structural integrity of this assembly. A similar test shall be performed on the

propulsion module structure. (See Figures 12 and 13 of Appxlix IV.)

6.4.4.2 Instrurnentatiofieasurement m

Deflection and strainmeasurementsshall be used to monitor the response of the primary structure
under loading. The applied test load shall be measured with strain gauge type load cells.

6.4.4.3 Tests

6.4.4.3.1 Thbe Elements I

Both tension and compression tests shall be petiormed on tube elements. The ends of the tube
elements shall be fastened using the flight stint process tot.itaniumend-fitigs toobviateendeffects 1
which could cause spurious results during compression testing. Initial specimens faming a subset
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be tested to failure in compression, tension, andbending.This set shall include at
least five representative 3.5” OD tubes tested to each failure mode. Subsequent flight specimens
shall be proof-tested to loads equal to 1.25 times the flight loads fkomthe Final Design Loads Cycle
(FDLC), in tension and compression, prior to integration into the primary stmcture. The FDLC
analysis is performed by the launch vehicle provider. I

Following the test, tubes shall be inspected Those tested to failure shall be examined and the
observed failure mode shall be compared to the predicted mode. Failure loads shall be evaluated
using the structural design criteria in the Appendix to the Structure and Mechanisms Subsystem
SPectlcation, PS20001415. Flight tubes and their fittings shall be inspected for damage.

6.4.4.33 Spacecraft Core Assembly I

The Spacecraft Core Assembly consisting of the primary and secondary stmctures shall be static
load tested to the requirements specifkd herein. The propulsion module structure will also be static
load tested.

The assembly shall be attached to the GFE Launch Vehicle Adapter. Mass models shall be installed
to represent the EMs, S/A, HGA, PM tanks, and Instruments. Since these models shall be used for
the static load test, modal test, and alignment tests, they shall simulate the following parameters:

a. Mass and CG

b. Mounting interface mechanics

c. Alignment cube (GN&C EM and Instruments)

Test loads shall be applied to the primary structure to ensure that all bonded joint assemblies not
proof tested as elements are loaded to 1.25 times the flight loads from the FDLC, cmapplicable
component specflcation in tension and compression. Data shall be nxorded at each load level
before proceeding with the next load level. The loads and application points shall be selected to
simulate the global bending and thrust pmxlicted in the launch environment. During thetex%selected
data shall be xwiewed (in real time) to verify load distribution within the core assembly.

Loads applied to instrument mass models for which the supporting structure is not qualifkl as a
component shall be used to qualify the given support structure. These loads shall be equal to 1.25
times the flight loads from the FDLC.

Before and after the structure static load test as shown the Verification Plan, an alignment test shall
be performed to verify the launch shift to the pointing emor budget for each instrument. IrIaddition,
the structure shall be inspected for damage.

6.4.5 Sine Burst Strength Test

Sine Burst tests shall be performed to qualify the strength of the Solar Amy, the High Gain Antenna,
and the Propulsion Module.

6.45.1 Instrumentation and Measurement

The general requirements specifki in Section 3.6.7 for the instrumentation and measurement shall
be applicable for Sine Burnt testing. Response measurements shall be recorded and plotted.
Measurements and the locations of the sensors shall be specified in the pertinent test plans.
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6.4.5.2 T-Set-Up

Boundary conditions between the test article and test fmturing shall represent the launch mounting
con.@guration.

6.4S.3 Test Levels

The input test level for the Protoflight Major Assemblies shall be 1.25 times the predicted flight
values. If require~ Major Assemblies which axe to receive Acceptance testing would have input
test levels which are equal to the predicted flight loads.

6.4.6 Modal Survey

6.4.6.1 General

Modal surveys shall be performed on Major Assembly structures, including the propulsion module
stxuctuxe. These surveys shall be performed to establish structural modes and natural frequencies
to validate analytical models. Before and after modal survey, inspections shall be conducted to
determine if any detectable changes have occurred. Major Assembly mass simulation shall be
representative of the launch conf@ration. (See Figures 12 and 13 of Appendix IV).

6.4.6.2 Instrumentation/Measurement 9

The geneml requirements specfled in Section 3.6.7 for instrumentation and measurement shall also
be applicable for modal survey testing. Response measurements shall be recorded and plotted using
modal graphics. Measurements and the location of these instruments shall be specKled in the
pertinent test plan and procedure(s).

6.4.63 Test Set-Up I

For purposes of this test, the Spacecraft Com Assembly structwe shall include a GFE launch vehicle
adapter. The stmcture (with adapter) shall be mounted to a seismic mass at the launch vehicle
interface to the GFE adapter section.

For other major assemblies, the test item shall be mounted to a support fixture which simulates the
interface between the test item and the Spacecraft.

6.4.6.4 Test 9

Test levels for modal testing shall be specifkxi in the pertinent test plan and procedure(s). During
exposure, the test item shall be monitored and measurements shall be compared to the acceptable
limits specifkd in the test documents. The orthogonality of the measured modes to the analytically
predicted modes shall be determined to evaluate the adequacy of the test.

The modal test shall determine the resonant modes up to 70 Hz. An orthogonality test shall
demonstrate diagonal terms above .90 and off-diagonal terms below .10 for all primary modes. The

“goal for the comsponding analytical model shall be to predict all primary frequencies to within 5% ~
of the test results while demonstrating orthogonality to the test mode shapes with at least .90 diagonal
and less than .10 off-diagonal terms. I
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Ml major structural load paths shall be exercised during Spacecraft Cm. Assembly modal test.

6.4.7 Mechanical Shock

6.4.7.1 General I

Major assemblies shall be subjected to pyro shock testing at the assembly level as shown in
Table XIII of Appendix III. The shock test will be pexfcmnedat least two times in order to account ~
for the scatter associated with the actuation of the shock-generating device.

6.4.7.2 Test Set-Up

The test item shall be mounted through its normal mounting points, on the actual or dynamically
similar deployment structure. The actual or dynamically similar structure shall be subjected to a
shock transient via the use of test pym squibs identical to the flight units. A triaxial accelerometer
mounted to the structure shall be used to measure the shock mponse spectrum for comparison to
the specifkxl spectrum in each of the three orthogonal axes. Since the actual pyro initiation and
response dynamics are employe~ multiplt+axis testing is not required.

6.4.7.3 Test

The shock application shall be by electrical actuation of the deployment pyrotechnic units. The
resulting shock response shall be measured at the mounting interface using accelerometers and shall
not exceed the values specifkd in Section 6 of the Geneml Interface SpecMcation.

Following the shock test, a CPT shall be performed to verify the induced loads have not damaged
the major assembly.

6.4.8 Acoustic Testing

6.4.8.1 General

Acoustic testing shall be pefiormed on Protoflight units of the Propulsion Module, the Solar Array,
the High Gain Antenna, and the CHITS Radiator Panels (although not listed as a Major Assembly).

6.4.8.2 Test Set-Up I

The Major kwembly shall be installed in an acoustic cell capable of generating designated sound
pressure levels. There shall be a uniform sound energy density throughout the chamber.

6.4.8.3 Test Levels I

Initially, the Major Assembly shall be subjected to low-level “shaping runs.” Then the Major
Assembly shall be subjected to Acceptance level testing. That is, an acoustic input spectrum which 9
is the same as the Maximum Expected Acoustic levels shown in the GIS. The dumtion of the test
shall be one minute.

DCC080593 76



PS20005404A
06August1993

c

6.4.9 Thermal Balance

Thd Balance tests shall be performedto confirmthe analyticalthermal model of each Major
Assemblyand to verify the design of its thermal control hardware.These tests shall simulate the
thermalconditionspredictedto be themostcriticalfor thethermalcontrolsubsystem.Requirements
specifkd in Section 5.4.9 for EM thermal balance tests apply to major assemblythermal balance
tests.

Table XIII of AppendixIII indicates whichMajor AssembliesrequireThermalBalance testing.

6.4.10 Thermal Vacuum

Thermal Vacuumtesting shall verify the capability of the Major Assemblyto meet performance
srxz~lcation mauirementswhileexposedto worst-case orbitalTN conditions.Exceptas specii3ed

I

I
hki.n, the gemkl requirements o; TN testing spec~led in Section 3.6.8 and the requirements
specifkd for componentTN tests in Section4.4.5 shall apply to MajorAssemblytesting. Figure
7 defines the thermal test profde for Major Assemblies,unless othetwisestated.

6.4.10.1 Solar Array I

Since the Solar by will not be tested during the Spacecraft-levelTN test, it shall undergo 12
thermal vacuum cycles at the Major Assemblylevel.

6.4.10.2 High Gain Antenna

The HGA shall receive three thermal vacuum cycles at the Major Assemblylevel (Reflectornot
required). ThbleXII shows the detailed tests required for the HGAreflector and the individual
HGA components(Antenna Controller,Gimbal i%sembly,UpConverter,‘Ilansmitter). The HGA I
componenk testing shall be per Section 4.

6.4.11 Temperature cycling

Major Assemblies which do not require thermal-vacuum testing shall nxeive temperature cycle
testing.

6.4.11.1 Propukdon Module

The PM shall be subjected to temperaturecycling as s~cifled in Section4.4.6 for eight thermal
cycles. Once integrated to the Spacecraft the PM will be subjectedto at least four more cycles for
a minimum total of twelve thermal cycles.

6.5 Alignment

Alignmenttests of the structureshallbe performedpriorto andailerthe environmentaltests. These I
tests shall verify that the instmment mounting interfaceshave maintainedtheir orientation in the
Roll, Pitch, and Yawaxes to within the launchshift budgetsspeciiled in the PointingError Budget
and AlignmentPlan.
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The structureshall be populatedwith mass models as describedin Section6.4.4, and placed in an
alignment facility with all the necessaxyoptical interferometry equipment and theodolites to
establishthegeometricandspatialrelationsas specifkd inthePointingErrorBudgetandAlignment
Plan.

6.5.2 Test B

The Roll,Pitch,andYawaxisorientationsof eachsimulatedinstrumentshallbedetenninedn?lative
to thoseof the alignmentcubeonthe simulatedGN&CEM. Gravitationaleffectsshallbe evaluated
by rotating the structure about the Roll axis and repeating the measumments. Models shall be
removeQreinstalled, and re-measured to verify repeatability of alignments.

6.6 Demonstrations

The following demonstrations shall be petiormed on Major Assemblies in order to veriQ
operationalcapability.

6.6.1 Mechanical Function

Major Assemblieswhich contain mechanicaldevices shall &monstrate all mechanicalopemtions
duringqualificationandacceptancetestingof the hardware.Thesedemonstmtionsshallensure that
each mechanism can perfmn satisfactorily under womt-case conditions, that clearances are
satisfactory in all cases, and that all mechanisms can withstand the worst+tse loads. The
demonstrations shall consider the adverse effects of variations in temperature, friction, spring
forces, stifhess of cabling and thermal insulation,and where applicable,spin rate.

6.6.1.1 Precautions

The results of the static and kinematic analyses described in Section 6.2.1 shall be used to guide
mechanicaldemonstrationsto ensurethat the safeoperatingconditionsfor deployablemechanisms
shall not be exceeded.

6.6.2 Pressmw Testing - Propulsion Module

The PropulsionModule shall be exposed to a Proof PressureTest, to demonstratecompliancewith
the requirementsof the GIS.All pressurizedlines, tanks,and otherelementsmustbe included.The
details of the test are to be defined in the Propulsion Subsystem Performance Specification
(PS20008617). I

The Proof Pressure ‘lkst shall be perfoxmedone time, after assembly, to demonstrate adequate
margin over the maximum expectedoperating pressure. (ProofPressure -1.5 x MEOP)
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Subsequent testing will be at the Maximum Expected Operating Pressure (MEOP), as defined
below.

a. Mter PropulsionModuleVibrationand Acoustics (Leakcheck at MEOP)

b. AfterSpacecraftAcoustics,prior to Spacecraftshipmentto launchsite (PressureDecay
Check,at MEOP)

c. At launch site, prior to fuel loading (PressureDecay Check,at MEOP)

6.6.3 Pressure Testing - CPHTS

The CPHTS shall be exposed to a Proof Pressure TesL to demonstrate compliance with the
requirements of the GIS. All pressurizedlines, reservoirs, and other elements must be included.
The details of the test w to be defined in the CPHTSperformancespecflcation.

The Proof Pressure llxt shall be performedprior to f~g with ammoniato demonstrateadequate
marginover the MaximumExpectedOperatingPressure(MEOP). TheProofPnxswe shall be 1.5
times the MEOP.

6.6.4 Flow Rate - Propulsion Module

The PropulsionModuleshallbe exposedto a FlowRateTest All thrusters shallbe evaluated.The
details of the test are to be &fmed in the Propulsion SubsystemPerformanceSpecitlcation. n

The Flow Rate Test shall be performedfour(4) times, at MEOP,as follows:

a. After completionof assembly

b. After PropulsionModuleVibrationand Acoustics

c. After SpacecraftAcoustics,prior to Spacecraftshipmentto launch site

d. At launch site?prior to fuel loading

6.6.5 Latch Valve Leak Check - Propulsion Module

PropulsionModulelatchvalveleakchecksshall be performed, accordingto thePropulsionSystem
Performance Specitlcation.

6.6.6 Leakage Check - General

Major Assemblies containing fluids or pressurized compartments shall be checked for leakage
before and afterbeing subjectedto the stress-inducing poxtionsof the environmentaltest program.
These checksmaybe conductedwhilethe test item is in eitheran operatingor non-operating mode.
Leak checksshallbe conductedundersteady-state conditions.Adequateprecautionsshall be taken
to prevent injury to test personnel or damage to the Major Assembly while checking for leaks.
Leakage rates shall be within prescribedmission limits as specitled in the pertinent petiormance
specillcation.
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6.7 Mass Properties

The weightand center of mass of the Major Assemblyshall be measured. Momentsand products
of inertia shall be calculated with additional measurementsif analysis or other considerationsso
dictate. Measurements shall be made at the end of the environmentaltest program. The Major
Assembly shall be in its proper flight conf@ration, or as close as possible, for mass properties
measurements. Mass properties
tolerancesspecified in Table VIII.

608 Interface Verification

shall demonstrate conformance to design values within the

Major assembly interfacerequirementsare specifkxiin the GeneralJnterfaceSpecification. These
requirements shall in general be verifkd in two ways

a. Interfaces which affect testable performanceparameters of the major assembly or its
higher level assemblies shall have final verification upon performance testing of the
affected assembly.

b. Interfaces for which no higher level performancetest exists, or for which any of the
following conditions are pesen~ shall undergo interface verification tests and/or
inspections prior to integrationwith other hardwareelements:

1. Damage could result from integrationhstdlation activities for which interface
parameters m not met.

2. Anomalies would be diffkult to isolate or correct if detected at the integrated
level.

Major assembly interface parameters which fall into class~lcation “b” above, and their interface
verillcation mpi.rements, shall be specified in the major assembly performance specKlcation.
These interfaces may be mechanical,thermal, or electrical.

6.8.1 Internal Interfaces

Interfacesamongmajor assemblycomponentsshallbevtiled duringthe assemblyand integration
phases for that major assembly. These interfacesshall be verifkd to meet the requirementsof the
Major Assembly performancespecflcations.

6.802 External Interfaces

Major assemblies have electrical, thermal, or mechanical interfaces to Spacecraft components.
Whe~ feasible, the intetiaces shall be verifkxlduring majorassemblytesting prior to shipmentof
the assembly to the integrationfacility. The remaininginterfacesshall be verified during interface
verification of the Spacecraft.
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7 SPACECRAFT VERIFICATION1

QualifW EMs and major assembliesshall be integratedto form the SpacecmftBus, to which the
instrumentset shall be integratedto form the Spacecraft. The integrationandtest sequencefor this
process is specifkd in Section 9 of the VerMcationPlan. The requirementsfor performanceand
interface verification of the Spacecraft are specifkd henin, including the I&T process and
Spacecraftanalyses. (SeeFigure 14and Figure 15of AppendixIV.)

7.1 General

Instrumentsshall be integratedto the Spacecmfteither directly (direct-mount) or by a secondary
structure panel.. During this integration process, instrument perfcmnanceparameters shall be
verifiedat the integrationfacility by BenchAcceptanceand Cross-Calibrationtesting as described
in the VerificationPhm. Interface parametemshall be verifkxias the instrumentsare installed on
the Spacecraft.

Protoflighttestingat the Spacecraftlevel shall involvesubjectingthe filly integratedSpacecraftto
simulatedlaunch,ascent,andorbital environmentsto verify that the Spacecraftmeetsperformance
speciilcation requirements and is ready for shipment to the WesternTest Range for launch. The
environmentsspecifkd within this section shall include interactionswith the EOS launch vehicle
which may affect Spacecmftperformance.

Comprehensive,Functional,Baseline,and Operationaltests shallbe performedat keytimes during
environmentaltestingto confii thatexpostueof the Spacecraftto Protoflight-1evelenvironmental
conditionsdid not producedeleteriousresults. Functional,Baseline,and Operationaltests shall be
consideredadequatefor performanceverificationof the instrumentsat this level of assembly.

In combination with the Protoflight testing, analysis at the Spacecraft level shall verifJ that the
design meets mission, electrical, thermal, structural, and mechanical requirements with the
requiredfactors of safety.Testingshallalso ensure:that all interfacesare compatible,that hardware
was producedwith acceptableworkmanship,and that systemssafety~quirements have been met.

7.2 Analysis

The followingsectionsdefine the analysesat the Spacecraftlevelthat are requiredto verify that the
Spacecraftmeets all performancerequirements.

7.2.1 Mechanical

The vetilcation of structuralintegrity shall be basedon integratedtest and analysisactivities.The
&sign andana.lysisoftheSpacecraftshallproceedin threephases:Prel.iminarydesign,detaildesign,
and design verification.

During the design phases, stress analysis shall be performedto verify that all Spacecraftstructural
hmiwam possessespositivemzuginsof safety for all load cases, includingbothfright and ground
operationsandtests.Theanalysisshallbe performedinaccordancewiththe structuraldesigncriteria
spezi.fledin the Appendix of the EOS Structures and Mechanisms Subsystem Specflcation 1
(PS20001415).
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A Veri.tlcationLoad Cycle (WC) analysis shall be performedby the launch vehicle provider,to
verify that the stmcturaldesignmeetsall requirements.The coupledloads snalysis results obtained
from theVetilcation LoadsCycle (VLC)shallbeused to verifythe designquasi-static designload
factms used in computingthe structure marginsof safety,and therefore provide a final validation
of the structuraldesign.

Instrumentnet CGloadfactorsshallbe derivedfrom the VLCanalysisresults and comparedto the
GIIS levels to verify that no instrumentloads are exceeded

The Spacecraftfinite elementmodelusedfor the VerificationLoadsCycleAnalysisshaIlbe based
ona test-vetiled model.Appropriatemodalsurveytestingmethodsshallbe usedto veri@dynamic
characteristics of the Spacecraft.Results of the modal survey testing shall be used to update the
Spacecraft model for use in the VerificationLoads ~cle Analysis.

A modeluncertaintyfactorshallbeappliedto theresultsof theVLC.Thisfactorwill be agreedupon
by Astro Space and NASAGSFC.

Interferenceanalysisshallbepexformedto verifyclearancesbetweenallelementsof theSpacecraft
Field+f-view (FOV)analysisshallbe performedto verifythatsensorandinstrumentFOVSarenot
obstructed. The solid modelingtechniquesused shall be integrattxlto the extent practicablewith
the actual design database,and shall assume maximum materialconditions. Allowancesshall be
madefor thermaland/orelectricalhardwmewhichis routedwithintheEM in evaluatingclearances.

Kinematicanalysesmustbe performedon all componentswithmovingor deployablemechanisms,
including instrumentmechanisms.These analyses must ensure that each mechanismcan perform
satisfactorilywith adequatemarginunderworst-case conditions that clearancesare satisfactoryin
both stowedand any operationalconfiguration;and that all mechanicalelementscan withstandthe
worst-case loads that may be encountered. Maximum material conditions shall be assumed for
clearance analyses.

7.2.2 Mass Properties

Analysis shall be performedin order to supplementweightmeaw.uementin defining critical mass
properties. A mass property database shall be maintained to provide accurate mass, CG, and
moment/product of inertia estimates of the Spacecraft. This database shall be used to support
mechanical analysisactivities.

7.23 Thermal

A detailed analyticalmodelof the Spacecraftshall be developedand used to make thermalbalance
test predictions. This modelshallbe builtfrom the integratedcomponent,majorassembly,EM, and
instrument models. Major assemblyand instrumentprovidemshsll supply simplifkd and surface
TMMsto the requirementsspecifiedin Section4.2.3to facilitatethis integration. Uponcompletion
of the thermal balance tests, the results shall be used to cmelate the detailed model in order to
increase its accuracyofflight performancepredictions.The test+cmelated modelshall thenbeused
to make the final flight ptxformancepredictions.
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ilnalysis shall also be pexformedto ensurethat all Spacecrafthardwarecanendure the temperature
and humidity conditionsit will encounterduring transportationand storage. These conditionsare
specifkd in the GeneralInterfaceSpecitlcation.

7.2.4 Electrical

Veritlcationof electrical pexforrnanceby analysisat the Spacecraftlevel will be supplementedby
functional and comprehensive performance testing duxing environmental exposure. Power
dissipation levels usedfor thermal analysisshall be veritled.

Command/telemetryanalyses shall be performed where requhed to verify mode, configuration,
capacity, hazarcLor data requirements as identi.fkd in ‘IhbleI of the VerificationPlan and the
C&DHS subsystem specKlcation. These analyses shall incorporate data from the Spacecraft
baseline tests defined herein to validate the assumptionsused. Special tests shall be performed
where required to supportcommand/telemetryanalyses.

Power subsystem analyses shall be performed to verify Depth of Discharge or other power
subsystemperformancecharacteristicsas ident.ifkdin the Vetilcation planandtheEPS subsystem
spec~lcation. ComponentperformanceassumptionsusedshallbevalidatedbyEPS subsystemtest
data from Spacecraft and component testing. Orbital parameters used in the analysis shall be
compmd to mission analysisresults.

RFlink analysesshallbeperformedwheremquiredbytheVerificationPlanortheCOMS subsystem
specitlcation. These analyses shall verify the link margins and bit error rates specified in the
ContractEnd Item SpecKlcation.These analysesshall incorporatethe following

a. Measwd performanceparameterstaken from COMScomponents

b. SN and GN performanceparamete~ from their respectiveICDS

c. Customer-suppliedDAS ground station paameters

d. RF CompatibilityVantest data

e. HGA pointingaccuracyestimatesfrom the requiredanalyses

EMC/EMI analyses shall be performedas requiredby the EMCIEMIControlPlan.

7.25 Mission

Mission analyses consistof orbital simulationsof Spacecraftdynamicsand orbitalparametersused
to verify the Spacecraftlevelperformancerequirementsidentifkd inTableI of theVetilcation Plan.
In addition, mission analysis shall be used to verify subsystem performance requirements as
specifiedin Section4of thesubsystemspeciilcations.Examplesofrequirementsverifkd bymission
analysis include safe mode operations, pointing accuracykability, TONS performance,
HGA-TDRSS visibility,andfault tolerance. The followinggeneralrequirementsapplyto mission
analyses:
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a. Measuredperformancepammeterstakenfi’omhadwam tests shallbe incorporatedinto
malyses when available.

b. Performanceparametersensitivityshall be assessedand comparedto the expected and
obsmwd variations.

c. Analyses used to verify flight software requirements shall be performed on the SDF
Flight Software Testbed with final acceptance being based on the hardwamhoftware
simulator tests.

d. Analyses used to verify flight software-related requirements (e.g., GN&C pointing
pdormance) shall be pexfonnedon the SDFFlight Softwarelkstbed where practical
unless a higher fidelity simulation is required than is available on the FSTB.
Performanceparameterswhichare sensitiveto SCCtimingmust be testedon theFSTB.

e. Results shall be documentedon VerificationReports

f. Wherever possible, simulation results shall be validated using separate simulations.
Examples include comparing standalone simulations to FSTB test results (GN&C
performance) or using Flight Dynamics Facility predicted pammeters to validate an
analysis. New analytical techniquesshall be identiled in the VerificationReport..

7.3 Inspections

Inspections shall be performed during Spacecraft I&T to verify dimensional, interface, and
workmanshipparametrm where i&ntifkd in the Veri.tlcationPlan and the IntegrationPlan. These
inspectionsshallbe meetthe mqufiments speci.fkdin thePerformanceAssuranceImplementation
plan.

Alignment checks shall be performed before and after exposure of the Spacecraft to simulated
environmental conditions, in accordance with the Pointing Error Budget and Alignment Plan
(PN20008660). These checks are described in Section7.4.

7.4 Environmental Testing Sequence

The InstrumentI&T flow is depicted in the VerifkationPlan. The SpacecmftVefilcation Flow is
depicted in Figure 15 of this document. The requirementsfor those tests are defmcd herein.

7.4.1 Tkend Parameters

Meawnedparameterswhichrelate to perfcmnancestabilityshallreevaluated at theSpacecraftlevel.
See Section 3.6.3.1for detailed mquimments.

7.42 Electrical Function

Electrical function tests, both limited (Functional)and comprehensive,shall be performed at key
points before, during and after the envi.mmental portions of Spacecraft-level testing in cmlerto
confirm that Spacecmfthardware meets performancerequirementsand has not stiered damage as
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a result of environmentalexposure. These te8tsshall includethe applicationof expectedvoltages,
impedances,frequencies,pulses and waveformsat the electrical and communicationinterfacesof
the Spacecraft.Electricalcontinuityandpeticmmmce,responsetime,andotherrelative checksshall
be pelfcmned.

Duxingintegrationof the Spacecraft,electrical interface tests shall be performed to verify that all
interfacesignalsmeetperformancerequirements.Electricalharnessingshall also be tested to verify
proper characteristics, such as routing of electrical signals, impedance, isolation, and overall
workmanship. All such testing and integration shall be conducted in areas which satisfy the
cleanliness requirementsof PN20001412. Interface veriilcation requirements for these tests are
&fmed in Section7.7 of this document

7.4.2.1 Instrument Pr&ntegration Tests

Electrical functional tests to which the Instruments shall be exposed prior to integration on the
Spacecraftare listed belowand sre described in the followingpamgmphs:

a. BenchAcceptanceTest

7.4.2.1.1 Instrument Bench Acceptance T- (BAT)

This test shalJbe petionned under ambient conditions(with certain exceptions) as both a quality
control screen to detect deficiencies and as a basis for acceptanceafter the delivery of qualified
payload hardware. The BATshall be used to verify that an insmunent operates as it did at the
Instrumentprovider’sfacilitywhereit wasqualMedpriorto shipment. TheBATshallbe performed
withinthe spatialconstraintsoftheBATfacility atAstroSpace. InstrumentProviderpersonnelshall
performtheB~, withassistancebyAstroSpacepersonnel,if requested. Simplertargetsthanthose
usedat theInstrumentProvider’sfacility,maybe usedto stimulateinstruments. InstrumentProvider
personnel shall evaluate science data and engineeringtelemetry,while instrument housekeeping
telemetxy shall be evaluated by the Instrument Provider with the assistance of Astro Space
personnel. DatageneratedduringtheBATshallbecomparedto thebaselinedataproducedjust prior
to shipmentby the InstrumentProvider.

BATtesting shsll includeas a minimum

a.

b.

c.

d.

The operationof all redundantcircuitryand/orcomponentsshall be vefiled. This shall
include verificationof cross-strap paths betweencomponents.

All commandand data paths to, from, and betweencomponents within the instrument
shall be verifkd.

Petiormance pararnetemwhich shall be monitoredfor trends through the 18cTprogram 1
shall be evaluated. These shall be comparedto the pre-ship values. These parameters
shzdlbe the responsibilityof the InstrumentProvider and GSFC.

Any other data required to determine that the instrumenthas not been damaged by the
shippingand handlingprocess.
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7.42.2 Spacecraft Tests Before Instrument Integration

Electrical functional tests to which tie Spacecraft Bus shall be exposed prior to instrument
integrationare as follows:

a. Functional Test

b. ComprehensivePerformance‘Ikst

7.42.2.1 Functional Test

See Section7.4.2.3.1for details, less instrumentreferences.

7.42.2.2 Comprehensive Performance T-

The BaselineTest shall be a detailed verification that the Spacecrafthardwaremeets performance
speci.ticationrequhtments. In addition to verifying the operation of redundant circuitry, the
Baseline Test shall be used to verify satisfactoryperformancein all operational and contingency
modes within practical limits of cost, schedule,and environmentalsimulationcapabilities.

(If instruments me installed) VerMcationof the instruments during the Baseline Test shall be
throughfictional testingwith suitableperformanceparametemmeasumdto allowtrend studiesof I
instrument performance through the Spacecraft processing. Using targets to stimulate the
instruments, science&@ engineeringteleme~, and housekeepingtelemetry shall be evaluated.

Forallhousekeepinghardware,the BaselineTtst shaUbeaComprehensivePerf~ce ‘f&t(@T)
analogous to the EM or major assemblylevel CPT. An initial CPT shall be performed upon the
completionof integrationof the SpacecraftBus hardware.Afkr instrumentintegration,a complete
BaselineTestshall be performedfor all instrumentandhousekeepinghardwme. The results of this
test shall serve as the baseline for comparison against all subsequent tests. The position of the
Baseline Tests in the Spacecraft verification sequence can be seen in the Vetilcation Plan.
AdditionalBaselineTestsshallbe performedduringT/V testingat botha highand a low Spacecraft
tempemtureplateau.

Requirementsfor the BaselineTest are as follows:

a. Functional testing and complete perfofice characterization for housekeeping
equipment. All performancetrend parametersidentifiedin TableXIII of AppendixIII 1
shall be evaluated.

b. (If instruments are installed) Functional testing and relative performance
characterizationof instruments.A subsetofscienceperformanceparameterswhichmay
be obsexvedboth in ambient and T/V conditionsshall be evaluated.

c. All prime and redundanthardwareshall be tested.

d. ~ CrOSS-StRlpPilth shall be tf%t.d.
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All commandand telemetrypaths to and horn each subsystemand instrumentshall be
tested.

All commandsshall be executed.

All subsystemand instrumentoperationalmodes shall be tested.

All contingencymodes, wherepracticable,shall be tested.

External stimuli shall be used where requinxl.

Housekeeping equipment shall be tested by subsystems,with all interfaces between
non-collocated hardware (e.g., GN&CSensorand RWAmodules)evaluated.

Flight hardwardsoftware interfacesshall be evaluated

While meeting the aboverequirements,housekeepingequipmenttests shall be as close
in cotilgumtion as possible to the EM or major assemblyCP’Ik.

Test shall be performedwith the Spacecraftin the-Z (Zenith)Up orientation.

Spacecraft Tests, Following Instrument Integration

Electrical functional tests to which the integmtedSpacecraftshall be exposedm as follows

a.

b.

c.

d.

e.

f.

Functional Test

Baseline Test

Launch Mode Test

EMC/EMI Mode Tests (RF Noisy,Electrical Noisy,Quiet)

Operational (Orbit ) Test

Instrument Calibration

Requirementsfor the above tests are defined herein.

7.42.3.1 Functional Test

The Functional Test is a short form functional test which shall verify the correct
electrictimechanical responseof Spacecrafthaxdwarein its majoroperationalmodes.End-t=nd
evaluationsof communications,clock,power,andothersignalsshallbe verifkd wherepracticable.
The test is intended to verify subsystem and instrument integrity after handling, storage, and
transportation. It is not intended to be a performancetest. Specflc requirementsare as follows:

a.

b.

External stimuli shall not be used.

Subsysternhstrurnent operating modes can be performed with the Spacecraft in any
orientation (e.g., no mechanismdeployments).
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c. Test of a given subsystem or instrument shall not W* mm than three hours.

Deviationsshall be workedout on a case-by+tse basis.

d. All components(primaryand redundant)hardwareshall be tested.

e. All commandand data paths to and fkomthe subsystemor instrumentshall be tested.

f. All commandsshall be exercised

7.4.2.32 Comprehensive Performance (Baseline) Test

See par. 7.4.2.2.2for description.

7.4.2.3.3 Launch Mode Test

The Launch ModeTWtis a verii3cationthat the Spacecraftcan be placed in its launch mode, and
that the predictedfunctionalcharacteristicsof the launch mode are obsemxl.

The Spacecmft is then placed in its launch mode by a sequence of commands to the required
subsystems. Componentswhich are to be powered during the Launch Mode Test are listed in
Section 4.4.5.2.2. Telemetry from these com~nents shall be evaluated to verify expected
characteristics. Noexternal stimulishallbe used. TheLaunchModeTestshallbe capableof being
perfomed with the Spacecraft in any orientation.

7.423.4 EMC/EMI Mode Tests

EMC/ENII testing (Power Profde, lhnsient Tolerance, RF Compatibility, SeIf Compatibility)
requires the Spacecraft to be placed in various functional modes, which are described below.
Requirements for Power Proffle, ‘hnsient Tolerance,and RP Compatibilityare specifkd in the
EMC ControlPlan.TheSelfCompatibilitytest modesare describedin the Operational(Orbit)Test.
and the SpacecraftT/V test procedure.

7.4.2.3.4.1 Quiet (Susceptible) Mode

Subsystems or instruments shall be placed in Quiet Mode either individually or with other
subsystemshstruments which are rcquimd to suppcnlvarious EMC/EMI tests. This mode shall
have the following characteristics:

a. Subsystem/instrumentshall be poweredON either prime or redundantside as required.

b. Subsystem/instrument shall be capable of being monitored for performance
perturbationscaused by electrical fluctuationson the power bus or by RF emissions.

c. Subsystem/instrumentshallbe at maximumsusceptibilityto powerbusfluctuationsand
RF emissions.

d. Subsystem/instrument shall produce a minimum of RF emissions for a powered
condition.
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e. Subsystem/instrumentshall producea minimumof power load variationfor a powered

condition.

f. Subsystem/instrumentshall be capableof maintainingQuiet Modefor 24 hrs in either
TN or ambientconditions.

g. Test shall be performedwith the Spacecraftin the -Z Up orientation.

7.4.2.3,4.2 Electrical Noisy Mode

Subsystemsor instrumentsshallbeplacedinElectricalNoisyModeeitherindividuallyorwithother
subsystedinstruments andrequiredto supportvariousEMUEMI tests. This modeshallhave the
following chameteristics:

a. Subsystemhtrument shallbe poweredONeither prime or redundantside as required.

b. Subsysternhstrument shall produce a maximumof power load variation.

c. Subsystem/instrumentshallbe capableof safelymaintainingElectricalNoisyModefor
30 minutesin eitherT/V or ambient conditions.

d Test shall be pexfoxmedwith the Spacecraftin the -Z Up orientation.

7.4.2.3.4.3 RF Noisy Mode

Subsystems or instruments shall be placed in RF Noisy Mode either individually or with other
subsystemshstruments and requiredto supportvariousEMC/EMItests. This mode is analogous
to the Electrical Noisy mode and shall have the followingcharactexisticx

a. Subsystem/instrumentshallbe poweredONeither primeor redundantside as required.

b. Subsystem/instrumentshallproduce a maximumof RF emissions.

c. Subsystem/instrumentshall be capable of safely maintainingRF Noisy Mode for 30
minutes in ambientconditions.

d. Test shall be performedwith the Spacecraftin the -Z Up orientation.

Wherever possible, the RF and Electrical Noisy Modesshall be combined.

7.4.2.3.s Operational (Orbit) Test

The OperationalTestis a set of simulatedorbitswhichshallbe usedto test self-compatibility of all
Spacecraftelementsas wellas theabilityof theseelementstooperatein nominalmode. During this
test all Spacecraftsubsystemsand instruments= placed in their nominal modes where they shall
operate concurrently. The SCC and other flight processors shall be synchronized to emulate an
actual mission timeline,and all hardwareelementsshallfollowthis timeline. Requirementsfor the
OperationalTest m as follows:
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a. Subsystems and instruments shall be powered ON in either a prime or redundant

configuration. In the prime conf@uration,all elements shall use the hardware (prime)
which is expected to be operating during the actual mission. In the redundant
cotilguration, the oppositesidehardwareshall be used whereapplicable. Components
without redundant hardware shall be operated during both prime and redundant
con.tlgurationtests. Power and data distribution among subsystems and instruments
during the A side tests shall be conllgured as expected for the mission. Dutig the
redundant side tests the oppositeconfigurationshall be used.

b. Subsystemsshall operate in the expectednominal mission mode to the extent possible
in a ground test.

1. GN&C attitude detenninatioticontrol and TONSnavigationfunctions shall be
tested in an open-loop mode. No closed loop processing between GN&C
actuators and sensors shall be required. Reaction wheels shall be operated at
orbit avemge speeds. Periodic activationof magnetictorquers shall be used to
simulate momentum unloading. Flight software conlrol of actuators is not
mpi.red. Sensorsshallbeplacedina self-test orothenvise susceptibleoperating
mode using external stimuli where required.

2. The solar array drive shall be operated in normal rotational mode. During the
thermal vacuum operational tests, power shall be diverted from the SSU as
required to flow cumentthroughall sliprings in the SlipRing Assembly(SRA). 1
This may require shunting half of the power lines out through half of the slip
rings, then turning those lines around and transferring power through the
remaining rings.

3. The HGA assembly shall be placed in a standalonefmture and jumper cables
shallbe usedtoconnectit to the Spacecraftinterface. TheHGA shallbe operated
in orbital mode,with the gimbal turningwithinthe fmture under flight software
control. Transmitter operations shall be simulated with the RF emissions
directed into an absorbing hat. If personnel safety requirements dictate, the
transmissions shall be deleted.

4. Flight software shall operate in nominal mode with suitable conilguration
adjustments to compensate for the lack of sensor responses. All Spacecraft
operations shall be controlled by FSW stored command loads where possible,
except during test conf@ration changes.

5. Data recording duty cycles shall be simulated.

c. Instruments shall operate in the expectednominal mission mode to the extent possible
in aground test.

1. Externalstimulatorsshallbeusedtoprovidesciencedatatothe extentpracticable
within both ambientand T/V environments.

2. Instruments shall telemeter data and process stored commands or data loads
using duty cycles similar to the expectedmission cycles.
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The Spacecmftshall be capableof maintainingOperationalmode for up to 100hrs in
an ambientor T/v environment.

No deployments, contingency modes, or other of%ominal operations shall be
performed.

Test shall be performedwith the Spacecraft in the -Z Up orientation.

Instrument Calibration

Instrumentcalibmtionshall be performedduring the SpacecraftT/V Test.

The instrumentcalibrationtest shall providea calibrationof the instrumentscienceparameten. In
addition, the calibration test shall include a comprehensiveperformancetest of the instrumentto
verify that performancehas not been affectedby Spacecraft integration.

Instrument calibrationshall be performedwith the instrument integratedto the Spacecraftand all
other instruments and housekeepingsubsystems in their normal operational modes to the extent
practical. The test shall be performedat hot and cold plateaus during the SpacecraftT/V test as
defined in this document.

Instrument temperatureswill be controlled as in flight. The calibration sources, procedures,and
IGSE used will be GFE. Additional requirements for this test will be levied by the Instrument
provider.

7.43 Alignment

Upon completion of instrument standalone testing, instruments shall be installed upon the
Spacecraft structureand aligned in accordancewith the individual instrumentUTIDs.Subsequent
alignment checks shall be performed before and after exposing the Spacecraft to simulated
environmental conditions. These alignment checks shall be performed in accordance with the
Pointing Error Budget and the AlignmentPlan (PN20008660).

7.4.3.1 Test

The Roll, Pitch, and Yawaxis orientationsof each inshument shall be determinedrelative to those
of the alignment cube on the GN&C optical bench. If the bench cube is not visible in a given’
orientation,the externalreference cube shall be used. Gravitationaleffects shall
performing this test with the Spacecraftin its vertical (+X axis up) orientation.

7.4.4 CPHTS Performance (Ambient)

be minimizedby

The Capillary Pumped Heat Transport System (CPHTS) assemblies will undergo thermal
petiormance testing in ambient pressure conditions as identiled in the Verifkation Plan. The
performancetests shall confirm properoperationof the twwphase ammonialoops using either the
flight instrumentor a thermal simulatorof the instrument to provide the heat ioad and the radiator

91 DCC080593



PS2000S404A
06August1993

c

assembliesto rejectthe heatload Groundsupportequipmentwill providesupplementalcoolingfor
the mdiators. The Spacaraft shall be oriented to provide gmvity conditions which best simulate
thosewhichtheassemblks willexperienceonorbit.Additionalprecautionsshallbetaken topmwent
fluid leakageand expcmm to test personnelduring this testing.

7.4.5 EMC Tests

The performanceof the Spacecraftshallbe veritledfor electromagneticcompatibilityin accordance
with the requirements of the EOS Spacecraft EMC Control Plan (PN20005869). See
Paragraph7.4.2.3.4of this documentfor additionaldetails.

7.4.6 Thermal Balanc&Thermal Vacuum Test

The Spacecraft-level Thermal Balance and Thermal Vacuumtests will be combined in order to
reduce the overall cost and risk of environmental testing. The test profde for the thermal
balancdthenna.1vacuum portionof the SpacecraftProtoflighttesting is shown in Figure 8.

7.4.6.1 General

7.4.6.1.1 Thermal Balance

The Thermal Balance test confirm the accuracy of the Spacecraft analytical thermal model and
validates the thermal control hardware design. This test shall simulate the thermal conditions
predicted to be the most critical for the thermal control subsystem

The analytical thermal model, which simulates all major EOS Spacecraft hardwaxt, shaII be
exercised using the nominal and worst-case scenarios descxibedbelow. This model shall be
modi.fkdto reflecttestconditionsandusedto predict performanceof the thermalcontrolsubsystem
during the test. Comelationof the analytical predictionswith the thermal balance test results shall
serve to refine and validate the analytical model.Followingcomelation,the analytical model shall
be used to predict the on-orbit thermal performanceof the Spacecraft.

The analysesand testing of worst<ase scenariosshall include, but not be limitedto the following:

a. Maximumexternal absorbed flux plus maximum internal power dissipation predicted
during the Spacecraftnormal operationalprofde.

b. Minimum external absorbed flux plus minimum internal power dissipation pnxlicted
during the normal Spacecmft operationalcycle.

The analysis shallconsiderthe followingfactors: stiace reflections,infrared emissionemanating
from the Spacem@ shadowing,and changes in the solar absorptancdernittance ratio of thermal
control surfacesdue to degradation in orbit.

7.4.6.13 Thermal Vacuum

Thermal Vacuum testing shall verify the capability of the Spacecraft to meet performance
spcciilcationrequirementswhile subjectedto nominalandworst-case operatingconditions.During
T/V testing, functionaltestsof the Spacecraft shall be pcxformedas described herein.
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Figure 8. Spacecraft Thermal-Vacuum Test Profile
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The Spacecraftshallbe subjectedto a minimumof four T/V thermalcycles.Thenmd cycling shall
subject the Spacecraft to temperatures 10°Cabove and below the predictedtemperatureextremes
which the Spacecraftwill experienceon orbit. Duringand after this exposure,the Spacecraftshall
&monstrate satisfactoryperformance.

7.4.6.2 PmCautions

Thegeneralprecautionsdefinedin Section3.6.8.3applyto theSpacecraftThermalVacuum/Balance
Test. All temperaturetransition rates shall simulatethe predictedorbital transitionrates to within
the capability of the thermal facility.

7.4.6.3 Test Set-Up

Becauseof spatial limitationswithinthe thermalvacuumchamber,someof the Spacecraftpayloads
may be physically separated from (but still functionally connected to) the Spacecraft during
Spacecraft-level thermal balancehhermal vacuum testing. Prior to the initiation of testing, a
readiness check shall be performed to confirm functionality of the connections between the
Spacecraft and any items physically separated.

Assemblies which shall be physicallyseparatedfrom the Spacecraftare

a.

b.

c.

HGA - This assemblyshallbe in a standalonefucturewhichallowsgimbal rotationand
electrical jumpers shall be used to connect the assemblyto the Spacecraft interface.

SolarArray-This assemblyshallnotbepresent Powershallbeprovidedffomthe Solar
hay Simulator into the chamberto the SSU.

SSU- This assembly shall be mountedon a standalonebench. Half of the powerlines
shall be diverted from the SSU out through the SRA in the S/A drive, then back in
through the SW so that all slip rings are used. The remaininglines shall be diverted I
around the SIA drive.

The location of temperature sensors and the layout of support equipmentin the chamber shall be
describedin theT/V test procedure.The pre-test temperaturepredictionsshallhavebeencalculated
using the thermzdanalytical model of the Spacecraft which has been modi.tiedto reflect the test
contlguration.

Note: Workhorsebatterieswill be used during SpacecraftT/V testing. The flight batteries will be
installed after acoustic exposure. Careful attention shall be given to battery management,
especially at the temperature exmmes.

Prior to testing,a readinesscheckof the thermalvacuumchambershallbeperformedwhichincludes
the following:

a. Installation and checkout of all cables, f~tures, targets,heater controlsand monitoring
devices

b. A @-run of pumping-down the chamberwitha verifkxtion of achievinghigh and low
temperature plateaus. Wimess plates shall be includedfor detection of contamination.

DCC080593 94



PS20005404A
06August1993

c

Externalthermalboundaryconditionsresulting i%omorbital thermal effects on the Spacecraftand
its major assembliesshallbe inducedin the test chamberby simulatingsolarand Earth irradiation.
Internal thermal boundaryconditions shall be induced by the use of actual flight hardware with
resistance heater elements to supplement internal dissipation, if necessary. Component heat
dissipationand harnessline losses shall be measuredto an accuracyof I%, whereverfeasible.

The thermalvacuumtestchamberandset-up shallbe calibratedtodetermhe the direction,intensity
and spectral content of the significant energy sources and effective heat sink temperature.
Calibrationshall be obtained by direct measuremen~analysis, or a combinationof methods.The
resulting energyparametersdeterminedfor the test condition and test item configurationshall be
usedwith theanalyticalmodeltopredictnodal temperaturesfor test chamberconditionspriorto the
test. The testconflgumtion,includingthe Spacecrai%instrumentationandplacementof test fmtures
in the test chambershallreflect the conditionsinput to the analyticalmodelfor pre-test predictions
to ensure veri.i7cation.Simulated energy balance conditions shall be stilcient to verify thermal
&sign.

7.4.6.4 Test

The test levelsand durationfor the thermalvacuumportionof the SpacecraftProtoflighttestingarc
shown in Figure 8. The test profde shownhas been modifkd to include thermal balance testing.
The Spacecraftshall be subjectedto a minimumof four thermal cycles.

The thermal test stabilizationconditions and requirements shall be defined in the applicable test
plans andprocedures.TheSpacecraftshallbe operatedthroughoutthe testand criticaltempemtures
shall be monitoredcontinuously.Operationsshall includeall applicablemissionmodeswhichmay
result in differences in thermal behavior, and shall be stilcient to demonstrate Spacecraft
operabilityduringnominaland all worst-case thermalconditions.Allredundantelementsshallalso
be exercisedduring this testing.

7.4.6.4.1 Pumpdown and Bakeout

After the Spacecraft has been installed in the TN chamber and support equipment has been
contlgured for T/V testing, a Spacecraft Aliveness Test shall be performed prior to chamber
evacuation. Additionaltests may be performedif required to verify GSEand test equipmentprior
to pumpingdownthe chamber. The Spacecraftshall then be conf@red intoLaunchMode andthe
chamber shall be evacuated to less than 7.5 x l@3 tom to simulate the pressure profile of
ELV-poweredflight within the constraints of the chamber facility. sDuring this pumpdown, the
Spacecraft shall be monitored for elecrncal dischaxgeand launch mode characteristics shall be
monitoredin telemetry. Componentswhichm poweredon during launch are shownin TableXII.

Providedthatno electricaldischaxgeis detected,thechambershallbe evacuatedto a pressureof less
than 1 x 1(F5 torr and maintained for the duration of T/V testing. Following pumpdown, the ~
remaininghousekeepingsubsystemsshall be poweredON,and a Spacecraftfunctionaltest shallbe
performed. The Spacecraft shall then be heated using both internal (component) and external
(shroud)heat sources in order to bakeoutexposed surfaces such as MLI and other thermal control
sutiaces. TheSpacecmftshallbeheatedto temperatureswhichcorrespondto theupperqufilcation
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tempemture.Thebakeoutconditionsshallbemaintaineduntilcontaminantreleasehas ceasedor for
a minimumdurationofeighthouis.Molecularcontamhation withinthechambershallbe monitored
with a Temperatt.uwcontrdkd Quartz Crystal Microbalance (TQCM) during T/V testing. The
outgassing rate of Spacecraft materials shall be determined by TQCM measurements and shall
conform to requirementsin the EOS SpacecraftContaminationControlPlan (PN20001412).

Dwing the pumpdownand ba.lomutprocess, thermalcontrol of the chamber shrouds will be used
as required to maintainall flight hardwarewithin its qualificationtempemturelimits. An analysis
shall be performedprior to the test to determinethe requiredshroud controlpammeters,and these
parameters shall be documentedin the thermalvacuumpumpdowntest procedure.

7.4.6.43 Thermal Balance

Mer completing bakeou~ the Thermal Balance tests shall begin by adjusting the T/V chamber
temperature and mconllguring the Spacecraft in order to simulate the worst-case hot scenarios.
Thesescentios willrequiresimulationof themaximumexternalabsorbedflux incombinationwith
the maximuminternalpowerdissipationpredictedfor specflcally definedcases.These conditions
shall be maintaineduntil the Spacecraftreaches temperaturestabilization.Tempemturereadings
throughout the Spacecraftshall be closely monitoredand recordedfor post-test comelationof the
thermal analytical model.

After simulatingthe worst-case hot scenarios,the worst-case cold scenariosshall be simulatedby
lowering the chamber temperature and rexxmflguringthe Spacecraft again. The worst-case cold
scenario requires simulation of the minimum external absorbed flux in combination with the
minimuminternalpowerdissipationpredictedfor spedlcally definedcases. Theseconditionsshall
be maintained until the Spacecraft reaches temperature stabilization. ‘Ikmperature readings
throughout the Spacecmftshall be closely monitoredand recordedfor post-test correlationof the
thermal analytical model.

Fwt.herThermal Balance testing shall be performed, if the test results indicate that more data is
requiredfor modelcorrelation.Otherwise,T/Vtestingshallproceedto thermalcyclingas described
below.

7.4.6.43 Thermal Cycling

The following sequenceshall be employedfor Spacecraftthermal cycling in T/V (see Figure 8):

a. Cycle 1, High Temperature - After completing the Thermal Balance tests, the
temperatureof the chambershsll beincreasedto causethe Spacecraftto stabilizeat 10”C
above the maximum operating temperate predicted for on-orbit. (Criteria for
tempemturestabilizationand the locationsat whichthe governingtemperaturesshall be
measuredshall be includedin the test procedure.) During this (and all) transitions, all
instrumentsshallbe powered andorbitalsimulationsor portionsof the CPTwill be run. ~

Note: The tempemure transition rate during this phase shall be the “worst-case”
expected on+rbit (10”Cper hour), and all tempemture-sensitive components shall be
operated during the transition. Speci.i3ccriteria for whereto measure the temperature
for control of the transitionrate shall be listed in the T/V test procedure.
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Aftertemperatm stabilizationhas beenachievedat theupperqualifkation temperature,
the Spacecraft components shall be turned off and hot start capability shall then be I
demonstrate two successivetimes, with sufficienttime providedfor nxtabilization of
the upper qualifkation temperature(details to be defined in the test procedure). After ~
completionof the hot startdemonstration,a portionof the ComprehensivePerformance
Test (CPT) shall be performed in order to ensure that the Spacecraft is functioning
properly. Instrument-unique sensor calibration checks will also be run. (Note: The
secondhot start &monstration maybe run during a subsequentcycle.) 1

Note: DuringT/v cycling, a portion of the CPT will be performedduring each cycle’s
high and lowplateaus, andduring transitions.On a cumulativebasis, one full CPT will I
be performedat the high temperature level, and one full CPT at the low temperrm.ue
level.

The high temperature plateau shti be maintained for 16 hours, during which the
followingEMC tests shall be performed:

1. TransientTolerance

2. PowerProfde

b. Cycle 1, Low Temperature-At the conclusionof the high temperatureexposure, the
temperatureof the T/V chambershaUbe decreaseduntil the Spacecraftstabilizes at the
lower qualification level, which is 10&gnxs below the minimum operating
temperaturepredictedfor on-orbit.

Nottx The temperature transition rate during this phase shall be the “Worst-Case”
expected on-orbit (10’C per hour). During this transition, all instruments shall be
powered,and all tempenmue-sensitive componentsshallbe operated. Spec~Iccriteria
for where to measure the temperaturefor controlof the transitionrate shall be listed in
the T/V test procedure.

Cold start capabilityshall then be tested Followingthe detailsof the test procedure,the
applicablecomponentsshallbepoweredoff,permittingthe temperatu~ toreach,butnot
fall below,the lower qual~lcation level. Then perform the cold start test, two times.
Note: The secondcold start test may be performedduring a subsequentcycle.

All componentredundant sides shall be tested, separatelyif necessary.

The details of Spacecraft configuration, the use of survival heaters, chamber wall
temperatures,etc., shallbe describedin theT/V test procedure. Criteriafor determining
Spacecraft temperate shall also be listed in the T/V test procedure.

Under no conditionsshall any componentbe permittedto reach a temperaturewhich is
below its lower sumival limit.

During the cold start test each test element shall demonstratethe ability to operate.
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After completing the cold start &monstrations, the low temperature plateau shall be
continued by returning to stabilization at the lower quaMcation temperature and
maintainingthese conditionsfor the remainder of the Itiour duration. AuotherCPT
portionshallbepformedsndinstrument-unique sensmcalibrationchecksshallberun.

c. Cycle 2, High Temperature- The temperatureof the chambershall then be increased
until the Spacecraftstabilizes at the upper qua.litlcationtemperature.That plateau shall
be maintained for 16 hours, during which Spacecraft Operational modes shaU be
checkedout andEOC dataflowtestingshallbe petiormed.Duringthis testing,theEOC
shall receive and process telemetq from the Spacecraft through an ECOM link. (Ses
Section9).

d. Cycle 2, Low Temperature-At the conclusionof the high temperatureexposure,the
temperatureof the T/V chambershall be decreaseduntil the Spacecraftstabtis at 10°
C below the minimum operating tempemtm predicted for on-it. The Spacecraft
shall remain in its Operational(Orbit)mode conjuration during the transition and the
subsequentlow temperatureexposure,whichshsll last for a minimumof sixteenhours.

During the Operational cycle at the low plateau, the EOC data flow testing shzdlbe
performed.The EOC shall receive and process telemetryflom the Spacecraft through
an ECOMlink, as discussed in Section 9.

e. Cycle 3, High Temperature-The temperatureof the chambershall then be increased
until the Spacecraftstabilizesat the upper qualMcationtemperature.That plateau shall
be maintainedfor 16hours, and CPT testing shall be perfmned.

f. Cycle 4, Low Temperature-At the conclusionof the high temperatureexposure, the
temperatureof the T/V chambershall be decreaseduntil the Spacecraftstabilizesat 10”
belowthe minimumoperatingtemperaturepredictedfor on-orbit. The plateau shall be
maintainedfor 16 hours, during which CPT testing shall be performed.

g. Contamination Prevention Half-Cycle - Upon completion of the low temperature
exposure,anadditionalhalfcycleshallbeperformed.Duringthishalfcycle.thechamber
temperatureshall be increasedto stabilize the Spacecraftat 35”C. The Spacecraftshall
be maintainedat this temperaturefor six hours.

h. A1iveness Test - The chamber shall then be brought to ambient temperature and
pressure, and the Spacecraft shall then undergo an AlivenessTest.

7.4.7 ACOUstiC Test

7.4.7.1 General

The AcousticNoise Test shall expose the Spacecraft to a protoflight-level dynamicenvironment,
which is 3 dB higher than that expectedwhen the Spacecraft is launched. A visual inspectionand I
functional testingshall be performedbeforeandafter the test in order to assessthe affectof acoustic
noiseon the Spacecraft. In addition,pre- and post-test alignmentmeasurementsshallverify launch
shill of instruments.
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7.4.702 Measurement and Instrumentation

The general requirementsspecifiedin Section3.6.7 apply to the SpacecraftAcousticTest.

7.4.7.3 Precautions

The acousticfacility shallmeet all I&Tcontamination(Class 10,000)requirements. Wimessplates
shall be installed near all contamination-sensitive apertures and on representative horizontal
suxfaces. Prior to and after the test, these plates shall be evaluated to verify the deposition
requirementsof the ContaminationControlPlarI.

Prior to installationof the Spacecraftinto the chamber,a trial run shall be be perfoxmedto verify
the dynamic control equipmentamdprocedures. Witnessplates shall be examinedto establish the
cleanlinessof the test process.

7.4.7.4 Test Set-Up

The Spacecraft shall be installed in an acoustic cell capable of generatinglaunch sound pressu~
levels, There shall be a unifcmnsound energy density throughoutthe chamber. Noxmallysealed
componentsshall be pressurizedduring the test to their p~launch pressure. The Spacecraft shall
be oriented with the +X axis upon the flight adapterring.

7,4.7.5 Test Level

Initially, the Spacecrz@shall be subjectedto low level “shapingruns.” Then the Spacecraft shall
be subjected to a Protoflightacoustic exposurewhich is 3 dB higher than the maximum expected
acousticlevelsshownin theGIS,acrossthefull frequencyspectrum.Thedurationof exposureshall
be one minute.

7.4.7.6 T&t Item Operations

All deployableappendagesshall be installedand placedin launchconfiguration. After transportto
the acoustic facility, the Spacecmft shall undergo an AlivenessTest, following which it shall be
placcxiin Launch Mode. The Spacecmftshall remain in this mode during the acoustic exposure.
After the exposure,the AlivenessTest shall be repeated.

Baselineandalignmenttests shallbe performedbeforeandafter the acoustictest as identifkd in the
Vetilcation plan.

7.4.8 Shock

7.4.8.1 General

Shocktests demonstratethe capabilityof flight hardwareto withstandantior operate in a predicted
shock environment. In addition, shock response measurements are taken and compared to the
component level shock environments in order to ascenain if the imposed levels are potentially
damaging to the components.The hvo geneml types of shock inducedenvironmentsare described
below.
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7.4.8s.1 Self-Induced Shock

Self-induced shocksoccurwhenpyrotechnicand pneumaticdevicesme actuatedto releasebooms,
solar amays,protectivecovers,etc. In addition,the impactof deployabledevicesas theyreach their
operational position (“end-of-@avel”)is a likely source of signflcmt shock. All deployable
devicesshall be activatedat the Spacecraftlevelat least twiceto accountfor scatterassociatedwith
each actuation of the same device. The shock spectrum will vary depending upon the pyro
co@uration and the distancefkomthe shocksource,thereforethe shockspectrumwill be derived
on a case by case basis.

7,4.8.13 hte-y Induced Shock

Externally-induced shock originates fkomlaunch vehicle separation or ffom transportation and
handling operations. However, the dominant source of externally-induced shock is from launch
vehicle separation. The Spacecraft shall be subjected to at least two firings of the launch vehicle
separation system.

7.4.8.2 Test

Spacecraft shock testing shall be performed by ftig all pyrotechnically activated release
mechanismsa minimumof twotimes.The shockeffectsof ftig deploymentpyrotechnicsshallbe
recorded during this test. his test shall be performedcoincidentwith the Spacecraftdeployment
check, because deployment should occur after the pyres have been fti Accelerometersshall be
used to measure shock mponse which shall meet the spectrumdefimxlin the General Interface
Spxi.ilcation.

7.5 Demonstrations

The following demonstrations shall be performed at the Spacecraft level in order to ver@ the
operational capability of the fully integratedSpacecraft.

7.5.1 Mechanical Function (Deployment)

A limited deployment of the Solar Amy and the High Gain Antennashall be performed. This is
to ensure that the appendagesam unresua.inedand can deployfreely. This will be coincidentwith
the internal shock test which notes the effects of ftig the deploymentpyrotechnics.

7.5.1.1 Precautions

The results of the static and kinematic analyses described in Section 7.2.1 shall be used to guide
mechanicaldemonstrationsto ensure that the safe operatingconditionsfor deployablemechanisms
shall not be exceeded.

7.52 Solar Array Full Deployment

A full &ployment of the Solar Array shall be performedafter environmentalexposure, including
inspection of solar cells, interconnections,etc.
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Leak checks of all pressurized elements shall be performed before and after subjecting the
Spacecraft to the stmm-inducing portions of the environmental test program as shown in the
VeriilcationPlan. These checks may be conductedwhile the test item is in either an operatingor
non-operating mode. Leak checks shall be conducted under steady-state conditions. Adequate
precautionsshallbetakentopreventinjwy to testpersomelordamage to theSpacecraftduringthese
checks. Leakage rates shall be within prescribed mission limits as specified in the pertinent
performancespxiflcation.

7.5.4 ‘Ikouble-lh’eeOperations

Prior to shipment to the launch facility, the Spacecraft shall demonstrate reliable operation by
completing over 100 hours of consecutive trouble-free performance testing as identiled in the
Veriilcation Plan. This test shall be a continuous Operational (Orbit) Test duxing which the
Spacecraft shall operateas defined in Section7.4.2.3.5.

For this test trouble-free operationsare defined as operationsdevoidof flight hardwarefailures.

7.6 Mass Properties

The mass and center of mass of the Spacec@ shall be measumdhktermined. Moments and
products of inertia shall be determinedin order to predict Spacecraftperformanceduring launch,
ascent and on+rbit operation.

Mass properties for the three orthogonalaxes of the Spacecraftshall be measuredor developedby
analyticallycombiningdata acquiredfrom measurementsat the majorassembly/componentlevel.
The tolerances specifkxlin ‘hble VIII shall be applicablefor the Spacecraft.

7.7 Interface Verification

Spacecmft internal interface requirements m spccilled in the General Interface Speciilcation.
Interface requirementsbetweenthe Spacecraftand the instrumentset are specifiedin the General
Instrument Interface Spectlcation and the Instrument UHDS. Launch Vehicle interfaces are
speci.fkd in the Launch Vehicle IRD, 1S20008503. External interfaces are speciiled in the
EOS-tcMN and EOS-tMN ICDS. These n@rements shall be verifkd in four ways:

a. Interfaces which affect testable performance parameters of the Spacecraft shall have
final vetilcation upon Spacecraft level testing as described in Section7.4.

b. Interfaces for which no higher level performancetest exists, or for which any of the
following conditions = pnxent, shall undergo interface veriilcation tests andor
inspectionsprior to integrationwithotherhardwaxeelements. Theseshallbe performed
during the SpacecraftI&T cycle.

1. Damage could result from integrationh.nstallationactivities for which interface
parameters are not me~
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2. Anomalieswould be difilcult to isolate or correct if detected at the integrated
level.

c. Mechanicalexternalintetiacesto theLaunchVehicleshallbe verifkxlby environmental
testingof the SpacecraftCm Assemblydescribedin Section6 andthe Spacecraftlevel
tests, inspectionsand analysesdescribedin Section7.

d. Externalinterfacesto the SN andGNsystemsshallbe verifiedduringcompatibilityand
End-t*End testing describedin Section g.

Tnterfaceparameters which fall into classification “b” above, and their interface vefilcation
requirements,are spcc~ledin the petiormancespeci.ticationsof the EquipmentModulesand other
Major Assemblies. These interfaces may be mechanical,thermal, or electrical.

7.7.1 Internal Interfaces - Spacecraft Bus

InterfacesamongEMsandother majorassemblieswithinthe SpacecraftBusare vetiled duringthe
initial assemblyandintegrationphaseof I&T. Theseinterfacesshallbe verifiedas speci.fkdin the
TestPlans of the individualEMs and Major Nsemblics.

7.72 External Intefices - Spacecraft Bus to Instrument

Interfaces between the Spacecraft Bus equipment and the instrument set am veri.fkd during the
instrument integrationphase of I&T. These interfacesshall be verifkd as specifkd in the General
Instrument Interface Spcciflcation (GSFC 42&03-02) and the Comprehensive Test Plan
(PN20008664).

7.73 External Interfaces - Spacecraft to Launch Vehicle

The various interfaces between the Spacecraft and the launch vehicle shall be described in
1S20008503,InterfaceRequirementsDocumentfor EOS–AMto IntermediateLaunch Vehicle.
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8 SOFTWARE

8.1 Requirements

Software shall be developed and veriiled according to the requirements of the documents listed
below:

a. PN20008655 EOS AM SpacecraftSoftwareManagementPlan

b. 20001422 EOS-AM SpacecraftSoftwareDevelopmentPlan

C. 20008633 Software Requirementsfor EOS Subcontractors

8.2 Verification

All softwarerequirementsshall be verifkd accordingto the test plan for each SAVelement (I)R
~710). I&T proceduresshall be definedfor eachCSCIfor each SfWelement (DR:SD-114).
AcceptanceTest Procedure shall be definedfor each S/w element (DR:SD-120).

The SoftwareAcceptancePhaseshallformallytestthesofiwaretodemonstmtecompliancewiththe
requirements of the applicable spec~lcation. At the end of the Software“AcceptancePhase, the
Software AcceptanceReview (SWAR)shall be held.

Subsequent to SWARcompletion, software-t-hardware interfaces shall be verified during S/C
level tests, as described in Section7.
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9 END-TO-END

9.1 General

VERIFICATION

End–t*End verification is accomplished by a series of tests and simulations. The tests which
directly involve the Spacecm.ftinclude Spacecraft-t@network compatibility tests, end-twmd
compat.ibtitytests, mission simulations,operationalreadiness tests, and DAS compatibility tests.
Requirementsfor those tests are specifkd herein. (Simulationsand link tests which do not directly
involvethe Spacecraftare not covered in the following discussion.)

9.2 Spacecraft-t*Network Compatibility Test

The purpose of the test is to verify the RF intetiace compatibility between the Spacecraft
communicationssubsystem and the Space hacking and Data Network (STDN),WWOpSFlight
Facility (WIT), and the Deep Space Network (DSN). The requirements for these tests are
summarized below

a. Allcommand,telemetry,storeddatadump,andSCCmemorydumpconf@rations shall
be demonstrated.

b. All communicationmodesspecifkd in the CEl Spec~lcationwill be demonstrated.For
each of the communicationmodes, the followingcriteria shall be checked

1.

2.

3.

4.

5.

6.

Frequencyand phase stability

Modulationfactor

Power output

Vefilcation of correct equipment response to modulated Spacecraftsignal

Determinationof Spacecraftsensitivityto various interferencesignals

Vefilcation of automatic acquisitiontechniques.

c. Bit error rates and link margin contributionsshall be veriiled.

d. TONSsupport functions shall be verifkd.

9*3 End-to-End Compatibility Test

This test is an extensionof the compatibilitytests describedabove. The key groundelements and
the flight segmentwill be linked. This test shall include ECOMlink tests betweenthe Spacecraft
and EOC during I&T ambient tests, and a pre-ship CTV/TDRSlink test. The ability to send S/C
telemetxyfrom the Spacecraftat VAFBto EOC shall also be veri.fkd.
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The ~quirements for these tests are summarizedbelow.

a. All command,SCCloa~ andmicroprocessorloadfunctionsshallbe exercisedfrom the
EOC to the Spacecraft.

b. All telemetryand&tafiom theSpacecraftshallbeflowedto theappropriatedestinations
within the EOC and the ESDIS groundelements.

c. All communicationmodes and links shall be exercised.

9.4 Mission Simulation

The Mission simulationshallbe conductedafterthe end--d compatibilitytest. Data flow tests
shall be performed utilizing the total Spacecraftsystem in a realistic mission timeline, including
external stimulus of the instruments and attitude control sensors, when practical. Telemeby and
commanddemonstrationsshallbeconducte~ incorpomtig all therequiredequipment,appropriate
networkelements (ECOM,EOC,instrumentcontrolcenters,anddataprocessingfacilities), andthe
instrumentsupportterminals. Oncethedataflowpathshavebeenverille~ missionsimulationsshall
be held to validate nominal mission operating prwedures, where practical, and to provide for
operator familiarization training.

Requirements for the mission simulationtest are su~ below:

a. Command, telemefry, and procedure databases shall be validated via ground
communicationbetweenA@.10Spaceat East Windsor, New Jersey, and EOC at GSFC. ~

b. Network shall be confirmedas operationaland initialized.

9.5 Operational Readiness

The operationalreadinesstests shallbe performedin pamllelwith Spacecrafttesting using the SIM
or similar simulator as described in the VerificationPlan. These simulationsshall include:

1.

2.

3.

4.

5.

6.

7.

8.

9.

DCC080593

Attitude suppmt functions

Maneuver planningand operationalsupport

Ground-based definitiveorbh determination

Monitoringof onboarddefinitiveorbit data and onboardnavigation system

Flight data recorder playbackand management

High-rate science telemetryhandling

Real-time data delivexysemices

Non–ml-time data deliveryservices

Scheduling of various types of &ta products
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10.Routine operations, such as Spacecraftcommandand control,and interactions
betweengroundelements

11.Recoveryfrom safe mode

12.Orbit adjusts

13.HGA O~mtiOnS

9.6 DAS Compatibility

CompatibilitylxmveentheDirectAccessSystem(DAS)andthe Spacecraftshallbe veri.tiedduring
the RF subsystemportion of the Spacecraftcomprehensiveperformancetests.

The requirementsfor the DAS compatibilitytest are summarizedbelow

a. Direet Downlin.kfunctionsshall be vefiled

b. Direct Broadcastfunctions shall be verified

c. DinectPlaybackfunctions shall be verifkd

The followingpetiormance andcompatibilitycriteria shallbe measwe~ wherepossible,as put of
verification of the three major functions listed above:

a.

b.

c.

d.

e.

f.

g“

h.

i.

j.

k.

1.

Phase non-linearity

AmplitudeModulation

AIWAM

(AM)/phase modulation(PM)

Incidental amplitude modulation(AM)

Gain slope and flatness

Output channel performancecharacteristicsand bandwidth

Out-of- band Wwer and spuriousout-of-band

UntrackedspuriousPM

Phase and gain imbalance

Signal-t-noise plus spuriousratio

RF output power

Phase noise

m. Center frequencyand frequency stability

n. Output signal performancechamctenstics

o. Master oscillator signal
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APPENDIX I

10 ABBREVIA~ONS AND ACRONYMS

ADR

ASD

BAT

BER

B/L

BOL

BRF

CCHP

CDHS

CEI

CG

CMD

COMS

CPHTS

DAS

DB

DCU

DEU

DMU

DSN

DP

EAS

ECI

ECOM

AutomatedDiscrepancyReport

AmplitudeModulation

As Required

AccelerationalSpectralDensity

Bench AcceptanceTest

Bit Error Rate

Baseline

Beginningof Life

Band Reject Filter

ConstantConductanceHeatPipe

Commandand Data HandlingSubsystem(also C&DHS)

ContractEnd Item

Center of Gravity

Command

CommunicationsSubsystem

CapillaryPumpedHeat lkansfer System

ComprehensivePetiormance Test

CentralRadiatorAssembly

CompatibilityTest Van

Direct AccessSystem

Direct Broadcast

Data ControlUnit

DeploymentElectronicsUnit

Data MemoryUnit

Deep Space Network

Direct Playback

Electrical AccommodationsSubsystem

Earth CenteredInertial

EOS Communications
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EDM

ELv

EM

EMC

EMI

EOC

EOL

EOS

EPc

EPs

ESA

ESDIS

ESE

ESH

ETE

ETM

FDLC

FMECA

FOV

FSE

FSTB

FSW

FIW

GFE

GIS

GIIS

GN

GN&C

IXrvIs

DCCOS0593

EngineeringDevelopmentModel

ExpendableLaunch Vehicle

EquipmentModule

ElectromagneticCompatibility

ElectromagneticIntetierence

EOS OperationsCenter

End of Life

Earth ObservingSystem

Electrical Power Conditioner

Electrical Power Subsystem

EnvironmentalPerformance Test

Earth SensorAssembly

Earth SciencesData and InformationSystem

Earth SensorElectronics

Earth SensorHead

End-To-End (Test)

EngineeringTestModel

Final Design Load Cycle

Failure Modes,Effects, and CriticalityAnalysis

Field of View

Failure Review Board

Flight SupportEquipment

Flight SoftwareTest Bed

Flight Software

Firmware

Forward

GovernmentFurnished Equipment

General Interface Specflcation

General InstrumentInterface SpecKlcation

Ground Network

Guidance,Navigation, and Control

Gravity Root Mean Square
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GSE

GSW

HCE

HGA

HP

HR

Hz

I&T

IAs
ICD

I/F

IGSE

IR

IRu

LETti

LV

MEOP

MLI

MI%

MS

NIA

NASA

NASCOM

NCG

NDT

OSR

Pm

GroundSupportEquipment

GroundSoftware

Heater ControlElectronics

High Gain Antema

Housekeeping

Heat Pipe

High Rate

Hertz

Hardware

Integration and Test

InstrumentAccommodationStructure

Interface ControlDocument

Interface

Instrument GroundSupportEquipment

Infrared

Inertial ReferenceUnit

Interface VeriilcationTest

Linear Eneqgy‘IlartsferThreshold

Launch Vehicle

MaximumExpected Operatingpressure

Multi-Layer Insulation

Megabit per Second

Margin of Safety

Not Applicable

National Aeronauticsand Space Administraticm

NASA Communications

Non-Condensable Gas

Non–DestructiveTesting

Not to Exceed

Non-VolatileResidue

Optical Solar Reflector

Performance AssuranceImplementationPlan
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PAR

PB

P/P

PM

PM

PMP

PROPS

QTM

RCV

RD

RF

RT

RTN

S/A

SAD

SAS

SDF

sE&I

SK

Scc

SEU

SIM

SMS

SN

SDF

SRA

Sfs

SSST

Ssu

STDN

Slw

SWAR

DCC080593

Product AssuranceRequirementsDocument

Playback

Power Proffle

Phase Modulation

PropulsionModule

Payload MountingPlate

PropulsionSubsystem

QuaMcation Test Model

Receive

RequirementsDocument

Radio Fxequency

Real Tne

Return

solar Amy

Solar Amy Drive

SpacecraftAnalysisSystem

SoftwareDevelopmentFacility

SystemsEngineeringand Integration

Spacecraft

SpacecraftControlsComputer

Single Event Upset

Spacecraft Simulator

Structuresand MechanismsSubsystem

Space Network

SoftwareDevelopmentFacility

Slip Ring Assembly

Subsystem

Solid State Star Tracker

SequentialShunt Unit

Space ‘hacking and Data Network

Software

Software AcceptanceReview
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TAM

TBD

TBR

TBs

TIC

TCS

TDM

TDRS

TDRSS

TLM

TONS

TQCM

T~

T/v

VCHP

VLc

WTs

‘Ihree-#mis Magnetometer

To Be Determined

To Be Reviewed

To Be Specifkd

Thermal Cycle

~ermal Control Subsystem

Thermal DemonstrationModel

hacking Data andRelay Satellite

Trackingand Data Relay Satellite System

Teleme~

Thermal Math Model

TDRSS On-Board NavigationSystem

Tempermue<ontrolled Quartz CrystalMicrobalance

TestReadinessReview

TransientTolerance

Thermal Vacuum

Unit Under lkst

VariableConductanceHeat Pipe

VerificationLoad Cycle

WallopsFlight Facility

Wallops‘hacking Station
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APPENDIX II

20 DEFINITIONS

The following section provides definitionsfor veri.tlcation-relatedterms to be used in EOS-AM I
performance vetilcation documents, including this document, the Vetilcation Plan, the
ComprehensiveTestPlan,and all performanceand interfacespecifications. Additionaldefinitions
may be providedin those documentsfor terms not covered herein.

Acceptance Tests: The tests that demonstratethat hardwareis acceptablefor flight, given that the
&sign of the hardwarehas been qualifkd to the anticipated mission. These tests also serve as a
quality<ontrol screento detect deficienciesand normallyprovidethe basis for deliveryof an item
undertermsofacontract. Acceptancetests includeperformancedemonstrationsandenvironmental
exposures to screen out manufacturingdefects, workmanshiperrors, incipient failures, and other
pxkmnance anomaliesnot readilydetectableby normal inspectiontechniquesor throughambient
functional tests.

Acceptance Hardwanx Flight hardware requiring acceptancetests. Flight acceptancehardwm
is exposed to environmentaltest levels which are essentially equal to predicted flight exposure
levels.

Acoustic Noise: See “Vlbroacoustics.”

Aliveness Test: A subsetof the functional test. This test vefiles a.livenessof redundanthardware
in subsystems and instruments, and demonstrates redundant power and signal paths to major
components.Doesnotexerciseeverycommand.Propertelemetryrtxponseis vexifkxifor the issued
commands,and for the standbymode.External stimuli are not used.

Analysis: Analysisis definedas a verificationmethodwhichutilizes techniquesand tools such as
math models, prior test data, simulations, or analytical assessments to confm that the flight
hardwarewill performits intendedfunctionwithmargin. Wheneverpossible,test datashallbe used
to validate the analyticaltechniquesused for vefilcation.

Bench Acceptance Test (BAT): A test meeting the definitions of both an acceptancetest and a
bench test.

Bench Test (BT): A test of a subsystem, instrument,or module, involving componentsand test
equipment which are electrically interfaced through harnesses or test cables but which are not
installed in a flight configuration.

Component: A functiona~physicalsubdivisionof a subsystemor major assemblywhichperforms
a function necessary for operation of the subsystem or major assembly. Usually the item is a
self-contained unit comprising parts and assemblies. Examples are S-band transponders, star
trackemand batteries.

Definitive: A reference to characteristicsof a system element which have been verifkd by test,
flight, or other observeddata and required analysis.
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Demonstration:
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Demonstrationis a qualitativeverMcationmethod that evaluates the properties
of the component,major assembly,or subsystemby observation. Demonstrationis used with or
without special test equipmentor instrumentationto verify required characteristics.

Design Specification: Generic designation for a spccflcation which describes functional and
physical requirementsfor an article,usually at the componentlevel. In its initial form, the design
spccitlcation is a statementof functionalrequirementswith only general coverageof physical and
test requirements. The design specflcation evolves through the project life cycle to reflect
progressive mfmements in performance, design, and test requirements. Design spedlcations
provide the basis for the technicaland engineeringmanagementcontrol.

Electromagnetic Compatibfity (EMC): The condition that prevails when various electronic
devices are perfcnming their functions according to design in a common electromagnetic
environment.

Electromagnetic Interference (EMI): Electromagnetic eneqgywhich intemupts, obstructs, or
otherwise degradesthe limits of effectiveperformanceof electrical equipment.

Electromagnetic Susceptibility: Undesired response by a component, subsystem, or system to
conducted or radiated electromagnetic emissions.

Engineering Development Model (EDM): A test model used to prove design principles and to
produce engineering data for detailed design. EDM’s generally provide a subset of the form, fiL
or functionof flight hardware,as requiredto achievethe aboveengimming objectives. IiDM’sare
built to controlled dmwings where possible but do not require adhenmce to flight hardware
speci.tlcationsm process control.

Engineering Test Model (ETM): A test model used to prove design principles and to produce
engineefig data for detailed design. ETM’s generally provide the form, fit, and function of flight
hardware. ETM’s are built to controlled drawings but do not requixe adherence to flight hardware
spectilcations or process control.

Equipment Module (EM): A modular building block containing Spacecraft flight hardware,
including subsystems ardor components, harnesses, thermal hardware, and other elements
collocated in a structuralunit whichcan be assembledand tested separatelyfrom other Spacecraft
modules. EOS–AMequipmentmodulesincludetheGN&CSensorEM,ReactionWheelAssembly
EM, Recorder EM, Power EM, and Communications/C&DHEM. Note that not all hardware for 1
a given subsystem must be located in a single EM, nor does a given EM have to contain only
hardwarefrom a single subsystem. For veritlcation purposesthe battery panel assemblies shall be
treated as EMs in this spec~lcation.

Flight Hardware: Hardware to be used operationally in space. It includes instruments,
experiments,and Spacecraftbus hardware.

Flight Quality Hardware: Hardware built to the samedesign,processand material speciiicat.ions
as flight hardware, regardless of intended use. Some examples of flight quality hardware are
Protoflighthardware, acceptancehardware,and spare hmlware (as defined below).
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Flight Support Equipment (FSE): Hardware which provides services that facilitate operation of
the flight segment during the launch andhr insertion phases. FSE is by definition flight hardware.

Ground Support Equipment (GSE): Hardware which provides services that facilitate operation
of the flight segment on the ground. Some examples could be a power supply, support structures
(f~tunx, cradles), checkout software, and supplemental cooling.

Spacecraft Bus: The integratedassemblageof subsystemsand major assemblieswhich provides
all housekeepingresourcesand servicesnecessaxyto supportthe operationsof a payloadse~ These
include mechanical support and alignment attitude control; guidance and navigation; electrical
powe~ thermal control;commandand data handling,and orbit maintenance.

Inspection: Inspection is a verification method where physical characteristics are examined in
order to determine compliance without the use of special laboratory equipment procedures, test
suppoxt iterns, or services. Inspection uses standard methods such as visual inspection, gauges, etc.,
to verify compliance with requirements. Inspection shall also include the review of design
documents, material lists, codes, plans, etc., to verify that requirements have been met.

Instrument: A subsystemconsistingof sensorsandassociatedhardwareforsaking measurements
or obsemations in space.

Instrument Set The collectionof instruments which together supporta speciiic EOS mission.

Major Assembly: A physical subdivision of the Spacecraft consisting of multiple components
which am not necessarily functionally related Examples are the core structure assembly and the
propulsion module.

Margirx The amount by whichhardware performancecapabilityexceedsrequirements.

Measured: A modiller applying to phenomena which have been obsexved and for which
quantitative, calibrated data are available.

Outgassing: The emanation of materials under vacuum conditions resulting in a mass loss and/or
material condensation on nearby surfaces.

Part: A hardwareelementthat is notnomally subjecttofurthersubdivisionordisassemblywithout
destructionof designeduse.

Planning: Manufacturing antior inspection documentation designed to assure compliance of
hardware or processes with their governing specifications or drawing, and controlled by the
hardwm supplier’squality assurance organization. Planning directs the flow of flight hardware,
the materials accumulatedinto it, and any operations performedupon it.

Predicted: A reference to characteristics of a system element which have not been verifkd by test,
flight, or other observed data but which arc supported by analysis.

Primary Analysis: Analysis intended to be the primary means of verifying a requirement.
Normally,primary analysis is supportedby test or prototypedata.
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Protoflight Hardwa.m: Flightqualityhardwaretested to verifythat a component,majorassembly,
or subsystem meets its performancerequirements under environmental conditions which are at
&sign qualification levels but with the same duration as flight acceptance testing. Protoflight
hardware is identical to flight hardwarein fit, form, and function, which means it can be used for
flight or as a flight spare.

Prototype: Hardwm of a new design that is subjected to design qutilcation testing levels and
durations,and thereforenot used as flight hardware. This is refen’edto as QTM hardware in this
document.

Qualiiicatiom The process of demonstrating that a given design and manufacturingapproach
produceshardwarethat will meet all petiormance specitlcationswhen subjectedto environmental
conditions mm severe than thoseexpectedduring intendeduse.

Qualification Hardware: QuaMcation hardware is hardware which is not previously space
qualifkd andor whose design is complex or unproven. This hardware is tested to verify that its
perfommncerequirementswill bemetunderenvironmentalconditionswhichamsignflcantly more
severe (higher levels and for longer durations) than in flight.

Qualification Test Model (QTM): QTM hardware undergoes a high level of environmental
exposure during test for a relatively long duration (qualification test level and duration) and
consequentlywillnotbeusedfor flightbecauseit has beenstressedbeyondreliablelimits. It usually
is composed entirely of flight quality hardware,but in most cases containsno flight components.
In this document,only the term “QTM” will be used, although“prototype”is synonymous.

Spacecraft: The EOS-AM flight segment includingthe SpacecraftBus and the instrumentset.

Subsystem A functional subdivisionof the Spacecraftconsistingof multiplefunctionallyrelated
components. EOS subsystems include command and data handling Witice, navigation ad
control; communications; stmctureqmechanisms; electrical powe~ thermal controfi and
propulsion.

Support Analysis: Analysisintendedto supporttest results as a meansof verifyinga requirement.
Support analysis includes that analysis required to establishdetailed test requirementsor interpret
test data.

Temperature Cycle: One temperaturecycleconsistsof raisinga setof temperaturesto a specified
“hot” level and maintainingthem there for a period of time, then cooling them and maintaininga
specified “cold” temperaturefor a certain length of time, thenreturningthem to ambientlevels, all
under ambient pressure conditions.

Testi Test is a method of vetilcation wherein performance requirements arc verifkd by
measurementduring and after the controlled application of functional and environmentalstimuli.
These measurementsmay require the use of laboratoryequipment,recordeddata, procedures,test
support items, or services.

Thermal Balance Tesc A test conductedto verify the accuracyof the thermal math modelwhich
is used to predict the thermal perfcmnanceof the Spacecraft when operated in the environmental
conditions expectedfor the established mission.
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Thermal Cycle: One thermalcycleconsistsofraisinga setoftempemturestoa specfled’’hot” level
and maintainingthem there for a period of time, then cooling them and maintaining a specitled
“cold” temperattue for a certain length of time, then returning them to ambient levels, all under
vacuum conditions.

Thermal Stabilization: The condition that exists when the rate of change of temperatures has
decreased to the point wherethe test item is expectedto remain within the speciiled test tolerance
for the necessary test dumtion.

Thermal-Vacuum Test: A test to demonstrate hardware petiormance in an environment that
simulates on-orbit conditionsby controllingtemperatureand vacuum. The test can also uncover
latent defects in design and workmanship.

Vibroacoustics: An environment induced by the high-intensity acoustic noise associated with
various segments of the flight profde; it manifests itself throughoutthe Spacecraft in the form of
directly transmittedacousticexcitationand as structure-bornerandomvibrationexcitation. In this
document,the terms“vibroacoust.its”Or’’acousticexposure”willbeuse~ although“acousticnoise”
is synonymous.
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APPENDIX m

30 SPACECRA.FI’FLIGHT HARDWARETEST MATRIX
b

The test matrix, Table XIII, shown in this Appendix summarizes the test requirements for
components,major assemblies,EquipmentModules,and the Spacecraft. I
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SPACECRAFT I lkst Definition

* See separate notes at end of table.
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Table XIII. SpacecraR FliEht Hardware Test Matrix* (Continued)
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Table XIII. Spacecraft Flight Hardware Test Matrix* (Continued)
lNSTRIIMENT INSTALLATIONS 1 Test Definition

* See separate notes at end of table.



Table XIII, Spacecraft Flight Hardware Test Matrix* (Continued)
STRUCTURE AND MECHANISMS I nst Definition.—
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Table XIII. Spacecraft Flight Hardware Test Matrix* (Continued)
STRUCTURESANDMEC1L4N1SMS(Cent’d) I llxt Dclinition

* See separate notes at end of table.
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Table XIII. Spacecraft Flight Hardware Test Matrix* (Continued)
ELECTRICALPOWERSUBSYSTEM(El%) 1 TestDefinition

See sepwate notes at end of table.



Table XIII, Spacecraft Flight Hardware Test Matrix* (Continued)
ELEC1’RICALACCOMMODATIONSS/S 1 ‘lkstDefinition

* See separate notes at end of table.
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Table XIII. Spacecratl FliEht Hardware Test Matrix* (Continued)

* See separate notes at end of table.



Table XIII. Spacecraft Flight Hardware Test Matrix* (Continued).-

* See separate notes at end of table.



Table XIII: Spacecraft Flight Hardware Test Matrix* (Continued)
COMMUNICATIONSSUIISYSTIIM I TestDefinition

. .
@See separate notes at end of table.



Table XIII. Spacecraft Flight Hardware Test Matrix* (Continued). .,

Waveguule swltcn

* See separate notes at end of table.



Notes for Table X111,Spacecraft Flight Hardware Test Matrix

1.

2.

30

4.

5.

6.

7.

8.

All assembliesclassified as componentsor major assembliesmust be weighed.

Protoflight components receive full EMC testing. Subsequent (Acceptance) units receive only emissions (signature)

testing.

Demo implies that demonstrations are to be performed. For example: Boom deployment, and Solar Array release
(Pop and catch). See Par. 7.5 of this document.

Test Hardware:

A– Acceptance Model
B– Breadboard
E– Engineering Model
EDM- Engineering Development Model
ETM- Engineering Test Model
P- Protoflight
Q- Qualification Test Model

Test Phase:

A- Acceptance
D- Development
L- Life Test
Q- Qualification

Structure modal surveys and strength tests are shown separately, under Structures and Mechanisms section.

Ambient test of CPHTS operation and instrument interface at Spacecraft level, after installation of instrument.

Protoflight models of kinematic mounts to be tested as part of Power EM EDM Structure Qualification tests.

!? 9. Harness Functional, Performance, and NT checks include Hipot (Resistance to high potential voltage), circuit

8
resistance, and continuity and isolation checks

g
w 10. Harness EMC testing maybe performed at a higher level of assembl y.



!7 Notes for Table XIII, Spacecraft Flight Hardware Test Matrix (Continued)
g
Oao 11, Propulsion ModuleSine Burst StrengthTest and sine vibration
g

.- n––. – .–. –l–– , . . C-– —----- r. l-. .-1

1L.

13.

14.

15.

16.

17.

Ies[s perrormea at hpaceurtut level.

with mass-simulated tank.

Miscellaneous TCS hardware includes Temperature Sensors, Pressure Transducers, Thermostats.

Static Load Strength Test.

Battery cell housings shall receive pressure test.

In Spacecraft Core Assembly Static Load Test, mass models shall be used for EMs, S/A, HGA, and instruments.

Strength test must be performed at component level for all components unless “no test” factors of safety we
implemented in the design. Test verification at componentlevel can be via sine burst, static load, or acceleration
testing, per Section 4.4.4.5

18. Component-level pyrotechnic shock test must be performed on qualification or Protoflight unit, unless insensitivity I
to shock environment is established via analysis or history of previous applications.

19. CPHTSLeak Check at Spacecraft level.

20. Acoustic testing with mass models.

21, There will be one QTM for each type of HCE.

22. There will bean EDM and a Protoflight version of the SSR Data Control
Unit (DMU). Subsequent units shall receive flight acceptance testing.

f

Unit (DCU) and the SSR Data Memory

I
23. Propellant tank receives proof pressure test and Protoflight acceleration of filled trek, as strength tests, and random

vibration of filled tank.

24. Reserved. I



Notes for Table XIII, Spacecraft Flight Hardware Test Matrix (Continued)

25. HGA special tests, to be performed before and after T/V, acoustics, etc., include:

a) Gimbal travel checks, including demonstration of mechanical freedom from jamming or effect on RF
performance.

b) Demonstration of repeatability of alignment and pointing accuracy when removed and remounted, including
reflector removal.

26. Thermal EDM Battery Cell Pack contains nine cells, seven of which will receive Battery Life Test.

27. HGA Assembly TN test with reflector removed.

28. Temperature coefficient test in T/V test temperature extremes defined in the performance specitlcation.

29. HGA reflector shall receive 12 cycles at component level, per Figure 6, no power applied. Vacuum or ambient testing
is acceptable.

f
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APPENDIX Iv

40 TYPICAL FLIGHT HARDWARE TEST FLOW

The figures shown in this Appendix were taken from the Verification Plan (PN20005404) and are
provided here as a convenience to the user.

The plans are typical, and generic in some cases. Deviations are permitted on a case-by+ase basis,
as dictated by the test requirements or other aspects of the specific test item.

1.39 DCC080593
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1.1 Introduction

This Thermal Directory documents the baseline to be used for the Spacecraft
(S/C) PDR- design and analysis efforts by providing the S/C mechanical
configurations and mission/component operational scenarios and power
dissipations to be used in determining the worst case thermal design cases for
the EOS AM S/C. This directory is necessary because no other reference
document exists that defines the worst case thermal operating scenarios and
component dissipations. This document will, therefore, continue to be
maintained after PDR. Data pertaining to the design and analysis of the CPHTS
components are documented in the CPHTS analysis report, Reference 40.

1.2 Orbit / Environmental Parameters

The EOS AM mission orbit is a 705km altitude, 98.2 degree inclination polar
orbit with a 10:30 +/- 15 minute descending node. The orbital and
environmental parameters used in the thetmtal design and analysis of the EOS
AM Spacecraft have been determined in accordance with the Thermal Design
Standard documented as Ref 1, where the range of external orbits]
environmental fluxes is:

Minimum Maximum

Solar flux (W/sqin) 0.856 0.915
Albedo factor 0.311 0.336
Earth IR flux (W/sqin) 0.148 0.157

The variation of each of these parameters with season produces combinations
of Solar. Albedo. & Eamh IR which, when combined with the seasonal variation
in beta (sun) angle, may not be readily identifiable as Hot or Cold cases. This is
due largely to the misalignment of the sun angle and environmental flux
extremes. The bounding combinations of these thermal environmental
parameters to be used for analysis of the Spacecraft radiators was determined,
documented in Ref 2 and summarized below. These arc the values used in the
external S/C and detailed EM TRASYS files operations data block:

Hot cases:
Beta angle

13.5
18.0
30.8

Cold cases:
Beta angle

~

22:0
30.0

Solar flux
*

0:910
0.911

Solar flux
y

0:871
0.901

Albedo

0.329
0.336
0.336

Albedo
f-

0.315
0.315
0.315

Earth IR
fX#lQ

0:155
0.155

Earth IR
*

0:148
0.148

Along with these environmental extremes, additional variables that include
Spacecraft mission phases, operational modes, and equipment dissipations must
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be considered to provide a complete thermal analysis of the EOS Spacecraft. The
combinations of environmental extremes. mission phase and operational
modes that arc to be analyzed arc described in Section 1.4. Section 2 of this
document contains detailed descriptions of the dissipations for the Spacecraft
components in the various phase/mode combinations that are to be analyzed.

1.3 Mission Phase and Spacecraft Operating Mode Definition

The Spacecraft mission phase and operational mode definitions arc
documented in Ref 3. Figures 1.1 and 1.2 compare the different mission phases
and the primary/backup Spacecraft operating modes -possible for each. Tabic
1.1 shows the nominal early mission timelinc starting with Go-To-Internal
power and ending with the first Delta-V bum, as documented in Reference 4.

WC orientation was also a driver in defining the bounding analysis cases.
Figures 1.3 through 1.6 illustrate the earth pointing Science and Survival
mode orientations and the 3 sun pointing Safe mode orientations “analyzed.

1.4 Thermal Analysis Cases

To properly bound the thermal design, eighteen combinations of orbital and
environmental, mission phase and operating mode parameters have been
identified as the hot and cold bounding cases for the thermal” design of the EOS
AM Spacecraft, These cases are discussed below and summarized in Table 1.2.

M nchlAscent Mode with Surv & Sun Dolntln~
. .

ival . Safe B- UD. ModeS
These cases begin when the S/C leaves the Launch Vehicle fairing with BOL
material properties and continues along the nominal Launch/Ascent timeline,
shown in Table 1.1, until one of two failure scenarios occurs. The first assumes
there has been a solar array deployment failure and continues past the failure
for an additional 10 orbits. The heater power results from this analysis case
are used to determine when the batteries will reach their maximum allowable
depth of discharge.

The second failure scenario assumes the S/C fails to acquire earth and is forced
into a sun-pointing safe” mode configuration. There is no roll control of the S/C
while in this mode. For this analysis, the S/C is allowed to come to dynamic
steady state with the analysis results being the potential worst case
temperature and/or heater power predicts.

nce
In this case, nominal and/or maximum S/C operation is assumed and all duty
cycles have been arranged to provide a thermal worst case hot situation. The
S/C orientation is earth-pointing and EOL environments and material
properties are used. The power subsystem is analyzed assuming S/C loads are
maximized and that there has been a single cell failure. A single TDRSS contact
of 20 minutes with an additional 5 minute calibration contact is assumed per
Reference 20. This set of cases is used to ensure component temperatures do
not exceed their maximum allowable limits and to determine trim MLI
requirements for the EM radiators.
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I Table l.lNominal Early Mission Tim-eline
500km Perigee Injection Orbit

Event Estimated llme

Go to internal power G

Disconnect T~ Umbilical
G+nD -—._

Ignite Stage O and liftoff G+5min
(timeline assumes LV is Atlas IIAS/Centaur)

Jernson first oak of Solid Rocket Boosters 1 G + 6.6. I

Jettison second pair of Solid Rocket Boosters I G + 7.5

Booster Engine ‘Cutoff (BECO) G+8

Booster Package Jettison G + 8 (just after
BECO)

Jettison Payload Faking G+9

Atlas Sustainer Engine Cutoff (SECO) G+1O

Atlas/Centaur Separaaon G + 10 (just after
SECO)

Centaur Fmt Main Engine Start (MES1) G+1O
,

Centaur First Main Engine Cutoff (MECO1) I G+19

Alignment to Separation Attitude G + 19.5

Launch Vehicle/Spacecraft Separation G+20

‘First -gee G+20

Launch Vehicie/Spacecraft Separation Flag Enabled G+20
1

SCC commands Rate nulling of all Spacecraft axes G + 20:03

Rate nulling accomplished G+21

SCC commands RWA wheel control of S/C arntude G+21

Check for Earth in FOV of eitherESA G+21

SCC commands roiVpitch acquisition G+22

SCC commands Solar Array hinge deployment G + 22.5

Solar Amy hinge deployment is completed G+24

SCC commands Solar Array blanket deployment G+2S

Roll and Pitch signals from the ESA are nulled G+27

SCC commands yaw axis acquisition G+27

Solar Array blanket deployment is completed G + 37.7

SCC sets flag indicating completion of Earth Aquisiaon G+39

Enter fm eclipse (summer solstice launch) G+47

5
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Table 1.Nominal Early Mission Timeline-(continued)
500 km Perigee Injection Orbit

Event Estimated Time

Begin Rotating Solar Amy at 1corate G+65

Pass fmt apogee G + 69.5

Exit first CCiiPSe G+82

Solar by Begins to Track the Sun . G+82

Pass second perigee G+ 118

Receive Coarse &bit Dctemination From Ground G+TBD

Batteries are fully recharged G+TBD

SCC commands activation of HGA release mechanisms G+TBD

HGA deployment completed G+TBD
(lo minutes
after

activation)

SCC comminds HGA slew to acquiresightto TDRSS G+TBD

S-band link to TDRSS established through HGA G+TBD

First Delta-V Burn to Circularize Operational Orbit G + 267
(assume third apogee is the earliest possible time for this event)
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Table 1.2 : Spacecraft and Equipment Moduie Anaiysis Modes

UA SAFaii
fJA SAFaii
L/A SAFaii
UA SunPt Saie
UA SunPt Safe
Science-max
Science-max
Science-max
Science-rein
Science-rein
Science-rein
Science-rein
OnOrbit-Surv
OnOrbit-Surv
OnOrbit-Surv
00-SunPt Safe
00-SunPt Safe
00-SunPt Safe
00-SunPt Safe

S/C Phase

UA thru OA
UA thru OA
UA Ihru OA
L/A thru OA
UA thru OA
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

S/C Mode

UA to Surv
LIA to SUrv
UA to Surv
UA to Sale
iJA to Safe

Science
Science
Science
Science
Science
Science
Science
Survivai
Survivai
Survivai

[1] We beta angle producingworst
Use Science min dissipations

Safe
Safe
Safe
Safe

Beta/Envir

15/BOL
221BOL
30/BOL
NA/BOL
NA/BOL

13.5/EoL
18/EoL

30.8/EoL
15/BoL
221BOL
30/BoL
[lj/EOL
15/BOL
22/BoL
30/BoL
NA/BOL
NA/BOL
NA/EOL
NA/EOL

S/C Orient

earth
earth
earth

sun-Fig 1.6
sun-Fig 1.6

earth-Fig 1.3
earth-Fig 1.3
earth-Fig 1.3
earth-Fig 1.3
earth”Fig 1.3
earth-Fig 1.3
earth-Fig 1.3
earth-Fig 1.3
earth-Fig 1.3
earth-Fig 1.3
sun-Fig 1.4
sun-Fig 1.5
sun-Fig 1.4
sun-Fig 1.5

Altitude

S50X705
550X705
550X705
550X705
550X705

705
705
705
705
705
705
705
705
705
705
705
705
705
705

Producl

Temps/QhtrL/A
Temps/QhtrL/A
Temps/QhtrL/A
Temps/QhtrL/A
Temps/ClhtrL/A

Tmax
Tmax
Tmax

Tmin/QhtrBOL
Tmin/QhtrBOL
Tmin/QhtrBOL

QhtrEOL
Temps/Qhtrsurv

Temps/Qhtrsurv
Temps/Qhtrsurv
Temps/Qhtrsafe
Temps/Qhtrsafe
Temps/Qhtrsafe
Temps/Qhtrsafe?

case heater powers as determined by other’Science mode cases;

r
,!!
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This case is the same as the Science-maximum case with: the exception that
duty cycles arc arranged to provide a thermal worst case cold situation. The S/C
orientation is earth pointing and both BOL and EOL environments and material
properties arc evaluated. The power subsystem is analyzed assuming S/C loads
are minimized and that there are no battery cell failures. A single 10 minute
TDRSS contact is assumed within an orbit. Instruments are in BOL Science
mode. however, no observations are being made (no peak dissipations). This set
of cases is used to determine worst case Science mode heater power
requirements, both BOL and EOL. for the Spacecraft.

Qn orbit (~o~ SUDPOIW Safe Moti
. . .. .

This case is similar to the Science mode minimum case but assumes there has
been a GN&C failure that has forced the S/C into a sun-pointing orientation.
While in this mode, there is no roll control of the S/C. Instruments arc assumed
to be in an operational state, but not taking Science data. The high rate data,
HGA, and DAS systems will not be operating. This mode is analyzed to ensure
that component temperatures do not exceed maximum allowable temperatures
when zenith or cold space radiators arc turned to view Earth and to determine
Sun-pointing Safe Mode heater power requirements.

(h orbit ~00~ Suwival Moti
..

This case represents a low power availability condition. The Instruments, Star
Trackers and high rate data components and DAS components arc powered off.
They are therefore allowed to drop to their cold stafi ( minimum qualification)
temperature limits. The heater power results from this case will be used to
determine battery energy balance during this mode.

1.5 Materials, Surface Finishes and Thermal Properties

Table 1.3 shows a summary of the materials, surface finishes and their thennai
properties currently used in the EOS Spacecraft and component thermal
analyses. Detailed CPHTS thermaVfluid models have documented material
properties separately, in Reference 40.

1.6 Thermal Uncertainties and Margin /

The application of analytical uncertainties to
heater powers for the EOS AM Spacecraft

Contingencies

calculated temperatures and
will be governed by the

Thermal - Design Standard, Ref 5. Random, independent and unanticipated
variations in properties and environmental conditions, as well as certain
mathematical modelling limitations, cannot be effectively treated in the
Thermal Math Models (TMMs) developed for the EOS Spacecraft. These
variations include:

- joint conductanccs
- nodal granularity

assembly tolerances
. mechanical process variables
. thermo-optical property variations
- human error
- MLI effective emittance variation



Table 1.3 : Material Properties

Component Materiai Density
lb/incu

MLI
Outer Layr Ai Kapton(SAK)
Inner Layer Al Kapton(SAK)
Internal Al Mylar(DAM)
Tape(Radiatol 5-roil AgFEP
Tape Double Sided

Al Kapton
PainI-Black TBD
Box Externai Black Anodize
Paint-White S131L0
Radiator F/S

Al 6061-T6
Al 5005-T6
UHMS GFt/EP

(quasisotropic)

NA
NA
NA
NA
NA

NA
NA
NA

0.098
0.098
0.058

Honeycomb Core
Al 5052 1.6ib/cufl

4.5 lb/cufl
Al 5056 1.61b/tuft

S/C tubes UHMS GREP

Node Fittings Titanium 0.16
Battery Sives Al 6061 -T6 0.098
Battery Base Ai 6061 -T6 0.098

Q k Absorptivity Emissivity
W-rein/lb-C kV/in-C

NA
NA
NA
NA
NA

NA
NA
NA

7.27
7.27
7.27

7
7
7

7.27

4.27
7.27
7.27

NA
NA
NA
NA
NA

NA
NA
NA

3.9
5.1

0.731
0.013

0.033
0.092
0.033
1.306
0.157
0.013
0.185
4.568
4.568

BOLK2L

0.4

NA
NA
0.1

0.13

NA
NA
0.2

0.55
NA
NA

0.25
0.16

NA
NA

0.35

0.75

0.72

0.11
0.8

0.03

0.85
0.85
0.87

0.75 Space facing; 1mii erosion
0.72 Core facing
0.11 thru emiss : 0.025 nominal
0.8

0.05

0.85
0.85
0.87 9mii on Af

parallel to fibers
perpen to fibers

parallel to Olayer
perpen to O layer
thru thickness

r
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Component Material Density Cp k Absorptivity Emissivity
lb/incu W-minllb-C W/in-C K)L iXX BOL HI

l/F Conductance

CCHP-CCHP Eccobond 56C
CCHP-Spacer Eccobond56C
CCHP-F/S FM73
H/C-F/S FM73

Battery l/Fs
Base-F/S Chotherm 1679
Slv-Base RTV566
Slv-cell Chotherm 1671

Box to F/S
wet jt(LT20sqin) RTV
wet jt(GT20sqin) RTV
dry joint no filler
isolated G-10 epoxy

10W/sqin-C
10W/sqin-C
3W/sqin-C
0.25 W/sqin-C

0.0659 W-in/sqin-C
0.009 W-in/sqin-C
0.0586 W-in/sqin-C

1 W/sqin-C
0.5 W/sqin-C
0.1 W/sqln-C
0.0066

2-mii bond layer

r
,!+
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c
- Thermo-optical (T-O) propemy degradation due to ~nanticipated

contamination or solar activity
- design evolution

environmental fluxes
- component dissipations

The analytical uncertainty tcnn must be added to the thermal model raw
temperature output to represent a worst case prediction. For the EOS
Spacecraft, this uncertainty term is defined to be SC added to or subtracted
from the maximum or minimum temperature predicts respectively or 1C added
to any gradient predicts. Uncertainty is applied to heater power estimates by
increasing the analytical heater control set point to SC above the minimum
allowable component temperature. A design requirement for Spacecraft PDR is
to ensure that worst case temperature predicts, with uncertainty included, are
not outside the documented allowable ranges for all mission phases and modes.

Thermal margins and contingencies arc applied separately from the thermal
uncertainty term described above. The EOS CEI specification. Reference 6,
requires that a 25% margin, over the orbit average power needed, be provided
on heater electrical resistance sizes (in watts). Constant Conductance Heat
Pipes (CCHP) performance requirements are determined. considering the
single worst case CCHP failure for each heat pipe panel. CPHTS design loads
reflect the UHD for those Instruments.

Addition of power dissipation contingencies, for this stage of the S/C design, is
as directed in Reference 7. The level of contingency applied to a given unit is
determined by its assigned accuracy class (AC). AC is a measure of the unit’s
design heritage and level of maturity. The AC definitions and associated
percentages are shown below. Power dissipation values shown in Section 2
represent both hot and cold case estimates which must be increased by the
appropriate AC percentage before being used in any analysis.

Accutacy Chss 1 : 2%
Accuracy Ckss 2 : 5%
Accuracy Class 3 : 1070
Accuracy Class 4 : 20%

AC contingency is not applied to mass estimates for the thermal analyses. Not
applying contingency causes wider orbital temperature swings yielding the
most conservative results.

1.7 Component To S/C or EM Interface Definition

Unless specified otherwise, all temperatures referenced in this document
apply to the component baseplate, for conductive designs, and the component
radiator external surface, for radiative designs. A summary of the component
temperature requirements that drive the thermal design of the EOS Spacecraft
is included in Section 2. Other critical temperature or stability requirements
are included. as available.

All components should be designed to meet the heat flux density requirements
defined in the GIIS, Reference 8, for components mounted on Instrument
mounting panels and in the GIS. Reference 9, for all other S/C components.



Exceptions to this must appear in
and will be carried in the Mechanical

1.8 TCS Component Descriptions

In order to maintain component and

the component ~rfotgnance specification
Parameter tables of Section 2.

S/C temperatures within their allowable
temperature ranges while- minimizing heater power rcquiretnettts, various
thermal components and materials are used. These include heaters,
thermostats, thermistors and temperature sensing assemblies (TSAS), Heater
Control Electronics (HCES), Constant Conductance Heatpipcs (CCHPS), Multi-
Layer Insulation (MLI) and multiple surface finish materials (paints, coatings,
tapes, etc). To monitor and control some of these components, either
autonomously or from the ground, C&DH and software resources must be
provided. The Thermal Control Subsystem (TCS) allocation for the number of
thermal telemetry points, command functions. and HCES are defined in he TCS
performance specification, given as Reference 10. The following sections
describe a few of the thermal components and the methods used to represent
them in the thermal models.

1.8.1 Heater Control Modelling Techniques

For the EOS-AM program, heaters are applied directly to -the item they are
controlling such as an electrical component or a fitting. Generally, these
heaters are controlled by HCES. HCE2 designs (2, 2A, 2B) are the most widely
used on ~he S/C. They utilize thermistors to sense the temperature of the
component being controlled, then apply power when required in a static.
on/off fashion. HCE3 is used only in the control of the CPHTS components
while HCE5 controls the temperature and gradient of the battery cells and
panel. This HCE incorporates Pulse Width Modulated control and allocates a
primary and backup circuit to every battery 3-pack cell configuration.

The most critical item when modelling heater control is determination of the
appropriate set points. To meet Fault Detection and Isolation Recovery (FDIR)
requirements, both sides. primary and back-up, of each HCE is enabled on even
if the side is not operating. To keep both sides of an HCE from coming on
together, the primary and back-up circuits have staggered set points. The
thermistors used to control the HCES have a 2C operation bandwidth and are
susceptible to 1C of drift. In order to minimize heater power requirements, it
was decided, with concurrence by the GSFC thermal counte~art, that the
primary circuit would maintain the component above its minimum design
temperature. In the event of a HCE circuit failure, the back-up HCE would
maintain the component at a temperature slightly below the minimum design
temperature. Exceptions to this include components that are being allowed to
drop to their cold start or minimum qualification temperature when powered
off. To ensure these components are not damaged when powered on, the
heaters maintaining them will have both primary and back-up circuit set
points defined above the minimum cold start limit. Other exceptions include
temperature critical components. such as the batteries and propellant-wetted
components (it. thmster valves). These exceptions are noted in the tables of
Section 2. Modelling uncertainties, as described in Section 1.6, must also be
added to heater set points before they are used in the thermal models. Set point
examples. including uncertainties, are shown below.



Operating design temp. limit :-1OC
Back-up heater set point bandwidth : -12C to -1OC
Primary heater set point bandwidth :-lo cto-8c
Primary set point with uncertainties : -5C (0 -3C

Cold stan temp. limit “ -20C
Back-up heater set point bandwid;h : -20C to -18C
Heater set point drift allowance : -18C 10 -17C
Primary heater set point bandwidth : -17C to -15C
Primary set point with uncertainties : -12C to -1OC

1.8.2 Heatpipe Descriptions and Modelling Techniques

CCHPS are currentiv basciined to be inciuded in three EM desires: the Power
EM, the Recorder EM and the DAS panel. CCHPS are also include~ in the CPHTS
radiator designs. Details regarding the design of these CCHPS are included in
the CPHTS analysis rcpon, Reference 40. Design of the CCHPS and the panels in
which they are embedded follows the guidelines set forth in the Design
Standards documented as References 11 and 12. The actual shape and length of
the CCH.PS depends on the design and location of the component or part from
which heat is being removed. For this reason, CCHP designs can not be
finalized until the component design and EM layout have been finalized.

All heatpipcs used in the EM designs are 0.5” OD extruded pipes with mounting
flats on two opposing sides. The CCHP material is 6063-T6 aluminum with
anhydrous ammonia as the working fluid. The CCHPS are bonded to the
internal side of panel’s equipment mounting faceshcet. Since in all cases. the
panel is thicker than the CCHP, a 6061 -T6 aluminum spacer is used to take up
the extra space. One side of this spacer is bonded to the CCHR the other side is
bonded to the internal side of the panel’s external radiator faceshect. A cross
section of the CCHPS and Spacers are shown in Figure 1.7. Material properties
for the CCHPS and for the panel to CCHP interfaces are given in Table 1.3.

1.8.3 Multi-Layer Insulation (MLI)

The baseline MLI blanket for EOS AM consists of 15 layers:

1 Outer layer (space facing) Single-sided Aluminized Kapton (SAK)
1 Inner layer (core facing) Single-sided Aluminized Kapton (SAK)
13 Internal layers Double Aluminized Mylar (DAM)

w/Dacron mesh separators

The effective thru-emissivity of this blanket is based on similar heritage lay-
ups that have been thoroughly tested, albeit for different layer quantities.
Figure 1.8 illustrates graphically how the EOS MLI thru-emissivity value range
was determined based on heritage UARS and DSCS data.
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Figure 1.7 : HeatpiF Vanel and CCti P Cross Section
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1.9 Launch Vehicle Interface

Currently, the EOS AM Spacecraft could be launched on either the Titan IV or
Atlas IIAS launch vehicles (LVS). Both of the potential LVS have unique
thermal parameters that must be included in a detailed launchhscent analysis,
including: Air Conditioning (A/C) capabilities (temperature, flOW rate, etc) for
on-stand analysis (especially batteries), fairing temperature profile and
emissivity, venting air flow during ascent, and lift capability (free molecular
heating values are a function of insemion altitude). These analyses will not be
performed until after LV selection and delivery of the required thetmal data.

Based on the minimum potential A/C temperature and flowratc of the potential
LVS obtained from Reference 13, analyses for S/C PDR will assume a 10C initial
temperature for all components, except batteries and PM hydrazine tanks. It is
estimated that batteries and tanks will not be below 20C on-stand, therefore
this value is to be used as their initial temperature. Heater power estimates for
Launch/Ascent modes will be based on these values.
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2.1 General Descriptions A Guidelines

The EOS-AM S/C is broken into two basic sections: housekeeping equipment
and Instruments. This section deals with the description and operation of the
housekeeping equipment which is divided into distributed equipment and
equipment located in Equipment Modules (EMs). Figure 2.1 shows the location
of the major EOS-AM assemblies and distributed equipment. .

In order to begin the S/C housekeeping design and analysis tasks. some basic
guidelines were developed. These involve definition of component surface
finishes, mounting assumptions, temperature ranges, etc and are described
below. Specific information regarding each component is included in the
remainder of Section 2.

The temperature ranges defined for this program are derived “from the PAR,
Reference 14, and the Verification Specification, Reference 15, and are listed
below.

9Deratln~ des vni ra neg - The temperature range - (rein to max) a
component is allowed to normally and repeatable experience, in any WC
mode, while that component is powered on.

deslvn
.

eratln~ ran= - The temperature range (rein to max) a
component is allowed to normally and repeatable experience, in any S/C
mode, while that component is not powered on.
acceD (OD/ ono~)n ranz~ A range +/- SC outside the design ranges used
during acceptance testing of components or assemblies.
guai(-op) r- - A range +/- 10C outside the design ranges used
during Protoflight (qualification) testing of components or assemblies.
~ld stm - minimum temperature at which a powered off component can
be safely powered on without damage.

Component operating and nonoperating temperature ranges are defined in
the GIS, Reference 9, and the component performance specifications.
According to References 6 and 16, the thermal design must maintain a
component within its operating design temperature range, after uncertainty
has been applied. any time the component is operating. Reference 16 states
that, generally, when a component is not operating, the thermal design must
maintain its temperature, after uncertainty has been applied, above its cold
start or minimum operating qualification temperature range. When a
nonoperating component is powered on, it will not be expected to meet full
performance until it has self heated to its operating temperature range.
Exceptions to this are components that are notmally held as nonoperating
backup units but that are expected to meet full perfo~ance requirements
immediately upon being powered on. These units are maintained within their
operating design temperature ranges even when powered off. Acceptance and
qualification temperature ranges are test ranges used to ensure adequate
design margin exists in the component design.

The S/C cases described in Section
housekeeping analyses. For S/C
Survival cases will be evaluated

1.4 are the basis for the EM and distributed
PDR, Science-rein and max and OnOrbit
using detailed EM models. Launch/Ascent
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(nominal and failure scenarios) and OnOrbit Safe modes. as well as the cases
evaluated with the detailed models. will be evaluated using the S/C model.

Component power dissipations to be used in each of these cases are given in
the remainder of Section 2. Assumptions used to develop these dissipations are
also described. Values for constantly operating components were taken
primarily from the Mass and Power Report. Reference 17. Information
regarding components with transient power dissipation profiles was obtained
from the applicable Subsystem Lead Engineer. Where applicable, this
information was arranged to represent xhe worst thermal hot and cold cases.
Information regarding Launch/Ascent modes was takh from Reference 4.

It is assumed that the exteznal surface finish of all components is black
anodize, unless otherwise noted in their performance speci~lcations or
proposals submitted for Subcontracted items. EM analyses wil I determine
whether modification of this finish is required (paints, tapes, etc). to maintain
temperature ranges within allowable limits while minimizing heater power
requirements. It is assumed [hat each component attaches to the EM mounting
panel via hardware located in its base and that the component base is a flat
plate with contact area equalling the component footprint unless otherwise
noted. It is also initially assumed that components are mounted to their EM or
S/C interface using a dry conductive coupling. ie. a bare. surface to surface
interface with no thermally conductive or isolating material added. The results
of Ihe analyses are again used to determine whether this interface must be
enhanced. To increase the conductivity of an interface, an RTV bond or
Chothcrm gasket would be utilized while G 10 spacers would be utilized to
thermally isolate a component from its mounting interface.

Solar entrapment between the EMs is minimized by the use of gap blankets
that are placed across the openings between the EMs. This allows the use of
aluminized kapton on the +/- X external surfaces of the EMs that directly view
each other rather than MLI.

2.
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2.2 : Power EM and Battery Hex Panel
-.

The Power EM and Battery hex panel mechanical layouts are documented in
Reference 18 and shown in Figures 2.2 and 2.3. Panel materials, stayout areas
and overall stmcture and radiator dimensions are also shown in these figures.
The Power EM [-Z) radiator panel u~iiizes embedded CCHPS to remove heat from
the charge and discharge Field Effect Transistors (PETs) located in the Battery
Power Conditioners (BPCS). These CCHPS are located as shown in Figure 2.4. The
analysis of panels with embedded CCHPS is as described in Section 1.8.2. Figure
2,5 shows the 3-pack battery cell assembly concept. Figures 2.6 through 2.9
show the details of the battery sleeve, baseplate and ?ancl designs.

Heater control and modelling is as described in Section 1.8.1. HCE5 design is
used to control the batteries while HCE2 designs are used to control all other
components requiring heater power. References shown in the tables
described in this section are given in the List of References found at the
beginning of this document.

Material and surface finish properties used in the analysis of this panel and
EM are given in Table 3. Surface finishes for the battery hex and each of the
EM panels are listed below. EM and panel analyses will -validate that these
finishes .arc appropriate and determine application areas for panels utilizing
multiple finishes.

Zenith(-Z) : external:
. internal:

Base(+Z) ; external:
internal:

Sunside(-Y) ; external:
. internal:

Space(+Y) ; external:
. internal:

End(-X) ; external:
internal:

End(+X) ; external:
. internal:

silver tcflon and MLI
black paint
aluminized kapton
aluminized kapton
MLI
bIack paint
silver teflon and MLI
black paint
MLI
black paint
aluminized kapton
black paint

Mechanical parameters, including component size, weight, accuracy class and
mounting panel definition are shown in Table 2.1. Any exceptions to
component surface finish. contacl area or component to panel interface
general guidelines described in Section 2.1 are also noted in this table.

Table 2.2 shows allowable component temperature ranges, as defined in
Section 2.1, for components located in the Power EM and on the Battery hex
panel. These temperatures are defined as the average component baseplate
temperatures unless otherwise noted. Table 2.2 also identifies aI1 known
component temperature stability or gradient requirements. BIanks in the
columns mean no stability or gradient requirements exist for that component.

The power profiles given in Tables 2.3 through 2.5 combine the effects of
currently defined failure cases and varying S/C load requirements with the
cases described in Section 1.4 for the power subsystem. S/C power loads, as
defined in Reference 19, are 2530W, 2330W and 1740W for the Science mode
maximum and minimum and Survival mode cases respectively. BPC failure
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conditions considered include the 10SS of one channel and Ihe effect of losing
the SCC which causes the charge curve for the batteries to default to a preset
value impacting the BPC dissipation profile. Battety failure conditions to be
considered include the event of a single cell failing sho~ or open and the
effect of losing the SCC. In the event a battexy cell fails open, a switch is Used
to short the open cell out of the circuit. This switch dissipates an insignificant
amount of heat. causes an open cell failure to look like a short and does not
impact the themtal design of the batteries.

Power dissipations for components that are constantly dissipating are shown
in Table 2.3. Transient battery ceil dissipation profiles are given in Tables 2.4
while BPC channel dissipations are given in Table 2.5. Columns A show the
Science-rein and OnOrbit Safe mode dissipation profiles for a single battery
cell and a single BPC channel, respectively. Both profiles assume a 2330W S/C
load and an operational SCC. Table 2.4 A assumes no battery cell failures and
Table 2.5 A assumes a single BPC channel failure. Columns B show Science-max
case dissipation profiles for a single battery cell and a single BPC Channel,
respectively. Both profiles assume a 2530W S/C load and an operational SCC.
Table 2.4 B assumes a single battery cell failure and Table2.5 B assumes no BPC
channel failures. Columns C show the Launch/Ascent and Survival Mode
dissipation profiles for a battery cell and BPC channel, . respectively. Both
profiles assume a 1740W S/C load and an operational SCC. Table 2.4 C assumes no
battery cell failures and Table 2.5 C assumes a single BPC channel failure.

The values listed in these tables are estimates that must be increased to reflect
the appropriate accuracy class contingencies as described in Section 1.6
before being used in any analysis. Exceptions to this include components with
load related power dissipations such as the harness. batteries and BPCS where
the required contingencies have already been applied to the loads used to
calculate the component power dissipations.



Vanel Materials
Is noted belowl

WC Core :1.6 PCF Al 5056
Facesheets : Al 6061-T6 , 0.015” III
Panel Thickness : I”

) R-
..

WC Core :1.6 PCF Al 5052
Facesheets : Al 5005-H34 , 0.0 15“ th
Panel Thickness : 2“

Lw-RdMU
.

H/C Core :4.5 PCF Al 5052
Facesheets : Al 5005-1134 , 0.040” Ih
Panel Thickness : 1.5”

Kinematic Mnt Stayouts
2 places (+Y panel, lower
comers); 3.5” x 3.5” each

MACE Attach Pt. Stayouts
4 places (-Z panel, each
comer); 2.5’” x 2.5” each

Radiator Areas (overall)
-Z radialor : 70.65” x 54.5’”
+Y radiator : 54.5” x 37.7”

f

Figure 2.2 : Power EM Equipn~cnt Layout



Panel Materials
WC Core :4.5 PCF Ai 5052
Facesherxs : Ai 5005-H34 , 0.040” th
Panel Thickness : 1.5”

Kinematic Mnt and MACE
Stayouts
6 places (corners & mid(+/- Z))
3“ x 3“ each
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Figure 2.3 : Battery Hex Panel Equipn~ent Layout
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Table 2.1: Power EM Mechanical Parameters

Component Quantity Mn!ing size Unit Accur Reference Comments

Bfw

FSSE
H(X2
HCE5
Enabfe Pfug
Battery Assy

FSSH
EM Structure
EM Mounts
Pwr/Ci3DH Harness

2
1
1
1
3
2
1
1
1
1
1
6
1

Panef i_xWxH Weight Ciass

-z
-z
“z
-z
-z
-z
-x
+Y

-Xext
-Yext
NA
NA
NA

(inxinxin)

9.5X11X1O
22.4X16.5X1 1.7

9.1 X13.1X9.5
7.8x6x2

2.8x5x6.8
8x8x8
TBD

Figs 2.482.5
44x2.2

3.3X4.3X1 .7
54.5 X70.7X39.7

TBD
NA

(ib)

19,6
84.7
20.8
2.4
0.6
8

TBD
290
29
0$9
123
2.5

93.1

Battery Hex Panef Mechanlcaf Parameters

Battery Assy 1 +Y Figs 2.482.6 295
Panef Structure 1 NA 54.5X38X1 .5 30
Panef Mounts 6NA TBD 2.5
Panei Harness 1 NA NA TBD

4
4
3
2
3
3
3
3
2
2
3
3
3

3
3
3
3

17 gxceeds heat fiux
17
17
17
17
17
17
17
17
17
17
17
17

17
17
17
17

req’t

r
,11,

7125}93



Table 2.2 : Power EM and Battery Hex Panel Component Temperature Requirements

Component Measurement Design Range” NonOp Range* Stability[l ] Comments[l] Reference
Location

Power EM Strut TBD
Batt Panel Strut TBD
EM/Panel Mounts TBD
EM/Panel Harness NA
Enable Plug
HCE2
HCE5
BfZ

FSSE
FSSH

Batteries
avg cell stack

temp fimits

gradients

TBD
baseplate
baseptate
baseplate
baseplate
baseplate
baseplate
baseplate

cover
ext surface

normal op
off-normal op
launch/ascent
within stack
stack to cell
dome to dome

cell to cell
batt to batt

(c)

-50/80
-50/80
-20/60
-5150

-1 0/50
-24/61
-24/61
-10/50
-10/50
-10/50
-10/50
-10/50
-1 0/50
-1 0/50

-5/10
-5/20
-5130
3
7
10
3
3

(c)

NA
NA

-30/70
-25/60
-25/60
-34/71
-34171
-25/60
-25/60
-25/60
-25/60
-25/60
-25/60
-25/60

[2]

17
17
17
17
17
17
17
17
17
17
17
17
17
17

26
26
26 *
26
26
26
26
26

‘ Operating tl NonoperatingAcceptance Temp. Range (+/-5 C) outside Design Ranges
Operating 8 NonoperatingQual Temp. Range (+/-10 C) outside Design Ranges

[1] Unless otherwise noted, box operates in alt S/C modes/phases ~ has no stabifity/gradient req’t defined
[2] Battery prim/back-up HCE setpts above min design Iimit

l“

,,,,

7125193
d



Table 2.3 : Power EM Power Dlsslpations

Component UA-SA Fail tJA-SunPtSafe
(w) (w

EnabfePlug o 0
t-E2 0.5 each 0.5 each
HCE5 11 each 11 each
Harness ● * ● 9

BPC1 Tbl 2.5 Tbf 2.5
BPC2 Tbf 2.5 Tbf 2.5

(ecf/sun)41.7 (ecfps)41.7
(sun)42.7

8.5 8.5
FSSE 2.8 2.8
FSSH o 0

1.6 1.6

Batt Assy (es” Tbl 2.5 Tbl 2.5

b

Science-Max
(w)

o
0.5 each
15.5 each

● *

Tbf 2.4
Tbf 2.4

(ecfps)41 .7,
(sun)42.7

8.5
2.8
0

1.6

Tbl 2.4

Science-Min OO-SunPISafe OnOrbit-Surv
(w) (w) (w)

o 0 0

0.5 each 0.5 each 0.5 each
11 each 11 each 11 each

●* ● * ● *

Tbf 2.4
Tbf 2.4

(ecfps)41.7
(sun)42.7

8.5
2.8
0

1.6

Tbf 2.4 Tbl 2.4
Tbf 2.4 Tbf 2.4

(eclps)41.7 (ecf/sun)41.7
(sun)42.7

8.5 8.5
2.8 2.8
0 0

1.6 1.6

Tbl 2.4 Tbl 2.4 Tbl 2.4

Reference

17,4
17,4

17,4, 32
17,4, 33
17,4, 33

17,4

17,4
17,4
17,4
17,4

34

“ accuracy cfass contingency must be added to dissipations before using vafues in anafyses. Exceptions are
components with foad related dissipations (BPC, Batteries and harness)

● * Battery &l l/F Corm. to PDU harness fesses (33.6W see Section 2.2.2) applied to Pwr EM enclosure in f?YCmodet.
BPC to PDU harness losses shoufdbe added to BPC/PDU dfss.vafues shown above : BPCS-1.2W each; PDU-2.39W. r

,11,

.

7125193
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Table 2.4 : Transient Battery Power Dissipations ●

.

Time* Battery Cell Battery Cell Battery Cell
(m in) A: Science-rein B: Science-mx C: UA MUN

.-. ..
54cells operating 53c.ells operating 54cells operating

2330W load 2530W load 1740W load

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

2.679
2.77
2.86

2.949
3.038
3.126
3.253
3.39

3.525
3.658
3.789
3.92

4.048
4i203
4.374
4.543
4.709
4.893
5.075
5.253
5.428
5.574
5.658
5.681
5.647
5.532
5.339
5.14

0.588
0.588
0.588
0.588
0.588
0.588
1.052
1.242
1.42

1.585
1.724
1.868
2.016

2.021
2.123
2.235
2.346
2.456
2.566
2.674
2.782
2.941
3.11

3.278
3.444
3.609
3.836
4.123
4.407
4.706
5.003
5.292
5.567
5.836
6.061
6.365
6.538
6.623
6.763
6.767
0.646
0.646
0.647
0.647
0.648
0.648
1.346
1.683
2.011
2.267
2.536
2.787
2.949
3.115

2.923
2.995

3
3.136 *
3.235
3.344
3.451
3.558
3.662
3.766
3.869
3.97
4.07

4.181
4.295
4.409
4.521
4.632
4.758
4.881
5.003
5.122
5.24

5.357
5.472
5.585
5.697
0.549
0.55
0.55
0.55

0.551
0.551
0.551
0.884
1.007
1.121
1.236
1.328
1.416
1.507

7127193
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TabIe2.4
Time*
(rein)

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

: (contmuea)

2.107
2.195
2.284
2.357
2.415
2.473
2.529
2.569
2.611
2.652
2.688
2.722
2.757
2.789
2.817
2.846
2.874
2.898
2.923
2.947
2.969
2.989
3.01
3.03

3.049
3.068
0.231
0.277
0.323
0.369
0.415
0.461
0.525
0.603
0.68

0.757
0.834
0.91

0.986
1.061
1.136
1.213
1.291

3.253
3.358
3.547
3.621
3.695
3.755
3.816
3.873
3.922
3.971
4.014
4.054
4.094
4.127
4.161
4.193
4.223
4.253
4.279

4.303
4.328
4.352
4.376
4.401
-0.29

-0.271
-.0.249
-0.227
-0.205
-0.182
-0.16

-0.131
-0.076
-0.022
0.033
0.087
0.144
0.195
0.249
0.303
0.363
0.453
0.543

1.599
1.664
1.719
1.775
1.831 .

1.873
1.91

1.947
1.984
2.014
2.04

2.067
2.094
2.118
2.141
2.163
2.186
2.206
2.225
2.245
2.264
2.281
2.298
2.315
2.331
2.346
0.802
0.865
0.929
0.991
1.054
1.116
1.178
1.241
1.306
1.37

1.434
1.498
1.561
1.624

1.686
1.748
1.813

7t27r93
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85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

1.369
1.447
1.524

1.6
1.676
1.752
1.834
1.916
1.997
2.078
2.158
2.238
2.317
2.403
2.496

● T-O is entry into eclipse
Dissipations are for one cell

0.633
0.722
0.81

0.899
0.987
1.08

1.172
1.264
1.355
1.445
1.537
1.635
1.732
1.829
1.925

1.88
1.947
2.013
2.079
2.145
2.21

2.275
2.339
2.408
2.483

.

2.558
2.632
2.706
2.779
2.851

7127f93



Table 2.5 : Transient BPC Power Dissipations ●

Time* BPC Channel BPC Channel BPC Channel
(rein) A: Science-rein B: Science-max C: UA &Suw

-. . . -.

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

2530W load 1740W load2330W load

26.85
27.03
27.21
27.35
27.49
27.63
27.74
27.83
27.91
27.99
28.04
28.1

28.15
28.19
28.23
28.26
28.3

28.33
28.36
28.39
28.41
28.44
28.46
28.48
28.5

28.52
28.54
28.56
28.58
28.6

28.61
28.63
28.64
19.96
20.13
20.13
20.13
20.13
20.13
20.13

23.57
23.73
23.9

24.02
24.15
24.28
24.35
24.44
24.51
24.56
24.61
24.66
24.69
24.73
24.76
24.79
24.82
24.84
24.87
24.89
24.91
24.93
24.95
24.97
24.98

25
25.01
25.03
25.04
25.05
25.06
25.08
25.09
18.06
18.11
18.11
18.11
18.1
18.1
18.1

19.31
19.37 .

19.42
19.47
19.51
19.55
19.59
19.63
19.66
19.69
19.71
19.74
19.76
19.78
19.79
19.81
19.82
19.84
19.85
19.86
19.87
19.88
19.89
19.9
19.1
19.2
19.3
19.4
19.5
19.6
19.6

19.97
19.98
19.99
19.99

20
20.01
20.01
20.02
20.02

7/27193



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
5~

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

20.13
20.13
20.13
20.13
20.13
20.13
20.13
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.12
20.11
20.11
20.11
20.11
20.11

18.09
18.09
18.09
18.08
18.08
18.08
18.08
18.07
18.07
18.07
18.06
18.06
18.06
18.05
18.05
18.05
18.05
18.04
18.04
18.04
18.03
18.03
18.03
18.03
18.02
18.02
18.02
18.02
18.01
18.01
18.01

18
18
18
18

17.99
17.99
17.98
17.98
17.97
17.97
17.97
17.96
17.95
17.95
17.94
17.94
17.93

c.
.

20.03
20.04
20.04
20.05
20.05
20.06
20.06
20.07
20.07
20.08 .

20.09
20.09
20.1
20.1

20.11
20.11
20.12
20.13
20.13
20.14
20.14
20.15
20.16
20.16
20.17
20.17
20,18
20.18
20.19
20.2
20.2

20.21
20.22
20.22
20.23
20.23
20.24
20.25
20.25
20.26
20.27
20.27
20.28
20.28
20.29
20.29
20.3

20.31

7127/93



89
90
91
92
93
94
95
96
97
98
99

20.11
19.53
18.93
18.35
17.77
10.76
10.76
10.76
10.76
10.76
10.76

17.93
17.92
17.92
17.92
17.91
10.64
10.64
10.64
10.64
10.64
10.64

c.
20.31 .

20.32
20.32
20.33
20.34
20.34
20.35
20.35
20.36
20.36 .
20.37

“ T=O is entry into eclipse
Dissipations are for one channel
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2.3 : Recorder EM -.

The Recorder EM mechanical layout is documented in Reference 18 and shown
in Figure 2.10. Panel materials, stayout areas and overall structure and radiator
dimensions are also shown in this figure. The baseline design incorporates
CCHPS embedded in the (-Z) and (+Y) panels although their layouts have not
yet been finalized. CCHPS arc utilized to equalize the temperatures and heater
power requirements between operating and cold standby components or
between components that have variable power dissipations. The analysis of
panels with embedded CCHPS is as described in Section 1.8.2.

Heater control and modelling is as described in Sectio; 1.8.1. HCE2 designs are
used to control all components requiring heater power. References shown in
the tables described in this section are given in the List of References found at
the beginning of this document.

Material and surface finish properties used in the analysis of this EM are
given in Table 1.3. Surface finishes for each of the EM panels are listed below.
EM analyses will validate that these finishes are appropriate and determine
application areas for panels utilizing multiple finishes.

Zenith(-Z) :

Base(+Z) :

Sunside(-Y) ;

Space(+Y) :

End(-X) :

End(+X) :

Bulkhead ;

external:
internal:
external:
internal:
external:
internal:
external:
internal:
external:
internal:
external:
internal:
both sides

silver teflon and ML1
black paint
black paint
aluminized kapton
MLI
aluminized kapton
silver teflon and MLI
black paint
aluminized kapton
aluminized kapton
aluminized kapton and MLI
aluminized kapton
aluminized kapton

Mechanical parameters, including component size. weight. accuracy class and
mounting panel definition are shown in Table 2.6. Any exceptions to
component surface finish, contact area or component to panel interface
general guidelines described in Section 2.1 are also noted in this table.

Table 2.7 shows allowable component temperature ranges, as defined in
Section 2.1, for components located in the Recorder EM. These temperatures
are defined as the average component baseplate temperatures unless
otherwise noted. Table 2.7 also identifies all known component temperature
stability or gradient requirements. Blanks in the columns mean no stability or
gradient requirements exist for that component.

Power dissipations for components that are constantly dissipating are shown
in Table 2.8. Component transient dissipation profiles are given in Tables 2.9 .
The values listed in these tables are estimates that must be increased to reflect
the appropriate accuracy class contingencies as described in Section 1.6
before being used in any analysis. Exceptions to this inc!ude components with
load related power dissipations such as the harness where the required



c.
contingencies have already been applied to the loads used to calculate the
component power dissipations.

Assumptions regarding TDRSS contacts were provided via Reference 20 so the
profiles shown in Table 2.9 could be developed. These profiles impact only the
KSA modulators because SSR dissipations arc no longer impacted by TDRSS
contacts or by the recording, storing or playback of Instrument data as the
HRTRs were since it is assumed that memory is constantly powered on. Profile
A shows the dissipation to be used with the Science-min analysis. This assumes
that one of the 10 minute TDRSS contacts for this orbit is missed. Profile B
assumes the nominal TDRSS contact sequence of 2, 10 minute contacts occurs.
Profile C assumes an extended TDRSS contact of 20 minutes along with a 5
minute calibration contact occurs and should be used with the Science-max
analysis cases.



Panel Materials

WC Core : 1.6 PCF Al 5056
Faccshccts : Al 6061-T6 , 0.015” Ih
Panel Thickness : I”
Bulkhead Thickness : 0.5”

(+Y)
H/C Core : 1.6 PCF Al 5052
Faceshccls: Al 5005-H34 , 0.015” Ih
Panel Thickness : I”

Klnematlc Mnt Stayouts
2 places (+Y panel, lower
comers); 3.5” X 3.5” each

MACE Attach Pt. Stayouts
4 places (-Z panel, each
comer); 2.5” x 2.5” each

Radiator Areas (overall)
-Z radiator : 70.65” x 52.5”
+Y radiator : 52.5” x 36.7”

.

A
tlcl!2

—---—. ... . .

—-—— —_

—-——
—___

m._J _

DCU

J

,rlLl

—_ ———-
——..

t)AS
MOD

DAS
MOD /“’”

f
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Figure 2.10 : Recorder EM Equipment Layout



la~ie 2.6 : r+ecorder EM rwecnanlcaI Parameters

Component Quantity Mnting Size
Panel LxWXH

(inxinxin)

SSR-DMU
KSA

SSR-DCU
DAS Modulator

HCE2
EM Slructure
EM Mounts
Pwr/C&DH Harness

2
2
1
2
2
1
1
6
1
6
1

-z
-z
-z
+Y
+Y
+Y
+Z

-ZI+Y
NA
NA
NA

20.8x23.5x15
11x9x7.5

14.5x 12x7.7
20x6.2 x13.2

11x9x7.5
9.1 X13.1X9.5

8x4x3
2.8x5x6.8

52.5 X70.7X39.7
TBD
NA

Unit Accur Reference Comments
Weight Class

(lb)

210 4 17
20.3 3 17
40 4 17

38.5 4 17
20.3 3 17
20.8 3 17
1.7 3 17
0.6 3 17
86 3 17
2.5 3 17

62.4 3 17

r
,11,
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Table 2.7: Recorder EM Component Temperature Requirements

Component Measurement Design Range’ NonOpRange* Stability[ 1] Comments[l 1 Reference
Location (c) (c)

SSR-DMU
SSR-DCU
DAS Modulator

KSA

HCE2
EM Structure
EM Mounts
Harness

baseplate
baseplate
baseplate
baseplate
baseplate
basepfate
baseplate
basepfate

TBD
TBD
NA

-10/50
-10/50
-10/50
-10/50
-10/50
-10/50
-10/50
-24/61
-50/80
-20/60
“5/50

-25/60
-25/60
-25/60
-25/60
-25/60
-25/60
-25/60
-34171
NA

-30170
-25/60

[2] 17,16
[2] 17,16
12] 17,16
[2] 17,16
[2] 17,16

17
17
17
17
17
17

“ Operating & NonoperatingAcceptance Temp. Range (+/-5 C) outside Design Ranges
Operating & NonoperatingC)ualTemp. Range (+/-1O C) outside Design Ranges

[1] Unless otherwise noted, comp operates in all S/C modes/phases & has no stability/gradient req’t defined
[2] Held at -20C when component is not operating, Prim/back-up HCE set pt above cold start temp

7/25/93
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Table 2.8 : Recorder EM Power Dissipations ●

Component

SSR-DCU1
SSR-DCU2

KSA1
KSA2
Harness

SSR-DMU1
SSR-DMU2
DAS Modull
DAS Modu12

HCE2

UA-SA Fail L/A-SunPtSafe Science-Max
(w) (w) (w)

38.2 38.2 38.2
6.8 6.8 6.8
0 0 80
0 0 Tbl 2.9
0 0 0

0.5 0.5 0.5

0 0 50
0 0 50
0 0 49.2
0 0 0

8.5 8.5 8.5
1 1 1

0.5 each 0.5 each 0.5 each

Science-Min 00-SunPtSafe OnOrbit-Surv Reference
(w) (w) (w)

38.2 38.2 38.2 17,4
6.8 6.8 6.8 17,4
80 0 0 17,4

Tbl 2.9 0 0 17,4,20
0 0 0 17,4

0.5 0.5 0.5 17,4

50 0 0 17,4
50 0 0 17,4

49.2 0 0 17,4
0 0 0 17,4

8.5 8.5 8.5 17,4

1 1 1 17,4

0.5 each 0.5 each 0.5 each 17,4

● accuracy class contingency must be added to dissipations, except harness, before using values in analyses.
t r

,,,.
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Table 2.9 : Recorder EM Transient Power Dissipations

Time “ Science - min Science - max
(rein) KSA1 Dissip KSA1 Dissip

(w) (w)

o to 10 48.5 48.5
11 to25 8.5 48.5

26 to 100 8.5 8.5

● Time=O correspondsto solar noon
● * 20% contingency must be added to dissipations before using values in analyses

r
,,8,
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c.
.

2.4 : GN&C Sensor EM

The GN&C EM mechanical layout is documented in reference 18 and shown in
Figure 2.11. Panel materials, stayout areas and overall structure and radiator
dimensions arc also shown in this figure. Heater control and modclling is as
described in Section 1.8.1. HCE2 designs are used to control all components
requiring heater power. References shown in the tables described in this
section are given in the beginning of this document.

Material and surface finish properties used in the analysis of this EM are
given in Table 1.3. Surface finishes for each of the EM panels are listed below.
EM analyses will validate that these finishes are appropriate and determine
application areas for panels utilizing multiple finishes.

Zenith(-Z) : external: silver teflon and MLI
internal: black paint

Base(+Z) ; external: black paint
internal: aluminized kapton

Sunside(-Y) ; external: MLI
internal: aluminized kapton

Space(+Y) ; external: silver teflon and MLI-
intcrnal: black paint

End(-X) ; external: aluminized kapton
internal: aluminized kapton

End(+X) ; external: MLI and aluminized
internal: aluminized kapton

kapton

Mechanical parameters. including component size, weight, accuracy class and
mounting panel definition are shown in Table 2.10. Any exceptions to
component surface f~nish, contact area or component to panel intcrf ace
general guidelines described in Section 2.1 are also noted in this table.

Table 2.11 shows allowable component temperature ranges, as defined in
Section 2.1, for components located in the Sensor EM. These temperatures are
defined as the average component baseplate temperatures unless otherwise
noted. Table 2.11 also identifies all known component temperature stability or
gradient requirements. Blanks in the columns mean no stability or gradient
requirements exist for that component.

The Star Tracker mounting bracket design, based on the requirements of the
Ball Star Tracker, is shown in Figure 2.12. A dry conductive coupling is used
between the Star Trackers and the bracket as required by the Ball proposal. A
dry conductive coupling is also initially assumed between the bracket and the
optical bench. This was done to minimize the heat transferred into the optical
bench thereby reducing thermal distortion. The bracket and star tracker body
are assumed to be painted black.

Power dissipations for components that arc constantly dissipating are shown
in Table 2.12. The values listed in this table are estimates that must be
increased to reflect the appropriate accuracy class contingencies as described
in Section 1.6 before being used in any analysis. Exceptions to this include
components with load related power dissipations such as the harness where
the required contingencies have already been applied to the loads used to
calculate the component power dissipations.



Panel Materials
All Dj@S (~
WC Core :1.6 PCF Al 5056
Faccshcels: Al 6061 -T6 , 0.015“ th
(+/- X) Panel Thickness : I”
(-Y) Panel Thickness : 1.s”

[-Z) i% (+Y) ~
.

WC Core :1.6 PCF Al 5052
Faccshcets : Al 5005-H34 , 0.015” th
(-Z) Panel Thickness : I”
(+Y) Panel Thickness : 1.5”

[+2?)
WC Core :1.6 PCF Al 5052
Faccshcets : UHMS Gr/Ep (quasi-isolropic

Iayup) , 0.030” th
Panel Thickness : 1.25”

Kinematic Mnt Stayouts

3 places (+Y panel, lower
comers & midsidc)

3.5” x 3.5” each

MACE Attach Pt. !Uayouts
4 places (-Z panel, each
comer); 2.5” x 2.5” each

—.

FSU4SOM’
IIL[2 (OV ~ANtl )

\ \
.

A 1{1)11

,1141., , 1

.J . . . . . .

T-l-’=_- A“”( )
uST R

w
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T ACKER 2
TRACKER I

K —
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r
h II I v_—._... -- -. J ~

1 Y –--J —-———– —-— -–

.—---— m.-——–——.——-——— q

~“” ——.
-1
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Radiator Areas (overall)
-Z radiator :66” x 30”
+Y radiator : 66” x 27.5”, less

Nightshade cutouts

Figure 2.11 : GN&C Sensor EM Equipment Layout
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Figure 2.12 : Star Tracker Mounting Bracket
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Table 2.10 : GN&C Sensor EM Mechanical Parameters

Componenl Quantity Mnting
Panet

ACE 1 -z
MAGe 2 -z
MAGs 2 -z
Psu 1 -z
FDB 1 -z

1 -z
IRU 1 +Z

Slar Tracker 2 +Z

ST Mnl Bracket 1 +Z
HCE2 6 +1-Z
CSS-BodyMnt 1 +Yext
EM Structure 1 NA
EM Mounts-a 6 NA
EM Mounts-b 6 NA
Pwr/C&DH Harness 1 NA

Size
LxWXH
(inxinxin)

13.5x18x9
5.6x6 .5x2.1
4.7x2 .8x2.8

7X9.5X1O
8X4X3

9.1X13.1X9.5
13.2x 1O.7X1O.5

8x8x28

Fig 2.11
2.8X5X6.8
4X1.5X1.5
66X32X30

TBD
TBD
NA

Unit Accur Reference Comments
Weight Ctass

(lb)

46.5

1.6

1

12

1.7

20.8

37.5

?1.3

5

0.6

0.3
60.5
2.5
1.5

33.7

2

2

2

4

3

3

2

3

3

3

2

3

3

3

3

17
17
17
17
17
17

17,23 mnt rim t/F*
exceeds heat flux req’t

17,24 3-pt mnt to bracket
exceeds heat flux req’t

17
17
17
17
17
17
17

b

“ Radiative coupfing based on bare aluminum (e=O.5) facing opticaf bench in addition to ‘dry’ joint
conductive coupling along rim

r
,,,,
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Table 2.11 : GN81C Sensor EM Component Temperature Requirements

Component Measurement Design Range” NonOpRange” Stability[l I Commentsll] Reference
Location (c) (c)

ACE basepfate -10/50 -25/60 17
MAGe baseplate -10/50 -25/60 12] 17,16
MAGs basepfate “10/50 -25/60 [2] 17,16

basepfate -10/50 -25/60 17
basepfate -10/50 -25/60 17

IRU renting rim 10/40 -25/60 1 C/hr 17,27
Star Tracker renting pts(3) -10/40 -25/60

basepfate -10/50 -25/60
HCf2s basepfate -24/61 “34t71
EM Structure TBD -50/80 NA
EM Mounts TBD -20/60 -30/70
Harness NA -5150 -25/60
ST Mnt Bracket TBD -25/60 NA

[2] 17,16

17

17

3] 17

17

17

3] 17

● Operating & Nonoperating Acceptance Temp. Range (+/-5 C) outside Design Ranges
Operating & NonoperatingC)uafTemp. Range (+/-10 C) outside Design Ranges

[1J Unfess otherwise noted, box operates in afl S/C modes/phases & has no stabiiity/gtadient req’t defined
[2] MAG held at -1OC when not operating b

Star Tracker hefd at -20C when not operating; prim/backup HCE ste pt above cold start timil
13] Distortion Optical Bench static 5 arcsec/axis Ref 27

dynamic 1.3 arcsec/axis Ref 27 ‘
ST Brackets static 5 arcsec/axis Ref 27

dynamic 0.5 arcsec/axis Ref 27
Coplanarity none Ref 27

between STS

7125J93



Table 2.12 : Sensor EM Power Dissipations ●

Component UA-SA Faii L/A-SunPtSafe Science-Max Science-Min 00-SunPtSafe OnOrbit-Surv Reference
(w) (w) (w) (w) (w) (w)

ACE
MAGel
MAGs1
MAGe2
MAGS2

Harness

41
1.2
0
0
0

8.5
0.6
10.5

1
0.5 each

41
1.2
0
0
0

8.5
0.6
10.5

1
0.5 each

46
1.2
0
0
0

8.5
0.6
12.9

1
0.5 each

41
1.2
0
0
0

8.5
0.6
10.5

1
0.5 each

41
1.2
0
0
0

8.5
0.6
10.5

1
0.5 each

41
1.2
0
0
0

8.5
0.6
10.5

1
0.5 each

17,4
17,4
17,4
17,4
17,4
17,4
17,4
17,4
17,4
17,4

iRU 26 26 26 26 26 26 17,4
StarTrackl o 0 12 12 0 0 17,4
StarTrack2 o 0 12 12 0 0 17,4

CSS-BdyMt o 0 0 0 0 0 2.3.1

● accuracy ciass contingency must be added to dissipations, except harness, before using vaiues in anaiyses.
9 r
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2.5 : Communication/C&DH EM
.

The Comm/C&DH EM mechanical layout is documented in reference 18 and
shown in F@tre 2.13. Panel materials, stayout areas and overall structure and
radiator dimensions are also shown in this figure. Heater control and
modelling is as described in Section 1.8.1. HCE2 designs arc used to control all
components requiring heater power. References shown in the tables
described in this section are given in the beginning of this document.

Material and surface finish properties used in the analysis of this EM arc
given in Table 1.3. Surface finishes for each of the E?vf panels arc listed below.
EM analyses will validate that these finishes arc appropriate and determine
application areas for panels utilizing multiple finishes.

Zenith(-Z) : external:
internal:

Basc(+Z) ; external:
. internal:

Sunside(-Y) ; external:
internal:

Spacc(+Y) ; external:
. internal:

End(-X) ; external:
internal:

End(+X) ; external:
.. internal:

silver teflon and MLI
black paint
black paint
aluminized kapton
MLI
aluminized kapton
silver tcflon and ML1
black paint
MLI
aluminized kapton
aluminized kapton
aluminized kapton

Mechanical parameters, including component size. weight. accuracy class and
mounting panel definition are shown in Table 2.13. Any exceptions to
component surface finish, contact area or component to panel interface
generalities described in Section 2.1 are also noted in this table.

Table 2.14 shows allowable component temperature ranges. as defined in
Section 2.1, for components located in the Comm/C&DH EM. These temperatures
arc defined as the average component baseplate temperatures unless
othewise noted. Table 2.14 also identifies all known component temperature
stability or gradient requirements. Blanks in the columns mean no stability or
gradient requirements exist for that component.

Power dissipations for components that arc constantly dissipating are shown
in Table 2.15. Component transient dissipation profiles arc given in Tables 2.16.
Assumptions regarding TDRSS contacts were provided via Reference 20 so SBT
and BRF profiles shown in Table 2.16 could be developed. Science-min profiles
assume one of the 10 minute TDRSS contacts is missed. Science-max assumes an
extended 20 minute TDRSS contact with a 5 minute calibration contact. The case
where both SBTS and BRFs transmit continuously is evaluated to determine its
impact on component temperatures since this issue was raised at S/S PDRs and
Reference 21 states it could occur. h will not be used as a design case. Table 2.16
also shows the ADE L/A power profile. The values listed in these tables arc
estimates that must be increased to reflect the appropriate accuracy class
contingencies as described in Section 1.6 before being used in any analysis.
Exceptions to this include components with load related power dissipations
such as the harness where the required contingencies have already been
applied to the loads used to calculate the component power dissipations.



Panel Materials
d bei@

WC Core :1.6 PCF Al 5056
Facesheets : Al 6061-T6 , 0.015” th
Panel Thickness : I”

f+Y) R-
WC Core :1.6 PCF Al 5052
Facesheels: Al 5005-H34 , 0.015” th
Panel Thickness : l“

Kinematic Mnt Stayouts
2 places (+Y panel, lower
comers); 3.5” x 3.5” each

MACE Attach Pt. Stayouts
4 places (-Z panel, each
comer); 2.5” x 2.5” each

Radiator Areas (overall)
-Z radiator : 53.5” x 32”
+Y radiator : 53,5” x 26
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Figure 2.13 : Comm/C&DH EM Equipment Layout



Table 2.13 : COMM/C&DH EM Mechanical Parameters

Component Quantity Mntlng
Panel

CTIU

m
ADE
S8T

SBIU

H&2
EM Structure
EM Mounts
Pwr/C&DH Harness

2
2
2
1
2
1
2
1
1
9
1
4
1

“z
-z
-z
“z
+Y
+Y
+Z
+Z
+Z
+1-Z
NA
NA
NA

Size Unit Accur Reference Comments
LxWXH Weight Class
(inxinxin)

10.8X13.8 X1O.8
5X1O.9X9.1

4X8X6
10.5X9.5X1O

11x6x5
9.1X13.1X9.5

6x1 .8x2
21X1O.1X5

8x4x3
2.8X5X6.8

53.5X32X27
TBD
NA

(lb)

25.9
12.7

2
13.4
15.3
20.8
0.7

11.8

1.7

0.6

41

2.5

42.7

3
3
3
3
3
3
1
2
3
3
3
3
3

17

17
17
17
17
17
17
17
17
17
17
17
17

l“
,!!
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Table 2.14: COMM/C&DH EM Component Temperature Requirements

Component Measurement Design Range” NonOpRange* Stabilit y[ 1
Location (c) (c)

CTIU baseplate -10/50 -25/60
baseplate -10/50 -25/60

m baseplate “10/50 -25/60 10 C/hr
ADE baseplate “1OI5O -25/60
SBT baseplate -10/50 -25/60
BRF baseplate -10/50 -25/60

baseplate -10/50 -25/60
SBIU baseplate -10/50 -25/60
FDB baseplate -10/50 -25/60
HCE2 baseplate -24/61 -34171
EM Structure TBD -50/80 NA
EM Mounts TBD -20/60 -30/70
Harness NA “5150 -25/60

Comments[l

[2]

[2]

● Operating & NonoperatingAcceptance Temp. Range (+/-5 C) outside Design Ranges
Operating & NonoperatingQual Temp. Range (+/-1O C) outside Design Ranges

Reference

17
17,16

17
17
17

17,16
17
17
17
17
17
17
17

[1] Unless otherwise noted, box operates in all WC modes/phases & has no slability/gradient req’t defined
[2] Held at -1OC when component is not operating

\ r
,,,,
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Table 2.15: Comm/C&DH EM Power Dissipations ‘

Component L/A-SA Fail L/A-SunPtSafe Science-Max
(w) (w) (w)

CTIU1 31.2 31.2 31.2
CTIU2 25.4 25.4 25.4
Sccl 7 7 17
SCC2 o 0 0
Mol 8 8 8

8 8 8
Tbl 2.16 Tbl 2.16 5.5

SBT1 45 45 Tbl 2.16
SBT2 15 15 15

8.5 8.5 8.5

SBILt 1 1 1
1 1 1

0.5 each 0.5 each 0.5 each
Harness 0.2 0.2 0.2
BRF1 0.4 0.4 Tbl 2.16
BRF2 o 0 0

● accuracy class contingency must be added to dissipations,
.

Science-Min 00-SunPtSafe OnOrbit-Surv Re!erence
(w) (w) (w)

31.2 31.2 31.2 17,4
25.4 25.4 25.4 17,4

7 7 7 17,4,29
0 0 0 17,4
8 8 8 17,4
8 8 8 17,4

5.5 0 0 17,4

Tbl 2.16 45 45 17,4
15 15 15 17,4
8.5 8.5 8.5 17,4

1 1 t 17,4
1 1 1 17,4

0.5 each 0.5 each 0.5 each 17,4
0.2 0.2 0.2 17,4

Tbl 2.16 0.4 0.4 17,4
0 0 0 17,4

t

except harness, before using values in analyses.

r
,,,,
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Table 2.16 : COMM/C&DH EM Transient Power Dissipations

Time “ Science - min Science - min Science - maxScience - max Reference
(rein) SBT1 Dissip BRF1 Dissip SBT1 Dissip BRF1 Dissip

(w) (w) (w) (w) !

o to 10 45 0.4 45 0.4 17,20
11 to 25 15 0 45 0.4

26 to 100 15 0 15 0

For impact oniy : Apply to Science - max
Time ● Dissipation*” Reference
(rein) (w)

SBT1 o to 100 45 21
SBT2 o to 100 45
BRF1 o to 100 0.4
BRF2 o to 100 0.4

Launch/Ascent Mode : ADE
Time ● ADE Dissip
(rein) (w)

o to 54 0
55 to OnOrbit 5.5

entry into Surv return to O
entry into Safe return to O

r
,,,,

1+

● Time=O corresponds to soiar noon or, for PreSA, T=O is Go-To-internal Pwr
●* 20% contingency must be added to dissipations before using vaiues in anaiyses
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2.6 : DAS Panel

The DAS panel mechanical layout is documented in Reference 18 and shown in
Figure 2.14, Panel materials. stayout areas and overall structure and radiator
dimensions are also shown in this figure. The DAS panel utilizes embedded
CCHPS to remove heat from the FETs located in the DAS power
amplifier/transmitters (XMTRS). The actual CCHP design is on hold pending the
finalization of the XMTR design concept. The EM models will represent straight
CCHPS to show the effect CCHPS have on component temperatures and heater
power requirements. The analysis of panels with ~embeddcd CCHPS is as
described in Section 1.8.2.

Heater control and modelling is as described in Section 1.8.1. HCE2 designs are
used to control aIl components requiring heater power. References shown in
the tables described in this section are given in the beginning of this
document.

Materia[ and surface finish properties used in the analysis of this panel arc
~ivcn in Table 1.3. Surface finishes for the uanel are listed below. Panel
;nalyses will validate that these finishes a;e
application areas for the multiple finishes.

Space(+Y) : external: silver teflon
.. internal: black paint

Mechanical parameters, including component size.
mounting panel definition are shown in Tabie

appropriate and determine

and ML1

weight, accuracy class and
2.17. Any exceptions to

compon;nt - surface finish. contact area or component to - panel - interface
general guidelines described in Section 2.1 are also noted in this table.

Table 2.18 shows allowable component temperature ranges, as defined in
Section 2.1, for components located in the DAS panel. These temperatures are
defined as the average component baseplate temperatures unless otherwise
noted. Table 2.18 also identifies all known component temperature stability or
gradient requirements. Blanks in the columns mean no stability or gradient
requirements exist for that component.

Power dissipations for components that are constantly dissipating are shown
in Table 2.19. The values listed in these tables are estimates that must be
increased to reflect the appropriate accuracy class contingencies as described
in Section 1.6 before being used in any analysis. Exceptions to this include
components with load rdated power dissipations such as the harness where
the required contingencies have already been applied to the loads used to
calculate the component power dissipations.



Panel Materials
H/C Core: 1.6 PCFA15052
Faccshects : Al 5005-H34 , 0.015” th
Panel Thickness : 2“

1

Kinematic Mnt and MACE
Slayouts
; p;aysc~;mcrs & mid(-Z) )

,, ,0

I —. a L.
ohs

uc/fs

❑✏DAS
wy?s

—

24
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r
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Figure 2.14 : DAS Panel Equipment Layout



Table 2.17 : DAS PANEL Mechanical

Component QuanIily Mnting
Panel

Upconverter 2 +Y
PwrAmp/XMTR 2 +Y
WG Switch 1 +Y
Filter Assembly 1 +Y

Parameters

Size
LxWXH
(inxinxin)

3.5X3.5X1 .2
7.5x3 .5x2.1
3.8x2 .5x2.5
6x1 .5x0.7

1 +Y 9.1X13.1X9.5
1 +Y 8x4x3

f-cE2 4 +Y 2.8X5X6.8
Panel Structure 1 NA 54.5X24X2
Panel Mounts 5 NA TBD
Pwr/C&DH Harness 1 NA NA

Unit Accur Reference Comments
Weight Class

(lb)

1 3 17
2.3 3 17 gxceeds heat flux
2 3 17
1 3 17

20.8 3 17
1.7 3 17
0.6 3 17
12 3 17
1 3 17

9.8 3 17

req’t

6-
-L

b

f

,,, .
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Table 2.18: DAS PANEL Component Temperature Requirements

Component Measurement Design Range* NonOpRange* Stability[l ] Comments[l]
Location (c) (c)

Upconverter baseplate “10/50 -25/60 [2]
Transmitter baseplate -10/50 -25/60 12]
WG Switch baseplate -10/50 -25/60 [2]
Filter Assembly baseplate -10/50 -25/60 12]

baseplate -10/50 -25/60
baseplate -10/50 -25/60

Panel Structure TBD -50/80 NA
Panel Mounts TBD -20/60 -30/70
Harness NA -5/50 -25/60
HCE2 baseplate -24/61 -34/71

● Operating & NonoperatingAcceptance Temp. Range (+/-5 C) outside Design Ranges
Operating & NonoperatingQual Temp. Range (+/-10 C) outside Design Ranges

Reference

17,16
17,16
17,16
17,16

17
17
17
17
17
17

[1] Unless otherwise noted, box operates in all S/C modes/phases & has no stability/gradient req’t defined
[2] Held at -20C when component is not operating

r
,,,.
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Table 2.19 : DAS Panel Power Dissipations ●

r

Component IJA-SA Faii L/A-SunPtSafe Science-Max Science-Min 00-SunPISafe OnOrbit-Surv Reference
(w) (w) (w) (w) (w) (w)

Upconvl
Upconv2
PwrAmp
PwrAmp
WG Switch
Fiiter Assy

Harness
HCE2

o
0
0
0

0
0

8.5
1

0.1
0.5 each

o
0
0
0
0
0

8.5
1

0.1
0.5 each

1
0

57
0
0

1.5
8.5

1
0.1

2 at 1.25 ea
2 at 0.5 ea

1
0

57
0
0

1.5
8.5
1

0.1
0.5 each

o
0
0
0
0
0

8.5
1

0.1
0.5 each

o
0

0
0
0
0

8.5
1

0.1
0.5 each

17,4
17,4

17,4,30
17,4
17,4
17,4
17,4
17,4
17,4
17,4

● accuracy ciass contingency must be added to dissipations, except harness, before using vaiues in analyses.

7125193
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2.7 : RWA EM

The RWA EM mechanical layout is documented in Reference 18 and shown in
Figure 2.15. Panel materials. stayout areas and overall structure dimensions
are also shown in this figure. The RWA mounting bracket designs arc shown
in Figure 16. A wet joint is assumed between the RWA and the bracket and a
Chotherm gasket is used between the bracket and the mounting panel. Heater
control and modelling is as described in Section 1.8.1. HCE2 designs are used to
control all components requiring heater power. ~eferences shown in the
tables described in this section are given in the beginning of this document.e

Material and surface finish properties used in the analysis of this EM are
given in Table 1.3. Surface finishes for each of the EM panels are listed below.
EM analyses will validate that these finishes are appropriate and determine
application areas for panels utilizing multiple finishes. Mechanical
parameters, including component size, weight, accuracy class and mounting
panel definition are shown in Table 2.20. Any exceptions to component surface
finish, contact area or component to panel interface generalities described in
Section 2.1 are also noted in this table.

Zenith(-Z) : external:
internal:

Nadir(+Z) ; external:
internal:

Sunside(-Y) ; external:
internal:

Base(+Y) ; external:
. internal:

End(-X) ; external:
. internal:

End(+X) ; external:
.. internal:

MLI
aluminized kapton
silver teflon and MLI
black paint
MLI
black paint
MLI
aluminized kapton
MLI
black paint
MLI
aluminized kapton

Table 2.21 shows allowable component temperature ranges, as defined in
Section 2.1, for components located in the RWA EM. These temperatures arc
defined as the average component baseplate temperatures unless otherwise
noted. Table 2.21 also identifies all known component temperature stability or
gradient requirements. Blanks in the columns mean no stability or gradient
requirement exists for that component.

Power dissipations for components that are constantly dissipating are shown
in Table 2.22. Component transient dissipation profiles are given in Tables 2.23.
The values listed in these tables are estimates that must be increased to reflect
the appropriate accuracy class contingencies as described in Section 1.6
before being used in any analysis. Exceptions to this include components with
load related power dissipations such as the harness where the required
contingencies have already been applied to the loads used to calculate the
component power dissipations. The power dissipation currently baselincd for
the RWAS during the Science-max case of Table 2.22 is a ‘constant 15W. It is
possible that, in the event of an attitude failure, the RWAS may see the
transient profile given in Table 2.23. This profile will therefore be evaluated
so its impact on the RWA temperatures can be assessed but it will not bc used as
the basis of the design effort.



1

Panel Materials

WC Core :1.6 PCF Al 5056
Faceshccts : Al 6061-T6 , 0.015” th
Panel Thickness : I”

r / (-Yl&( x) P*.

WC Core :1.6 PCF Al 5052
Faccshects : Al 5005-H34 , 0.0 15“ th
(+2) Panel Thickness : 1.5”
(-Y/-X) Panel Thickness : l”

Kinematic Mnt Stayouts
(+/-X), (+/-2) 2 places each,

all in comers adjacent to
(+Y) panel

3.5” x 3.5” each

MACE Attach Pt. Stayouts
4 places (-Y panel, each
comer); 2.5” x 2.5” each

Radiator Areas (overall)
+2 radiator :59 x 23”

,,

fl
-Y radiator : 59” x 28”

I I

-X radiator :26” x 23” ,,, ,

Figure 2.15 : RWA EM Equipment Layout
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Table 2.20 : RWA EM Mechanical Parameters

Component Quantity Mnting
Panel

RWA

HCE2
RWA Mnt Brackets
EM Structure
EM Mounts
Pwr/C&DH Harness

4

1

1

4

2

1

4

1

+Z
+Y
-x
+Y
+Z
NA
NA
NA

Size
LxWxH
(inxinxin)

8.5X18
9.1X13.1X9.5

8x4x3
2.8X5X6,8
Fig 2.15

59X25X28
TBD
NA

Unit Accur Reference Comments
Weight Class

(lb)

31.6
20.8
1.7
0.6

29.4
40
2.5

41.7

2 17,25 mnt rim (40sqin)
3 17
3 17
3 17
3 17
3 17
3 17
3 17

r
,,,.
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Table 2.21: RWA EM Component Temperature Requirements

Component Measurement Design Range* NonOpRange” Stability ● * Comments** Reference
Location (c) (c)

RWA

EM Structure
EM Mounts
Harness
RWA Mnt Bracket
HCE2

mnling rim
baseplate
baseplate

TBD
TBD
NA

TBD
baseplate

-10/50
-10/50
-10/50
-50/80
-20/60
-5/50
-50/80
-24/61

-25/60
-25/60
-25/60
NA

-30170
-25)60
NA

-34/7 1

17
17
17
17
17
17
17
17

● Operating & NonoperatingAcceptance Temp. Range (+/-5 C) outside Design Ranges
Operating & NonoperatingC)ualTemp. Range (+/-1O C) outside Design Ranges

“b Unless otherwise noted, box operates in all S/C modes/phases & has no stability/gradient req’t defined
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Table 2.22 : RWA EM Power Dissipations ●

Component iJA-SA Faii L/A-SunPtSafe Science-Max
(w) (w) (w)

RWA1
RWA2
RWA3
RWA4

HCE2
Harness

Tbi2.23
Tbi2.23
Tb12.23
Tbi2.23

8.5
1

0.5 each
0.2

Tbi2.23
Tbi2.23
Tbi2.23
Tbi2.23

8.5
1

0.5 each
0.2

Tbi2.23
Tbi2.23
Tbi2.23
Tbi2.23

8.5
1

0.5 each
0.2

Science-Min OO-SunPtSafe OnOrbit-Surv Reference
(w) (W)[l] (w)

6
6
6
6

8.5
1

0.5 each
0.2

6 min/15 max
6 min/15 max
6 rnln/15 max
6 min/15 max

0.5
1

0.5 each
0.2

6
6
6
6

8.5
1

0.5 each
0.2

17,4,31
17,4,31
17,4,31
17,4,31

17,4
17,4
17,4
17,4

“ accuracy ciass contingency must be added to dissipations, except harness, before using vaiues in anaiyses.
[1] for hot case anaiysis use max.; for cold case anaiysis use min

-J
P

7125/93
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Table 2.23 : RWA EM Transient Power Dlsslpatlons

A-LaunchlAscant Mode

Component Time “ Dissipation””
(mIn) (w)

RWA1 -4 (G+O)to(G+25)
(G+25)toOnOrbi 165

B-Full torque profllo (us. with Sclonce-max; Impact only)

(allow RWAS to come to dynamic steady slate with 15W, then apply transient below)
Component Time “ Dissipation””

(rein) (w)

RWA1-4 o to 4.55 ramps:15tol16
4.55 to 100 28

● Time=O corresponds to solar noon . G=Go-To-Internal power prior to Launch
““ 20’% contingency must be added to dissipations before using values in analyses
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2.8 Propulsion Module
.

The Propulsion Module mechanical layout is shown in Figure 2.17. Panel
materials, stayout areas and overall structure and radiator dimensions are also
shown in this figure. Heater control and modelling is as described in Section
1.8.1. The HCE2B design is used to control all components requiring heater
power. References shown in the tables described in this section are given in
the List of References found at the beginning of this document.

The S/C level model includes representations for the hydrazine tank,
internally mounted HCES, BDU and PMEAs and externally mounted EPCS and
FDBs. The extemaI boxes are MLI covered, except for the EPC radiators which
are covered with silver tcflon. The detailed Propulsion Module model includes
representations for all components.

Material and surface finish properties used in the analysis of this module are
given in Table 1.3. Surface finishes for the module arc listed below. Propulsion
Module analyses will validate that these finishes arc appropriate and
determine application areas for the multiple finishes.

Prop Base(-X) : external: MLI
.. internal: black paint

Mechanical parameters. including component size, weight, and accuracy class
are shown in Table 2.24. Any exceptions to component surface finish, contact
area or component to panel interface general guidelines described in Section
2.1 arc also noted in this table.

Table 2.25 shows allowable component temperature ranges, as defined in
Section 2.1, for components located in the Propulsion Module. These
temperatures are defined as the average component baseplate temperatures
unless otherwise noted. Table 2.25 also identifies all known component
temperature stability or gradient requirements. Blanks in the columns mean
no stability or gradient requirements exist for that component.

Power dissipations for components that arc constantly dissipating arc shown
in Table 2.26. Two values are shown for Science-max case. The lower power
represents the normal quiescent dissipation while the higher power
represents the dissipation during Delta-V. maneuvers, as documented in
Reference 38. The values listed in these tables are estimates that must be
increased to reflect the appropriate accuracy class contingencies as described
in Section 1.6 before being used in any analysis. Exceptions to this include
components with load related power dissipations such as the harness where
the required contingencies have already been applied to the loads used to
calculate the component power dissipations.
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la~le 2.24 : Propulsion Moduie Mechanical Parameters

Component Quantity Mnting Size Unit Accur Reference

4
3

1 Ibf REA 12
Vatve
Engine

5 Ibf REA 4
Valve
Engine

PMEA 2
1

HCE2B 2
Lines

external NA
internal NA

Latch Vafves 2
Service Valves 2
Press Xdcrs 1
Fiiters 2
Tank 1
Harness 1
-X panel 1

Sup”t Strut/fitting: 12
Tank Sup’t Ring 1

Panel LxWxHor ODXL Weight Class

-X(ext)
-X(exl)

-X(ext)
-X(ext)

-X(ext)
-X(ext)
-X(int)
-X(int)
-X(int)

-X(ext)
-X(int)
-X(int)
-X(lnt)
-X(int)
-X(int)
-X(lnt)
Both
NA

-X(int)
-X(lnt)

(in)

7X7.3X1.5
4x8x3

1.1X3.5
1.4 rnaxx301

1 .5X0.9
2.3x3.74

8.8x9 .3x8.5
9.5 X9.1X1O.3

2.8x5x6.8

.25x35 ft
0.25x45 ft
1.8x2.6x1 .8

TBD
1.25x3.7
0.9x3.25

40.6x33.8
NA

62.15 x61.4 Hex
TBD
TBD

(lb)

2
1.7

0.45
0.28

0.4
0.84
14.3
17.8
1.3
3

0.75
0.25
0.6
0.4
76
33

76.5
27.4
9.5

3
3

1
1

1
1
3
3
3

3
3
1
1
1
1
1
3
3
3
3

17
17

38
38

38
38
17
17
17
17
38
38

17,38
17,38
17,38
17,38
17,38
17,38
17,38
17,38
17,38

Comments

MLI
MLI

MLi
gold plated

MLI
gold plated

MLi
Aium Kapton
Alum Kapton
Alum Kapton

Alum Kapton ‘
2 layer MLi

2 Iayer MLI

r
,*,
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Table 2.25 : Propulsion Module Component Temperature Requirements

Component Measurement Design Range* NonOpRange* Stability” ● Comments”” Reference
Location (c) (c)

PMEA

HCE2B
Tank
Wet Components

Latch Valve
Lines
Filters
Service Valve

Structure

basepfate
baseplate
baseplate
baseplate
baseplate
baseplate

TBD
TBD
TBD
TBD
TBD

-10/60
-10/60
-10/50
-10/50
-24/61
12/40

12140
12/40
12/40
12/40
NA

-25/70
-25/70
-25/60
-25/60
-34/71
TBD

TBD
TBD
TBD
TBD
-60/80

17
17
17
17
17
17

17
17
17
17
17

“ Operating & Nonoperating Acceptance Temp. Range (+/-5 C) outside Design Ranges
Operating & NonoperatingQual Temp. Range (+/-10 C) outside Design Ranges

“* Unfess otherwise noted, box operates in afl WC modes/phases & has no stability/gradient req’t defined

7/27193
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Table 2.26 : Propulsion Moduie Power Dissipations ●

Component UA-SA Faii L/A-SunPISafe Science-Max
(w) (w) (w) “*

EPCIA 0.4 13.2 2.1 I 25.3
EPC1B 5 7.3 7.4 I 26.6
EPC2A o 0
EPC2B 2.3 8.6
FDB1 0.3 0.6
FDB2 0.3 0.3
FDB3 0.3 0.3
PMEA1 0.96 10
PMEA2

6.2 6.2
HCE4 2 2
Press Xdcr 0.5 0.5

“ atxuracy ciass contingency must be added to
●“ lower vaiue corresponds to quiescent mode;

0/0
2.3 I 8,6

0.5 I 1
0.5 I 1
0.5 I 1

3.2 t 5.9
0/0
6.2
2

0.5

Science-Min 00-SunPtSafe OnOrbit-Surv Reference
(w) (W)[l] (w)

0.4 13.2 0.4 38
5 7.3 5
0 0 0

2.3 8.6 2.3
0.3 0.6 0.3 38
0.3 0.3 0.3
0.3 0.3 0.3

0.96 10 0.96 38

6.2 6.2 6.2 38
2 2 2 38

0.5 0.5 0.5 38

dissipations, except harness, before using values in anaiyses.
higher value corresponds to Deita-V mode

-i
“w

7t27193
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Table 2.27 : Distributed Housekeeping Equipment Temp & Size Requ~ements

Component

Primary Structure
Harnessing

S-Band Omnis
antennae
boom (zenith)
boom (nadir)

DAS Antennae
DAS boom

PRA
Ess

E
CSS (SA mounted)

Size Operating Nonoperating Reference
(L”XW”XH-) Design Temp Design Temp

(UXOD-)

Fig 2.18
NA

5x4.5
21X2
42x2

6.5x23
42x2

44x2.2
10X9X7
5x3.9

7x7.9x4.3
4.1x4 .1x2.5

CSS (Body mounted 4x1 .5x1.5
FSSH 3.3 X4.3X1.7
BDU (Instr) 9.5 X9.1 X1O.3
FDB (Instr) 8x4x3

2.8x5x6.8

SAD
Ssu 28.5x16.5x8
SA Elev Hinge

HGA boom
HGA Hinge/Damper

(c)

-30/50
-5/50

-85/1 20
-60/70
-60/70
-85/90
-60/70

-1 0/50
-5/50

-10/35
-10/50
-95/90
-95/90
-10/50
-10/50
-10/50
-24/61

-24/61
-1 5/55
-60/70

-60/70
-1 0/55

(c)

NA
-25/60

.

-100/130
NA
NA

-1 00/1 00
NA

-25/60
-25/60
-35/65

-25/65
-110/100
-110/100

-30/65
-25/60
-25/60
“34f71

-50/71
-35/80
NA

NA”
“50/70

17
17

17
17
17
17
17

17
17
17.

17
17
17
17
17
17
17

17
17
17

17
17

7/27/93



Table 2.28 : Distributed Housekeeping

UA-SA Fail LA-SunPt

Primary Struct
Harnessing
S-Band Omnis

zenith
nadir

DAS Antennae
MTR (X,Y,Z)

PRA

E
Css

Body mounl
SA mount

FSSH

SAD
SSU Eclipse

Shunt

Mast Motor

HGA Release Mec
H(W

standby
transmit

(g

(w)

o
2

1
1
0

1.6ea

o
3.1
7.4

0
0
0

7.5
1

0.5

36.5
NA

10/0

o

0/250/0

13150

(w)

o
2

1
1
0

Equipment Dissipations

Safe Science-max Science-rein 00-SunPt Safe 00- Surv Comment

1.6ea

o
3.1
7.4

0
0
0

7.5
1

0.5

36.5
NA

10 I15IO

0/55/0

0/250/0

13150

(w)

o
62

1
1
0

1.6ea

o
3.1
7.4

0
0
0

7.5
1

0.5

36.5
88
0

0

0

136
145

(w)

o
62

1
1
0

1.6ea

o
3.1
7.4

0
0
0

7.5
1

0.5

36.5
88
0

0

0

136
145

7/27/93

(w)

o
4

1
1
0

1.6ea

o
3.1
7.4

0
0
0

7.5
1

0.5

36.5
88
0

0

0

136

(w)

o
2

1
1
0

1.6ea

o
3.1
7.4

0
0
0

7.5
1

0.5

36.5
88
0

0

0

136

\

SA tracking r

beginsshunt ,11,
10W GTllhruG+25
15W G+25thruG+45
55W G+251hruG+40

250W G+l 15thruG+125
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2.9 Distributed Housekeeping Equipment
:

Components included in this category include all those not contained within
an Equipment Module (EM). Tables 2.27 and 2.28 summarize lhe distributed
equipment temperature requirements and dissipations for different
component operating states, and operating state definition for each Spacecraft
operating mode that will be included in Spacecraft PDR analyses. Heater
control for these components is as described in Section 1.8.1. HCE2 designs will
be used for any co~ponents requiring heater power.

m

2.9.1 Spacecraft Core Structure

Figure 2.18 shows the detailed mechanical layout of the
mimarv structure. as documented in Reference 39. The

EOS-AM Spacecraft
structure consists of

~raphi;e-epoxy (GE) tubes with Titanium end fittings that attach to Titanium
node fittings. Details of these components are included in the primary
structure TRASYS file used to generate core internal radiative couplings and
the Spacecraft SINDA model used to determine temperatures and gradients.

2.9.2 Electrical Accommodations / Harnessing

Harness losses from the main power harness are included in the S/C level
thermal models by including a power dissipation term on the structural tubes
or equipment pariel where ‘the harness is ‘routed. The following summary of
harness dissipations is based on Ref 2.22:

Piss ~watO

12.27
13.49

2.74
5.04
2.39
2.39
7.83

H-84

61.99

PDU)

Battery I to BPC 1
Battery 2 to BPC 2
Misc. loads(ICB to
ICB to PDU
BPC 1 to PDU
BPC 2 (0 PDU
ASTER power distribution

Total

lo-
.

e

see F@e 2.18
see F@we 2.18
hex closeout panel
hex closeout panel
PMAD equipment panel
PMAD etwipment panel
VNIR pla~e - -
see F@re 2.18

2.9.3 Magnetic Torquer Rods

Figure 2.1 illustrates the current location and orientation of the Magnetic
Torquer Rods (MTRs) for the EOS Spacecraft.

2.9.4 Instrument BDUS and HCES

Figure 2.19 also illustrates the current location of the Instrument Bus Data
Units (BDUS) and HCES for the EOS Spacecraft.
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2.9.5 Sensors/Antennas

Figure 2.1 illustrates the current location of the external sensors and antennas
for the EOS Spacecraft. The bracket design for the Earth Sensor Scanner (ESS)
and the F]ne Sun Sensor Head (FSS H) is shown in F@re 2.20.

2.9.6 Solar Array Equipment

Figure 2.21 depicts the current mechanical configuration of the solar array
(S/A) equipment, including the Solar Array Drive (SAD), Sequential Shunt
Unit (SSU), and the sub-contracted Solar Array “ Assembly (SAA) which
includes the S/A, mast and cannister, blanket boxes, elevation hinge and DEU.
Detailed analyses of the SAA are the responsibility of the subcontractor, TRW.
For S/C level thermal analysis, reduced thermal models (RTMs) submitted by
TRW were included in the S/C model. The RTMs provided by TRW are as follows :

TRASYS : SAARDT21 .INP 6/1 8/93
SINDA : SAARDS21.SIN. 6/18/93

2.9.7 High Gain Antenna Equipment

Figure 2.21 also depicts the current mechanical configuration of the
deployment hinge/damper and boom, and the subcontracted High Gain
Antenna Assembly (HGA electronics box, reflector dish, and Gimbal Drive
Assembly). Detailed analyses of the High Gain Antenna Assembly (HGAA) are
the responsibility of the subcontractor, SPAR. RTMs provided by SPAR have
been included in the S/C level model. In this model, the HGAA is assumed to be
fixed with the reflector facing the +Y direction. RTMs provided by SPAR arc ss
follows:

TRASYS SINDA

Deployed TRABOL.INP SINMDL.DAT 6/2/93
TRAEOL.INP

Stowed TRABOL.INP TEMPRDL 6/30/93
TRAEOL.INP
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Figure 2.21 : Solar Array P“ HGA Layouts



‘“\

3.1 Payload Configuration

This section documents the EOS AM Instrument configuration that will be used
for S/C PDR analyses. An overall payload layout is shown in Figure 3.1. For S/C
PDR thermal analysis of the Instruments. the latest GSFC provided RTMs will be
used to include Instrument thermal control surfaces, internal nodes, and
dissipations into the overall Obsenatory thermal model. The latest RTMs were
received 11/92 and subsequently modified per GSFC memo. References 35, 36.
and 37 document these deliveries. A summary of the RTMs used in this analysis
is shown beiow.

TRASYS SINDA

ASTER
SWIR SWR-THV3.INP SWR-SHV3JNP

SWR-SCV3.INP
TIR TIR-TH3.INP TIR-SHV3.INP

TIR-SCV3.lNP
VSR VSR-THV3.INP YSR-SHV3.INP

VSR-SCV3.INP
VEL VEL-THV3.INP VEL-SHV3.INP

VEL-SHV3.INP
CSP CSP-THV3.INP CSP-SHV3.INP

CSP-SCV3.INP
MPS MPS-THV3.INP MPS-SHV3.INP

MISR

MODIS

MOPITT

3.2 Instrument to

The thermal interface

MPS-SCV3.INP

CRA-THV3.INP CRA-SHV3.INP
CRF-THV3.INP CRF-SHV3.INP

MSR-THV3.INP MSR-SHV3.INP

MDN-THV3.INP MDN-SHV3.INP

MPT-THV3.INP MPT-SHV3.INP

Spacecraft Thermal Interface (General)

between the EOS AM Spacecraft and each Instrument
consists of the mounting interface and the CPHTS coldplate, if used.
Throughout the design phase, these interfaces have been defined by
specifying the temperature range of the of the mounting
interface.

The thermal coupling of any Instrument to the Spacecraft includes conductive
couplings through its structural mounting configuration (and CPHTS
coldplate, if applicable) and a radiative coupling through the MLI on the
underside of the Instmment to the mounting plate or S/C core, depending on
whether a plate or direct (kinematic mount to primary structure node fitting)
mounting system is used. Detailed descriptions and analysis of each CPHTS is
documented in the CPHTS analysis repo~, Reference 40. Figure 3.2 provides a

87
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schematic representation of the Instrument to Spacecraft thermal interface
that is to be controlled.

For this analysis, it is assumed that:

EOS AM direct mount Instruments (ASTER: SWIR, TIR: MISR, MODIS,
MOPITT) utilize a UARS heritage kinematic mount design to attach to the
Spacecraft structural node fittings.

Plate, or hard mounted. Inst~ments (ASTER : CSP, MPS, VEX-, VSR; CERES)
attach to an IMP using Titanium screws and a combination of MLI and GIO
thermal isolation material. ASTER VSR is assumed to have no isolation
material between the mounting feet and the Instrument Mounting Plate
(IMP).

CPHTS coldplate intetface is 264 sqin wim a O.O1O inch Cho~crm 1679 I/F
material. The coldplatc is mounted using 24 bolts (TBR).

90
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1 SCOPE

This document captures the content of the Ground System Requi.mments Database as it existed on
July 14, 1993. The database is continuously being updated as ~quirements become known or
change.

The Ground System Requirements Database is produced and maintained as one of a group of
“on-line” databases using the INGRES application on the EOS-IIS. It is intended that the User

seeking the latest information,will accessthe data via anEOS-IIS Workstation. Thisdatabasewill
be maintained by Martin Marietta Corp. until its content is incorporated into an official program
document.

These requirements are levied by the EOS-AM1 Spacecraft upon the EOS Ground System to ensure
that the S/C will be operated”in its designed manner.
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1.1.2.1 Responsible GroundElement EOC Last Revised 02-jul-1993

EOC shall be capable of sendingEOS-AM tw+time and load-data commands. Most EOS-AM
commandsshall be formattedas 1553-B data bus messages. (Direct CI’IUCommandsandFARM
control commands are excepted) Each command is then formatted into a CCSDS packet (one
commandper packet) and the packetis formatted into a CCSDSTelecommandTransfer Frame for
transmissionthroughEDOS. Detailsof the formats andratesforEOS-AM commandsam provided
in the “Data Format Control Book” ICD-106

1.1.2.2 Responsible GroundElement EOC Last Revised 31-mar-1993

TheEOC shall be capableofgeneratingcommandsto the Spacecraftduringeach scheduledTDRSS
contact. Real-time commands to contlgure Spacecraft communications links and to dump the
recorded data may be expected during each contact. Commandsto change the S/C conf@uration,
load the Stored CommandTable,andloador changeother S/Ctables or memorylocations,mayalso
be sent during any scheduledcontact at the discretionof theEOS FOT. It is expected that all table
loads and memory loads will be transmitted during one or two selected contacts each day. TDRSS
contacts scheduled for navigation-only, will not require EOC command capability and no downlink
telemetry will be received.

1.1.2.3 Responsible Ground Element EOC Last Revised 02-jul-1993

The EOC FOT shall perform stored command table maintenance operations such that:
A. Uploads of extensions to the on-board table are sent early enough to
guarantee that any necessary load vetilcation maybe completed prior to
the fmt of the uploaded commands being scheduled

B. Uploads of extensions to the on–board table never overwrite table
enrnes which have not yet been evaluated for dispatch, unless it is
intended that those entries and all later ones never be dispatche~
C. The last commands in the currently-loaded list always cause spacecraft enny
into a benign operating mode when dispatched and then suspends further
stored+ ommand processing until it is commanded to resume. This will
maximize the probability of surviving for extended periods without a command
contact, if contingency conditions require.

1.1.2.4 Responsible Ground Element: EOC Last Revised 3 l–mar-1993

The EOC command generation system shall be capable of addressing commands to either of two
SC IDs which will be used by EOS–AM1. The two codes shall be used to address the uplink
commands to either of the spacecraft Command and Telemetry Interface Units (CTIUS). The
spacecraft ID will be contained in the uplink Transfer Frame header, bits 6 thru 15. The spacecraft
IDs will be identical in the 8 most signtilcant bits.

2



20043119
14July1993

1.1.2.5

c

Responsible Ground Element EOC Last Revised 02-jul-1993

The EOC command system shall initialize all command sequences with 128 “1 , O“ pairs. The
command system shall also fti beween non-contiguous commands in a command sequence with
“1 , O“ pairs A sequence of toggling 1 ,“ “ “~, “l’!, ~<~,etc., is re@red to maintain bit timing for

the S-band transponder. A minimum of 128 “1 , 0“s is required for symbol synchronization
acquisition. During absence of command data on the input to the White Sands Complex (WSC)
ground terminal, the ground terminal data interface system is required to clamp the input to the RF
modulation string to logical “one”. Therefore, if continuous symbol synchronization is desired,
active commands orffl data or symbol synchronizing data are required from the EOC. A minimum
time separation for non-continuous commands is required if loss of transponder symbol
synchronization is detected. This sepamtion is at least equivalent to the minimum transmission of
128 “1’’0”S.

1.1.2.6 Responsible Ground Element EOC Last Revised 02-jul-1993

The rate of EOC commands to the EOS–AM shall be selectable to 125 bps, 1 Kbps, 2 Kbps, or 10
Kbps. The command rate maybe changed by the FOT operator during a TDRS contact

1.1.3.1 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall accept tim EDOS and process all spacecraft telemetty data received on the
EOS–AM S–band link. EOC shall also accept fkomEDOS and process selected housekeeping data
in the form of level–zer-processed or quick–look data sets.

1.1.3.2 Responsible Ground Element: EOC Last Revised 3l–mar-1993

EOC shall process and evaluate 16 Kb real-time housekeeping telemeuy data, for each spacecraft
subsystem and instrument, for health and safety and to verify proper paformance. Simultaneous
processing of separate 1 Kb and 16 Kb data streams is not required.

1.1.5.3 Responsible Ground Element EOC Last Revised 02–jul-1993

EOC shall process and evaluate 1 Kb health and safety telemeuy data, when received, for each
spacecraft subsystem and instrument, if 16 Kb data is not also being received. Simultaneous
processing of separate 1 Kb and 16 Kb data streams is not required.

1.1.3.4 Responsible Ground Element: EOC Last Revised 31-mar-1993

EOC shall process and evaluate the 256 Kb recorder playback telemetry data. Simultaneous
processing of the 16 Kb Housekeeping data and the 256 Kb recorder playback data shall be
accommodated.
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1.1.35 Responsible Ground Element EOC Last Revised 31-rnar-1993

EOC shall process and evaluate the 512 Kb recorder playback telemetry data . Simultaneous
processing of the 16 Kb Housekeeping data and the 512 Kb recorder playback data shall be
accommodated.

1.1.3.6 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall process and evaluate the 16 K Diagnostic telemetxy (Memory Dump or dwell data).
Simultaneous processing of 16 Kb Housekeeping data and 16 Kb Diagnostic data shall be
accommodated

1.1.3.8 Responsible Ground Elemerm EOC Last Revised 31-mar-1993

EOC shall process and evaluate the 1 Kb Diagnostic telemetry (Memory Dump or dwell data).
Simultaneous processing of 1 Kb Health and Safety data and the 1 Kb Diagnostic data shall be
accommodated.

1.1.5.1 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC Telemetxy, Comrnan& and Procedure Database applications shall be capable of importing
data which has been developed by the Spacecraft provider using INGRES and OASIS applications.

1.1.5.2 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC database shall provide the structure for storing all the information, relevant to the
EOS-AM spacecraft, that is needed to support the operation of the spacecraft from the EOC. The
database shall “include information about telemeuy, commands, event deterrnination, alarms,
reaction messages, and CRT displays. Operational tools shall be provided for data entry, data
validation, and for display of the database.

1.2.2.1 Responsible Ground Element: EOC Last Revised 31-mar-1993

EOC shall verify spacecraft receipt of commands. The EOS-AM command uplinks will be
formatted according to the CCSDS Telecommand uplink protocols and provide command
transmission verification using the Command Operating Procedure 1 (COP–l). Use of COP-1
protocol explicitly guarantees that the command uplink stream will be received completely, in the
comect sequence, without error, and in the comet format. Any error detection will halt processing
of the command uplink stream. The CLCW status word downlinked as part of the housekeeping
teIemetry overhead will indicate that this has mcumed. EOC will also receive an indication of the
command counter status. This will allow identilcation of the fmt rejected command and
re-transmission of the command load starting with the frost rejected command.

4
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1.2.22 Responsible Ground Element EOC Last Revised 02-jul-1993

EOC shall verify dispatch of stored commands. Stmxi commands will initially be routed to the
stored command table in the SCC. EOC will maintain an identical copy of the stored cornmandtable
for verification. Stored commands will be dispatched according to the time-tag transmitted with
the comman~ command dispatch will cause the stored command table puinter to increment. The
value of the stored command table pointer will be transmitted to the ground as part of the
housekeeping telemetry data, thereby providing veritlcation that the stored command was
dispatched.

1.2.2.3 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall verify dispatch of relative time sequence commands. Relative time sequence commands
will be dispatched onboard at freed times relative to the triggering of the sequence. These commands
will be stored in a separate process table. Downlinked telemetry will indicate if a particular
command sequence is active, and allow determination of the time at which it was activated. From
this data, EOC analysis can project when each command in the sequence will be dispatched for
execution.

1.2.2.4 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall verify dispatch of FDIR commands. FDIR commands will be dispatched by internal
processes in the flight software. The flight softwa.mtelemetry will indicate the status of all monitor
processes and indicate the condition which caused an FDIR command to be executed.

1.2.2.5 Responsible Ground Element: EOC Last Revised 31-mar-1993

EOC shall verify discrete pulse command execution. This type of command will generally be used
to change the state of a relay or logic circuit and will be verified by a status change in the effected
element’s telemetry data.

1.2.2.6 Responsible Ground Element: EOC Last Revised 3l-mar–1993

The EOC shall verify execution of serial commands. Execution of serial commands will cause a
register or memory location to be loaded with the command argument. In some cases serial
commands will be decoded to initiate state transitions or sequences of events. Vexiflcation of
execution, therefore, may be either by echoing the loaded register or memory value back in telemeny
or by watching for status changes in tie effected component’s telemetry data.
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12.2.7

c

Responsible Ground Element EOC Last Revised 02-jul-1993

The EOC shall uplink a new spacecraft time bias estimate once per day. In general, the Spacecraft
clock error will grow with time between adjustments due to the integrated effect of &quency emors
in the Master Oscillator. The worst-case error growth rate is 864 microseconds per day. The TDNS
flight software utilizes a Kalman falter algorithm to process one-way forward Doppler data to
estimate the Spacecraft navigation state vector. The navigation software maintains a running
estimate of the bias in the S/C clock relative to UTC using the frequency error estimates from the
state vector. Ground+ommanded estimates of the S/C clock bias with respect to UTC (based on
USCCS measurements) are used to establish the accuracy of this estimate to within a few
microseconds (10 are allocated), and are received as often as once per day. On receipt ofa WC clock
bias command TONS updates its running error estimate to equal that commanded Navigation
considerations require that the emor in the time bias estimate not exceed 50 microseconds total, so
38 microseconds is allocated to the onboard propagation error. Current estimates indicate that
growth of the time bias estimation error will not exceed 10 microseconds per day when a nominal
TONS tracking schedule is maintained, indicating that the required accuracy is achievable with
once-per-day bias commands.

1.2.2.8 Responsible Ground Element EOC Last Revised 02-jul-1993

The EOC shall command spacecraft clock adjustments on an as-nee&&basis (as often as once per
month) to maintain clock accuracy within 40 msec of UTC. The S/C clock maybe set and adjusted
by command from the ground or from the SCC-resident software in order to initialize it or to correct
errors. Both “Absolute Time” set commands (to jam in an initialization value) and “Delta llrne”
adjustment commands(to make fme adjustments to the current value) arc supported. Cyclic
processes may have to resncyhronize or reconverge after the disruption caused by commanded
adjustment. Absolute–Time set commands generally cause service interruptions in the navigation
system and are used only for system initialization and failure recovery. Delta-Time adjustments
cause only minimal perturbations of the system for brief intervals, and are used for routine clock
adjustments. The S/C clock may be set by command to an accuracy of one millisecond and with
a resolution of one millisecond. Delta-Time adjustment commands are executed with a precision
of one microsecond. Clock maintenance activities (such as fme clock adjustments), which may
cause service outages of 10 minutes or less, shall be required no more than once per month.

1.2.2.9 Responsible Ground Element EOC Last Revised 02-jul–1993

The EOC shall command the spacecraft master oscillator frequency adjustment on an
as-needed-basis. Recovery to full Science Mode performance after such a disruption shall in all
cases take no more than 6 hours. Clock maintenance activities (such as oscillator frequency
adjustments or clock resets) which may cause service outages greater than 10 minutes in dumtion
shall be required no more than once per year.

6 .-
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1.2.2.10

L

Responsible Ground Element EOC Last Revised 02-jul-1993

The EOC shall verify load+lata commands. Load4ata commands will cause a memory or register
location to be loaded with the command argument. Vetilcation shall be accomplished by
comparison of the onboard generated CRC with the ground generated CRC which is included in the
Load Initiate command.

1.2.2.11 Responsible Ground Element EOC Last Revised 31-mar-1993

Spacecraft Bus Utilization Table updates from EOC shall set a status bit within the table, which
identiles it as “revised”. This will enable the ground operator to enstue that the original rom table
has not been reloaded. This status shall be included in the housekeeping telemetry data

1.2.5.1 Responsible Ground Elementi EOC Last Revised 31-mar-1993

The active CTIU maintains data for tracking retries and other C&T 1553 bus anomalies, which is
included as part of the data portion of the housekeeping packet. The EOC Off-Line Analysis system
shall trend this data to determine onboard problems.

1.4.4.1 Responsible Ground Element: EOC Last Revised 31-mar-1993

To provide primary navigation support, EOC shall obtain born FDF and uplink (to EOS-AM) four
TDRS position and velocity vectors. This will eccur as often as once per day.

1.4.4.2 Responsible Ground Element: EOC Last Revised 31-mar-1993

To provide primary navigation supportJ20C shall obtain notilcation of TDRSS propulsive
maneuvem from FDF. EOC shall uplink the command to set a flag to indicate TDRSS propulsive
maneuvers

1.4.4.3 Responsible Ground Element: EOC Last Revised 31–mar-1993

EOC shall obtain horn FDF and uplink, to EOS–AM, an initial state vector and associated state error
covariance matrix for the primary navigation system.

1.4.4.4 Responsible Ground Element: EOC Last Revised 31–mar-1993

To provide primary navigation suppofi, EOC shall obtain and uplink, to EOS-AM, a solar activity
parameter. This will occur as often as once per day.

1.4.4.5 Responsible Ground Element: EOC Last Revised 31-rnar-1993

EOC shall uplink, to EOS–AM, navigation mode changes, initialization data, falter tuning
parameters, other data base parameters, and navigation software updates as necessary for primary
navigation.
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Responsible Ground Element EOC Last Revised 31-mar-1993

To provide @mary navigation supporL EOC shall transfer TONS perfmnance Elated teleme~ to
the FDF.

1.4.4.7 Responsible Ground ElemenC EOC Last Revised 31-mar-1993

The EOC shall obtain from FDF and uplink to EOS-AM, a backup EOS state vector and mean orbit
elements as ofkenas once per 24 hours, and as necessaxy after EOS propulsive maneuvers.

1.4.4.8 Responsible Ground Element EOC Last Revised 31–mar-1993

The EOC shall obtain from FDF and upu toEOS-AM, four backup TDRSS mean orbit elements
as often as once per 24 hours, and as necessary after TDRSS propulsive maneuvers.

1.4.4.9 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall provide periodic updates of the spacecraft clock time bias. The EOS–AM spacecraft
requires accurate on–board time for the tagging of attitude sensor telemetry, instrument science data,
and TONS related input and Doppler measurement data. TONS has the capability onboard to
maintain an estimate of the spacecraft clock time bias via integration of frequency bias and drift
estimates, but the Dopplerwxdy measurements cannot be used to estimate the time bias. TONS
therefore requi.m that periodic updates of this time bias be supplied by the ground system.

1.4.4.10 Responsible Ground Element EOC Last Revised 31-mar-1993

To support clock calibration, the EOC shall supply an initial estimate of the Spacecraft clock using
the Return Data Delay (RDD) technique. This estimate will be used for initialization of the User
Spacecraft Clock Calibration System (USCCS).

1.4.4.11 Responsible Ground Element EOC Last Revised 3l-mar-1993

To support clock calibration, the EOC shall receive the appropriate NGT time transfer message via
its NCC or WSGT interface.

1.4.4.12 Responsible Ground Element EOC Last Revised 3 l–mar-1993

To support clock calibration, the EOC shall receive and access the PN code time transfer epoch
receive time as tagged by the spacecraft clock and supplied in the EOS-AM telemetry.

1.4.4.13 Responsible Ground Element: EOC Last Revised 31–mar-1993

To support clock calibration, the EOC shall process data via the USCCS to determine. the
adjustments needed for synchronization of the spacecraft clock relative to UTC.
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1.4.4.14 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall supply to the spacecn@ clock calibration updates, on an as needed basis (as often
as once per day), to maintain the onbomi time estimate to +/- 100 microseconds.

1.4.4.15 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall maintain an independent estimate of the spacecraft clock, accurate to +/- 10
microseconds (TBR), to be used as backup to the TONS time maintenance function. FDF estimate
of spacecraft frequency error will support this fimction.

1.4.4.16 Responsible Ground Element EOC Last Revised 3l-mar-1993

The EOC shall supply to the Spacecraft, the TDRSS contact schedule, TDRS transmit frequency,
and TDRSS ground antenna ID, for every scheduled contact.

1.5.2.1 Responsible Ground Element EOC Last Revised 3l–mar-1993

The solar array shall not be commanded directly fiomfonvard to reverse, or from reverse to forward
rotation. The array stop command shall precede the new direction command by TBD time

1.5.3.1 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall monitor and evaluate the status of the Electrical Power Subsystem (El%) Power
Monitoring and Control Software (PMCS). The onboard PMCS provides autonomous monitoring
and control of the Electrical Power Subsystem (EPS). On-going autonomous monitor and control
(Closed Loop) procedures are undertaken by the PMCS for related Spacecraft state and battery
health. Controlling commands are issued to the Command, Telemetry and Control function for
distribution to the EPS components. The PMCS provides it’s status telemetry to the Command,
Telemetry and Control function to be included in the telemetxy to the ground. Telemeuy that is
requested includes various currents, batte~ parameters, various voltages, solar array parameters and
Spacecraft sun state. Various EPS parameters are calculated for other PMCS functions and to be
provided to the ground in telemetry such as: Spacecmft Day/Night duration, Battery discharge
Amprninutes, Battery charge to discharge ratio, Variable battery charge rate, Fixed battexy charge
rate, Trickle charge rate, Battery theoretical State Of Charge (SOC), Batte~ actual SOC, Battery
SOC based on pressure.

1.5.5.1 Responsible Ground Element EOC Last Revised 3l–mar-1993

The EOC Power Analysis function shall perform day/night duration calculation to verify the
continuing accuracy of the onboard calculation.
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15.52 Responsible Ground Element EOC , Last Revised 31-mar-1993

The EOCPowerAnalysisfunction shallperfonnbattery discharge amp-minute calculation toverify
the continuing accuracy of the onboard calculation. The battery depth of discharge at any position
within the power management orbit is calculated by subtmcting the discharge or adding the charge
ampem-rninute, frame by frame, from zero and dividing by the nominal batte~ ampere rating. The
resulting ratio is multiplied by 100% to determine depth-of~charge. (Battery state+f<harge
is determined by subtracting the ratio from 1.0 and multiplying by KXMo).

1.5.5.3 Responsible Ground Element EOC Last Revised 3l-mar-1993

EOC Power Analysis function shall preform the required battery charge/discharge ratio calculation
to verify the continuing accuracy of the onboard calculation.

15.5.4 Responsible Ground Element EOC Last Revised 3l-mar-1993

The EOC Power Analysis function shall perform the variable battery charge rate determination to
verify the continuing accuracy of the onboard determination. V/T curve selection will be by ground
command.

1.5.5.5 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC Power Analysis function shall perform the freed battery charge rate determination to
verify the continuing accuracy of the onboard calculation.

1.5.5.6 Responsible Ground Element EOC Last Revised 3l-mar-1993

The EOC Power Aalysis function shall perform the battery trickle charge rate determination to
verify the continuing accuracy of the onboard determination.

1.5.5.7 Responsible Ground Element EOC Last Revised 3 l-mar-1993

The EOC Power Analysis function shall perform the battery state-of<hage calculation based upon
pressure to verify the continuing accuracy of the onboard calculation. The battery state of charge
at any position within the power management orbit is calculated by subtracting the discharge or
adding the charge ampere-minute, frame by frame, from the nominal battery ampere-minute rating
and dividing the value by the nominal ampere-minute rating. The resulting ratio is multiplied by
100%.

1.5.5.8 Responsible Ground Element: EOC Last Revised 3l-mar-1993

The EOC Power Analysis function shall perform the individual user load power calculations to
verify the continuing accuracy of the onboard calculations. Individual load power, calculated by
the product of the individual load bus current and the common load bus voltage, will be integrated
with respect to time to yield individual load bus energy.
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1.5.5.9 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC Power &alysis function shall perform load shedding determination to ver@ the
continuing accuracy of the onboard determination.

1.5.5.10 Responsible Ground Element EOC Last Revised 31-rnar-1993

The EOC Power Analysis function shill perform SAD direction and rotational rate calculations to
verify the continuing accuracy of the onboard calculations.

1.5.5.11 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC Power Analysis function shall perform battery actuaI state-of-charge calculations to
verify the continuing accuracy of the onboard calculations.

1.5.5.12 Responsible Ground Element EOC Last Revised 31–mar-1993

The EOC Power Analysis function shall petiorm battery theoretical state-of<harge calculations to
verify the continuing accuracy of the onboard calculations.

1.5.5.13 Responsible Ground Elemen~ EOC Last Revised 31-mar-1993

The EOC Power Analysis function shall perform solar may power calculation to verify the
continuing accuracy of the onboard calculation. The solar array power, calculated by the product
of solar array voltage and cummt, will be integrated with respect to time over the power management
orbit to yield solar a.mayenergy input.

1.5.5.14 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall utilize a power analysis program to analyze the performance of the solar array, batteries,
electronics and energy balance.

@@@@The Power Analysis program will determine the comect Voltage~emperature curve
selection. The correct V/T curve will be selected on–board by ground command from the EOC.

A solar array power summary, battery power summary, and power system summary report shall be
calculated and formatted for display or printout.

Power analysis shall be made on a power management orbit which is a complete spacecraft night
followed by a complete spacecmft day. Any calculation using two telemetry functions shall use
telemetry samples as close together in time as possible, as power parameters are dynamic and the
calculation is only valid when the time difference is small enough to neglect dynamic changes.
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1.6.7.1 Responsible,Ground Element EOC Last Revisal 02-jul-1993

The EOC shall ensure that the Attitude Control Electronics (ACE) is not enabled by ground
command to f= thrusters unless the Latch Valve is first verifkd to be open. This is to prevent
emptying the fuel lines, which could allow an inrush of fuel to damage a thruster

1.7.3.1 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall monitor and evaluate the The Thermal Monitoring and Control Software (TMCS)
telemetry. TCMS functions as a component of the Thermal Control Subsystem (T’(X) which
monitors Spacecraft thermal parametem and will manage the Capillary Pump Heat ‘Ilansport
System (CPHTS) operation. The TMCS controls the CPHTS during operations by issuing
commands to the CPHTS. The TMCS fimction monitors temperature telemetry points of the active
components of the TCS. Telemetry is returned to the TMCS as a response to SCC OS/Executive
requests. These telemetry points are the capillary pump loop temperatures in the CPHTS. The
software controls start-up, operation and shut-down of the CPHTS by issuing controI and Fault
Detection, Isolation and Recovery (FDIR) commands through the Command, Telemetry and
Control function to tAe CPITIS components. The TMCS provides it’s status telemetry to the
Command, Telemetry and Control function which is passed to the ground. Processing within the
TMCS is controlled by commands received from the Comman& Telemetry and Control function.

1.8.2.1 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall be able to issue various types of commands to the Flight Software System. The
commands include the following capabilities:a. Changing Spacecraft mode such as enter Science
Modeb. Instrument mode changes. FSWS application softwae mode changes such as enter the
GN&C Orbit Adjust submode. Load the FSWS software. Load any instrument software. Load and
dump FSWS application data such as GN&C software tables, for example TDRSS ephemeris.
Modify instrument tables. Modify Spacecraft command tables such as the stored command table,
the relative time command sequences and telemetry monitom in SCC memory. Hardware
recon.tlguration commands. Inhibit/Enable all SCC commands and any command inhibit category.
Disable/Enable SCC application software processes

1.8.2.2 Responsible Ground Element: EOC Last Revised 31-mar-1993

EOC shall monitor and evaluate housekeeping telemetry for command CRC check failures. All
commands, which are greater than 32 16 bit words (such as program load or table load), are
assembled in the order in which they were received and a CRC check is performed to ensure that
the command is rebuilt properly. Upon a CRC check failure the command or load is rejected (TBD)
and the ground is notiled via an indication in teleme~. A message is written to the Spacecraft
activity log in the SCC OS/Executive software via an SCC OS/Executive service request.

—
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1.8.2.3 “ Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall be capable of commanding and responding to spacecraft mode changes. The
Spacecraft Mode Control flight software manages and controls all Spacecmft modes in which the
SCC is operational. All rules governing mode tmnsitions are enforced. Spacecraft Mode Control
ensures that the appropriate level of support for each mode is provided by the Spacecraft subsystems
and SCC application software. All modes are commendable by the ground. FDIR commands from
SCC application software are accepted to command a new Spacecraft mode During all modes,
except Safe Mode, upon verifying that the SCC is capable of controlling the Spacecraft attitude,
Mode control makes an SCC OS/Executive Semite Request to issue the SCC OK message to the
CTIU. Jn Safe Mode the SCC OS/Executive Service Request does not make the service request to
issue the SCC OK message. The current Spacecraft mode is made accessible for all SCC application
software. The following Spacecraft modes and their transitions are supported Ground Test Mode,
Standby Mode, Science Mode, Delta-V Mode, Survival Mode, Safe Mode.

1.8.2.4 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall be capable of loading and verifying the Stored Command Table. The onboard Stored
Command Processing software provides a time based stored command execution capability.
Spacecraft commands are stored in a table (stored command table) along with an absolute time tag
and command inhibit ID which is loadable by the sound for easy updating. No editing capability
is provided but partial table loads are accommodated. The time tag has a resolution of 128
milliseconds (TBR). The command inhibit ID identiles the stored command as part of an
operational command category. Stored commands are dispatched for execution based on the
absolute time tag in chronological order. The stored command table pointer is available for
telemetry. Dispatched commands, along with the command inhibit id, are issued to the Command
Sequencing software for disrnbution. Stored commands may perform SCC table modMcations by
commanding SCC software applications. The stored command table has a minimum size limitation
of 3000 absolute time commands (time tag plus Spacecraft command plus command inhibit id)
which may be used for both Spacecraft subsystem and instrument commands. The stored command
table integrity is routinely checked by computing a Cyclic Redundancy Code (CRC) and comparing
it to the CRC associated (and forwarded) with the table data. Comparison results are reported in
telemetry. Failures in the CRC check will result in the table being rejected. The Stored Command
Processing software is commendable ON/OFF
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1.8.2.5 Responsible Ground Element EOC Last Revised 3 l-mar-1993

The EOC shall be capable of mod@ing and controlling the onboard Relative Time Command
Sequence (RTCS). A RTCS consists of up to 16Relative Time Commands (RTC) preceded with a
RTCS sequence number and a RTCS inhibit id. Relative time command sequences are activated
by sequence number and each command in the sequence is dispatched for execution in the order in
which they appear. Each command in the sequence maybe delayed relative to the dispatching of
the previous command by a relative time tag associated with each command entry in the sequence.
The relative time tag has a resolution of 128 milliseconds. The Relative Time Command Sequence
software accommodates 128RTCSSeach with up to 16RTCS fora total storage of 2048 RTCS. Each
RTC can activate other RTCSS and an individual RTC can perform SCC table modi.ilcations by
commanding SCC software applications. The Telemetry Monitor software utilizes this sotiare by
activating command sequences to perfcmn autonomous actions. Ground Operations and the Stored
Command Processing sofhvare benefit by allowing frequently repeated command sequences to be
available on board for execution. Relative Time Command Sequences are activated in response to
a ground command, dispatched stored commands or by software application commands
(TMONYIXR). Relative time command sequences are loaded via ground command. The Relative
Time Command Sequence software is also commendable ON/OFF and each RTCS is individually
commendable to an ENABLWDISABLE state. Relative Time Commands can activate otherRTCS.

1.8.2.6 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall be capable of inhibiting SCC stored commands. In the cases of certain anomalies
and certain unplanned operations, the issuance of groups of functionally related commands from the
stored command table or relative time command sequences must be inhibited. This is needed to
allow expeditious ground override of planned or autonomously performed activities. Absolute time
commands and relative time commands are associated with command inhibit identilers. The
Command Sequencing software checks the command inhibit identiilers against a command inhibit
table. If the command inhibit id is set true in the table the command is discarded and not distributed
for execution. The command inhibit identflers and the command inhibit table accommodates up
to 64 command inhibit classes. Each command inhibit class is individually set or cleared by ground
command or by SCC software applications. The status of the command inhibiting software is
available for the Collect SCC Telemetty software for inclusion in SCC telemeuy.
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1.8.2.7 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall be capable of modifjing and controlling the onboard Telemetry Monitor @ON).
The TMON software provides a generic capability to monitor Spacecmft housekeeping data and
SCC memmy, and initiate Fault Detection, Isolation and Recovery (FDIR) and normal operation
actions based on pre4xennined telemetry states. The sofhvare allows flexibility in the teleme~
points to b monitored and the actions taken when predefmed conditions are satisfied. TMON can
apply a predefmed mask to a telemetry point for masking out just the needed information. The
teleme~ monitor is capable of an IF-THEN-ELSE construct using relational operators (cP,=,<=,
>=, and NE) to compare telemetry points to numeric values. Based upon the results of the
comptison, a specific predetermined action is perfmmed. Logical operations (AmWMNot) among
telemetry relational comparisons are provided for more complex triggering of the pxedefined
command. The predefine command can be no action, a Spacecraft command or a command to
activate a relative time command sequence. Upon triggering a predefmed command TMON has the
capability to provide a message in the Spacecraft activity log per individual triggered command.
All of the above information is organized into telemetry monitor tables which are uploaded to
TMON by ground command. TMON accepts ground commands to Enable/Disable individual
telemetry monitors as well as an ON/OFF TMON command. TMON also accepts a ground
command to inhibit the issuance of the the predefmed command but still enable the telemetq
monitor to allow the relational comparison check.

1.8.2.8 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall be capable of modifying the onboard telemetry collection table. Onboard Collect
SCC Telemetry software gathers and formats SCC hardware and software telemetry for the 1 Kbps
and 16 Kbps telemetry downlink streams. As a result of this, the Collect SCC Telemetry process
has interfaces with all SCC software to gain access to telemetry data. The collection process is table
driven, utilizing the Major and Minor Cycle count, which contains the telemeny point to be collected
and where to include the data in the downlink telemetry streams. SCC telemeay is provided to the
CTIU for inclusion into the actual downlink streams via the SCC OS/Executive. The Collect SCC
Telemetry software accepts ground commands defining the contents of the telemeny collection
table.
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1.8.2.9 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall be capable of providing a star catalog and star catalog updates to the spacemft.
When processing SSST measurements, an on-board stored star catalog is used to determine
measurement updates. The EOS mission requires the storage of information on no more than 700
stars. The Update Filter software provides precession computations (due to Earth rotation axis
precision) on the star catalog stellar positions in order to avoid frequent uplinking of updated star
catalogs. When processing the FSS measurements, solar ephemeris is used to determine
measurement updates. Covariance matrix a priori and a posterior updates are executed by the
Update Filter software. Star Identification Processing performs four tests on identifkd stars to
&tennine the inte~ty of theidentit3catiorr multiple startes~ star intensity tesL covariance tes~ and
a star angle test. The outputs of the Update Filter are the three small angle attitude knowledge
comections and the three IRU gyro bias lmowledge comections

1.8.2.10 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall be capable of uplinking TDRS ephemerides, EOS-AM ephemeris, and a TDRS
tracking schedule to the spacecraft. High Gain Antenna Control software determines the HGA
azimuth and elevation rotation angles required to point the HGA towards the seleaedTDRSS. Rate
commands are generated to rotate the HGA. HGA Guidance software processes TDRSS
ephemerides and tracking schedule, EOS ephemeris, HGA gimbal angles, and estimated attitude to
determine HGA gimbal angles required to rotate the HGA towards the TDRSS. The HGA Mode
Controller function controls HGA mode sequencing. The HGA Controller function; monitors the
HGA position and assures that motion constraints are honore~ monitors the HGA position and
provides notiilcation when the HGApoints in a direction whereRFemissions are prohibit@ applies
rate and accelemtion limits as required to minimize disturbance generates the rate commands to
rotate the HGA and calculates the feedfonvard disturbance torque that results horn the commanded
HGA motion.

1.8.2.11 Responsible Ground Element: EOC Last Revised 31–mar-1993

The EOC shall be capable of controlling the solar array slew by ground command. The Solar Army
Drive Control software calculates the SAD command to rotate the solar array to the desired sun
pointing position. The Solar Array Drive Control software processes the solar may potentiometer
data, solar ephemeris and inertial attitude to command the solar array. The solaramay is commanded
either with a constant rate uplinked from the ground or calculates the rate command. Ground
commanded solar amay slews are supported
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1.8.2.12 Responsible Ground Element EOC Last Revised 31-mar-1993”

The EOC shaLIbe capable ofdefming and modifying the actions to be taken as a result of an FDIR
detected fault. ADAC FDIR software monitors the status of the GN&C software and hardware. If
a failure in hardware is detected commands to change to any redundant hardware are issued and any
mode change commands are generated following the system level fault detection, isolation and
recove~ philosophy. In the event of a detected sofiwre anomaly, commands to switch to any
backup mode are generated and the proper action is taken following the system level fault detection,
isolation and recovery philosophy. Ground commands are accepted which can define the actions
to be taken in the event of any detected faults.

1.8.2.13 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC shall issue commands in accordance with CCSDS COP-1 protocol. The CTIU Firmware
will control means by which the CTIU will receive commands and data from the Communication
Equipment (cE), validate these commands per Consultative Committee for Space Data Systems
(CCSDS) Command Operations Procedure 1 (COP-1) protccol and route them to the intended RT
destination over the C&T bus. Commands designated for the CTIU will be processed internally and
control the CTIU Firmware processing. Hardware discrete commands destined for the C&DHS are
distributed to the Discrete Command Decoder for execution

1.8.3.1 Responsible Ground Element EOC Last Revised 31-rnar-1993

EOC shall verify proper execution of all commands executed internally by the FSWS. Execution
status is made available in Spacecraft housekeeping telemetiy. Also available in Spacecraft
housekeeping telemetry is the status of all software processes such as all closed loop control software
and navigation

1.8.6.1 Responsible Ground Element: EOC Last Revised 3 l–mar-1993

EOC shall send clock adjust commands and clock bias estimate commands. The Flight Software
accepts and implements clock adjust commands and Spacecraft Clock bias estimate commands from
the ground. Clock adjust commands are implemented by commanding the CTIU to adjust the
Spacecraft Clock and commanding the TONS software to adjust the estimated Spacecraft Clock
emor. Spacecraft Clock bias estimate commands are relayed to the GN&C Navigation software for
execution via the Command Processing Software. A record of the latest commanded bias value is
retained. The Spacecraft Clock emor estimates are provided to Ancillary Data Control software for
inclusion in ancillq data. Normally these are samples of the GN&C Navigation Spacecraft Clock
error estimates. When GN&C Navigation is offline for any reason, the latest retained commanded
bias value is provided. For SCC flight software applications which need the Time Of Day (TOD),
the Clock Management Software provides a software local clock which is based on the C&T bus
major and minor cycle counts and on the C&T bus time distribution messages. The TOD is
maintained and propagated in CCSDS day segmented form and made available to all SCC software
applications
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1.9.1.1 “ Responsible Ground Element EOC Last Revised 31-mar-1993

The EOS Operations Center (EOC) shall be the focal point for on-orbit operations. The conoactor
Flight Operations Tkam @OT) will plan and coordinate all activities necessary to achieve mission
objectives. All commanding, processing, and displaying of housekeeping data for control and
analysis of the spacecraft will be performed in this facility.

1.9.1.2 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall provide a common area with operator consoles to accommodate six personnel for use in
controlling and monitoring the activity of the EOS-AM spacecraft. The consoles shall provide
CRT/Keyboard access to the real-time analysis capability, spacecraft commanding and vetilcation
capability (restricted access), real-time data display, planning and scheduling information,
spacecraft simulator, and an electronic mail capability

1.9.1.3 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall provide an off-line area with workstations to accommodate ten sustaining engineering
personnel. The workstations shall provide access to the real-time analysis system, off-line analysis
system, planning and scheduling information, and an electronic mail capability.

1.9.1.4 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall provide an area with work stations to accommodate five planner/scheduler persomel.
The work stations shall provide access to planning and scheduling tools and information, and an
electronic mail capability.

1.9.1.5 Responsible Ground Element EOC Last Revised 3l-mar-1993

DuMg launch and activation of EOS-AM, twelve (TBR) temporary consoles shall be provided for
use by the spacecraft contractor engineering personnel. The consoles shall provide CRT/keyboard
access to the EOC real-time analysis capability, real-time data display, planning and scheduling
information, and an electronic mail capability.

1.9.1.6 Responsible Ground Element: EOC Last Revised 3l–mar-1993

EOC shall maintain a seven day record of EOS-AM operations histo~ data which includes the
schedule, command and command verification information, alarms and limit violations, and
operator actions. The record will be provided to the GSFC DAAC for permanent storage. -
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1.9.1.7 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall provi& analysis softwaxe to pexform evaluation of real-time spacecraft Housekeeping
andhr Health and Safety data. The analysis will include comparison of spacecraft telemetry values
to limit values which are maintained in the EOC. The analysis shall also compare the telemetered
spacecraft confQuration to a configuration model (containing the predicted spacecraft
conjuration) which is maintained by the analysis system. Results of the evaluation shall be
displayed on CRTs and printed reports at the EOC.

1.9.1.8 Responsible Ground Element EOC Last Revised 3l-rnar-1993

Interactive access to the real-time analysis system shall be provided at the EOC to allow temporary
analysis algorithms to be added. The EOC ml–time analysis software shall accommodate the use
of relational and/or algebraic expression in algorithms designed for data evaluation.

1.9.1.9 Responsible Ground Element: EOC Last Revised 31-mar-1993

EOC shall provide an off-line analysis system to perform evaluation of spacecraft Housekeeping
andor Health and Safety data. Evaluation will be for the purpose of anomaly resolution,
performance assessment, trending, and reporting. The off-line analysis will be perfoxmed on
selected data which has been recovered from the spacecraft recorder and transmitted to EOC by the
GSFC DWC at 256 kbps rate.

1.9.1.10 Responsible Ground Element: EOC Last Revised 31–mar-1993

The EOC shall host, distribute, and configuration manage the EOS-AM Spacecraft Data Base. The
SDB will include information transfened from the S/C Contractor and information developed and
maintained at EOC. The SDB shall contain information such as telemetry formats, calibration
curves, command verification procedures, display formats, and automated opemtions procedures.

1.9.1.11 Responsible Ground Element: EOC Last Revised 3l-mar-1993

The EOC off-line analysis system shall host commercial+ff-the-shelf engineering tools such as;
TRASYS and SINDA for themml analysis and PV–WAVE for general purpose analysis.

1.9.1.12 Responsible Ground Element: EOC Last Revised 3 l–mar-1993

The EOC Planning and Scheduling System shall provide interface with other ground elements to
collect and convert data for spacecraft use (e.g., translate FDF supplied ephemerides for uplink)
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1.9.1.13 Responsible Ground Element EOC Last Revised 31-mar-1993

The EOC off-line analysis system shall provide the following EOS-AM speciilc analysis tools:
MOMENTUM PREDICTION - Predict momentum buildup and anticipate wheel unloading.
MASS PROPERTIES DETERMIN ATION - update for each mission phase.
RESIDUAL PROPELLENT DETERMINA~ON - Periodically calculate the amount of fuel
remaining onboard the S/C.
POWER ANALYSIS - Calculate solar array efficiency and battery performance and compare with
expected values. Determine energy balance. Evaluate load effects on the system and forecast
available power.
THERMAL ANALYSIS - Depict load profile and orbital effects, assess equipment performance,
and petionn thermal load balance analyses.

1.9.1.14 Responsible Ground Element EOC Last Revised 31-mar-1993

EOC shall provide a spacecraft simulator to be used for operator training, compatibility testig,
operations supporL and mission planning support. The simulator shall provide correctly formatted
Housekeeping andbr Health and Safety data and provide the comect telemetry response to
spacecraft commands. The simulator shall be capable of interface with the EOC real-time system,
off-line analysis system, Planning and Scheduling System, and with EDOS via ECOM links.

1.9.1.15 Responsible Ground Element EOC Last Revised 31-rnar-1993

The EOC simulator shall support development and validation of spacecraft command procedures
and table-loads for normal and contingency operations.

1.9.1.16 Responsible Ground Element EOC Last Revised 31–mar-1993

The EOC simulator, to support anomaly resolution, shall have the ability to establish a spacecraft
state, duplicate pertinent operations while injecting failures, monitor results, and compare with
expected data.

1.9.1.17 Responsible Ground Element: EOC Last Revised 3l–mar–1993

The EOC simulator, to assist mission planning timelines, shall support simulation to verify resource
and timing compatibility of planned operations.

1.9.2.1 Responsible Ground Element EOC Last Revised 31-mar-1993

Relative time command sequences allocated for operation of the spacecraft shall be managed by the
EOC Planning and Scheduling System. The sequences will be entered and maintained through the
interactive capability of the system terminals. The RTSSwill be transferred to the on-line command
system as a load fde when an update is wamanted. This load file will be the source for uplinking the
RTS to the spacecraft SCC.
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1.9.2.2 Responsible Ground Elemerm EOC Last Revised 31-mar-1993

Spacecmft commands that are considered to warrant an extra step in the command transmission
process shall be considered as “hazardous”, by EOC

1.9.2.3 Responsible Ground Elemenr EOC Last Revised 31-mar-1993

All EOC-generated nal-time commands shall be checked against the command database to
determine if they are Hazardous commands. Hazardous real-time commands shall require a
separate interactive entry before transmission. The command mode will pause at the entry, indicate
that the command is hazardous, and will not continue until the ALLOW directive is entered or a
CANCEL directive is issued

1.9.2.4 Responsible Ground Element EOC Last Revised 31-mar-1993

The spacecraft commands that comprise a stored<ommand load shall be checked against the
command database to detexmine if they are Hazardous commands. This shall occur as the load is
being structured for transmission by the EOC command generation system. The transmission
process will pause when a hazardous command(s) is detected in the command block buffer and an
ALLOW directive must be entered in order to proceed with the stored command loading process.

1.9.2.5 Responsible Ground Element EOC Last Revised 02-jul-1993

All spacecraft commands formatted for transmission shall be checked against the hazardous
command definition list to assure that no hazardous commands are inadvefiently output fkom EOC.
The hazardous command search should be effected using the command binary pattern to ensure that
no inadvertently defined structure will escape detection.

1.9.5.1 Responsible Ground Element: EOC Last Revised 31-mar-1993

Ground Control Message Requests (GCMRS) shall be trtismitted to, the NCC by EOC for
controlling remote site ground facilities. A capability shall exist to allow the EOC operator to
generate GCMRS and to speci@ the variable data items within the the GCMR for subsequent
transmission to the NCC. A capability shall be provided to display the GCMR messages and edit
the content prior to transmission to the NCC. The GCMRSshall include those required for operation,
such as the following:

- Doppler Compensation Inhibit Request (DCI)
- Expanded User Frequency Uncertainty Request (EUFU)
- Foxward Link EIRP Reconfiguration Request (J?LER)
- Forward Link Sweep Request (FLS)
- MA Forward link Reconfiguration Request (MFLR)
– MA Return Link Recon.figuration Request (MRLR)
- SSA Foxward Link Reconfiguration Request (SFLR)
- SSA Return Link Recontigurat.ion Request (SRLR)
– User Reacquisition Request (URR)
– Terminate Event Request (TER)
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1.9.5.2 Responsible Ground Element EOC Last Revised 31-mar-1993

IrIthe event of conflict between the NCC generated schedule and the spacecraft science or navigation
requirements, the EOC shall work with the NCC and FDF to rwolve schedule conflicts. Conflict
resolution will include identiilcation of alternate contact periods based on the recommendations of
the FDF. Jnstrumenters will be informed in the event that TDRSS scheduled smites do not meet
spacecmft requirements.

1.9.5.3 Responsible Ground Element EOC Last Revised 02-jul-1993

Ground measurements of the Spacecraft Clock error, via the User Spacecraft Clock Calibration
System (USCCS), shall be scheduled once each day during communication or navigation tracking
contacts to determine the spacecraft time bias estimate. No additional TDRSS contacts shall be
required for Spacecraft Clock maintenance

2.4.4.1 Responsible Ground Elemerm FDF Last Revised 31-mar-1993

FDF shall generate TDRSS navigation contact requirements. Under normal conditions these
requirements will consist of a request for 30 minutes of service per orbit either in single or multiple
time blocks as necessary to meet the navigation requi.mnents of the spacecraft. Additional 5 minute
“navigation only” contacts wiIl be identiikd as required to meet the 150m navigation accuracy
requirement. The service requests will be provided to EOC.

2.4.4.2 Responsible Ground Element FDF Last Revised 31-mar-1993

The FDF generated TDRSS service requests shall consider the frequency and duration of contacts
needed to account for navigation requirements, time between contact periods, EOS/TDRS geometry
and atmospheric conditions. In the event of poor EOYTDRSS geometry, high atmospheric density
or extended durations between contacts, 5 minute “navigation only” contacts shall be requested.

2.4.4.3 Responsible Ground Element FDF Last Revised 31-mar-1993

The FDF generated TDRSS service requests shall identify the TDRS location (East or West) which
maximizes the in-plane EOS Doppler observability. TDRS selection shall also consider the status
of each TDRS with respect to orbit maintenance maneuvers and thruster angular momentum dumps.

2.4.4.4 Responsible Ground Element: FDF Last Revised 31–mar-1993

The FDFgenerated TDRSS service requests shall identify the location within the EOS orbit at which
the contact is desired. Identiilcation of this orbit location shall consider ionospheric refraction,
line–of-site visibility, HGA position limits, HGA gimbal singularities (keyhole region), and known
regions of high RFI.
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2.4.45 Responsible Ground Element FDF Last Revised 31-mar-1993

The FDF generated TDRSS semice request shall consider the need to support mpid TONS falter
convergence or mtum to science mode accuracy levels after pdxmance of any spacecraft
maneuver (launch ascen~ drag makeup, inclination comction and thrusted attitude control and
thrusted angular momentum dumps).

2.4.4.6 Responsible Ground Element FDF Last Revised 31-mar-1993

Upon receipt of aNCC generated TDRSS schedule, theFDF shall evaluate the schedule with respect
to TONS petiorrnance. This evaluation shall include estimation of TONS perfonrmnce using a
TONS covariance analysis program.

2.4.4.7 Responsible Ground Element HDF Last Revised 31-mar-1993

FDF shall compute (and provide to EOC) the four TDRS position and velocity vectors, as often as
once per day. The position and velocity shall be of stilcient accuracy and resolution such that a
one-day fourtkxder Runge-Kutta numerical integration with a 10.24 second time step; in a 48 bit
1750A word length processo~ with a with a force model consisting of an [8 x 8] GEM-T3
geopotential, solar and lunar gravity, and solar pmssur~ will generate TDRS positions accurate to
+150 meters (per axis, 3-sigrnaJ and will generate TDRS velocities accurate to +0.011
meters/second (per axis, 3-sigma).

2.4.4.8 Responsible Ground Element FDF Last Revised 31-mar-1993

FDF shall compute, and provide to EOC, EOS-AM spacecraft mass and center+f-mass after EOS
propulsive maneuvers.

2.4.4.9 Responsible Ground Elemerm FDF Last Revised 31-mar-1993

FDF shall compute, and provide to EOC, an initial state vector and associated state error covariance
matrix for the primaxy navigation system. Initial position and velocity accuracies are TBD.

2.4.4.10 Responsible Ground Element: FDF Last Revised 3 l-mar-1993

FDF shall provide warning of TDRS propulsive maneuvers, to EOC

2.4.4.11 Responsible Ground Element: FDF Last Revised 31-mar-1993

The FDF shall provide for initialization of the TONS data base and initialization of filter tuning
parameters.
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2.4.4.12 Responsible Ground Element FDF Last Revised 31-Inar-1993

The FDF shall accept actuaI TONS measurement and status telemetry, emulate the flight sotiare,
provide statistical analysis of measurement residuals, provide visibility into all intermediate
computations and provide appropriate printed and plotted output.

2.4.4.13 Responsible Ground Element FDF Last Revised 31-mar-1993

The FDF shall perform quality assurance of TONS paformance via comparison of onboard and
ground generated EOS state vectors. In the event of conflicts, the FDF shall recommend a switch
to backup mode operations.

2.4.4.14 Responsible Ground Element FDF Last Revised 31-mar-1993

TheFDF shall emulate the TONS flight software orhardwm, perform diagnostics and test proposed
software and database parameter modi.ilcations. The FDF shall generate simulated measurements
and simulated truth ephemerides and state vector elements.

2.4.4.15 Responsible Ground Element FDF Last Revised 31-mar-1993

The FDF shti provide to EOC, a daily solar activity parameter to be used by the TONS software.

2.4.4.16 Responsible Ground Element: FDF Last Revised 31-mar-1993

The FDF shall predict the time for EOS–AM spacecraft orbit maintenance maneuvers, compute
maneuver planning data (including start time and estimated bum times, required delta velocity, and
spacecraft attitude) and determine maneuver execution accuracy.

2.4.4.17 Responsible Ground Elemerm FDF Last Revised 31-mar-1993

The FDF shall notify the EOC of the status of each TDRSS spacecraft with respect to orbit
maneuvers and thruster angular momentum dumps.

2.4.4.18 Responsible Ground Element: FDF Last Revised 31-mar-l 993

The FDF shall interface with the EOC for the transfer of all FDF generated data to the EOC and the
receipt of all TONS related telemetry to the FDF.

2.4.4.19 Responsible Ground Element FDF Last Revised 31-mar-1993

The FDF shall maintain an independent estimate of the spacecraft frequency error and supply this
data to the EOC to support TONS time determination.
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2.4.4.20 Responsible Ground Element FDF Last Revised 3l-mar-1993

The FDF shall compute (and provide to EOC) a backup EOS-AM state vector and mean orbital
elements as often as once per 24 hours, and as necessary after EOS propulsive maneuvers. During
the operational phase, position data shall be accurate to +50 kilometers after two days of onboard
use, 3-sigma.

2.4.421 Responsible Ground Element FDF Last Revised 31-mar-1993

The FDF shall compute (and provide to EOC) 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 shall be accurate to +120 kilometers after two days of onboard use, 3-sigma.

2.4.4.23 Responsible Ground Element: FDF Last Revised 31-rnar-1993

FDF shall provide a star catalog and star catalog updates to EOC, when ~quested for contingency
use. The onboard algorithm is expected to maintain the onboard catalog for the life of the spacecraft.

4.4.4.1 Responsible Ground Element NCC Last Revised 31-mar-1993

NCC shall provide weekly TDRSS schedules in response to EOC requests. The schedule will
include TDRSS contact times, TDRS transmit kquency for each contact, and TDRSS ground
antenna ID for each contact.

5.3.3.1 Responsible Ground Element TDRSS Last Revised 31-rnar-1993

EOS-AM shalI normally communicate with the EOS ground elements via the TDRSS.
Approximately 30 minutes of TDRSS S-Band suppom shall be required during each EOS–AM
orbit. EOS-AM will carry the NASA standard S-Band transponder. The capabilities will be similar
to the second generation TDRSS transponder with enhancements for TOhTSnavigation capabilities
and interfaces. The S–Band transponder/TDRSS interface is:

@@@@ TDRSS Service Link Description Max. Data Rate

SMA Fonvard Low Rate Commands and Data 1 Kbps
SMA Return Low Rate Telemetry 16 Kbps
SSA Forward High Rate Commands and Data 10 Kbps
SSA Return Medium Rate Telemetry 512 Kbps

Details of the EOS–AM communication subsystem operation is described in the “Communications
Subsystem Speciilcation for the EOS-AM Spacecraft (SP-401)”. Operation of the transponder
shall be as described in the “S-Band Transponder SpecKlcation (SP-402)”.
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5.3.3.2 Responsible Ground Element TDRSS Last Revised 31-mar-1993

EOS-AM shall normally cmmmmicate with the EOS ground elements via the TDRSS.
Approximately 30 Illi.nu&%Of TDRSS KSA return link SUppOr’tshti be ~Uh3d Chu@ each
EOS-AM orbit. The required data me will be 150 Mbps (75 Mbps on both the I and Q channels).
Details of the EOS-AM communication subsystem operation is described in the “Communications
Subsystem Speci13cation for the EOS-AM Spacecraft (SP401)”.

5.3.3.3 Responsible Ground Element TDRSS Last Revised 31-mar-1993

TDRS support of the EOS-AM spacecra.tl shall be as described in the EOS TDRSS ICD (GE ICD
20008504)

5.4.4.1 Responsible Ground Element TDRSS Last Revised 31-mar-1993

The forward link TDRSS S-Band signal shall not be Doppler compensated while EOS is using the
signal for navigation.

8.1.3.1 Responsible Ground Element EDOS Last Revised 31-mar-1993

EDOS shall receive (via TDRSS, DSN, or DP station) all data transmitted by EOS-AM.

8.1.3.2 Responsible Ground Element EDOS Last Revised 31-mar-1993

EDOS shall provide data processing and data delive~ based on Vial Channel ID (VCID),
Application Packet ID (APID), and quick-look flag.

8.1.3.3 Responsible Ground Element EDOS Last Revised 3 l-mar-1993

EDOS shall archive level–zero processed data.

8.3.2.1 Responsible Ground Elemerm EDOS Last Revised 31-mar-1993

EDOS shall generate any acquisition sequences and idle sequences necessary to enable EOS-AM
to maintain lock on the command signal.

8.3.2.2 Responsible Ground Element EDOS Last Revised 31-mar-1993

EDOS shall receive telecommand transfer frames from EOC and generate Command Link
Transmission Units (CLTU)S for uplink via TDRSS or DSN/GN/W’TS.

8.9.3.1 Responsible Ground Element EDOS Last Revised 31–mar-1993

EDOS shall forward to the GSFC DAAC, all Housekeeping telemetry and Command Link Control
Words received from the high-rate recorder playback on the Ku-band link.
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11.9.5.1 Responsible Ground Element DAAC Last Revised 3l-marT1993

The GSFC DAAC shall receive fromEDOS, and permanently archive, all+EOS-AMHousekeeping
and Health and Safety data which is recovered from the spacecraft recorder. This includes the
normal high–rate recorder playback via the Ku-band and also any non-redundant data received in
256 Kbor512 Kb dumps via the s-band link.

11.9.5.2 Responsible Ground Element DA4C Last Revised 31–mar-1993

The GSFC DAAC shall transmit selected Housekeeping andor Health and Safety data from the
archive to EOC, at 256 kbps, for off-line analysis.

11.9.5.3 Responsible Ground Element DWC Last Revised 31-mar-1993

DMC shall maintain a permanent record of EOS-AM operations history data which includes the
schedule, command and command verifkation information, alarms and limit violations, and
operator actions. The ~cord will be provided to the GSFC DAAC by EOC. The DAAC shall also
maintain a permanent record of EOS-AM housekeeping telemeuy for spacecraft analysis.
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