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1 SCOPE

l.l Identification

This Ground Support Equipment Requtiments Document (GSERD) identiles and describes
common performance and functional requirements for all Ground Support Equipment (GSE)
necessary to support the assembly, tes~ subsystems checkout, systems checkout, handling,
transportation, launch-site activities, and overall integration and processing of the Equipment
Modules, Solar Array Assembly,High Gain Antema Assembly, Spacecraft Bus, and integrated
EOS-AM Spacecraft. This document identiles GSE interfaces and describes the minimum
equipment requirementsto support SpacecraftIntegration and Test (l&T).
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2 APPLICABLE DOCUMENTS

Thefollowingdocuments,of the issue or revision shown,forma pmt of this documentto the extent
referencedherein. IrIthe event of conflictbetweenany of the documentsreferencedherein and this
document,the contentsof this documentshall be considereda supersedingm@rement, except for
documentsGSFC421–10-O1, GSFC-421-2141, andMartin MariettaAstro Space(Mro Space)
PS20005396listed below which shall take pecedence.

2.1 Government Documents

2.1.1 Speeifieations

Federal

None

Military

None

NASA

None

Other Government Agency

None

2.1.2 Standards

Federal

FElxH’D-595
15December 1989

Military

MIL-STD-1472

MIMH’D-45662A

2.1.3 Drawings

None

Colors, Paints, Dopes, Varnishes,and Related Products

Human EngineeringDesign Criteria for Military
Systems,Equipment,and Facilities

Calibration System Requirements

3 DCC090193



20001430
01September1993

2.104 Other Publications

Regulations

WSMCR 127-1 WesternSpace and Missile CenterRange Safety
15December 1989 Requirements

Handbooks

MIL-H-25579E Hose Assembly,T&rafluoroethylene,High
Temperature,MediumPressure

MIL-H-38360B Hose Assembly,Tetrafluoroethylene,High Temperature
High Pressun%Hydraulic and Pneumatic

NHB 6000.lC Requirements for Packaging,Hantigt ~d
June 1976 ‘llansportation for Aeronauticaland Space Systems

Equipment and Associated Components

SP8077 Requirements for Shipping Containers

2.2 Non-Government Documents

2.2.1 Specifications

PS20001415 Performance Specitlcaticm,Structuresand Mechanisms
Subsystem

PS20005396 Contract End Item Specificationfor the EOS-AM
spacecraft (SEP-101)

1S20008501 General Interface Specificationfor the EOS-AM
spacecraft (ICD-lol)

PS20008567 Performance Specifkation for Commandand Data
Handling Subsystemfor EOS-AM Spacecraft
(SP-301)

1S20008658 EOS-AM SpacecraftData Format Control Book
Interface Control Document (ICP106)

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

2.202 Standards

47A2101O5 Electrical AGE Fabrication and WorkmanshipStandard
Rev. L

Source: Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 0854%0800
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2.23 Drawings

None

2.2.4 Other Publications

20004280

20005397

PN20005869

23001146

AEP 6.04

PAPA1.13

Source:

ANSI X3.4

Source:

NFPA 70-1990

Source:

2.3 Information Documents

PS20008509

PS2OOO851O

PS20008511

PS20008512

Source:

EOS Subcontractor Performance Assurance
Requirements

PerformanceAssurance Implementation Plan (PA-1OO)

ElectromagneticCompatibilityControlPlan for the
EOS-AM Spacecraft (SEP-106)

Coni@ration Management Requirements for
Subcontractors

EngineeringProcedure,Red Line System

Ground SupportEquipment Quality Plan

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

AmericanStandardCode for Information Interchange

ANSI, ~C.

1430Broadway
New YmlGNY 10018

NationalElectrical Code

NationalFire Protection Association
BatterymarchPark
@inCjf, MA 02269

Requirements Document for Spacecraft Checkout
Station (SCS) (SEP-900)

RequirementsDocumentfor SpacecraftInterface
Simulator (S1S) (SEP-91O)

RequirementsDocument for Equipment Module
SpecialTestEquipment (EM STE) (SEP-920)

RequirementsDocument for Launch Support
Eqtipment (ME) (SEP-950)

Martin Marietta Astro Space
P. O. Box 800
Princeton, NJ 08543-0800
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3 REQUIREMENTS

3.1 General

This sectionincludes a description of the functional, performance, and physical requirements for all
Ground Suppmt Equipment used to assemble, test, handle, and transport EOS-AM Spacecraft
hardware.

This section also includes a description of the functional and performance requirements for
Electrical Ground Support Equipment (EGSE) software to be used in the testing of Spacecraft
hardware.

GSEfor servicingand testing the Spacecraftand its componentshas been allocated to three major
categories, SpacecraftGSE, Major SubassemblyGSE, and Launch Support Equipment. Within
each category,two further subcategorieshave been defined,Electrical GroundSupportEquipment
and MechanicalGroundSupportEquipment (MGSE). This is illustrated in Figure 1.

uGROUND
SUPPORT

EQUIPMENT
(GSE)

@@@

EQ&&
10/19/92 KRR

F@re 1. EOS-AM Spacecraft Ground Support Equipment

3.2 Functional Requirements

3.2.1 Spacecraft Electrical Ground Support Equipment

The EGSE for the Spacecmflwill consist of the three major equipmentsystems and miscellaneous
Special TestEquipment which are outlined in Figure 2 and described in the following subsections.
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I SPACECWH EGSE I

I
I I I I

SPACECRA~
EC#wl;EJT

SPACECRA~
MlSC3Ep3E~~0US

CHECKOUT INTERFAOE SPECIAL
STATION SIMULATOR TEST

TEST

EQUIPMENT
EQUIPMENT

ElELECTRICAL
POWER
TEST

SUBSYSTEM

REOORDER
EMIOAS EM

POWER

STE EM STE

KRR

Figure 2. Spacecraft Electrical Ground Support Equipment

The three majorEGSE systems(SpacecraftCheckoutStation,Spacecraft Interface Simulator,and
Equipment Module Special ‘Ikst Equipment), which are computer based, will be designed to
maximize automatictest procedureimplementationand the commonalityof softwareamong them.

EGSEwillbedesignedto maximizecommonalityof hardware,includingcustomin-house designed
and fabricated units, among them to the extent possible. All EGSE will be designed with certain
common requirements for basic electrical and mechanicaldesign and construction.

The following subsectionscontainoverall top-level requirementsfor EGSE, in addition to general
and commonrequirements for EGSE software.

Later sections of this document contain general and common requirements for EGSE hardware.

3.2.1.1 Spacecraft Checkout Station

[1] The Spacecraft Checkout Station (SCS) shall constitute a test system for performance of
electrical tests upon the EOS-AM Spacecraft.

[2] The SCS shall be designedand constructed to facilitate use for both factory and launch site
testing.
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[8]
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The SCS shall provideall of the test equipmen~computerfacilities, and softwarenecessary
to perform integrationand vefilcation testing of the Spacecraft.

TheSCSshallprovideDC powersupplyequipmen~command,telemetry,anddatahandling
andprocessingequipment,r.f.communicationsequipmen~andorbitandattitudecontroltest
support equipment as required to support operationand testing of the Spacecraft.

The SCS shall include computer equipment and appropriate peripheraldevices to provide
test control and man-machine interface.

The SCS shall be designedand constructed as a distributedsystem to provide flexibility of
use with the Spacecraftand to accommodatethe varioustest scenariosand locations within
which the Spacecraftmust be tested.

The SCS shall include the following test subsystemsand equipment

a.

b.

c.

d.

e.

Electrical Power Test Subsystem

Command and Data Handling Test Subsystem

CommunicationsTestEquipment

Guidance,Navigation,and Control Test Subsystem

Test Port Interface

Each of the SCStest subsystems,named for that portionof the Spacecraft it supports, shall
be driven as required by one or more separatecomputem.

These computers shall be networked with each other and with the test station main
computer(s).

Constituent elements and equipment comprising the test subsystems of the SCS shall be
identical to and interchang~ble with f~ction-Wy similar equipment in the Spacecraft
Interface Simulator and the Equipment Module Special Test Equipment, which am
described in Subsections3.2.1.2 and 3.2.1.3respectively,to the maximumextent possible.

A block diagram of the SCS is shown in Figure 3. More detailedrequirementsfor the SCS are set
forth in PS20008509, Requirements Document for the Spacecraft Checkout Station.

3.2.1.2 Spacecraft Interface Simulator

[1] The Spacecraft Interface Simulator (S1S) shall simulate the Spacecraft-t@Instrument
electrical intetiace to any EOS-AM Instrument.

[2] The S1Selectrical interfaces shall include:

a.

b.

c.

d.

e.

f.

Spacecraft power bus

Low Rate ScienceBus connections

High–rate sciencedata link connections

Command & TelemetryBus

Time Mark & FrequencyBus

discrete-line command and telemetry interfaces.
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F@re 3. Spacecraft Checkout Station Block Diagram

[3] The S1S shall provide capabilities to verify Instrument compatibility with Command &
Telemehy (C&T) Bus protocols.

[4] The S1Sshall providecapabilities to verify Instrumentcompatibilitywith low andhigh rate
science data interfaces.

[5] The S1S shall simulate the SCS - to - Instrument Science Ground Support Equipment
(ISGSE) science data interfaces that will be used during Spacecraft-level testing.

[6] The S1S shall be capable of being transported between Astro Space and Instrument
Developer locations.

Ablockdiagrarn of the S1Sis showninFigure 4. More detailedrequirementi for tie S1Sareset forth
in PS20008510,Requirements Document for the Spacecraft Interface Simulator.
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Figure 4. Spacecraft Interface Simulator Block Diagram

3.2.1.3 Equipment Module Special Test Equipment

[1]

[2]

[3]

[4]

The Euui~mentModule SpecialTestEcwiPment(EM STE) sh~ Consti@tea group of test
system~ ~or performance”of electrical-tt% upon the EOS-AM Spacecraft Equipment
Modules.

Each Equipment Module STE shall provide DC power supply equipment, command,
telemetry,anddatahandlingandprocessingequipment,andother testequipmentas required
to support operation and testing of the relevant Equipment Module(s).

EachEquipmentModuleSTEshall includecomputerequipmentand appropriateperipheral
devices to provide test station control and man-machine interface.

Each test stationshall providecapabilitywithin its computerequipmentfor test control, test
procedure implementation,and test data management
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[5] The EquipmentModule STE shallconsist of the followingfour stand-alone test stations to
be usexlfor testing of EquipmentModulesbefore they are installed on the Spacecraft

a.

b.

c.

d.

Power EquipmentModule STE

CommunicationdCo~d and Data Handling (C&DH)Equipment Module STE

Recorder/DirectAccess Subsystem(DAS)EquipmentModule STE

Guidance,Navigation,and Control (GN&C)EquipmentModule STE.

Each of these test stations is named for the EquipmentModule(s)being tested.

Block diagrams describing the four Equipment Module STE are shown in Figures 5 through 8
inclusive. Moredetailedrequirement fortheEquipment ModuleSTE areset forth inPS20008511,
RequirementsDocumentfor EquipmentModule SpecialTestEquipment

● DATA
ACQUISITION a

POWER
EM
&

I i

1 I I
W/S3 KRR

I@ure 5. Power Equipment Module STE Block Diagram

P6WER
r TEST c ●

EQUIPMENT

● COMPUTER * ●

COMW

C&DH
● COMMUNICATIONS

TEST 4 ● EM

EQUIPMENT

COMMAND &
TELEMETRY

● ●

●
TEST

EQUIPMENT
5/17193 KRR

Figure 6. ComrnunicationslC&DH Equipment Module STE Block Diagram
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Figure 7. GN&C Equipment Module STE Block Diagram
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F@re 8. Recorder/DAS Equipment Module STE Block Diagram
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302.104 Propulsion Module Special Test Equipment

[1]

[2]

[3]

[4]

[5]

[6]

‘Ihe Propulsion Module (PM) GSE shall SUPm the electrical testing of the PM as a
stand-al~ne unit prior to integrationwith the Spacecraft.

The PM STE shall simulate the electrical interface between the PM and the Spacecraft.

ThePM STEshall permit full functionaloperationof the PM withouta Spacecraft interface
comection.

ThePM STEshallprovideDC powerfor operationof thePM electronicsunits, pressureand
temperaturetransduce, latch valves, thruster valves, and heaters.

ThePM STEshallprovidecapabilitiesto actuateany of the thrusterand isolationvalvesand
enable or disable any of the propellant pmsw transducers.

The PM STE shall provide monitoringfor the open and closed status of all isolation valves
and for tank pressure transducersand temperature sensors.

A block diagram describing the Propulsion Module STE is shown in Figure 9. More detailed
requirementsforthepropulsion ModuleSTE areset forthinPS20008511, RequirementsDocument
for Equipment Module Special TestEquipment.

●
ACE

SIMUIATOR
●

PROPULSION
, co&:Pgy:E.lT .

SIMULATORS

POWER
● TEST ● B

EQUIPMENT

m COMPUTER ● o

PROP
MODULE

YISI’93 KRR

l@ww 9. Propuldon Module STE Block Diagram

3.2.1.5 Miscellaneous Spacecraft EGSE

3.2.1.5.1 Pyro Special Test Equipment

[1] The Pyro STE shall electrically simulate all Spacecraft pyrotechnicdevices for testing.

[2] The Pyro STE shall provide electrical interfaces with flight hardware and with a
multichannelchart recorder.

3.2.1.5.2 Multichannel Chart Recorder

[1] A multichannelchart recordershall be provided to generatehardcopy records of pyro ftig
and duration.
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[2] The multichannelchart recorder shall provide a minimum of eight signal channels.

[3] The chart ~corder shall provide an electrical intetiace with the Pyro STE.

3.2.1.5.3 EGSE Connector Savers (Buffer Cables) and Fuse Buffers

[1] Comector savers shall be provided and used between flight connectors and EGSE
connectors when numerous disconnections between the flight and EGSE connectors are
anticipated.

[2] Fuse buffers shall be provided and used between flight power connectors during initial
electrical integration and test of the Spacecraft.

[3] Buffer fuse curnmtratings shallbe equal to or less than the demtedvaluesof the flight fuses
being protected.

3.2.1.6 Launch Support Equipment

Launch Support Equipment (LSE) includes power, control, and communications equipment for
support of the launch of the EOS-AM Spacecraftfkomthe WesternTestRange(VandenbergAFB).
LSE encompassesall electrical and electronicequipmentat the launchpad associatedwith control
and monitoring of the Spacecraft.

[1] The electrical LSE shall provideelectrical interfacingbetween the launch site locations as
described in Figure 10.

r ———-— ---- 1 r ---- 1
1 r -— --- —- 1 r ————— —.

i I
I CONTROL

I + PANELS *6C

! I

I I

I PODW:R I

I
SUPPLY I

I I

I I

I
e DATA I

I ● LOGGER I
I

! I

i
*

I
I
I
I
I
I
I
I
I
I
I

LSB

RACK

I
I i Ii

I LAUNCH TOWER j ! IAUNCH VEH~lC-~, --——— ——

i
BASEBAND COMMANDS

+ ~< ~ AND TELEMETRY
TO/FROM SCS

I

i
SCS CONTROL i

[ MUNCH I DL = DATA LINK

I AREA
, Lm&lc&sj

L ———— ———— — J L ----

Figure 10. Launch Support Equipment

[2] The LSE shall provide external elecrncal power to the Spacecraft.

[3] The LSE shall provide independentcharging of the Spacecraftbatteries.

!i17193 KRR

[4] The LSE shall provide command and telemetry communications with the Spacecraft
mounted on the launch vehicle.

15 DCC090193



20001430
01September1993

=—

[5] LSE shall comply with the applicable requirements of Subsection3.14 of U. S. Air Force
documentWSMCR 127-1, WesternSpaceand MissileCenterRange SafetyRequirements.

MOEdetailedrequirements for the LSE are set forthinPS20008512, RequirementsDocument for
Launch SupportEquipment.

3.2.1.7 GSE Software

3.2.1.7.1 General

This sectioncovers softwarearchitecture and the softwarerequirementswhichare commonto two
or mom?of the SCS, S1S,and Equipment Module STE. These sofhvarefunctions will be provided
and utilized as commonelements among these GSE systems. Other test-system-spectilc software
requirements may be found in Astro Space documents PS20008509, PS20008510, and
PS20008511.

3.2.I.7J? GSE Software?Architecture

[1]

[2]

[3]

[4]

[5]

[6]

The GSE computer softwareshall containfunctionsfor test softwareproceduregeneration,
providing the procedure author with the abfity to create and modify test command
procedures.

The GSEcomputersoftwareshallcontainfunctionsfor executionof test languagedirectives
and procedures.

Test execution software shall provide the Test Conductor with the ability to control all
aspects of online testing including mode setting, system commanding,system monitoring,
and display and data logging selections.

The GSEcomputersoftwareshallcontainfunctionsforoff-line &ta analysis,providingthe
TestAnalystwith test evaluationtools formport generation,data plotting,data trending,and
general analysis.

The GSE computer software shaIlcontain functions for maintainingand updating the GSE
databases.

The GSE computer software shall provide capabilitiesfcxuser file maintenance,operating
system management, and user access class management.

3.2.L72 GSE Computer System Management

[1] The GSE software shall supportup to 18(TBR-1) workstationsin any spec~lc test system,
consisting of (as an example in the SCSconfiguration)a combinationof master station, fde
server, test subsystem control computers,and analyst stations.

[2] The GSE software shall allow only one workstation to be designated as master.

[3] The GSE software shall allow only the master workstation to issue commands to the
Spacecraft Equipment Module, hwtrumen~or GSE.

[4] The designation of the master workstation shall be part of the system configuration.
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[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

It shall be possible, with two levels of securityprovided;—tiesoftswm, for the operator at
the master workstation to designate another workstationas master.

It shall be possible, with wo levels of security provided in the software,for the operator,
using a workstationnot the current master, to designatethat workstationas master.

When the designationof master workstationis changed,the change shall take less than 15
(TBR-2) minutes without requiring restarting or interruptionof test flow continuity.

The GSE software shall provide the master workstationwith the capabilityto direct a page
display to be displayed on any other workstation in the system.

The GSEsoftwareshallprovidefflemanagementutilitiesandopemtingsystemaccessto all
users.

The GSE software shall provide capabilities for storage of program and data fdes to
removable non-volatile media.

The GSE software shall provide capabilities for retrieval of program and data files from
removable non-volatile media.

The GSE software shall provide capabilities to define and control user classes, levels of
authority,and privileges to provide operationaland data security.

The GSE software shall control system access by means of a formal system of user
identitlcation, authentication,and autlmization.

The GSE software shall provide a capability to log system accesses made by each user.

The GSE software shall control data access by means of a foxm.alsystem of user
identillcation, authentication,and authorization.

The GSE software shall provide a capability for a system administratorto bypass the user
authorizationprocedures with appropriate authority levels.

The GSE software shall provide capabilities for accepting input time data from a time code
generator and incorporating it as the system time reference.

The G’SEcomputer hardwareand software shall maintainthe system time reference within
0.10 secondsof the inputtime code databy updatingthe systemtime referenceasnecessmy.

GSE software processing operations which result in abort actions shall initiate the abort
process within 0.50 (T13R-3) seconds of the logical decisionrequiring the abort.

3.2.1.7.4 User Interface

[1] GSE computer hardware and software shall provide an operator interface for manually
entering or viewing data, which will include or accommodatethe use ofi

a. windowing software

b. graphical user interface

c. an English-like test language.

[2] The GSE software user interface function shall support operator inputs which include the
following, as a minimum.
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[3]

[4]

[5]

[6]

[7]

[8]

[9]

a. standard keyboardswhich includefimctionkeys

b. progmmmablekeys

c. “mouse”pointing devices.

The GSE software user intexfacefunction shall validate user input providing an error
indication to the user if invalid entries= made.

The GSEsoftwareuser interfacefimctionshallhalt uponemor,displaya messagenoting the
error detect~ andprovidethe capabilityto restm%comet the inputandcontinue, or cancel
the input and exit that operation.

The GSE user interface software shall provi& the capability to associate frequently used
functions with the available function keys of the keybom@allowing the function to be
executed by pressing the proper functionkey.

The GSE user interface soilwareshall accommodatethe followingfunction key usages via
hard or soft function keys (TBR+:

a. GO to initiate or resume a procedure

b. HALTto suspend a procedure

c. KILL (terminatecurrent directiveand suspend procedureexecution)

d. IULLPROC,with confiition (terminate current procedure,return to previous level,
and suspendexecution)

e. print display

f. resend command.

The GSE user interface softwareshall support communicationwith the operator using the
following features, as needed

a. color display monitomwith alphanumericand graphics capabilities

b. monochromedisplay monitorswith alphanumericand graphics capabilities

c. display windowmanagers

d. text entry windows

e. pop-up windows

f. menu selection options

g. pull~own menus

h. function key selection

i. toggle items

j. audio alarm controls.

The GSE software display interface shall support a minimum of 16distinct colors.

The GSE softwaredisplayinterfaceshallprovidecapabilitiesto definedefault colors as part
of the startup conf@ration.
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[10] The GSE softwaredisplay interface shall provide for’th; simultaneousimplementationof
windowsas follows:

a. up to sevenpermanentlydisplayedwindowsof freed size and location within the upper
half of the display screen

b. twocallableor“pop-up” windowsoffreed sizeandlocationappearingat theright center
of the display screen when active

c. two windows of freed size in the bottom half of the display screen which will be
predefmed and maybe called, move~ or dismissedat the discretion of the operator.

[11] If a newly-called or movedwindowoccludesanother window,either partially or fully, the
occluded window shall reappear without loss of data when the occluding window is
dismissed or moved to remove the occlusion.

[12] Data in an occludedwindow shall be updated as though the occlusionwem not in effect.

[13] The GSE softwaredisplay interface shall provide a standardset of information as part of a
display, including,but not limited to, the following items:

a. date and time

b, telemetry acquisition status

c. Spacecraft telemetry mode

d. command vefilcation status

e. limit checking status

f. out-of-limits flag

g. procedure status.

[14] The GSEuser interfacesoftwareshallprovidethe capabilityto initiateorpetionn anyof the
following activities based upon comectuser entry or selection

a.

b.

c.

d.

e.

f.

g.

h.

i.

execution of a test directive (a single commandelement)

execution of a test script or procedure(a list of successivetest directives)

transmissionof commandsand commandlists

control of applicable elements of the GSE to which the computer(s)u interfaced, as
shown in the EGSE block diagrams given in the SCS Requirements Document,
20008509, EM STE Requirements Document, 20008511, and S1S Requirements
Document, 20008510

description of a test conf@uration, including the pmxsenceor absence of hardware, on/off
status, any important mode information, etc

control of data displays

entering of comments and descriptive text

control of archival of flight hardware telemetry data

control of retrieval of flight hardware telemetry data
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j. control of archivalof GSE hardware?status or measurement&ta

k. control of retrieval of GSE hardware status or measurementdata

1. execution of any available data analysis functions

m. enabling or disabling of data monitoring

n. enabling or disabling of data logging, with confiition

o. enabling or disabling of vefilcation of commandtransmission

p. enabling or disabling of verification of commandexecution

q. enabling or disabling of command prerequisitechecking

r. enabling or disabling of flight telemetry and GSE data limit checking

s. setting of flight telemetry and GSE data limits

t. control of messagerouting.

u. control of archival of test status messages

v. control of retrieval of test status messages

w. control of archival of alazmmessages

x. control of retrieval of alarm messages

y. control of &ta printing or hardcopy generation

z. retrieval of data from any available database

3.2.1.7S Test Language

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

The GSE software shall provide a test language which will facilitate the automation of
testing andprovidea standmiization of the overallcommandingandoperationof the system
under test and the GSE hardware.

The Test Languageshall exhibit the characteristicsof a structured,English-like high-level
language.

The Test Language function shall provide control of all commendable functions of the
system under test and the GSE.

The Test Language function shall providefeatures whichpermit testing to be accomplished
via manual step-by-step actions and by automatic procedures.

The TestLanguagefunction shall permit test scripts (procedures)to be created with the use
of an ASCII fde text editor, compiled, and loaded for library storage.

The Test Language function shall provide capabtities to modify, copy, and delete
procedures.

The Test Languagefunction shall permit procedures to be referenced by name.

The TestLanguagefimctionshall provide the capabilityfor proceduresto accept parameter
information up to a maximum of 8 pammeters.
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[13]

[14]
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The TWt Languagefunction shall provide the capability to single-step procedures.

The GSE softwareshall provide capabilities for evaluating test directives against the state
of the system under test, including GSE, such as for the pnxence or absence of spectiled
hardware,to determinewhether the directives are permissible.

The Test Languagefunction shall support the deftition and use of both local and global
variables.

The TestLsnguage function shall prohibit the redefinitionof the characteristicsof a global
variablewhile a procedure is executing.

The TestLanguagefunction shall perform syntax checkingon entered input, report syntax
errors, and upon error prohibit the execution of incomectinput.

The T&t Languagefunction shall provide the capabilities to execute or accommodatethe
following activitiesand functions:

a.

b.

c.

d.

e.

f.

g“
h.

i.

j.
k.

1.

execution of a test directive (a single command element)

execution of a test script or procedure (a list of successive test directives)

transmission of commands and command lists

control of applicable elements of the EGSE to which the computer(s) are interfaced, as
shown in the block diagmms given in Astro Space documents 20008509,20008510, and
20008511

control of data displays

conditional instructions, including looping and branching, IF-THEN-ELSE, and
LOOP-ENDLOOP C(XIStIUCtS

nested instructionsor procedures, to a minimum of five levels of nesting

arithmetic operations of addition, subtraction, multiplication, division, and
exponentiation

logical and relational operations

supportof labels and GOTOdimtives

procedurecontrol dinxtives, including as a minimum the following:

1.

2.

3.

4.

5.

6.

7.

WAITunconditional

WAIT conditional {time }

WAIT conditional {expression }

GO to initiate or resume a procedure

GO at @e number or label } (resume at specfled line number or label)

KILL (terminate current directive and suspend procedure execution)

KILLPROC, with confiition (terminate current procedure, return to previous
level, and suspend execution)

enteringof comments and destiptive text
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m access to local variables

n.

o.

P“

q“

r.

s.

t.

u.

v.

w.

x.

Y“

z.

access to global variables

processing of data types as follows:

1. integer

2. long integer

3. 1750floating point

4. character string

control of data printing and hardcopy generation

control of archival of flight hardware telemetry data

control of ~trieval of flight hardwaxetelemetrydata

control of archival of GSE hardware status or measurementdata

control of retrieval of GSE hardware status or measurementdata

execution of any available data analysis functions

enabIingor disabling of data monitoring

enabling or disabling of data logging, with confiition

enabling or disabling of verification of command transmission

enabling or disabling of verification of commandexecution

enabling or disabling of command prerequisitechecking

aa. enabling or disabling of flight telemetq and GSE data limit checking

ab. control of messagerouting.

ac. setting of flight telemetry and GSE data limits

ad. control of archival of test status messages

ae. control of retrieval of test status messages

af. control of archival of alarm messages

ag. control of retrieval of alarm messages

ah. control of data printing or hardcopy genemtion

ai. retrieval of data from any available &tabase

[15] TheTestLanguagefunctionshallprovidethecapabilityto specifywhichlanguagefunctions
am permitted to be used in procedures.

[16] The TestLanguagefunctionshall pmvidethe capabfity to specifywhichlanguagefunctions
are permitted to be invoked from the workstation.

[17] The TestLanguagefunction shallprovidethecapabilityforgeneration oflistings of software
procedures, including line number infcnmation.
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nmumd operations3.2.1.7.6 Co

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

The GSE software shall provide capabilities for tmnsmission of commands to flight
hardwareusing any of the specifkd commandmtes of 125bps, 1kbps,2 kbps,and 10kbps.

The GSE software shall deliver command words to the GSE link layer hardware with the
same format and data content as the flight commandwordsas definedin Section 5 of Astro
Space document 1S20008658,Data Format ControlBook.

The GSEsoftwareshallprovidethe abilityto setcommandparameters,includingSpacecraft
address.

TheGSEsoftwareshallprovidecapabilitiesforrepeatedtransmission ofthe samecommand
indefinitely,and for termination of the repetition of the command.

The GSE softwzm shall provide capabilitiesfor causing the hardwarecommand interface
to generate erroneous command transmissions for the purpose of testing proper flight
hardwareresponse.

The GSE software shall provide capabilitiesfor hazardousor critical commandchecking.

Hazardous or critical commandcheckingshall always be active and may not be disabled.

Any hazardous or critical command shall require operator confhmation by prompting the
operator for either an “allow” or a “reject” response and then either transmitting the
command or ignoring it as appropriate.

An “allow” response to any hazardousor critical commandshallni!quiretwo keystrokesof
physically separatedkeys or a positive qmnse followed by a ‘Return” on the keyboard.

If the operator does not respond to the “allow/rejectwresponse request for a hazardous
command, the GSE software shall cause the following actions to occur

a. generation of a log message

b. termination of the procedure if the command is part of a procedure.

The GSE software. shall provide command prerequisite checking, using information
associated with each command to determine, by examining telemetry or status data, whether
or not the flight hardware or GSE is in the deshed configuration for command transmission.

The GSE software command prerequisitechecking shall provide the capability to report a
message indicating the result of the check.

When the GSE software determines that a component for which an issued command is
destined is missing or off, it shall display a messageto that effect to the operator and shall
ignore the transmission and verificationof the command.

The GSE software shall permit commandprerequisitechecking to be enabled or disabled.

Command prerequisite checking shall function in the absence of active return teleme~,
indicatingthat it is unableto checktelemetryorfmds telemetryindeterminateas appropriate.

The GSEsoftwareshallprovidecapabilitiesforverifkation ofcommandreceiptbytheflight
hardware, where applicable, by examination of returning telemetry status messages for
proper conditions.
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[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

—

The GSE software shall permit verification of commandrece~t to be enabled or disabled

The GSE softxwueshall provide capabilitiesfor veriilcation of commandexecution by the
flight hardwareby examinationof returning telemetryfor proper values as specifiedin the
database.
The GSE software shall permit spectlcation of a time-out value for command execution
veri.tlcation,whereexpirationof the time-out period with the desired telemetry state(s)not
being achieved indicates that the commanddid not execute.

TheGSEsoftwareshallprovidecapabtities to checkthe desiredexecutionveri.tlcationstate
prior to commandtransmissionto determine if the commandis redundant (i.e., the destid
telemetrystate is the sameas the currenttelemetry state),display a message,and optionally
request confirmationfrom the operator.
The GSEsoftwareshallpermitverificationof commandexecutionto be enabledor disabled
for commands other than hazardous or critical commands, for which verMcation of
commandexecution may not be disabled.

Any hazardous or critical command shall require completion of command execution
verifkation before the softwm will permit continuanceof any procedure.

Iftheappropriatecomrnandexecutionverificationinformationisnot presentin the database,
the GSE softwareshall cause the following actions to OCCW.
a. generation of a log message

b. suspension of the procedure pending operator action if the command is part of a
procedure.

Command execution verifkation shall function in the absence of active return telemetry,
indicatingthatit is unabletochecktelemetry orfmds telemetryindeterminateasapproprhte.

The GSEsoftwareshallmaintaina cumulativestatusof all commandexecutioncategorized
by subsystem and for all subsystems collectively since the last previous query of the
comespondingexecutionstatus was performed.

The GSE softwareshallprovidecapabilitiesfor sendingmultiplecommandsandhaving the
command verification results of those commands xeflectedcollectively as a block in the
execution status information.
TheGSEsoftswmshallpermitexaminationofcommandexecutionstatusfromthekeyboard
or from a procedure.

TheGSEwham shallpermitresettingor initializingcommandexecutionstatusassociated
with a specific subsystemand for all subsystemscollectively.

The GSE software shall provide the ability to suspendprocedureexecution until command
execution has been veriiled for any of the following groups of commands:
a. all commands in a command block

b. all commands associated with a particular subsystem

c. the most recent command

The GSE software shall provide capabilities for unexpected event detection, which will
monitor all commandexecution veri.tlcationstatus informationfor any unexpectedchange
(i.e., a change that occurred when the associated commandwas not sent) and report it

DCC090193 24



2QO01430
01September1993

=—

[31] In the eventthat commandreceiptorcommandexecution cannotbe properlyverifiedforone
or more commands, the GSE software shall provide capabilities for command
retransmissionunder manualcontrol.

[32] The GSE softwareshall provide capabilitiesfor transmitting mode commandsto elements
of test equipmentin the GSE.

[33] The GSE softwme shall provide capabilities for transmitting commands for setting
parameter values to elements of test equipment in the GSE.

3.2.1.7.7 Telemetry Processing

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Telemetry processing software shall support non-simultaneous lkbps and 16kbps
Spacecraft telemetrydata rates.

Telemetryprocessingsoftwareshall indicatethat no data is availablefor telemetry points in
the 16kbps telemetq streamwhichare not present in the 1kbps telemetry stream when the
latter is being processed

Telemetryprocessingsoftwareshall providecapabilitiesfor synchronizingon minorframes
of the Spacecmft telemetry data streams as defined in Subsection 3.2.1.6 of Astro Space
documentPS20008567.

Telemetryprocessingsoftwareshall supportsimultaneousinputsof telemetry(1 or 16kbps)
and diagnostic (1 or 16kbps)Spacecraftdata via separatedata channelsor ports. The same
data rate will exist on both channels.

Telemetry point values shall be accessible fmm the keyboard or from a procedure by
mnemonic or location (i.e., position within a frame) reference.

Telemelq processing software shall provide the capability to perform limit checking on
Spacecraft telemetry or GSE measurementdata.

Limit checking, when performed shall be performedonly on raw data.

Teleme~ processing software shall permit limits to be specifkd in engineering units and
shall process the limit informationinto the proper format for internal limit checking.

Telemetryprocessingsoftwareshallprovidethe capabilityto examineevery samplefor any
point being limit checked.

Telemetry processing software shall provide the capability to enable and disable all
telemetry limit checking.

Telemetry processing software shall provide the capability to enable and disable limit
checking for all telemetry points within a pwcicularsubsystem.

Telemetry processing software shall provide the capability to enable and disable limit
checking for individual teleme~ points.

Telemelry processing software shall genemte a display tlag for each subsystem which
indicates whetheror not any relevantpoint beinglimit checkedis out of limits and displays
the number of points currently out of limits for that subsystem.

Telemetry processing software shall provide the capability to clear any or all of the
out-of-limits flags by keyboardcommandor bydisplayingthe ALARMSdisplay (either of
these actions constitutesacknowledgmentof out-of-limits conditions).
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[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

=—

Telemetryprocessingsoftwareshall provide the capabilityto mod@ limit set values based
on telemetry state, including the capability to inhibit limit checkingof the associated point
for a particular state.
A telemetry limit set deftition for analog telemetxypoints shall consist of a yellow and a
red region within high and low regions (RL < YL < YH e RI-I).
A teleme~ limit set definition for hi-level telemetry points shall consist of valid and not
valid indications.

Telemetry processing software shall provide the capability to call a speci.ileddirective or
procedure based on the occumenceof a red out+f-lirnits condition or an invalid status
condition as applicable.
A telemetrylimit setdefinitionshall includethe specificationof a deadbandwhich specifies
the range withinwhicha point value is permittedto deviatefrom the previousout=of-limits
point value without an additional out-f-limits messagebeing generated.
The telemetxylimit set deadbandshall default to zero if a value is not specifkd.

A telemetry limit set definition shall include the specification of a maximum delta value
which spediles the range byond which deviation of a new point value from the previous
point value will generate a message, even though one or both values used to establish the
delta may individually be within limits.
Telemetry processing software shall provide the capability to enable and disable the
telemetry limit set delta value.
Telemetryprocessing software shall generate an out-of-limits messageany time the value
of a telemetry point enters the yellow region for the fmt time and anytime the value of a
telemeby point enters the red region for the fmt time, with subsequent out-of-limits
messagesbeing dependenton the specifkd deadbandfor that point.
Each telemetryout+f-limits messageshall report the current telemetrypoint value and the
limits against which it was checked.
Teleme~ processing software shall prohibit specif@g a value of less than one for the
number of times to display an out-of-limits message.
Telemetryprocessing software shall display out+f-limits messages within 0.50 (TBR-5)
seconds of the limit violation being detected.
Telemetryprocessingsoftware shall provi& a scrollingdisplay of out+f–limits messages.

Telemetry processing software shall provide a function to allow the user to display all
telemetry points that are currently out+f-limits.

Telemetry processing software shall provide the capabtity to temporarily modify limit
values associated with any given telemetry poin~ without affecting permanent limit set
values.
Telemeby processing software shall provide the capability to temporarily define limit set
information for a telemetry point which did not previously have limit set information
defined.

Telemetry processing software shall ensure that tempomry limit value modWcations or
definitionsare not retained beyondthe end of the cumenttest or session,and are replaced by
the valid permanent limit set values or deleted as appropriate.
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[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Telemetryprocessing software shall specifically preclude the definition of new permanent*
limit set informationfor any telemetry point while a test or procedure is in process.

Telemetryprocessingsoftwareshall providecapabilities for calibrationof telemetry points
by the following methods,as a minimum

a. polynomialsof orders up to ftith

b. exponential

c. piecewise linear.

Telemetry processing software shall permit calibration information to be speciiled in
engineering units and shall process the calibration information into the proper format for
internal data manipulation.

Telemetryprocessingsoftwareshallprovidethecapabilityto temporarilymodifycalibration
information associated with any given telemetry point, without affecting permanent
calibration information.

Telemetryprocessingsoftwareshall providethe capabilityto temporarilydefine calibration
information for a telemetxypoint which did not previously have calibrationinformation
defined.

Telemetry processing software shall ensure that temporary calibration information
mtilcations ordeftitions are not retained beyond the end of the cu.mnt test or session, and
are replaced by the valid ptmnanent calibmtion information or deleted as appropriate.

Telemetryprocessingsoftwm shall specificallypreclude the definition of new permanent
calibration informationfor any telemetry point while a test or procedure is in process.

Teleme@ processing software shall provide the capabfity to define pseudo telemetry
points, which are derived from actual data contained in the teleme~ datastream.

Pseudo telemetry point deftitions shall consist of telemetry or other pseudo telemetry
mnemonics combined with arithmetic and/or logical operatom to form a mathematical
expression.

Telemetryprocessingsoftwareshall providecapabilitiesto acceptdata quality information,
based upon the presenceor absenceof frame sync, flom the basebandtelemeuy processing
hardware.

Telemetry processing software shall providecapabilitiesto developdataqualityinformation
based upon packet emor status and control fmher processing based upon that quality
information.

The GSE software shall provide capabilities to uniquely tag all packets identiiled as being
in error by the packet data quality information,prior to futier processingand logging, by
writing the tag into artunused packet header bit.

The GSE software shall provide capabfities to automatically inhibit further processing of
packets which are identified as being in error.

The GSE software shall provide capabilities to override the inhibit for processing of
erroneous packets.
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[46]

[47]

[48]

[49]

[50]

[51]

Telemetryprocessingsoftwareshall provide a real-time &ta ;Oothing function.

The datasmoothingfunction shallnot tiect raw telemetrydad or limit checkingin anyway.

Telemetryprocessing softwareshall provide a data readbackcapability.

Telemetryprocessingsoftwareshall provide capabilitiesfor processingGSE measurement
data from up to 30 (TBR+ individual test instruments or data ports concurrently with
Spacecrail telemetry.

Telemetryprocessingsoftwareshall provide capabilitiesfor processingGSE measurement
data at maximum data rates from each source not to exceed 5 (TBR-’7) kbps and total
aggxegaterate not to exceed 40 (TBR-8) kbps, not includingany Spacecraft telemetry.

Processing of telemetry data shall not be a Pnmx@site for the proper opemtion of other
softwaie elements which have no dependencyupon telemetry data.

3.2.1.7.8 Telemetry Simulation

[1]

[2]

[3]

[4]

[5]

The GSE software shall provide the capability for simulationof Spacecmft telemetry data
streams.

The GSE softvwueshall provi& the capability for specifying simulated telemetry data
patterns according to location.

The GSE software shall provide the ability to extract data from a telemetry simulation
database based on subsystemidentifier and either telemetiy parameter name or mnemonic
or commandname or mnemonic(for commsnd-mponse simulation) and place the data in
the proper position in a simulated telemetry stream.

The GSE software shall provide the ability to extract data ffom a telemetry simulation
database based on 1553B C&T Bus Remote ‘l&minal address, assemble data items in
accordancewith a prespecifkd table, and place the data on the C&T Bus.

The GSE software shall provide the capability to perform hv~state modillcat.ions to
individual items in the telemetry simulation database based on 1553B Remote Terminal
address, subsystem identitler,and command name or mnemonic.

3.2 S.7.9 Memory Load and Dump Operations

[1] The GSE software shall provide the capability for loading memory &ta, including table
loads and stored command lists as applicable, to any Spacecraft processing element by
transmitting a “load initiate” command followed by the load data fde.

[2] The GSEsoftwareshall providecapabilities to generatebodiesof memoryload data for any
Spacecmft processingelement.

[3] GSE softwarememoryloadcapabilityshall includecapabtities for partial memory loads to
Spacecraft processingelements.

[4] The GSE software shall provide the capability for uploading patches or moclitlcationsto
SCC flight software.

[5) The GSE software shall maintain an image of the load data in an on-line fde.
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[6]

[7]

[8]

[9]

[10]

[11-J

[12]

[13]

The GSE software shall provide the capability for ‘~mputing checksum or cyclic
redundancycheck(CRC)valueson specifkd files anddisplayingtheresults to the operator.

The (3SEsoftwareshall be capable of properlymanagingload data transfer in the event of
a transmission problem, identifying the last information nxeived by the target, and, on
request, restarting the transmission at that point.

The GSE sotiare shall provide the capability for dumping memory data from any
Spacecraft processing element, including partial memory dumps, by transmitting a “dump
initiate” command followed by a “dump” command.

The GSE software shall provide capabilities for savingany dump imageto a fde.

The GSEsoftwareshallprovidethe capabilityfor generatinga reportfor currentloadand/or
dump data.

The GSE software shall provi& capabilities for comparing any dump image to the
corresponding currently nxident load image for that processingelement and reporting the
number of miscompares.

The GSE softwareshall provide capabilities for accepting and applying masks (for dynamic
memory data that may have changed since the original upload) against memory dump
images to be compmd against resident load images.

The GSE softwareshallprovidethe capabilityfor generatinga miscomparereport (location,
expected value, mask value (ii any), and actual value) for displayor printing.

3.2.1.7.10 Data Recording and Amhival Functions

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

The GSE software shall provide capabtities to record all flight hartiwamcommands and
telemetry and GSE measurementdata to on-line non-volatile storage.

The GSE software shall Rcord the raw data values for Spacecraft telemetry and GSE
measurement data.

The GSE softwareshall providecapabilitiesto record all messagesenteredat the operator’s
keyboard to on-line non-volatile storage.

The GSEsoftwareshallprovidecapabilitiesto mcod all test softwareprocedurestatements
to on–line non-volatile storage as the procedureexecutes.

The GSE software shall provide the capability to time tag all data elements with a time
accuracy within 0.10 (TBR-9) secondsof the systemtimereferenceand time resolutionof
0.01 (TBR-1O) seconds.

The GSEsoftwareshallpartitionrecordeddataintofdes eachofwhichcontainsno morethan
tWO (TBR-11) hours of data.

The GSE software shall provide the capability to close a data fde by commandand open a
new data fde by command.

All data fdes shall be uniquely identifkd using a dattHime tag.

The GSE soflware shall provide the capability to store and amhive data fdes created as a
result of standard off-line processing, e.g., out-of-limits summary.
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[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21!

[22]

[23]

[24]

*—

The GSE software shall include capability for determining at software staxtupif adequate
on-line non-volatile stcxagespace exists fm telemetry processingand data archival.

The GSE software shall provide automatic copying of data fdes from the GSE computer
on-line non-volatile storage subsystemto an archival mass storagedevice (magnetictape,
optical disk, etc.) immediately after the data fde is closed, for long-term stomge and later
retrieval of test data.

The GSE software shall support archivingof data simultaneouslywith test execution.

The GSE software shall ensure that all data recording and archival functions of opening,
closing, copying, and archivingfdes are performedwithout loss of data.

The GSE softwareshall support read-after-tite data vefilcation for copying of data fdes
to tie archival mass storage device.

The GSEsoftwareshall providecapabilities to record all data quality informationresulting
from processing of telemetry data.

The GSE softwareshall preclude the archivalof GSE telemetryrecorder playback data

The GSE software shall provide a data retrieval capability.

The GSE software shall provide automatic management of the mass storage device to
determinewhento mountthedevice,whenanew volumeisrequired,andinforrnthe operator
that these actions are mpdred or when automatic operations m prevented.

The GSE software shall automatically delete, as on-line storage space is fti~ the oldest
data fdes currently in on-line storage whichhave been permanentlyarchived

The GSEsoftwareshall provide a warningmessagewhenon-line non-volatile storageffls
to 80%of capacityanda continuouslyupdatedpercent-full messagefor storageffl between
80% and 100%.

The GSEsoftwareshallprohibit automaticdeletionof data fdes from on-line storagewhich
have not been permanentlyarchived, issue a warningmessage to the operator if the system
attempts such deletion, and pemnitthe operator to take manual action from that point.

Accessto archiveddata from mass storageshall include,but not be limited to, thefollowing
query methods:

a.

b.

c.

d.

date and time tag

date and time tag mnge

telemehy mnemonic

GSE data mnemonic.

The GSEsoftwareshall includeprovisionsforprefuing a directo~ of massstoragemedium
contents to archived data volumes to facilitate data identMcationand retrieval.

The GSE software shall provide capabilities for generating and maintaining a separate
on–linedatabasefde (the fihive DirectoryDatabase)containingdirectoryinformationfor
active data fdes and for archival mass storage medium data fdes to facilitate data
identiilcation and retieval.
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[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

~—

Each record in the ArchiveDirectoryDatabaseshall contain the followingdata elements in
its informationset

a.

b.

c.

d.

e.

f.

g“

h.

i.

j.

fde name

sequentialfde number

record time tag (time of entry of record informationset into database)

data beginningtime (date and time of start of data in fde)

data ending time (date and time of end of &ta in fde)

multiple sets of ASCIIlabel information

on-line statusof fde (whetheror not fde is cumentlyon line)

amhive statusof fde (whetheror not fde has been archived)

mass storage volumename for archivedfdes (blank if fde not yet archived)

mass storage volumenumber for archivedffles (blank if fde not yet archived).

Each Archive Directory Database record shall be capable of accepting and incorporating
descriptivelabel informationof up to 80 (TBR-12) characterswhich may be specfled via
either keyboardor procedure.

The GSE softwareshall provide capabilities for automaticallyprompting the operator for
&scriptive label informationfor moral entries into the Archive Directo~ Database.

The default label informationshall be the last previous label entered.

The GSE softwareshall permit the operator to accept the default label information with a
“Return”on the keyboaxdor type in a new label.

AUentries in the ArchiveDinxtory Database shall be time tagged with a resolution of one
second.

The contents of the ArchiveDirectoryDatabase shall be accessibleon–line at all times the
test system is poweredand operating.

The ArchiveDirectoryDatabaseshall reflect the currentstatus of data fdes, i.e., whetheror
noteachof themhasbeencopiedto massstorageandwhetherornot eachof themis currently
on line.

The GSE softwareshall providethe capabilityto searchthe ArchiveDirecto~ Databaseby
query methodswhich include, but are not limited to, the following

a.

b.

c.

d.

e.

f.

keyword

data fde name

mass storagevolumename

mass storagevolume identilcation number or label

test number

procedure name
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h. date and time tag

i. time stiut.

[34] TheGSEsoftwareshallprovidethecapabilityto printalloranypartof the ArchiveDirectory
Database.

3.2.1.7.11 Data D~play

[1] The GSE softwa.mshall provide a &ta display function for fonnatt.ing and presenting
informationto the user via displays.

[2] The information shall be displayed on pertinent computer terminal(s) or workstation
monitor(s)in accordancewiththe displaydeftitions containedwithina DisplayDefinitions
titabase.

[3] The data display softwareshall provide the following displays,as a minimum

a. EVENTSpage whichdisplays all informationthat has been generated by the software,
speci.iicslly, messages, keyboard entries, and procedure statements that have been
processed

b. OPERATIONSor OPS page which is a subset of the information displayed on the
EVENTS page, speciiica.lly,commandrelated informationand limit messages

c. ALARMSpage which is a scrollingdisplay of the last (TBD-1) limit emormessages
including limit information

L COMMAND VERIFICATIONa CMDVER page which displays the status of
commands that have been transmittedand their associatedverification status

e. index of all available STOLprocedures

f. index of all available display pages.

[4] The data display software shall provi& a standard display foxmat which includes the
following items:

a. cument procedure line

b. previous two procedure lines

c. next procedure line in the fde (does not anticipateany branching)

d. procedure status (wait, haltt or active)

e. critical message

f. error information

g. operator keyboard entry

h. keyboard echo if accepted by software.

[5] The &ta display software shall provide the user with a means of defining page displays.

[6] A display deftition shall include the following types of information:
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[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

a.

b.

c.

d.

e.

f.

20001430
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window deftitions (size, location, colm, pe~ent$ pop-WJ etc.)

field definitions (size, color)

locations in which fields are to be displayed

data type

display format and attributes

non-data definitions(e.g., titles, labels, mnemonics, text annotations, icons, etc.).

Any icon created on the display shall reflect the acceptable limits of the associatedvalue.

The data display softwareshall support the following types of icons, as a minimum

a. analog meter

b. vertical bar graph

c. horizontalbar gmph

d. thermometer.

The data display softwareshall provide the capability to suppress messagedisplays based
upon the message source.

The data display softwareshall provide the capability to route display messagesto speci.iic
display &vices.

The &ta display softwareshall provide the capability for temporarydeftition of a display,
which will equate telemetry mnemonics with “wildCard” variables that appear on a
“wildcard”page of predefine forma~ withouttiecting any permanentdisplaydeftitions.

The data display software shall ensure that temporary display definitions are not retained
beyond the end of the current test or session, and are deleted appropriately.

The data display software shall present the curnmt limit status of any information that is
displayed for which limit checking is currently enabled

The data display software shall provide the capability to display all data within 2.0
(’I’BR-13)secondsof its nxeipt.

The data display softwareshall provide the capabilityto displaydata from anyone or more
of the following sources:

a.

b.

c.

d.

e.

f.

Spacecraft telemetry

Spacecraftpseudo telemetry

any applicable elementof the EGSE to which the computer(s)are intetiaced, as shown
in the block diagrams given in Astro Space documents 20008509, 20008510, and
20008511

retrievalof telemetry,status,or measurementdatafromthe currentlog in on-line storage

status or listing of a currently executing program

any memory load or dump fde.
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[16] The data displaysoftwareshall providethe capabilityto display data in sny of the following
formats as applicable

a.

b.

c.

d.

e.

f.

g“

h.

i.

mw data in bimuy or hexadecimal

signed or unsignednumerical integer or decimal value

calibratedvalue in engineering units

ASCII text

colorednumericsl integer or decimal value to provide warning

coloredcalibrated value to provi& warning

colored ASCII text for states to provide warning

gmphics symbols

graphics plots, including “strip chart” type of display.

[17] The data display software shall provide the capability for plotting, in real time, of up to two
selected telemetry points against time or against a third telemetry point.

[18] The data display software shall provide the capability for printing a hardcopy of any page
display, even if the page is not cumently displayed.

3.2.1.7.12 Event Log

[1]

[2]

[3]

[4)

[5]

[6]

[7]

[8]

[9]

The GSE software shall provide the capability to permanently record all system activity,
including messages, requests not permitted or executti as well as normal test execution
activity, in Event Img files.

The GSEsoftwareshall provide the capabilityto segmentand archiveEventhg fdes in the
same manner as telemetry or other &ta fdes.

The GSE software shall uniquely identify each Event Log ffle.

The GSE software shall provide the capability to create Event Log fdes in a format that
permits direct printing.

Record entries in the Event Log shall be time-tagged with a maximum resolution of one
second.

Recordentries in theEvent Log shall includeinformationidentifyingthe sourceof the entry
(i.e., procedure (with line number), keyboard, software function identifkr, workstation
address or identitler,etc.).

The GSE softwareshallprovide capabilitiesfor browsing the current (i.e., open) EventLog
fde.

The GSE softvwmshall provide the ability to extract and display messagesfrom the Event
Log by type.

The contentsofEventLogs shallbe accessibleon-line at all times the test systemis powered
and o~rating.
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3.2.1.7.13 Operating Tme Summary

[1]

[2]

[3]

[4]

[5]

[6]

[7]

The GSE software shall provide the capability for tracking operating time of components
based on telemetry information, with operating time defined as the total elapsed time, within
the Spacecraft or equipment power-on time, horn the time telemetry indicates the
component is “on” (or in the deshed state) to the time the telemetg indicates the component
is “off’.

Operating time ~cordinformation shall include, as aminirnu~ component name, assembly
number, group number, and serial number.

The GSE software shall provide the capability for annotating the operating time record with
a shoz user-specfled text description of the operating mode of the component.

Operating time information for each component shall be cumulative.

The GSE software shall provide the capability for generation of an operating time summary
report at any time.

The GSE software shall provide the capability for a user to insert additional operating time
data associated with a component.

The GSE software shall provide the capability for enabling or disabling the operating time.- . .
tracking function for any component to prevent emoneous information horn being
accumulated in the event the componentmustbe removedfkomits EM or the Spacecraft.

3.2.1.7.14 fhdysis hIICtiOXIS

[1]

[2]

[3]

[4]

[5]

[6]

[7]

The GSE software shall provideoff-line analysisand data processingfunctions, using data
retrieved from the same test database used by the real-time system or from archival data
fdes.

The analysissoftwue shallprovidecapabilitiesforgenemting bothtw-axis andthree-axis
plots.

The analysis software shall provide the ability to nqxesent multiple points as a single point
on a plot using a variety of functions,includingrninimun maximum,rms, rss, and average.

The analysis software shall provide the capabilityfor the user to specify analysis start and
stop times.

The analysis software shall provide capabilities for specifying analysis time periods that
span multiple telemetry archival &ta sets.

The analysis software shall provide capabilitiesfor specifyingscaling information and the
presence or absence of calibration of data to be processed.

The analysis software shall provide capabilities for routine scheduling of off-line data
processing, such as immediatelyfollowingthe end of a data archival period, including as a
minimum the following analysis or processingfunction~
a.

b.

c.

d.

trend data extraction and combining

out-of-limits messages

operating time summary data extraction and combining

data quality.
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[8] The analysis software shall provide capabilities for extraction of intermediate data fkom
archival data sets for later (e.g., daily, monthly)processing.

[9] The analysis softwareshall providecapabilitiesfor longterm (upto three years) trendingof
selected data items.

3.2.1.7.15 Database Management

[1] The GSE softwareshall provide capabilitiesfor generation,modiilcat.ion,and maintenance
of the various databases upon which the testing operations depend including Command,
Telemetry,LimiL Calibration,Procedu, Display,and ArchiveDirectory databases.

[2] The GSE software shall provide the capability to display any data element in any of the
databases.

[3] In.formationrequiredfor the properoperationof the systemshallbe definedonly once in the
database.

[4] The GSE software shall prohibit the installation of new permsnent database or library
information while a procedure or test is executing.

3.2.1.7.16 Data Hard Copy Generation Requirements

[1] The GSE software shall support the use of graphics @ters, including color and
black-and-white.

[2] The GSE softwm shall provide capabilities for producingprintoutof test or analysis data.

[3] The GSE software shall provide capabilities for producing printout of test scripts or
procedures.

[4] The GSE software shall provide capabilities for printing memoq load and dump fdes.

[5] The GSE software shall provide capabilities for printing excerptsfrom Event Log fdes.

[6] The GSE software shall provi& capabilitiesfor generatinga “snapshot”hardcopy printout
of any display screen and of any windowof the display screen.

[7] The GSE software shall provide capabilities for printing test reports, summaries,and other
common ASCII documentationas desired.

3.2.1.7.17 GSE Self-Monitoring Functions

[1] The SCS, S1S,and Equipment Module STE shall include hardwarefeatures and software
functions for monitoring the internal elements of the GSE for calibration,health, status, or
required measurement &ta.

[2] Software functions shall providefor waning actionsor messagesin the event of anomalous
operation of any portion of the GSE which is interfacedto the computerequipment.

[3] Software functions shall provide for abort actions in the event of unstie operation of the
GSE.

3.2.1.7.18 GSE Built-In Test Function

[1] The SCS, S1S,and Equipment Module STE shall include software capabilities for system
self-test prior to initiating any testing of flight hardware.
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[2] This self-testing shall include examination of all GSE equipment for proper status and
exercising of each basic test function or path to the maximum extent possible without
requiring interactionwith the flight hardwareunder test.

[3] Self-testing shall be capable of execution with flight hardware connected, but shall not
exercise flight hardware.

3.2.2 Spacecraft Mechanical Ground Support Equipment

[1] The Spacecraft MGSE shall support all phases of integration and test of the EOS–AM
Spacecraft at Astro Space and the WesternTestRange.

[2] MGSE used in handling and transportation of flight hardware shall be designed and
constructed to limit vibration and shock expostue of the flight hardware to levels not
exceeding 50~0of the Protoflight test levels specified in the applicable major assembly
performance specflcations and Appendix I of Martin Marietta document PS20001415,
Structure and MechanismsSubsystemPerformance Speci.iication.

The major MGSE subsystems are identifkd in Figure 11.

m
I I I I

Iiity+g SHIPPING SPACECRAFT LAUNCH

CONTAINERS M~~HcA#JC$L SUPPORT MISC
FIXTURES EQUIPMENT .

I I

H HANDLING
FIXTURES I

w 10/19/92 KRR

Figure 11. Spacecraft Mechanical Ground Support Equipment

3.2.2.1 Alignment Test Configuration

The Spacecraftalignmentprocesswill be implementedduring twoseparateanddistinct phases, i.e.,
alignmentplacement and alignment knowledge. The test fmturing for these phases is different as
described bCIOW.

For the alignmentplacementphase,the test fmturesrequiredincludetheSpacecraftBoosterAdapter
MGSE and the Three-Axis Positioner (’TAP). The Spacecraft will be placed with the velocity
(“+x’’:’-x“) axis horizontalduringthis phase. The Booster AdapterMGSEis designedto adapt the
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SIMC- @~ SGUCtUR totheT” atthe”-x“ face of the Spacecmft TheT~’s extendedbase
will also providesupportfor the Spacecmftat its “+x” en~ from the Spacecraft’sZenith direction.
Other supportequipmentrequiredduringthe alignmentplacementphase includesa progmmmable
computer<ontrolled triangulationtignment systermaGeneralAlignmentPrism(GAP)(stationary
reference frame for use in checkingalignment of theodolites),and a pair of theodolites located on
vertical tool bars for sightingrefenmcepoints on the Spacecraft

For the alignmentknowledgephase,the Spacecraftwill beelevatedtothe“x’’-axisverticalposition
and removedfrom the TAPusingthe vertical lifting sling and placed on the precisionRotary Table
(the “+x” end of the Spacecraft is in the upward vertical direction). The Booster Adapter MGSE
will support the Spacecraft on the Rotary l’hble. Other support equipment required during the
alignment knowledgephase inclu&s the triangulationalignment systen a GAP,and a theodolite
located on a vertical tool bar.

3.2.2.2 Handling and Test Fixtures

[1] Mechanical,electromechanical, or pneumatic-mechanicalfmtures and equipmentshallbe
provided to support and manipulate the Spacecraft main structure, the Mechanical Test
Model (MTM), and Spacecraft appendages throughout various stages of Spacecraft
integration and environmentaltests.

3.2.2.2.1 Handling Fixtures

Handlingfmtumswill beprovidedfor manipulationof the largepieces of Spacecrafthardware (i.e.,
Primw s~c~, SOla -y, EquipmentModules,etc.) and any items weighing greater than 35
pounds.

[1]

[2)

[3]

[4]

[5]

[6]

[7]

Handlingfmtum shall provide the capabilityfor assembling,lifting, holding, positioning,
aligning, protecting, and transporting the Spacecraft and its major components and
subassemblies.

Multiple-use features shall be incorporated in the designs of handling fmtures whenever
possible.

Designs for handlingfixtures shall be functionaland conservative,and will not be oriented
toward advancementof the state of the an.

All items shall be designed to allow for handlingand servicing of the system with normal
proceduresand techniques.

Clear,legiblemarkingsshallbeusedforidentilcation, withspecialcautionsandinstructions
to be clearly and legibly marked.

Load factors shall be conservativelyapplied to encompassall phases of actual and inertial
loading.

The designs shalI allow for installationof elements of flight hrudwarein their appropriate

3s

orientations in relation to adjacent hardware.

3.2.2.2.1.1 Spacecraft Three-Axis Positioner

The ‘Ilmx-Axis Positioner (TAP) will be used to support and orient the Spacecraft The TAP will
consist of the following subassemblies:
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table top to which the Booster AdapterMGSE is mated to mount the hex bay structure
of the Spacecraft

main body which contains the table top and main body drive mechanisms

cabinet which contains the electrical equipmentand controls for the table top and main
body

air bearing pallet base which supports the TAP

The Three-Axis Positioner is shown in the diagram of Figure 12.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

The TAP shall provide the capability to cantilever the Spacecraft horizontally from its
mounting interface.

The TN shall be designed and manufactured to permit access to the Instruments and
EquipmentModulesmountedto the Nadirdeck,Zenith deck,forwardSpacecraft structure,
and sides of the Spacecraft structure. Only access to the aft interior of the Spacecraft
structure may be restricted.

The TAP shall provide the capability to pitch the Spacecraft to the vertical position.

The TAP shti provide the capability to rotate the Spacecraft *180 degrees about the
Spacecraft longitudinalaxis.

The TAP shall provide the capability to adjust the height of the longitudinalcenter line of
the Spacecraft, when cantilevered in the horizontal position, within a total range of 4 feet
minimumabovethe centerlineminimumheightabovetheflooron whichthe TAPrests, e.g.,
from 8.5 feet to 12.5feet.

The TAPshallprovidethe capabilityto adjustthe heightof its tabletop, whenthe Spacecraft
is pitched to the verticalposition,within a total rangeof 4 feet minimumabove the tabletop
minimum height above the floor on which the TAPrests, e.g., from 9 feet to 13feet.

The TAPshall be compatible with use in an explosiveenvironment,e.g., at the launch site
with the Spacecraft fueled

3.2.2.2.1.2 Spacecraft Horizontal Lift Sling

A four-point “H” frame sling will be provided for all lifts with the Spacecraft in a horizontal
orientation. The Horizontal Lift Sling will providecapability to level the Spacecraftpitch and roll
axes to within *1” simultaneously.

[1] The sling designedand usedfor the UARSSpacecraftshallbe modifiedto interfacewith the
designatedhorizontalattachmentpoints on the EOS-AM Spacecraftprimary structure and
Booster Adapter MGSE.

3.2.2.2.1.3 Spacecraft Vertical Lift Sling

A three-point spreader sling will be provided for lifts with the Spacecraftin a vertical orientation.

[1] The VerticalLift Sling shallbe designedto interfacewith the designatedvertical attachment
points on the EOS-AM Spacecraft.

[2] The VerticalLift Sling shall incorporate sling risers with turnbucklesto permit leveling of
the Spacecraftduring vertical lifting operations.
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Figure 12. Three-Axis Positioner (TAP)
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3.22.2.2 Deployment Fixtures

Mechanicalequipmentwillbe providedtogive supporttoandbrcounterbalance lG effectsonflight
hardwareduringgroundperformancetestingprior to orafter mountingthe itemonto the Spacecmft.
This will be accomplishedthrough the use of counterweights,air bearings, adjustable pm-loaded
springs, etc. providedfor High Gain Antenna (HGA) deployment on the Spacecraf~HGA mass
model and boomdeploymentoff the Spacecraft,SolarAray BlanketBox (fret stage)deploymen~
and Blanket “mini-excursion” on the Spacecraft.

3.2.2.23 Special Test Fixture

Mechanical f~tures and equipment will be used to provide the required support to the Spacecraft
and appendages during various environmental tests. This includes the mechanical equipment
required to interface the Spacecraft or subassembly with the environmental facilities. These fmmres
will be capable of being used to transfer loads to the Spacecraft structure or subassembly in the form
of vibrations or steady state applied forces.

3.2.2.2e3.l Thermal-Vacuum Test FWure

The Mobile Environmental Transportation System (METS) Test Fixture originally designed for
UARS will be used to support the EOS-AM Spacecraft within the Thermal-Vacuum Chamber. The
METS will consist of the following subassemblies:

a. Spacecmft supporting structure made up of structural busses designed to provide
adequate supportfor the fully integrated Spacecraft

b. air bearingswhich fit into pockets on the METS base structure

The METS Test Fixture is shown in the diagram of Figure 13.

[1]

[2]

[3]

[4]

[5]

[6]

The METS Test Fixture mod.iflcations shall be designed and manufactured to support the
EOS–AM Spacecraft during thermal-vacuum testing in the Thermal-Vacuum Chamber.

The METS Test Fixture shall be designed to permit positioning of the Spacecmft with the
velocity axis (“+x’’,”-x“) parallel to the test chamber floor and the Nadir deck (“+z”) facing
the test chamber floor.

The METS Test Fixture shall be designed to position the horizontal centerline of the
Spacecraft 13 feet above the floor on which the METS rests.

The METS Test Fixture shall provide mating devices to attach to supporting intedace
devices located at strategic positions on the Spacecmft primary structure.

The METS Test Fixture shall be designed and manufactured to provide safe in-house
transport of the mated METS/Spacecraft system.

The METS Test Fixtwe shall support installation of the Propulsion Module into the
Spacecmft.
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F@ure 13. Mobile Environmental ‘Ihnsportation System Tkst Fwture

3.22.23.2 AcOUSticTest Fixture

An Acoustic Test Fixture will be used to support the EOS-AM Spacecraft in the Acoustic Test

Chamber. The fully integrated Spacecraft including the flight Booster Adapter will be supported

vertically by this f~ture. This fixture includes the following parts:

a. abaseplatewhichsupportstheweightofthe Spacecraft,providesanattachmentinterface
with the Spacecraft Booster Adapter, and provides stability to permit safe in-house
transport

b. air bearing pads on the floor-facing side of the baseplate to facilitate maneuverability.
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3.23.3 EMJ/EMC Test Configuration

The EMUEMCtest will be conductedin the integrationbay with the Spacecraftvelocity(“x”) axis
parallel to the floor and the Nadir deck (“+z”) pointing toward the floor. The Spacecraftwill be
cantilevered from the TAP providing clear lines of sight to all Instruments. Refer to Figure 12.
Individual “r.f. hat” type absorbemwill be strategicallyplaced under and aroundthe Spacecraft to
absorb rf. energy throughoutEMI testing.

3.2.2.4 Spacecraft Mechanical Mock-Up

A full scale mechanicalmock-up of the Spacecraftstructurewill be built as an aid in the design and
routing of harness and plumbing lines as well as the placementof full scale modelsof Equipment
Modules, equipment panels, and instruments to performclearancestudies,fit checks,etc.

[1] All mechanical models and mockups shall conformwith the applicableGSErequirements
given in Sections 3.5,3.6, and 3.7 of this document.

3.2.2.5 Mock-Up Do~y

[1] The mobile mechanical structwe provided to support and move the Spacecraft Mechanical
Mock-up shall conform to the requirements of Sections 3.5,3.6, and 3.7 of this document,
as applicable.

3.2.2.6 Launch Support Equipment

Launch site mechanicalequipmentwillbe providedtotransportandhandle the SpacecraftandHGA
reflector and will support the m-establishment of the launch conf@urationhorn the shipment
conllgumtion after transport from the initial IL!LTfacility to the launch site. Mechanical launch -
support equipment will include items of MGSE used at Astro Space for initial integration of the
Spacecraft (certain items listed in Table I) and will also include items speciilc to launch site
operations.

[1] Launch site mechanical equipment shall comply with the applicable requirements of
Subsections 3.5 and 3.6 of U. S. Air Force document WSMCR 127–1, Western Space and
Missile Center Range Safety Requirements.

3.2.2.7 Shipping Containers

Environmentally controlled (shock, temperature, huhdi~, etc.) shipping containers will be
provided as required for the Spacecraft, any shipped loose “flight” items, and support equipment.

[1] Shipping containers shall provide capabilities consistent with lan~ air, rail, and sea
transportationloadingsandcombinationsthereof(e.g.,landandair”g” loading)as specfled
in NASA document SP8077.

[2] Shipping containers shall restrain environmental exposures of flight equipment to levels
within those specilled for prelaunch environmentsin Section6.2 of Astro Space document
1S20008501,General Interface SpecKlcationfor the EOS-AM Spacecraft.
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[3] Shippingcontainem shall conform to the requirements of Sections 35,3.6, and 3.7 of this
document, as applicable.

3.2.2.7.1 Spacecraft Shipping Container

The EOS-AM SpacecraftShippingContainer,illustrated inFigme 14,willbe designedto transport
the filly integrated Spacecraftfrom Astro Space to the launch site and from one facility to another
at the launch site. The Gamma Ray Observato~ (GRO) Spacecraft Shipping Container will be
modifkd to accommodatethe EOS-AM Spacecmft.

[1] The Spacti Shipping Container shall be designed to provi& a trans~tion
environment for the EOS-AM Spacecraft which restrains environmentalexposure of the
Spacecraft to levels within those specified for prelaunch environments in Section 6.2 of
Astro Space document IS20008501.

S/C “+W NODE _ n

SUPPORT &
TRANSFER

BAL STRUCTURE

r?

SPHERICALBALLFllTING
TRUNNION INTERFACE

A

I I

■ r

Figure 14.

Keel restrainedin Iong”Mnd ~
and lateral axes

i?
Q

Spacecraft Shipping Container

DCC090193



20001430
01September1993

=—

3.2.2.8 PrwpuMon Module MGSE

The Propulsion Modulewill be aligned as requhed by adjusting its position on the various pieces
of MGSE. With the PM suspendedfrom the PM Sling, either the fmture beneath the PM can be
adjusted, or the PM itself can be carefully turned until it is ready to be loaded.

[1] The PM MGSEshall supportthe transportation,handling,installation,and alignmentof the
Propulsion Module.

3.2.2.8.1 PM ~lly

[1] The PM Dolly shall provide vertical and lateral support for the Propulsion Module at
predeterminedMGSE pickup points on the “-x” side of the PM.

[2] The PM Dolly shallbe mountedon Shock+bsorbing castors to allowfor safe movementof
the PropulsionModulewithin Astro Spacefacilities.

3.2.2.8.2 PM Sling

[1] The PM Sling shall provide capabilities for attachment to predetermined MGSE pickup
points on the “+x” side of the Propulsion Module for lifting the PM to transfer from one
MGSE fmture to another.

3.2.2.82 PM Propellant and Pressman t Waling unit

[1] The PMPropellantandPressumntLoadingUnit (PPLU)shallprovideliquidpropellantsand
gaseous pressurantsto the PM.

[2] The PPLU shall be capable of filling, *g, ad p-g pM ProFfl~t ~d Press~t
tanks and lines.

3.2.2.9 Miscellaneous

Various items of mechanical equipment may be required which aid in the integration of the
Spacecraftandfall outsidethe descriptionof the othercategories(e.g.,contaminationcontrol). This
equipment will be designed and fabricated or procured to ensure the program specfled level of
cleanliness over the Spacecraft and its instruments during “in-house” movements and transport
between facilities.

3.2.2.10 Equipment Listii

Table I identi.ilesthe MGSE functions anticipated by Astro Space as necessary for supporting the
I&T of the EOS–AM Spacecraft.

[1] All itemssupplyingthe functionsidentifkd inTable I shall meet the applicable nxpirements
of this dmmment.

3.3 Interface Requirements

Interface mquimments will be defme~ in addition to this document, in equipment Performance
Specifications, Interface Control Documents (ICDs), or equipment drawings, as applicable.
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Table I. EOS Spacecraft MGSE Functions L-

EANDLING FIXTURE FUNCTIONS:

1. Three-Axis Positioner Spacecraft integrationfmture “rolls” Spacecraft structure +180
degrees along horizontal axis (%”) for installation of mass
models, Instruments,Equipment Modules, etc. Also rotates
Spacecraftabout its “y” m “z” axis Othrough 90 degxeesbring
Spacecraft“x” axis horn horizontal to vertical.

2. SpacecraftHorizontal Counterweighted“H” beam sling used to transfer the
Lift Sling Spacecrafthorizontally (’%” or “~” up), in various e.g.

conilgumtions,between differentfixtures, e.g., TAPto METS.

3. SpacecraftVerticalLift “Y” shaped structural sling used to lift and transfer the
sling Spacecraftvertictdly (“+x”up only), in various e.g.

conf@urations,between differentfmtures, e.g., TAPto
PrecisionRotary Ihble

4. SpacecraftLift Fittings High strength, small volumefittings which attach to spec~lc
Spacecraftprimary structurenodes, providing the interface
betsveenthe Spacecraftand its lifting slings and support
structures

5. SpacecraftAft MGSE Replaces,and interfaces with same Spacecraft“-x” nodes as,
Booster A&pter flight Booster Adapter. Se~es as the Spacecraft’sinterface

between its primarystructureand the MGSEfor handling
(rotating, shipping,etc.) and testing (acoustic, t-v, etc.)

5. Spacecraft to Shipping Serves as the major structuralsup= in conjunctionwith the
ContainerAft Adapter MGSEBA, for the assembledSpacecraftduring shipping as

well as providing the aft interface to the GRO shipping
container

7. Spacecraft to Shipping Provides single axis structural support for the assembled
ContainerForward Spacecraftduring shipping as well as providing the forward
Adapter interface to the GRO shippingcontainer

1. Housekeeping Universal“H” beam sling with multiple cotilgurations used for
Equipment Module Lift lifting and handling EquipmentModule panels during EM
Fixture assemblyand completedModule lifting and handling during

integrationonto the Spacecraft

1. Equipment Rotating stand used to positionEquipment Modules and panels
Module/PanelHolding dwing Module or panel assembly
& AssemblyFixtwe

O. Housekeeping Stmctural support for individualEM panels used during
Equipment Panel populationof panels with boxes and during integration of
Strongbacks panels into EM assembly

1. Equipment Module Static table used to supportEquipment Modules during Module
Assembly Fixture assembly

[2. Solar Amy Dolly Fixture for in-house transport of the Solar Array
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‘Ihble I. EOS SDaceerafi MGSE Functiom Li (Conhued).

HANDLING FIXTURE FUNCTIONS (continued):

13. PropulsionModule Positions, supports, and aligns the Propulsion Module to the
InstallationFixture Spacecraftmounting interfaee during installation of the PM

into the Spacecraftprimary structure

[4. Propulsion Module Intetiaces with, and provides stiffness to, PM flight structure
StrongbackHandling permitting safe lifting and handling of fully integrated PM in
Ring any horizontal or vertical orientation

15. Propulsion Module Used in conjunctionwith the “strongback”to provide a rigid,
TurnoverFixture rotating mountingbench providingaccess for PM I&T. Fixture

will permit manual rotation of PM with Ioekingpositions every
45° allowinghorizontal,vertical, or angular orientation.

16. Propulsion Module Rigid mobile platform which interfaces with, and attaches to,
Handling Dolly PM in the vertical (“+x” up) orientationfor in-house transport.

Used in conjunctionwith VibrationMounts to make up the
AcousticTestFixture. Also sexvesas the mounting platform
for Leak Test Bag frame providingsealed mountingplatform
for the PM.

[7. Propulsion Module Sling Stable load spreadinglifting device with 3-point intedace to
PM in vertical orientation,and 3-point interface to strongback
whenPM is in horizontalposition. Used in conjunctionwith
load cells and strongbackto serve as 3-axis Mass Properties
fixture. Also used in conjunctionwith strongbackand
counterweightsto sewe as PM InstallationFixture

18. Propulsion Module Soft “Poly” type materialcover with frame which provideshermetic
Cover/LeakTest Bag seal aroundPM during helium leak test of the PM. PM

HandlingDolly will serve as mountingbase for frame.

.9. Thruster Protective Semi-hard cover (rigid foam) protecting thrusters Ikom
Covers physical damage duringPM and Spacecraft integration and

testing

!0. Propulsion Module Core Rigid pallet which intetiaces to the 6 mountingnodes of the
Shipping Container PM base panel with the PM structure“+x” axis up. Pallet

provides pockets for fork lift handling as well as means to tie
down to enclosed trailer floor. System includes suitable poly
material, e.g., Mylar, for wrappingcore structure.

!1. SpacecraftProtective Protective bag made from a KSC-approved material
Soft Cover (flammability,electrostatic, & hyperbolic)which provides

contaminationprotectionfor the Spacecraft during in-house
and outside transportation

Q primql strucm.lre Hard cover to protect the Spacecraftprimary structurefrom
Shipping Container physical elements during transportffom Astro Space Valley

Forge to Mro SpaceEast Windsor
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Table I. EOS Spacecraft MGSE Functions Listim (Continued)-——.- —.—— .x

HANDLING FIXTURE FUNCTIONS (Conthud):

23. MomentumWheel Fixture for MomentumWheel lifting and handling during
HandlingFixture installation into the RWAEM

24. Leak Test Bag Airtight enclosureused to contain and detect gaseous leaks
from the SpacecraftThermal Control Subsystemand
Propulsion Subsystem

25. SpacecraftShipping Environmentallycontrolled (temperatwq humidity,and
Container cleanliness levels) “hard”protective enclosurewhich houses

and structurally supports the completely assembledSpacecraft
and adapters for “over the road”, air, and sea travel (modifkd
GRO/UARScontainer)

DEPLOYMENT FIXTURE FUNCTIONS:

1. HGA Boom Spacecraft Fixture used to offset “lG effects during Spacecraft level
DeploymentSupport deploymenttests of the HGA hingehom assembly
System

2. HGAHinge Subsystem Fixture used to offset “lG effects during component level
Test Fixture deploymenttests of the HGA hinge/boomassembly

3. Solar Army Assembly Fixture used to offset “lG” effects during Spacecraft level
SpacecraftDeployment deploymenttests of the Solar Amy Assembly (froststage full
Test FixtuR deploymentand partial blanket excursion)

4. Solar Array Hinge Test Fixture used to offset “lG effects during component level
Fixture deploymenttests of the Solar Army hinge

5. Solar Amy Blanket Pop FMturewhich supports testing of Solar Array blanket
& Catch Deployment deploymentfmt motion
Fixture

SPACECRAFT LEVEL TEST FIXTURES:

1. VerticalTest Stand Mobile structural ffame which interfaces to the ilight Booster
(Acoustic) Adapter and suppms the full-up Spacecraft in a vertical (“+x”

up) attitude dwing the acoustic test

2. EMl TestFixture Individual r.f. absorbers, hat shaped, strategicallyplaced near
Spacecraft to absorb r.f. energy throughout Spacecraft level
EMI testing

3. Horizontal Test Stand Fixture used for Spacecraft environmentaltests in a horizontal
(uARs METS) conf@ration not requiring r.f. transparency,e.g., therrnal-

vacuum. May also be used to position Spacecraftand provide
access for certain I&T activities, e.g., PropulsionModule I&T

4. Static Load Test Fixture Structural stand which supports the complete Spacecraft
structure with mass models and reacts specfled loads applied
to the Spacecraft structure at specflc points which simulate
worst case load conditions incu.md during launch
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Table L EOS Spacecraft MGSE Functions L- (Continued)

SPACECRAFT LEVEL TEST FIXTURES (Continued):

5. Modal TestFixture Rigid plate designedfor stiffness used to support the Spacecraft
structurewith mass models during “natuml frequency” mode
tests

6. pyrO ShockFixture Add-on to the acoustictest fixture whichwill catch the fmd
pyro bolts and the flight Booster Adapter during separation
tests

7. Mass Properties Adapter Interface adapter betweenpayload and mass properties fwture

SUBASSEMBLY LEVEL TEST FIXTURES:

1. Proof TestEquipment fist f- for running proof tests on all Spacecrafthandling
and test fixtures, e.g., TN, METS, ShippingContainer

2. Equipment Module Rigid future for interfacing and securingEM to test equipment
VibrationPlate

3. Propulsion Module Rigid mountingplatform which supportsfully integratedPM in
Acoustic TestFixture vertical (“+x” up) orientationwhile PM is subjected to acoustic

vibration. PM HandlingDolly and 6 VibrationMounts make
up the AcousticTestFixture.

4. Propulsion Module Rigi& high frequency posts which interface the fully integrated
VibmtionFixture (sine PM to the vibration table via the 6 node points in the baseplate
sweep & sine burst) of the PM. Used for sine sweep (Othru 50 Hz) and sine burst

(low fkequency,high amplitude) tests. These fmtum will also
be used with the PM HandlingDolly for acoustic tests.

5. Propulsion ModuleLoad Non-flight structurewhich approximatesPM flight structure
Application mass properties and PM structure specifkd sti.&hessand
Fixture/Dummy geometry. Providesexactly flight-like intefiaces to Spacecraft

and PM tank. Fixture will be used during Spacecraft prime
structure static load test, and, in conjunctionwith PM tank
mass model, for Spacecraftmodal tests.

6. Propulsion ModuleTank Non-flight stmcture which approximatesflight hydrazine tank
Mass Model mass properties when fueled. Mass model will be used as load

applicationpoint for PM during Spacecraft static load test.

7. Propulsion Module Static support stand for PM providing
Themml VacuumFixture thermally-nonconductive interfacebetween the

thermal-vacuum chamber and the PM

8. Propulsion Module Strut Fixture to act as interface between end fittings of bonded
Test FixtuIE strutifitting assembly and existing “Compression-TensionTest

Stand”
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‘Ihble L EOS Spacecraft MGSE Functions L- (Continued)

THERMAL-VACUUM SUPPORT EQUIPMEIW

1. Thermal-Vacuum Large curtains which zone off the thermal-vacuum chamber to
Baffles present the nqdred view factors to the various Instruments and

Equipment Modules mountedon the Spacecmft.

2. Thermal-Vacuum Individual plates used to simulatethe spaceenvironment for
Coldplates those Instruments andEquipmentModules whose fields of

view to the chamber walls or baffles axEblocked by Spacecmft
structure or other Instruments,etc.

3. Thermal-VacuumWget Support structure which holds and positions simulated space
Pallet targets for various Instrumentsinside the chamber during

thermal-vacuum testing.

4. Thermal-Vacuum Support stmctures for portablecryopanels (coldplates).
Coldplate Supports

5. Ssusupport Support structure for SequentialShunt Unit during room
ambient and thermal-vacuum tests.

6. Chamber Penetration Stainless steel plates with comectom or special fittings
Plates allowing electrical signalsor purge tubes to pass through the

thermal-vacuum chamberwall to the SpacecraftInstruments
during thermal-vacuum tests.

MISCELLANEOUS EQUIPMEN’E

1. solar ArIay Installation Sling fmtm which interfacesto Solar Array used for lifting
& Handling Sling and positioningthe Solar Anay during integmtion to the
(Subcontractorfiunished Spacecraft.
equip)

2. Flight Booster Adapter Sling f~tm which interfacesto the flight Booster Adapter
Lift Fixture (GFE) used for lifting and positioningthe BA during integration to the

Spacecram

3. Flight Booster Adapter Fixture which holds BoosterAdapter in correct position for
&lpl)Ort Stand (=) integration to the Spacecraftstructure.

4. Mass Simulators Mass models of Instruments,EquipmentModules,Propulsion
Module,etc. used to simulateactual weights and centers of
gravity of flight articles during mechanicalenvironmental tests,
e.g., static load and modal.

5. Spacecraft Mechanical Full-scale mock-up of Spacecraftmechanicalstructure and
Mock-up major subassembliesfor fit and clearancechecks and harness

design aicL

6. Mock-up DO~y Mobile mechanical structure to support and move the
Spacecraft MechancialMock-up.
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3.4 Use of Commercial Equipment

CommenAl items or components maybe used when they sati@ the GSE requiremen~ will not
degrade the safetyor d.iability of the groundor flight system,and as long as they m to be used in
a mannerconsistentwith their documenteddesign intent. The cost savingsshouldexceedpossible
cost increasesdue to unique maintenanceor logisticrequirements,mtilcations, or an increase in
the complexityof the interfacingequipmentorfacilities. Requirementsshouldbe spectiled in terms
of functions or performancerather than design.

3.5 Performance Requirements

3.5.1 Operability

[1] MGSE shall be designed and constructed to ensure that its operation and use do not
overstms, degrade,or contaminateassociatedflight equipmentduringcheckout,servicing,
or handling.

3.52 Reliability

GSE design and fabrication will be consistentwith full availabilityon demandfor performanceof
an item’s or system’sintendedfunctions during the operationallifetime of that item or system.

Redundantfunctionsorcomponentswillnot berequiredin GSEdesignorfabrication unlessdictated
by equipment or personnel physical safety.

[1]

3.5.3

[1]

[2]

[3]

[4]

[5]

3.5.4

[1]

During the definedoperationallifetimeof a givenGSEelemen~its performance,as defined
in this documentandany applicableperformancespec~lcation,shallbe maintainedthrough
normal preventive maintenance,repair, andhx calibration.

Maintainability

GSE equipment designs shall permit ready access to interior parts for easy removal and
replacement of major component parts.

Components subject to normal replacement or servicing shall not be secured by rivets,
welding, or other means that would prohibit easy removal.

Provisionsshallbe madefathe removalandreplacementofall partsthatarc subjectto wear,
deterioration, or change.

Electrical and mechanical equipment requiring in-place calibration capability shall
interface with external calibrationequipment or have built in calibration.

Periodic maintenanceprogramsshallbe establishe&as applicable,to assure timelyremoval
and replacement of all parts that are subject to wear, deterioration, or other detrimental
change.

I&n&d Life

GSE hardware items with limited life, if any, includingGovernmentFurnished Equipment
(GFE), shall be identMe&
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[2]

[3]

[4]

[5]

3.505

[1]

3.5.6

3.5.6.1

[1]

[2]

[3]

[4]

3.5.6.2

=—

Time or cycle sensitivecomponentsand age-controlled items, if any, shall be identiled.

Requirements for inspection, maintenance, and replacement of time or cycle sensitive
componentsand age-controlled items shall be identiled.

A limited-life item list shall be preparedcontaining each item part number and name, life
limi~ life limitingparameter,life limiting part or material and its function, any limitations
on number of refurbishments,and any restriction related to opemtional use, test, handling,
inspection,or maintenance.

Provisions shall be madefor comection of time and cycle indicators, if used, to automated
data collection equipment when GSE hardware is to be controlled by automated test
equipment.

Operational Lifetime

All itemsofGSEshallbedesignedfor an operationallifetime spanningthe periodbeginning
with the start of majorsubassemblyintegrationthroughSpacecraftlaunchor any applicable
subspan of that period if the supportedfunction is of limited scope.

Human PerformancdHuman Engineering

Human Engineering

Accepted principles of human engineering sh~ be incorporated into the design and
operability of all GSE to ensure that all equipment can be operated and maintained
efficiently,reliably,and safely.

The human engineeringdesign criteria of MIL4’IW1472 shall be applied as spectilcally
referenced within this documerm

The front panelsof all test equipmentand power supplies shall be visible when equipment
cabinets are viewed from the front.

Unimpeded access shall be provided to all system inputloutput devices, recorders, and
displays for the purpose of adjustmen~viewing, and mounting or dismounting of tapes or
other display or data recoding consumables.

Equipment Operating Characteristics

3.5.6.2.1 Noise

[1] The noise level of the equipment when running at design capacity shall not be detrimental
to the health or safety of the operatoror other persomel in the immediate vicinity.

3.5.6.2.2 Light

[1] Lighting shall comply with the requirementsof MIL-STD-1 472, as applicable.

3.5.6.2.3 Smoke and Fumes

[1] GSE shall not produce smoke or fumes in its operation.
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3.5.6.2.4 Heat/Cold

[1] Accessibleareasof equipmentwhichproduceheatingorcoolingasaresultofoperationshall
have touch temperaturesnot higher than 45 degrees Celsius (*C) (113 degrees Fahrenheit
(°F)) or lower than 4°C (40”F).

[2] Visible warning or caution labels shall be provided indicating the pnxence of hot or cold
alms.

3.5.6.2.5 Vibration

[1] Equipmentwhichgeneratesvibrationshallnotexceedtherequimments of MIIAWD-1472,
as applicable.

3.5.7 Safety

[1] GSE shall be designedto preclude or counteractfailures and hazards that could jeopardize
persomel safety or darnagethe flight hardwa.m,facilities, or other GSE.

3.5.8 Environmental Design Criteria

Natural and inducedenvironmentsto be consideredfor GSE design are described in the following
paragraphs.

3.5.8.1 Natural Environments

[1] GSE for use in exterior environments shall be designed to function and survive storage
without degradationat their respective geographicallocations while exposed to the natural
environments.

3.5.8.1.1 Temperature

[1] GSE for use in exterior environments shall be designed to function and survive storage at
temperaturesgiven in Table II, Temperaturesfor EnvironmentalDesign Criteria.

Table IL Temperatures for Environmental Design Criteria (Indoor and Outdoor)—

I I Ama I Low Extreme I High Extreme I
! 1 ,

I Nonoperatingand Storage I All Areas I -40°c (-40°F) I +71°C (+160”F) I
1 1 ,

I I ICold Weatherfhea I -51°C (-W°F) +52*C (+125°F) I

Outdoor
TemperateArea -40°c (-40°F) +52°C (+125*F)

operating Desert And
‘Ilopical Areas

O°C (+32°F) +68°C (+155*F)
1 m

I t Indoor All Areas O°C (+32°F) +49°c (120°F) I
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3.S.8.13 Altitude

[1] All GSE shall be &signed to be operable without degradationin specifkd performance at
altitudes up to 5,000feet abovesea level and to withstandair transportation(non-operatig)
at altitudes up to 50,000feet above sea level.

3.5.8.1.3 Humidity

[1] GSE for use in exterior environments shall be designedto function and survive storage at
the following humidity levels:

Minimum humidity 20 percentfrom the minimumoperatingtempemtureto +16°C
(+61°F); above +16°C(+61°F),the relative humidityshall be based on a dew point

of -7°C (+19”F).

Maximum humidity 100 percent including condensation from the minimum
operating temperature to +27°C (+81°F); above +27°C (+81°F), the relative
humidity shall be based on a dew point of -7°C (+19°F).

3.5.8.2 Interior Controlled Environment

3.S.8.2.1 Temperatum

[1] GSE for use in interior environmentsshall be designedto functionat temperaturesgiven in
Table II for indoor equipment.

3S.8.23 Humidity

[1] GSEfor use in interiorenvironmentsshallbe designedtofunctionat humiditylevels within
the range of 30 percent to 70 percent at 21 ti°C (70 *1O”F).

3.5.8.3 Induced Environment

[1] GSEused in the area of the launchpads at VAFB,to be subjectedto the launchenvironment,
shall be designed to sustain any induced launch vibration and any incidental expcmnc to
products of launch combustion.

3.5.8.4 Controlled Clean Environment

[1]

3s.9

[1]

[2]

Any item of GSE specifically identi~ed for use in a controlledclean environment shall be
designed and constructed in a manner such that its use will not compromise the clean
environment.

‘IkanspOrtability

GSE shall be designed and constructed to facilitate movementhorn one building location
to another, including betweenfloors in a multi-story facility.

GSE required for use during launch site operations shall be designed and constructed to
permit its segmentation, if applicable, and transportingfrom the Astro SpaceEast Windsor
location to the WesternTest Range (WTR).

DCC090193 54



20001430
01 Sqxexnber 1993

?——

3.5.10 Logistics

[1] Resources to be provided in support of items of GSE, where applicable, shall include
technical@@operations andmaintenancedocumentation,maintenanceplanning,spares(if
any), maintenance training, transportation, packaging, handling, storage, maintenance
support equipment, and any information required to ensw efllcient and cost+ffective
operation.

3.6 Configuration Management Requirements

[1] Cotilguration control of GSE shall be maintained in accordance with Astro Space
EngineeringProcedureAEP6.04,Red-Line System,andAstroSpace document23001146,
Conf@urationManagementRequirementsfor Subcontractor.

3.7 Design and Construction

3.7.1 General Design Requirements

3.7.1.1 Separation/Protection of Redundant Equipment

[1] Redundant systems, redundant subsystems, and redundant major elements of subsystems
(such as assemblies, panels, power supplies, tanks, controls, or associatedinterconnecting
wires or fluid lines), whereuse~ shall be separatedor otherwiseprotectedto ensurethat an
unexpectedevent that damagesone willnot preventtheotherfrom performingthefunction.

3.7.12 Ground Support Equipment Control and Monitoring

[1] EGSEusedduringSpacecraftsystemstestsor launchoperationsshall interfacewithground
communicationsor controlstationsasnecessaryto providefor controland statusmonitoring .
of normal operationsand hazardousconditions.

3.7.1.3 Time Units

[1] Time units for GSE that support the launch countdownor mission shall, as a minimum,
indicate time in military time (i.e., day,hour (24-hour format), minute, second).

3.7.2 Mechanical and Structural Des@

[1] Mechanical and structud GSE that interfaces with WTR hardware and facilities shall
comply with the requkments of U.S. Air Force documentWSMCR 127-1.

[2] All attachmenthardware for covers or other removable items shall be captive.

3.7.2.1 Ground Support Equipment Structures

[1] MGSEused to apply loads to flight hardwareor to supportor transportflight hardwareshall
comply with the requhements of Astro SpacedocumentPN20005397.

3.7.2.2 Equipment Tethers

[1] Any tools and test equipment to be used in areas where droppingof the tool could result in
injury to personnel or damage to flight equipmentshall be providedwith a means to tether.
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3.70203 Control of Reassembly of Ground Support Equipmen~ for L-

[1] All lifting or hoisting load bearing componentswhich are noxmallydisassemble@such as
individual slings,cables, shackles,pins, bolts,and similarparts shallbe tethercxLserialkd,
tagged,or markedfor positiveidenti.tlcationto assureproper assemblyof verifkd hardware
after proof load testing.

3.72.4 EGSE Hardwmw

[1] All floor-standing cabinets shall be equippedwith castersdirectly mountedto the cabinets.

[2] All floor-standing cabinets (other than commercially procured off-the-shelf enclosures
housing standardassemblagesof computeror other sensitiveelectronicequipment,if not so
equipped) shall be equippedwith lifting eyebolts either directly mounted to the cabinetsor
installed in ancillaryequipmentthat is secured to the cabinets.

3.73 Fluid Systems Des@

3.73.1 Design Criteria

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Only system-compatible lubricants shall be used on tlueaded connectors.

All pressure system connectors shall be selected to make it physically impossible to mate
wrong connectionsif a hazardousconditioncan be created. An example is the connections
for fuel and oxidizer lines.

Pressure system componentsshall not exceed the maximumallowablestress as defined by
therequirementsofAmericanNationalStandardsInstitute/AmericanSocietyofMechanical
Engineers (NASI/ASME)B31 code for pnxmre piping.

Pressure system components which are not intended to be reversible shall be designed,
marked, or providedwith sufllcient instructions to assure proper installation.

Pressure systems shall be designed so that pressure cannot be trapped in any part of the
system without bleed capability.

GSE shall have shutoff valves located at all pressure supply entry and exit points.

GSEthat uses anyfluid whoseleakagecouldbe detrimentalto property,supportequipment,
persomel, or flight hardware shall have provisionsfor containing such leakage.

Pressurized systems shall be capable of being vented without disassembly.

All pressurized GSE shall have the capability to be repressurized prior to disconnections..
The direction of fluid flow shall be clearly indicated with the permanent marking of fluid
system components,parts, and mating lines.

Whe~ flow checks cannot be made, the design of fluid line components shall incorporate
end fittings or connections whose dimensions or conjurations will not petit incomct
installation.

Protection devices (e.g., surge) shall be provided where there is a possibility of damage to
system componentsm the total system.
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[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
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Controlstationsshallhaveadequateinstrumentationto allowpemonnelto monitorpnxsure,
temperature,or other critical parametersand confirm that initiated actions have occurred.

Control stations shti be designed so that the operator does not have to leave the station to
monitorhazard levels.

GSE shall be designedto permit flushing and drainingduring ground operations.

GSE shallbe designedto precludeunnecmsaryliquid @q?s,~d S1OX to facili~te gmvitY
drain.

Drain and bleed ports shall be provided.

A positive and readily accessible means of shutting off fluid flow fkom tanks shall be
provided.

All controlsandadjustmentsshallbe identifkxlby a unique identifkr using a permanenttag
or label placed on, or in close proximity to, the component.

GSE pressure system lines shall be identiled with Maximum OperatingPressure (MOP),
fluid content, and direction of flow.

Sample valves or ports shall be
samplingof the fluid.

When intetiace falters am not
downstreamof all final falters.

provided at strategic locations in the system to permit

used liquid servicing GSE shall have sample ports

Fluid components such as gauges, regulators, valves, etc., shall be capable of being
calibrated, adjustm and tested without removal from the unit whe~ practical.

All reservoimshall have a fluid level indicator.

Sight gauges used for liquid level indicators shall be properly protected from physical
damage.

Regulator failure shall not create a hazard to personnelor equipment.

GSE componentsdownstreamof a regulator shall be designed to operate safely under full
upstream pressure, otherwisea relief systemmust be installed.

Remotely controlled valves and actuators shall be capable of opening and closing under
design flow and pressure.

Remotely controlled valves shall provide for remote monitoring of open and closed
positions.

Remotely controlled normally open or closed valves shall have a spring on the actuator
capable of operating the valve to the fail safe position without an external actuating force
under system operating conditions.

Manually operated valves shall be capable of being opened or closed under full system
pressure.

Therelievingcapacityofanyreliefdeviceshallbeequalto orgreaterthan themaximumflow
capacity of the upstream pressureregulator or pressure source.

The relieving capacityof any relief device shall prevent the pressurefrom rising more than
10% above the design pressun?.
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[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]
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Reliefdevicesshallbelocatedso that othercomponentssuchas shutoffvalvescannot render
them inoperative.

Relief devices and their associateddischargeplumbing shall be adequatelysupported such
that their discharge impulse will not cause structural failure.

Pressurerelief for toxicfluids shall be designedand located so that gases, liquids, or vapors
will not enter any inhabited areas.

Pressure relief for inert gases shall not be dischargedinto a confiiq occupied area where
oxygen content could be lowered below acceptable limits for human occupancy.

Pressurerelieffor highpressuregasesandliquidsshallbe locatedsuchthat thedischargewill
not endanger personnel.

Pressure systems shall be equipped with gauges or sensors as follows:
a. downstreamof each regulator

b. on any storage system

c. strategically located in a system to indicate pressure trapped betweenisolation devices
and wheneverpnxsu.mcannot be depleted andvetiled in a maintenancecon@ration.

GSEflexible hoses shallbe identifkd and marked,witheachflexible hoseassembly having
a metal tag(s) attached which bears the following information:
a. date (month and year) of hydrostatic test

b. service fluid (only for dedicated system hoses)

c. maximum rated workingpnxsure

d. identiilcaticmnumber

e. manufactum’s identification.

Hosesshallbe usedonlywhenrequiredfor hookupofequipmentorto providefor movement
between interconnectionfluid componentswhen no other means is available.

All flexible hoses pressurized to 150 psig or greater shall be designed with restraining
devices securely attached across each union or splice.

Flexible hoses shall be restrained at intervals not to exceed 183cm (6 feet).

Flexible hoses shall be secured at each end by a hose containment assembly or other
approved restraint device.

Thehose containmentassemblyis to be securelyattachedto the endof theflexible hose with
the other end of the device anchored to a substantialobject of strength adequate to restrain
the hose if the hose breaks.

A restraint device (such as a split ring) clamped over an existing fitting shall be used for
interfaces where no other nxtraint method can be used to attach to the hardware.

Hoses and tubing shall be designed and/or speci.fkdto at least 4 times the maximum rated
working presswe.

Hoses shall be tested at 1-1/2 times the maximum rated working pressure by hydrostat or
1-1/4 times the maximum rated working pressurefor pneumatictesting.
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[49] Routingandinstallationof all fluid lines shall insure that the temperatureextremesto which
each line will be subjected are within limits acceptable for the fluid involved

[50] GSE designs shall preclude venting GSE fluids back through a facility supply line (when
facility line is vented).

[51] Designof cooling supportGSE shall preventpower outageor cold shutdown from causing
hydraulic lock up of cold trapped coolant between valves in lines.

3.7.3.2 Hydraulic Systems

Hydraulic GSE which tests or services flight systems will be designed in accoxiance with the
followingrequkments (these criteria me not applicable to tractors, trailers, fork lifts, etc.).

[1]

[2]

[3]

[4]

[5]

[6]

m

Hosesshallconformto MILH-25579E, Class~ MIL-H-3836Q or Societyof Automotive
Engineers (SAE) standardsas applicableand shall be suitably protectedagainst chafing to
prevent darnageto the hose or adjoining structure, tubing, wiring, and other equipment.

Only syste=ompatible lubricant shall be used on threaded fluid line connections.

Pressurizedresemoh having GNQas a pmsurant shall have the pressure controlled by a
pressureregulator,and shallhavean airspacerelief valve to protectfkomexcessivepressure.

Reservoirs shall be provided with a direct reading fluid level indicator.

The suctionhead of all pumps shall be maintainedbetweenthe limits recommendedby the
pump manufacturer.

Pump pulsations shall not adversely affect system tubing, components, and supports and
shall not cause damage or improper operationof the equipmentor fight system.

The system shall not cause damage to critical systems due to reduced flow, such as that
caused by single-pump operation of a multipump system, or increased flow such as that
caused by accumulatoroperations.

3.7.3.3 Pneumatic Systems

The followingcriteria will be used for design of pneumatic GSE.

[1] Hoses shall conform to WH-25579E, Class I, MIL–H-38360, or SAE standanls as
applicable.

[2] Shutoff valves that cannot be throttled to prevent rapid pressurization of downstream
componentsshall be provided with a bypass metering valve.

3.7.4 Electrical Design Criteria

3.7.4.1 Primary Power

[1] AllGSEshallbedesignedto operateand maintainspecifkd performancefrom anACpower
source having the following characteristics:

120/208VACrms *1O%,60 Hz H.5 Hz, three phase, five whe, safety grounded
total harmonic content of less than 5%
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[2] Individual equipment shall operate with 120volt 1 phase, 208 volt 1 phase, or 208 volt
3 phase input.

[3] Each phase of the powersource to a muhiphaseload shall be protectedby a circuit breaker.
These circuit breakemshallbe gangedsuch tha~if one phase causesa break,all phaseswill
break.

[4] All AC power wiring shall conform to the following commercial color coding practice,
consistent with documentNFPA70, NationalElectical Code:

Wire color Function
Green Groundline
Black Hot line
White Neutral line

3.7.4.2 Electrical EquipmentDesign

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Electrical equipment and wiring of all voltages shall conform to the design standmis of
documentNFPA70, NationalElectricalCode,wheninstalledor used in locationswherefw
or explosionmayexist due to flammablegases,vapors,combustibledus~ or ignitablefibers
or flyers.
Internal wiring of EGSE shall comply with the requirements of Mro Space document
47A2101O5,Electrical AGEFabrication and WorkmanshipStandard.

Electriciiicontrol systems shall operate ftom the nominal facility 120/208volts, 60 Hz AC
an~or 28 volt DC power.
Malfunctions of GSE circuitry shall not induce overload into the flight hardware, GSE, or
facilities.

Electrical equipment shall be designed to provide pemonnel protection tim accidental
contact with ACvoltagesin excessof 30 volts rms or 30 voltsDC or any lower voltage that
could cause injury.

GSE designs shall assure that all external parts and surfaces are at ground potential at all
times.

Switcheswhichcan create hazardousconditionsif inadvertentlyoperatedshall be guarded,
shielded, or othemviseprotected against inadvertentoperation.
Electrical fise and switch boxes for primary AC power located on electromechanical
equipmentshallbe stenciledon the outsideor insidecoverto showthe voltagepmsen~rated
fuse capacity,and equipment that the circuit controls.

Procedures for tagging and lockout of control switches and circuit breakers located on or
within electromechanical equipment shall be provided where appropriate to ensure
personnel and equipment safety.

If inadvertent reversal or connection to the wrong circuit could result in a hazardous
condition, all connectors shall either be keyed, marked, or coded to clearly indicate the
comectmating connection.

Protection shall be tmvided by the GSE to tie ~@t system to Wvent fiProP elec~cal
inputs, including ovemoltages
damage to the flight system.
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[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

=—

Electrical connectorsand wti@ctions to connectorsthat are exposedto moisture shall be
sealed from moisture to prevent open and short cinxits.

Shrink boots shall not be acceptableas moisture bamiers.

Electrical circuitsshallnot be routedthroughadjacentpinsof anelectricalcomector, unless
mandated by flight equipment design, if a short circuit between them would constitute a
single failure that would cause injury to personnelor damageto flight hardware.

ElectricalGSEshallbe designedsothat routineinspectionandvefilcation canbe conducted
before each connectionto flight hardwareis madeto insu properelectricaland electronic
inputs.

GSE electrical systems shall be designed so that all necessary mating and demating of
comectors can be accomplishedwithoutproducingarcs that will damageconnectorpins or
ignite sumoundingmaterials or vapors.

Shorting springs or shorting clips shall not be used in electrical/electronicconnectors.

Electrical plugsandreceptaclesof GSEcableswhichconnecttoflightequipmentardor are
routinely matedand demated in normal operationsshallbe providedwithprotectivecovers
or caps. The covers or caps shall be connected to the cable with a suitable lanyard chain,
or hinge.

EGSE assembledas floor- or bench-standing rack cabinetsshallprovideconnector panels
at the bottomfront or rear of the rack or rack group,as appropriate,for all interfacecabling
to externalequipmentnot containedwithintherackorrackgroupandto theflight equipment
or system under tes~

Overload protection devices shall be designed, selected, and calibrated to protect all
elements of major distribution and branch circuits.

Branch circuit protection shall be designed so that the combinationof the cumentand time
to isolate the overloaded branch circuit will not be sufficientto allow upstream protection
devices to act and remove power tim other branchesof the power system.

Computers, radio equipment, other electronic equipment, controls, and wiring shall be
designed and installed in such a way that operationof one unit or system of units will not
corrupt wanted signals with radiated m conducted emissions during the simultaneous
operation of any other unit or system of units.

An initial dielectric test shall be preformed on wire harnesses prior to use with flight
hardware.

GSE instrumentationand control cablingand harnessesshallbe high pot tested to 500 volts
minimum.

Alarm andother emergencyindicatorsshall be poweredfromdifferentsourcesindependent
from the items being monitored

Electrical connectors shall be selected such that misalignment during normal
connectidisconnectprocesses will not cause contact damage.
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3.7.43 Ektrical Grounding

[1]

[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

The design, construction,andinstallationof equipment shall be such that all external parts,
suxfaces,and shields are at ground potential at all times.
Power cords on GSE shall provide a noncurnmt canying groundconductorunless the unit
is double insulated
Grounding/bondingconnectionsshallbe designedto minimiu thepossibilityof inadvertent
disconnection.

Solder shall not be used for external groundingor bondingconnections.
Threadedfasteners for groundingor bonding connectionsshall use lock washers.
All GSEor major enclosuresusing or generatingelectricaleneqgyshallhave provisionsfor
connectingthe enclosure to the (facility) ground system.
Groundbuses shall be isolated by a DC resistance of at least 1.0megohmsfrom each other
andfrom all chassis,ground surface,and GSE structureprior to makinga connectionto the
intended groundingcircuit,
Alternating current power circuits located within GSE enclosures, cabinets, drawers, or
modules shall be routed adjacent to structural members,chassis, or panels and as far away
as possible from low-level signal leads.
WhereACpower is carriedon singleconductom,the conductorscomprisinga given circuit
shallbe twistedtogetherwithas manyturnsper unit lengthaspossibleto minimizemagnetic
coupling with other circuits.
Shieldsusedfor the purposeof reducingreceptionor tmnsmissionofelectricalinterferences
shall be fkeeof signal and power currents.

3.7.4.4 ElectromagneticCompatibility/I.nterfexwnce(EM-

[1] All EGSE which supplies 120 VoltDC power to theSpacecratl main power bus, or to the
equivalent power inputs of Equipment Modules, the PropulsionModule,and Instruments,
shall provide such power with source ripple and noise characteristics which satisfy the
requirements of Subsection6.2.1 of Astro Space documentPN20005869,Electromagnetic
Compatibility ControlPlan, throughout their operating voltage and cwrent ranges.

[2] Best commercial practices for EMC/EMI shall be employed in EGSE design and
construction.

[3] Off-the-shelf commercial equipment shall be evaluated and selected for best
Electromagnetic Interference compatibility.

[4] EGSE shall satisfy the requirementsof Section7 of AsfroSpacedocumentPN20005869as
applicablefor the location and conditionof use of the speciilc element of EGSE as defined
therein.

3.705 Materials, Parts, and Processes

3.705s Parts and ComponentSelection

[1] Mounting or attaching provisions for commercial equipment shall be designed to permit
such mounting or attaching without requ~g mtilcation of any mounting or attaching
hardware supplied with the equipment
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3.75.1.1 Electricalconnectors

[1]

3.7.6

[1]

[2]

[3]

[4]

GSE electrical connectors that
connectors.

=—

interface with the flight hardware shall be fight quality

ProtectiveCoatingsand Finishes

Protective coatingsand finishes for GSE shall be selected and applied in accordance with
commonlyused practices.

Critical weldmentsrequiring nondestructivetesting maybe coated with a strippable paint
includingan area 1/2inch wide on each side of the weld bead.

Commercial (off-the-shelf) hardware shall not require reftishing or repainting unless
requiredfor other designconsiderations.
Thefollowinglistedcolors,in accordancewithFED-STD-595, shallbe usedforGSE units

Color Code

Yellow 13538

Gray 26440or
26251

White 17875or
27875

Black 37038

Red

3.7.7

[1]

3.7.8

[1]

[2]

[3]

3.7.9

[1]

11136

use

Handling equipment, hoisting equipmen~ internal and external
platforms,stairs, access equipment,and transportationequipment

Electrical/electronic, hydraulic, pneumatic consoles, racks, and
cabinets

Equipment located in white or clean rooms

Panel lettering on any of the above items

Safety,protective,and non-flight equipment

CorrosionPreventionand Control

Prevention and control of corrosion, where applicable, shall follow commonly used
practices.

Dksimilar Metals

Dissimilar metalswhichin combinationare proneto electrolyticcorrosionshall not be used
in contact unless suitably protectedagainst such corrosion.

If it is necessary that dissimilar metals, which in combination are prone to electrolytic
corrosion, be assembled together, a material compatible with each shall be interposed
betweenthem.

Dissimilar metalsshall not be used in fluid systemsin which electrolyticsolutions are used.

Interchangeability

GSE assemblies,components,and parts with the same part number shall be physically and
functionally interchangeable.

3.7.10 Identification Markingsand Labels

3.7.10.1 EquipmentMarkings

[1] GSE shallbe identifkd and markedin accordancewith Astro Spacedocument47A2101O5.
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3.7.10.2 Instruction Plates

[1] Instructionplates shallbe securelyfastenedto enclosuresor instrumentpanels, and shall be
placed in a position where they can be easily read.

3.7.10.3 Load CapacityMarkings

[1]

3.7.11

[1]

[2]

GSEusedforhoisting, transportation,handling,andpersonnelaccessshallbe conspicuously
stenciled to indicate the maximum safe workingload.

Ikaceability

Configurationand revision traceability shall be maintainedfor all GSE subassembliesand
subsystems.

Serialization for the puxposesof confQuration managementand logistics management of
GSE shall be applied to the following as a minimum

a. end items

b. assemblies which contain life limited componentsor parts

c. replacement units requiring maintenance,servicing,or calibration.
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4 QUALITYASSURANCEPROVISIONS

4.1 QualityAssu.rance Pqram Pro*ions

Quality assurance provisions for GSE shall comply with Astro Space documentsPM A1.13 for
Astro Space in-house activities and PN20004280for subcontractactivities.

4.2 AcceptanceTestof GroundSupportEquipment

Anacceptancetestprocedureshallbe preparedandmaintainedforend itemswhe~ quantitativedata
is a prerequisiteto demonstratingcompliancewith design and/or procurementspeci13cations.Test
proceduresanddata sheetscontainingas-run quantitativedata shallbe retainedonfde andincluded
in the acceptancedata package.

4.3 Instrumentation Calibration

Calibration of measuring instruments
MIL-STD-45662A, as applicable.

shall be established and maintained in accordance with
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5 PREPARATION FOR DELIVERY

5.1 Preservationand Packaging

Gnmmd Support Equipment end items shall be”pmerved and packagecLwhen necessary, in
accordance with NHB 6000.1. The packing shall be adequate to protect the GSE during
transportation and storage.

5.2 Shipping Containers

Shipping containers shall be compatiblewith operationalsite transportation,handling,and storage
methods. For convenient handling and stackingof containershaving a gross weight of more than
100pounds, the use of integral skids or pallets shallbe considered. Attach points shall be provided
where applicable for crane hoist and tie-down.

5.3 Weightand Size

The weightandcubic displacementofpackagingandpackingshallbeheld to a minimumconsistent
with the requirements of the item and the methodof transportation. GSE shall be designed so that
the configuration (i.e., item) may be disassembledas required and packaged for shipment.
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6 NOTES

6.1 Acronymsand Abbreviations

A

AC

AGE

tit

ASCII

BA

BDU

c

C&DH

CG

COMM

C&T

DAS

DC

EGSE

EM

EMC

EMI

EOS

F

GAP

GFE

GN&C

GRO

GSE

GSERD

GSFC

HGA

Hz

Ampm

AlternatingCurrent

Air Force Base

AerospaceGroundEquipment

Antenna

AmericanStandardCode for InformationInterchange

Booster Adapter

Bus Data Unit

Celsius

Commandand Data Handling

Center-of-gravity

Communications

Commandand Telemetry

Commandand TelemetryInterface Unit

Direct Access Subsystem

Dinxt Current

Electrical Ground SupportEquipment

Equipment Module

ElectromagneticCompatibility

ElectromagneticInterference

Earth ObservingSystem

Fahnmheit

General AlignmentPrism

GovernmentFurnishedEquipment

Guidance,Navigation,and Control

GammaRay Observatory

Ground SupportEquipment

GroundSupportEquipmentRequirementsDocument

GoddardSpace Flight Center

High Gain Antenna

Hertz

69 DCC090193



24)001430
01September1993

ICD

ISGSE

I&T

KSC

LSE

METS

MGSE

MTM

NASA

NFPA

PCMU

PM

PPLU

psi

psig

r.f.

rss

RWA

Scs

S1S

Ssu

STE

TAP

T-V

UARS

Umb

v

VAFB

WSMCR

DCC090193
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Interface ControlDocument

Instrument ScienceGroundSupportEquipment

Integrationand test

KennedySpace Center

Launch SupportEquipment

Mobile Environmental‘lhnsportation System

MechanicalGroundSupportEquipment

MechanicalTest Model

NationalAeronauticsand Space AdministratioII

NationalFire ProtectionAssociation

Propulsion Commandand MonitoringUnit

Propulsion Module

Propellant andPmsurant LoadingUnit

pouds per square inch

poundsper squmeinch gauge

radio fkxquency

root mean square

root sum 6quare

Reaction Wheel Assembly

SpacecraftCheckoutStation

SpacecraftInterfaceSimulator

SequentialShunt Unit

SpecialTest Equipment

Three-Axis Positioner

Thermal-vacuum

Upper AtmosphereResearch Satellite

Umbilical

volt

VandenbergAir Force Base

WesternSpace and Missile CenterRegulation

WesternTestRange
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1 INTRODUCTION

1.1 Scope

This EOS-AM Spacecraft Test Plan describes test concepts and outlines Electromagnetic
Compatibility(EMC)tests required of components,major assemblies, and the Spacecraft system
to ensure compliancewith the EMC ControlPlan for the EOS-AM Spacecraft (PN20005869). A
more specificIndividualTestProcedurewill be issued 4 weeks prior to performingeach test. The
SpacecraftSystemLevelTestPlanwillbe issuedat least 4 weeksprior to systemlevelEMCtesting.

1.2 Description

Thistest planshallassurecompliancewith section3.5 of the PerformanceAssuranceRequirements
(GSFC420-05-02) for theEOS-AM Spacecraft. It is generatedfollowingthe requirementsof the
Vefilcation Speci.tIcationfor theEC)S-AMSpacecraft(PS20005404),and the Vefilcation Plan for
theEOS-AM Spacecraft(PN20005404).All testsdescribedhereinwillbeconductedin accordance
with the PerformanceAssuranceImplementationPlan (PN20005397). Test items may consist of
theEOS-AM Spacecraftcomponents,subassemblies,instruments,and/orthe integratedSpacecraft.

1.3 Objective

The objective of this plan is to describethe tests required to verify the EMC/EMIperformanceof
theEOS–AMSpacecraftalongwithpropertest configuration,instrumentation,limits,methods,and
procedures. The tests identilledhereinverify that the equipment meets the establishedEMI limits,
doesnot causeotherequipmentto malfunction,is not susceptibleto externalEMI sourcesand does
not interfere with other systemssuch as the launch vehicle and other spacecraft.
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2 SOURCE DOCUMENTS

2.1 ApplicableDacuments

Thefollowingdocumentsof the exactissueshown,formapart of this test planto the extentspectiled
herein. In the event of conflict between the documents~ferenced herein and the contents of this
test plan, the contentsof this test plan shall be consideredthe supersedingdocument.

GSFC-420-05412 EOS PerformanceAssuranceRequirementsfor the
08 November 1991 EOS-AM Spacecraft.

PN20005869 EOS-AM SpacecraftElectromagneticCompatibility
ControlPlan (SEP-106)

PN20005404 Vefilcation Plan for the EOS-AM Spacecraft
-1OO)

PS20005404 VeriilcationSpeciilcationfor the EOS-AM Spacecraft
Wloo)

PN20005397 PerformanceAssuranceImplementationPlan (PA-1OO)

PN20004280 SubcontractorPerformanceAssuranceRequirements

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

2.2 Reference Documents

GEVS-SE
January 1990

MIL-STD-462
Notice 1

MIL-C45662
10June 1980

GeneralEnvironmentalVerflcation Speciilcation for
STS and ELV,GSFC

ElectromagneticInterferenceCharacteristics,
Measurementof Notice 1

CalibrationSystemRequirements

DRAFT



PN20005868
07October1993

DRAFT

(This page intentionallyleft blank.)

DRAFT



DRAFT PN2000586S
07OctOlm1993

3 EMC TESTPROGMNX

TheEOS-AM EMCTestProgramwill consistof testing in supportof designandanalysisactivities
aswell as in supportof designverificationfor complianceto theEOS-AM EMC~quirements. The
test program is structured to demonstrate that the component and system design satisfy the
requirements of PN20005869,“EMC Control PlarIfor the EOS-AM Spacecraft”. System level
testing will be performedto verify that the EOS-AM Spacecraftis electromagneticallycompatible
with itself and with its intendedelectromagneticenvironmen~ TheEOS-AM SpacecraftEMC test
matrixis listedin TableI. TableIIdescribestheEMCtest methodsplannedforEOS-AM Spacecraft
equipment. The followingtest activitieswill be petiormed over the life of the program.

Engineeringdevelopmenttestsareperformedto supportthe developmentofEMCrequirementsand
to substantiateandcharacterizeEMCdesignfeatunx in supportofhardwaredesign. The testarticles
are, in general, non-flight and the test documentation is under engineering control. Data from
engineering development tests may not be substituted for qutilcation or acceptance test data
without formal customerapproval.

Componentqualificationtestingwillbe performedon specfled uniquecomponentdesignsutilized
on the EOS-AM Spacecraft. This testing will demonstrate compliance to the ~quirements of
PN20005869. An individualEMCTestProcedureidentifyingoperatingmodes,unique test set-ups
and equipment limits will be prepared, reviewed and approved per the requirements of
GSFC-420-05-02, EOS-AM Performance Assurance Requirements for the “EOS-AM
Spacecraft”. The EMC test set for these tests is given in Table II.

Componentacceptancetesting will be performedon all flight hardwareto verify that EMC design
features are consistentlyincorporatedinto the hardwate. The EMC tests performedwillbe a subset
of the qualiilcation test set as describedin TableII. The qua.liflcationEMCTestProceduremay be
usedfor acceptancetestingandshouldincorporatetheacceptancetest criteriaat initialissue to avoid
repeated approval cycles for multipledocuments.

Spacecraft-level testing will be performedto demonstrate system compatibilitywith anticipated
external environmentsas well as self-compatibility in all system operatingmodes. Spacecraftbus
and instrumentvetilcation to the EOS-AM EMCrequirementswill have beendemonstratedprior
to Spacecraft system–leveltesting.

Martin Marietta Astro Space (AstroSpace)subcontractorsshall submit an EMCTestPlan and the
Test Data resulting from EMC veriilcation testing to Astro Space for reviewand approval.

EMC Test Plans for Instrumentswill be reviewedto insure that the intent of this document is met
and that the data obtained from subsequentEMC testing will be directly applicable to overall
SpacecraftLevel EMCvexi.flcation.EMCTestData for the instrumentswill be submittedas a part
of the Instrument InterfaceControl documents(ICDS). This data will be reviewed to ensure that
there are no spacecraft level incompatibilities (instrument to instrument, or Spacecraft bus to
instrument).
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3.1 TestApplication

TheEMC tests will be petioxmedin compliancewith the methods and conditions ~quired by the
EOS-AM Pm (GSFC420-0S-02). ThePARcalls out the GEVSandMIL-STD462 which nuiy
be tailored according to the GEVS. This test plan clarifies the methods of MIL-STD-462 and
defines program unique measurementmethodsneeded to verify compliancewith PN20005869.

TableI. EOS-AM EMC TestMatrix
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EOS-AM EMCTestMatrix (Continued)TableI.
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TableIL TestMethods
Requirement Description FrequemcyRange I

4

CEolT IConductedEmissions,Powerlines,NB,CM 3oHzto15AcHz

CE03? IConductedEmissions,Poweriines,NB,BB,CM 15kHzto50MHz
1 I

CE06f 1ConductedEmissicm,AntennaTerminals I 15kHzto18GHz I#
CECM? ConductedEmissionsCommcaMode 3oHzto50MHz
RE021’* RadiatedEmissions 14kH.zto50GHZ

I J
RE041’ RadiatedEmissions,MagneticField I 3oHzto200kHz
Csol CknduetedSuseemibilitv.Powerlines 3oHzto50kHz

1 . . . I

CS02 1(hdueted !hseemibil.ity.Powerlines I 5okHzto400MHz I.

CS06 conductedSuscqtibility,Poweriines 10w Spike,60pps
Rsol RadiatedSusceptibility,MagneticField 30HZto 30kHz
RS03 RadiaedSusceptibility 14kHzto18GHz

CS03 Intermaiuktial 10kHzto18GHz

CS04 Re&on ofUndesiredSignals 10kHzto 18GHz
CS05 Cross-Modulation 10kHzto18GHz

t w

DCMagneticFieldDipoleManent I
DCMagneticSusceptibdity
Ripple PowerConductedEmissionsVoltageEnvelope 30HZ-400 MHZ
AbnormatBus AbnormalTransientSurvivat lops, 1timeperequipmentor
Transient operatingmode
* DenaesSystemLevelTestalso ~ DenaesAeceptaneeTestalso

3.1.1 Operating Modes

Testingshall be performedin the most emissivemodenormallyused during operation. Units to be
tested for susceptibility shall be done in their most susceptible mode. Individual component
operational modes will be detailed in each individualcomponenttest procedure.

3.1.2 Acceptance Criteria

The acceptance criteria for emissions shall be determined for each test article based upon the
requirements of the EOS-AM EMC Control Plan (PN20005869).

3.2 Quality Assurance Provisions

3.2.1 Measurements

All emission measurements will be madewith the receiver/analyzerin the peak detectormodewith
bandwidth selector set to the appropriate bandwidth. In all cases, proper current probe transfer
impedance, antenna factors, and cable attenuation factors will have been entered into the computer
for automatic measurements,or will be added to manually obtained meter readings to obtain the
correctunits of measureto becomparedto specitlcationlimits. Calibratedvoltmeters,oscilloscope,
and other general lab equipment will be used.
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3.2.2 Calibration

Measurements~qui.nxlduring all testing will be accomplishedwith instrumentationcalibrated in
the Martin Marietta Astro Space (Astm Space) Calibration and StandardsLaboratory. Standards
used in calibration are directly traceable to the National Bwau of Standards. The Astro Space
measurementsystem is in compliancewith MIL-C-45662, “Calibration System Requirements”.
All instrumentationwill be used only during the normal calibration cycle.

3.2.3 EMISM

Electromagnetic Interference Safety MargiII (EMISM) for safety critical circuits (such as EEDs)
shall be 20dB, verifkd by analysis or test. EMISM for other EMC elements shall be 6dB, verfled
by comparison of emissions and susceptibility test data.

3.2.4 Test Discrepancies and Faihres

Test discrepancies will be documented and resolved following the procedures given in the
PerformanceAssuranceImplementationPlan (PN20005397,Section 8.13) and the Subcontractor
PerformanceAssurancePlan (PN20004280,Section 8.13). These requirementscall for reporting
test failures to the Failure Review Board (FRB)via the automated deficiencyreporting system or
approved method. The EMC engineer will participate in the disposition process as needed. In
addition, the EMC engineerwill provideanalysis support requirementsto satisfy the FRB.

3.2.5 Test Documentation

Test documentation shall be prepared in accordance with the Vefilcation SpecKlcation
(PS20005404)Section 3.4. A test report shall be generatedby the EMC engineerdetailingall tests
performed and the results.
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4.1 Descriptionof ShieldedEnclosure

EMUEMI testing will be performedin a shieldedenclosure. The shiel&d encloswe will provide
a minimumshieldingeffectivenessof 100dll to electricfields fkom14kHz to 18GHz,and will be
equipped with powerlinefiltration with an attenuationof 100dlilfrom 14 kHz to 18GHz.

The shieldedenclosurewillbe keptffee of unnecessaryequipment,racks and desks. Onlyessential
equipmentwill be in the enclosure. Care will be takento insure that accessoryequipmentdoes not
affect measurementintegrity.

Free field testing is acceptableif ambientlevels can be shownto meet the measurementaccuracies
required by the detailed test procedure.

4.2 Ground Plane

A copper ground plane with a minimum thickness of 0.25 mm, and 2.25 square meters or larger in
area with the smaller side no less than 76 cm will be used for equipment testing. The ground plane
will be bonded to the shielded room such that the Dc bond resistance does not exceed 2.5 milliohms.
The bonds will be placed at distances no greater than 90 cm apart. If equipment is mounted on a
metal test stand, the test stand will be considered a part of the ground plane for testing purposes and
is bonded accordingly.

4.3 Grounding and Bonding

The equipment under test (EUT) will be bonded to a copper ground plane bench. The method of
bonding will simulate the mounting of the equipment in the flight system to the greatest extent
practical. Direct bonding to the ground plane by bolting or a low impedance bond strap bolted to
the ground plane is recommended. A bond resistance less than 2.5 miiliohms will be vetiled by
measurement before EMI testing starts. Deviations from this bonding technique will be speciilcal.ly
defined in the approved detailed individual EMC test procedure.

4.4 Ambient Measurement

Prior to beginning EMC/EMI testing, the facility and test setup will be measured as described below
to determine whetherthe ambient environment is suitable for testing.

4.4.1 Radiated

Prior to the commencement of radiated testing (with the item under test inoperative), a complete
emissions scan will be made per test requirements. This scan will be done to ensure that a 6 dB
margin below the imposed test limit exists across the measured frequency band. This data will
become part of the test report.

11 DRAFT
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4.4.2 Conducted

With the item under test inoperative, a complete emissions scan will be conducted, fmt with the
current probe on the positive input lead and then on the return lead, This is to demonstratethat no
coupling due to outside interference exists and that a 6 dB maqginbelow the imposed test limit is
present across the measuredfrequency band. This &ta will become part of the test reporL

4.5 Test Conditions

The unit under test will be tested under normal laboratory ambient conditions of temperature,
pressure, and humidity.
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5 TEST EQUIPMENT

This section is devoted to listing the instrumentationused for ENWEMCtesting. Testequipment
that ~quires correctionfactors,dB versusfrequency,to obtain comcted units of measureare to be
added to the recordeddata.

5.1 EMCTestEquipmentAccuracyand Calibration

Emissions measurement equipment shall be accurate to H
frequency upper limit of the receiver measurement ban~
controlledfor amplitudesH dB and frequencyor time *1%.

5.2 Test Equipment List

TableIII containsa list of plannedEMC test instrumentation.
will be acquiredas needed.

dB in amplitude and Wl10 of the
Susceptibility equipment shall be

Additional specialized instruments

TableIII. Partial EOA4NI TestEquipmentI&t
ITEM# DESCRIPTION MANUFAC3TJRER MODEL# USE

1 EMI FIELD INTENsrrY METER EA1’ON/AILTECH NM-7A CEJw

2 EMI FJELDINTENsrrY METER EXION/AILTECH NM-17127A C& RE

3 EMI FIELD INTENSITY METER EAION/AILTECH NM-37157A (2E, RE

4 CNTRL COUNTER INTERFACE EIWON/AILTECH ca-7 CEORE

5 CONTROL INTERFACE UNIT A EATON/AILTECH CIU-7 CE, RE

6 CONTROL INTERFACE UNIT B EAlON/AILT’ECH CIU-7 CE, m
I

7 INTERFERENCE ANALYZER ELECTROMETRIC EMC-25 CE, RE

8 SPECTRUM ANALYZER I HEWLETT PACKARD HP-8566B CE. RE
J

9 RF PRESEIJXTOR 20HZ-2GHZ HEWLETT PACKARD HP-85685A CE, RE

10 COMPUTER HEWLETT PACKARD HP-9836 CE, RE

1-11

12

+

13

14

E
15

16

17

18

+

19

20

PLOTI’ER

PRINTER

POWER ISOLKI’ION XFMR

Lo FIImR (50kHz LPF)

HI FtL~R (501LHzHPF)

LINE STABILIZATION CAP

DIGITIZING SCOPE 250MHz BW

10SCILLOSCOPE

IVERTICLE PLUG-IN

ITIME BASE PLUG-IN

HEWLE’IT PACKARD

HEWLETT PACKARD

SOLAR

MARTIN MARIETTA

MARTIN MARIEITA

SOLAR

HEWLEIT PACKARD

TEKTRONIX

HP-7550A CE, RE

HP-2671G 1 CE, RE {

7032-1 CE. RE

NIA I RIPPLE

NIA RIPPLE

71I3-106R ICE !

HP-5451OA CE, Cs

7844 ICE, CS

ITEKTRONIX 7A26 CE, CS

I TEKTRONIX I 7B15 I CE, CS

21 SCOPE CAMERA HEWLETT PACKARD HP-197B CE, CS

22 SCOPE PROBE TEKTRONIX P6156 CE, CS

23 SCOPE PROBE TEKTRONIX P6156 CE, CS

24 CURRENT PROBE AMPLIFIER TEK AM-503 CE

25 CURRENT AMPLIFIER PROBE DC-50MHZ TEKTRONIX P6302 CE
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TableIII, Partial EOS-AM Test Equipment List (Continued)
ITEM # DESCRIPTION MANUFACTURER MODEL # USE

26 CURRENT AMPLIFIER PROBE DC-50MHZ TEKTRONIX CT-5 CE

27 CURRENT PROBE EMPIRE DEVICES CI-105 CE

2a FUNCTION GENEMTOR TEKTRONIX -504 Cs

29 SPIKB GENEIUIUR SOLAR 6254-5S Cs

30 SPIKE GENERAIOR SOLAR 7054-1 a

31 AUD1O AMPLIFIER Mchtmb MG75 Cs

32 AUDIO AMPLIFIER SOLAR 6552-1A Cs

33 DC CuIPlsd Au&J Powcs Amp TECRON (Cm@ 7560 Cs

34 ARBITRARYIFUNC GENERA1’DR WAVE31?K FG504 Cs

35 TRANSIENT PULSE GENERJWOR SOLAR 8282-1 Cs

36 AUDIO ISOLATION XFMR SOLAR 6220-lA Csl

37 RF COUPLER SOLAR 751s1 CS2

38 INJEC1’ION CURRENT PROBE .O1-1OOMHZ TEGAM (l-loops pldscs) 952361 CSSIG

39 INJECTION CURRENT PROBE ‘2400MHZ TEGAM 952361 CSSIG

40 ESD GENEMTOR GENERAL ELECITUC NIA ESD

41 STATIC DISCHARGE SIMULATOR scHAFmER NSG431 ESD

42 ~R IMPEDANCE METER HEWLETT PACKARD HP-4815A GND

43 DIGITAL OHMMETER VALHALLA 4150 Gnd

44 HIGH RESISTANCE METER HEWLEIT PACKARD HPd329A Gnd

45 MAGNETOMETER EMCO 6701 RE-DC

46 H-FIELD ANTENNA 100HZ-1OOMHZ ANTENNA RESEARCH BBH-5m/B RE

47 E—FIELDANTENNA -lk-lGHz ANTENNA RESEARCH SA%lID RE

48 PARABOLIC ANTENNA 36G 1-12GHz AEL ASN1242AA RE

49 LOOP ANTENNA 24 IN 20HZ-150KHZ FAIRCHILD ALP-lo RE

50 LOOP ANTENNA 12 IN .l-30MHZ EMPIRE DEVICES LP-105 RE

51 H-FIELD ANTENNA FAIRCHILD ELS-lo RS

52 PARALLEL PLATE ANTENNA IFI EFG-3 RS

53 50 OHM LOAD f/EFG-3 BIRD TERMALINE 8230 RS

54 Doubk Ridged Waveguidc ANTENNA EMCO -l-18GHZ EMCO-3115 RE, RS

55 LOG CONICAL ANTENNA .2-lGHZ FAIRCHILD LCA-25 RS

56 “PWBOLIC ANTENNA 18- 12-18GHz” SINGER 105W1OO1 RS

57 TWTA ( 1-2GHz) KELTEC LR 625-20 RS

58 TWTA (2-4GHz) HUGHES 1277HS RS

59 TWTA (4-8GHz) HUGHES 1277HC RS

60 TWTA (12-18GHz) HUGHES 1277HKU RS

61 TWTA (8-12GHz) VARIAN VZX6981K1 RS

62 POWER AMPLIFIER (.O2-1OMHZ) ENl 240L RS

63 POWER AMPLIFIER (.15-250MHz) ENI 420L RS

64 POWER AMPLIFIER (1-1000MHz) AMPLIFIER RESEARCH 5OW1OOO RS

65 LEVELING AMPLIFIER AMPLIFIER RESEARCH 777 RS

66 LEVELING AMPLIFIER AMPLIFIER RESEARCH 999 RS
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TableIII. Partial EOS-AM TestEquipmentL@ (Continued)
lTEM# DESCRIPTION MANUFACTURER MODEL # USE

67 POWER AMPLIFIER 1OKHZ-22OMHZ IFI -lmw 406 Rs

68 RF AMPLIFIER HEWLEIT PACKARD HP-8447F RS

69 50 OHM LOAD BIRD SIB RS

70 ISOTROPIC PROBE NARDA 8621B Rs

71 ISOTROPIC PROBE NARDA 8631 Rs

72 RADIAllON MONITOR GENERAL MICROWAVE RAHAM4C Rs

73 RADIATION MONITOR GENERAL MICROWAVE RAHAM 495 RS

74 FIELD STRENGTH METER IFI EFS-1 RS

75 REMOTE F.S. MONITOR IFl In RS

’76 RADIATION MONITOR NARDA 8316 RS

77 E&H FIELD SENSOR AERrrALIA RS

78 E&H FIELD SENSOR REPEATER AERrrALIA RS

79 ISOTROPIC E-FIELD SENSOR AERITALIA 13RV1OO1-1 Rs

80 ISOTROPIC E—FIELDSENSOR AERrrALIA 19RV1WI-1 RS

81 FUNCITON G~R lHz-15MHz HEWLEIT PACKARD HP-3325 RS. CS

82 SIGNAL GENERATOR 1OMHZ-263GHZ HEWLETT PACKARD HP-8340A RS, CS

83 IMPULSE GENERATOR ELECTROMETRIC CIG25 RS, CS

84 POWER AMPLDTER 10KHz-220MHz KFl-low 5100 Rs. Cs

85 SWEEP osaLLATOR HEWLE’IT PACKARD HP-S350B Rs, CS345

86 POWER METER HEWLEIT PACKARD HP436A RF

87 POWER SENSOR HEWLEIT PACKARD HP-8482A RF

88 POWER SENSOR HEWLEIT PACKARD HP-8483A RF

89 WA~ METER BIRD 43 RF

90 COAXIAL AITENUA~R BIRD 8329-3~ RF

91 DUAL DIRECTIONAL COUPLER0.2-.4GHZ HEWLETT PACKARD HP-774D RF

92 DUAL DIRECITONAL COUPLER 0.4-lGHz HEWLETT PACKARD HP-775D RF

93 DUAL DIIUKITONAL COUPLER I-2GHz HEWLETT PACKARD HP-776D RF

94 DUAL DIREC’ITONAL COUPLER 2-18GHz HEWLETT PACKARD HP-1 1692D RF

95 50 OHM STEP A~NUA~R TEKTRONIX 2701 RF

% CLOSE FIELD PROBE .009-30Mkiz HEWLETT PACKARD HP-11941A RE

97 CLOSE FIELD PROBE .030-lGHz HEWLETT PACKARD HP-1 1940A RE

98 “CURRENT PROBE IMHz-lGHz, 1-10 Zl” TEGAM 94111-1 CE

99 “CURRENT PROBE IMHz-IGHz. -121” TEGAM 94111-2 CE

lal PREAMPLIFIER I-500MHZ 62dB 1.2DB NF MITEQ AV4A-0150 RE, CE

101 PREAMPLIFIER .02-2.6GHZ 60dB 1.2DB NF MITEQ AFS32-001 RE, CE

102 PREAMPLIFIER .1-1OGHZ 30dB 2.6DB NF MITEQ AFS4-001 RE, CE

103 PREAMPLIFIER 8-12GHZ 31dB 1.4DB NF MITEQ AFS4-080 RE, CE

104 PREAMPLIFIER 12-18GHZ 31dB 1.9DB NF MITEO AFS4-120 RE, CE
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5.3 CurrentProbe CorrectionFactors

Currentprobecorrectionfactors (seeFigure 1forexarnple) willbe includedin theEMC TestReport.
Data will be adjusted to include these factors.

5.4 Antenna CorrectionFactors

Figure 2 illustmtes a representativeantenna comect,ionfactm curve. Broadbandcorrectionfactors
will be listed with the individual receiver used for test or added automatically to the test data.
Antennacorrectionfactors will be includedin data mduct.ion.AUantennasin radiated tests will be
calibrated.

5.5 EMC Test Support Equipment

Test support equipment will not effect the EMI measurement of the Equipment Under Test @uT).
Test support equipment will be checked for interference to the measurements during the tests. If an
out-of-spec condition occurs due to the test support equipment, then mcxMcation of the setup or
test support equipment will be allowed to remove the out+f-spec condition.

TEST EQUIPMENT UTILIZATION AND CORRECTION FACTORS

50-

40.

30-

20.

lo-

0.

-10: 1
102 103

I
10 4

1
105

I 1 .-w
106 107 1(

Frequency

Figure 1. Singer CP-105 Current Probe Factor
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CORRECTION FACTOR FOR THE SAS-1/D ANTENNA
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Figure2. Representative Antenna
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6 EMC TEST METHODS

EOS-AM EMCtestswillbeperformedin accordancewiththefollowinggeneraltest methodswhich
are based on standardtests found in MIbSH2, Notice 1. EMC procedures will be prep=d
for each equipmenttested. Each procedurewill detail the set-up and measurementtechniqueswill
be defined along with the equipmentoperatingmodesfor each test.

6.1 ComponentEMCTests

6.1.1 ConductedEmissions(CEO1),PowerlineConductedRipplq 30 Hz to 15 kllz

a. Install the equipmentunder test (EUT)ona coppergroundplane bench. Bondthe EUT
per paragraph4.2 to the groundplane. SeeFigure 3, CEO1Test Setup.

b, Petiorm testing on both the +voltageand return leads individually.

EUT bondedto ground plane
10PF Line Stabilization Capacitors

I

Copper Ground Plane Current Probe in
CE01KE03 Test ketu-’n””fiu
Position

Iy’;~w
,,.,.:..:,.,,.,..,.:<...:,,.

Ono u ,,..,.:.,,.,,.,.:..,,,
’000

XFMR

o
,::+:::,.,:... : ,...,.,.,,,:.:...:..,;.:.:;.,:~:

Spectrum Analyzer or Power ::,.:.,.:.:.:,:,,,::.,
:.:fi:>.::.+:..

Automatic Data Source ;;:<;”

Acquisition System

Figure 3. CEO1,CE03 Test Setup
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c. Clamp a current probe (section5.3) on the power line under test.

d. Automatically, or manually,
automated Data Acquisition
versus the CEO1 test limit.

scan the ffequency range of 30Hz to 15 kHz. Use an
System, automatically record and graphically plot data

e. Test limits and required measurement bandwiths m shown in PN20005869 (EMC
Control Plan, sections 5.2 and 6.2 for instruments and Spacecraft equipment,
respectively).

6.12 Conducted Emissions (CE03), Powerline Conducted Ripple 15 kHz to 50 MHz

a.

b.

c.

d.

With the equipment under test(HJ’T) instdlcd on a copper ground plane bench as in
CEO1,clamp a current probe around the +voltage powerline. SW Figure 3, CE03 Test
Setup.

Automatically, or manually, scan the frequency range of 15kHz to 50 MHz. Record data
and graphically plot data versus the test limit.

Broadband signals require that a broadband correction factor be added to the dBwVand
probe factor to obtain dB@/MHz. Current probe comction factors are also added. Test
limits and required measurement bandwiths are shown in PN20005869 (EMC Control
Plan, sections 5.2 and 6.2 for instruments and spacecraft equipment, respectively).

Repeat test for power return lines.

6.1.3 Conducted Emissions Common Mode, Powerline conductedRipple -30 Hz to
50 MHz

a. With the equipment under test (EU’T) installed on a copper ground plane bench as in
CEO1, clamp a current probe around the +voltage powerline, return, and fault ground
leads together. See Figure 4, CE Common Mode Test Setup.

b. Automatically, or manually, scan the frequency range of 30 Hz to 50 MHz. Record data
and graphically plot versus the test limit.

c. Add current probe correction factors. Test limits and required measurement bandwidths
are shown in PN20005869 (EMC Control plan, sections 5.2 and 6.2 for instruments and
Spacecraft equipment, respectively).

6.1.4 Conducted Emissions (CE06), Antenna Terminals -15 kHz to 50 GHz

This test is for receivers and transmitters. The lower frequency limit is 15 kHz or 8096of waveguide
cuttoff or 100 MHz, whichever is higher. The upper limit is 18 GHz.

a. Set up the equipment under test (E~) on the ground plane per CEO 1 and as shown in
Figure 5 without the asterisk blocks for key–up or transmitter-standby modes and with
them for key-down or transmitter-on modes.
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CEOI -03-Common Mode Test Position,
15cm from EUT
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ground plane

Equipment Under g
,..

,.,:,:,:

OPPER GROUND PLANE ~~
4

Spectrum Analyzer or
Automatic Data
Acquisition System

XFMR
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10 UF Line Stabilization Capacitors

b.

c.

d.

e.

Figure 4. Common Mode Test Setup

Automatically, or manually, scan the frequency range for the component based upon the
table above. Record data and graphically plot for narrowband emissions.

Scan the frequent y range again with broadband measurement bandwidth and
automatically record and graph the broadband emissions.

Add factors for cable loss, bandwidth correction for broadband measurements and
record and graph emissions along with the test limits.

Repeat the test for other test sample frequencies and other modes of operation. Perform
the test at high, lower, and mid ;equencies for tunable receiver/ transmitters. Key–up
and key-down modes as a minimum for Transmitter/ Receiver Equipment.

6.1.5 Radiated Emissions (RE02), E - Field 14 kllz to 18 GHz

a. Configure the EOS equipment under test (EUT) bonded to the ground plane per
paragraph 4.2 and as shown in Figure 6.
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b.

c.

d.

e.

f.

B. . . . . . . . . -------- --------- -- .--.-.,
o
I

T

‘El
#* * I

I

Power Dummy I

Load
@

Coupler
1
#
?
1
8

I I
8
I

“El
I

● *
8

1

Power
I

Rejection 1
Pad Network

1
1
I
1
1

I I

F I
------- --.-

Figure 5. CE06 Test Setup

Probe the EUT with an RF probe and spectrum analyzer to determine which face exhibits
maximum radiation. Set up the test antenna one meter from this face of the EUT.

Scan the frequency range of 14 kHz to 18 GHz. When using Linear Polarized antennas,
repeat the range in both the horizontal and vertical positions.

Record emissions and graphically plot versus the test limit for narrowband emissions.
Test limits and required measuremt bandwidths for narrowband emissions is shown in
PN20005869 (EMC Control Plan, sections 5.1 arid 6.1 for instruments and Spacecraft
equipment, respectively).

Plot the broadband emissions levels.

To manually determine NB/BB signals by changing bandwidth, select switch from NB
to BB; if signal level vmiation is greater &n 6 &ljit is considered a broadband signaL
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Breakout
Panel

4

EUT Bonded

““’ro”ndpwnd

\
L

Cables at least
5 cm above table

tenna

EMI Measurement System (outside shielded room)

Figure 6. RE02 Broadband, Narrowband Test Setup
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The test method RE03 is applicablewhen CE06cannot be applied.

6.1.6 Radiated Emissions (REU4),AC Magnetic Field

a.

b.

c.

d.

Configurethe equipmentundertest @u’I’)bondedto the groundplaneperparagmph 4.2
and as shown in Figure 7. Instrument and equipment test limits and requkd
measurementbandwidthsare shownsin PN20005869(EMCControlPlan, sections 5.1
and 6.1 for instrumentsand Spacecraftequipment,respectively).

Probe the EUT with a spectrum analyzer to detexminewhich face exhibits maximum
magneticfield radiation. Set up the test antennaone meter fkomthis face of the EUT.

Using an automatic Data Acquisition System, scan the I@uency range of 30 Hz to
200 kHz.

Record emissionsand graphicallyplot versus the test limit.

-“

1-%d3

Breakout
Panel

EUT Bonded to
Ground Plane

\

C pper Ground Plane

...
..:.,.:.,.:.,.:,. p Antel

1 meter

k

EUT

\

Antenna Coax

EMI Measurement
System (outside
shielded room)

7na

Figure 7. REM Test Setup
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6.1.7 ConductedSusceptibility,MethodCSO1,Powerline 30 Hz to 50 kHz

a.

b.

c.

d.

e.

Configurethe equipmentundertest (EUT)per paragraph4.2 and as shown in Figwe 8.

Performsusceptibilitytestingon 120Vandreturn leadsindividually.Testunitspowered
by 28 V on the 28 V and return leads.

The susceptibilityCWsignalis coupledonto the DC line under test at the level required
in the EMC Control Plan (PN20005869) Maximum Power to be used for the test is
limited to 50 Watts.

Slowlysweep the CW sourcegeneratorover the frequencyrange of 30 Hz to 50 kHz,
observingthat normal operationof the unit under testis maintainedthroughout signal
application.

Monitor the EUT for any malfunctionor degradation as outlined in the performance
speci.tlcations. Should susceptibility occur, establish the threshold levels and
frequencies. Record this level(s)on the appropriate data sheet, as shown in Figure 22
(see Section 7). Read evidence of EUT susceptibility such as photographs of
out-of-spec conditionsor oscillographsof out-of-spec signals.

6.1.8 Conducted Susceptibility, Method CS02, Powerline 50 kHz to 400 MHz

a.

b.

c.

Conf@re the equipmentundertest (EUT)per paragraph4.2 and as shown in Figure 9.

Performsusceptibilitytestingon 120Vandretum directcurrentleads individually.Test
units poweredby 28 V on the 28 V and return leads.

EnsurethatthesusceptibilityCWsignaliscapacitivelycoupledontothepowerlineunder
test, with an imped~ce of 50 ohm- or less at all test frequencies. Set the susceptibility
signal at the level required in the EMC Control Plan. Limit power to 10 Watts.

Equipment Power

Under Test = Audio
supply

(EUT)
(W!Y Transformer

‘ “bL~Amplifier
Signal

Oscilloscope Generator
or VNM

Figure 8. CSO1Test Setup
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d.

e.

I I

Amplifier
Signal

Generator
4‘ {I A

Figure 9. CS02 Test Setup

SIOWlysweep the CW source generator over the frequency range of 50 kHz to 400 MHz,
observing that normal operation of the unit under testis maintained throughout signal
application.

Monitor the EUT for any malfunction or degradation as outlined in the performance
speci.ilcations. Should susceptibility occur, establish the threshold levels and
frequencies. Record the threshold data on the appropriate data sheet, as shown in Figure
22 (see Section 7), Record evidence of EU’Tsusceptibility as necessary.

6.1.9 Conducted Susceptibility, Method (X)6, Pmverline ‘Ikansient Spike (Operate and
Perform)

a. Connect the equipment under test (ElJ’I’)as shown in Figure 10.

b. Perform susceptibility testing on power, return and fault ground leads.

C. Prior to the application of the transient spike, calibrate the transient pulse amplitude 5!2
load. The amplitude calibrated to the 5 Q load has led to the concern that the energy and
or voltage could be excessive and cause equipment damage. Figure 11shows the typical
circuit and transient energy calculation for CS06. The circuit genemlly has a blocking
capacitor in the path from the high voltage charging SUpply,the discharge capacitor to
the output. This results in a very high impedance at the output and when the load
resistance varies from 5 to 1000S2the output voltage does not exceed the level set at 5f2
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Figure 10. CS06Test Setup

The equipment under test may have a lower impedance than the 5L2in which case the
peak voltage is less than the level set with 5SZ This is allowed because low input
impedance, such as when a zener diode is used, would mean increasing the source level
to an extreme amount of energy that is not available on the nA power system. Record
the calibrated transient on an oscillograph.

d. Apply the transient pulse at both positive and negative polarity respectively onto the
power line under test. Transient pulse rate will be 10 pps for a duration of one minute
at each applied polarity. Record the applied transient on an oscillograph.

e. Lf susceptibility should occur, lower the transient pulse level to restore normal
component operation thus establishing the threshold level. Record this level on an
oscillograph when injecting into the 5 ohm calibration resistor and in the actual test setup.
Record evidence of the susceptibility of the EUT, also.

6.1.10 Conducted Susceptibility, Abnormal Bus Transient

a.

b.

c.

d.

To prevent possible damage to flight units, perform test on ETM or breadboard units.

Configure the equipment under test (EUT) per paragraph 4.2 and as shown in Figure 12.

Susceptibility testing is to be performed on 120 V+ direct current lead.

Prior to the application of the transient spike limits, as shown in PN20005869 (EMC
Control Plan sections 5.4 and 6.4 for instruments and spacecraft, respectively), calibmte
the transient pulse amplitude by developing the required transient voltage and waveform
across a 5 ohm resistor. Record the calibrated transient on an oscillograph.

27 DRAFT



PN20005868
07October1993

DRAFT

Typical CS06 Pulser Time Controlled Fast Switch

High
Voltage

Source

130V

-40v

Inductance
Calibration

Resistor

Energy = KovP@lPOTDur~tiOnwhere K= factor for waveform type

Vp, = 130p/]
lP, = 130/5[LZ] = 26 [A]
VP2 = 40 M
1~
f

= 40/5[L2] =8 [A]

total = K1●v 1●! I●TDurationl+ K20VP20120TDuration2
(0.15~olfO02601 O[pS] + (.056 ●/008050 [@] =
5.07 [mJ] + 0.896 [mJ] = b 6 mJ

When zl~~d changes:

Zload = 50[f21 then Vn =13oM, IP1=130/50=2.6A, TI=l W.@
Energy is lower, but Vpl is same.

or if
Zload = O. =30M, lP,=30/O.5=60[A], T, =50[@]

Energy is higher, Vpl is not increased
because realistic sources cannot produce higher voltage
and exponentially growing energy

Figure 11. CS06 Spike Generator Circuit

e. Apply the transient pulse at positive polarity only on to the power line under test. Record
the applied transient on an oscillograph.

f. A single transient pulse will be applied. Record any changes and anomalies of the EUT
for future reference.

6.1.11 Intermodulation (CS03)

This test applies to receivers. The testis performed to measure input terminal susceptibility to two
out-of-band simultaneous signals. This is done to ensure the signals do not mix and generate a
frequency or frequencies that lie within the passband of the receiver.
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Power Wires
Simulate Flight
Configuration

Equipment
Under Power

Test (EUT)

Connections with Damped SineWave
Same Wires Preferred Transient Generator

a.

b.

c.

d.

e.

f.

Figure 12. Bus Transient Test Setup

1Source

Conllgure the equipment under test (EUT) per paragraph 4.2 and as shown in Figure 13.
Tune the receiver to ~o.

Test for intermodulation in the test setup. Set the signal generator outputs at 66 dB above
the receiver standard response level. Tune one signal generator to the test sample
frequency ( fo ) and the other to 1.3 ~o. Second order intermodulation products exist at
0.3 ~CIand 2.3 fo and third order products exist at 0.7 jo, 1.6 jo, 3.3 ~o, and 3.6 ~0 NO
harmonics from the signal generators should exist at these frequencies.

Tune the receiver to ~o. ‘llm off signal generator 2 (SG2) by using the output attenuator
to a maximum, and tune signal generator 1 (SG1) to jo. Adjust the level to produce a
standard reference output. Record the level.

Repeat step c. with SG1 turned off and SG2 tuned to jo. Record the level.

For the remainder of the test, turn both signal genemtors on with SG 1unmodulated, but
SG2 modulated. Turn down SG2.

Increase the level of SG 1by 66 dB above the level recorded in step c. Slowly tune SG1
above ~CIuntil there is no longer a response. Measure this frequency ( ~1 ). (Note: ~1 –
j.= Af ). Leave SG1 at f ~(see Figure 14 for reference).
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Figure 13. CS03, CS04, CS05 Test Setup
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Figure 14. CS03 Signal Generator Thing Instructions
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g.

h.

i.

j“

k.

Set SG2, modulate~ to Af above f 1. Thisis 2Afabove foand conesponds to the
closest-in third order interrnodulation product. Adjust SG2 to CS04 n?quirr.ment levels.
Record if any response. Slowly scan the frequency of SG2, maintaining a constant
output level, until a fkequency of 10~o or 26 GHz, whichever is less. Note all nxponses.

Test each response found in step 7 by removing the modulation on SG2. If the response
is still present, it is not an intermodulation product and can be negleeted for the test.

If an interrnochdation response is confirmed, reduce the levels of both signal generators
equally until the standard response is obtained. Record the threshold levels and
frequencies. The difference between the new signal generator levels and the level instep
6 is the intermodulation rejection.

Repeat steps f. through i. with SG1 now set at f 1- fo – Af and scanning of SG2 down
from fo - 2Af to 0.1 fo or 10 kHz whichever is higher.

Repeat the test for other required receiver frequencies when a tunable receiver is under
test.

6.1.12 Rejection of Undesired Signals (CS04)

This test is conducted on the input terminals of receivers or tuned amp~lers to ensure out-of-band
rejection of undesired signals. The response maybe due to increasing the receiver noise floor rather
than direct processing of the out-of-band signal. In other words, the signal-t~noiseratio is reduced
rather than the receiver locking on to an out+f–band signal

a.

b.

c.

d.

e.

f.

Follow the same procedure as in Section 6.1.11, steps a. through g. See, for reference,
Figures 15 and PN20005869 (EMC Control Plan), section 6.14.

Test each response found in Section 6.1.11, step g. by removing the modulation on SG2.
If the response is stilJ present, then it is a receiver spurious response.

When a spurious response is found, reduce the level of SG2 until the standard response
of Section 6.1.11, step h. is found. Record threshold levels and frequencies on the
standard data sheet.

Repeat steps f. and g. of Section 6.1.11 except tune SG1 below ~o until no response and
record fl and f. – ~1 - Aj. Then scan SG 1 from ~. - 2Af to the lowest required
frequency, checking for responses.

Repeat steps b. and c. above to complete the test.

Repeat for other required tunable frequencies.

6.1.13 Cross-Modulation (CS05)

This test is applied to receivers. The testis to ensure the component is not susceptible an adjacent
-channel signal modulated upon the intended signal. The adjacent channel signal is defined as a signal
between the receiver selectivity window and the image frequency. The selectivity window is the
frequency span of normal receiver operation and the image frequency is the operations i%equency
added to the receivers f~st intermediate frequency.
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Figure 15. CS04Signal Generator’lhing Instructions

a. Conilgure the equipment under test (EUT) per paragraph 4.2 and as shown in Figure 13.

b. Ensure that the reeeiver is operating at the required operating frequency ~o). ‘llm off
signal generator 2 (SG2) by using the output attenuator to a maximum, and tune signal
generator 1 (SG1) to ~. and adjust the level to produce a standard reference output.
Record the level.

c. Repeat step b. with SG 1 turned off and SG2 tuned to ~o. Record the level.

d. For the remainder of the test, turn both signal generators on with SG1 unmodulated and
SG2 modulated. Thm down SG2.

e. Set SG 1 at 10dB above the level obtained in step b. without modulation. Set SG2 at 66
dB above that of step c. or the CS04 levels whichever is less with the proper modulation.
Slowly tune SG2 above ~. until the original condition of SG1 alone exists. In reference
Figure 16, this corresponds to the point where jl is reached. Record ~1.

f. Slowly increase the frequency of SG2 from jl to ~. + ~F. ~~ is the fmt intermediate
frequency of the receiver. Note any receiver responses. Test any responses by removing
the modulation from SG2. If the response disappears, it is due to cross modulation. .

g. When a cross modulation response is found reduce the level of SG2 until the standard
response of SG1 is 10 dB above the standard reference is found. Record the response
threshold and frequencies on the standard data sheet.
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Figure 16. CS05 Signal Generator ‘lhning Instructions

h. Repeat steps e. through g., except SG2 will be tuned down in frequency until the SG1
only response, at ~_l, is found and then scan down in frequency monitoring for a response
to fo – f~..

6.1.14 Radiated Susceptibility (RSO1),Magnetic Induction Field

a.

b.

c.

Configure the equipment under test (EUT) per paragraph 4.2 and as shown in Figure 17.
Position the field radiating loop 5 cm from the surface of the test sample face with the
plane of the loop parallel to the plane of surface.

Supply the loop with sufficient current to produce magnetic–flux densities
approximately equal to than the applicable speciilcation limit at the test frequencies by
adjusting the oscillator drive to the test loop. Scan the oscillator from 30 Hz to 200 IcHz,
monitoring for proper operation of the EUT.

Move the loop over each of the test sample exposed faces and signal input and output
cables and connectors to determine the location(s) at which the applied field produces
maximum susceptibility. This search is done at frequencies that are multiples of 3, 6,
and 10 starting with 30 Hz and adding 200 kHz at the end.
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Figure 17. RSO1Test Setup

d. If susceptibility is found during the SCanor during the location search, adjust the loop
current until the performance of the test sample is no longer affected by the applied field.
Then the adjusted level with the tiequency and loop at the location of maximum
susceptibility is the susceptibility threshold. Record any susceptibility frequencies and
thresholds as well as evidence of EUT susceptibility. Susceptibility limits are shown in
PN20005869, sections 5.3.2 and 6.3.2 for instruments and Spacecraft equipment,
respectively.

6.1.15 Radiated Susceptibility, Method RS03, Electric Field, 14 kHz to 18 GHz

a. Configure the equipment under test per paragmph 4.2 and as shown in Figure 18.

b. Slowly sweep the CW source generator over the appropriate frequency range while
maintaining proper field strength level as required in the test procedure. Susceptibility
limits are shown in PN20005869 (EMC Control PlarI sections 5.3.1 and 6.3.1 for
instruments and Spacecraft equipment, respectively).

C. Monitor the component under test for any malfunction or degradation as outlined in the
performance speciilcations. Should susceptibility occur, establish the threshold level.
Record this level(s) and frequency (ies) on the appropriate data sheet, as shown in
Figure 21 (see Section 7).

6.1.16 DC Magnetic Properties Test

a. Configure the equipment under test (EUT) as shown in Figure 19.

b. Locate the magnetometer probe 1 meter from the center of the turn table.
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c.

d.

e.

Figure 18. RS03 Test Setup

Rotate the EUT through 360 degrees. Measure the peak (plus and minus) magnetic field
(in gammas) and note the direction.

Orient the EUT along another perpendicular axis and repeat step c.

Orient the EUT along the third mutually perpendicular axis and repeat step c.
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Figure 20. Magnetic Susceptibility Test Setup

6.3 Spacecraft EMC Verification

A geneml Spacecraft System Level EMC test plan follows. A detailed System Test Procedure will
be prepared at least 4 weeks before system testing.

6.3.1 Grounding and Bonding

Grounding and Bonding will be veritled by measuring the bonding during the Integration process.
Measurements of box, Equipment Module, Instruments, structure and cable bonds will be ma&
during installation.
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Figure 19. Magnetic Properties Test Setup

f. From the 3 readings, calculate the veetor peak magnetic field. Calculate the magnetic
moment from

M-qxl@*R3
Where: q - magnetic flux [gammas],

R= distance from source [cm]
M = magnetic dipole moment [Amp

turn m2] (M=O.3Am2 is the limit)

6.1.17 DC Magnetic Susceptibility

a.

b.

c.

d.

Configure the equipment under test (EUT) as shown in Figu~ 20.

Apply the required DC magnetic field by injecting DC cuxrent in the Helmholz coil.
Check for proper operation of the EUT during application of the field.

Tum the EUT to another perpendicular axis and repeat step b.

Turn the EUT to the final perpendicular axis and repeat step b. Record all anomalies
during this test.

6.2 Major Subassembly EMC Tests

EMC testing will be performed as outlined in Table IV.
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Table IV. Major Subassembly EMC Test Matrix

%
5 8=

Major
Subassembly g g ~ g g g g : g ~ ~ ~

6 u
n

3

SAA/DEU (1) (2)

HGA x x x x x x x x x x x (2)

DASPANEL (3)

EPs (4) x x x x (2)

Nae 1:
Nae 2
Nae 3:
Nae 4:

6.3.2

6.32

6.3.3.1

I

(2}

(2) x x

DEUtestedasa unit. SolarArraytestingna planned.
Analysism TestVerificationAllowed
DASmnel testedaseuuiDment
EPS~cludesPower~u~pmentModule(PDU,BPCS,FDBs,PowerBDU,andBattery),BatteryPanel,
andSSU. Tb.istestwillxe@retheSolarArrayPowerSimulatmfortest.

Spacecraft Bus (Reserved)

System Level EMC

Power Self<ompatibility Tests

After integration of the Spacecraft bus with instruments, spacecraft level tests required by
PN20005869 will be performed including the following tests:

a.

b.

6.3.3.2

Power Profile testing in which the effects of subsystems and instrument operational
transients are me~ured on the Spacecraft power bus.

Transient To2erance tests in which the subsystems and instruments are exercised
sequentially through their conducted noisy modes, and their effects on other subsystems
and instruments are measured.

Spacecraft Self-Compatibility

Spacecraft equipment and instruments will be operated at normal orbital modes so that electrical
compatibility may be veriiled. This involves operating electronics and heaters to determine the
effect on sensitive equipment (such as the S–Band Receiver).

The Spacecraft, with Instruments, will be subjected to a full–up test to verify self-compatibility in
the vacuum chamber. This test will be performed in as close to a worst case conil=wation as
possible. This includes going through a component switching/turn-on routine to verify that turn-on
and switching transients are not a problem. Prior to running this test, component susceptibilities will
be reviewed to ensure that they will not suffer permanent degradation.
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7 DATA ACQUISITION

7.1 Data Sheets

Data sheets will be requixed for recording all measured data pammeters. Typical data sheets are
illustrated in Figures 21 and 22.

a. Figure 21 shows a typical data sheet for recording susceptibility dak

b. Figure 22 shows a typical photogmphy data sheet.

c. Figures 23 and 24 show automatically recorded emissions data sheets.

39 DRAFT



PN20005868
07 October 1993

DRAFT

Figure 21. Typical Susceptibility Data Sheet— .-

TESTED BW
CONDUCTED SUSCEPTIBILITY CSO

FREQUENCY RANGE DATE:

MODE RECEIVER:

EUT NAME/ SERIAL NUMBER LINE UNDER TES’E

FREQUENCY MODULATION LEVEL THRESHOLD REMARKS
[Hz] [1 [1 [1
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STANDBY~ PLAYBACK tIoDE

k===iimz:”l
1= 2msec/Dlv

G ‘ 6ahnA

ihm.’
SiM

iZZm
snq

Data ~)l~)y I DATA / PHOTOGRAPHY SHEET DataSheet# _

Figure 22. Typical Photography Data Sheet

41 DRAFT



DIUFTPN24)O05868
07October1993

=—

E.U.T . GGSDTR (SER# 102)
TESTPROCEDURE : TP-EMC-3282101
TESTEDBY J. THOMPSON/K. CARTER
COMMENTS: AMBIENT(STEON/ DIR OFF)

DAIE 22 FEB 1993

I SCANPARAMm’ERs I TESTTITLERADIATEDACH-FIELD(GGS)

Rvr Start Freu Stm FreQ Bandwidth Atten Detector llansducer
7 20 Hz lkHz 10HZ -20 m ALP-10 LOOP
7 lkm 20 km IOHZ -20 dB BBH-3100/A
17 20 kHz 100ILHZ IkHz odB BBH-31CNYA
17 100I(HZ 5ookHz llcm odB BBH-31WA

GLOBALPAWWETEM I

BROADBANDCORRECTION: NO1 I SWEEPRATE 5 SAMPLEWSEC

LIMITLINE GGS (H-FIELD)
I 1

SEG 1 STARTTIME:08:4559 STOPTIME 08:48:49
SEG 2 STARTTIME 08:48:49 smP TIME 090&49
SEG 3 STARTTIME 0W6:49 smP TlM12 0W7:55
SEG4 STARTTIMIZ W.07:A55 STOPTIMll 0$?08:28

\

‘\

..
.

I

AL
..x . .. -. .* -13

Figure 23. Typical EATC)NEmissions Data Sheet
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MODE: AMBIENT (STE OFF/ DTR OFF)
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Figure 24. ~pical HP8566B Emissions Data Sheet
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8 ACRONYMS AND ABBREVIATIONS

AC

AF

BB

CE

CP

Cs
Cw
DC

EED

E–Field

ELv
EM

EMC

EMI

EMISM

EOS

ESA

EUT

GSFC

IBDU

ICD

IM

I/o
LISN

NASA

NB

PDU

PMAD

PXD

P-P

pps

Alternating Current

Audio Frequency

Broadband

Conducted Emissions

Cument Probe

Conducted Susceptibility

Continuous Wave

Direct Current

ElectrbExplosive Device

Electric Field

Expendable Launch Vehicle

Equipment Module

Electromagnetic Compatibility

Electromagnetic Interference

Electromagnetic Interfenmce Safety Margin

Earth Observing System

Earth Sensor Assembly

Equipment Under Test

Godtid Space Flight Center

Instrument Bus Data Unit

Interface Control Document

Instrument Module

Input/output

Line Impedance Stabilization Network

National Aeronautics and Space Administration

Narrowband

Power Distribution Unit

Power Management and Distribution

Pressure Transducer

Peak to peak

Pulses per second
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RE Radiated Emissions

RF Radio Frequency

Radio Frequency Interference

RS Radiated Susceptibility

SG Signal Generator

STD Standard

STS Space Transportation System (Space Shuttle)
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Summary/Answers:

(1) The hardwaredistortion(I-ID)loss is 0.93dBfor tie specifiedlevelsof distortion(STDN 101.23.4.3.7).The
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Recommendations: (Be Specific)
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Interoffice Memo
=— DN-COMM-022

To Tom Milbourne 9/7/93
f?1/

From: Jack Lob, x7806, NP-2F
Subjecc EOS-AM Ku-Band HardwareDistortion Impact Analysis by CLASS

Re: Impizt of HGAphasenonhnearityandotherhadware distrotionparameters
on KSAReturn link pCTfOIllU.llCJ3

[1] PURPOSE

(1)Evaluateeffectof hardwaredistortionparameters(namelyHGAphasenonlinearityspecnonarnpliance)
outsideuserconstraintallowancelimitson link margin

(2) Assesssensitivityof individualparameterson link

[11] DEFINITIONS

‘l’hefollowingdefinitionsareeitherdirectlyquotat.edfrom [1]or areconsistentwith [121:

- Hadwm distortion Parameterslistedin Table 1,definedin the AppendixI of [1],characterizingthePertud@ons
to communicationlinksdue to imperfectionsof userspacecraftequipment

- HD 10ss HardwareDistortionloss (i.e.,Eb/Nodegradationdue to hardwaredistortions)-- This definitionis
adopted for this report only for the puqme of clarificatioruit is not usal elsewhere.(HD1oss>= O)

- Uc loss User Constraint10ss it is the hardwaredistortionlossaboveand beyondthe ALLOWANCEHDallow.
- mallow The allowedHDloss it is definedas the hardwaredistortionloss associatedwith rhemaximum

allowedperturbationvaluesas specifiedin sections3.2.3.7,3.3.3.7, and 3.4.3.7 for MA, SSA and
KSA services,respectively); HDallow>= O. Note that (UCioss)= (HDloss)- (I-ID-allow)

- ADR AchievedDataRate; ADR= 10log (Ahieveddatabit rate); Note that
ADR=Rec+K, where
K= a constant for specifieddatagroupandmodesand incqorates the effectof HDalllow[1],and
Prec= Minimumpowerreceivedat TDRSto achievea retmn servicedatachannelBERof lCP-5, ‘

assumingthat the ‘HIRSreceivingantenm has a OdBigain. For KSA Retun service,
ADR = 243.0 + I%ec(dBW) ------ m: STDN 101.2,Rev.6, P.3-109,Table 3-24

- (EIRP)min MinimumuserspacecraftEIRP,requiredto producetherequid Precat TDRS,
(EIRP)min = Prec + ILsl; whereLs is the space loss; Ls=-132.45+2010g(R*F),and

R=rangein km, betweenTDRSand EOS-am,and F = frequencyin MHz.
-M Link Margin; M = EIRP - (EJRP)min: whereEIRP is the user spacecraftEIRP

(All the above quantities are in decibels)

[111] ANALYSIS

The CommunicationsLink Analysisand SimulationSystem(CLASS), a softwarepackagedevelopd by the NASA/GSFC
has been used exclusivelyfor the hardwaredistortionloss analysis(CLASSMenu4.9). The CLASS is hostedon a HP900W855
at GSFC, MD,and remotelyaccessedfromNassaupark NJ via a modemat theassignedrateof 1200Bauds. The modemis
linked to a Mac Plus emulatinga VTIOOterminalhavinga configurationof 7 data bi~ even parity and 1 stop bh (i.e., 7E1).
The modemcontrolsoftwareused for this analysisis VersaTermPro.
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l’lte hardwaredistortionparanwkrspermittedby CLASSare summarizedin Table 1 under the column “NSELimit” (Network
SystemEngineerLimit). Thereare 24 suchparametersand only 18am relevantto the KSA Ream links. Computations
exceedingthe “NSELimit”valueswem supportedby GSFC (NancySmith). A typicalalntout of CLASSHardwareDistortion
Analysis is shown in Fig.1.

Theanalysiswasproceededas follows
-(T1) Determinethe ALLOWANCEHD lass

This is accomplishedby using the Table 1 values under “NSELimit”.TheresultantHDloss,HDallow,k
HDa.uow=o.93dB.

(T2) Deumninethesensitivityof theperturbations;theSPECvaluesof Table 1wereusedas inputtoCLASS,except
theparametertobeexamined,whichwaschangedfromtheSPECvahteto zero. The resultsweresummarid
in Table 2.

(T3) Calculatethe HD loss associatedwith the EOS-AMspecifiedvaluesof Table 1 undercolumn “SPEC”. The
resultantloss was 0.93dB(almostidenticalto HDallow).

(T4) calculate the HD loss basedon currenthardwareprediction,usingvaluesunder the column “Est.AUG93”of
Table 1 as inputs to CLASS. The result was 0.53dB. The predictionsare based on Table 5.

(T5) Determinethe impactof phase nonlinearityon HD loss. This was done using the SPEC valuesof Table 1,
except the phase nonlinearitywas variedfrom (Y through5*at 0.5Qsteps. The resuls are listed in Table3
andplottedin Fig. 2..

(T6) Determinethe impactof IncidentalAM on HD loss. This was done using the SPEC valuesof Table 1,excepf
that the incidentalAM was varied from O%through5%at 0.5% steps. The reauh.sare shown in Table 4
and plotted in Fig.3.

(17) Calculatethe User Constraintloss: (UC loss)= (I-IDloss) - HMIow
If (UC loss) = c O(the HDlossexceedsthe allowedHIMI1ow),
then UC1OSS= Ois used in the Link Budgeg else, use the computedUC1OSSin the Link Budget.

The impactof HGAhardwaredistortionon the KSAReturnlink marginare determinedby CLASSeitherautornatidly via
the STATICANALYSIS,or manuallyby HARDWAREDISTORTIONANALYSISbasedon the derivedUC losses. We
wererecommendedby GSFC to use the latter,due to the heavyloadingof the STATICANALYSIS.

[IV] CONCLUSIONS SUMMARY

(1) The hardwaredistortionloss allowancefor KSAReuun seMce (HDalIow)has beendeterminedto be 0.93dB. This
loss has beenaccountedfor and compensatedby the constantYM3.0”in the expression [1, Table 3-24,P.3-109I:

ADR= 243.0+ WC (dBW)
If the actual HD1OSSis within the allowance(i.e. HDloss= <0.93 dB ), then UC loss = Ois to be used for Link Budget, ‘
else, (UCioss)= (HDloss)- (HDallow)shouldappearin the Link Budgti

(2)

(3)

(4)

The currentpredictionof phasenonlinearityis 3,4Q,whichexceedsthe sepcified3*and henceis non-compliant. The
predictedHD losses for 3.4’and 5Qphasenotdincarityare 0.95dBand l.OldB, whichcorreqmndto UC lossesof 0.02dB
and 0.08dB, respectively. Since those numbersare very small, it is concludedthat the Phase Nonlinearityy

specification may be relaxed to Se from 3s with little impact (=<0.08dB)

Usingthe estimatedperturbationsof AUG’93in Table 1, the resultantHDIOSSis 0.53dB, which is 0.40dBbelow the
0.93dB allowance. It implies that there is 0.40dB implicitextra link marginfor KSA Remtmlink, which does not
appearexplicitly in the link budget.

As stxn fromTable 2 that the distortionparametersmaybe class&d accordingto their impacton HD loss as followx

- Impactless than 0.02dB(zero to full distortionSPEC value)
Gain slope, untrackedspuriousPM, untrackedphasenoise,gain flatness,
QPSKmodulatorphaseimbalance,Datamodulatorphaseimbalarm,
Datamodulatorgain imbalance,

- Impactbetween0.02dBand O.l&iB(zeroto full distortionSPEC value)
AM/PM, Phasenonlinearity, Data modulatorgain imbalance,Dataasymmetry,

- Impactgreaterthan O.10dB (zeroto full distortionSPECvalue)
Frequencyinstability,Data rise time, Datajitter, IncidentalAM

. -— — — — — = - -
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(5) The UC loss is most sensitiveto the IncidentalAM,as shownin Table4 and Fig.3 This parameteralonecontributes
almost 1/3of the total UC loss, namely,the total UC lossesare 0.93 dB and 0.62dBfor 5% and O%IncidentalAM,
respectively. his parameteris almostentirelycontributedby the HGAand-insignificantamountby KSA Modulator.
The currentincidentalAMbudget is O%due to KSA Modulator,2% due to upconvetter,and 2% due to the TWTAfor
a combinedtotal (RSS)of 2.83%. Effortsto keep this parameterat or below2.8%are deemedworthwhile.

[V] RECOMMENDATIONS

(1) Changethe phasenonlinearityspecitlcationfrom 3’ to 5’. Therewouldbe an impactof 0.08dB increasein HD loss,
if all the otherperturbationsareat their specifkxivalues. The curnmtperturbationsas shownin Table 1 under
the column “Est.AUG93” (includingthe 3.4Qphasenonlinearity)lead to a HD loss of 0.53dB. Thus, the relaxation
of phasenonlinearityspecificationhas insignifkant effeeton the KSARetmn Link Budget.

(2) Adoptthe currenthardwarespecswithphasenonlinemityshcngedto 5’,as thebaselinevaluesfor Ku-bandhardware
distortioncontrol. Effortsminimizethe incidentalAMare especiallyworthwhile.

[VI] REFERNCES

(1)

(2)

(3)

(4)

STDN 101.2,REV.6, SPACENETWORKUSERS’GUIDE,SEPTEMBER1988,GODDARDSPACEFLIGHTCENTER

THE COMMUNICATIONSLINKANALYSISAND SIMULATIONSYSTEM(CLASS 101),JUNE 1989

MARTINMARIETTACORP., COMMUNICATIONSSUBSYSTEMSPECIFICATIONFOR THE EOS-AM
SPACECR~ (SP-401),PS20008580,JUNE 1993

MARTINMARIETTACORP.,CRITICALITEMDEVELOPMENTSPECIFICATIONHIGHGAINANTENNA
ASSEMBLYFOR EOS-AM SPACECRAFT(SP-861),PS20008513,JULY 1993



TABLE 1 Hardware distortion parameters for CLASS input, defined via two menus

FIRST MENU

..--------?:- ....... ..A..s!Y!-p--.Y._ ....-.-..?z.!?- . .......-..- .. ............N.E..!m!!..-.- ....pEY!---.-_.-.E...?.u.G9?------------------------
1 ModulatorGain Imbakmce(dB)
2 ModulatorPhase Imbalance(deg)
3 w Gain Imbalance
4 ~ Phase Imbalance(deg)
5 l-channelDataAsymmetry(%)
6 Q-channelDataAsymmcoy(%)
7 l-channelrise time(%)
8 Q<hannel rise time(%)
9 Idmnnel PN powersuppression
10 Q-channelPN powersuppression
11 [-channelDataJitter (red)
12 Q-channelDataJitter (nut)

SECOND MENU

basebanddata gain imbalance
basebandphase imbalance
SQPSKmodulatorgain imb
SQPSKmodulatorphase imb
rc STDN 101.2AppendixI
E. STDN 101.2AppendixI
E STDN 101.2AppendixI
m STDN 10I.2 AppendixI
not applicablefor KSARTN
not applicablefor KSARTN
rw STDN 101.2AppendixI
m STDN 101.2Appendix1

0.25

;;5
3.0
3
3
5
5

0.37
0.37

0.25
2
0.25
2
3
3
5
5

0.37
0.37

0.25
2
0.25
2
3
3
2.11
2.11

0.13
0.13

--------------------------- . . . .. . . . ..- . .---- . . . . . . . . . . . . .. . . . . . . . . .. . . . . .. —--- . .. .. . . .. .. .. . . .. . .. . . . . .. .. . . . . . . .. . . . . . . .. .. .. .. . . . . . .. . .. . .. . . .. . ---------------- . . . . . .. . .

1 UserGain Flatness(dB) W.STDN 101.2Appendix1 0.3 0.3 0.3
2 UserPhaseNonlinearity(&g) nx STDN 101.2AppendixI 3 3 3.4
3 UserUntrackedspuriousPM(deg) rw STDN 101.2AppendixI 2 1.0
4 UserUntmckedPhaseNoise(deg) m STDN 101.2AppendixI ; 2 1.3
5 User IncidentalAM (%) m STDN 101.2AppendixI s 2.83
6 UserGain Slope(dB/MHz) E STDN 101.2AppendixI ;.1 0.1 0.06
7 User AM/PM(deg/dB) re STDN 101.2AppendixI 12 12 6
8 UserFrequencyStability(Hz) re STDN 101.2AppendixI 4500 4500 4500
9 I-channelPN chip asymmetry not applicablefor KSARTN
10 Q+hannel PN chipasymmetry not applicablefor KSARTN
11 I-channelPN chipjitter not applicablefor KSARTN
12 Q-channelPN chipjitter not applicablefor KSARTN

..----------------------------------------------------------------------------------------------------------... ...-------------------.------------------------........--------------

I
‘1

● 1 STDN 101.2KSAReturn serviceUserSpacecraftSignalConstraintsof Table3-25,also EOS-AMCommunications
SubsystemSpecificationPS20008580TableIII. (theyhave the samerequirements)

*2 Out of the 24 parameters,only 18areapplicableto KSAReturnlinks (10 fromMenu 1and 8 fromMenu2)
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TABLE2 HARDWAREDISTORTIONINPUTSFORCLASSANALYSIS

--------------------- .. -------------------- --------- . . . ------------------- -------- . . . .. . . . . . .. ------------ ------------ ----------------------- ----------------------- ._ -------

PARAMETERSCOMMONTO ALL CASES:

ModulationType C$SK SignalFormat NRZ-M Filter Flag Non
CodeRate DataGroup 2 Mtie NIA
I-ch &ta rate 75 Mbps Q-ehdatamte 75Mbp Min. 3dB BW(MHZ) 300
TDRSNoiseBW 225MH Qll power 1.0 FilterType NIA
Eb/No 4.4dB FilterOrder Not Ust?d Filter Ripple NIA
Ideal BER 1.0E4J5

<------- (parametershownset to zero,other inputsper SPEC) -----------> Est. As of **
(m STDN 101.2,Appendix1) Units SPEC 12345678910 1112131415 AUG’93

----------------------- . -------------------------- -------------------- --------------------------- . .. . .. .. ... . . . .. . .. . . . . . . .. ------------------------- . . . . . . . . -------------------- ---

1 ModulatorGainImbalance dB 0.25 0
2 ModulatorPhaseImbaJance deg 20 0
3 /IQ Gain Imbalance dB 0.25 0
4 J/QPhase Imbalance deg 2.0 0
5 I-CHData Asymmetry %3 o
6 Q-CHDataAsymmetry %3 o
7 I-CHrise time %5 o
8 Q-CH rise time %5 o
9 I-CH DataJitter rad 0.37 0
10Q-CH DataJitter rad 0.37 0
11UserGain Flatness dB 0.3
12U= PhaseNonlinearity deg 3
13UserUntrackedspuriousPM deg 2
14 UserUntrackedPhaseNoise deg 2
15User IncidentalAM %5
16UserGain Slope dB/MHz 0.1
17User AM/PM deg 12
18UserFrequencyInstability Hz 4500

0
0

0
0

0
0

0
0

0.25
2
0.25
2
3
3
2.11
2.11
0.13
0.13
0.3
3.4
1.0
1.3
2.83
0.06
6
45(XI

-------------------------------------------------------------------------------------------------------------------------------------------------------------- ... . .. .. . .. . . . . . . .. . .

UserConstraintLXMS(dB) dB
DeltaUC (=0.93-UCk?) dB

** Sw Table5 forjustification

0.93 .92 .92 .86 .92 .84 .80 .79 .92 .89 .93 .93 .62 .93 .89 .80 0.53
0.00 .01 .01 .07 .01 .09 .13 .14 .01 .04 .00 .00 .31 .00 .04 .13 0.40

I
,1

.
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TABLE 3 UC Loss vs. PhaseNonlinearity (all other parameters per SPEC, Table 1)

PhaseNonlinearity(deg) (P 1’ 2’ 3’ 3.59 4.09 4.59 59
---------------------------- .. .. . .. . .. . . . . .. . .. . .. --------------------------- .. . . . . .. .. . .. . .. .. --------------------------- . .. . .. .. . .. --------
Eb/Nodegradation(dB) 0.89 0.90 0.91 0.93 0.95 0.97 0.99 1.01

● * see Figure 2.

TABLE 4 UC Loss vs. Incidental AM (all other parameters per SPEC, Table 1)
I
‘1

IncidentalAM (%) 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
--------------------------------------------------------------------------------------------------------------------------------------------------------------
Eb/Nodegrad. (dB) 0.62 0.65 0.68 0.71 0.74 0.77 0.81 0.84 0.87 0.90 0.93

** See Figure3.
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TABLE5 ASSESSMENTOF HARDWAREDISTORTIONVALUES AS OF AUG93

SPEC worst <-------------------Estimateof Aug’93 ..... .... ..... .. .... . ..> Est as of
PARAMETERS: Units *1 Case KSAModu Upeonveter TWTA AntennaAssem Aug’93 Note

-------------------------------------------------------------------------------------------------------------------------.-------------------------------. ...... ................ .... ...-
1 ModulatorGainImbalance
2 ModulatorPhaseImbalance
3 /IQ Gain Imbalance
4 1,/QPhaseImbalance
5 I-CH DataAsymmetry
6 Q-CHDataAsymmeuy
7 I-CHrise time
8 Q-CH rise time
9 I-CHDataJitter
10Q-CH DataJitter
11UserGainFlatness
12UserPhaseNonlinearity
13UserUntrackedspuriousPM
14 UserUntrackedPhaseNoise
15User IncidentalAM

dB
deg
dB
deg
%
%
%
%
rad
rad
dB
deg
deg
deg
%

0.25
20
0.25
2.0
3
3
5
5
0.37
0.37
0.3
3
2
2

:.1
12
4500

0.25
2
0.25
2
3
3
.

0.25 A
2
0.25 ;
2B
3
3
2.11 c
2$11 c
0.13 c
0.13 c
0.3 D
3.4 R
1.0 R
1.3 s
2.83 R
0.06 R
6S
45(MI

.

..

1
1

1.86
1.86 .

0.13
0.13

. .

.

0.28
2.26
0.09
0.3
2
0.06
2

0.15-
1
1

;
0.01
4

0.15
2

.

5’ -

.

.

o.cn)316UserGain Slope dB/MHz
17User AM/PM deg
18User FrequencyInstability Hz

.

.

4500 . .
I
‘c

. . ------------------------------ . . ... . ------------- --------------------------------------------- -------------------- . . . . . . ... . .. . . .... .. . ... . ----------------------- ... . .... .. .. . . .. . .
Remarks <STDN 10I.2> <pdr,dec’%b <pdrJulg’93> qlar esb <spares~

NOTES
*1 SPEC= STDN 101.2 Speeor EOS-AMCommunicationsSubsystemSpecor HGAspec (aUare consistent)
A Drivenby SFE data re-synchronizationand re-clocking
B KSA Modulatordesign
c COMMSPDR,AUG92
D TWToperatesin saturation; Gtin flatnessis due to that of TWTA (inclFLTR)+ Antenna
R Root Sum of the Squared(RSS)
s Sum
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1 INTRODUCTION

1.1 Purpose

The Integration and Test Interface Control Drawing (l&T ICD), 20008836, when executed,
represents an agreement of the detailed implementation of the integration and test (l&T)
of the Multi-angle Imaging Spectroradiometer (MISR) with the Earth Observing System
(EOS) AM Spacecraft. This drawing, together with the Mechanical Interface Control
Drawing (MICD) Drawing, 20008831, MICD Tables, 20008832, Thermal Interface Control
Drawing (TICD), 20008833, Electrical Interface Control ‘Drawing (EICD) Schematic,
20008834, EICD Tables, 20008835, and Command and Telemetry Interface Control
Drawing (C&T ICD), 20008837, describe the details of the interfaces between the EOS-AM
Spacecraft and MISR. The to@evel instrument Interface Control Drawing (lCD),
20008830, provides the instrument ICD tree and revision status for all su~tier instrument
lCDs.

The l&T ICD contains information on Ground Suppotl Equipment (GSE), facilities,
procedures, and other support which will be used during pre-delivery, spacecraft-level l&T,
and launch site activities.

1.2 Scope

This l&T ICD is limited to the description of operation of the MISR necessary to execute the
l&T and launch portion of the EOS-AM program and, as such, concentrates on commands
and telemetry via the Bus Data Unit (BDU) and Command and Telemetry (C&T) bus,
descriptions of modes to be tested, and instrument operating constraints during test.
Science and engineering data is processed during test by the Instrument Ground Support
Equipment (IGSE) and is not considered in this document. The material contained herein
is not intended to define on~rbit operational requirements.

1.3 Organization

Section 1 provides a brief description of the document’s purpose followed by a statement
of its scope and concluding with a discussion of its organization .

Section 2 provides a list of the documents referenced in the text and the source of each
such document.

Section 3 provides a description of the IGSE used during pre-delivery, spacecraft-level
l&T, and launch site activities.

Section 4 contains detailed descriptions of the facilities to be used during spacecraft-level
l&T, and launch site activities.

Section 5 provides a description of the support to be provided during spacecraft-level l&T,
and launch site activities.

Size M Ident No.
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Section 6 describes the interfaces between the MISR IGSE andthe Spacecraft Interface
Simulator (S1S), Spacecraft Checkout Station (SCS), and facilities. -

Section 7 describes the instrument procedures to be used during pre-delivery,
spacecraft-level l&T, and launch site activities.

I code ldent No.r 49671 I 20008836
(
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2 REFERENCE DOCUMENTS

The following documents provide additional information relative to the functioning of the
MISR IGSE, facilities, procedures, and other support which will be used during
pre-delivery, spacecraft-level l&T, and launch site activities. The information contained
in these documents is deemed to be supplemental
herein.

Reference documents will be provided as required.

in nature and hence is not included

I x’ I %&’?’”I 20008836

I I ISheet 16



3

1.

2.

3.

=’

INSTRUMENT GROUND SUPPORT EQUIPMENT

IGSE is listed in Table 1.

IGSE usage during pr~elivery, spacecraft-level l&T, and launch site activities is
identified in Ttiles Ila through Ilc.

Each IGSE item is described in the Section 3.x paragraph and shown in the Figure l-x
identified by the same x.
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Table 1. Instrument Ground Support Equipment List

item item Name Drawing or iD Number Provider Date of Cai Reference
or Proof Test Paragraph

(TBD 1) (TBD 2)

Mechanical iGSE

3

4

5

6

—

11

12

=

13

T

MISR Test Kinematic Mounts I I MMC I 13.1
1 I I I

MISR Drill-Alignment Fixture I MMC 20008831 DAF1 MMC 13.2
9 m m m

MISR Master Plate I MMC 20008831 MP1 MMC I 3.3
■ m m ■

MISR Work Stand I JPL 1 I 3.4
1 m m m

MISR Transport Fixture JPL I I 3.5

MISR Shipping/Storage Containers JPL 3.6

MISR Purge Unit JPL 3.7
.

MISR Camera Diode Container Purge Units I I JPL I 13.8
a ■

MISR Lifting Fixture I I JPL I I 3.9
m

MISR Mechanisms Handling Fixture JPL 3.10

MISR Dust Cover JPL 3.11
I I I m

MISR Collimator Array Tool JPL 13.12 1“
m m

Icai iGSE

Spacecraft Interface Simulator I I MMC I 13.13
m i 1 1

MISR Svstem Test Eauit)ment JPL I 13.14 I



Table Ila. Instrument Ground Support Equipment Usage (TBD 3)

Item Drtll Drill
Mtg CP

Holes Mtg
Holes

I NIA

~ x NIA

3 NIA

i NIA

5 NIA

5 NIA

7 NIA

B NIA

9 N/A

10 N/A

11 N/A

12 NIA

13 NIA

14 NIA

-
Align
Alive
BAT
Clean
Comp Perf
CP
CTV
El-
EMC
EMI
Funct
Install
Integ
Mtg
N/A

Integ 1 ElectricalSyetems Test I RFSystemelest I

nstell CP Elect Pwr Trarw Alhre Funct Comp orbits EM1/ CTV
& Inetall Integ Prof Tol Teet Test Perf EMC

Allgn Test

NIA

NIA

N/A

N/A

NIA

N/A

NIA

NIA

x N/A

NIA

N/A

NIA

N/A

N/A x x x x x x x x x

Alignment
Aliveness
Bench Acceptance Test
Cleaning
Comprehensive Performance
Coldplate
Compatibility Test Van
Electrical
Electromagnetic Compatibility
Electromagnetic Interference
Functional
Instaiiation
Integration
Mounting
Not Applicable

Pwr Prof Power Profile
RF Radio Frequency
Trans Tol Transient Toierance
Xport Transportation & Handiing

Znd
to
End

EAST WINDSOR ACTIVITIES I

Pre-Dellvery

Other Xport Clean BAT

x

x

x

x

x

x

x

x

x

I,1

x
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Table Ilb. Instrument Ground Support Equipment Usage (TBD 3)

I EAST WINDSOR ACTIVITIES

I Thermal Vacuum Test I

‘tern1=1“Blc:iii!lO*’talRIT7;SIc“lspw’a’lA”gn
I I I 1

1

2

3

4

5

6

8

9

10

11

13

12

14 x x x x x x x x

r!k2tQx
Align
Alive
Alt LOC

BPS
Cal
Comp Perf
Deploy
Lnch
Pwr Prof
T/B
Trans Tot
VVTR

Alignment
Aliveness
Alternate Location
Box, pack, & ship
Calibration
Comprehensive Performance
Deployment verification
Launch
Power Profile
Thermal Balance
Transient Tolerance
Western Test Range

Acoustic/Shock Test Spacecraft Activity

Lnch Deploy Special Alive ILeak Comp t#aes BPS BPS
Mode Teat Check Perf Prop to to Alt

Test WTR !.00

x x x x

I
‘1
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Table Ilc. Instrument Ground Support Equipment Usage (TBD 3)

r I Launch Site (WTR) Actlvltlee (

Dee Move Alive Lnch
Per+ Test Mode
Test I%d

1 1 1

2

3

4

5

6

7

8

9

10

11

12

13

14 x x x

NQtQw
Alive Aliveneas
Clean Cleaning
Close closeouts
Comp Perf Comprehensive Performance
Inch Launch
WTR Western T-t Range
Xport Transportation & Handling
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3.1 MISR Test Kinematic Mounts

The MISR Test Kinematic Mounts are shown in Figures 1-1a thru 1-1 c and described in
the following sections.

3.1.1 MISR Test Kinematic Mount Description

The MISR Test Kinematic Mount set consists of bearing assemblies, mount bodies,
mounting bolts, washers, and bearing retaining plates, built to flight drawings, which
provide flight like attachment of the MISR to its IGSE. The MISR Test Kinematic Mounts
minimize structural loading of both sides of the kinematic mount interface by not
transmitting torsional forces, thereby reducing distortion of the MISR during
instrument-level testing. One (TBR 1) set of kinematic mounts are provided:

1.

2.

3.

Two KM1 mounts which restrain translational motion in one axis normal to the mounting
plane

A KM2 mount which restrains translational motion in two axes with restraint in one axis
normal to the mounting plane and in one axis parallel to the mounting plane

A KM3 mount which restrains translational motion in three perpendicular axes

3.1.2 MISR Test Kinematic Mount Usage

The MISR Test Kinematic Mounts are used during instrument-level testing to support the
MISR and during instrument-level shock and thermal environmental testing to simulate the
spacecraft interface.

3.1.3 MISR Test Kinematic Mount Disposition

The disposition of the MISR Test Kinematic Mounts and their spares, shipping container,
and packing material is described in the following sections.

3.1.3.1 MISR Test Kinematic Mount Delivery to JPL

The MISR Test Kinematic Mounts will be delivered to (TBD 4) location at the Jet Propulsion
Laboratory (JPL) on (TBD 4).

3.1.3.2 MISR Test Kinematic Mount Return to Martin Marietta

The MISR Test Kinematic Mount will be returned to the Martin Marietta Astro Space
Division (ASD) East Windsor, NJ, plant Shipping and Receiving Area at the East side of
Building 409 on (TBD 4).

3.1.4 MISR Test Kinematic Mount Spares

No spares are provided with the MISR Test Kinematic Mounts.
Size Oode Ident No.
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3.1.5 MISR Test Kinematic Mount Shipping Contaifwr and Pacidng Material

The MISR Test Kinematic Mounts will be packaged in nitrogen-purged plastic bags with
desiccant and shipped in standard cardboard boxes with packing foam.

Size Coda Bent No.
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3.2 MISR Drill-Alignment Fixture =—

MISR Drill-Alignment Fixture is shown in Figure 1-2 and described in the following
sections.

3.2.1 MISR Drill-Alignment Fixture Description

The MISR Drill-Alignment Fixture (DAF) is a rectangular frame approximately 43 inches
long, 4 inches wide over a 38.5 inch overall width, and 2 inches thick, with a central
stiffening member. The template is manufactured from an aluminum plate and contains an
optical alignment cube, bushings for drilling pilot holes, and bearings and pins for checking
the drilled holes.

3.2.2 MISR Drill-Alignment Fixture Usage

The MISR Drill-Alignment Fixture is used to drill holes in the spacecraft alignment plates
and MISR mounting brackets and for transferring the MISR alignment information to the
spacecraft coordinate frame.

3.2.3 MISR Drill-Alignment Fixture Disposition

The disposition of the MISR Drill-Alignment Fixture and its spares, shipping container, and
packing material is described in the following sections.

3.2.3.1 MISR DrilI-Alignment Fixture Delivery to JPL

The MISR Drill-Alignment Fixture will be delivered to (TBD 5) location at JPL on (TBD 5).

3.2.3.2 MISR Drill-Alignment Fixture Return to Martin Marietta

The MISR Drill-Alignment Fixture will be returned to the Martin Marietta Astro Space
Division (ASD) East Windsor, NJ, plant Shipping and Receiving Area at the East side of
Building 409 en (T13D 5).

3.2.4 MISR DrilI-AIignment Fixture Spares

No spares are provided for the MISR Drill-Alignment Fixture.

3.2.5 MISR Drill-Alignment Fixture Shipping Container and Packing Material

The MISR DrilI-AIignment Fixture shipping container contains identified nesting
depressions for all loose items.
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3.3 MISR Master Plate e—

MISR Master Plate is shown in Figure 1+ and described in the following sections.

3.3.1 MISR Master Plate Description

The MISR Master Plate is a rectangular frame approximately 43 inches long, 4 inches wide
over a 40-inch overall width, and 0.75 inches thick, with a central stiffening member. It is
manufactured from an aluminum plate.

3.3.2 MISR Master Plate Usage

The MISR Master Plate is used to coordinate the MISR interface mounting holes in the
manufacture and check of the MISR Drill-Alignment Fixture.

3.3.3 MISR Master Plate Disposition

The MISR Master Plate its shipping container, and packing material is retained at the
Martin Marietta ASD East Windsor, NJ, plant.

3.3.4 MISR Master PIate Spares

No spares are provided for the MISR Master Plate

3.3.5 MISR Master Plate Shipping Container and Packing Material

The MISR Master Plate shipping container contains identified nesting depressions for all
loose items.
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3.4 MISR Work Stand =—

The MISR Work Stand is shown in Figure 1-4 and described in the following sections.

3.4.1 MISR Work Stand Description

(TBD 6)

3.4.2 MISR Work Stand Usage

The MISR Work Stand is used to support the MISR instrument during integration and test
activities where the instrument is not mounted to the spacecraft structure.

3.4.3 MISR Work Stand Disposition -

The disposition of the MiSR Work Stand and its spares, shipping container, and packing
material is described in the following sections.

3.4.3.1 MiSR Work Stand Deiivery to Martin Marietta

The MISR Work Stand will be delivered to Martin Marietta ASD East Windsor, NJ, plant
Shipping and Receiving Area at the east side of Building 409 at instrument delivery.

3.4.3.2 MiSR Work Stand [Return to {instrument Provider) and/or Storage at
Martin Marietta and/or Deiivery to Launch Site and/or Deiivery to {Other
Location} and/or Disposa~

(TBD 6)

3.4.4 MiSR Work Stand Spares

No spares are provided for the MISR Work Stand

3.4.5 MiSR Work Stand Shipping Container and Packing Materiai

(TBD 6)

*
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3.5 MISR Transport Fixture =—

The MISR Transport Fixture is shown in Figure 1-4 and described in the following sections.

3.5.1 MISR Transpo~ Fixture Description

(TBD 7)

3.5.2 MISR Transport Fixture Usage

The MISR Transport Fixture is used to move the MISR instrument whenever lifting is not
required.

3.5.3 MISR Transpo~ Fixture Disposition

The disposition of the MISR Transport Fixture and its spares, shipping container, and
packing material is described in the following sections.

3.5.3.1 MiSR Transport Fixture Deiivery to Martin Marietta

The MISR Transport Fixture will be delivered to Martin Marietta ASD East Windsor, NJ,
plant Shipping and Receiving Area at the east side of Building 409 at instrument delivery.

3.5.3.2 MiSR Transport Fixture [Return to {instrument Provider) and/or Storage
at Martin Marietta and/or Deiivery to Launch Site and/or Deiivery to
{Other Location} and/or Disposa~

(TBD 7)

3.5.4 MiSR Transport Fixture Spares

No spares are provided for the MISR Transport Fixture.

3.5.5 MiSR Transport Fixture Shipping Container and Packing Materiai

(TBD 7)

Size Code kid No.
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3.6 MISR Shipping Containers =—

MISR Shipping Containers areshown in Figure 1+ and described in the following sections.

3.6.1 MISR Shipping Containers Description

The MISR Instrument Shipping Container is a sealable box which provides support and
protection for the MISR during transportation and storage. In addition the following shipping
containers will also be sent

Camera Assembly Shipping Container
Mechanism Shipping Container
Calibration Panel Shipping Container
Diode Assembly Shipping Container
Electronics Shipping Container

3.6.2 MISR Shipping Containers Usage

The MISR Shipping Container is used whenever the instrument is not mounted on the
spacecraft or located in a Class 10,000 clean room. All other shipping containers are used
for assembly removals and for storage and shipping back to JPL in the event that repairs
are needed.

3.6.3 MISR Shipping Containers Disposition

The disposition of the MISR Shipping Containers, spares, and packing material is
described in the following sections.

3.6.3.1 MISR Shipping Containers Delivery to Martin Marietta

The MISR Shipping Containers will be delivered to Martin Marietta ASD East Windsor, NJ,
plant Shipping and Receiving Area at the east side of Building 409 at instrument delivety.

3.6.3.2 MISR Shipping Containers [Return to {instrument Provide~ anti/or
Storage at Martin Marietta and/or Delivery to Launch Site and/or
Delivery to {Other Location} and/or Disposal]

(TBD 8)

3.6.4 MiSR Shipping Containem Spares

No spares are provided for the MISR Shipping Containers.

3.6.5 MISR Shipping Containers Packing Material

(TBD 8)
Size Code Ident No.
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3.7 MISR Purge Unit =—

MISR Purge Unit is shown in Figure 1-7 and described in the following sections.

3.7.1 MISR Purge Unit Description

(TBD 9)

3.7.2 MISR Purge Unit Usage

The MISR Purge Unit will be used to purge the MISR instrument during shipping, storage,
and integration and test activities (except on the launch pad) which MISR is not operating.

3.7.3 MISR Purge Unit Disposition

The disposition of the MISR Purge Unit and its spares, shipping container, and packing
material is described in the following sections.

3.7.3.1 MISR Purge Unit Delivery to Martin Marietta

The MISR Purge Unit will be delivered to Martin Marietta ASD East Windsor, NJ, plant
Shipping and Receiving Area at the east side of Building 409 at instrument delivery

3.7.3.2 MISR Purge Unit [Return to {Instrument Provider} and/or Storage at
Martin Marietta and/or Delivery to Launch Site and/or Delivery to {Other
Location} and/or Disposa~

(TBD 9)

3.7.4 MISR Purge Unit Spares

No spares are provided for the MISR Purge Units.

Size Code Ident No.
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3.8 MISR Camera Diode Container Purge Units =—

MISR Camera Diode Container Purge Units are shown in Figure 1-6 and described in the
following sections.

3.8.1 MISR Camera Diode Container Purge Units Description

(TBD 10)

3.8.2 MISR Camera Diode Container Purge Units Usage

The MISR Camera Diode Container Purge Units envelope the camera assembly when
removed and placed in the shipping container.

3.8.3 MISR Camera Diode Container Purge Units Disposition

The disposition of the MISR Camera Diode Container Purge Units and its spares, shipping
container, and packing material is described in the following sections.

3.8.3.1 MISR Camera Diode Container Purge Unite Delivery to Matin Marietta

The MISR Camera Diode Container Purge Unit will be delivered to Martin Marietta ASD
East Windsor, NJ, plant Shipping and Receiving Area at the east side of Building 409 at
instrument delivery.

3.8.3.2 MISR Camera Diode Container Purge Units [Return to {instrument
Provider} and/or Storage at Martin Marietta and/or Deiivery to Launch
Site and/or Delivery to {Other Location} and/or Disposai]

(TBD 10)

3.8.4 MiSR Camera Diode Container Purge Units Spares

No spares are provided for the MISR Camera Diode Container Purge Units.
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3.9 MISR Lifting Fixture =—

MISR Lifting fixture is shown in Figure 1-9 and described in the following sections.

3.9.1 MiSR Lifting Fixture Description

(TED 11)

3.9.2 MiSR Lifting Fixture Usage

The MISR Lifting Fixture will be used whenever the MISR instrument must be lifted to be
moved.

3.9.3 MiSR Lifting Fixture Disposition

The disposition of the MISR Lifting Fixture and its spares, shipping container, and packing
material is described in the following sections.

3.9.3.1 MiSR Lifting Fixture Delivery to Martin Marietta

The MISR Lifting Fixture will be delivered with certification of proof load testing to Martin
Marietta ASD East Windsor, NJ, plant Shipping and Receiving Area at the east side of
Building 409 at instrument delivety.

3.9.3.2

(TBD 11)

MiSR Lifting Fixture [Return to {instrument Provider} and/or Storage at
Martin Marietta and/or Delivery to Launch Site and/or Deiivery to {Other
Location} and/or Disposail

3.9.4 MiSR Lifting Fixture Spares

No spares are provided for the MISR Lifting Fixture.

3.9.5 MiSR Lifting Fixture Shipping Container and Packing Materiai

(TBD 11)
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3.10 MISR Mechanisms Handling Fixture =—

MISR Mechanisms Handling Fixture is shown in Figure 1-10 and described in the following
sections.

3.10.1 MISR Mechanisms Handling Fixture Description

(TBD 12)

3.10.2 MISR Mechanisms Handling Fixture Usage

The MISR Mechanisms Handling Fixture is used during mechanism assembly removal and
handling and is made to accompany the assembly in the shipping container.

3.10.3 MISR Mechanisms Handling Fixture Disposition

The disposition of the MISR Mechanisms Handling Fixture and its spares, shipping
container, and packing material is described in the following sections.

3.10.3.1 MISR Mechanisms Handling Fixture Delivery to Mafiin Marietta

The MISR Mechanisms Handling Fixture will be delivered to Martin Marietta ASD East
Windsor, NJ, plant Shipping and Receiving Area at the east side of Building 409 at
instrument delivery.

3.10.3.2

(TBD 12)

MISR Mechanisms Handling Fixture [Return to {Instrument Provider}
and/or Storage at Martin Marietta and/or Delivery to Launch Site and/or
Delivery to {Other Location} and/or Disposal]

3.10.4 MISR Mechanisms Handling Fixture Spares

No spares are provided for the MISR Mechanisms Handling Fixture.

3.10.5 MISR Mechanisms Handling Fixture Shipping Container and Packing
Material

(TBD 12)
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3.11 MISR Dust Cover =—

MISR Dust Cover is shown in Figure 1-11 and described in the following sections.

3.11.1 MISR Dust Cover Description

(TBD 13)

3.11.2 MISR Dust Cover Usage

The MISR Dust Cover will be used to cover the MISR instrument during shipping, storage,
and all integration and test activities where the instrument is not involved.

3.11.3 MISR Dust Cover Disposition

The disposition of the MISR Dust Cover and its spares, shipping container, and packing
material is described in the following sections.

3.11.3.1 MISR Dust Cover Delivery to Martin Marietta

The MISR Dust Cover will be delivered to Martin Marietta ASD East Windsor, NJ, plant
Shipping and Receiving Area at the east side of Building 409 at instrument delivery.

3.11.3.2 MISR Dust Cover [Return to {Instrument Provider’) and/or Storage at
Martin Marietta and/or Delivery to Launch Site and/or Delivery to {Other
Location} and/or Disposa~

(TBD 13)

3.11.4 MISR Dust Cover Spares

No spares are provided for the MISR Dust Cover.

3.11.5 MISR Dust Cover Shipping Container and Packing Material

(TBD 13)
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3.12 MISR Collimator Array Tool =—

MISR Collimator Array Tool is shown in Figure 1-12 and described in the following sections.

3.12.1 MISR Collimator Array Tool Description

(TBD 14)

3.12.2 MISR Collimator Array Tool Usage

The MISR Collimator Array Tool is used to verify the alignment of the camera boresights
to the instrument boresight cube.

3.12.3 MISR Collimator Army Tool Disposition

The disposition of the MISR Collimator Array Tool and its spares, shipping container, and
packing material is described in the following sections.

3.12.3.1 MISR Collimator Array Tool Delivery to Martin Marietta

The MISR Collimator Array Tool will be delivered to Martin Marietta ASD East Windsor, NJ,
plant Shipping and Receiving Area at the east side of Building 409 at instrument delivery.

3.12.3.2 MISR Collimator Array Tool [Return to {Instrument Provide~ and/or
Storage at Martin Marietta arxllor Delivery to Launch Site and/or
Delivery to {Other Location} and/or Disposa~

(TBD 14)

3.12.4 MISR Collimator Array Tool Spares

No spares are provided for the MISR Collimator Array Tool.

3.12.5 MISR Collimator Array Tool Shipping Container and Packing Material

(TBD 14)
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3.13 Spacecraft Interface Simulator =—

Spacecraft Interface Simulator (S1S) is shown in Figure 1-13 and described in the following
sections.

3.13.1 Spacecraft Interface Simulator Description

The S1S is a piece of electrical GSE designed and manufactured by Martin Marietta to
simulate spacecraft-ttinstrument and SIS-to-lGSE interfaces. It consists of a Sun
workstation (including a tape drive and a QMS printer) running OASIS and two racks of
equipment which consists of a combination of commercial and custom test equipment. All
of the equipment is controlled and monitored from the Sun workstation. It simulates the
spacecraft-level test environment in that the same database, procedures, and displays
used for spacecraft-level l&T are used on the S1S.

The S1S is capable of controlling IGSE via an IEEE488 intetiace and of verifying the
presence or absence of a test pattern in the science data. An Ethernet interface is provided
to permit non-real-time electronic transfer of files from the S1S to/from another computer.
Note that there are no analysis tools provided with the S1S for off-line data analysis.

3.13.2 Spacecraft Interface Simulator Usage

The S1S is used to verify the compatibility of the instrument command and housekeeping
telemetty database, including calibration cuwes and limit definitions, and automated test
procedures, known as building blocks, written in CSTOL. The S1S is the source of all
commands for the instrument and the S1S GSE during the S1S interface test. The S1S is
used for the real-time collection, processing, display, and archiving of housekeeping
telemetry. It collects and distributes science data to the IGSE in the same manner as the
SCS during spacecraft-level l&T.

3.13.3 Spacecraft Interface Simulator Disposition

The disposition of the SIS and its spares, shipping container, and packing material is
described in the following sections.

3.13.3.1 Spacecraft Interface Simulator Delivery to JPL

The S1S will be delivered to (TBD 15) at JPL on ~BD 15) .

3.13.3.2 Spacecraft Interface Simulator Return to Martin Marietta

3.13.4 Spacecraft Interface Simulator Spares

(’TBD 15)

3.13.5 Spacecraft Interface Simulator Shipping Container and Packing Material

(TBD 15)
Size Co&Ident No.
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3.14 MISR System Test Equipment =—

MISR System Test Equipment is shown in Figure 1-14 and described in the following
sections.

3.14.1 MISR System Test Equipment Description

The MISR System Test Equipment is made up of the following items:

Electronics Rack #1:

SPARC 10 Model 41 Workstation
SPARC Printer
UNIX Keyboard with Optical Mouse
1280 X 1024x 8 Color Monitor
IGSE Power Cable

Elect ronics Rack W?..

UNIX Keyboard with Optical mouse
Expansion SCSI /SBus Chassis
High Rate Science Bus /Time Mark and Frequency Bus Unit
Quad 1000 Watt Programmable Power Supply Unit
1553 Cable
High Rate Science Data Cable
Time Mark & Frequency Cable
Instrument Power Cable (DC)
IGSE Power Cable (AC)

Color Monitor
.

1280 X 1024x 8 Color Monitor

3.14.2 MISR System Test Equipment Usage

The MISR System Test Equipment will be used during all integration and test activities
during which the MISR instrument is operating.

3.14.3 MISR System Test Equipment Disposition

The disposition of the MISR System Test Equipment and its spares, shipping container, and
packing material is described in the following sections.

3.14.3.1 MISR System Test Equipment Delivery to Martin Marietta

The MISR System Test Equipment will be delivered to Martin Marietta ASD East Windsor,
NJ, plant Shipping and Receiving Area at the east side of Building 409 at instrument
delivery.

3.14.3.2 MISR System Test Equipment DeliveW to Launch Site

(TBD 16)
Stze Code I&ml No.
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3.14.4 MISR System Test Equipment Spares =—

No spares are provided for the MISR System Tst Equipment.

3.14.5 MISR System Test Equipment Shipping Container and Packing Material

(TBD 16)
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Figure 1-2. MISR Drill-Allgnment Fixture
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Figure 1-3. MISR Master Plate
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Figure 1-4. MISR Work Stand
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Figure 1+. MISR Transport Fixture
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Figure 1-6. MiSRShIpping Containers



Figure 1-7. MISR Purge Unit
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Figure 1+. MISR Camera Diode Container Purge Units
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Figure 1-9. MISR Lifting Fixture
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Figure 1-10. MISR Mechanisms Handllng Fixture
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Figure 1-11. MISR Dust Cover
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Figure 1-12. MISR Collimator Array Tool



(TBD 17)

*

I
‘1

Figure 1-13. Spacecraft Interface Simulator

*



Electronics Rack #1 Electronics Rack #2

-#

if

L

.

\

\

\

.Colortvloq~r \

0

11111
u

I

l-lpfJB#-i

1==1

I Figure 1-14. MISR System Test Equipment



=—

4 FACILITIES

This section describes the facilities that will be used to support EOS instrument integration,
test, and launch site activities.

1. The spacecraft+evel l&T and launch site facilities are listed below and described in the
following sections. The facility floor plans showing the MISR and IGSE layout are

shown in Figures 2-2 through 2-12.

Spacecraft-level l&T facilities

a.

b.

c.

d.

e.

f.

9.

Shipping and Receiving Area

Bench Acceptance Test Area

MISR Integration and Test Ground Station

Bay 8

35-foot Thermal Vacuum Chamber

Acoustic Chamber

Storage

2.

3.

Launch site facilities

a. Vandenberg Air Force Base (VAFB)

b. MISR Launch Site Ground Station

c. kunch Site Processing Facility

The MISR requirements which will be supported by the spacecraft-level l&T and launch
site facilities are summarized in Table Ill.

The IGSE requirements which will be supported by the Jet Propulsion Laborato~
(JPL), spacecrati-level I&T, and launch site facilities are summarized in Tables IV and
v.

J
Size
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4.1 Integration and Test Facilities

The EOS integration and test will take place in Building417 of the Martin Marietta-ASD
East Windsor, NJ, plant. The Martin Marietta-ASD East Windsor plant is shown in Figure
2-1, and the Building 417 facility floorplan is shown in Figure 2-2.

4.1.1 Shipping and Receiving Area

All hardware arriving at the Martin Marietta-ASD East Windsor, NJ, plant will be 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 off-loaded 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 through the area door will be off-loaded
at the east end of Building 417. The Shipping and Receiving Area is located approximately
300 yards away from the Bench Acceptance Test Clean Room. The hallway between these
two facilities is slightly more than 7 feet wide and it is not environmentally controlled. All
equipment must be received before being moved to the Bench Acceptance Test (BAT)
area.

4.1.2 Bench Acceptance Test Area

The instrument and IGSE will be inspected in the BAT area.

4.1.2.1 Bench Acceptance Test Control Room

The BAT Control Room is 35 feet long and 15 feet wide. It is located adjacent to the BAT
Clean Room and contains feed throughs directly into the clean room. Windows in the room
provide visibility into the clean room. Access to the room is provided by a double door
located in the rear of the room. All non+ean-room+ompatible IGSE required for
instrument BAT, including the instrument l&T ground station, will be located in this room for
the duration of the BAT. It is sized to permit simultaneous processing of two instruments.
Electrical power requirements documented in this ICD will be accommodated
of the BAT Control Room, including IGSE layout, is shown in Figure 2-3.

A floorplan

I
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4.1.2.2 Bench Acceptance Test Clean Room =—

The BAT Clean Room is an environmentally controlled room dedicated to EOS instruments
for testing and processing prior to spacecraft integration. It is 44 feet long, 35 feet wide and
14 feet high, and is sized to permit simultaneous processing of two instruments. It is
maintained at Class 10,000. It is temperature and humidity controlled.

Equipment enters the room through a 12’x12’ sliding door. Personnel access is controlled
through a separate door with a cypher lock via an air shower. The room does not have an
air lock for equipment. A portable two ton crane with a 11’ hook height will be provided for
lifting operations. Air, vacuum and GN2 connections are available on the wall at multiple
locations in the room. Electrical power requirements documented in this ICD will be
accommodated. A floorplan of the BAT Clean Room, including MISR and IGSE layout, is
shown in Figure 2-3.

4.1.3 Instrument Integration and Test Ground Station

The Instrument l&T Ground Station will be located on the fourth floor of Building 417,
adjacent to the Spacecraft Test Control Room and Spacecraft Checkout Station,
subsequent to the BAT and for the duration of the instrument l&T activities. Each
instrument will be provided with a ground station area of approximately 150-200 square
feet. Separate office space will be provided.

The Instrument l&T ground station area will accommodate the electrical power
requirements documented in this ICD. The area provides fluorescent lighting and forced
air cooling (three 115,000 BTU air conditioners), and has a raised floor. The ceiling height
is approximately 8 feet.

Access to the fourth floor is provided by an elevator which has a door opening of 3.5 feet
wide x 7 feet high. The elevator is 6.5 feet deep and rated to lift up to 3000 Ibs.

The IGSE layout in the MISR l&T Ground Station is shown in Figure 24.
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24. MISR I&l Ground Station
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4.1.4 Bay 8 =—

The Bay 8 floorplan is shown in Figure 2-5.

4.1.4.1 Bay 8 Mezzanine

The Bay 8 Mezzanine is located on the second floor of Building 417 immediately adjacent
to Integration Bay 8. It is located above the Bay 8 air lock and shower. It is approximately
41 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 will be used for non+ean-room-compatible GSE that must be located
close (within 100 feet) to the spacecraft. To minimize clutter around the spacecraft, as
space permits, the mezzanine will be used for clean-room-compatible GSE that does not
require Class 10,000 cleanliness control and can be located up to 100 feet from the
spacecraft.

The mezzanine is a raised floor area which will accommodate the electrical power
requirements documented in this 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 second floor which opens into the Building 417
corridor. A fork lift and special equipment loading platform are used to move equipment
into the mezzanine.

The Bay 8 Mezzanine, including IGSE layout, is shown in Figure 2-6.

4.1.4.2 Integration Bay 8

Integration Bay 8 is located in Building417. It is 112 feet long, 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 precision rotary table which is used for
spacecraft alignment. The bay contains a 20 ton and a 5 ton crane, each with a hook height
of 55 feet and a 20’ x40’ Table used for spacecraft deployment testing.. It has a Iaminar
flow 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 ti°F of the set point
and bay humidity within the range 30 to 50Y0. Access to the bay is provided by a 35 foot
wide, 45 foot high sliding door. Personnel access is provided via an air lock and air shower.
Access is controlled by a cypher lock. Air, vacuum and GN2 connections are available on
the wall at multiple locations in the bay.

Integration Bay 8, including spacecraft and GSE layout, is shown in Figure 2-7.
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4.1.5 35-foot Thermal Vacuum Chamber =—

The 35-Foot Thermal Vacuum Chamber has a working diameter of 35 feet and an inside
height of 45 feet. The sid~pening 49-foot diameter main door is removable and allows
for loading fully integrated test items at floor level. At ambient conditions, it is temperature
and humidity controlled, and maintained at Class 10,000. Using two mechanical roughing
trains and six 48-inch cryogenic pumps, a pressure of 5x1@ Torr is achieved after
24 hours.

The interior surfaces of the 35-Foot Thermal Vacuum Chamber are maintained at
extremely low temperatures to simulate the low energy, absorbing characteristics of space.
These surfaces consist of a system of eight independently controlled black cooling panels
(shroud) which Iinethe walls, ceiling and floor, and through which gaseous or liquid nitrogen
is circulated. Each panel can be individually thermally controlled from +125 to -185*C
when liquid nitrogen is used. All surfaces facing the test article have an emissivity of >0.95.

There is a 5 ton crane located on the center line of the chamber ceiling, and three 3 ton
cranes located 120° apati, 13 feet from the ceiling center line. Personnel access is
provided by a 6.5-foot door. Penetrations for GSE are provided and require the use of
(TBD 20) connectors and cable lengths >(TBD 21) feet. Gas and fluid lines are (TBD 22).
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). Emergency power is available..

The spacecraft and GSE layout in the 35-foot Thermal Vacuum Chamber is shown in
Figure 2-8.

4.1.6 Acoustic Chamber

The Acoustic Chamber is a reinforced concrete reverberant noise test chamber designed
for acoustic generated dynamic simulation testing. The acoustic energy is generated by
a flow of nitrogen gas, which is frequency controlled by two Wyle WAS 3000 air stream
modulators and two Ling EPT 200 modulators, and temperature controlled to 20°C ti°C.
Up to eight microphones within the chamber measure the aooustic levels, which for test are
up to 155 dB and have a shaped frequency range from 25 to 10,000 Hz.. The chamber is
equipped with safety interlocks and an air ventilation system. At ambient conditions, it is
temperature and humidity controlled, and maintained at C{ass 10,000.

The Acoustic Chamber is 31.5 feet wide, 41.8 feet deep, and 45.5 feet high. The
side-opening door is 25 feet wide by 45 feet high.

The spacecraft and GSE layout in the Acoustic Chamber is shown in Figure 2-9.
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4.1.7 Storage

4.1.7.1 Bonded Stock

Bonded Stock

4.1.7.2 Other Storage

The storage area

The MISR and IGSE layout in the storage area is shown in Figure 2-10.

(TBD 23)

Figure 2-10. Storage Area

(
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4.2 Launch Site- =—

The EOS launch site activities will take place at the Western Test Range (WTR) at
Vandenberg Air Force Base (VAFB) in Building 1610. Administrative support will be located
in Building 836 and launch will take place from Space Launch Complex 3 (SLC-3) (TBR 2).
The VAFB is shown in Figure 2-11.

4.2.1 Launch Site Processing Facility

The spacecraft and GSE layout in the bunch Site Processing Facility is shown in
Figure 2-12.

4.22 MISR Launch Site Ground Station

The MISR Launch Site Ground Station

The IGSE layout in the MISR Launch Site Ground Station is shown in Figure 2-13.
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Figure 2-12. MISR Launch Site Processing Facility
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Figure 2-13. MISR

=—

(TBD 25)

Site Ground Station
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Table Ill. Instrument Facility Requirem-;nts (TBD 26)

Parameter I
Requirement

Environment

Temperature (“C)

Relative humidity (?40)

Lighting

Cleanliness Class 10,000 during spacecraft l&T
Class 100,000 at the launch site

Access Cover removal during closeouts at launch
site requires access only to external sur-
faces

Control

Time

Comments

Size Code Ident No.
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Table IV. Instrument Ground Support Equipment Physicai Requirements (TBD 27)

Item Length Wdth Height

\
2
3
4

5
6
7
8
9
10
11
12
13
14

208

!u2tex
● Penetration connector (connector type) Ibs

v Phase Lgth
Amp Amperee Pwr
Cons Consumption VAC
Dia Diameter w
ft Feet
Hz Hertz

1. ‘WE

4
(H )z w) (Amp) w) Type

I
(ft)

I

60 3 30 Male (S1S): Isolation
NEMA Code

1.
transformer

L21-30P SU~kd by
(Hubble 2815) MMC

Female (Facility): oonnectione
NEMA Code
L21-30R

(TBD 28)
(Huthfe 2813 or
28CM13)

Other
grounding
(TBD 28)

,1

Pounds
Length
Power
Volts alternating current
Watts



Table V. Instrument Ground Support Equipment Environmental Requirements (TBD 29)

Environment Access Comments

Item AIC Load (W) Temp (°C) Control Time

1

2

3

4

6

7

8

9

10

11

12

13

14

r!lsMfM
Alc Air conditioning
c Centigrade
Clean Cleanliness
RH Relative humidity
Temp Temperature
w Watts

I
‘1



Table VI. Consumables (TBD;O)

Description Quantity Provider

b
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Table V1l. Documentation (TBD 31)

Storage Access Maintenance

Description Provider Method Control I Time Responsibility

Manuals

Pre-ship data package

Post+felivery

inspection report

Test data

size Code kkml No.
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5.1 Personnel Support

-—

5.1.1 Matin Marietta-Provided Personnel Support

(TBD 32)

5.1.2 Instrument-provided Personnel Suppoti

~BD 32)

5.2 Computer Maintenance

5.2.1 Computer Maintenance at Instrument Provider Facility

(TBD 33)

5.2.2 Computer Maintenance at Martin Marietta

(TBD 33)

5.2.3 Computer Maintenance at Launch Site

(TBD 33)(

Sme Code Ident No.
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5.3 Other Martin Marietta-Provided Equipment And Facilities
=—

5.3.1 Other Matin Marietta-Provided Equipment And Facilities at Martin
Marietta

Martin Marietta will provide the following additional equipment and facilities at
Marietta:

Martin

1.

2.

3.

4.

5.

Non-escort badges for the following individuals for the period [delivery minus 1 month]
through 30 September 1998:

Name ~

(TBD 34)

Office furniture

a. 1 telephone line with 2 phones

b. 2 desks

c. 2 tables

d. 3 chairs

e. 1 filing cabinet

f. 1 bookcase

Ground station furniture

a. 1 telephone line with 2 phones

b. 1 line on the i&T voice net with 3 speakers and 3 headsets

c. 1 modem with dedicated telephone iine

d. 2 desks

e. 2 tables

f. 5 chairs

g. 1 filing cabinet

h. 1 bookcase

Clean room garments

a. (TBD 35) [qty] suits size (TBD 35)

b. (TBD 35) [qty] shoes size (TBD 35)

C. (TBD 35) [qty] hoods

Access to copier, FAX, and mail room

r
Codetint No.

49671 20008836 \

Stlwl so



6.

7.

8a

9.

Secretarial support

GeneraI purpose test equipment and standard tools ‘–

Quality Assurance support

Standard test equipment calibration

10. Contamination sampling and laboratory analysis

Size Code kid No.
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I 5.32 Other Matiin Marietta-Provided Equipment And Facilities at the Launch
site =—

Martin Marietta will provide or arrange for the following additional equipment and facilities
I at the launch site:
I

1.

2.

3.

~
I

4.

5.

6.

I

Non~scort badges for the following individuals for the period [ship minus 1 month]
through 30 September 1998:

Name ~
. .

Cltlzensh@

(TBD 36)

Office furniture

a. (TBD 37) [qty] telephone line with [qty] phones

b. (TBD 37) [qty] desks

c. (TBD 37) [qty] tables

d. (TBD 37) [qty] chairs

e. (TBD 37) [qty] filing cabinets

f. (TBD 37) [qty] bookcases

Ground station furniture

a. (TBD 38) [qty] telephone line with [qty] phones

b. (TBD 38) [qty] lines on the l&T voice net with [qty] speakers and [qty] headsets

c. (TBD 38) [qty] modem with dedicated telephone line

d. (TBD 38) [qty] desks

e. (TBD 38) [qty] tables

f. (TBD 38) [qty] chairs

g. (TBD 38) [qty] filing cabinets

h. (TBD 38) [qty] bookcases

Clean room garments

a. (TBD 39) [qty] suits size ~BD 39)

b. (TBD 39) [qty] shoes size (TBD 39)

C. (TBD 39) [qty] hoods

Access to copier, FAX, and mail room

e

Secretarial support
size Code Idenl No.
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7. General purpose test equipment and standard tools

8. Quality Assurance support
=—

9. Standard test equipment calibration

10. Contamination sampling and laboratory analysis
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6 GROUND SUPPORT EQUIPMENT INTERFACES

1. The SIS-to-MISR interface isdescribed in Section 6.l.

2. The SCS-to-MISR IGSE interface is described in Section 6.2.

3. The facility-tbMISR IGSE interface is described in Section 6.3.
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6.1 Spacecraft Interface Simulator-to-MISR Interface

=—
6.1.1 Spacecraft Interface Simulator-to+lSR Harness Definition

1.

2.

3.

The block diagram of the harnesses between the S1S and MISR is shown in Figures 3
and 4. (All harnesses, with the exception of the harness from the S1S to the isolation
transformer, are supplied by the Instrument Provider.)

The SIS-to-MISR harness lengths are shown in T~le Vlll.

The list of the S1S connectors used by the Instrument Provider to fabricate the
SIS-to-MISR harnesses is shown in Tmie IX.

a.

b.

6.1.2

The SIS-t~MISR interconnections are shown in Tables Xa through Xu. The
following legend is used for wire type

Coax Coaxial transmission line

Sc Single conductor, unshielded

SCS Single conductor, shielded

TP Twisted pair, unshielded

TPS Twisted pair, shielded

Tn Twisted bundle of n wires, unshielded

TnS Twisted bundle of n wires, shielded

Twinax Twinaxial transmission line

All harnesses which are required by PN20005869, EOS-AM Spacecraft EMC
Control Plan, to have an overall outer shield have either a copper tape over-wrap
or a braid shield.

The copper tape is actually copper-plated mylar tape which is one inch wide. The
tape is then folded over 1/8 inch, making it 7/8 inch wide. Thetape is 0.0017 inches
thick (0.0007 inch copper on 0.001 inch mylar). The wrap is lapped half its width.

Cables using a braid shield use braids similar to MIL-C-27500.

Spacecraft Interface Simulator-t*lSR Interface Circuits and Timing
Diagrams

The SIS-to-MISR interface circuits and timing diagrams are shown in Figures 5 through
17.
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SISJ4

SISJ5

SISJ33‘

SISJ28

SISJ35,

SISJ6,

SISJ7.

SISJ8,

SISJ9,

SISJ12,

SISJ13,

SISJ20,

SISJ21,

=—

JPL MISR PSI J1

JPLMISRPS2J1

RELAYDRIVECOMMANDINTERFACE
‘ SISP33 @-iameesSegment ID] MISP3

PASSIVEANALOGTELEMHRYINTERFACE
SISP28 @-lama43aSegment ID] MISP5

I PASSIVEBI-LEVELTELEMEl_RYINTERFACE
SISP35 WameeeSegment ID] MISP4

TM&FBUSA
SISP6 ~ameaa Segment ID] MISP8

TM&FBUSB
SISP7 @+ameaaSegment ID] MISP9

Size OodeMM No.

A 49671 20008836
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SISP8 @iameee Segment ID] MISP6

O&TBUSB
SISP9 ~ameea segment ID] MISP7

HRDLAHI
SISP12 ~ameaa Segment ID] MISP1O

HRDLA LO
SISP13 @+ameaasegment ID] MIBP1l

HRDLBHI
SE3P20 @+ameeeSegment ID] MISP12

SISP21 ~ameee Segment ID] MISP13

i

JPLMISRJ3

JPLMISRJ5

!JPLMISRJ4

JPLMISRJ6

!JPLMISRJ9

~ JPLMISRJ6

JPLMISRJ7

i

JPLMISRJ1O

JPLMISRJll

JPLMISRJ12

JPLMISRJ13

r!lms
Sls

1.

2.

Spacecraft Interface Simulator

Connector numbers are (TBR 3).

Harness Segment ID numbers are (TBD 40).

Figure 3. SIS-to-MISR Harness Block Diagram



SISJ<

SIS.K

SISJ4

SISJ41
SE

slsJ4&

SISJ4G

n

QMS
Printer

SISP1 FACJX

n

FACPX
leolation ACPOWERINPUT JPLFACILfTY

Transformer Lu @iameeeSegmentID]
PWRJx

1 1

JPLFACILITY
IANJx

I 1

JPLMISRIGSE~X

JPLMISRIGSEJX

HRDLBLO
SISP49 @-fameaeSegment ID] lGSEPx JPLMISRIGSEJx

Ue!E-.l

lwes:

S1S Spacecraft Interface Simulator

1. S1S and SIS-side harness connector numbers are (T~~ 3).

2. Other connector numbers are (TBD 41).

3. Harness Segment ID numbers are (TBD 40).

Figure 4. SIS-to-MISR IGSE Harness Block Diagram

I
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Table WI. SIS-to-MISR Harness Length (TBD 42)

Description IGSE Harness Total #of Total# of
Segment ID Segments Connector

(TBD 40) Pairs
Y

120V Power Feed A

120V Power Feed B

Relay Drive Cmd l/F

Pass Bi-level Tlm l/F

Pass Analog Tlm l/F

TM&F BuS A

TM&F BuS B

C&T BUS A

C&T BUS B

HRDL A HI

HRDL A LO

HRDL B HI

HRDL B LO

AC Power Input

IAN

IEEE488 #2

HRDL A HI

HRDL A LO

HRDL B HI

HRDL B LO

/

Total
Length

(meters)

See Note
~0 TAG)

See Note
~0 TAG)

See Note
dO TAG)

See Note
~0 TAG)

See Note
dO TAG)

See Note
JJOTAG)

See Note
~0 TAG)

See Note
40 TAG)

Size CodeIdeniNo.
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1. The S1S has an internal high rate cable length of 2.13 m; therefore, the high rate
signal must be driven the length of the SIS-tMVIODIS cable plus 2.13 m.

\
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Table IX. SIS-to-MISR Connector List

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 43)

Designation Type Designation Type Sheet Zone

SISJ1 2815 SISP1 2813 AC Power Input

ETHERNET ETHERNET IAN

SISJ2 SISP2 IEEE-488 #1

SISJ3 CIB24BF SISP3 CIB24BA IEEE-488 #2

SISJ4 MS27468T21F11 S SISP4 MS27467T21F11 P 120V Power-Feed A

SISJ5 MS27468T21F11 S SISP5 MS27467T21F11 P 120V Power-Feed B

SISJ6 BJ79C-215 SISP6 PL75C-215 Time Mark and Frequency
Bus - Side A

SISJ7 BJ79C-215 SISP7 PL75C-215 Time Mark and Frequency
Bus - Side B

SISJ8 BJ379G201 SISP8 PL375C-201 Command and Telemetry
Bus - Side A

SISJ9 BJ379C-201 SISP9 PL375C-201 Command and Telemetry
Bus - Side B

SISJ1O Reserved 1“
(Low Rate Science Data
Bus - Side A)

SISJ1l Reserved
(Low Rate Science Data
Bus - Side B)

SISJ12 2034–5023-00 SISP12 2031-5055-00 High Rate Data Link #lA +

SISJ13 2034-5023-00 SISP13 2031-5055-00 High Rate Data Link #lA -
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Table IX. SIS-to-MISR Connector List (cent’d)

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 43)

Designation Type Designation ~pe Sheet Zone

SISJ14 Reserved
(High Rate Data Link #2A +)

SISJ15 Reserved
(High Rate Data Link #2A -)

SISJ16 Reserved
(High Rate Data Link #3A +)

SISJ17 Reserved
(High Rate Data Link #3A -)

SISJ18 Reserved
(High Rate Data Link #4A +)

SiSJ19 Reserved
(High Rate Data Link #4A -)

SISJ20 2034–5023-00 SISP20 2031-5055-00 High Rate Data Link #1 B +

SISJ21 2034-5023-00 SISP21 2031-5055-00 High Rate Data Link #1 B -

SISJ22 Reserved I
,1

(High Rate Data Link #2B +)

SISJ23 Reserved
(High Rate Data Link #2B -)

SISJ24 Reserved
(High Rate Data Link #3B +)

SISJ25 Reserved
(High Rate Data Link #3B -)

SISJ26 Reserved
(High Rate Data Link #4B+)

SISJ27 Reserved
(High Rate Data Link #4B -)
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Table IX. SIS-to-NllSR Connector List (cent’d)

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 43)

designation ~pe Designation Type Sheet Zone

SISJ28 MS27468T15F35P SISP28 MS27467T15F35S Passive Analog Telemetry
IIF #1

SISJ29 Reserved
(Passive Analog Telemetry
l/F #2)

SISJ30 Reserved
(Passive Analog Telemetry
l/F #3)

SISJ31 Reserved
(Passive Analog Telemetry
IIF #4)

SISJ32 Resewed
(Active Analog Telemetry l/F
#1)

SISJ33 MS27468T17F35S SISP33 MS27467T17F35P Relay Drive Commands l/F
#1

SISJ34 Reserved
(Relay Drive Commad~s l/F
#2)

SISJ35 MS27468T17F35P SISP35 MS27467T17F35S Passive Bi-Level Telemetry
IIF #1

SISJ36 Reserved
(Passive Bi-Level Telemetry
IIF #2)

SISJ37 Not Used
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Table IX. SIS-to-MISR Connector List(cont’d)

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 43)

designation Type Designation Type Sheet Zone

J38 Reserved
(LRS IGSE l/F A)

J39 Reserved
(LRS IGSE l/F B)

J40 2034-5023+0 P40 2031-5055-00 HRS IGSE l/F #lA+

J41 2034-5023-00 P41 2031–505W0 HRS IGSE l/F #l A-

J42 Resewed
HRS IGSE l/F #2A+

J43 Reserved
HRS IGSE l/F #2A-

J44 Reserved
HRS IGSE l/F #3A+

J45 Reserved
HRS IGSE l/F #3A-

J46 Reserved I
,1

HRS IGSE l/F #4A+

J47 Reserved
HRS IGSE l/F #4A-

J48 2034–5023-00 P40 2031-5055-00 HRS IGSE l/F #1 B+

J49 2034-5023–00 P41 2031-5055-00 HRS IGSE l/F #1 B-

J50 Resewed
HRS IGSE l/F #2B+

J51 Resewed
HRS IGSE VF #2&
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Table IX. SIS-to-MISR Connector List (cent’d)

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 43)

Designation Type Designation ~pe Sheet Zone

J52 Reserved
HRS iGSE i/F #3B+

J53 Resewed
HRS iGSE i/F #3 B-

J54 Reserved
HRS IGSE l/F #4B+

J55 Reserved
HRS iGSE i/F #4B-

1
,1
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Table Xa. MISP1: SIS-MISR Power Feed Alnterconnectlons

Pin
I

Function
I

Destination

m
I 1

A MISR +120V SISP4 2
Power Feed A-2

B INTERLOCK OLJT SISP4 10

c INTERLOCK IN SISP4 11

D Spare

E

F

G

H

J

K

MISR +120 V
Power Feed Return A–2

MISR +120 V
Power Feed Return A-1

MISR Fault Gnd A

MISR +120 V
Power Feed A-1

Spare

SISP4

SISP4

SISP4

SISP4

7

6

5

1

Wire wire Twist Shield Color
Size ~pe Group Group

(TBD 44]

20 T7s 001 001

20 T7s 001 001

20 -Ii’s 001 001

20 T7s 001 001

20 ns 001 001

20 T7s 001 001

20 lm 001 001

M21!2si
N/A Not applicable

1. Interface cable outer shield bonded to shell of harness connector.

2. INTERLOCK OUT and INTERLOCK IN are jumpered in connector

Interface

I

Timing Notee
Circuit Diagram

(Figure #) (Figure #)

5 N/A 1

5 N/A 1,2

5 WA 1,2

-+=+-

5 N/A 1

5 NIA 1

5 N/A 1



Table Xb. MISP2: SIS-MISR Power Feed B Interconnections

Function
I

Destination Wire wire Twist
Size Type Group

20 T7s 001

20 lm 001

20 17s 001

=T=
Fir

-r

5iGiT
Group

Timing
Diagram

(Figure #)Connector
I

Pin
(TBR 3)

MISR +120V SISP5 2
Power Feed B-2

mi- 1

B

c

INTERLOCK OUT

INTERLOCK IN

SISP5

SISP5

10

11

001 NIA 1,2

001 15 NIA 1,2

20 17S 001

20 -t7S 001

20 17s 001

20 lm 001

D Spare

001MISR +120 V
Power Feed Return B-2

SISP5

SISP5

7 NIA 1

MISR +120 V -6- 001

+

5

5

5

N/A 1
Power Feed Return B-1

MISR Fault Gnd B I SISP5 I 5 001 NIA 1
I I

MISR +120 V SISP5 1 001 N/A 1

J

K

NQ.t!M
N/A Not applicable

1. Interface cable outer shield bonded to shell of harness connector. I‘1
2. INTERLOCK OUT and INTERLOCK IN are jumpered in connector MISP2.

J*



Table Xc. MISP3: SIS-MISR Relay Drive Commands interconnections

Pin Function Destination Wire Wire Twist Shield Color Intetiace Tlmlng Notes
Size Type Group Group Circuit Diagram

4
Connector Pin ~BD 44) (Figure #) (Figure #)

(TBR 3)

1 PREREG_A_SEL SISP33 1 24 T2 001 001 6 7 1

2 PREREG_A_SEL_RTN SISP33 2 24 T2 001 001 6 7 1

3 SPARE

4 PREREG_A_ON SISP33 3 24 T2 002 001 6 7 1

5 PREREG_A_ON_RTN SISP33 4 24 T2 002 001 6 7 1

6 SPARE

7 SPARE

8 PREREG_B_SEL SISP33 5 24 T2 003 001 6 7 1

9 PREREG_B_SEL_RTN SISP33 6 24 T2 003 001 6 7 1

10 SPARE

11 PREREG_B_ON SISP33 7 24 T2 004 001 6 7 1

12 PREREG_B_ON_RTN SISP33 8 24 T2 004 001 6 7 1

13 SPARE

14 SPARE

15 PREREGS_OFF SISP33 9 24 T2 005 001 6 7 l“ 1
16 PREREGS_OFF_RTN SISP33 10 24 T2 005 001 6 7 1

17 SPARE

18 SPARE

19 SPARE

20 SPARE

21 SPARE

22 SPARE

-

1. interface cable outer shield bondedto sheiiof harness connector.

2. All twisted pair signals will be enciosed in an overall shield.



Table Xc. MISP3: SIS4UUSR Relay Drive Commands Interconnections (cent’d)

Destination %7
Size

Ti7iRY
Type

YFi7
GroupT

Shield Color
Group

(TBD 44)

Function

SPARE

Interface
Circuit

(Figure #) (Figure #)
I
I

I
SPARE24

25 SPARE

T2

T2

006

006

6
1

7 126 SUR_HTR_A_ON

SUR_HTR_A_ON_RTN

SPARE

==-l-+ 24

27

T

24 6 7 I 1,2
1

I
29 SPARE

=FSUR_HTR_B_ON

SUR_HTR_B_ON_RTN -=-l+ 24 T2

T2

007

007

6

24 6
I

ISPARE

SPARE33
m

7 I 1SUR_HTR_OFF

SUR_HTR_OFF_RTN -=-l+ 24

24

T2

T2

008

008 +-t-

6

=--l-w6

SPARE

1

I
37 SPARE

I
‘1

B!!M!?w
1. Interface cable outer shield bondedto shell ofharness connector.

2. All twisted pair signais will be enclosed in an overall shield.

3. Common return group 2(6 places)

4. Common return group 3(3 places)
if

D
x)



Table Xd. MISP5: SIS-MISR Passive Analog Telemetry Interconnections

=T= T
Twist Shield
Group Group T

Color Interface
Circuit

(TBD 44) (Figure #)

Timing
Diagram

Function Destination

= 424 T2

(Flgum #)

+Z_RAD_TEMP 9 1

+Z_RAD_TEMP_RTN

SPARE

-Y_RAD_TEMP

SISP28 12

3=
24 T2

24 T2

24 T2

001 I 002 9 1
■

I
■

I

+

u

SISP28 I 3
m

I 8 9 1

-Y_RAD_TEMP_RTN SISP28 14 002 I 002 9 1

6

7

8

SPARE

OPT_BENCH_TEMPl (-X)

OPT_BENCH_TEMPl _RTN

(-x)

SPARE 3=003 002

003 002

+

8

8=E
SISP28 5

SISP28 6 3=
24 T2

24 T2

9 1

9 1

9

10

T

12

7

oPT_BENcH_TEMP2 (+x)

oPT_BENcH_TEMP2_RTr4

(+x)

SPARE

OPT_BENCH_TEMP3 (CNT)

+

+

24 T2

24 T2

24 T2

24 T2

%-&
+

9 1

9 1

=E005 002

005 002

Im
SISP28 I 9

1

8 9 ,,, 1
I

14 oPT_BENcH_TEMP3_RTN

(cm)

SISP28 I 10

4=
8

8

8

9’ 1

I

SPARE

D_AFT_CAM_PS_TEM P

D_AFT_CAM_PS_TEMP_RTN a=24 T2

24 T2==-H- -=--l+- 9 1

N
0
0
0
m
m
cd
m

9 1

1

1

m

SISP28 I 13
1

COMP_A_TEMP 9

COMP_A_TEMP_RTN SISP28 I 14 24 I T2 9

1. Interface cable outer shield bondedtoshell ofharness connector.

2. All twisted pair signals will be enclosed in an overall shield.
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Table Xd. MISP5: SIS-MISR Passive Analog Telemetry Interconnections (cent’d)

Pin Function Destination Wire Wire mist Shield Color Interface Timing Notes
Size Type Group Group Circuit Diagram

Connector Pin (TBD 44) (Figure #) (Figure #)
(TBR 3)

21 SPARE

22 SPARE

23 SPARE

24 SPARE

25 SPARE

26 SPARE

27 SPARE

28 SPARE

29 SPARE

30 SPARE

31 SPARE

32 SPARE

33 SPARE

34 SPARE

35 SPARE

36 SPARE ‘t

37 SPARE

1. interface cable outer shield bonded to sheli of harness connector.

2. All twisted pair signals will be enclosed in an overall shield.
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Table Xe. MISP4: SIS+lSR Passive Bi-Levei Teiernet~ interconnections

Pin Function Destination

Connector Pin
(TBR 3)

1 COVER_OPEN_Hl I SISP35 1
m I I

2 lCOVER_OPEN_LO SISP35 2

3 SPARE

4 SPARE

5 COVER_CLOSED_Hl SISP35 3
m I I

6 lCOvER_CLOSED_LO SISP35 4

7 SPARE

8 SPARE
m u

9 lFWDCALpANDEP_HI I SISP35 5
1 1 1

10 lFwDcALpANDEp_LO SISP35 6

11 SPARE

12 SPARE

13 FWDCALPANSTO_Hl SISP35 7
4 I I

14 lFWDCALpANSTO_LO SISP35 8
1 I I

15 I SPARE

16 SPARE

17 AFTCALPANDEP_Hl SISP35 9

18 SPARE
1 I B

19 IAFTCALPANDEP_LO SISP35 10

20 lSPARE I I

&
Wire Wire
Size Type

24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

Twist Shield Color Interface Timing
Group Group Circuit Diagram

(TBD 44) (Figure #) (Figure #)

010 003 10 11

010 003 10 11

011 003 10 11

011 003 10 11

011 003 10 11

011 003 10 11

012 003 10 11

012 003 10 11

I
I

.

012 003 10 11

012 003 10 11

!!lQwi

1. interface cable outer shield bondedto sheliof harness connector.

2. Ali twisted pair signals will be enclosed in an overall shield.

Notes

1

1

1

1

1

1

1

1

1



Table Xe. MISP4: SIS+lSR Passive Bl-Level Telemet~lnterconnections (cont'd)

I

21 SPARE

22 SPARE
u

23 I SPARE

24 I SPARE

25 SPARE

26 SPARE

27 SPARE

28 SPARE

29 SPARE

30 SPARE
1

31 I AFTCALPANSTO_Hl
I

32 I AFTCALPANSTO_LO

33 SPARE

34 SPARE
1

35 I GONIOSTO_Hl

36 I GONIOSTO_LO

37- ! SPARE

Destination Wire Wire Twist Shield Color Interface Timing Notes
Size Type Group Group Circuit Diagram

Connector Pin (TBD 44) (Figure #) (Figure #)
(TBR 3)

SISP35 11 24 T2 012 003 10 11 1

SISP35 12 24 T2 012 003 10 11 1

SISP35 13 24 T2 012 003 10 11 1

SISP35 14 24 T2 012 003 10 11 ‘1 1

Notes:

1. Interface cable outer shield bonded to shell of harness connector.

2. All twisted pair signals will be enclosed in an overall shield.
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Table Xf. MISP8: SlS411SR TM&F Bus - Side A Interconnections

Contact Function Destination Wire Wire
Size Type

Connector I Pin
I I (TBR3) I II
I m H H H

Center I MISR TM&F I SISP6 I Center [ 24 I Twinax
BUS A HI

intermediate MiSR TM&F SiSP6 intermediate 24 Twinax
BUS A LO

IOuter shield MiSR TM&F
I

SISP6
I II

Outer Shield N/A Twinax
BUS A SHiELD

Contact

Center

ntermediate

~uter shield

%iF
Group

-ivir
N/A

N/A

Eiiim-
Group

miir
N/A

N/A

Coior interface Timing
Circuit Diagram

(Figure #) (Figure #)

NIA 12 13

N/A 12 13

N/A
I

12
I

13

Table Xg. MISP9: SIS-MISR TM&F Bus - Side B Interconnections

Function
I

Destination

\
Connector Pin

(TBR 3)

dlSR TM&F SISP7 Center
3US B HI

iASR TM&F

I

SISP7

I

Intermediate
3US B LO

vllSR TM&F
I

SISP7
I

Outer Shield
3US B SHIELD

iGE

1

1

1

Wire Wire Twist Shieid Coior interface Timing Notes
Size Type Group Group Circuit Diagram ‘I

[

I
24 Twinax N/A N/A N/A 12 13 1

24 Twinax N/A N/A N/A 12 13 1

WA Twinax N/A NIA N/A 12 13 1

N/A Not applicable

1. SISP6 and SISP7 are single triaxial contact connectors.
Interface cable outer shield bonded to shell of harness connector.
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Table Xh. MISP6: SIS-MISR C&T Bus Alnterconnections

Contact Function Destination Wire Wire mist Shieid Color interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (Figure #) (Figure #)
(TBR 3)

Center MiSR C&T SISP8 Center 24 Twinax NIA NIA WA 14 15 1
BUSAHI

Intermediate MISR C&T SISP8 intermediate 24 Twinax NIA NIA NIA 14 15 1
BUS A LO

Outer shield MISR C&T SISP8 Outer Shield WA Twinax NIA NIA NIA 14 15 1
BUS A SHIELD

Table XL MISP7: SIS-MISR C&T Bus B Interconnections

Contact Function Destination Wire Wire Twist Shieid Color interface Timing Notes
Size Type Group Group Circuit Diagram

Connector Pin (Figure #) (Figure #)1,
(TBR 3)

Center MISR C&T SISP9 Center 24 Twinax N/A NIA N/A 14 15 1
BUS B HI

intermediate MISR C&T sisP9 Intermediate 24 Twinax N/A NIA N/A 14 15 1
BUS B LO

Outer shield MISR C&T SISP9 Outer Shield NIA Twinax NIA N/A N/A 14 15 1
BUS B SHIELD

!!m!2s&
N/A Not applicable

1. SISP8 and SISP9 are single triaxial contact connectors.
Interface cable outer shield bonded to shell of harness connector.
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Table Xj. MISP1O: SIS-MISR High Rate Data Link -Side A- Hllnterconnections

Contact Function Destination Wire wire Twist Shield Color Interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (Figure #) (Figure #)
(TBR 3)

t
Center MISR HRDL SISP12 Center 16 G2 N/A N/A N/A 16 17 1

A HI coax

Outer MISR HRDL SISP12 Outer N/A G2 N/A N/A N/A 16 17 1
shield A HI Shield Coax

SHIELD

Table Xk. MISP11: SIS-MISR High Rate Data Link - Side A - LO Interconnections

.

Contact

I

Function Destination Wire wire mist Shield Color Interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (Figure #) (Figure #)
(TBR 3) I

,1

Center MISR HRDL SISP13 Center 16 G21N/A IN/A N/A 16 17 1
A LO Coax

Outer MISR HRDL SISP13 Outer N/A G2 N/A NIA N/A 16 17 1
Shield A LO Shield Coax

SHIELD

I!!Q3es
N/A Not applicable

1. SISP12 and SISP13 are single coaxial contact connectors.



Table Xm. MISP12: SK-MISR High Rate Data Link - Side B -Hi interconnections

WRY
Size

T-

Rir
Group

Contact Function
I

Destination Shieid Coior interface Timing Notes
Group Circuit Diagram

(Figure #) (Figure #)

NIA NIA 16 17 1

N/A N/A 16 17 1

Connector
I

Pin
(TBR 3)

mr
NIA

9 8

MiSR HRDL sisP20 Center
B Hi

MiSR HRDL sisP20 Outer
B Hi Shieid
SHiELD

Center

Outer
shield

NIA G2
Coax

Tabie Xn. MiSP13: SiS-MiSR High Rate Data Link-Side B - LO interconnections

Zimi7
Group

CoiorContact Function
I

Destination Wire
Size

Interiace
Circuit

(Figure #)

16

Timing
Diagram

(Figure #)

17

17

1
T7r -Fir-

G2
Coax

NIA NIA 16 1Outer
Shieid

N/A Not applicable

1. SiSP20and SiSP21 aresingle coaxiai contact connectors.
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Table Xo. FACPX: SISAPL Facility Power Interconnections (TBD 45)

Contact Function Destination Wire Wire Twist Shield Color Interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (TBD 44) (Figure #) (Figure #)
(TBR 3)

FEED A SISP1 x

FEED B SISP1 Y

FEED C SISP1 z

NEUTRAL SISP1 w

GROUND SISPI GR

Table Xp. FACPX: SISAPL Facility Local Area Network Interconnections (TBD 45)
\

Contact

I

Function

I

Destination Wire Twist Color

Connector Pin (TBD 44)
(TBR 3)

I I COLLISION+ I ETHERNET I 2 I I I I I

TRANSMIT+ ETHERNET 3

RECEIVE+ ETHERNET 5

VOLTAGE ETHERNET 6
COMMON

COLLISION- ETHERNET 9

TRANSMIT- ETHERNET 10

RECEIVE- ETHERNET 12

I I+12V I ETHERNET I 13 I I I I 1

Interface
Circuit

(Figure #)

-&
(Figure #)



Table Xq. IGSEPX: SIS-IGSE IEEE-488 #2 Interconnections (TBD 45)

Contact Function

0101

DI02

DI03

DI04

EOI

DAV

H=
I I SQR

H==
H=

REM

GND

GND

GND

GND

GND

t5iE

Destination Wire Wire
Size Type

Connector Pin
(TBR 3)

SISP3 1 I
SISP3 2

SISP3 3

SISP3 4

SISP3 5

SISP3 6

SISP3 7

SISP3 8

SISP3 9

SISP3 10

SISP3 11

SISP3 12

SISP3 13

SISP3 14

SISP3 15

SISP3 16

SISP3 17

SISP3 18

SISP3 19

SISP3 20

SISP3
I 2411

Twist Shield
Group Group

I(TBD 44) (Figure #) (Figure#)
In

I

=1=



Table Xr. IGSEPX: SIS-IGSE High Rate Data Link - Side A - HI Interconnections

T
Contact Function

Outer

I

MISR HRDL
shield A HI

SHIELD

Center MISR HRDL SISP40 Center 16
A HI

SISP40 Outer N/A
Shield

T
FCenter MISR HRDL

A LO

Outer MISR HRDL
Shield A LO

SHIELD

Tim
Type

F
Coax

G2
Coax

Twist Shield Color
Group Group

N/A N/A N/A

N/A N/A N/A

Interface
Circuit

(Figure #)

16

16

SIS-IGSE High Rate Data Link-Side A - LO Interconnections

(Figure #)
Im

17
I

1

-=-i=-

1

Destination

Connector
I

Pin
(TBR 3)

SISP41 I Outer
Shield

Wire
Size

16

-imr

wire Twist Shield Color
~pe Group Group

G2 I WA N/A NIA
Coax I I I

‘xl“AI“AI“A

Interface

II
Timing Notes

Circuit Diagram

(Figure #) (Figure #)
I
,1

16

II

17 1

N/A Not applicable

1. SISP40 and SISP41 are single coaxial contact connectors.
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Table Xt. IGSEPX: SIS-IGSE High Rate Data Link - Side B - HI Interconnections

Contact Function Destination Wire wire mist Shield Coior Interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (Figure #) (Figure #)
~BR 3)

u
Center MiSR HRDL SiSP48 Center 16 G2 N/A NIA N/A 16 17 1

B Hi Coax

Outer MiSR HRDL SiSP48 Outer N/A G2 N/A NIA N/A 16 17 1

shieid B Hi Shield coax
SHiELD

Table Xu. IGSEPX: SIS-IGSE High Rate Data Link - Side B -LO Interconnections

T
+

Center MiSR HRDL
B LO

Outer MISR HRDL
Shield B LO

SHIELD

Destination

Connector Pin
(TBR 3)

SISP49 Center

sisP49 Outer
Shield

T
wile Twist
~pe Group

TG2 N/A
Coax

G2 NIA
Coax

I

Shield Color Interface
Group Circuit

(Figure #)

N/A N/A 16

N/A NIA 16

Timing
Diagram

(Figure #)

17 1

N/A Not applicable

1. SISP48 and SISP49 are single coaxial contact connectors.

~~
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(TBD 46)

I
‘1

Figure 5. SIS-to-MISR Power interface Circuit



(TBD 46)

I
‘1

Figure 6. SIS-to-MISR BDU Relay Drive Command Interface Circuit(s)
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(TBD 46)

I
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Figure 7. SIS-to-MISR BDU Relay Drive Command Timing Diagram(s)
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(TBD 46)
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Figure 8. SiS-to-MiSR BDU Passive Anaiog Teiemetry interface Circuit(s)
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(TBD 46)

I
‘1

Figure 9. SIS-to-MISR BDU Passive Analog Telemetry Timing Diagram(s)
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(TBD 46)

Figure 10. SIS-to-MISR BDU Passive Bi-Level Telemetry Interface Circuit(s)

A
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(TBD 46)

Figure 11. SIS-to-MISR BDU Passive Bi-Level Telemetry Timing Diagram(s)
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(TBD 46)
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Figure 12. SiS-to-MiSR Time Mark and Frequency Bus interface Circuit

A
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Figure 13. SIS-to-MISR Time Mark and Frequency Bus Timing Diagram
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(TED 46)

Figure 14. SIS-to-MISR Command and Telemetry Bus Interface Circuit

A



1. 80

8m

(TBD 46)

Figure 15. SIS-to-MISR Command and Telemetry Bus Timing Diagram
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Figure 16. SiS-to-MISR Science Data interface Circuit
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Figure 17. SIS-to-MISR Science Data Timing Diagram



6.2 Spacecraft Checkout Station-to4GSE Interface

=—
6.2.1 Spacecraft Checkout Station-to-lGSE Harness Definition

1. The block diagram of the harnesses between the SCS and IGSE is shown in Figure 18.
(All harnesses are supplied by the Spacecrati Integrator.)

2. The SCS+-IGSE harness lengths are shown in Table Xl.

3. The list of the IGSE connectors used by the Spacecraft Integrator to fabricate the
SCS-tAGSE harnesses is shown in Table X11.

a.

b.

6.2.2

The SCS-to-lGSE interconnections are shown in Tables Xllla through Xllld. The
following legend is used for wire type:

Coax Coaxial transmission line

Sc Single conductor, unshielded

SCS Single conductor, shielded

TP Twisted pair, unshielded

TPS Twisted pair, shielded

Tn Twisted bundle of n wires, unshielded

TnS Twisted bundle of n wires, shielded

Twinax Twinaxial transmission line

All harnesses which are required by PN20005869, EOS-AM Spacecraft EMC
Control Plan, to have an overall outer shield have either a copper tape over-wrap
or a braid shield.

The copper tape is actually copper-plated mylar tape which is one inch wide. The
tape is then folded over 1/8 inch, making it 7/8 inch wide. The tape is 0.0017 inches
thick (0.0007 inch copper cm 0.001 inch mylar). The wrap is lapped half its width.

Cables using a braid shield use braids similar to MIL-C-27500.

Spacecraft Checkout Station-to-lGSE Interface Circuit and Timing
Diagram

The SCS-t~lGSE interface circuit and timing diagram are shown in Figures 19 and 20.

Size Code klent No.

A 49671 20008836

ASD-EW 2051 3-SS



r I I I
HRDL A HI

SCSJX SCSPX ~arness segment ID] IGSEPX

HRDL A LO

SCSJX SCSPX ~arneas segment ID] IGSEPX

Scs HRDL B HI

SCSJX SCSPX @+arneasSegment ID] IGSEPX

HRDL B LO

SCSJX SCSPX ~arneas segment ID] IGSEPX

JPL MISR IGSE Jx

JPL MISR IGSE JX

MISR IGSE
JPL MISR IGSE Jx

JPL MISR IGSE I)X
I

J!l!2ks:
SCS Spacecraft Checkout Station

1. Connector numbers are (TBD 47).

2. Harness Segment ID numbers are (TBD 48).

Figure 18. SCS-to-lGSE Harness Block Diagram

Size Code Ident No.

A 49671 20008836

ASD-EW 2051 3-S9
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Table XL Estimated SCS-to-lGSE Harness Length (TBD 49)

Description Instrument Harness Total #of Total # of Total Figure
Segment ID Segments Connector Length #

(as shown in Figure 18) Pairs (meters)

HRDLAHI 18

HRDL A LO 18

HRDL B HI 18

HRDL B LO 18

Table Xl!. SCS-to-lGSE Connector List (TBD 50)

SCS Back Panel Connector SCS Harness Connector Drawing Function
Location

Designation Type Designation Type Sheet Zone I

High Rate Data Link A HI

High Rate Data Link A LO

High Rate Data Link B HI

High Rate Data Link B LO
J
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Table Xllla. IGSEPX: SCS-IGSE High Rate Data Link - Side A -HI Interconnections

Contact Function Destination Wire win? Twist Shield Color Interface
Size ~pe Group Group Circuit

Connector Pin (Figure #)
(TBD 47)

Center MISR HRDL SCSPX Center 16 G2 NIA NIA NIA 19
A HI Coax

Outer MISR HRDL SCSPX Outer N/A G2 N/A N/A N/A 19
shield A HI Shield coax

SHIELD

+

(Figure #)

20 1

20

1-

“1

Table Xlllb. IGSEPX: SCS-IGSE High Rate Data Link - Side A - LO Interconnections

Contact Function Destination Wire wire Twist Shield Color Interface
Size ~pe Group Group Circuit

Connector Pin (Figure #)
(TBD 47)

Center MISR HRDL SCSPX Center 16 NIA N/A N/A 19
A LO C%

Outer MISR HRDL SCSPX Outer N/A G2 N/A NIA N/A 19
Shield A LO Shield Coax

SHIELD

NQtes
N/A Not applicable

1. SCSPX and SCSPX are single coaxial contact connectors.

Timing Notes
Diagram

(Figure #)

I
,1

20 1

20 1



-)

Table Xlllc. IGSEPX: SCS-IGSE High Rate Data Link - Side B -Hi interconnections

Contact Function Destination Wire
Size

Connector
I

Pin
(TBD 47)

■ ■ ■ n

Center I MISR HRDL I SCSPX I Center I 16
B HI

Outer MISR HRDL SCSPX Outer N/A
shield B HI Shield

SHIELD

wire Twist Shield Color Interface Timing Notes
Type Group Group Circuit Diagram

(Figure #) (Figure #)

NIA N/A N/A 19 20 1
2;

‘I N’AIN’AIN’AI‘gI’” 1’

Table Xiiid. iGSEPx: SCS-iGSE High Rate Data Link - Side B -LO interconnections

Contact

lFunc~nR“
1 m m I

Center I MISR HRDL I SCSPX I Center I 16
B LO

Outer MISR HRDL SCSPX Outer N/A
Shield B LO Shield

SHIELD

lwQs!i
N/A Not applicable

1. SCSPX and SCSPX

wile Twist Shield Color Interface Timing Notes
Type Group Group Circuit Diagram

(Figure #) (Figure #)

n

G2 N/A N/A N/A 19 20 1 ‘1
Coax I

G2 N/A N/A N/A 19 20 1
coax

are single coaxiai contact connectors.
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(TBD 51)
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Figure 19. SCS-to-lGSE Science Data Interface Circuit



-)

-— (TBD 51)

I
‘1

Figure 20. SCS-to-iGSE Science Data Timing Diagram



6.3 Facility-to411SR IGSE Interface

6.3.1 Thermal Vacuum Chamber Penetration

(TBD 52)

6.3.2 Purge

(TBD 52)

6.3.3 Remote

(TBD 52)

Data Processing

6.3.4 Computer Network

6.3.4.1 Internet Address

The MISR internet address (TBD 52).

6.3.4.2 Socket Address

The MISR socket address (TBD 52).
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7 INSTRUMENT PROCEDURES

1. Instrument procedures are listed in Table XIV.

2. instrument procedure usage dutingspacecrafiAevel l&Tactivities isidentified in Table
xv.

3. Each instrument procedure is described in Section 7.1.

4. IGSE constraints and restraints are described in Section 7.2.
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Table XIV. Instrument Procedure List (TBD 53)

Number

Martin Marietta I MISR Procedure Name
E m

AP-20001 400 I lAssembly Procedure: Kinematic Mount Engineering
lDeveloprnent Models tolnstrument Test M~els -

1

(TBD 54) Alignment Procedure: MISR Alignment at Spacecraft
Level Integration

F
Reference

Paragraph Source

7.1.1 MMC

T

I
‘1



Table XV. Instrument Procedure Usage (TBD 55)

East Windsor Activity I
Procedure

%e-Delivery

Drill Mounting Holes

Drill Coldplate Mounting Holes N/A

Other MMC AP-20001 400

Ransportation & Handling

Xeaning

GSE Set-up& Check+ut

3AT

ntegration

Installation & Alignment (TBD 54)

Coldplate Installation N/A

Electrical Integration

:Iectrical Systems Test

Power Profile

Transient Tolerance

Aliveness Test

Functional Test

Comprehensive Performance Test

Orbits

RF Systems Test

EM1/EMC

Compatibility Test Van

End-to-End Test

Size

A
CodeMenl No.
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Table XV. Instrument Procedure Usage (cent’d) (TBD 55)

East Windsor Activity

Thermal Vacuum Test

Launch Mode

Thermal Balance

Comprehensive Performance Test

Power Profile

Transient Tolerance

Calibration

Special

4coustic/Shock Test

Alignment

Launch Mode

Deployment Verification

Aliveness Test

Spacecraft Activity

Leak Check

Comprehensive Performance Test

Mass Properties

Box, Pack, & Ship to WTR

Box, Pack, & Ship to Other Location

-—

Procedure

~BD 54)

Launch Site (WTR) Activity I Procedure I

Unbox

Transportation & Handling

Cleaning

Closeouts

IGSE Set-up& Check+ut

Comprehensive Petiormance Test

Move to Pad

Aliveness Test

Launch Mode I I
Size Code Ident No.
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7.1 Instrument Procedure Description (TBR 4)

7.1.1 MMC AP-20001400, Assembly Procedure: Kinematic Mount Engineering
Development Models to Instrument Test Models

MMC AP-20001 400, “Assembly Procedure: Kinematic Mount Engineering Development
Models to Instrument Test Models” describes the assembly, installation, and shimming of
the test kinematic mounts.

7.1.2 (TBD 54), Alignment Procedure, MISR Alignment at Spacecraft Level
Integration

(TBD 54), “Alignment Procedure, MISR Alignment at Spacecraft Level Integration”
describes the alignment of the MISR instrument during spacecraft level integration. This
procedure defines the method of alignment using the 3-axis kinematic mount, 2-axis
kinematic mount, and the 1-axis kinematic mount located in the (-X,+Y) position for
alignment. The remaining l-axis mount will be shimmed to remove chatter.
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7.2 Instrument Ground Suppo~ Equipment Constraints and Restraints

7.2.1 (TBD 56) [Constraint or Restraint]

(TBD 56)

1,

size Code klent No.
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10 ACRONYMS AND ABBREVIATIONS

Amp

ASD

BAT

BDU

BPS

C&T

C&T ICD

Cal

CTV

DAF

EICD

EMC

EMI

EOS

ft

GSE

Hz

l&T

l&T ICD

ICD

IGSE

JPL

MICD

MMC

MISR

N/A

RF

RH

Scs

Sls

SLC-3

STE

SW

TICD

APPENDIX A

Amperes

Astro-Space Division

Bench Acceptance Test

Bus Data Unit

Box, Pack, &Ship

Command and Telemetry

Command and Telemetry interface Control Drawing

Calibration

Compatibility Test Van

Drill-Alignment Fixture

Electrical Interface Control Drawing

Electromagnetic Compatibility

Electromagnetic Interference

Earth Observing System

Feet

Ground Support Equipment

Hertz

Integration and Test

Interface Control Drawing

Interface Control Drawing

Instrument Ground Support Equipment

Jet Propulsion Laboratory

Mechanical Interface Control Drawing

Martin Marietta Corporation

Multi-angle Imaging Spectroradiometer

Not Applicable

Radio Frequency

Relative Humidity

Spacecraft Checkout Station

Spacecraft Interface Simulator

Space Launch Complex 3

System Test Equipment

Space View Source

Thermal Interface Control Drawinq
Size CodeMwIINo.
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v

we

VAFB

w

WTR

volts

Volts Alternating Current

Vandenberg Air Force Base

Watts

Western Test Range

=—
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MODIS CDR
+ 3 months

(3/31/84)

MODIS CDR
+ 3 montns

(3/31/94)

MODIS CDR
+ 3 months

(3/31/84)

MODIS CDR
+ 3 months

(3/31/84)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)
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TBD LOG (cent’d) =–

!IEMS!HX!QN!?AGE Su BJECT RESPONSIBLE w

TBD 16 Figure 14 43 IGSE figures (11 places) C. Wilds (MMC) MODIS CDR
to + 30 days
Figure 1-14 ~ (1/31/84)

TBD 17 Figure 2-3 58 MODIS IGSE layout C. Wilda (MMC) PFM delivery
-6 months

TBD 18 Figure 2-4 60 MODIS l&T ground station layout C. Wllda (MMC) PFM delivery
-6 months

TBD 19 4.1.5 65 T/V penetration connectors C. Wllda (MMC) MODIS CDR
+ 3 months

(3/31/84)

TBD 20 4.1.5 65 TN penetration cable lengths C. Wilds (MMC) MODIS CDR
+ 3 months

(3/31/84)

TBD 21 4.1.5 65 TN penetration gas and fluid lines C. Wllda (MMC) MODIS CDR
+ 3 months

(3/31/94)

TBD 22 4.1.7.1 68 Storage area (3 places) C. Wllda (MMC) MODIS CDR
4.1.7.2 + 3 months
Figure 2-10 (3/31/84)

TBD 23 Figure 2-12 71 Launch site processing facility C. Wllda (MMC) MODIS CDR
+ 3 months

(3/31/84)

TBD 24 Figure 2-13 72 MODIS launch site ground station C. WUda(MMC) SIC ship
-6 months

TBD 25 Table Ill 73 Instrument facility requirements C. Wilda (MMC) MODIS CDR
(2 places) + 3 months

(3/31/94)

TBD 26 Table IV 74 IGSE physical requirements (2 places) C. Wilds (MMC) MODIS CDR
75 + 3 months

(3/31/84)

TBD 27 Table IV 75 SIS grounding (2 places) C. Wilds (MMC) MODIS CDR
+ 3 months

(3/31/84)

TBD 28 Table V 76 IGSE environmental requirements C. Wdda (MMC) MODIS CDR
+ 3 months

(3/31/84)

TBD 29 Table VI 78 Consumables G. Plews (SBRC) PFM delivery
-6 months

TBD 30 Table W 79 Documentation G. Plews (SBRC) PFM delive~
-6 months

TBD 31 5.1.1 80 Personnel support (2 places) C. Wilds (MMC) PFM delivery
5.12 -6 months

TBD 32 52.1 80 Computer maintenance contract C. Wllda (MMC) PFM delivery
522 (3 places) -6 months
52.3

TBD 33 52.1 (1) 81 Individuals requiring badges at MMC G. Plews (SBRC) PFM delivery
-6 months\
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ITEM

TBD 34

TBD 35

TBD 36

TBD 37

TBD 38

TBD 39

TBD 40

TBD 41

TBD 42

TBD 43

TBD 44

TBD 45

TBD 46

TBD 47

TBD 48

TBD 49

SEGI!QN

5.2.1 (4)

5.2.2 (1)

5.2.2 (2)

5.2.2 (3)

5.2.2 (4)

Figure 3
Figure 4
Table Vlll

Figure 4

Table Vlll

Table IX

Table Xa
to
Tagle Xd

Table Xn
to
Table Xp

Table Xn
Table Xo
Table Xp

Figure 5
to
Figure 17

Figure 18
Table Xllla

~able Xllld

Figure 18

Table Xl

Table Xll

PAGE

81

83

83

83

83

87
88
89

88

89

90

ii

95

1$
and
109

to
110

109
109
110

113
to

125

127
129

1$

127

128

128

TBD LOG (cent’d) =–

Su BJECT RESPONSIBLE !2!&

Clean room garments at MMC G. Plews (SBRC)
(5 places)

Individuals requiring badges at launch G. Plews (SBRC)
site

Office furniture at launch site (7 places) G. Plews (SBRC)

Ground station furniture at launch site
(1Oplaces)

Clean room garments at launch site
(5 places)

SIS-MODIS harness segment ID
numbers (3 places)

Other connector numbers

SK-MODIS harness lengths

SW-MODIS connector locations
(5 places)

SK-MODIS wire color (13 places)

SK-SBRC facility power,
SIS-SBRC facility LAN, and
SIS-IGSE interconnections (8 places)

SIS-MODIS interface circuits and
timing diagrams (13 places)

SCEAGSE connector numbers
(5 places)

SC&lGSE harness segment ID
numbers

SCS-IGSE harness lengths

SCS-IGSE connector list

G. Plews (SBRC)

G. Plews (SBRC)

C. Wllda (MMC)

G. Plews (SBRC)

G. Plews (SBRC)

C. Wilda (MMC)

G. Plews (SBRC)

G. Plews (SBRC)

C. Wilds (MMC)

C. Wilds (MMC)

C. Wilda (MMC)

C. Wilda (MMC)

C. Wllda (MMC)

PFM delivery
-6 months

S/C ship
-6 months

SIC ship
-6 months

SIC ship
-6 months

SIC ship
-6 months

MODIS CDR
+ 30 days
(1/31)84)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/84)

MODIS CDR
+ 30 days
(1/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/94)

MODIS CDR
+ 3 months

(3/31/84)

MODIS CDR
+ 3 months

(3/31/84)

MODIS CDR
+ 3 months

(W311W)
Size Code MeritNo.
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TBD LOG (cent’d) -—

!IH!!lsEcmx!l!Y!=~ RESPO NSIBLE

TBD 50 Figure 19 131 SCS-IGSE science data circuit and C. Wilds (MMC) MODIS CDR
Figure 20 132 timing diagram (2 plaoes) + 3 months

(3/31/94)

TBD 51 6.3.1 133
6.3.2
6.3.3
6.3.4.1
6.3.4.2

TBD 52 Table XIV 135

TBD 53 Table XV
%

TBD 54 7.2.1 139

Facility-MODIS IGSE interface C. Wllda (MMC) PFM delivery
(5 places) -6 months

Instrument procedure list C. Wllda (MMC) MODIS CDR
+ 3 months

(3/31/94)

Instrument prooedure usage (2 places) C. Wllda (MMC) MODIS CDR
+ 3 months

(3/31/94)

IGSE constraint or restraint (2 places) C. Wllda (MMC) MODIS CDR
+ 3 months

(3/31/94)

(
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.K!EM

TBR 1

TBR 2

TBR 3

TBR 4

TBR 5

TBR 6

SEGI!QMMGE

Table I
Table Ilb ;:

3.1.1 22

3.2.2 24

4.2 69

Figure 3 87
Figure 4 88
Table Xa 95
to
Table X7 1:

7.1 138

TBR LOG =—

s UBJECT

SVS and PRCSBS(16 places)

Number of test kinematic mounts

Use of drill-alignment fixture for drilling
mounting brackets

SLC-3

SIS-MODIS connector numbers
(27 places)

preliminary Drocedure description
(2 places)- ‘

Final procedure description

RESPONSIBLE !X+!E

G. Plews (SBRC) MODIS CDR
+ 30 days
(1/31/94)

C. Wilda MODIS CDR
+ 30 days
(1/31/94)

G. Plews (SBRC) MODIS CDR

C. Wilds

C. Wilda

C. Wilda (MMC)

C. Wilda (MMC)

+ 30 days
(1/31/94)

launch vehicle
selection

+ 30 days

MODIS CDR
+ 30 days
(1/31/94)

MODIS CDR
+ 3 months

(3/31/94)
PFM delivery

-6 months

Size Code IdentNo.

A 49671 20008846
I
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1 INTRODUCTION

1.1 Purpose

The Integration and Test Interface Control Drawing (I&T ICD), 20008846, when executed,
represents an agreement of the detailed implementation of the Integration and Test (l&T)
of the Moderate Resolution Imaging Spectroradiometer (MODIS) with the Earth Observing
System (EOS) AM Spacecraft. This drawing, together with the Mechanical Interface
Control Drawing (MICD) Drawing, 20008841, MICD Tables, 20008842, Thermal Interface
Control Drawing (TICD), 20008843, Electrical Interface Control Drawing (EICD)
Schematic, 20008844, EICD Tables, 20008845, and Command and Telemetry Interface
Control Drawing (C&T ICD), 20008847, describe the details of the interfaces between the
EOS-AM Spacecraft and MODIS. The top-level instrument Interface Control Drawing
(lCD), 20008840, provides the instrument ICD tree and revision status for all sub-tier
instrument ICDS.

The l&T ICD contains information on Ground Support Equipment (GSE), facilities,
procedures, and other support which will be used during pm-delivery, spacecraft-level l&T,
and launch site activities.

1.2 Scope

This l&T ICD is limited to the description of operation of the MODIS necessary to execute
the l&T and launch portion of the EOS-AM program and, as such, concentrates on
commands and telemetry via the Bus Data Unit (BDU) and Command and Telemetry (C&T)
bus, descriptions of modes to be tested, and instrument operating constraints during test.
Science and engineering data is processed during test by the Instrument Ground Support
Equipment (IGSE) and is not considered in this document. The material contained herein
is not intended to define on-orbit operational requirements.

1.3 Organization

Section 1 provides a brief description of the document’s purpose followed by a statement
of its scope and concluding with a description of its organization.

Section 2 provides a list of the documents referenced in the text and the source of each
such document.

Section 3 provides a description of the IGSE used during pre+elivery, spacecraft-level
l&T, and launch site activities.

Section 4 contains detailed descriptions of the facilities to be used during spacecraft-level
l&T, and launch site activities.

Section 5 provides a description of the support to be provided during spacecraft-level l&T,
and launch site activities.

Size CodeIdentNo.
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Section 6 describes the interfaces between the MODIS IGSE andthe Spacecraft Interface
Simulator (S1S), Spacecraft Checkout Station (SCS), and facilities.

Section 7 describes the instrument procedures to be used during prtielivery,
spacecraft-level l&T, and launch site activities.

Size Code IdentNo. /
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2 REFERENCE DOCUMENTS

The following documents provide additional information relative to the functioning of the
MODIS IGSE, facilities, procedures, and other support which will be used during
prHelive~, spacecrafi-level l&T, andlaunch site activities. The information contained
in these documents is deemed to be supplemental
herein.

Reference documents will be provided as required.

in nature and hence is not included
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3 INSTRUMENT GROUND SUPPORT EQUIPMENT

1. lGSEislisted in Tablel.

2. IGSE usage during pr~elivery, spacecraft-level l&T, and launch site activities is
identified in Tables Ila through Ilc.

3. Each IGSE item is described in the Section 3.x paragraph and shown in the Figure l-x
identified by the same x.

Size CodeMM No.
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Table 1. Instrument Ground Support Equipment List

,
Item Item Name Drawing or ID Number Provider Date of Cal Reference

or Proof Test Paragraph
(TBD 1) (TED 2)

Mechanical IGSE

1 MODIS Test Kinematic Mounts MMC 3.1

2 MODIS Drill–Alignment Fixture MMC 20008841 DAF1 MMC 3.2

3 MODIS Master Plate MMC 20008841 MPI MMC 3.3

4 MODIS Lifting Sling SBRC 3.4

5 MODIS Shipping Container SBRC 3.5

6 Bench Test Cooler SBRC SK 114951 SBRC 3.6

7 Earth View Source MMC 3.7

8 Space View Source (TBR 1) SBRC 3.8

9 PRC Space Background Simulator SBRC 3.9
(TBR 1)

10 SAM Space Background Simulator MMC 3.10

11 MEM Space Background Simulator MMC 3.11

12 FAM Space Background Simulator MMC 3.12

Electrical IGSE 1’

13 Spacecraft Interface Simulator MMC 3.13

14 System Test Equipment SBRC 3.14
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0
0

?!
m

5

10

Pre-Dellvery

Drill Drill Other Xport
Mtg CP

Holes Mtg
Holee

NIA x

x NIA

N/A x

NIA

N/A x

NIA

N/A

N/A

N/A

NIA

NIA

NIA

NIA x

NIA

Table Ila. Instrument Ground Support Equipment Usage
EASTWINDSORACTIVITIES 1

TransTol TransientTolerance
&

r!h2sm
Align Alignment
Alive Aliveness

I I Integ I Electrical SystemsTest I RFSystemsTest 1

Clean BAT Install CP Elect pwr Trans Allve Funct Comp orbits EMU CTV End
& Install Integ Prof Tol Test Test Perf EMC to

Allgn Test End

NIA

NIA

NIA

x NIA

N/A

x NIA

N/A

NIA

x NIA

NIA

NIA

NIA

NIA

x N/A x x x x x x x x x x

l“

BAT
Clean
CompPerf
CP
CTV
Elect
EMC
EMI
Funct
Install
Integ
Mtg
NIA
Pwr Prof
RF

Bench Acceptance Test
Cleaning
Comprehensive Performance
Coldplate
Compatibility Test Van
Electrical
Electromagnetic Compatibility
Electromagnetic Interference
Functional
Installation
Integration
Mounting
Not applicable
power Profile
Radio Frequency
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0
0

!3
u)

Table Ilb. Instrument Ground Support Equipment Usage

EAST WINDSOR ACTIVITIES

Thermal Vacuum Test I Acouatlc/Shock Test
.

Item Lnch TIB Comp
Mode Perf

Test

I

~

3

i

5

5

7 x x

B (TBR 1) (TBR 1

9 (TBR 1) (TBR 1

10 x x

11 x x

12 x x

13

14 x x x

OrbIts Pwr Trane Cal Special Align Lnch Deploy Special Alive
Prof Tot Mode Test

x x x x x

TBR 1) (TBR 1:(TBR 1] (TBR1) (TBR1)

lBR 1) (TBR l! (TBR 1: (TBR 1) (TBR 1)

x x x x x

x x x x x

x x x x x

x x x x x x x x

N.!21Qx
Align
Alive
Alt LOC

BPS
Cal
Comp Perf
Deploy
Lnch
Pwr Prof
TIE
Trans Tol
WTR

Alignment
Aliveness
Alternate Location
Box, pack, & ship
Calibration
Comprehensive Performance
Deployment verification
Launch
Power Profile
Thermal Balance
Transient Tolerance
Western Test Range

Spacecraft Actlvlty

Leak Comp Maa8 BPS BPS
>heck Perf Prop to Alt

Test $R Loc

x

I
‘1



Table Ilc. Instrument Ground Support Equipment Usage

I ‘1 Launch Site (WTR) Activities I

I I I I kd kdlTes’lMOdel
Item Unbox Xport Clean Comp Close Move Allve Lnch

s
2

3

4

5

6

7

8

9

10

11

12

13

14 x x x

NQ.tQs
Alive Alivenees
Clean Cleaning
Close closeouts
Comp Perf Comprehensive Performance
Lnch Launch
WTR Western Test Range
Xport Transportation & Handling



s—_

3.1 MODIS Test Kinematic Mounts

The MODIS Test Kinematic Mounts are shown in Figures 1-1 a through 1-1 c and described
in the following sections.

3.1.1 MODIS Test Kinematic Mount Description

The MODIS Test Kinematic Mount set consists of bearing assemblies, mount bodies,
mounting bolts, washers, and bearing retaining plates, built to flight drawings, which
provide flight-like attachment of the MODIS to its IGSE. The MODIS Test Kinematic
Mounts minimize structural loading of both sides of the kinematic mount interface by not
transmitting torsional forces, thereby reducing thenmal distortion of the MODIS during
instrument-level testing. One (TBR 2) each of three types of kinematic mount are
provided:

1. A KMI mount which restrains translational motion in one axis normal to the
mounting plane

2. A KM2 mount which restrains translational motion in two axes with restraint in one
axis normal to the mounting plane and in one axis parallel to the mounting plane

3. A KM3 mount which restrains translational motion in three perpendicular axes

3.1.2 MODIS Test Kinematic Mount Usage

The MODIS Test Kinematic Mounts are used during instrument-level testing to suppo~the
MODIS and during instrument-level shock and thermal environmental testing to simulate
the spacecraft interface.

3.1.3 MODIS Test Kinematic Mount Disposition

The disposition of the MODIS Test Kinematic Mounts and their spares, shipping container,
and packing material is described in the following sections.

3.1.3.1
[

MODIS Test Kinematic Mounts Delivery to Loral/ABC
I

The MODIS Test Kinematic Mounts will be delivered to (TBD 3) location at Loral/ABC on
15 December 1993. I

I 3.1.3.2 MODIS Test Kinematic Mounts Delivery to SBRC I

I The MODIS Test Kinematic Mounts will be delivered to B20 Shipping/Receiving at the
Santa Barbara Research Center (SBRC), 7406 Hollister Avenue, Goleta, CA, on (TBD 3).

I

I
3.1.3.3 MODIS Test Kinematic Mount Disposal I
(TBD 3)
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3.1.4 MODIS Test Kinematic Mounts Spares

No spares are provided with the MODIS Test Kinematic Mounts.

3.1.5 MODIS Test Kinematic Mounts Shipping Container and Packing Material

The MODIS Test Kinematic Mounts will be packaged in nitrogen-purged plastic bags with
desiccant and shipped in standard cardboard boxes with packing foam.

Size Code Idenl No.
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3.2 MODIS Drill-Alignment Fixture =—

The MODIS Drill-Alignment Fixture (DAF) is shown in Figure 1-2 and described in the
following sections.

3.2.1 MODIS Drill-Alignment Fixture Description

The MODIS DAF is a truncated triangular frame approximately 54 inches long, 4 inches
wide over a 44-inch overall width, and 2 inches thick, with a central stiffening member. It
is manufactured from an aluminum plate and contains an optical alignment cube, bushings
for drilling pilot holes, and bearings and pins for checking the drilled holes.

3.2.2 MODIS Drill-Alignment Fixture Usage

The MODIS DAF is used for drilling holes in the spacecraft alignment plates and MODIS
mounting brackets (TBR 3) and for transferring the MODIS alignment information to the
spacecraft coordinate frame.

3.2.3 MODIS Drill-Alignment Fixture Disposition

The disposition of the MODIS DAF and its spares, shipping container, and packing material
is described in the following sections.

3.2.3.1 MODIS Drill-Alignment Fixture Delivery to Loral/ABC

The MODIS DAF will be delivered to (TBD 4) location at Loral/ABC on (TBD 4).

3.2.3.2 MODIS Drill-Alignment Fixture Return to Martin Marietta

The MODIS DAF will be returned to the Martin Marietta Corporation (MMC) Astrc+Space
Division (ASD) East Windsor, NJ, plant Shipping and Receiving Area at the east side of
Building 409 on (TBD 4).

3.2.3.3 MODIS Drill-Alignment Fixture Delivery to SBRC

The MODIS DAF will be delivered to B20 Shipping/Receiving at SBRC, 7406 Hollister
Avenue, Goleta, CA, on (TBD 4).

3.2.3.4 MODIS Drill-Alignment Fixture Return to Martin Marietta

The MODIS DAF will be returned to the Martin Marietta ASD East Windsor, NJ, plant
Shipping and Receiving Area at the east side of Building 409 on (TBD 4). The DAF will be
accompanied by the alignment data.

3.2.4 MODIS Drill-Alignment Fixture Spares

No spares are provided for the MODIS DAF.
Size Code IdenlNo.
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3.2.5 MODIS Drill-Alignment Fixture Shipping Continer and Packing Material

The MODIS DAF shipping container contains
items.

identified nesting depressions for all loose

b

Size
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3.3 MODIS Master Plate =—

The MODIS Master Plate is shown in Figure 1-3 and described in the following sections.

3.3.1 MODIS Master Plate Description

The MODIS Master Plate is a truncated triangular frame approximately 52 inches long, 4
inches wide over a 40-inch overall width, and 0.75 inches thick, with a central stiffening
member. It is manufactured from an aluminum plate.

3.3.2 MODIS Master Plate Usage

The MODIS Master Plate is used to coordinate the MODIS interface mounting holes in the
manufacture and check of the MODIS Drill-Alignment Fbdure.

3.3.3 MODIS Master Plate Disposition

The MODIS Master Plate, its shipping container, and packing material is retained at the
Martin Marietta ASD East Windsor, NJ, plant.

3.3.4 MODIS Master Plate Spares

No spares are provided for the MODIS Master Plate.

3.3.5 MODIS Master Plate Shipping Container and Packing Materiai

The MODiS Master Plate shipping container contains identified nesting depressions for all
ioose items.

size code IdenlNo.
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3.4 MODIS Lifting Wng *—

The MODIS LiftingSling is shown in Figure 14 and described in the following sections.

3.4.1 MODIS Lifting Sling Description

The MODIS Lifting Sling attaches to the MODK5 mainframe on the +Z side of the mainframe
and permits transfer of the MODIS via MODIS lifting/lowering operations along the
z-direction. When this sling is used, the system z-axis positive direction is up.

3.4.2 MODIS Lifting Siing Usage

The MODIS Lifting Sling is used totransferthe MODIS from the MODIS Shipping Container
to the spacecraft at instrument installation.

3.4.3 MODIS Lifthg Siing Disposition

The disposition of the MODIS Lifting Sling and its spares, shipping container, and packing
material is described in the following sections.

3.4.3.1 MODIS Lifting Sling Delivery to Martin Marietta

The MODIS Lifting Sling will be delivered to the Martin Marietta ASD East Windsor, NJ,
plant Shipping and Receiving Area at the east side of Building 409 at instrument delivery.

3.4.3.2 MODS Lifting Sling Return to SBRC

The MODIS Lifting Sling will be returned to B20 Shipping/Receiving
Hollister Avenue, Goleta, CA, at spacecraft delivery to the launch site.

3.4.4 MODIS Lifting Sling Spares

N/A

at SBRC, 7406

3.4.5 MODIS Lifting Sling Shipping Container and Packing Material

(TBD 5)
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3.5 MODIS Shipping Container =—

The MODiS Shipping Container is shown in Figure 1-5 and described in the following
sections.

3.5.1 MODiS Shipping Container Description

The MODIS Shipping Container is a sealable box which provides support and protection
for the MODiS during transportation and storage.

3.5.2 MODiS Shipping Container Usage

The MODiS Shipping Container is used whenever the instrument is not mounted on the
spacecraft or located in a Class 10,000 clean room.

3.5.3 MODiS Shipping Container Disposition

The disposition of the MODiS Shipping Container and its spares, shipping container, and
packing material is described in the following sections.

3.5.3.1 MODiS Shipping Container Deiivery to Martin Marietta

The MODiS Shipping Container will be delivered to the Martin MariettaASD East Windsor,
NJ, plant Shipping and Receiving Area at the east side of Building 409 at instrument
delivery.

3.5.3.2 MODiS Shipping Container Return to SBRC

The MODiS Shipping Container will be returned to B20 Shipping/Receiving at SBRC, 7406
Hollister Avenue, Goleta, CA, at spacecraft delivery to the launch site.

3.5.4 MODiS Shipping Container Spares

(TBD 6)

3.5.5 MODiS Shipping Container Packing Materiai

(TBD 6)
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3.6 Bench Test Cooler =—

The Bench Test Cooler (BTC) is shown in Figure 1-6 and described in the following
sections.

3.6.1 Bench Test Cooler Description

(TBD 7)

3.6.2 Bench Test Cooler Usage

(TBD 7)

3.6.3 Bench Test Cooler Disposition

The disposition of the BTC and its spares, shipping container, and packing material is
described in the following sections.

3.6.3.1 Bench Test Cooler Delivery to Martin Marietta

The BTC will be delivered to the Martin Marietta ASD East Windsor, NJ, plant Shipping and
Receiving Area at the east side of Building 409 at instrument delivery.

3.6.3.2 Bench Test Cooler Return to SBRC

The BTC will be returned to B20 Shipping/Receiving at SBRC, 7406 Hollister Avenue,
Goleta, CA, at spacecraft delivery to the launch site.

3.6.4 Bench Test Cooler Spares

(TBD 7)

3.6.5 Bench Test Cooler Shipping Container and Packing Material

(TBD 7)

ASD-EW 2051 3-S9

Size Code Ident No.

A 49671 20008846

sheet 29



3.7 Earth View Source =—

The Earth View Source (EVS) is shown in Figure 1-7 and described in the following
sections.

3.7.1 Earth View Source Description

The EVS consists of the floor shroud of the 35’ thermal vacuum chamber controlled to a
temperature of (TBD 8).

3.7.2 Eatih View Source Usage

The EVS is used during thermal vacuum testing to provide Earth radiation simulation for
the Nadir Apetiure.
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3.8 Space View Source =—

The Space View Source (SVS) is shown in Figure 1-6 and described in the following
sections.

3.8.1 Space View Source Description

(TBD 9)

3.8.2 Space View Source Usage

(TBD 9)

3.8.3 Space View Source Disposition

The disposition of the SVS and its spares, shipping container, and packing material is
described in the following sections.

3.8.3.1 Space View Source Delivery to Martin Marietta

The SVS will be delivered to the Martin Marietta ASD East Windsor, NJ, plant Shipping and
Receiving Area at the east side of Building 409 at instrument delivery.

3.8.3.2 Space View Source Return to SBRC

The SVS will be returned to B20 Shipping/Receiving at SBRC, 7406 Hollister Avenue,
Goleta, CA, at spacecraft delivery to the launch site.

3.8.4 Space View Source Spares

(TBD 9)

3.8.5 Space View Source Shipping Container and Packing Material

(TBD 9)
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3.9 PRC Space Background Simulator =—

The Passive Radiative Cooler (PRC) Space Background Simulator (SBS) is shown in
Figure 1-9 and described in the following sections.

3.9.1 PRC Space Background Simulator Description

(TBD 10)

3.9.2 PRC Space Background Simulator Usage

(TBD 10)

3.9.3 PRC Space Background Simulator Disposition

The disposition of the PRC SBS and its spares, shipping container, and packing material
is described in the following sections.

3.9.3.1 PRC Space Background Simulator Delivery to Matiin Marietta

The PRC SBS will be delivered to the Martin Marietta ASD East Windsor, NJ, plant Shipping
and Receiving Area at the east side of Building 409 at instrument delivery.

3.9.3.2 PRC Space Background Simulator

The PRC SBS will be returned to B20 Shipping/Receiving at SBRC, 7406 HollisterAvenue,
Goleta, CA, at spacecraft delivery to the launch site.

3.9.4 PRC Space Background Simulator Spares

(TBD 10)

3.9.5 PRC Space Background Simulator Shipping Container and Packing
Material

(TBD 10)

Size Code ldeni No.
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3.10 SAM Space Background Simulator =—

The Space View Analog Electronics Module (SAM) SBS is shown in Figure 1-10 and
described in the following sections.

3.10.1 SAM Space Background Simulator Description

The SAM SBS consists of the shroud of the 35’ thermal vacuum chamber controlled to a
temperature of (TBD 11).

3.10.2 SAM Space Background Simulator Usage

The SAM SBS is used during thermal vacuum testing to provide space radiation simulation
for the Space View Analog Electronics Module radiator.

Stze Cede Ident No.
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3.11 MEM Space Background Simulator =—

The Main Electronics Module (MEM) SBS is shown in Figure 1-11 and described in the
following sections.

3.11.1 MEM Space Background Simulator Description

The MEM SBS consists of the shroud of the 35’ thermal vacuum chamber controlled to a
temperature of (TBD 12).

3.11.2 MEM Space Background Simulator Usage

The MEM SBS is used during thermal vacuum testing to provide space radiation simulation
for the Space View Analog Electronics Module radiator.

I

Size Code IdeniNo.
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3.12 FAMSpace Background Simulator *—

The Fonvard Analog Electronics Module (FAM) SBS is shown in Figure 1J12 and described
in the following sections.

3.12.1 FAM Space Background Simulator Description

The FAM SBS consists of the shroud of the 35’ thermal vacuum chamber controlled to a
temperature of (TBD 13).

3.12.2 FAM Space Background Simulator Usage

The FAM SBS is used during thermal vacuum testing to provide space radiation simulation
for the Space View Analog Electronics Module radiator.

Size Code MeritNo.

A 49671 20008846
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3.13 SpacecraR Interface Simulator =—

The S1S is shown in Figure 1-13 and described in the following sections.

3.13.1 Spacecraft Interface Simulator Description

The S1S is a piece of electrical GSE designed and manufactured by Martin Marietta to
simulate spacecraft-to-instrument and SIS-to-lGSE interfaces. It consists of a Sun
workstation (including a tape drive and a QMS printer) running OASIS and two racks of
equipment which consists of a combination of commercial and custom test equipment. All
of the equipment is controlled and monitored from the Sun workstation. It simulates the
spacecraft-level test environment in that the same database, procedures, and displays
used for spacecraft-level l&T are used on the S1S.

The S1S is capable of controlling IGSE via an IEEE488 interface and of verifying the
presence or absence of a test pattern in the science data. An ethernet interface is provided
to permit non-real-time electronic transfer of files from the S1S to/from another computer.
Note that there are no analysis tools provided with the S1S for off-line data analysis.

3.13.2 Spacecraft Interface Simulator Usage

The S1S is used to verify the compatibility of the instrument command and housekeeping
telemetry database, including calibration curves and limit definitions, and automated test
procedures, known as building blocks, written in CSTOL. The S1S is the source of all
commands for the instrument and the S1S GSE during the S1S interface test. The S1S is
used for the real-time collection, processing, display, and archiving of housekeeping
telemetry. It collects and distributes science data to the IGSE in the same manner as the
SCS during spacecraft-level l&T.

3.13.3 Spacecraft Interface Simulator Disposition

The disposition of the S1S and its spares, shipping container, and packing material is
described in the following sections.

3.13.3.1 Spacecraft Interface Simulator Delivery to SBRC

The S1S will be delivered to B20 Shipping/Receiving at SBRC, 7406 Hollister Avenue,
Goleta, CA, in October 1994.

3.13.3.2 Spacecraft Interface Simulator Return to Martin Marietta

(TBD 14)

3.13.4 Spacecraft Interface Simulator Spares

(TBD 14)

3.13.5 Spacecraft Interface Simulator Shipping Container and Packing Material

(TBD 14)
Size Code IdentNo.
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3.14 System Test Equipment =—

The System Test Equipment (STE) is shown in Figure 1-14 and described in the following
sections.

3.14.1 System Test Equipment Description

(TBD 15)

3.14.2 System Test Equipment Usage

(TBD 15)

3.14.3 System Test Equipment Disposition

The disposition of the STE and its spares, shipping container, and packing material is
described in the following sections.

3.14.3.1 System Test Equipment Delivery to Martin Marietta

The STE will be delivered to the Martin Marietta ASD East Windsor, NJ, plant Shipping and
Receiving Area at the east side of Building 409 at instrument delivery.

3.14.3.2 System Test Equipment Delivery to Launch Site

The STE will be delivered to the launch site at spacecraft delivety to the launch site.

3.14.3.3 System Test Equipment

The STE will be returned to B20 Shipping/Receiving at SBRC, 7406 Hollister Avenue,
Goleta, CA, after launch.

3.14.4 System Test Equipment Spares

(TBD 15)

3.14.5 System Test Equipment Shipping Container and Packing Material

(TBD 15)

ASD-EW 2051 34S
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Figure 1-9. PRCSpace Background Simulator
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4 FACILITIES

This section describes the facilities that will be used to support EOS-AM instrument
integration, test, and launch site activities.

1.

2.

3.

The l&T and launch site facilities are listed below and described in the following
sections. The facility floor plans showing the MODIS and IGSE layout are shown in
Figures 2-1 through 2-13.

l&T Facilities

a.

b.

c.

d.

e.

f.

9.

Shipping and Receiving Area

Bench Acceptance Test Area

MODIS Integration and Test Ground Station

Bay 8

35-foot Thermal Vacuum Chamber

Acoustic Chamber

Storage

Launch Site

a. Vandenberg Air Force Base (VAFB)

b. Launch Site Processing Facility

c. MODIS Launch Site Ground Station

The MODIS requirements which will be supported by the l&T and launch site facilities
are summarized in Table [11.

The IGSE requirements which will be supported by the l&T and launch site facilities are
summarized in Tables IV and V. -

!3ze Code Ident No.
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4.1 Integration and Test Facilities

The EOS integration and test will take place in Building417 of the Martin MariettaASD East
Windsor, NJ, plant. The Martin Marietta ASD East Windsor plant is shown in Figure 2-1,

and the Building 417 facility floorplan is shown in Figure 2-2.

4.1.1 Shipping and Receiving Area

All hardware arriving at the Martin Marietta ASD East Windsor, NJ, plant will be 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 through the area door will be offloaded at
the east end of Building417. The Shipping and Receiving Area is located approximately
300 yards away from the Bench Acceptance Test Clean Room. The hallway between these
two facilities is slightly more than 7 feet wide and it is not environmentally controlled. All
equipment must be received before being moved to the Bench Acceptance Test (BAT)
area.

4.1.2 Bench Acceptance Test Area

The instrument and IGSE will be inspected in the BAT area.

4.1.2.1 Bench Acceptance Test Control Room

The BAT Control Room is 35 feet long and 15 feet wide. It is located adjacent to the BAT
Clean Room and contains feed throughs directly into the clean room. Windows in the room
provide visibility into the clean room. Access to the room is provided by a double door
located in the rear of the room. All non<lean-room<ompatible IGSE required for
instrument BAT, including the instrument l&T ground station, will be located in this room for
the duration of the BAT. It is sized to permit simultaneous processing of two instruments.
Electrical power requirements documented in this ICD will be accommodated. A floorplan
of the BAT Control Room, including IGSE layout, is shown in Figure 2-3.

Size

A I 2?i&7!’” I 20008846
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4.122 Bench Acceptance Test Clean Room =—

The BAT Clean Room is an environmentally controlled room dedicated to EOS instruments
for testing and processing prior to spacecraft integration. It is 44 feet long, 35 feet wide and
14 feet high, and is sized to permit simultaneous processing of two instruments. It is
maintained at Class 10,000. [t is temperature and humidity controlled.

Equipment enters the room through a 12’x12’ sliding door. Personnel access is controlled
through a separate door with a cypher lock via an air shower. The room does not have an

air lock for equipment. A portable two ton crane with a 11’ hook height will be provided for
lifting operations. Air, vacuum and GN2 connections are available on the wall at multiple
locations in the room. Electrical power requirements documented in this ICD will be
accommodated. A floorplan of the BAT Clean Room, including MODIS and IGSE layout,
is shown in Figure 2-3.

4.1.3 Instrument Integration and Test Ground Station

The Instrument l&T Ground Station will be located on the fourth floor of Building 417,
adjacent to the Spacecraft Test Control Room and SCS, subsequent to the BAT and for the
duration of the instrument l&T activities. Each instrument will be provided with a ground
station area of approximately 150-200 square feet. Separate office space will be provided.

The Instrument l&T ground station area will accommodate the electrical power
requirements documented in this ICD. The area provides fluorescent lighting and forced
air cooling (three 115,000 BTU air conditioners), and has a raised floor. The ceiling height
is approximately 8 feet.

Access to the fourth floor is provided by an elevator which has a door opening of 3.5 feet
wide x 7 feet high. The elevator is 6.5 feet deep and rated to lift up to 3000 Ibs.

The IGSE layout in the MODIS l&T Ground Station is shown in Figure 2-4.
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A 49671 20008846

ASD-EW 2051 349



=—

(TBD 18)

Figure 2-4. MODIS l&T Ground Station
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4.1.4 Bay 8

The Bay 8 floorplan is shown in Figure 2-5.

=—

4.1.4.1 Bay 8 Mezzanine

The Bay 8 Mezzanine is located on the second floor of Building 417 immediately adjacent
to Integration Bay 8. It is located above the Bay 8 air lock and shower. It is approximately
41 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 will be used for non-clean-room-compatible GSE that must be located
close (within 100 feet) to the spacecraft. To minimize clutter around the spacecraft, as
space permits, the mezzanine will be used for clean-room<ompatible GSE that does not
require Class 10,000 cleanliness control and can be located up to 100 feet from the
spacecraft.

The mezzanine is a raised floor area which will accommodate the electrical power
requirements documented in this 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 second floor which opens into the Building 417
corridor. A fork lift and special equipment loading platform are used to move equipment
into the mezzanine.

The Bay 8 Mezzanine, including IGSE layout, is shown in Figure 2-6.

4.1.4.2 Integration Bay 8

Integration Bay 8 is located in Building 417. It is 112 feet long, 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 precision rotary table which is used for
spacecraft alignment. The bay contains a 20 ton and a 5 ton crane, each with a hook height
of 55 feet, and a 20’ x 40’ table used for spacecraft deployment testing. It has a Iaminar
flow 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 H“F of the set point
and bay humidity within the range 30 to 507’o. Access to the bay is provided by a 35 foot
wide, 45 foot high sliding door. Personnel access is provided via an air lock and air shower.
Access is controlled by a cypher lock. Air, vacuum and GN2 connections are available on
the wall at multiple locations in the bay.

Integration Bay 8, including spacecraft and GSE layout, is shown in Figure 2-7.
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4.1.5 35-foot Thermal Vacuum Chamber =—

The 35-Foot Thermal Vacuum Chamber has a working diameter of 35 feet and an inside
height of 45 feet. The sid~pening 49-foot diameter main door is removable and allows
for loading fully integrated test items at floor level. At ambient conditions, it is temperature
and humidity controlled, and maintained at Class 10,000. Using two mechanical roughing
trains and six 48-inch cryogenic pumps, a pressure of 5x1@ Torr is achieved after
24 hours.

The interior surfaces of the 35-Foot Thermal Vacuum Chamber are maintained at
extremely low temperatures to simulate the low energy, absorbing characteristics of space.
These surfaces consist of a system of eight independently controlled black cooling panels
(shroud) which Iinethe walls, ceiling and floor, and through which gaseous or liquid nitrogen
is circulated. Each panel can be individually thermally controlled from +125 to -185°C
when liquid nitrogen is used. All surfaces facing the test article have an emissivity of >0.95.

There is a 5 ton crane located on the center line of the chamber ceiling, and three 3 ton
cranes located 120° apart, 13 feet from the ceiling center line. Personnel access is
provided by a 6.5-foot door. Penetrations for GSE are provided and require the use of
(TBD 19) connectors and cable lengths >(TBD 20) feet. Gas and fluid lines are (TBD 21).
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). Emergency power is available.

The spacecraft and GSE layout in the 35-foot Thermal Vacuum Chamber is shown in
Figure 2-8.

4.1.6 Acoustic Chamber

The Acoustic Chamber is a reinforced concrete reverberant noise test chamber designed
for acoustic generated dynamic simulation testing. The acoustic energy is generated by
a flow of nitrogen gas, which is frequency controlled by two Wyle WAS 3000 air stream
modulators and two Ling EPT 200 modulators, and temperature controlled to 20”C +5°C.
Up to eight microphones within the chamber measure the acoustic levels, which for test are
up to 155 dB and have a shaped frequency range from 25 to 10,000 Hz.. The chamber is
equipped with safety interlocks and an air ventilation system. At ambient conditions, it is
temperature and humidity controlled, and maintained at Class 10,000.

The Acoustic Chamber is 31.5 feet wide, 41.8 feet deep, and 45.5 feet high. The
sid~pening door is 25 feet wide by 45 feet high.

The spacecraft and GSE layout in the Acoustic Chamber is shown in Figure 2-9.
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4.1.7 Storage

4.1.7.1 Bonded Stock

Bonded Stock (TBD 22)

4.1.7.2 Other Storage

The storage area (TBD 22)

The MODIS and IGSE layout in the storage area is shown in Figure 2-10.

(TBD 22)

Figure 2-10. Storage Area
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4.2 Launch Site =—

The EOS launch site activities will take place at the Western Test Range (WTR) VAFB in
Building 1610. Administrative support will be located in Building 836 and launch will take
place from Space Launch Complex 3 (SLC-3) (TBR 4). The VAFB is shown in Figure
2-11.

4.2.1 Launch Site Processing Facility

The spacecraft and GSE layout in the Launch Site Processing Facility is shown in
Figure 2-12.

4.2.2 MODIS Launch Site Ground Station

The MODIS Launch Site Ground Station

The IGSE layout in the MODIS Launch Site Ground Station is shown in Figure 2-13.
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(TBD 23)

Figure 2-12. Launch Site Processing Facility
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(TBD 24)

Figure 2-13. MODIS launch Site Ground Station

4’

Size Code kid No.

A 49671 I 20008846

sheet 72
ASD-EW 2051 3-S9



Table Ill. Instrument Facility Requirements

Parameter I
Requirement

Environment

Temperature (“C) 17-26

Relative humidity (Yo) 50% maximum

Lighting No special lighting requirement

Cleanliness Class 10,000 during spacecraft l&T
Class 100,000 at the launch site

Access No internal access to the instrument has
been identified. Inspection and cleaning
during spacecraft l&T and launch activities
require access only to external surfaces.

Cover removal during closeouts at launch
site requires access only to external sur-
faces.

Control (TBD 25)

Time (TBD 25)

Oomments
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Consumption
Diameter
Feet
Hertz
Pounds
Length
Power
volts
Watts

I
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Table IV. Instrument Ground Support Equipment Physical Requirements (cent’d) (TED 26)

I Size (ft)

A/eight

(Ibs)

Electrical Service I

zii-

(Hz)

60

(9)

3

[Amp)

30

=E
Pwr Cons Connector

w) Type

Male (S1S):
NEMA Code
L21-30P
(Hubble 2815)

Female (Facility):
NEMA Code
L21-30R
(Hutble 2813 or
28CM13)

1Cable Lgth Grounding

(ft)
m

I

Ioonnectiona

(TBD 27)

I

Notes

1

● Penetrationconnector(connectortype)
v Phase
Amp Amperes
Cons Consumption
Dia Diameter
ft Feet
Hz Hertz
Ibs Pounds
Lgth Length
N/A Notapplicable
Pwr Power
VAC Voltsalternatingcurrent
w Watts

1. “WE

I
‘t



1’.
4
n

Table V. Instrument Ground Support Equipment Environmental Requirements (TBD 28)

Environment Access

Item A/C Load (W)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

rhxex
A/c Air conditioning
c Centigrade
Clean Cleanliness
RH Relativehumidity
Temp Temperature
w Watts

A
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1.

2.

3.

4.

5.

SUPPORT

Consumables used during instrument-level l&T, spacecraft-level l&T, and launch site
activities are identified in Table V1.

Documentation support during instrument-level l&T, spacecraft-level l&T, and launch
site activities is identified in Table Vll.

Personnel support during instrument-level l&T, spacecraft-level l&T, and launch site
activities is identified in Section 5.1.

Computer maintenance contract support instrument-level l&T, spacecraft-level l&T,
and launch site activities is identified in Section 5.2.

Other Martin Marietta-provided equipment and facilities are identified in Section 5.3.

\
Size Code kid No.

A 49671 20008846

Sheet 77



Table V1. Consumables (TBD>9)

Description I
Quantity

I
Provider

Size Code Ident No.

A 49671 20008846

ASD-EW 2051 349
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Table VII. Documentation (TBD 30)

Storage Access Maintenance

Description Provider Method Control

Manuals

Pre-ship data package

Post-delivery

inspection report

Test data

Size Code lded No.

A 49671 I 20008846
E

I I sheet 79
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5.1 Personnel Support

5.1.1 Martin Marietta-Provided

(TBD 31)

5.1.2 Instrument-Provided

(TBD 31)

Suppon

Personnel Support

5.2 Computer Maintenance Contract

5.2.1 Computer Maintenance

(TBD 32)

5.2.2 Computer Maintenance

(TBD 32)

5.2.3 Computer Maintenance

(TBD 32)

Contract at Instrument Provider

Contract at Martin

Contract at Launch

Facility

20008846

I Isheet so



5.3 Other Martin Marietta-Provided Equipment And Facilities=—

5.3.1 Other Martin Marietta-Provided Equipment And Facilities at Maftin
Marietta

Martin Marietta will provide the following additional equipment and facilities at
Marietta:

Martin

1.

2.

3.

4.

5.

Non-escort badges for the following individuals for the period [delivery minus 1 month]
through 30 September 1998:

NaU!!2 Amla?@l ~itizenshi~

(TBD 33)

Office furniture

a. 1 telephone line with 2 phones

b. 2 desks

c. 2 tables

d. 3 chairs

e. 1 filing cabinet

f. 1 bookcase

Ground station furniture

a. 1 telephone line with 2 phones

b. 1 line on the l&T voice net with 3 speakers and 3 headsets

c. 1 modem with dedicated telephone line

d. 3 tables

e. 5 chairs

f. 1 filing cabinet

g. 1 bookcase

Clean room garments

a. (TBD 34) [qty] suits size ~BD 34)

b. (TBD 34) [qty] shoes size (TBD 34)

C. (TBD 34) [qty] hoods

Access to copier, FAX, and mail room
Size Code Idenl No.

A 49671 20008846

AS&EW 2051 3-89



6.

7.

8.

9.

Secretarial support

General purpose test equipment and standard tools
=—

Quality Assurance support

Standard test equipment calibration

10. Contamination sampling and laborato~ analysis

Size Code Ident No.

A 49671 20008646

ASD-EW 2051 3-89



5.3.2 Other Manin Marietta-Provided Equipment And Facilities at the Launch
Site

=—

Martin Marietta will provide or arrange for the following additional equipment and facilities
at the launch site:

1. Non-escort badges for the following individuals for the period [ship minus 1 month]
through 30 September 1998:

Mm? Affiliation Citizenshi~

(TBD 35)

2. Office furniture

a. (TBD 36) [qty] telephone line with (TBD 36) [qty] phones

b. (TBD 36) [qty] desks

c. (TBD 36) [qty] tables

d. (TBD 36) [qty] chairs

e. (TBD 36) [qty] filing cabinets

f. (TB13 36) [qty] bookcases

3. Ground station furniture

a. ~BD 37) [q~] telephone line with ~BD 37) [qty] phones

b. (TBD 37) [qty] lines on the l&Tvoice net with (TBD 37) [qty] speakers and (TBD 37)
[qty] headsets

c. (TBD 37) [qty] modem with dedicated telephone line

d. (TBD 37) [qty] tables

e. (TBD 37) [qty] chairs

f. (TBD 37) [qty] filing cabinets

g. (TBD 37) [qty] bookcases

4. Clean room garments

a. (TBD 38) [qty] suits size (TBD 38)

b. (TBD 38) [qty] shoes size (TBD 38)

C. (TBD 38) [qty] hoods

5. Access to copier, FAX, and mail room

6. Secretarial support

7. General purpose test equipment and standard tools
Size Code Ideni No.

A 49671 20008846
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8.

9.

10.

=—

Quality Assurance supporl

Standard test equipment calibration

Contamination sampling and laboratory analysis

Size Code Ident No.

A 49671 I 20008846
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6 GROUND SUPPORT EQUIPMENT INTERFACES

1. The SIS-to-MODIS interface is described in Section 6.1.

2. The SCS-to-MODIS IGSE interface is described in Section 6.2.

3. The facility-to-MODIS IGSE interface is described in Section 6.3.

) Size Code ldeni No.

A 49671 20008846

ASD-EW 2051 3-S9



6.1 Spacecraft lnte~ce Simulator-t0410DlS Interface

.

6.1.1 Spacecraft Interface Simulator-to-MODIS Hame& Definition

1.

2.

3.

The block diagram of the harnesses between the S1S and MODIS is shown in Figures
3 and 4. (All harnesses, with the exception of the harness from the S1Sto the isolation
transformer, are supplied by the Instrument Provider.)

The SIS-t@MODIS harness lengths are shown in Table Vlll.

The list of the S1S connectors used by the Instrument Provider to fabricate the
SIS-t&MODIS harnesses is shown in Table IX.

a.

b.

6.1.2

The SIS-tmMODIS interconnections are shown in Tables Xa through Xt. The
following legend is used for wire type:

Coax Coaxial transmission line

Sc Single conductor, unshielded

SCS Single conductor, shielded

TP Twisted pair, unshielded

TPS Twisted pair, shielded

Tn Twisted bundle of n wires, unshielded

TnS Twisted bundle of n wires, shielded

Twinax Twinaxial transmission line

All harnesses which are required by PN20005869, EOS-AM Spacecraft EMC
Control Plan, to have an overall outer shield have either a copper tape over-wrap
or a braid shield.

The copper tape is actually copper-plated mylar tape which is one inch wide. The
tape is then folded over 1/8 inch, making it 7/8 inch wide. The tape is 0.0017 inches
thick (0.0007 inch copper on 0.001 inch mylar). The wrap is lapped half its width.

Cables using a braid shield use braids similar to MIL-C-27500.

Spacecraft Interface Simulator-to-MODIS Interface Circuits and Timing
Diagrams

The SIS-to-MODIS interface circuits and timing diagrams are shown in Figures 5 through
17.

Size Code Idenl No. \
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SISJ4 SBRC MODIS PSI J1

SISJ5 SBRC MODIS PS2 J1

BDU COMMAND INTERFACE

SISJ33 SBRC MODIS J3

SE

SISJ28 ,

SISJ35 ,

SISJ6 ,

SISJ7 .

SISJ8 ,

SISJ9 ,

SISJ12
1

h

BDU TELEMETRY INTERFACE

StSP28 ~ameea Segment ID] MODP4 SBRC MODIS J4

I
SISP35

TM&F BUS A

SISP6 ~am~ Segment ID] MODP5 SBRC MODIS J5

TM&F BUS B MODIS

SISP7 @+ameaasegment ID] MODP6 SBRC MODIS J6

C&T BUS A

SISP8 ~amesa Segment ID] MODP7 SBRC MODIS J7

C&T BUS B

SISP9 @+ameaaSegment ID] MODP6 SBRC MODIS J8

HRDL A HI

SISP12 ~ameaa segment ID] MODP9

HRDL A LO

SISJ13 p SISP13 @iamesa Segment ID] MODP1O

SISJ20

SISJ21 I

Sls
1.

2.

HRDL B HI

SISP20 @+ameaaSegment ID] MODP1l

HRDL B LO

SISP21 @-iameaaSegment ID] MODP12

Spacecraft Interlace Simulator

Connector numbers are (TBR 5).

Harness Segment ID numbers are (TBD 39).

i

SBRC MODIS J9

SBRC MODIS J1O

SBRC MODIS Jll

SBRC MODIS J12

Figure 3. SIS-to-MODIS Harness Block Diagram

!Yze I Code ktent No.

A 49671 I 20008846
I

I I I sheet 87

ASD-EW 2051 3+



SISJ1

SISJ3

SISJ40

SISJ41

Sls
SISJ48

SISJ49

n

CtMS
Prfnter

SISP1 FACJX FACPX

1 Isolation
SBRC FACILITY

Transformer
PWR JX

SBRC FACILITY
LANJX

I 1

HRDL B LO

SISP49 ~amesa Segment ID] IGSEPX SBRC MODIS IGSE JX I
I MODIS IGSE I

!!!!WS:
S1S Spacecraft Interface Simulator
1. S1Sand SIS-side harness connector numbers are (TBR 5).

2. Other connector numbers are (TBD 40).

3. Harness Segment ID numbers are (TBD 39).

Figure 4. SIS-to-MODIS IGSE Harness Block Diagram

Size Coda M@ No.

A 49671 I 20008846 \

Shaet e8
ASO-EW 2051 3-89
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Table WI. SIS-to-MODIS Harness Length (TBD 41)

Description Instrument Harness Total #of Total # of Total Figure
Segment ID Segments Connector Length #

(TBD 39) Pairs (meters)

120V Power Feed A

120V Power Feed B

BDU Cmd l/F

BDU Tlm l/F

TM&F BuS A

TM&F BuS B

C&T BUS A

C&T BuS B

HRDLA HI (See Note 1)

HRDL A LO (See Note 1)

HRDLBHI (See Note 1)

HRDL B LO (See Note 1)

AC Power Input

IEEE488 #2

HRDLA HI (See Note 1)

HRDL A LO (See Note 1)

HRDL B HI (See Note 1)

HRDL B LO (See Note 1)

IAN

Mm2s

1. The S1S has an internal high rate cable length of 2.13 m; therefore, the high rate
signal must be driven the length of the SIS-to-MODIS cable plus 2.13 m.

!3ze Code Ident No.

A 49671 20008846

ASD-EW 2051 3-S9
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TablelX. SIS-to-NIODIS Connector List

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 42)

Designation Type Designation Type Sheet Zone

SISJ1 2815 SISP1 2813 AC Power Input

SISJ2 Reserved
(IEEE488 #1)

SISJ3 CIB24BF SiSJ3 CiB24BA iEEE488 #2

SISJ4 MS27468T21F11 S SISP4 MS27467T21F11 P 120 V Power- Feed A

SISJ5 MS27468T21F11S sisP5 MS27467T21F11 P 120 V Power- Feed B

sisJ6 BJ79C-215 SISP6 PL75C-215 Time Mark and Frequency
Bus - Side A

SISJ7 BJ79C–215 SISP7 PL75C-215 Time Mark and Frequency
Bus - Side B

SISJ8 BJ379C-201 SISP8 PL375C-201 Command and Telemetry
Bus - Side A

SISJ9 BJ379C-201 SISP9 PL375C–201 Command and Telemetry
Bus - Side B

SISJ1O Reserved I
(Low Rate Science Da~a
Bus - Side A)

SiSJll Reserved
(Low Rate Science Data
Bus - Side B)

SISJ12 2034-5023-00 sisP12 2031 –5055-00 High Rate Data Link #lA +

SISJ13 2034-5023–00 sisP13 2031–5055-00 High Rate Data Link #lA -



—
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Table IX. SIS-to+VIODIS Connector List (cent’d)

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 42)

designation Type Designation Type Sheet Zone

SISJ14 Reserved
(High Rate Data Link #2A +)

SISJ15 Reserved
(High Rate Data Link #2A -)

SISJ16 Resewed
(High Rate Data Link #3A +)

SISJ17 Reserved
(High Rate Data Link #3A -)

SISJ18 Reserved
(High Rate Data Link #4A +)

SISJ19 Reserved
(High Rate Data Link #4A -)

SISJ20 2034–5023-00 SISP20 2031-5055-00 High Rate Data Link #1 B +

SISJ21 2034-5023-00 SISP21 2031 –5055–00 High Rate Data Link #1 B -

SISJ22 Reserved l“
(High Rate Data Link #2B +)

SISJ23 Reserved
(High Rate Data Link ##2B-)

SISJ24 Reserved
(High Rate Data Link #3B +)

SISJ25 Reserved
(High Rate Data Link #3B -)

SISJ26 Reserved
(High Rate Data Link #4B+)

SISJ27 Reserved
(High Rate Data Link #4B -)
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Table IX. SIS-to-MODIS Connector List (cent’d)

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 42)

Designation Type Designation Type Sheet Zone

SISJ28 MS27468T15F35P SISP28 MS27467T15F35S Passive Analog Telemetry
i/F #1

SISJ29 Reserved
(Passive Analog Telemetry
i/F #2)

SISJ30 Reserved
(Passive Analog Telemetry
i/F #3)

SISJ31 Reserved
(Passive Analog Telemet~
i/F #4)

SiSJ32 Reserved
(Active Analog Telemetry i/F
#1)

SiSJ33 MS27468T17F35S sisP33 MS27467T17F35P Relay Drive Commands i/F
#1

SISJ34 Reserved
(Relay Drive Commar$s i/F
#2)

SiSJ35 MS27468T15F35P SISP35 MS27467T15F35S Passive Bi-Level Telemetry
IIF #1

SISJ36 Reserved
(Passive Bi-Level Telemetry
l/F #2)

SISJ37 Not Used



—

‘TablelX. SIS-to-MODIS Connector List(cont’d)

S1S Back PaneI Connector S1S Harness Connector Drawing Function
Location
(TBD 42)

Designation Type Designation Type Sheet Zone

J38 Reserved
(LRS IGSE l/F A)

J39 Reserved
(LRS IGSE VF B)

J40 2034–5023-00 P40 2031–5055–00 HRS IGSE l/F #lA+

J41 2034–5023-00 P41 2031-5055-00 HRS IGSE l/F #1 A–

J42 Reserved
HRS IGSE l/F #2A+

J43 Reserved
HRS IGSE l/F #2A-

J44 Reserved
HRS IGSE l/F #3A+

J45 Reserved
HRS IGSE l/F #3A-

J46 Reserved l“
HRS IGSE l/F #4A+

J47 Reserved
HRS IGSE l/F #4A-

J48 2034–5023-00 P40 2031-5055-00 HRS IGSE l/F #1 B+

J49 2034–5023–00 P41 2031-5055-00 HRS IGSE l/F #1 B-

J50 Reserved
HRS IGSE l/F #2B+

J51 Reserved
HRS IGSE l/F #2 B-
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Table IX. SIS-to-MODIS Connector List (cent’d)

S1S Back Panel Connector S1S Harness Connector Drawing Function
Location
(TBD 42)

3eslgnation ~pe Designation Type

J52 Reserved
HRS IGSE l/F #3B+

J53 Reserved
HRS IGSE l/F #3B-

J54 Resetved
HRS IGSE l/F #4B+

J55 Reserved
HRS IGSE l/F #4 B-

ETHERNET DB-15 ETHERNET DB-15 LAN

I
‘1



Table Xa. MODP1: SIS-MODIS Power Feed A Interconnections

Pin Function Destination Wire wire Twist Shield Color Interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (Figure #) (Figure #)
(TBR 5) (TBD 43)

A MODIS+120V SISP4 1 20 T7s 001 001 5 NIA 1
POWER FEED A-1

B MODIS +120 V SISP4 2 20 17s 001 001 5 NIA 1
POWERFEEDA-2

c SPARE

D MODIS FAULT SISP4 5 20 17s 001 001
GROUNDA

5 NIA 1

E MODIS +120V SISP4 6 20 17s 001 001 5 NIA 1
POWER FEED
RETURN A-1

F MODIS +120 V SISP4 7 20 T7S 001 001 5 WA 1
POWER FEED
RETURN A-2

G INTERLOCK OUT SISP4 10 20 T7s 001 001 5 NIA 1,2

H INTERLOCK IN SISP4 11 20 T7s 001 001 5 NIA “ 1,2

J SPARE

K SPARE

JYmM
N/A Not applicable
1. Interface cable outer shield bonded to shell of harness connector.
2. INTERLOCK OUT and INTERLOCK IN are jumpered in connector MODP1.



Table Xb. MODP2: SIS-MODIS Power Feed B Interconnections

Pin Function Destination Wire wire Twist Shieid Color
Size ~pe Group Group

Connector Pin (TBD 43)
(TBR 5)

A MODIS +120 V sisP5 1 20 lm 001 001
POWER FEED B-1

B MODIS +120 V SISP5 2 20 m’s 001 001
POWER FEED B-2

c SPARE

D MODiS FAULT sisP5 5 20 T7s 001 001
GROUND B

E MODIS +120 V SISP5 6 20 T7s 001 001
POWER FEED
RETURN B-1

F MODIS + 120 V sisP5 7 20 T7s 001 001
POWER FEED
RETURN B-2

G iNTERLOCK OUT SISP5 10 20 in 001 001

H iNTERLOCK iN SISP5 11 20 17s 001 001

J SPARE

K SPARE

!!lQ!e=
N/A Not applicable
1. Interface cable outer shield bonded to shell of harness connector.
2. INTERLOCK OU and INTERLOCK IN are jumpered in connector MODP2.

Interface
Circuit

(Figure#)

3

5

5

5

5

5

Timing
Diagram

(Figure #)

N/A

N/A

N/A

N/A

NIA

NIA

NIA

1

1

1
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Table Xc. MODP3: SIS-MODIS BDU Commands Interconnections

N)
o
0
0

E
m

Pin Function Destination Wire Wire Twist Shield Color Interface Timing Notes
Size Type Group Group Circuit Diagram

Connector Pin (TBD 43) (Figure #) (Figure #)
(TBR 5)

1 CP_A_ON_B_OFF SISP33 1 24 T2 001 001 6 7 1,2

2 CP_A_ON_B_OFF_RTN SISP33 2 24 T2 001 001 6 7 1,2

3 SPARE

4 CP_B_ON_A_OFF SISP33 3 24 T2 002 001 6 7 1,2

5 CP_B_ON_A_OFF_RTN SISP33 4 24 T2 002 001 6 7 1,2

6 SPARE

7 SPARE

8 CP_STD_RESET SISP33 5 24 T2 003 001 6 7 1,2

9 CP_STD_RESET_RTN SISP33 6 24 T2 003 001 6 7 1,2

10 CP_UPLD_RESET SISP33 7 24 T2 004 001 6 7 1,2

11 CP_UPLD_RESET_RTN SISP33 8 24 T2 004 001 6 7 1,2

12 SPARE

13 SPARE

14 SPARE

15 ENABL_FAILSAFE SISP33 9 24 T2 005 001 6 7 I‘ 1,2

16 ENABL_FAILSAFE_RTN SISP33 10 24 T2 005 001 6 7 1,2

17 SPARE

18 SPARE

19 SPARE

20 SPARE

21 SPARE

22 SPARE

!!i!2tm
1. Interface cable outer shield bondedto shell of harness connector.
2. All twisted pair signals will be enclosed in an overall shield.



Table Xc. MODP3: SIS-MODIS BDU Commands Interconnections (cent’d)

Destination
I

Wire Wire Twist
Size Type Group

%iGi7
Group

Timing
Diagram

7GGFunction Color
I

interface-
Circult

I(TBD43) (Figure#) (Flgure #)

+=YiiTPSl_ON

PSl_ON_RTN

Psl Ps2_oFF_A

- T
1,2,3SISP33 12 24 T2 006

SISP33 13 24 T2 007

SISP33 14 24 T2 007

001

001

7

1,2

26 Psl Ps2_oFF_A_RTN 001 7 1,2,4
1

SPARE

SPARE

SPARE
1 [ m 1

SISP33 151241T2 008Psl Ps2-oFF_B

Psl Ps2_oFF-B_RTN

PSI PS2_ON

001 7

7

1,2

SISP33 16 24 T2 008

SISP33 17 24 T2 009

001 1,2,4

001

001

7 1,2

1,2,3SISP33 18 24 T2 009 7PslPs2-oN_RTN
m

ISPARE

SPARE
I

SPARE

SPARE

PS2_ON SISP33 19 24 T2 010 001 6 v “2

Ps2_oN_RTN SISP33 20 24 T2 010 001 6 7 1,2,3

PslPs2_sD_DlsABL SISP33 21 24 T2 011 001 6 7 1,2

PslPs2_sD_DlsABL_RTN SISP33 22 24 T2 011 001 6 7 1,2,4

SPARE

41

7

1. interface cable outer shield bondedto shell of harness connector.
2. All twisted pair signals will be enclosed in an overall shield.
3. Common return groupl (6places)
4. Common return group 2 (4 places)



.-

Table Xc. MODP3: SIS-MODIS BDU Commands Interconnections (cent’d)

Fimiir
Group T

Color Interface
Circuit

(TBD43) (Figure#)

Function
I

Destination TiET
Size T

Wire Twist
Type Group

,
Connector Pin

(TBR 5)

SPARE

(Figure #)
I—

T
zi-

1

I
I

n
1 1

SPARE
1

6

=+=

7 1,2

7 1,2,3

7 1,2

7 1,2,3

45 Psl Ps2_sD_ENABL SISP33 23

Psl Ps2_sD_ENABL_RTN sisP33 24

SURVHTR_A_ENABL sisP33 25

SURVHTR_A_ENABL_RTN sisP33 26

24 001

46 24 001

=+=

6

6

6

24 T2 I 013 001

24

+

001
I

49 SPARE I I
m

I50 SPARE

SURVHTR_B_ENABL SISP33 27>:
=-i==51

-ix

24 001

*

6

6

6

1 I

SURVHTR_B_ENABL_RTN SISP33 28 24 s=T2 014

T2 015

T2 015

001

001
#

53 SURVHTRS_DiSABL SISP33 29 24

54 SURVHTRS_DISABL_RTN sisP33 30 24

55 SPARE

7 I 1,2

001

I

.!!!Qiw
I
‘!

1. interface cable outer shield bondedto sheliof harness connector.
2. All twisted pair signals will be enclosed ir
3. Common return group 1 (6 places)
4. Common return group 2 (4 places)

an overall shield.

230
0
m
g
m



Table Xd. MODP4: S1

Pin
I

Function
I

Destinal

-MOE BDU Telem try Interconnections

zTiming Notes
Diagram

[Figure #)

9 1,2

1 Interface
Circuit

(Figure #)

8

Connector
(TBR 5)

1 TR_RC_CLDSTG_Hl SISP28

2 TR_RC_CLDSTG_Hl_RTN SISP28

3 SPARE

4 TR_AOP_BY_RC SISP28

+

24 T2

24 T2

Pin

*1

2
m a

001 I 002 8 9 I 1,2

=1=9 1,2

9 1,2

3 24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

24 T2

002 002

002 002

003 002

003 002

8

5 TR_AOP_BY_RC_RTN SISP28

6 SPARE

7 SPARE

8 TR_MF_NEAR_KM3 SISP28

4 8

5 8 a=9 1,2

9 1,26 8

004 002

004 002

005 002

005 002

006 002

12 SPARE

13 TR_MF_OB_BLKHD SISP28

14 TR_MF_OB_BLKHD_RTN SISP28

15 SPARE 3
9 1,2

9 1,2

9 ‘1 1,2

9 1,2

7

8

8

8

—
16 TR_ME_NX_HEATSINK

■

17 TR_ME_NX_HEATS lNK_RTN I SISP28

I SISP28 9

10

8

8

1 I

19 lTR_SA_MTR_ENCDR SISP28 11 8

-++20 TR_SA_MTR_ENCDR_RTN SISP28

21 SPARE

22 TR_FAM_RADIATOR SISP28

12

13

8

8
1

9 1,2

l!!Qwx
1. Interface cable outer shield bondedto shell ofharness connector.
2. All twisted pair signals will be enclosed in an overall shield.

r
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Table Xd. MODP4: SIS-MODIS BDU Telemetry Interconnections (cent’d)

-m-

26

27

28

29

30

31

32

33

34

35

36

-37
38

39

40

41

42

43

44

Function Destination Wire Wire Twist Shield Color Interface Timing Notes
Size Type Group Group Circuit Diagram

Connector Pin (TBD 43) (Figure #) (Figure #)
(TBR 5)

TR_FAM_RADIATOR_RTN SISP28 14 24 T2 007 002 8 9 1,2

SPARE

TR_SAM_RADIATOR SISP28 15 24 T2 008 002 8 9 1,2

TR_SAM_RADIATOR_RTN SISP28 16 24 T2 008 002 8 9 1,2

SPARE

TR_ME_PSRADIATOR SISP28 17 24 T2 009 002 8 9 1,2

TR_ME_PSRADIATOR_RTN SISP28 18 24 T2 009 002 8 9 1,2

SPARE

SPARE

SPARE

CR_NAD_l _LATCHED SISP35 1 24 T2 010 003 10 11 1,2

CR_NAD_l_LATCHED_RTN SISP35 2 24 T2 010 003 10 11 1,2

cR_NAD_2_LATcHED SISP35 3 24 T2 011 003 10 11 1,2

CR_NAD_2_LATCH ED_RTN SISP35 4 24 T2 011 003 10 11 1,2

SPARE I
‘1

SPARE

SPARE

SPARE

SPARE

SPARE

SPARE

CR_SVD_l_LATCH ED SISP35 5 24 T2 012 003 10 11 1,2

!!!Q@s
1. Interface cable outer shield bondedto shell of harness connector.
2. All twisted pair signals will be enclosed in an overall shield.
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Table Xd. MODP4: SIS-MODIS BDUTelemetry interconnections (cont’d)

Pin
I

Function
I

Destination

Connector Pin
(TBR 5)

45 CR_SVD_l_LATCH ED_RTN SISP35 6
1 m ,

46 lcR_SVD_2_LATCH ED I SISP35 I 7
I M n

47 IcR_SVD_2_LATCH ED_RTN SISP35 8

48 SPARE

49 SPARE
1 m

50 I SPARE I

51 SPARE
I i

52 lsPARE I I
53 SPARE

54 CR_SDD_LATCHED SISP35 9
I m ■

55 lcR_SDD_LATcHED_RTN SISP35 I 10
I n m

56 lcR_cP_A_ON SISP35 I 11
I I a

57 lCR_Cp_A_ON_RTN SISP35 I 12
1

58 I SPARE I I

59 SPARE

60 SPARE
1 I m

61 I SPARE

62 ISPARE I I
63 SPARE

64 SPARE

65 CR_CP_B_ON SISP35 13

66 CR_CP_B_ON_RTN SISP35 14

Wire Wire Twist Shield Color Interface Timing Notes
Size Type Group Group Circuit Diagram

(TBD 43) (Figure #) (Figure #)

24 T2 012 003 10 11 1,2

24 T2 013 003 10 11 1,2

24 T2 013 003 10 11 1,2

24 T2 014 003 10 11 1,2

24 T2 014 003 10 11 1,2

24 T2 015 003 10 11 1,2

24 T2 015 003 10 11 1,2

‘1

24 T2 016 003 10 11 1,2

24 T2 016 003 10 11 1,2

Notes:

1. Interface cable outer shield bondedto shell of harness connector.
2. All twisted pair signals will be enclosed in an overall shield.



Table Xd. MODP4: SIS-MODIS BDUTelemetry interconnections (cont’d)

TRY
Type

Yxr
Group

?miii
Group =FT=

Pin Function

I
Destination Wire

Size
Notes

I m
1 1 n

67 I SPARE 1 I

■ ●

I I
68 SPARE

69 SPARE

70 SPARE

71 SPARE

72 SPARE

73 SPARE

74 SPARE

75 SPARE

76 SPARE

77 CR_ENABL_FAILSAF SISP35 19 10 11

10 11

10 11 ~

10 11

T2

T2

01724 003 1,2
n n I

78 ]CR_ENA6L.FAILsAF_RTN SISP35 I 20 24 017 003 1,2

79 lSPARE I I

80 ISPARE I I
018 00381 CR_PSl_ON SISP35 21

82 CR_PSl_ON_RTN SISP35 22

83 SPARE

24 T2

T2

1,2

24 018 003 1,2

=EEE 1,2

1,2

84 lCR_PS2_ON I SISP35 I 23 24

24

T2

T2

T2

019

019

003

003
m ■

85 lCR_PS2_ON_RTN I SISP35 I 24
1 u ■

86 ]CR_psl_SD_ENABL SISP35 I 25 24 020 003 1,2
1 u m

87 lCR_psl_sD_ENAf3L_RTN SISP35 [ 26 24 T2 020 003 10 11 1,2

88 lSpARE 1 I

1. Interface cable outer shield bondedto shell ofharness connector.
2. All twisted pair signals will be enclosed in an overall shield.



N
o
0
0

!?
m

w

Table Xd. MODP4: SIS-MODIS BDU Telemetry Interconnections (cent’d)

Pin
I

Function

I

Destination

I m
I 1 m

89 I SPARE I Ii m ■

90 I SPARE I
91 SPARE

92 cR_Ps2_sD_ENABL sisP35 27
I

93 ] cR_Ps2_sD_ENABL_RTN I SISP35 I 28
I m ■

94 lcR_sRvHTRA_ENABL I SiSP35 I 29

95 CR_SRVHTRA_ENABL_RTN sisP35 30

96 SPARE
1 m

97 [ SPARE I I
I ● ●

98 ]CR_SRVHTR6_ENABL SISP35 I 31

99 CR_SRVHTRB_ENABL_RTN SISP35 32

100 SPARE

w
Size

24

24

24

24

24

24

imr
Type

T2

T2

T2

T2

T2

T2

I(TBD 43)

m

m

021 003

021 003

022 003

022 003

023 003

023 003

1. Interface cable outer shield bondedto shell of harness connector.
2. All twisted pair signals will be enclosed in an overall shield.

I 1

I I

10 11 1,2

10 11 1,2

10 11 1,2

10 11 1,2
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Table Xe. MODP5: SIS-MODIS TM&F Bus - Side A Interconnections

Contact Function Destination Wire Wire Twist Shield Color Interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (Figure #) (Figutw #)
(TBR 5)

Center MODIS TM&F SISP6 Center 24 Twinax NIA N/A N/A 12 13 1
BUS A HI

Intermediate MODIS TM&F SISP6 Intermediate 24 Twinax N/A N/A N/A 12 13 1
BUS A LO

Outer shield MODIS TM&F SISP6 Outer Shield WA Twinax NIA N/A NIA 12 13 1
BUS A SHIELD

Contact

Center

Intermediate

Outershield

Table Xf. MODP6: SIS-MODIS TM&F Bus - Side B Interconnections

Function

MODIS TM&F
BUS B HI

MODIS TM&F
BUS B LO

MODIS TM&F
BUS B SHIELD

Destk

Connector
(TBR 5)

SISP7

SISP7

SISP7

ItIon

Pin

Center

Intermediate

Outer Shield

TiK
Size

Yz-

24

WA

TRY
Type

Twinax

Twinax

Twist Shield Color Interface
Group Group Circuit

(Figure #)

N/A N/A N/A 12

N/A N/A NIA 12

“A I “AI “A I ‘2

4
Timing Notes

Diagram ~

(Figure #)

13 1

-t

13 1

13 1

!!Mesl
N/A Not applicable
1. SISP6 “and SISP7 are single triaxial contact connectors.

Interface cable outer shield bonded to shell of harness connector.
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Table Xg. MODP7: SIS-MODIS C&T Bus A Interconnections

Interface Timing Notes
Circuit DiagramI Contact

I
Function

I
Destination Wire

Size

T

Wire
Type

Twinax

+

Twist Shieid
Group Group

N/A N/A

Coior

(Figure#)
I

(Figure#)
I

Pin

NIA 14 15 1Center

==E%3=-
Intermediate 24

NIA

Twinax NIA

I

N/A NIA

N/A
+

Outer Shield Twinax

Tabie Xh. MODP8: SiS-MODiS C&T Bus B interconnections

T
Wire Twist Shieid Color interface Timing Notes
~pe Group Group Circuit Diagram

(Figure #) (Figure #)

I
‘1

Twinax N/A NIA N/A 14 15 1

Destination
I

Wire
Size

sisP9
I I

Intermediate 24 Twinax N/A NIA N/A 14 15 1

Twin ax N/A N/A WA 14 15 1

N
o
0
0

E
u)

w-

IOuter shieid MODiS C&T
BUS B SHIELD

N!2t!2=
N/A Not applicable
1. SiSP8 and SiSP9 are single triaxial contact connectors.

interface cable outer shield bonded to sheli of harness connector.

■
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Contact

Center

Outer
shield

Table Xj.

Table Xi. MODP9: SiS-MODiS High Rate Data Link -Side A -Hi interconnections

Function Destination Wire wire Twist Shieid Color interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (Figure #) (Figure #)
(TBR 5)

MODIS sisP12 Center 16 G2 N/A N/A N/A 16 17 1
HRDL A HI Coax

MODIS SISP12 Outer N/A G2 N/A NIA N/A 16 17 1
HRDLAHi Shield Coax
SHiELD

Contact

Center

Outer
Shield

Iw2!!2s
N/A
1.

Connector
(TBR 5)

MODiS sisP13
HRDL A LO

MODIS sisP13
HRDL A LO
SHIELD

SiS-MODiS High Rate Data Link - Side A - LO Interconnections

Function
I

Destination Wire
Size

Pin

Center 16

[

win? mist Shield Color
~pe Group Group

G2 NIA WA NIA
Coax

‘xl“AI“AI“A
Not applicable
SiSP12 andSISP13 are single coaxiai contact connectors.

-t-

16

I

17

Notes

I
‘1

7-

1



Table Xk. MODPI1: SIS-MODIS High Rate Data Link - Side B -HI Interconnections

Contact

lFunct’OnH”:
Center

Outer
shield l!ii%!lH’I “s’20I ‘;$’I“A

mlna I Noteswire Twist Shield Color Interface TII
~pe Group Group Circuit Diagrafi

(Figure #) (Figure #)

G’ N/A NIA NIA 16 17 1
Coax

G2 WA N/A N/A 16 17 1
coax

Contact

-

Outer
Shield

Table Xm

Function

MODIS
HRDL B LO

MODiS
HRDL B LO
SHiELD

MODP12: SIS-MODIS Higt

Destination
I

Wire
Size

=+=+=

SISP21

II

Outer N/A
Shield

Rate

wire
~pe

Coax

G’
coax

ata Lin

Twist
Group

-iwr
N/A

- Side B -LO Interconnections

Shieid Coior interface Timing
Group Circuit Diagram

(Figure #) (Figure #)

N/A NIA 16 17

“AI“AI ‘6I ‘7

Notes

d
-

1

NQlm
N/A Not applicable
1. SISP20 and SISP21 are single coaxial contact connectors.
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Table Xn. FACPX: SIS-SBRC Faciiity Power interconnections (TBD 44)

Contact Function Destination Wire Wire Twist Shieid Color Interface Timing Notes
Size ~pe Group Group Circuit Diagram

Connector Pin (TBD 43) (Figure #) (Figure #)
(TBR 5)

FEED A SISP1 x

FEED B sisPl Y

FEED C SISP1 z

NEUTRAL SISP1 w

GROIJND sisPl GR

Tabie Xo. FACPX: SiS-SBRC Faciiity Locai Area Network interconnections (TBD 44)

Contact Function Destination Wire Wire Twist Shield Color Interface Timing Notes I
Size Type Group Group Circuit Diagram

Connector Pin (TBD 43) (Figure #) (Figure #)
(TBR 5) ,1

COLLISION+ ETHERNET 2

TRANSMiT+ ETHERNET 3

RECEIVE+ ETHERNET 5

VOLTAGE ETHERNET 6
COMMON

COLLISiON- ETHERNET 9

TRANSMiT- ETHERNET 10

RECEIVE- ETHERNET 12

+12V ETHERNET 13
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Table Xp. IGSEPX: SIS-IGSE IEEE-488 #2 Interconnections (TBD 44)

Contact Function Destination Wire Wire
Size Type

Connector Pin
(TBR 5)

DIO1 SISP3 I 1 1

DI02 SISP3 2

DI03 SISP3 3

DI04 SISP3 4

EOI SISP3 5

DAV SISP3 6

NRFD SISP3 7

NDAC SISP3 8

IFC SISP3 9
■ m m

t
I SQR I SISP3 I 10 I I

ATN SISP3 11

SHIELD SISP3 12

DI05 SISP3 13

DI06 SISP3 14

DI07 SISP3 15

DI08 SISP3 16

REM SISP3 17

GND SISP3 18

GND SISP3 19

GND SISP3 20

GND SISP3 21

GND SISP3 22

GND SISP3 23

SIGNAL SISP3 24
GROUND

Twist Shield
Group Group

midColor Interface Timing No
Circuit Diagram

(TBD 43) (Figure #) (Figure#)

1’

A



Table Xq. IGSEPX: SIS-iGSE High Rate Data Link -Side A -Hi interconnections

Contact

-

Outer
shield

Function
I

Destination
I

Wire
Size

Connector
I

Pin
(TBR 5)

MODIS SISP40
HRDL A Hi

MODiS
HRDL A Hi
SHIELD I ‘isp40I ‘;:’I“A

Contact

Center

Outer
Shield

M2te.s
N/A
1.

T
m5T
Coaxl I I

/
interface Timing Notes
Circuit Diagram

(Figure#) (Figure#)

16 17 1

16 17 1

Tabie Xr. iGSEPx: SiS-iGSE High Rate Data Link - Side A -LO interconnections

Function
I

Destination

Connector
I

Pin
(TBR 5)

9 ■

MODIS I SISP41 I Center

E&t-t=

Wire Wim Twist Shieid Coior interface Timing Notes
Size Type Group Group Circuit Diagram

(Figure#) (Figure#)
I
‘1

16 G2 WA NIA NIA 16 17 1
coax

NIA G2 NIA N/A NIA 16 17 1
Coax

Not armlicable
SISP40 and SiSP41 are single coaxiai contact connectors.



Table Xs. IGSEPX: SIS-iGSE High Rate Data Link - Side B -Hi interconnections

—

Contact

-

Function
I

Destination Wire
Size

Wim
~pe

lkvist
Group

-Fir

Shieid
Group

-Fir

Color

NIA

Interface
Circuit

(Figure#)

16

Timing
Diagram

(Figure#)

Notes

-

Connector Pin
(TBR 5)

MODiS SiSP48 Center
HRDL B Hi

II
Outer MODIS sisP48 Outer
shield HRDL B Hi Shieid

SHiELD “Al&xlN’A I “A I “A I ‘6 I ‘7 I ‘

Contact

Center

Outer
Shieid

Tabie Xt. iGSEPx: SiS-iGSE High Rate Data Link - Side B -LO interconnections

Function
I

Destination

Connector Pin
(TBR 5)

MODiS sisP49 Center
HRDL B LO

MODiS sisP49 Outer
HRDL B LO Shieid
SHIELD

Wire Shieid
I

Coior
I

interface
I

Timing Notes
Group Circuit Diagram

(Figure#) (Figure#)

16 NIA NIA N/A 16 17 11
C%

!

N/A G2 WA NIA NIA 16 17 1
Coax

N!Mesl
N/A
1.

Not applicable
SiSP48 and SiSP49 are single coaxiai contact connectors.



(TBD 45)

Figure 5. SIS-to-MODIS Power Interface Circuit
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(TBD 45)

I
‘1

Figure 6. SIS-to-MODIS BDU Relay Drive Command Interface Circuit(s)
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(’TBD 45)

Figure 7. SIS-to-MODIS BDU Relay Drive Command Timing Diagram(s)
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(TBD 45)

I
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Figure 8. SiS-to-MODiS BDU Passive Analog Teiemetry interface Circuit(s)
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(TBD 45)

I
‘1

Figure 9. SIS-to-MODIS BDU Passive Analog Telemetry Timing Diagram(s)
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(TBD 45)

Figure 10. SIS-to-MODIS BDU Passive B1-LeveI Telemetry Interface Circuit(s)
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(TBD 45)
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Figure 11. SIS-to-MODIS BDU Passive B1-Level Telemetry Timing Diagram(s)



(TBD 45)
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Figure 12. SIS-to-MODIS Time Mark and Frequency Bus Interface Circuit
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(TBD 45)
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Figure 13. SIS-to-MODIS Time Mark and Frequency Bus Timing Diagram
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Figure 14. SIS-to-MODIS Command and Telemetry Bus Interface Circuit
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(TBD 45)

I
‘1

Figure 15. SIS-to-MODIS Command and Telemetry Bus Timing Diagram
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Figure 16. SIS-to-NIODIS Science Data Interface Circuit
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Figure 17. SIS-to-MODIS Science Data Timing Diagram



6.2 Spacecraft Checkout Station-to-lGSE Interface

=—

6.2.1 Spacecmft Checkout Station-to-lGSE Hameea Definition

1.

2.

3.

The block diagram of the harnesses between the SCS and IGSE is shown in Figure 18.
(All harnesses are supplied by the Spacecraft integrator.)

The SCS+-IGSE harness lengths are shown in Table Xl.

The list of the IGSE connectors used by the Spacecraft Integrator to fabricate the
SCS-to-lGSE harnesses is shown in Table X11. ‘

a. The SCS+-IGSE interconnections are shown in Tables Xllla through Xllld. The
following legend is used for wire type:

Coax Coaxial transmission line

Sc Single conductor, unshielded

SCS Single conductor, shielded

TP Twisted pair, unshielded

TPS Twisted pair, shielded

Tn Twisted bundle of n wires, unshielded

TnS Twisted bundle of n wires, shielded

Twinax Twinaxial transmission line

b. All harnesses which are required by PN20005869, EOS-AM Spacecraft EMC
Control Plan, to have an overall outer shield have either a copper tape over-wrap
or a braid shield.

The copper tape is actually copper-plated mylar tape which is one inch wide. The
tape is then folded over 1/8 inch, making it 7/8 inch wide. The tape is 0.0017 inches
thick (0.0007 inch copper on 0.001 inch mylar). The wrap is lapped half its width.

Cables using a braid shield use braids similar to MIL-C-27500.

6.2.2 Spacecraft Checkout Station-to-lGSE Interface Circuit and Timing
Diagram

The SCS-to-lGSE interface circuit and timing diagram are shown in Figures 19 and 20.

Size Code IdentNo.

A 49671 20008846

ASD-EW 2051 3-S9



Scsbb

Scsh

Scs
SCSI]

SCSI>

N!2w:
SCS Spacecraft Checkout Station
1. Connector numbers are (TBD 46).

2. Harness Segment ID numbers are (TBD 47).

SBRC MODIS IGSE Jx I
SBRC MODIS IGSE Jx

MODIS IGSE
SBRC MODIS IGSE Jx

SBRC MODIS IGSE Jx I

.

Size tide IdentNo.

A 49671 20008846

ASO-EW 2051 349

Figure 18. SCS-tAGSE Harness Block Diagram
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Table Xl. SCS-to-lGSE Harness Length (TBD 48)

Description

HRDL A HI

HRDL A LO

HRDL B HI

HRDL B LO

Instrument Harness
Segment ID

(as shown In Figure 18)

Total #of
Segments

Total # of
Connector

Pairs

Total
Length

(meters)

Figure
#

18

18

18

18

Table X11. SCS-to-lGSE Connector List (TBD 49)

SCS Back Panel Connector SCS Harness Connector Drawing Function
Location

Designation Sheet Zone 1’1

High Rate Data Link A HI

High Rate Data Link A LO

High Rate Data Link B HI

High Rate Data Link B LO



E
Contact

Center

Outer
shield

Table Xllla. IGSEPX: SCS-IGSE High Rate Data Link - Side A - Hi interconnecti[

Function

MODIS
HRDL A HI

MODIS
HRDL A HI
SHIELD

Destination

T N/A

win?
Type

Coax

G2
Coax

Twist
Group

N/A

Shield
Group

-NT

WA N/A

Interface
Circuit

(Figure #)

19

19

Is

Timing
Diagram

(Figure #)

20

Tabie Xiiib. iGSEPx: SCS-IGSE High Rate Data Link - Side A - LO interconnections

Contact
I

Function
I

Destination

I Connector

I

Pin
(TBD 46)

Center MODIS SCSPX
I

Center
HRDL A LO

m

Outer MODIS SCSPX Outer
Shield HRDLA LO Shield

SHIELD

Wire wire Twist Shield Color
Size Type Group Group

16 G2 NIA N/A N/A
Coax

NIA G2 NIA N/A NIA
Coax

NQtes
N/A Not applicable

1. SCSPX and SCSPX are single coaxiai contact connectors.

Interface
Circuit

(Figure #)

19

19

20 1
Notes

1

1

Timing
Diagram

(Figure #)

-

Notes

I
‘1

-

20

I

1
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E
Contact

Center

Outer
shield

E
Contact

Center

Outer
Shield

J!h2tw
N/A

1.

Table Xlllc. IGSEPX: SCS-IGSE High Rate Data Link - Side B -Hi interconnections

I

dODIS SCSPX Center 16
+RDLB HI

vlODIS SCSPX Outer NIA
-iRDLB HI Shield
>HIELD

Interface
Circuit

(Figure #)

19

19

(Figure #)
I

Tabie Xiiid. iGSEPx: SCS-iGSE High Rate Data Link - Side B -LO interconnections

Function

MODIS
HRDL B LO

MODIS
HRDL B LO
SHIELD

Destination

Connector

I

Pin
(TED 46)

SCSPX I Center

---b=
9

WE
Size

7

N/A

m
‘:1“AI“AI“A

Not applicable

SCSPX and SCSPX are single coaxial contact connectors.

Interface
Circuit

(Figure #)

19

20

I

1

Timing

I
Notes

Diagram

(Figure #)

+

20
‘1”

20 119
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(TBD 50)
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Figure 19. SCS-to-iGSE Science Data Interface Circuit



(TBD 50)
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Figure 20. Science Data Timing Diagram
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6.3 Facility-to-MODIS IGSE Interface

6.3.1 Thermal Vacuum Chamber Penetration

(TBD 51)

6.3.2 Purge

(TBD 51)

6.3.3 Remote Data Processing

(TBD 51)

6.3.4 Computer Network

6.3.4.1 Internet Address

The MODIS internet address is (TBD 51).

6.3.4.2 Socket Address

The MODIS socket address (TBD 51).

Size Code IdentNo.

A 49671 20008846
I

I I sheet 133



7

1.

2.

3.

4.

INSTRUMENT PROCEDURES

Instrument procedures are listed in Table XIV.

Instrument procedure usage during instrument-level l&T,
launch activities is identified in Table XV.

Each instrument procedure is described in Section 7.1.

IGSE constraints and restraints are described in Section 7.2.

spacecraft-level l&T, and

Size Coda IdentNo.

A 49671 20008846

ASD-EW 2051 3-S9



Table XIV. Instrument Procedure List (TBD 52)

Number Reference

MMC MODIS Procedure Name Paragraph Source

AP–20001400 Assembly Procedure: Kinematic Mount Engineering 7.1.1 MMC
Development Models to Instrument Test Models

I
‘t



Table XV. Instrument Procedure Usage (ZBD 53)

East Windsor Activity Procedure

Pre-Delivety

Drill Mounting Holes

Drill Coldplate Mounting Holes NIA

Other MMC AP-20001 400

Transportation & Handling

Cleaning

IGSE Set+p & Check-out

BAT

Integration

Installation & Alignment

Coldplate Installation N/A

Electrical Integration

Electrical Systems Test

Power Profile

Transient Tolerance

Aliveness Test

Functional Test

Comprehensive Performance Test

Orbits

RF Systems Test

EM1/EMC

Compatibility Test Van

End-to-End Test

Size Code MeritNo.

A 49671 20008846

ASD-EW 2051 3-SS



Table XV. Instrument Procedure Usage (cent’d) (TBD 53)

East Windsor Activity

Thermal Vacuum Test

Launch Mode

Thermal Balance

Comprehensive Performance Test

Power Profile

Transient Tolerance

Calibration

Special

Acoustic/Shock Test

Alignment

Launch Mode

Deployment Verification

Aliveness Test

Spacecraft Activity

Leak Check

Comprehensive Performance Test

Mass Properties

Box, Pack, & Ship to WTR

Box, Pack, & Ship to Other Location

Procedure

I Launch Site (WTR) Activity I Procedure

Unbox I
Transportation & Handling

Cleaning

Closeouts
m

IGSE Set+p & Check+ut I

Comprehensive Performance Test
I

I Move to Pad

Aliveness Test I

Launch Mode II

I
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7.1 Instrument Procedure Description (TBR 6)

7.1.1 MMC AP-20001400, Assembly Procedure: Kinematic Mount Engineering
Development Models to Instrument Test Models

MMC AP-20001 400, “Assembly Procedure: Kinematic Mount Engineering Development
Models to Instrument Test Models” describes the assembly, installation, and shimming of
the test kinematic mounts.
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7.2 Instrument Ground Support Equipment Constraints and Restraints

7.2.1 (TBD 54) [Constraint or Restraint]

(TBD 54)

\

..
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APPENDIX A

10 ACRONYMS AND ABBREVIATIONS

Amp

ASD

BAT

BDU

BPS

BTC

C&T

C&T ICD

Cal

CTV

DAF

EICD

EMC

EMI

EOS

EVS

FAM

ft

GSE

Hz

l&T

l&T ICD

ICD

IGSE

MEM

MICD

MMC

MODIS

N/A

PRC

RF

RH

SAM

SBRC

Amperes

Astro-Space Division

Bench Acceptance Test

Bus Data Unit

Box, Pack, & Ship

Bench Test Cooler

Command and Telemetry

Command and Telemetry Interface Control Draw-ng

Calibration

Compatibility Test Van

Drill--Alignment Fixture

Electrical Interface Control Drawing

Electromagnetic Compatibility

Electromagnetic Interference

Earth Observing System

Earth View Source

Forward Analog Electronics Module

Feet

Ground Support Equipment

Hertz

Integration and Test

Interface Control Drawing

Interface Control Drawing

Instrument Ground Support Equipment

Main Electronics Module

Mechanical Interface Control Drawing

Martin Marietta Corporation

Moderate Resolution Imaging Spectroradiometer

Not Applicable

Passive Radiative Cooler

Radio Frequency

Relative Humidity

Space View Analog Electronics Module

Santa Barbara Research Center
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SBS

Scs

Sls

SLC-3

STE

Svs

TICD

v

VAC

VAFB

w

WTR

Spac6Background Simulator

Spacecraft Checkout Station

Spacecraft Interface Simulator

Space Launch Complex 3

System Test Equipment

Space View Source

Thermal Interface Control Drawing

volts

Volts Alternating Current

Vandenberg Air Force Base

Watts

Western Test Range
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PURPOSE

The Thermal Interface Control Drawing (TICD), 20008853, when executed, represents an agreement of
the detailed implementation of the thermal interface between the Eatih Observing System (EOS) AM
Spacecraft and the Measurements Of Pollution In The Troposphere (MOPllT). This drawing, together
with the Mechanical Interface Control Drawing (MICD) Drawing, 20008851; MICD Tables, 20008852;
Electrical Interface Control Drawing (EICD) Schematic, 20008854; EICD T*[es, 20008855; Integration
and Test Interface Control Drawing (l&T ICD), 20008856; and Command and Telemetry Interface Control
Drawing (C&T ICD), 20008857; describe the details of the interfaces between the EOS-AM Spacecraft
and MOPllT The to@evel instrument Interface Control Drawing (lCD), 20008850, provides the
instrument ICD tree and revision status for all sub-tier instrument ICDS.

I SCOPE

The TICD contains information on surface properties, thermal model analysis cases, power dissipation,
thermal control, and temperature limits for use in instrument and spacecraft thermal design and validation
of the spacecraft accommodation of the instrument thermal environment.

.
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1 THERMAL DESCRIPTION =—

1.1 MOPllT Thermal Design Description

The MOPllT instrument is designed to be cooled partially by the EOS-AM Capillary
Pumped Heat Transport System (CPHTS) and partially by a passive radiator. The
instrument Power Supply module (PSM) only is cooled by the passive radiator which is
integral with the PSM housing. The PSM and radiator are located on the +Y side of the
instrument. The remainder of the instrument’s components are located within the
instrument housing and are cooled via conduction through the instrument baseplate to the
CPHTS coldplate.

All thermally non-functional surfaces are covered with MU to minimize radiative exchange
with the surroundings. Conductive exchange with the EOS Spacecraft is limited by the
instrument’s three kinematic mounts.

MOPllT has two sets of apertures, one for Earth viewing (gathering science data) and one
for space viewing (calibration). These apertures are normally open and will only be closed
during instrument Safe Mode. These apertures are located on the +Z and +Y faces of the
instrument.

The physical thermal design features are shown in Figures 1a & 1b; thermal Fields of View
(FoV) that went into making up the instrument model are shown in Figure 2; resulting
thermal FoV accommodation is shown in Figure 3; relationship between the physical and
Thermal Radiation Analyzer System (TRASYS) model surfaces is shown in Figures 4a, 4b,
4c, 4d and 4e; and surfaces are described in Table 1.

1.2 Thermal Interface Description

The MOPllT thermal interface with the EOS-AM spacecraft is via the CPHTS coldplate.

1.3 Coldplate Thermal Interface Characteristics

An analysis performed by MMC thermal engineering provides the interface temperatures
at the 1 inch thick MOPIIT baseplate resulting from the power dissipations of the
components in the layout shown in Figure 1b. The nodal model of the baseplate is shown
in Figure 4d. The nodal model of the coldplate is shown in Figure 4e. The power
dissipations associated with each node are shown in Table lVb and the calculated
baseplate and coldplate temperatures for a 17.0°C evaporator vapor temperature are
shown in Table WC. In order to maintain the coldplate surface between 20 and 25°C the
CPHTS setpoint should be raised 0.8°C to 17.8°C. The results of the calculations for a
17.8°C evaporator temperature are summarized as follows:

MOPllT Baseplate Temperature 22.1 ‘C < T< 28.4°C AT=6.3°C
MOPllT Colddate Temperature 20.0°C < T < 22.3°C AT=2.3°C
MOPllT Coldplate Flux’ 0.44W/in2 < q/A < 1.29W/in2
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1. The figure shown above is the baseline configuration of MOPllT.
The latest RTM reflected in this document represents a previous
configuration. Figure la. Thermal Design Features

Calibration (Space) View Apertures (4)
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&1. See Table lforsurface properties.

2. The model shown above does not reflect the current baseline configuration
shown in Figure
available.

Figure 4a.

1. The above figure will be updated when new RTMs are

Surface Designations - Minus X, Minus Y, and Pius Z Surfaces
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See Table I for surface properties.

The model shown above does not reflect the current baseline configuration
shown in figure 1. The above Figure will be updated when new RTMs are avail-
able.

Figure 4b. Surface Designations - Pius X, Pius Y, and Pius Z Surfaces
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See Table I for surface properties. P

The model shown above does not reflect the current baseline configuration fiY
shown in figure 1. The above Figure will be updated when new RTMs are avail-
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Figure 4c. Surface Designations - Plus Y, Minus X, and Minus Z Surfaces
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Figure 4e. Surface Designations - CPHTS Coldplate Nodal Model Thermal Analysyis



Table L Surface Propetiies

TRASYS Coating Area (in~ Surtaca Emissivity Surface Absorptivity
Wrfaoa ID

calculated TRASYS BOL EOL BOL EOL
~BDOOl)

44001 Black Paint 776.28 0.90 0.90 0.90 0.90

44002 MLI 776.28 0.62 0.76 0.43 0.55

44003 Black Paint 441.81 0.90 0.90 0.90 0.90

44004 MLI 441.81 0.62 0.76 0.43 0.55

44005 Black Paint 1012.50 0.90 0.90 0.90 0.90

44006 MLI 1012.50 0.62 0.76 0.43 0.55

44007 Black Paint 576.25 0.90 0.90 0.90 0.90

44008 MLI 576.25 0.62 0.76 0.43 0.55

44009 Black Paint 355.71 0.90 0.90 0.90 0.90

44010 MLI 355.71 0.62 0.76 0.43 0.55

44011 Blati Paint 42.69 0.90 0.90 0.90 0.90

44012 MLI 42.69 0.62 0.76 0.43 0.55

44013 BlacAPaint 42.69 0.90 0.90 0.90 0.90

44014 MLI 42.69 0.62 0.76 0.43 0.55

44015 Black Paint 8.37 0.90 0.90 0.90 0.90

44016 MLI 8.37 0.62 0.76 0.43 0.55

44017 Black Paint 46.71 0.90 0.90 0.90 0.90

44018 MLI 46.71 0.82 0.76 0.43 0.55

44019 Black Paint 59.05 0.90 0.90 0.90 0.90

44020 MLI 59.05 0.62 0.76 0.43 0.55

44021 Black Paint 33.61 0.90 0.90 0.90 0.90

44022 MLI 33.61 0.62 0.76 0.43 0.55

44023 Black paint 355.71 0.90 0.90 0.90 0.90

44024 MLI 355.7+ 0.62 0.76 0.43 0.55

NQksi
BOL Beginning of life

c Celsius

EOL End of life

ID Identification

in Inch

TRASYS Thermal Radiation Analyzer System

Size Code MeritNo.

A 49671 20008853
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2 REDUCED THERMAL MODELS

The Reduced Thermal Models (RTMs) used for spacecraft-level analysis are identified in
Table Il.

2.1 Reduced Thermal Model Analysis Cases

The Systems Improved Numerical Differencing Analyzer (SINDA) RTM Analysis Cases are
described below, and the resulting temperature predictions are provided in Table Ill.

2.1.1 Analysis Case 1 - End of Life Science Mode

Analysis Case 1, End of Life (EOL) Science Mode, provides worst case maximum
temperature predictions and heater power estimates (if required) for the Science Mode.
The spacecraft is assumed to be in the normal operational Earth-oriented orbit and at
normal altitude. A rotating (sun-tracking) Solar Array is assumed. EOL thermal surface
properties for the spacecraft and instruments are used. Peak power dissipation profiles
(as received with the instrument reduced thermal models) for the science data gathering
mode of each instrument are included. The thermal worst hot case duty cycles for all
housekeeping equipment are used to provide a hot spacecraft interface. Instrument doors
and covers are assumed to be open. Three EOL Science cases were run with differing
angles between the solar vector and the orbit plane (i.e., beta angles = 13.5, 18, and 30.8
degrees).

2.1.2 Analysis Case 2- Beginning of Life Science/Standby Mode

Analysis Case 2, Beginning of Life (BOL) Science/Standby Mode, provides worst case
minimum temperature predictions and heater power estimates for the Science/Standby
Mode. The spacecraft is assumed to be in the normal operational Earth-oriented orbit and
at normal altitude. A rotating Soiar Array is assumed. BOL thermal surface properties for
the spacecraft and instruments are used. The instrument power dissipations are assumed
to be at standby ievels throughout the otitts (i.e., science data taking peak dissipations are
not included). For instruments with no transient power dissipations provided in the RTMs,
the same power dissipations as the EOL Science Mode are used. The cold case power
duty cycles for all housekeeping equipment are used. instrument doors and covers are
assumed to be open. Three bounding BOL Science/Standby cases were run with differing
angles between the solar vector and the orbit plane (i.e., beta angles = 15,24.5, and 30
degrees).

IA I
Size
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2.I.3 Analysis Case 3- Beginning of Life Survival Mode=—

Analysis Case 3, BOL Survival Mode, provides worst case minimum temperature
predictions and maximum heater power estimates for the Suwival Mode. Suwival Mode
represents a critically low power availability condition; therefore, the instruments and much
of the housekeeping equipment are powered off. Instrument and suwival heaters are
assumed to be enabled (i.e., power comes on when set points are reached). The
spacecraft is assumed to be in the normal operational Eatth-oriented otiit and at normal
altitude. A rotating Solar Array is assumed. BOL thermal surface properties for the
spacecraft and instruments are used. Instrument doors and covers are assumed to be
open. Three bounding BOL Suwival cases were run with differing angles between the solar
vector and the orbit plane (i.e., beta angles = 15, 24.5, and 30 degrees).

2.1.4 Analysis Case 4- Orbital Acquisition and Initialization

Analysis Case 4, Orbital Acquisition and Initialization (OAI), provides temperature
predictions and heater power requirements used to determine the spacecraft energy
balance in the initial part of the mission before the solar array is deployed. It is assumed
that the entire spacecraft (except batteries and propulsion tanks) is at 10° C at the
beginning of the injection orbit. Batteries and propulsion tanks are assumed to be at 20° C.
The spacecraft is Earth oriented but at injection orbit altitudes of 550 to 705 km; and the
Solar Array and High Gain Antenna are stowed. The models were run for 10 orbits to
determine how far temperatures would drop and how much heater power is required if solar
array deployment is delayed past nominal deployment. The appropriate acquisition and
initialization housekeeping equipment is assumed to be on, instruments off, and suwival
heaters enabled. BOL thermal surface properties for the spacecraft and instruments are
used. Instrument doors and covers are assumed to be closed. Three OAI cases were run
with differing angles between the solar vector and the orbit plane (i.e., beta angles = 15,
24.5,and 30 degrees).

2.1.5 Analysis Case 5- End of Life Sun-ointing Safe Mode

Analysis Case 5, EOL Sun-Pointing Safe Mode (SPSM), provides maximum temperature
predictions for equipment and instruments with -X surface exposures during SPSM.
(SPSM is entered when the spacecraft loses Earth lock. In this mode, the Solar Array is
“parked’ normal to the spacecraft X-axis, with the cells looking in the -X direction.) The
spacecraft is assumed to be in an inertially fixed orbit at normal altitude with the solar array
cells and the spacecraft -X axis always normal to the sun. The appropriate housekeeping
equipment is assumed to be on, instruments off, and survival heaters enabled. EOL
thermal surface properties for the spacecraft and instruments are used. Instrument doors
and covers are assumed to be open. Since there maybe no roll control in this mode, this
case was modeled for two roll positions about the X-axis: #1 with the H and +Z surfaces
alternately perpendicular to the Eafih around the orbit; and #2 with the H and *Y surfaces
alternately perpendicular to the Earth around the orbit. Both cases were run at beta angle
= 30.8 degrees.

Size Code IdentNo.
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2.1.6 Analysis Case 6- Beginning of Life Sun-Poin~ing Safe Mode

Analysis Case 6, BOL SPSM, provided temperature predictions and maximum heater
power estimates for the SPSM. The altitude and orbital orientations of the spacecraft and
the Solar Array are the same as the EOL SPSM for both roll positions, except that the BOL
cases were run at beta angle= 15 degrees. The appropriate housekeeping equipment is
assumed to be on, instruments off, and survival heaters enabled. BOL thermal surface
propeRies for the spacecraft and instruments are used. Instrument doors and covers are
assumed to be open.

2.1.7 Analysis Case 7- Orbital Acquisition and Initialization Sun-Pointing Safe
Mode

Analysis Case 7, OAI SPSM, provides temperature predictions and heater power
estimates for the OAI SPSM. (OAI SPSM is entered when the spacecraft fails to acquire
the Earth during the injection orbit.) The spacecraft and deployed Solar Array orbital
orientations are similar to the EOL and BOL SPSM cases (i.e., the OAI SPSM cases are
SPSM #2 upside down); except that the injection orbit altitudes of 550 to 705 km are used
and two OAI SPSM cases were run with diffe~ing angles between the solar vector and the “
orbit plane (i.e., beta angles = 15 and 24.5 degrees). The appropriate housekeeping
equipment is assumed to be on, instruments off, and survival heaters enabled. BOL
thermal surface properties for the spacecraft and instruments are used. Instrument doors
and covers are assumed to be closed.

2.2 Power Dissipation

The power dissipations used for spacecraft-level analysis are identified in Table lVa
through IVC. Power dissipation profiles are shown in Figures 5a through 5d. Two types of
instances in the orbit which maybe significant to instrument operation or spacecraft thermal
environment are indicated on the profiles. The following legend is used:

Terminators Day/Night and Night/Day Terminators are indicated on the profile.
The Day/Night Terminator is when the spacecraft ground track
passes from the daylight side to the night side of the Earth. The
Night/Day Terminator is when the spacecraft ground track passes
from the night side to the daylight side of the Earth.

Eclipse Eclipse Entry is when the spacecraft enters the Earth eclipse of the
Sun. Eclipse Exit is when the spacecraft exits the Earth eclipse of
the Sun.
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Date

TRASYS22file name

SINDA87 file name

Node #

=—

Table Il. Reduced Thermal Models

Preliminary

July 1992

MOPTV1-T.INP

MOPITSV2.INP

-26001-26022

Revision

Preliminary

November
1992 I 1
MPT-

THV3.INP I I

MPT-
SHV3.INP I I

44001-44033 I I

J!!ms

SINDA Systems Improved Numerical Differencing Analyzer

TRASYS Thermal Radiation Analyzer System

ASD-EW 2051 349

Size Code IdentNo.

A 49671 20008853
n
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SINDA
Node #

44031

44032

44033

Orbit Avg.
Heater
Powsr (w)

Table Ill. Analysis Case Temperature Predictions

Temperature Range Analysis Case T6mperaturs Predictions (C)
(c)

(TBDO02)

Op Non-0p 1 (rnsx) 2 (rein)
I

3 (rein) 4 (rein) 5 (max) 6 (mIn)
I

7 (mIn)

26 21 -7 6 -18 -20 -20

29 24 -7 6 -18 -20 -20

28 23 -7 6 -18 -20 -20

57 52 -7 6 -18 -18 -18

WA NIA 0.0 0.0 0.0 NIA 14 14 5

J!hm2si
BOL

c

EOL

max

min

Non-Op

Op

SINDA

Beginning of life

Celsius

End of life

Maximum

Minimum

Non-operating

Operating

Systems Improved Numerical Differencing Analyzer

Size Code IdsntNo.

A 49671 20008853

I I I sheet 24, ,
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Table IVa. Power Dissipation
(See Note 1)

Node #/Description Average Power Dissipation (Watts)

Mode

Safe Survival Science

44005-BSP o 0 60.0

44031-SCC CONT o 0 30.0

44032-SCC COMP o 0 60.0

44033-PWRSUP o 0 50.0

Total RTM electrical o 0 200.0
dissipation

Detailed model - (TBDO03) (TBDO03) (TBDO03)
electrical dissipation

Detailed model heater (TBDO03) (rBDoo3) (TBDO03)
power

dotes:

BSP Base Plate
SCC CONT Stirling Cycle Cooler Controller
SCC COMP Stirling Cycle Cooler Compressor
PWRSUP Power Supply

1. Values in this table correspond to those used in the RTMs

Size Code Ideni No.

A 49671 ~ 20008853
I
I
i

ASD-EW 2051 3-S9

●



=—

Table lVb. Power Dissipation - Baseplate Power Dissipations

Ncde Numbers
. . .

Desqmon
. .

1s- (wattsl

2003,2004,2005
2008,2009
3001
4001
3002,3003,4002,4003
3004

4004,4005,4006
7009,8009
5002,5003
5004,5005
5007,5008,6007,6008
5009,6009
6002,6003,7002,7003
6002,6003,7002,7003
6004,6005,7004,7005
7004
3009,4009
8001
8002,8003
8004,8005,8006
9003,9004,9005
9008.9009

5.335
13.04
2.37
2.37

4.305
2.37
2.37
7.87
4.74
9.48

2.795
56.88
29.03

1.78 “
1.82

2.795
2.37

13.04
4.74

4.305
7.87

5.335
13.04

PMC & Drive Electronics
SPM #l (Detector Elect.)
Calibration Sources
Calibration Sources
Optical Bench, Chopper, Scan Motor
PMC Sieve
LMC Sieve
LMc
ICM
Chopper/Heater Drive Elect., TCMM
LMC Drive Electronics
Cooler Assembly
Cooler Drive Electronics
Chopper Drive
Scan Mirror Drive
LMC Drive Electronics
LMC Sieve
SCI
Calibration Sources
Optical Bench, Chopper, Scan Motor
LMC
PMC & Drive Electronics
SPM #2 (Detector Elect.)

Total 200.05

Stze Code Ideni No.
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Table IVC. Power Dissipation-Baseplate and Coldplate Calculated Temperatures

MOPI’IT TOTAL INPUT HEAT ADDITION ‘IO COLDPLA~ -200.050 W
HEAT ADDITION ~ EVAPORATOR PUMPS -200.055 W
EVAPORATOR VAPOR TEMPERATURE - 17.000 C

COLDPLA~ TEMPERATURES (C) COLDPLATE FLUXES (W/SQ IN)
40%SECTION 60% SECTION 40% SECTION 60% SECTION

21.498
21.304
21.045
20.778
20.542
20.319
20.072
19.769
19.602
19.865
20.468
21.015
21.161
20.913
20.561
20.262
19.996
19.749
19.569
19.547
19.762
20.166
20.560
20.860

20.966
20.797
20.572
20.341
20.136
19.940
19.723
19.457
19.312
19.549
20.082
20.565
20.681
20.441
20.127
19.861
19.625
19.404
19.241
19.213
19.386
19.716
20.039
20.275

BASEPLA~ TEMPEIUTURES (C)

0.564
0.602
0.731
0.865
0.983
1.094
1.1%
1.187
1.271
1.139
0.837
0.564
0.488
0.608
0.784
0.933
1.066
1.190
1.280
1.291
1.216
1.109
0.912
0.848

0.487
0.511
0.623
0.739 I
0.841 1Evaporator Pump
0.939 I
1.033 IEvaporator Pump
1.059 I
1.132
1.013
0.747
0.506
0.435
0.527
0.684
0.817
0.935 I
1.045 IEvaporator Pump
1.127 I
1.141 IEvaporator Pump
1.058 I
0.902
0.741
0.690

NOTE:

Numbers in bold correspond
26.97726.33225.95025.484 24.87824.41723.94023.677 23.585 to upper& lower values on
27.10226.49526.17625.647 24.79224.15123.60823.579 23.558 baseplate& coldplate
27.30726.71826.20025.51 124.20423.45022.85022.578 22.809
27.38526.84826.196 25.358 !23.368 2252622.01121.662 21.940! Coldplate Outline
27.35427.06726.189 24.802 !22.689 21.93621.96621.683 21.493!
27.37826.82325.983 24.751!~! ColdPlate Oufine
27.45526.84526.13425.190 23.13222.34821.98621.586 21.470
27.61726.98526.44925.756 24.70723.90523.11522.656 22.537
27.51726.93326.65326.115 25.19624.44223.76323.754 23.521

Size Code IdentNo.

I

r

A 49671 20008853

sheet 27

ASD-EW 2051 349



(w

pg.

No
0
0
02mm
CJ

-.

totalpowerdlsslpatlon= Avemgepowerdlsslpatlon

43

33

Survival(TBROOI)

I
- Launch (TBROO1)

I
0.0 _

I I I I I I
I I I

I 1 I I I I I 1
I I I

o 1

Night/Day
Terminator

.cmw
1.

2.

@
1

D

#

#

Day/Night
Terminator

9 I* 09 8

I 1* @@ I

I II II 8

8 II 01 I

9 *8 00 #

Ecllpse E:dlaa Night/Day Day/Night Eclipse Ecllpae
Entry Terminator Terminator Entry Exit

Power dissipation includes 22!A0contingency

Power profiles are estimates for the baseline configuration provided by

(minutes)

NlghVDay
Terminator

COM DEV

and are not reflected in the RTM and tables included in this document. -This applies
to Figures 5a through 5d.

Figure 5a. Power Dissipation Profile - Launch Mode
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3 THERMAL CONTROL

1. Heaters, coolers, control sensors, and temperature telemetry sensors are described in
Table V.

2. Heater and sensor locations are shown in Figure 6.

3. Temperature limits are given in Table W.

ASD+W 2051 3-S9
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Table Va. Temperature Control
(TBDO05)*

ID PSM - primary PSM - Dust Cover 1 Dust Cover 1
Redundant Motor/ Bearing Motor/ Bearing

Primary Redundant

Function Survival Survival Survival Suwival
Heater Heater Heater Heater

Type Thermostat Thermostat Thermostat Thermostat

Location/RTM node

Device

Control Sensor

Telemetry Sensor

Temperature Telemetry
Sensor Acronym

Heat Sink Power Supply Power Supply Motor Case Motor Case
Housing l-lousing

Control Method Thermostatic Thermostatic Thermostatic Thermostatic

Power Source 11OVDC 11OVDC 11OVDC 11OVDC

Dissipation (W)

Rated Power

@ Specified Voltage

Set Points (C)

On

off

● Where the majority of the table information is TBD, the entire table has been identified as TBD in the
table title. Table information will be filled in as it becomes available.

c Celsius

ID Identifier

w Watt

PSM Power Supply Module

Size Code IdeniNo.
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Table Vb. Temperature Control - (Continued)
(’TBDO06)*

ID Dust cover 2 Dust cover 2 Dust Cover Dust Cover
Motor/ Bearing Motor/ Bearing Latch 1 Latch 2
Primary Redundant

Function Survival Survival Suwival Survival
Heater Heater Heater Heater

Type Thermostat Thermostat Thermostat Thermostat

Location/RTM node

Device

Control Sensor

Telemetry Sensor

Temperature Telemetry
Sensor Acronym

Heat Sink Motor Case Motor Case Latch Case Latch Case

Controi Method Thermostatic Thermostatic Thermostatic Thermostatic

Power Source 11OVDC 11OVDC 11OVDC 11OVDC

Dissipation (W)

Rated Power

@ Specified Voitage

Set Points (C)

On

off

●

NQ.tfs
Where the majority of the table information is TBD, the entire table has been identified as TBD in the
table title. Table information will be filled in as it becomes available.

* Coolers only

c Celsius

iD identifier

w Watt

Size Code IdentNo.

A 49671 20008853
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Figure 6. Heater and Sensor Locations



Mode

Launch

Safe

Survival (see Note 2.)

Turn-on

Standby

Science

NQks
●*

1.

2.

Table Via. Temperature Limits
(See Note 1) (TBDO08)

Average (C)

Teiemetry Acronym

MOP-Tx ___________

Minimum (C) I Maximum (C)

Teiemetry Acronym

MOP-Tx- ---- ---— --

T

Where the majority of the table information is TBD, the entire table has been identified
asTBD in the table title. Table information will be filled in as it becomes available.

Telemetry identified by* is invalid when instrument power is off.

Survival limits represent temperatures beyond which the instrument cannot recover and
meet performance requirements.

I
‘1



Table WI. Reference Documents’

Document Number Date Document Title Source
r

● Table information will be filled in as required.

Size Code IdentNo.

A 49671 20008853

ASD-EW 2051 349


