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Cause(s):
(R LI
RMCISTER
fALLS 1n
PARALLEL.

{2) oero
1SOLAION
FARLURE,

(1) outeut
DAIA DRIVER
FAILURE.

FALLUN EPreCe
o
InD 1N

MY 10 av¢
DAIA WILL o Im
ErROR . apm wiIL
RUNAWAY  OF COMNF
SLILGESA (o8
$hie, A~
CoeumicAl 1w
FATLURE WLt
CAUSE
AUTORRANES

10 Bf
INITEATED. ARM
WILL sYoP,
LOSS OF
COMPUTER
SUPPORTED
MODES,

LOSS OF LINPENG
DURING EwnD
EFFECION
CAPILRE,

UORST CASE
UMEXPECIED
MOTEOM. SIx
JOINT RUNAWAY .,
AUID BRAKES.

REDUNDAME PATHS
REMAINING

1} AUtOBAAKES
CIOR SAFING IHE
SYSIEN).

2} DIRECY
DRIVE AND EWD
EFTECIOR MANUAL
ORIVE MOOLS.
(FOR COMTENUING
OPERATIDNS),

SUPERLIDING BATL: WONE

STSTEM: FLECIRICAL SUBSTSIEN
assey pyR: STVEDFTTYY SHEES: t
wour / 1. RALIONALE FOR ACCEPIANCE .
m
ONTICALITY

SCREENS: A-PASS, B-PASS, C-PASS

DESICN FEAIURES
OISCRETE SEMECONDUC HON DEVICES SPECIFIED 10 A1 LEAST THE T
LEVEL OF WIL 319500, Agyg DEVILES ARE SUBMLIID 1O
RE-SCALLMING BY AN JMDLPENDAME TE51 HUUSE . SAMPIES OF Aty
PROCURLD LOTS/DAIE CODES ARE SUBJECIED 10 DESIRUCTIVE PHYSICAL
AWALYSIS (OPA} 10 VERIFY ITHE JNIEGRITY OF THE MANUFACTURING

PROCESSES, DEVICE SIRESS LEVELS ARE, OERAIED IN ACCORDANLE
WITH SPAR-AMS-PA_00) AND VERIFIED BT DESGH REVIEWM,

ALL RESISTORS AND CAPACIIORS USED [N YHE DESIGN ARE SELECIED,
TROM ESTABLESHED RELIABILITY (ER) TYPES, LIFE EXPECIANCY |S
INCREASED BT ENSURING THAY ALt ALLOVABLE SYRESS LEVELS ARE
OERATED IN ACCORDANCE Wi K SPAR-AMS-PA.GDY. ALL CERAMIC AND
ELECIMOLTIIC CAPACITORS ARE ROUTINELY SUBJECTED 10
RADJOGRAPHIC INSPECIION.

YHE DICDE AND TRANSISTOR  WHICH COMPRISE AN OPIOQ- ISOLATOR, ARE
SUBJECIED 1O YHE SAME QuhLITY AnD APPLICATIOR COMIROLS AS
APPLIED YO DISCREIE SEMICONDUCIORS .

THE DESIGM UTILIZES PROVEN CIRCUIT TECHNIQUES AND |§
IMPLEMEMIED USING CHOS LOGIC DEVICES,

CHOS DEVICES DPERATE AT 10V POWER AND HENCE DD NOT EXPERIENCE
SIGNIFICANT OPERAYIMG SIRESSES. THE VECHHOLUGY §S MAIURE
OEVICE MELIABILIYY HISTORY 1§ WeLy DOCUMENIED. ALL SIRESSes
ARE ADDITIOMALLT REOUCED A7 DERAI (NG THE APPROPRIAIE
PANAMETERS IN ACCORDAMCE WEIN SPAR-RHMS-PA.00Y. SPECIAL
HANOL ING PRECAUYIONS ARE USED A? ALL STAGES Of MAWUFACIURE 10
FRECLUDE DAMAGE/SIMESS DUE 10 ELECTROSIAIIC DESCHARGE.

THE WIRING BETVEEM YHE SOARDS S UFILI2ED 10 ELIMENALE
CONNECTOR FAILURES.
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RECISTER
FAILS IN
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FATLURE,
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FAILURE,
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FAILURE Wity
CAUSE
AUTUBRAKES
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INITIATED. ARM
wILL StoP.
105§ Of
COMPUTER
SUPPOR TED
MODES ,
LOSS Of LIWPING
DURING END
EFFECION
CAPIURE .,

UORST CASE
UNERPECTED
MOPION, SEX
JOINT RUNAUAY.
AUIO BRAKES.

REDUNDANT PATHS
REMAINING
1) AUIOBRAKES
(FOR SAFING INE
SYSTEN),

2) DIRECE
DRIVE AND END
EFTECION MANUAL
DRIVE WIDES .
{100 CONTIWMIING
OPERATIONS ),

CSUPTRCEDING OAVE: WONE

Furiavief "$hvd st Metirion—— -

HOWR / FUNC.
2R
CRITICAL HYY

SYSIEM: ELECIRICAL SUBSYSIEH
assy p/RSTIEORYIYZ

KATIONALE FOR ACCEPIANCE
SCREEMS: A-PASS, B-PASS, C-PASS

ACCEPTANCE iESIS o

THE SPA IS SUBJELTIED 10 THF FOIHEOMING FRVIROKMERTAL TISTEHG AS
AN SMT,

O VIBRANIOM: $EVEL AND DURATIOM - REFEREHCE TABLE ¢

0 THEAMAL ¢ PLUS 70 DFGREES € 10 -25 DEGREES C DURATION -
t 172 CYCLES

THE SPA 15 IHEN TESTED AS PAR] OF THE JOINTS ACCEPTANCE TESIS
(VIBRATION AHD THERRAL VACIAM [EST), .
THE SPA'S/JDINTS UNDERGO RMS SYSIEM 1ESTS (1P518 RMS
SIRONGBACY AND IP552 FLAT FLDOA 1ESIS) MIICH VERIFIES 1HE
ABSENCE OF THE PAFLURE NODE.

QUALIFICATION TESTS

VHE SPA 15 SUBJECIED 10 THE FOLLOVING SRt QUALETICATION TESH
ENVIRONMENTS. IHE SPA WAS ALSO TESIED AS PAR) OF THE JOINT
QUALIFICATION TESIS.

0 VIIRAIION:

LEVEL AND DURAIION - REFEREMCE TABLE &

20G/11 MS/3 AXES (6 DIRECTIONS)

O VHERMAL VAC: +B) DEGREES C 10 -34 DEGREES C {6 CYCLES)
1x10%*6 TORR

D SHOCK:

0 HMIDEIY: TESTED WIIH THE SHOULBIR JOINT

0 ENC: MIL-S1D 469 AS MODIFIED BY St-€-0002 (TFS)
CEQ1, CE03, CSO1, CSO2, CSO6, RE01,
REO2 (N/B), RSD1}

FLIGHY CHECKOUT

PORS OPS CHECKLSS) {ALL VEWICLES) JSC 14987

DAYE: 10 g o1

CIL REV:

SHEED: 2

le
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REF,
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INPUT DATA
AND
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ety 4

REFERENCE
SCHEMARIC
2583721 awp
2561722

I'RFPARID BY:

MiuG

PROJECT: SRMS
Ass 'y woMPRETX

FAMURE MODE
AND
CAUSE

MODE -

ERRONEOUS
DAIA
TRANSHI [ TED
10 SPA,

CAUSE(S):
(1) SHIFY
REGISTER
FAILS IN
PARALLEL.

{2) oeto
|SOLATOR
FAILURE,

{3) outeut
DALA DRIVER
FAMLURE,

FAILURE EFIECT
[1]

EMD HTEM

MCIU 1O ABE
DAIA WML BE IN
ENRUA. ARM WilL
AUNAVAT, SECOME
SLUGEISH o
SHW  vaggw
CO iAW
FAILURE MiLL
CAUSE
AUTOARAKES

10 8
INITIATED. AN
wHLL Sioe.
toss of
COMPUTER

SUPPOR 1ED
WODES.

LDSS OF LIWPING
DURING [ND
EfFECTON
CAPIURE.,

WORST CASE
UNEXPECIED
MOIION, Six
JOIRT RAUMAVAT,
AUTO BRAKES,

REDUNDANE PATHS
REMATR NG
t)  AUTOBAAKES
(TOR SAFENG TNE
SYSTEN).

2) oIREcH
DRIVE AND EWD
EFFECTOR MAKUAL
DRIVE MDES,
CFOR COMTINUING
OPERAT |ONS Y,

Siil’l-ll'll'lillﬁ DATE: MUNE

viut :"§ek

v Poote Mrrrrer————

INSTAL SYSIEM: ELECIRICAL SUBSYSIEM

ASS'y poRISVTABINITT

HDWR f FUNC.
27k
CRITICALEYY

RATIONALE FOR ll{tEPilHtE
SCREENS:

A<PA$S, B PASS, C[-PASS
OA/ INSPECT | OMS o

UNITS ARE MAWUFACTURED UNDER DOCUMENTED OUALIIY CONTROLS.
THESE CONTROLS ARE EXERCISED THRIRIGHOUT DESIGH
Pluuﬂl"!“l, Fll"'ﬂ"ﬂ, RECEIVING PROCI'SS'“G, llﬂﬂl(lfll’w.
ASSEMBLY 1ESTING AHD SHIPPENG 0! THE UNITIS, MANDATOHY
INSPECTION POINIS ARE EHPLOTED AT VARIOUS SIAGES 6
FABRICATION ASSEMBLY AND VESI. COVERMMEN! SOUNCE
INSPECTION 1S INVOKED AT VARIOUS COWTROL 1EVELS.

EEE PARIS INSPECTION IS PERFORMED AS REQUIRED BY .
SPAR-RHS-PA.003. EACH EEE PAR) [S QUALIFIED AT IHE PARI LEVEL
10 THE REQUIREMENTS OF IHE APPLICABLE SPECITICATION, ALL EEf
PARIS ARE 100X SCREENED AND BURWED IN, AS A MINIMUM AS
REQUIRED 8T SPAR-RHS-PA.003, BY IHE SUPPL IER. A0DI T fomALLY,
EEE PARIS ARE 100X RE-SCREENED tN ACCORDANCE Wi TH
REQUINEMENIS, BY AN IKDEPEWDEMI SFAR APPAOVED TESTING
FACILITY. OPA 1S PERFORMED AS REQUIRED 8y PA.00S ON A RANDOML Y
SELECIED SX OF PARIS, MAKIMM S PIECES, MINIMUM § PIECES FOR
EACH LO) WUMBER/DAYE CODE DF PARTS RECE|vED.

VIRE 1S PROCURED 10 SPECIFICATION HIL-U-2275% OR MIL-W-B1381
AND INSPECIED AND TESIED 10 NASA JSCMBOAD STANDARD MUMBER 954,

RECEIVING INSPECTION VERIFIES THAT ALY PARTS RECEIVED ARE AS
TDERTIFIED IN THE PROCUREMENT DOCUMENTS  THAT NG PHYSICAL
DAMAGE HAS DCCURRED 1O PARIS DURING SHIPHENT . THA) THE
RECEIVING DOCUMENTS PROVIDE ADEOUATE TRACEABILITY |NFORMATION
AND SCREENING DATA CLEARLY IDENTIFIES ACCEPTABLE PARIS,

PARIS ARE INSPECIED FHROUGHDU[ MANUFACTURE AND ASSEMBLY AS
APPROPRIAIE 1O THE MANUFACIURING STAGE COMPLETED. THESE
INSPECTIONS INCLUDE,

PRINTED CIRCUIT BOARD INSPECTION FOR TRACK SEPARATION, DAMAGE
AND ADEQUACY OF PLATED THROUGH HOLES,

COMPONENRT MOUNT{NG IWSPECTION FOR CORRECT SOLOERING, WIRE

LOOPING, SIRAPPING, E1C. OPERATORS AND INSPECIORS Afe IAAIKED
ag cerfurreo 10 nksA wue 5300.4¢1n) STAMDARD, AS MUDIF €D
BY JST 08800A.

COMFORMAL COATING INSPECTION FOR
PERFORMED USING ULIRAVIOLED £IGH? TECHRIQUES,

POST P.C. 80, INSIALLAITOM ENSPECTION, CLEANLINESS AND H
VORKMANSHIP [SPAR/GOVERNMENT REP. MANDAIORY INSPECIION POLNI)

ADEQUALE PROCESSING IS

P.C. BD, INSIALLAIION INSPECTION, CHECK fom CORRECT BUARD
INSTALLAYION, AL IGHMENT OF BOARDS, PROPER COMNECTOR COMIACT
MATING, WIRE ROUTIKG, SIRAPPING of VIRES ETC.,

PRE-CLOSIIRE INSPECT 10W,

WORKMANSHIP AND €1 AN [NC 5%
(STAR/GOVERNMLML REP.

- MANDATORY ENSPECTION POLIKY)

PAE-ACCEPTANCE TES! INSPECTION, WHICH IRCEEOES AW AUDIT OF
LOWER FIER INSPECTION COMPLENION, AS 8L CONF IGURAT ION
VERIFICATION 1D AS DESIGH EIC., (HANDAIORY INSPECTION POIRE) .,
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PREFARED BY:

WAME_ QiY_ &

" FATLURE wODE

ASS'Y womlHI[

PROJECT : snnsl’Tﬁiz'!E[!gV&!;;fK‘ [2 I

STSIEM: ELECIRICAL SUBSYSTEN

FNEA FAILURE EFIEC]
REV, pRauinG nés. AND oM
DESICNATION CAUSE END ITEN
0 INPUT DATA MODE : MCIV 10 ABE
AND ERRONEOUS OATA WILL BE IN
MULTIPLEXER OAIA ERAUR, ARM WI(L
alt-s IRANSHITIED IUHIUII, BE L OME
REFERENCE 10 SPA. SLUGCISA OR
SCHEMAT IC SI0P. “AgE™
2563721 AMD CAUSE(S): COMMUNICAT ION
2563122 (1) SHIFL FAILURE WILL
REGISIER CAUSE
FAILS IN AUTOSRAKES
PARALLEL . 10 98
INITEATED. ARM
(2) oP1D wILL Stoe.
I1SOLAYOR LoSS of
FAILURE. COMPUIER
SUPPORFED
) outP HOUES,
DATA DRIVER LOSS OF LIMPING
FAILURE. DURING EMD
EFFECIOn
CAPTUAE .
WORSY CASE
UNENPECIED
MOTION, S$tN
JOINT ALNAWAY,
AUTD BRAKES,
REDUNDANT PATHS
REMATNTNG
1) AUICORAKES
(FON SAFING TRE
SYSIENM) .
2) ORECY
DAIVE AKD END
EFFECTOR MANUAL
ORIVE MODES,
(FOR CONTINUING
OPERATIDNS ),
"G SUPERUCDING DATE: NONE

Assy peRTSITEDTNTIT

Hl)b; { FUNC, .H!M”lm.ll-(_iﬂﬂ lCEE;’TIH[E_ o
L]

/
CRITICALETY

SCREENS: A-PASS, 8-PASS, C-PASS

A TEST READINESS MEVIEY CIRR) WHICH fNCIUDES VERIFICATION OF
TEST PERSOMNEL . TSt DOCLMIMIS, TES) FOUIFHIHT TR IBRATLONY
VALIOATIOW sialus AHD HARDWARE COMEEGURATION S COMVENLD By
QUAL 1T ASSURANCE M CONJUNCTION WITH ENGCINEERENG
RELIABILETY  COWFIGURAN LON CONTROL, SUPPLIER AS ll“l‘ll[ﬁ.ﬂlf,
AND 1HE GOVENMENT REPRESENTATIVE, PRIOR 10 1HE START OF ANY
FORMAL TESTING (ACCEPIANCE DR DUillfICAIIOH).

ACCEPTANCE TESTING (ATP) INCLUDES AMBIEW) PERTORMANCE
THERMAL AKD VIBRATION TESTENG, (SPAR/GOVERMMEN! REP,
NANDATORY INSPECTION POINI},

IHTEGRAVION OF UNIT 10 JOINT SRU - INSFECHIDHS INCLIDE
GROUNDING CHECKS, COMNECIORS fOR 8LN1 UR PUSHBACK
CONIACIS, VISUAL, CLEANL INESS ENTERCOHRLCT WIRING AND
POVER LIP TEST 10 YHE APPROPRIAIE JUINT tHSPECTION 1EST
PROCEDURE {11P} ElC,

JOINT LEVEL PRE-ACCEPTANCE 1ES! INSPECTION, INCLUDES AN
AUDIT OF LOWER T1ER INSPECTION COMPLEIYON  AS BUILT
CONFIGURATIOM VEREFICATION TO AS DESIGN elc.

JOIND LEVEL ACCEPIANCE JESTING CATP) INCLIDES AMBINET,
YEBRAYION AND THERMAL - YAC TESTING.
(SPAR/COVERMMENE REP. - MANDATORY INSPECTION POINI).

SRMS SYSIEMS INIEGRATION, THE IHIEGRATION Of MECHAN]CAL ARM
SUBASSEMBLIES AND THE FLlGHI CABIN EQUIPMENY 10 T0URM IHE SRMS .
INSPECTIONS ARE PERFORMED Al EACH PHASE OF INTFGRATION WHICH
IMCLUDES GRINMDIMG CHECKS, IHRY VIRING CHECXS, WIRING ROUY NI,
INIERTACE CONNECIORS fuR BeMT DR PUSH BALK COMIACIS £iC.

SANS SYSTENS 1ESTING - SINONGBACK AND FLAT FLOOR AMBIEN!

PERFORMANCE TEST. (SPAR/GOVERNMEN? REP. - MANDATORY INSPEC!ION
POINT)
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SCHEmALIC
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KNG

FANVURE MUDE
AND
CALSE

not
LT 14 T1)
OA1A
TRAMSMITHED
10 SPA.

CAUSE(S):
t1) s
REGISTEN
FAILS IN
PARALLEL ,

(2) oeto
150LATOR
FAILURE.

(3} ouIpt
OATA DRIVER
FAILURE,

PROSECT: nus
nssw [ nrm

llI{Ull l”lfl
nm ll"l

MCIU 10 ABE
DAIA VHLL BE N
ERROR, ARM WIL)L
AUNAWAT . OFECOME
SLUGGIsh om
slw. llla[ﬂ
COMINECATION
FAILURE WHIL
CAUSE
AUTOBRAKES
10 9

ENITIATED. ARM
WILL STOP,
LOSS Of
COMPUTER
SUPPORTED
MODES

LOSS OF LINPING
DURING END
EFftCion
CAPIURE,

WORST CASE
UNENPECTED
HOTION. SIx
JOINT RUNAUAY,
AUTG BRAKES.

REDUNDANY PATHS
REMAINING
1) AUIDBRAKES
(FOR SAFING IHE
SYSIEM).

2) DImECt
DRIVE AND €MD
EFFECTON MANUAL
ORIVE MODES.
(FOR CONTINUING
OPERATIONS).

.SUP[RHD!IIG DATE: NONE

fuf: bt St Moy ryen ———

SYSTEN: Ellclﬂcll SUBSYSTEM
ASS'Y Py "5"!07

CREYICALEYY

!Al ICIIAlf mn lCCEPT!HCE

SCREENS: A PASS, 8-PASS, € PaSs
FAILURE #IS10RT T '

THERE HAVE BEEN NO FARLURES ASSOCIATED WITH THIS FAILURE
MODE ON THE SHMS PRUGAAM.
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DESICNAL tuw
1%, 0 INPUT DATR
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1-ntm.nin BY: NIUG

FALTURE mD#
AND
CALSE

oL :
ERRONEDUS
DATA
IRARIMIVIID
10 SPA,

CAUSE(S):
(1) SHiNY
REGISTHER
FAILS IN
PARALLEL.

t2) orlo
1SOLATOR
FAILURE,

{3 ouTPil
DATA DAIVER
FAMLURE,

FROJCN:
ASST wewlHELAT

SANS

FANLLRE 41000
L]
UNl ETEM

MO 10 ABE
DAFA WILL BE IW
ERRUA, ARM UL
RUHAGAY Y10
sumcish on
SINP, “ABE™
COMMUNICATION
FAILURE WL
CAUSE
AUTOBRAKES

10 B¢
INFTIAYED. ARM
vitL Slop,
LoSS of
COMPUTEN
SUPPORTED

MO

€S.
1055 OF tINPING
DURING EWD
EFFECION
CAPTURE,

UORST CASE
UNEXPECIED
MOTION, SIx
JOINT AUNAUAY,
AUTO BRAXES.

REODUNDANT PATHS
REHALINENG
1) AUTOBRAXES
(PO SAFING IHE
STSTEN),

2} DIRECy
DRIVE AND END
EFFECTUR MANUAL
DRIVE MOOES.
(FOR COMTINUING
OPERATIONS ).

SUPERCEDING DATE: WOME__

fnf "8

u
L

INSYALLED _ STSTEM: ELECIRICAL SUBSYSIEM
V0 POuTh I‘Fl[[m ASS'Y P;ET§I_I§QI‘_II?T SHIET:
mu.q2 .;.runc RATTONALE FOR ACCEPIANCE

!

CRETICALDNY SCREENS: A-PASS, B-PASS, C PASS

OPERAT I DAL [H[tTSi

BAD DAMA.  AUTOARAKTS. DIRFC) DAIVE AND BATKUP AVALLAINT .
CAMMOE USE COMIUTIR SUPPORTED MODES UF OPERATIIN. ARM WH L N
STOP AUTOMAVICALLY IF AN UNGEEECTLD FAILUSE OF Iof AUVOBAAK | Hi;
STSTEM HAS PREVIOUSLY UCCURRED .

CAFW ACTION

APPLY BRAKES. USE DIRECT DRIVE

EREY IRAINING

THE CREW WILL BE VAAINED 10 ALWAYS DBSERVE WHE LHER THE ARM
IS RESPOMDING PROFERLY 10 LUMMANDS. [I (1 ISN*E, APFLY
BRAKES .

HISSION CONSTRAINT

OPERATE UNDER VERNIEM RATES WETHIN 10 F) OF STRUCTURE, THE
OPERAIOR MUST BE ABLE 1O DEIECY IHAD [HE ARM/PAYLOAD 1S
RESPONDING PROPERLY 10 COMMANDS VIA WINDOW AND/OR CCIV
VIEWS DURING ALL ARM OPERATIONS.

GHRSD OF 1L INT

VERIFY ABE COMMUNICAITON,

OMASD OMLINE INSIALLATION

VERIFY NO ABE COMMUMICAIION FAILURE .
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