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. Systere SRMS
Eubsystemn: ELEGTRICAL SUBE-8YSTEM

Axzemhly Dese: Sarvo Power Amplifmr

Part Number(s); 511408 1177-2 S11WFITRE

Funclion: Digital nterface Azsambly Facaivis AN i9ads comnmand data ko CPU, Genemtes postion encader clock and
ayne sighals, processes pesdion snooder 335 ard edermal g3 and assamoies
raturn dars for rarsmission Lo MCIL,

Failure Mode: Fallure of one or more Exiemal Flags.

HW Func. Scresn Failires
Criticality: 3R B

Mixshon Phasa: Qo

Cause(sh: Digital trerface Asammbhy Emonacus icdemal flag #3.
Errcneous axtermal fags &1 and #2.

Extarnal flag #1 failed nigh.
Extermald flag ¥ failead iowr,
Extarma Mg ¥2 faked fugh.
Extarrmt fing #2 faied iow.
Exterrral fiag #3 faike] Righ.
Exiwmal ffag #2 falled

. Losa of sxiemal fags anatie sk,

Failwra alffett on
unitiessd iberm:
Less of o tae gignal for EEEU BITE, End EMector fags of shouider braca fleg. I eapture of rigld g logt, kaxded rates will not ba et when
ond effector saquence i complstad. Arm may (IMp cortnuously if aulo capturne mitiated, motor could weall or slip clutch if =nd effeedar lags are
FTOMAOLE OF AN Sequence could atop prematurely  End affecior manusl moda & still avaiapls.

worst Cace: Linenpected Payined rofion. Incomplata CEapNETHeaes peguinon, Crévy 30HDn neguined.

Redutdart Paths: End Effecior Manuat mode.
End Efector Backup Ralease.

Retenton Rationale

Dacign:
The design utilizes prosen Clreil bachianue and e mplemented (aing GRS logic devioss. CMGS caicas operate at [ow powar and hence
ke nol mqearianca sigrificant Operating Stresses. The echnclogy b maiure, and daice retiablity history s well documnentad. All SUESsEs are
additonally mduced by cerating th ADOMIPIE PErSmetars if ACCMTANCE Wit SPAR-AMS-PA.DO3. Spetial handling precautions are usad at

wmgudmmm“mmmmwwmdwwm digchargs.

Frashstors and capactorns Lnad in ihe oasign e selcted Inom astablshed reliabiiity (ER) types. Life mpecancy & Increased by snsuring
[hat all aowabi stress avein ars devaied in acsordance with EPAR_AME.DA OXY Al cemmie and elecirohiic CAPRCROTS are roulinedy
subjected to radrgraphic imepaieticd (R accomleres with e raqurements of MSFC-STO-352,
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Tusr:

InEpection:

rickd Pragammahée Sate Arrays (FPGA'S) and the Emor Detectian ane Comraction (EDAL] are sami-custom RiCMCituls in which th
design functional slements are designed by the manufacturer. Tha imMersannaction of these Skmets is then Customized by Spar to provs
functiorality of e completrd micmoirgud. The Cesign UTiliaes proven cireus technlques and = smplemenmn usng CMOS technology, Ths
Tethnokgy oparmias at low pewse W herep the device does Mot sperience agnificart opersting effedsas The tecrmcioy 5 mative, and e
Basic device reliabilty |5 well documented. Al uTEARes AFe additivnally reduced by deralineg the Appropfietm paramsters |n Fetordance with
SPAR-AMS-PA 003 and verifiad by deslgn ruvies.

This appredsh has a significant Achvankzge in Bt it reduces the quaittity of dmcrate parnts requirsg in the RSB and 2D the camphexity ¢
the PR and resuts in Eignificant weight and yolums savings. Thig type of sermi-custam part has meen successiutly USed in sther space
apphcations.

The parts are qualified {o the: requirsrmants of the dppicacie dpecification. They are 100% sorssnad and buresd In tes tee requErsments of b
Spsr regquTements GoGUent.

T SPA baard is habricxted Uaing Surface Moynt Techrciogy (SMT. Ths 5 a PWE wREaMbly tachnokgy in which [he compansnts are
&oldered to the gokier pads gn the surtace of e PWE. Tha signifizant acvantage 5f this technology is to Bnabke the PaMS On the baard 1o ba
mare denesly patkad, b reduce b3 ovarsll vaume and wWaigiTt of Me assembly.

Thar assembly process is Righly automeled The parts ara mouTied on the boards AT 3 Gomputer controlied "pick amd placa” machine, Thw
subsaguant saldanng operation s parfored U5iNg a belt fmacs in which the Sme temperatirs thermal profile that the PYWR ABSAmbly is
WAROGE 10 is bghily controlled and sptimized £ arswura MTper part soldwing attachment. The ascembly is Manufactured under documented

Inludes wogkmanship, &amponast mounting, soldering, ar Gonfarmal coating Lo eheure that i 18 it Sccraa e with the NHE 5300 standards.
The SMT lutm used for tha SPA FWE assambly fas yndersana a full quaification program, and assemblies prodisced on this line are Used n

QUALIFIZATION TESTS - Tha 5PA & Bubjectad to the doliowing quakication leshing:
VIERATION: Each s of tha M is subjected to Flght Acceptanca Vibration Test (FAVT), Qualfiration Accaptanca Vibrefian Test (QAVTY,
and Quakfation Vibration Tests {QVT} in arcaance with the SPA Vibraton Test Procedure (S2358481 The level and durstion for FAVT 15 an
per Figure 8 wnd Tabks 2 of E2858S the bave! and ouration for QAYT is S fr Figure 7 and Table 2 of S28585; the jewel and dyratign for QW s
a5 per Figurs B and Table of 2GS At the & af the thres Spcoesse FaRgom vibration test i g3ch axi, bom directions (-] of sach of
mdsissmpdadtuashackpuh-m:ﬁparﬁgumﬂulazm. .
THERMALWACULIM: QM TVAC Test 5 i accardanse with Figura S of the SPA TYAC Test Procedure (A25SBAY_ with full
Funclionat/Farametri Test parforted af levals of 50 cegress C and .35 dagrese O, and ren-operating st -S54 degrees ., Trae Cualification
vacllam fevats during TWAD & 1X10-5 1o or lexs. The toial kst doretion & T 1/2 tvoles. The QM 5P8 m suk|actad b 2 funimom of 1000
Prowrs of ik hesting and 1800 powsr Q=01 oycles,
EME. The OM is cubjeciid i EMO Tasting leats CEC1/CEQD, CEQT. OO G302, G508, REQZ. R0 and RSO3 In aecordance with the
EPA EMC 1est Procedurs (B264TT) basad on MIL-STO-351 4

UNIT FLIGHT ACCEPTANCE TESTS - Tha FM SPA i Subecrsd to the following i:l:-lpﬁnce [esting.
VIBRATION: FM Scoaptance ViIbMion Tesl {AWT) N accordaee with the SPA Vibmation Tea Procegurs (B26538), with ey and duration as

par Figure € 2nd Tabia 2 of 828585
THERMALVAGUUM. FM TVAL Testis in anomiance with Figurd E of the SPA TVAC Test Prosedure (EH2E5SG), with kevets of «48 degreas C

and -25 gegrees C for 2 duration of 1 172 Gyclas. The vacuum jevels aunng Avieptanee TVAC Test is 1X10™-5 fom of less.

JOINY SRU TESTS « The SPA is tasled 25 part of the joinks fambient and bration tests ondyl. Tha ambiant ATP far the Shoulder Jeir,
Elbow Jennt, and Wit Jolnt are ma per ATP 2001 ATF.2003, and ATP 2005 respactively. The vibration teet for the Shoulder Joint, ard Elbe
OF WISt Joutt are as per ATP 2002, ATP.2004 and A TE.2008 rempectively. Thraugh wire function. coninuty and electreal Eoition tecte e
perfortned por TP 283 )

MECHANICAL ARM REASSEMBLY - The SPA's! Irinty unaerpd d mechanical zm |Ftegrabon slage where ekctrical checks are perfommsd
por TR, 2007

MECHANICAL ARM TESTING - The dutpoing split-arm is eanfiqurad on the Strongback and the Maripgiaior Arm Chackowt i perfomed
par 8TRP 1932,

FLIGHT CHECKOUT: PORS QRS Chadkaut (al vahiclos) JRIC TEIET.

Unss wrw mamnfactones under docummamed quality Gontrols. These combls are sxemcised Hroughout design pricurement, planeeng,
recaiving, pocessing. fabrcation, RIsembly, tAsting and shipming of the ynits, Manrdalary nepection points are empicyed ol visious stapes of
Fabrication, assembly, and lesl. Govamment source inspection m mynked at varkus conimi Javels.

EEE pans inspechon m performad ax raquisd By SEAR-RMS-PA D03 Exch EEE parl i qualified &t Ihe part kevel to Ihe regurements r..
appleable speciflcation. AW EEE parts are 190% screwneq and Sumed-n. as a MinIMum, & required by SPAR-RMS-P 4,003, by tha suppl
DFA is parformiad as required by P4.003 on w indomly selected 5% o parts. madmum 5 Pbces, MinimUm 2 precas foF sach (o numbendat
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OMRAL Cffline:

OMRSD Online
nskallation:

CMRELD Online
Turnaround:

.Scnln Failure:

Crew Training:
Crew Aclion,
Cperatianal Effect:

Minswen
Gt ainis:

oocle of parts resened, Al cavity devices are subjected to 100% PIND. Wire i procured o specification MIL-AWV-Z2753 o MIL-WW-81381 and
nspecied and tested to NASA JSCMEDED Slandard Number 854,

Recaring inspechon verfss thal all parts racehsed sre s ideaniified in the procurement doauments, that no physical damage has sosurmed to
pats during shigment, that the recening docaments provide adequite tracsatdty infomaation B Serecning date clarly emtifies acceptable
pars.

Parts aré inapinsted throughout manafachure and assembly &5 appropriats lo the manulaciuring stage complated. Thasa INSpectizing includs;

Printed eirtuit Boand inspechan for track saparbion, darmage and adequacy of plated through holes. cOMpenent Mouring Inspecikan for
cormect Sokdering, wire looping, shrapping, ote. Cparslors and NGPectons ane trained and certified to MASA NHB S300,4(3A-1) Standand,
Confarmnal coating inspection for adecuate processing is perfommed using uitravielet gkt teghnigues. P.C. Board instalkation ingpection ndludes
sirecks for comest board insalkation, shgnrand of boars. proper connector contact mating, wire routing, siapping of wires sic. Post P.C.
Board instxdlaton inspection s clennbness ard workmananip (SparDoweMMant a0, MAanNDatory NEpschon point).

Unit Pre-Accaptanca Test rspecton, which Includes an audh of lower ber inspestion complation, as bull configuretnn verification 1o as
Sesign sic (mandabery inspestion pointy. A unik Taet Readiness Riview (TRR) which includes verification of test personnel, teat documents,
teent BqUipTENL catitratoryvalldation status and hardyene canfigunebon . comenied by G in sonjurclion with Engireering, Reliability,
Ceahguration Contrel, Supplier a5 applicable, ard b govermment reprecentative, prier b the start of any formal testing {(Aoceptarca or
Gualificalsn]. Ut evel Acceptance Teating (ATR) includes ambion] parformance. themal and virmtion besting {Spangovemment rep.
mandatery nspaction point), .

[Mtegratian of unit ta Joint SRU - Inspections Imdede grounding checls, connecion fer berd or pusihiack contacts, viswrl, seanliness,
interconnect wirng and piwet Up sk Lo tha appropriate Joint Inspection Test Pocadurs (ITP). toirt ievel Pre-Accapiance Test Inspeclion,
NCIAeE an 2ucE Of Icwer Her inapection caneiion, 23 bult conflguration verification o 2a design etc. Jeinl kel Accepiance Testng (ATF)
Wnciudes amblent mnd visraticn kb (Eparigoveriitbnl rep. mandatory inspaction poit).

Mechanical Arm Rasssambly - the (Megration of medhanical AN SubasseMbees. b 1O the assemiled AMM. NSPacicns s parfaormad a
each phase of Inlegration which ielucks sactrical chesis, though wiring checks. wiring rouling. Infarface conneciors for bent or pushback
sovitasts ete, Mechanical Arm Testing - Stromgback and flat fioor ambient performance test (SpargoverTment 2. Mandatony NsEection DK,

Power-up am, Perform and affector captune mnd relezse. Varily oomect end effechor status. Venily mo EEEL BITE.

Noma.

Ferfomn end sftectar caplure and release, Yerify comest end effector siatus. Verffy no EEEL BITE. Perform Shoudder Brade riddarté and
lmteh. Varify cormect Shoulder Brooe shatue.

A Panz
8: Lot of EEEU BITE cannot be detecied.
G Paxa

The graw will be rained to racaghizs snd raspond b0 il off-nomina| cosrticns of the end effector.
Spply brakes. Use End Effacier Manwal irode or Backup Releass.

Erd Effactar o caphurs/relemss caquonos siops prematuraty. EE Auto made o st EE Manual mode remaine sveilable. |t may take lsnger o
EOMpasta 3 CARTUNS SAGLINCE,

Duriryg tAptuie oF ressasa of a frae-fyng mykmd, the EE shall be far enouph away Trom ortiler struciursiother gerylosds/E VA Craw mamber that
M TGt Giwd DoGUr regardiees of pyvkee rotatiors.

Bpprovals:

Functiona) Group T FPosition Talaphana Cate Sigred  Status
- Higz, Michael | SPAR-BRAMPTON Systems Enginesr Fr v DEMarse Sigrma

g bulity Mowgaard_ Lena f SPAR-BRAMPTON Reliability Engrssr #5330 OEMarss Sigreed
Progrm Marsgerment CfTie  Rics_ Craig / SPAR-BRAMPTON Technical Program Manager L8492 QSMarss Signed
Suibaryshirn AR Glenn Georga ! JSC-ER RMS Subsystam Mansger {2017 4831516 30Marss Signed

T ectuwwenl Manager Allimor, Ran / JSC-MVE RMS Project Enginesr JSC (T13) 4334072  CAApEE Signed

Sd 1T o whrsiorew Asrinduics  Lopel, DANPS IK PG RS SR Dardeordbis (B WP IT  Tu £, i 8L
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