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S AIRPORT RD

CIL Ref#: 3031
IRAMPTON ONTARIO LES4)3 Revisian: 0 FMEA Rev: §
. System: SRMS '
Subsystery ELECTRICAL SUB-SYSTEM
besornbly Dess: Serve Powe: Amplifer
Part Numbaris): S1140F1177-3 SM1aFN7S
arm:
Furkction: Motar Drive Amipliter Ascembly Frovides motor volt2De baced on damand from lchometer slectonica.

Commutates the motor drive woftage, Provices Rardware cutTent fimiting, brake
drive, direct drive functions and efabies bacdkp drive. Provdes BITE girouits and
BITE varification fr MDA,

Fadure Mode: Loss of or Errongous Qutput from Euck Regulator,

HAY Func. Scresn Fadlures
Criticality: 2 1R

Mizslon Phase; Criit

Causa(x]; Meior Drive Amplifber Assembly Buck regulator Tails overvatage,

Huck reguiator fafka ahodted 1o ground.
COMM BITE Mag k0 CUTent sensor FPGA Fals sclve.
Degraciad MOA voitage ranslent (Auponss,
Lori of bechzirm rabum path,
Less of buck magListor woRags & commytation bridge.
Lesss of buck maguiator voltags.

. Lo of or arroneotm anakg cemand votage o buck regustnr in all modes:
Lixi & or erroneous inhxmaton to cuent sensor F RF5A.

Loaw af of smonecus MOA dernand dats (o buek negulmtar in computar supported
Mg,

.

Fuiurs effact an
unit'end mem;
Loss of of armanecus volagn apphed o mobor. MOW demand volage BITE will cetect that voltags &t outhut of buck reguiator |5 meonsigtent with
demand ol mput. MCIL auicbrakes. Logs of CompUber supdnad moda. b divect drive joint brake mary be applied.

Worst Caxs: Linexpactsd motion. Joint ruroeway.  odokraoss

tedundant Paths: Auinhrakes (e Sata the System).
Diirexct Dirive {11 Avsslatla),
Backup Drmne.

tention Rationala

Dexign:

The design vhilles proves trcuit techriques and is mplementzd using CMOS logio devices. SMOE devicas opbrate & low povwer 3N banca
do net experience signifcant cperaling sirexyses.  Tha IBchnology ts matrs, and cevice redabily history = well dooomented. A0 Shistses ane
additonally reducsd by darating the sppropriate pararmsters in ezasancy with SPAR-RME-PA.CJ3, $pecdal handlng precautians ane s a
il stages of manufaciure o preciude damagerstresa dus 1 ekstitrgtatic ciactarta.

Gnrnpamurs‘ and cperahicral ampiifions an sendard Unear ntegratad cirouits with mature marufastunng mehroogy. Applicallon carstraints
are in accordance with SPAR-RMS-PA. D3, :

The [ o A eonvartar & sermiwd B tha requiramants of SPAR-RMS-PA O3
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Test:

Digtrele semicandlctor deviees ane Epecifind 1o ot last the T level of MIL-5-15500. Samples of all procured loty/date CenlBg Bre Sy
to destructive physical analysls (DPA) to verify Ine Integrity of the manufacturing processss. Particla Imesct Nolse Dateclion (FiND) '
k& PR on microcroults, transistor and dindes that are maonted o 2 package witlt an Internal cavity canetnretion. The purpess of the les
to detect IDpse particiea m Ihe pamimge, Uil resufiing from the asgembly process. Device sirass levals are dergted 10 acsordance with
SPAR-RMS3-PA D02 and veriflad by design raview,

Field F'ro-_gramrmbh Gale Array_s (FPGA'S) and the Error Delection and Corrasiesn {EQAC) ard samv-custom microcingults in which the ba:
axsgn functional elerrgars ars designed by the manufactner. The miecanneston of thass sements i3 than customezed By Spar Io provice I

SPAR-RMS-PA 103 and vafled by design review,

This approach has a slgnificant actvandmpe (1 that it reduses e quanbty of discrete parts required in Ine assemioly and also (he complexiy
b IPWEL and res,iz in significant waight and volume savings. This hpe of sevti-cumiom part has Been succesafully used in cmer space
apphcations. .

Tha parts are quallfied to the mquirerments of e wpplicabla pecificalian. They ara 100% seraaned ang bumed in to Ihe regquiremerts of th
Gpar requiramants decurmnant.

Resdsiors and capasiom used in the doign are sslactad from extablizhed rekabity (ER) lypes, Lifs expuctancy is nortased by angUring
that all alowable siremg (wvafs are derald in socordancs with SPAR-RMS-FA D03 All ceramiz and elecirolytic capackors are routinady
sugacted |o edographic iNspeaction in aooordance with tha recpremants af MSFC-STD-358,

TrAnsTomers and inductors are designad spacifically for the appication. Thews any toroid-wound and utlize a fewite care Matarial Choice
al wire size and of inauletion materiars exgure that tha aarating requirenemty of SPAR-AMS-PA 0403 are mat

The 3FA beard i fabricated using Surfues Mourt Technalogy {8MT). This |5 2 PAWE sasembly rechnology in which the COmponents o
zaldered to tha scldnr pads on the suifacs of 1ha PWE. Tha significart sdvantage of this tshnalogy is b enabk the parts on the-Doard ta be
more denealy packad, to mduce t evaral wiyme and welght of tha axsemiply,

The 23semisy process o highly automated. Tha PAMS 312 Mounied o the beands using a cormputer controlied "pick and place™ machine, Th
Eubsequent soldenmy opertion is parfarmead WG a bet fumace, ik which the Bme and ternparatuns hemal profile thet the PWE assembly 2
expoged b s bightly controlled #hd oplimited to sreure prober part scidening attachwrient. The meembly |5 manuiectunsd under docymented
procedurss and quality controls, Thekaw controls are exergksed throughoul Ine assembly, Inspection and testing of I unit. This Inspestion
inCludes workmanzhip, componan) meurting, solderng, and sanfarmal coating 1o afsure that i & in accordance: with the NHE 5300 stanaﬂ

Tha EMT line uned for the SPA PWB assembly has Lndifpans a Rl quakfication proveam, and assembles precoced o this (ne are u
oher SpEcE progrRams.

The Gircuit board design fs bean reviewed to snsure adequorte canducter wirh ared separstion and It eonfirm pppropate dimenskns of
sawder pade and of companal Reld provisions. Pearts mounbng metheds are contralied in Accordancs with MSFC-5TL=154A, MEFC-ETD-138
and 5ASD Z57ITE. Thess documents feguire appommnd mounking methads stress rokiad and component aacunty,

QUALIFICATION TESTS - The SPA ks subjectsd [ the Foloming qualification leing:
VIBRATION. Each wvin of e OM i Subjaetind th Flight Acceplancs Vikmdbon Test (FAYT), Qualicalion Accaptancs Vibeation Tes! (LAY,
and Qualification Viration Tests (GVT) in sccordance with the SPA Vibriisn Tegt Frocedure (A26596). Tha level and duration for FAVT is aa
pes Fagure & and Table 2 of BE2G585: the level arc duraben For QAVY s 25 per Figura 7 and Table 7 of B26534: tha lvm ang durtion for OVT is
B pir Figuie 8 and Tabis of B2ESE5. Al the end of the thres SLcCesaive random vibrrtion besl In sach axis, both dimetions f+-] of sach of the
W7 e Subjecied 1o a shock pulae test &8 per Pigure 9 of 326585,
THERMALNYAGUUM. OM TWAD Tast I8 it atdordanss wih Figure 5 of the 3P8 TVAC Tied Procedurs (S50, with fui!
FunctionalParametric Tesl performed 3 levels of +50 degreses © and -38 degrees G, and nON-Oparating at -5 degrees =, The Cuallficatian
whCuwm devels during TWAC ig TX10"-8 hur of ieas. Tha hetal ket duration b 7 1/2 Sycles. Thu OM 5PA I eubjected to 4 mincnam of 100G
howre of i besting and 1000 pewer On-OHT oyries,
EML® Th QM i subjeried te EMC Testing {teste CEIM/CEQS, £E0F, 050, 0802, CGADS, REDZ, RS02, and B30} in ascomance with the
EPA EMC tes: Procedure (825477 based on MIL-2TD-451 A,

LNIT FLIGHT AGCEPTANCE TESTS - The FM SPA |6 subjected I Ihe hllowing sccaprange testing:
WIRRATIQN: FM Accaptance VYibrlion Tesl (AVT) in accordancs wih the S84 Vibratan Test Progadurs (ECMESAS), with kevel and duration as

par Figure B and Tapble 2 of EXEEAE.
THERMALAVAZUUM: FM TVAGC Taut in in mccardance with Figure 5 of ihe 8R4 TVAC Tt Frocedume (EEREEAR), with hevelx of +49 degrass

wred -25 dagrees C for 3 duratisn of 1 1/2 eysies. The vecuum leveis auing Accaptance TVAS Tes! 15 %105 borr ar s,

JOINT SRU TESTS - The SPA is tested as part of the joim= (ambaent and vibration tests oaly), The amblent ATR for the Shoukter Jennt,
Eibow imimt, and Wrint Jolrt are 25 par ATR2001, ATP 2003, and ATR 2008 respectively. The wbration test for the Shoulder Joint, and Elbow
er Wnst Juint are as per ATF.2002, ATP.2004 and ATP 2006 raspectively. Theaugh wire funstion, conttuty @i alectingd imslahan oot are

peeformad par TP 233, ' ‘

EMS/ELEC - 714
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. . ) MECHANICAL ARM REASSEMBLY - The SFA s/ Jointy LNdergo a mechanic am iribegeabon slage whers slecttical checks are pertormad
per TR.2007. .
ME_EH%\J%GAL ARM TESTING - The outpalng spiit-2rm is senfiguned an e Strangback and the Mariputisr Arm Checkou = parformed
pror ATF 1832
FLIGHT CHECHOUT. PDRS OPS Cheokgut (all vehioles) JSC 18387,
InSpeaction:

Linits are manufactured Under oocumeniod quahty cortroly. THess contios ara soreius Inmoughaut design trocuremenl, planmng,
receiving, processing, fabrcation. dssembly, keding and shpping of the units. Mandetory mspaction points am employed at varouws slages of
febrication, assemidy, and test. Gowersmant saurce inspacion 15 Invaked af variowes montred isvds,

EEE parts inspection s performed aa raquired by SPAR-RMS-FA 003, Each EEE part = qualifiad at the part lewal to the requirements of the
applicabie specifisation. All EEE pmirte are 100% screencd and bumned-it, a3 & munimiem, a5 requires by 5P R-RMS-PA 003, by the supples
DA is performed &5 required by PADOS on & randamly setected 5% of parts, mximum 5 piscas, minimum 2 preces for each lot numDerdate
code of pans redéived. All cavity dovices are subjested to 1009 PIND. Wire is procured to specification MIL-WV-22759 or MIL-W-81381 and
Inspected and tesiad o NASA JSCMBOAD Standard Number BSA,

Receiving Inspaction verfica that all parts rcsind are 20 iertified b ine procurement docamants, that e physical damega hes oocurmad o
PaME dUrning shipment, that the receidng dotuments provide edequats racasbillty infomatian i screening dat clearly idenlifies scowgtabie
parts.

Parts am ingpacied threughout Mnufactuns ind mmssmbly 23 3pEORTIIW 1o the manufzciuning umpe campisted. These inspections includa:

Printed cozuit board mapsction for rack separation, camage andl sdequacy of plated through holas, compoment mounting iespegtion for
carrict sakimnng, wirs loping. srapeing, sic. Openators and iNspectons s rained and cerified 1o NASA NHB 5300 4(3A-1) Standard,
Confamal soating inspection for adequste pracessing is parformed wiung wravicket Kghl tachniques, P.C. Board irstliption inspechon (nciudes
checks for comact board Leetyiaton, Aignmen of boards, proper connector commet mating., wiee fouting, strappey of wires aic. Post B.C.
Board instatiation inspettion includes cleanliness and workmanahip { Sparigeresrnment rep. mandatary mnspection paint).

Urst Pre-sccaptanca Tast inspaction, which inciudes an audit of kwey tier inspectian compiation, a5 buil eanfigurshon verification to ax
design &ic (mandatory ingpection point. A unit Test Readiness Reviw [TRR) which includes verification of trst perscnns, tast docLmants,
test equipment calibrationvalicetion stxthm end hardware configuration is oonmened by 04 0 conjungtion With Enginesring, Rualiiliy,
enfiguration Control, Suppl a= applicbie, and the govermment represantatve, prior 1o ths EEIT of any formal testing {Aceeptance or
Qualincation). Lindt level Anceptance Testing (ATP} inciudes ambient parfermarts, hermat and vbretion testing (Spar/govemmant rap.
rmandatory Inspection point). .

. Integration ef Lmit v it SRU - Inspactions Include grounding checks, sonnectors For bent or pushback contacts, visual, chaanliness,
Inberconnect wicing and power UP best 1 he apprapiate Join! Inspection Test Procadom (ITPY. Jaint kvl FraArespmnse Teg! Ingpection,
includes an audit of lower tier Inspection oompletion, as Buik configuration wification to a5 design elg, Joit level Accapanca Testing (ATF)
inclucis ambsant and vibration testing (Spargovenment rep. mandaiory irspaction palnt),

Mechanical Arm Raassembly - the inbegration of mschani=al amn subassemblies [0 1o the asssmibiad am. InEpactions are performed at
aach phass of imegration whieh inoludes slectrical chscks, through wiing chetks, wiring reuting, Interfams connectom for benr o pushback
conacts oo, Meohankoal Am Testing - Strongbeck and fiat foor ambient performanes test (Soargovemment mp. MTRAMWIANONY (e pection paint).

OMRSD Ofline: Power-up am. Yedly no MOA BITE amona, Varlly availality of Computer Supported modes. Seeet Dimct Dmes and Lanify Brawe not applled
wihen |QInt motion commanda.

OMRSE Ondine  Mona.
Instaliaticon:

OMRED Online Povwn - ann. Verify e MDA BITE errors. Venfy avallabllity of Samputer Supperisd modes. Selegt Dt Drive and verify Brake not appied
Turmaround: when jorT mobon Commanded.

Scremn Failurs: A: Pase
B: Pasy
C: Pass

Crew Training: The crew will bt Irmined to ahvays obsans whelhar tha am B repending property te commoanda. 1T 1 1snt, apply brakes,
Craw Action: Seweet Direet Diiva of availabla. f CVD mat avadabie alaxt Back-up Drive. Single/Dimct Diive switoh should be pulsesd to mainkain proper rites.

‘parwtions! Efact: Cannct uss Compiter Supparted modes. Dirsct Drive may not be avalkiabis. Autobrakes. Badk-up is avaitable. Aren will not siop awometaslly if
falluns o7 the sitchaake SySIem has PRVIOUSY 0CUTSS. BraKES C30 De 3pDHed MAnLlly.

Mission Operate under vemier rabes within aggpncimalaly 10 & of snucture. The operatsr mus be able i detect that the amm 15 respanding pfmm
Caonstranes: commands via window andior CCTY views during all sm operations. Ao trajactores must be des|gned to oome ne closar than appraxdmabedy
S fram Shructure.

provals:
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Fun_v.‘.'tiunal Group Hw _ ' Positian  _ Talsphone Cate Signed  Status
Engmeer Hifkz, Michael _ Aysterns Engineer Pl F) 15007 Signed
Reliability Molgaard, Lara Redakdity Englneer 4550 1602137 Sigred
Program Maragamant iz Tapin, Raon Technical Manager 4788 150197 Signed
Subsysten Marager Glenn, Gacrge RMS Sutmsysiem Mansger (2B 4A1518  Ddhdaro® Signed
Tachnbal Manager Peck, Jahn Technlcal Manager (J5C) T1Z-483-1 264 FMaroe Sigred
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