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. System: SRMS : )
Subsysten: ELECTRICAL SUB-SYSTEM
Assembly Desc: Servn Pawar Ampifier

Part Numbaris): S1140F1177-3 S1140F117T7E
Renx
Function: Motor Drive Ampliler Acssenbly Frovides maotor volfags hased on demand frem Eeromeler elestonis.

Cammutries the maior drve vaitage  Frovicdes hardvware oumend lmiting., brake
ariva, direct drive [unctions @ enatées Dackup drive, Provdes BITE ¢irGuits and
EITE varification for MDA,

Failure Mode: Loss of 12.8 MHz clock to Surment Sensor and Sommutaticn FPGA,
HW Fun¢. Sqreen Fallures
Criticadity: 2 1R
Mission Phagsa: Orbit

Causa(s): Motor Drive Amplifier Asssmbly Loss of MDA 12,8 MHz clock.

Fallure #ffect on
unit/end item;
All srrenl tensar At coOmmUion FPGA chackes ary iot, Diset drive dloital fters, Commutator SITE and MIO® Ower-current BITE circuils are
lout. Carent sensor data bs osl causing a TOO BITE, MOA demand voltita switeh BITE ciruck Is lost. Commutator deta ta tha CPU, the
cammutstion shanpe flag and Sackup mizy BITE am losl.  Commutaior BITE At MIA aver-cument B[TE ane (ox causing e ass0ciaied

. varificalion kst o fall.  Direcl drive s jost in poe or bth dinsclions.
Worst Gase: Unespetted motion. Joint runawsy. Autobraios,

Reduncant Pathe: Autobraves (o Safa the Sysiem),
Backup Drive.

tetention Rationale

Design;

The zlock signake ary geurgted By & 17 6 MHZ crystal oscitstr. This dnice util ecs. ecablished rellabiity EEE paets. Thi diwics (S
controlled by Spar procurement speciications which Includea tha requirament for pre-Lap vislal Ingpaction.

Resietors and eapaciions Lmed in the design ere selscted ¥om astablchad ety (2R) fypi, Life axpepiancy |s increasad by swmsuring
that all Alicwable siress levels ara parsbed in accoriance with BPAR-RME-Fa DO Al obamio and skcthiylc capaciicrs am routingy
tubjecied to radiagraphic inspaction in pesscanos with tha nequinemants of M5SFC-5TD-355,

Tmmignwmmnumm&mmwkimmmuﬂngcmmmmcmswmsmmdmmmdmm
da ot gupenenes sigrafisant operating siresses. The techroiody i Mahsre, and dence faliatalty history B well documesnsd, A_htrnnﬁare
adamanally recuced by derating the appruprtabe paramelers n a0cordance wilh LPAR-RME FAODY Special handiing praciudione are LuSsod at
allmﬂmmmmwmwmduammw.
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Test:

Inspection;

The SPA board is fabricated using Surface Mourt Technolagy (SMT). This is 2 PWE asaemey technology in which the components a
saldered to th S0/Ger padS On the surface of Ihe PYWE . The sigrificant advantage of thes leohnokigy is (0 enEbE the parts on the bare 1e
mare densely pached, In recuce to overall volumw and WEIQNE of the 558Ny,

The: assembly procmas is highly autemated. The parSs are mourted on the Boards using a somputer cunrolind ~fuck ana place” mathine, Th
subsequent scidering cperathon is parformad Using a bett furmacs, [ whien the time and tampedature thamal profils that thw PYWE agsembly 1%
exposed ta & tightly confralied and optmized o ensure proper part soidering atlechmant. Tha assem by s manufactres urdse dacumsriod
Procedures and quality controks. Thase COMES are axsreized throughout the assembly, Inspection and iesling of the uni. This inspection
includes workmarenip. companant mounting, seldering, and conformat Soeing ta #neure that # is in seeordance with the NHB 5300 standards,

The SMT Ine used for the SPA PWE ASsambly has undergone a full cualification Pprogram, and assembles producad on this ine are uged i
ofhar Space programs.

Tha circist board design has been reviewed to ensure adequte conduztor width 2ng sapamion and 1o sonfiin appraprite dimeansinng of
Solder pads arsd of Sompanen hold proviskorg,  Pans MOLHing madhests zmm cortroled in acssrdance whh M3E C-5TD-1544, MEFC-5TD-136
and SASD 2573761, Thene documants fequira apprved maurking Mathods, siress relief and companant ey,

QUALIFICATION TESTS - Tha SPA I subjected to the fallowing qualification tecttimgy:
VIBRATION: Ench xds of the M subjected $o FRghL Acceplancs Vibraton Test {FAVT), Quaificalion Accaphuncs Vibration Teat {QAVT),
and Qualification Vibration Tests (QVT} in scoardance with the $PA Vartion Test Frosedura (J26596). The vl and duration for FAVT s a6
per Flgurz 8 and Table 2 of 826566, the lavl amg dmfurﬁﬁi:uperﬂgm?amhﬂu!nf&?&saﬁ; B lwval and diration bor ST is
a5 per Figure 8 snd Tabia of BI6685. At the end of the thed Sl ey ranlon) vibration et i mach axds, both dinections [*f-] of each of the
L5 5 Subjeciod kg shock puise test as par Figura 5 of B265565.

THERMALNVACULIM: M TVAS Test iv in sccordanss with Figum 5 of the 5P4 TVAC Taxt Brocedurs (E20588), with fu|
FunctionalParametric Test performed at lwvels of +80 degrees G and -38 degrecs C, and non-cperating 3 54 degress ©. The Sualificatian
vacliur lvgls during TVAC i 110" -8 dorr or less, The botal st guration bs T 1/2 cycles, Tha QM SPA is subfectsd to a minimum af 1000
Feduars of life besting and 1000 power On-COff oyclas,

EMC: The DM i subjactad i EMC Tating flesty SEO/G B3, CEO7, C501. CEO2, CA0S, REQZ. RS0Z, and RENY} in accordanss with the
SPA EMG rest Procedure (E26477) besed an MIL-STD-4814.

UMIT FLIGHT ACCEPTANCE TESTS - The FM SPA is Subpcind b3 the Iollovwing accaptance testing:
VIBRATION: FM Acoaptane Vibration Test (AVT) in acocrdance wih the SP2 Vibration Test Progadune (S2EEEE), with level and duration 25
per Figure § and Table 2 of S5
THERMALVACUUM. FM TVAC Tast I In acasrdanes with Figurs & of (he SPA TVAC Teet Frocedyre (R2C0AR), with lmvels of ~42 degr
and -23 degrees C for a durstion of 1 1/2 oycles. Tha veeuum levels diring Aczeptance TVAC Tasl is 1105 torr or lesx. a‘

JCINT SRU TESTS - The BPA i tested as part of the joints [aribiert and vibratton testa onfy). The ambient ATP for the Shoulcar Jaint,
Elbearw Joirt, ang Wirlst Joint are & p=r ATP 2001, ATP. 2003, and ATE 2005 reapectively. The visration teet for tha Shouhder Joint, and Elbow
or Wrlst Jaint are as par ATP.2003, ATP. 2004 and ATP. 2008 reapeciively, Thitugh wira function, cortinuily ang etectircal isoiamon tests are
perfrned per TR 283,

MECHAMICAL ARM REASSEMBLY - The SPA's! Maimts undergo & mechankal am irmtegraion stage where elegtrical checks ara parformag
per TP 2007,

MECHAMICAL A.-RH TESTING - Tha actgning spit-arm s configured on tha Strongkmck ond the Manputatar Arm Chackou! s perfammed
per ATP.1942.

FLIGHT CHECKOUT: FRRE OPS Checkout {all vehiclea) 150 18987,

Urits are manufaciursd under doclmentsd gquabty surdmis, Thame Gomrols are eoere i Eirgughout design procurement, planning,
MECEVING, FOCESSNG, fabrication, sssemply, testing and shipping of the units. Mansiatary inspection pointe ane emplovend at varsus stages of
fabneabion, sasembly, and fest, Govemmat source inapestion i mmoked i;uaﬂwsmntrullwlls._ .

EEE rmrts imapaction Is parfarmed &8 nequired by SRAR-RMS-FA.O03. Eych EEE Part bx qualifed of the part level by tha requirements r:_nF the
applicable specifleatian. AQ BEE parts amp 100% Screnesd ind bumed-an, 35 a mnamum, 45 requirsd by SFAR-FMS-FA DDA, by the sLpplisr.
DFA s performed e requind by FA.OCA an 4 randomdy sslected 5% of parts, madmum 5 precas, minkmum 3 piecen for each ot numbandate
code of palts recalved. Al cavity davices am subjectad to 100% PIND. Wire s procured [ speciicatmy MIL-W-Z7758 or MiL-W-B1381 and
irspeetod gad testad to MASA JSCMBO0ED Standard Numbar 554

Receiving irspection verifles that 2l parts. received ure ma idantifisd In the procureme t doeumss, that na physical damage has sceurred t
pers during shipment. that the receiving dacumants pravide adequale traceakiity Information and acreaning daia chearty [dentifles apcepable
pans,

Parts are inspectad thimgheut manuficture and sesembly 25 appropriate 15 the manutastinmg stage completed. These inspections include!
Printed cirtuit beard irapection for track sparstion, camage and adequacy of piated Rrough holas, compenent mounting inspection for

BT Sakdering, wine Inaping, strapping, stc. Operators and inspecters ane trained and eeiitfied ko NASA NHE 5300.4{34-1) Standard.

Conformal coating inspection for adequate processing s parformned using utiraviolst ight Lechnitues. P.C. Board installation inepaction m:lu.

checks for commect board instalkation, altgnman! of beards, proper connesior comact meating, wire routing, Frapping of wires sy, Post P.C.

Board ivstallation irspection neludes deaniexy and workmanship (Spar/governmant rep. mandabsry ifresection paint).
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Unit Pre-Accaptance Teos! ingpection, which ineiutes an audk of lower her inspection sompletion, a3 buill configuration verificaban ts as
design ¢le (mandetery inapaction peint). A und Test Raadiness Review (TRR) which includes verfication of teat personng, teat documants.

tiat wquipment calitrabionfvalidation status and rerdware configuration i comvenad By DA in compunction with Engineesing. Ralmbility,
Configuration Camtral, Suppller as pplicabls, and the govwnimen representative, prior ta the start af any fmal tesing (Accepanca or
Cluakfication]. Unt level Acceptance Tasting (ATF) includes ambleni perfarmansz, trerral and vibration testing {Spargevermment rep.
mandatory inspestlon point).

ntegration of unit bo Jaint SRLI - Irspections include grounding chedis, connestors far bert or pushback ctrkacts, vouml|, cleanliness,
irterconnect wilng and power up test Lo Lhe appropriate Joint Inspection Test Procedure (TP, oint vl Fre-Acconbanes Tast Imspaction,
inchueces an audit of iwer lier itspection eompletion, =3 buit configuirtion veriftdlion 1o is design skz. Jairt kevst Acceptance Testng (ATF)
inchuces ambiant and vibration testing (SparQOvVEMImEenT rep, MaNDatory Iapaction point.

Meeranical Arm Reassembly - the Integration of machanist arnm subzssesmblias by formn the assemelad A, Inspecions are performed at
825N phidé of integration which ncludes elortrical ghecks, hnougn WG CHscio, Wirng routing. irterfars conmectary for bant - puahback
comacts . Meohanmal Arm Tegting - Strongback and Mat floer ambent padfommarnse e {Sparigovemment rep, mandatory irspestian paint).

CMRED QMlirve: Fower-up arm. Varfty no ARE commurication failures of BITE emors. Varify Dirsct Dt capability.

GMRSD Onima  lane.
Inztaltadien;

OMRSD Onling  Powsr-Up 3. Verily ne ABE communication feiures or SITE emors, Verlly Direct Oriva capatilfy.
Turnarouwnd;

Screan Falure: A; Pags
B Peuy
T Pogs

Grew Training: Tha craw will be trained i always nbsanve whethor the arm is mesconding propery to cefmands. If it ian't, sppiy brakes,
Crevr ACTion: Ssect Backup, '

Uperational Effect: Cannct wea primary modses of operation. Autobeakes. Rask-Lin o gvaiobis, Arm will nol =lop automatically if failura of tae aubasrke oyztem has
previcwssty occaamed, Brokes can be appilsd manusly.

Mizsion Dparate undar vemnier ratea within approdmabely 10t of structurs, Thar cpaeator mush b abla fo deteot thal the am is responding propedy o
Consifamis: comminds vim window andior CCTV views during ail amm aneratinis. Aulo irjectores myest ba designed to LA o closar than appraxiretaly
3 it fram struaciue.

pprovals:

wnctional Group Name Poxhion Takphene DOuie Sigred  Status
-l Hiltz, Michael | SPAR-BRAMPTON Syabarmy Engirmsr 4624 DEharss Sagned
sty Maigaard, Lena f SPAR-BRAMPTON  Redmbilly Erginesr 4560 BEMarss Eigred
"oIrAm Manapemant OmMc  Rics, Crag f SFAR-BRAMPTON Techwien! Pragram Mamyger 4562 SeMards Sigrwa
Jrmystern Mansgar Giann, Gagrge f JSC-ER RME Bubsyerem Marser (FE1) 48391516 0Marse Signed
echnical hanager Alaan, Ren S JSC-MVG RME Froject Engiresr |50 (M 4834072 08Aprse Signed
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