SPAR - BRAMPTON (858} Critlcal Items List
Q445 AIRPORT RD

SRMS

CIL Retit: 2601

BRAMPTON ONTARID LES4J3 Raviglon: o FMEA Rey: O

Bystlam: SRS
Subsystem: ELECTRICAL SUB-SYSTEM
Azsombly Dese: Sarve Powar Armplifier

Part Humbens): S1440F1177-3 ST40F1177-5

Hamt:

Funciion: Cantral Preceszing Unit Aasambly Provides hargware and sofware NECAZNATY 15 IMplement servd control loops,
vontol oparation of the Analeg U, Digital IF and MDA boars and
sammunkzate with the MCILL.  Frovides BLL and frama sync BITE as well a8 2
hardware watchdon timer lo monttor health of microcomater fself,

Motor Drive Amplifiar Azssmbly Priwides motr veltage based on demand from Bchometer eleciranics.
Commutates the motor drive voltage, Provides hardwars curment limiting, brake
driva. direct drive functlons and enables backup driva. Provides BITE circurts
and BITE verificsation for MDA

Analog Intarface Assembly Providas Tachamatar excitetion, SCU elgnal fiterng, Phase Lockad Loap and
tachomabar sounter dircuits (0 provide measuned motor =pead 33ta b fner and
futer RIE loops. Provides analog b digital eanversion of MOA buck cutput
yoltage, EPC +3v angd reference voliages for RITE,

Digikal Interface Assambly Receives and Kads command data b GPLU, Generates posltion sncoder clock
and sync slgnals, processes poaition encoder daka and extzmal flags and
assambles mium data o e misgion o MCILU.

Fallura Mode: Loss of NMI and/ar CPUFAIL.

HW Func., Screen Failurms

. Criticalin: z 1R
Misslon Phasa; Orbit

Caunes{s}: Analog Inberfuse Assembly Lose of CPUFAL fiag to il assamidies.
Central Procesging Unil Azsambly Lezan ef CPUFAIL g anda MM
Lems of CPUFALL flag to all assembhing.
Lomg of NMI 1o CPU,
MMI BITE mgkeinr randomly cleannd.
Digltal InterEce ASsETEHY Loga of CRUFAIL B30 15 a0 assamblics.
Moter Drive Amphifier Axzamily Leas of CPUFAIL fag 19 2l assembllas.

Fallure effect gn
unitiand item:

ML e EPU andiar CPURAIL flag are kost and cannat be set for real SFU or BV Frama Synec tallures. Loss of Microcomputer BITE
andior W Frama Sync BITE. Subsequent CRL ikilure o lose of HW Frame Sync faiurs will not be detected.  Winen Brakes gre oM,
Mitremmputer BITE verfication will detest or Frama Syng BITE verfication will cuiect.

Worst Case: Loss of Aulobraking. Systern unprotected from runaway. Annunciatsg.

Redundani Paths: Manual Brakes.
Direst Tirive.
Bachup Dnvae,

Ratantion Rationala

Dk bgn:

RABEISors ang capacibrs used in the degipn gns ealacted fom astablizhod ralubility [ER) hpes. Lifs axpectancy is increased by
ensuring that alt alkowabla atress kvals ae derated in accondance with SPAR-RMS-FAD0. A ceramic and &lectranic capacitors sre
rautmaly subjected to madisgraphic Inspetton in accordance with the equiements of M3FC-5TD-355.
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Fiald Programmable Gate Armays (FPGA's) and the Emar Delzchon snd Comestion (EDAC) are sRMm-ruslam misoorcts in whir::h‘
hasic dasign furelonal elements are deskned by the mandacturer, The intercannecton of these elements is than customized by Spa
provide the funchnality of the compeled microcircull The desion ulilizes proven sircuit leohrigues and 15 arplemantad using CMOS
mchnslogy. This technology operaies at kv powar and hence the deviee doss nol sxperience sigrificent operating siesges. The
tachnelogy is mature, and the baslc devica retianlilty ia well documented. All stresses are addiionally reduced by derating the ApEropriEle:
paramebers in accordance with SPAR-RME-FPA 003 and verified by desipn reviow.

Thiz approach has a signifieant advantage in that i reducas tha quantty of discrete peds required «n the assambly and alsc the
complexity of the PWEB and resuits In significan weaght and yoluime savings. This type of Sewmu-cuslom part has bean succeasfully used In
other space: &pplcations.

Tha parte are quelified 1o he requirements of the applicable spacicaton. They are 100% screened and bumed in to the raquirsments
of thls Spar requiremants document.

The SPA bogrd is Eabricated using Surfaca Mount Technalogy [SMT). This is a PYWB assambly technalogy in which the components
are soldered to tha soidsr pads on the surface of the PWE. The significant advantage of this technology I to enable the parts on tha
board ta be more densely packed, b reduee 10 overall wolume and welght of he agsembly.

The aysambly process is highly automated. The pants are mounted on the boands using & cormputer cniroled "pick and placa”
maghime. The aubsequent soldarng operation is parfarmed wzing & bett fumacs. In which e time and lamparature themmal perafile that
the PWE ae=smbly ia axposed o is tighlly controlled and aptimiZed b ensure proper part soldanng anathmant, The assembly is
manulaciured under documented procedures and quality controts. Thase conirols are exerdised pughout the asaembly, inzpaciicn and
mating of the unit. This Inspection inchudes workmanship, COMponent meunting, soldering, and crnlormal coating 1O ensurs makite n
accordance with tha NHB 5300 standards.

The SMT line used far the SPA PIWE assembly has umdergans a full quatificaton program. and azssmblies produead on this line arm
uzend in othar Spacs programs.

Tha circuil board design has Desn reviewad 1o ensure adeguale conduckor width and separalion and ko confirm approprista
dimensions of soloer pads and of component hold provlsions. Pars mounting mathads am contmlled in aecordance with MSFC-5T0-
1544, MSFC-5TD-13E and SASD 2673757, Thess documents requirng approved mounking mathods, straad relief and component sacuriby,

Tast:

OUALIFICATION TESTS - Tha SPA I3 subjeciad 1o the following quaificaben teating:
YIBRATION: Each axis of the QM iz subjected b Flight Acceptance Vibraton Teat {EAVT), Chalfication Accaptancs Vibration Test
{QAVT), and Qualificabion Vitwation Tests (QVT) in accordance with the SPA Vibration Test Procedure {B26586), The leval and durath
for FAVT is a5 per Figure © and Table 2 of 825506: the fevel and duratan for QAVT 15 28 per Figurs 7 and Table 2 of 826580: tha
and duration for OVT ig 25 par Figure S and Table of 820586, Al tha end of the thiee SUGHESSive ranom yibratian test In each axis, bow,
directions {+] of each of lhe axis is BUbCtad I @ Shook pulse test as per Fiurs B of 26588,
THERMALAVAGILM: OM TWAS Test Is In accordanes with Figure 5 of tha SPA TVAC Taal Fracedure (B2Z6S88). with full
FunctanalEarametic Teat periommed attevels of +60 dagreas © and -35 degrees C, ano nan-operating at =54 degrees G The
Cualtficanon vacuum levels during TVAL i@ 1%10"-6 torr or lese. The total st duration & 7 112 cycdeg. The O3 SPA is subletisd io 3
minimum of 1000 hours of [fe teating and 1000 power Q-0 cycles,
EMC- Tha O is subjecled o EMC Tostng (st SECQUCER, CEDT, C501, G502, ©506, RENZ, RS02, and RSO3 In accordance with
the SPA EMC test Proosdure (B28477) based on MIL-STDA4E1A

UNIT FLIGHT ACCEPTANCE TESTS - The FiW EPA |5 sublectesd to tha following Scceptance tesking:
VIBRATION: FM Accaptance Yibration Test (AVT) in accordance with the SP.L Vibrahan Test Frocadyrs [G2658E), with [evel and
durzben as ger Figurs § and Tabla 2 of B2658G,
THERMALWVACUUM: FM TWAL Test iz in @drdance with Figure & of the SPA TVAC Toot Promsduns (H2ESHR], with [evely of +44
degrees © and -25 degrees G for a durabion of 4 172 cycias, The vacuum evels during Acoeptance TWAG Test |5 1K30™-5 T of less.

JOINT BRU TESTS - Trm SPA is kested as part of e ointa tambient and vibration bests only). The amblant ATP for Ine Shoulder
Joint, Elbew Joint, and West Jont ata as per ATP.2001, ATP.200%, and ATR. 2005 mepaciivaly, The wibration tast for the Shouloer Joint,
arvd Elbew or Wil Joint 2 as par ATP.2002, ATP 2004 and ATP.2008 respectively. Through wira fundtion, contnulty and electirsal
isclahon lesks arm parformed per TP.283,

MECHAMICAL ARM REASSEMBLY - Tha SRA's/Joints yundamao B meshanics! amm integralan Slega wherg slacirical chache are
parforrmed par TP 2007,

MECHANICAL ARM TESTING - Tha autgoing 5pit-amm |5 configured on the Stronghack &nd the Mankslator Arm Creckout 5
perfomiad par ATF. 1932,

ELIGHT CHECKOUT: PORS OPS Chackaut (all vehickes) JSC 18987,

inspection:

Unite are ranciasured under documenied quality cnirols. Those controta ars axerdised Rroughout dasign procurement, planni
recelving, procassing, fatricaton, sazerbly, testing and shippng of e units, Wandatary inspection points are smployed at varous
stages of tabhcation, assembly, and et Govemment source InEpaction is invpked af various contrd levals,
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. EEE parts inzpection i perfarmad @3 required by SPAR-RMS-PA (03, Each EEE part is Quaified al the pert lewsl 63 v requinsmants

of the applicable specification. All EEE parts are 100% screened and burnad-n, as a minimum, 35 reguired by SPAR-RMS-PA.DGS, by
e supplier. DFA |9 performad 2 regquirsd by FA003 on a randomiy ssisctad 5% of parts, mavimum 4 phecaE, minimum 3 places for
aach |ot numbs:/date code of parts recalved. Al cavity devless am subjecled to 100% PIND. Wins 15 prociuved 10 spacificetion MIL-W-
L3758 or MIL-W-A1381 and ingpectad and xied o NASA |SCMB0AD Standard Mumbar 554,
Recelving Inspeclicn verifies that all pars recsived are 2s identlfed in the procursmsent documants, Hhat no physlcal damage nas
DCCurTed o panis during shipment, that the racalving socuments provide adequate ageability information znd screening data clearly

KentiNes scceplabla parts.

Farts ara Inspactad throughout manufactne snd assembly as appropriats o the rranufacturing stage campleted. These inspections

incdda:

Prnted circuit board inspaction kor track ssparation, damage and adequacy of plated through holes, compenent mounting Inspecton
for comrect soldering, wird lnaping, strapping, ete. Operators @nd inspectors am ained and eertified o NASA NHE SA00_413A-1)
Standard. Conformal cozting inspection for adequate procaszing is parfomed using ultreviolat llght schnques. PG, Boand installetion
inspACtion Cudas checks for cormect board ingtatiation, aligrement of beards, proper esnnedlor cantact maling, wira reukng, stapping of
wires etc. Post P.C. Board instatislion nspection moludes deaniiness and wiHkmanship (Sparfgramment mp, mandatory nepection

palnt).

Unit Fre-Acceptance Tast inspection, which includes an audit of lowsr ter Inspesbon enmpietion, ax Butl configurabion wverficalion 1o
a4 de=ion et imandatory Inspection paint). A unlt Tesl Readiness Review [TRR) which indudes vertication of lest personnal, test

Socumeants, test equipment calibration/valicialion statuz and hardware configuraben is convened by QA

in Gonjunelo with Enginesrirg,

Rellabliity, Gonfiguration Control, Supplier 25 applicable, and the gavemmsnl represantative, prior i the stert of any formal testing
{Acceptanca ar Cualfirsban}. Unil level Accaptanca Testing (ATP} inchudes ambient performance, tammal and vibration tegting

{Spargovenmant mp. mangakary Inspection point),

Intagration of unit ko Jeint SRU - Ingpestiona includs arounding checks, Connectons far bent or pushback contacls, visual, claanlingss,
iNt@ronivact winng and pawer up Lest iy the epproprists Joint Inspection Tast Predcsdune TP Jownt ievel Fre-Acosplance Tezl
Inapectan, incides an audit of lowsr tier inapection completdon, ag bulit corfiguraton wvanfcaton to as desivn ete, Joint lewal
Accantance Testing (ATP] includes smbisnt and vbraton wating (Sparigewemment rep. mandatwry ingpection paint).

Mechanital Arm Reassambly - tha integration of mechanecal S ZUbAKEMMEISS 1o Form the azsembled am. Inspactons ars
performoad At sach phase of integration which incddudes slectneal chmgks, through winng checks, winng routing, inferface conneclors for
benl tr pushback contacts &it, Mechanical &rm Testng - Strongback and flat foor ameiant performancs Last {Spar/povemment rep.

margatony inspection point).
.}MRBD Offline: Power-up amm, With brakes on varfy no BITE emors,

OMRSD Onling Mane,
inxlallation:

OMRID Online Fowsr-up armm  With brakes on vanify no BITE grmors.
Tumaroumnd:

Ecraan Fallure: A Fas:
B: Pass
£ Pass

Crow Tralning: The craw will be tained 1o aways chserve whether e &mi s MELGNAND propery o commends, IF it en't, apply brakes.

Crew Action: Swact Diecd Dove. Single/Direct Drive switch shoukd be pulsad t maingin progssr rales,
Operytional ENect: Mone, nowever gulotraking id loat foar 8 subssquent Rallvs. Arnunglaed.

Miaslon P

Consrainty:

Approvals:

Fucsocu Group MEMmA Poaltion Telephans Dats Signed  Staus
£ o gy Hiliz, Michasl f SPAR-ERAMPTON Systams Enginuor 4634 L LET- Slgreg
= fualmiety Molpaard, Lena f SPAR-BRAMPTON  Relability Enginea+ 4584 EMarsi Sligned
~arem Manapement Off  Furm, Craig ¢/ SPAR-BRAMPTON Technieal Frogmm Manager 4882 Ciharss Signed
DMLy R ey Glann, Gaoma | JSC-ER RS Subsystam Managar {2B1) 4631516  S0Marbs Signed
TeTwraChl W ager Allison, Ron FJSC-MYS RS Project Enginaar JSC (T3] 4634072  DRApRBE Signed

‘”’ M tiers iSeibien Conn, DSt aicls s Svmsa Lot et (PSS IIE o AP Al
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