BEWISED 5-7-47
UNHIT INC AR
. < ' SHUTTLE LTV DHG MO,
FNEA NO. _ 2 CRITICAL ITEMS LIST 230T086-603
CRITICALITY _ 272 SHEET _ % OF __ 7
FAILURE WOOE AMD FAILURE EFFECT
CALSE OH EHD TTEM EATIOHALE FOR ACCEFTANLCE
Ha; of +2Bv swltch-ed power to the Lozs of FTU Funckion. DESLGH FEATURES
Hﬂ:ii—%ﬂiﬂ’ The TVC/Leas Assembly 1s comprised of 16 electrical swbassemblies: 13 subassemblies
Loss of misston arg RCA Astro deslgned and fabricated using standard pristed-circwit board type of
INC i i critical widea. constructian. The resaining thréee assemblies, high valtage power iuppl¥, oscillator,
AfF Fower DnADFf Switching. and stepper mokars, are wendor supplled cowponents which have beea speclFled and
2294865-501 . purchased accnrﬂin$ to RCA Specificaklom Control Orawings (SCDs) prepared by engi-
neering and reVlability assurance. Specl Flcations per bthe SCD are prepared to

astablish the dasign, parformance, test, gqualification, and accépiance requiremdats
For a procured piece of equipmant.

Parts, makerials, processes, and design guldelines for the Shettla LETY progran arve
specified in accordance with ACA 3295503, This dacunsnt defises the progrin requlrs=
ments for selaction and contral of EEE parts. Ts the maanioun ewtenk, and coasistent
with availability, all parts have been splected from military speciflcations at Lhe
JAN Tevel, &5 & minimem, Pnoaddichon to the overadl salectios triteria, a subsalb of
ganaral puvpose prefarreed parts has been defined by thls docuceat and tha RCA Gavern-
ment Systens Divishan Skandard Parks List. [n the casa of the CHOS and TTL family of
nicrocivewits, devices are screaned and tasked ta the MIL-5TD-BA3ZC pgquivalent and
procured wnder Lhe designations of HI-REL/3W] and SHC 5415 frao REA-35D and Temas
Iastrumenks Corp, re:ilettive'lp. Parts not included in thp above documsnts havs bamn
us€d in the design anly after a nongtandard LLea approval Farn [MSIAF] has beem pre-
pared, submiitad te Reliability Assurance Eagisaeering {RAE)} and approved for usa in
the specific application(s) dafined In Llwe HI1AF by HASA-JSC,

HorsL-Case Circuit Asalyses have besn performed and documented for all circwoit
designs ko demanstrate bhat sofficlent operating margins exist for all nl:aralil.g
conditions. The analysis was worst case-in that Lhe value for aach af the variable
parameters was et ko limits that will delve the output to 3 maxinum {ar minimun).

A conponeat atplttatiun review and analysis wis conducted to verify that tha applied
streas oo each piece parl by Lhe temperature edbreswes ldeatified with anvirpnmental
quali Fication testing doas nat excaed the stress devatiag values identifled in RCA
2295501,

En addition, an objective awamination af tha desl%m was performed through a FOR and
{DR ko varify that the TW/Lens aszenbly net specification and contractual require-
menks .
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REVESED 5-7-87

FHEA WD, _£.3.7

CRITICALLTY £

iMIT _ TVC/HLA

SHUTTLE CCTY DWG NO.
CRLTILAL ITEHS LEST 2102000-503
SHEEY 2 OF  _ T

FALLURE MDDE AND

FAELURE EFFECT
ITEH

RATIOHALE FOH ACLEFTANCE

e EAUSE
25 of «26Y switched power to Lha
M.

C
Y6 Pomer On/OFF Switching.
2304885-501

Less of PTU fuaction.

Worst Case:
Loss ¢f mission
critbcal video.

DESTIGH FEATYRES {Tontinued])
BARE DOAERD DESIGH {AD)

The #esige of the associated AG board is constructed From laminated

copper-clad epoxy glass sheeks [NEMA G-10) &rade FR=d), PER HIL-P-B56M7A. Circuit
connecl bons ave aade through prinked traces which run from point to point Do the
board surfaces. Every trate tErlinilﬂ! ak an annular rin?- The annular ring
surrounds the hule in which a compenent lead ar tarminal 15 located. This ring
provides a footing for tha splder, easuriag goed mechanical and aleckeical
performanca. Its sice aad shape ara gowerned by HIL-P-S5640 as are kraza widths,
gpacing and rovting. These requlrenents are retterated sﬁecifically in draming
aotes ta further assure complisnce. Yaristiens belween the arlwork master and Lhe
Fiaal product {dus t& ireegularities of the stchizg process) are alsp controlled by
drawing notes. This prevents making defective boards From good artwork. Holes whick
kougs ne laad or tormisal, buk serva only to eleckrically dintercoenaect the diffarenk
poard layers, contaim stitch bars for mechanical support and increased reliabiliiy.

The thry holes are orilled frun & drill Ltape thus eliminaiiag the possibility of
husan errce and allowing tight control owar hale and annutar ring concentricity, an
inpartant rellability criterion. After drilling and ekching, A1V coppar cladding is
tin—lead plated per MIL-5TD-1495. This provides for easy and reliahle saldaring at
the tine of board assemhly, even aftar pevluvs ¢f prolonged storage.

ANARD ASSEMALY GESIGN (AG)

Al conponents are installed in a manper which assures maxisus reliability.
Cooponent baads are pre—tinned, aVlowing total wattisg &f solder joints. All leads
are formed tp provide stress relief and the bodies of large components are staked.
Special mownting and handling instrucktions are includad im eack drauing regquired
after final assenbly. The bpard is coated with urgthang which protecks against
humidity and tontaminatian.

BOARD FLACEHEMT

The Ab hoard is secured in the electronics assambly by

geld-plated beryllium copper card guides. Cannectians are aade 40 the nothar board
with blindmated connechtars. Bisengayesenl during launch is prevented by a cover
which spans the byard's Free edge.



REVISED 5-7-B7

- UNIT _TWL/HLA
2.3.7 SHUTTLE CCTY DNG NI 2294195065087

CRITICAL [TEHS LEST : : =

FHEA WG, F10I0RE £03
SHEET | oF !

CRITECALITY 2fe

DE AND FAILURE EFFELT
FATLIRE SE QN END ITEN. | RATIONALE FUR ACCERTANCE
toss of +28Y switched power to tha | Less of PTU funciian. ACCEPTAMCE TEST |
P ' ; Jhe CCTV systems' WLA i5 subjesied dirtct1i. wlthuut vibration isolatnrs which might
Loss of micsion k2 used in Lthair normal iastallation, ko the Follreing testing:
EL Puwer OnfOFE Switching. eritical videa. & yibrabion: 208Dz ; 3 dB/0gt-rise from 0.8) G2/Ha
2294608 5-541 A0-350 hiz; D.04 G5/nz

I50-T50 He: -3 #8710 dct-slopa
Test Duratioa: 1 Minute per Adis
Test Lewal: 6.1 Grms

a Thermal Vacwm: In a pressurs of 1X10~2 Torr, the bemperature shall be as
follpws;

125% F: Time to stablize equipment plus 1 hour
26% F: Time to stablize equipnant plus 1 hour
125* f: Tima tg stablire equipment plus 1 hour

The WHA may nob have been subjected to the vaCwum conditiaon.
for Acceptance TesyL Flaw, See Table Y located at the Froot of this book.

DFERATIONAL TESTS

1a order to verify thai CCIV components are operational, a tesk mush verify the
health of all tha comnand relaked component: from the PHS [AZA1) pane] switch,
through the RCU. through tha sync Tines ko the CamerafFTU, ta the Camara/PTU camnand
dacoder. The test must also verify the comera*s ability te produce video, the WSl)'s
ahi'litg to route viden, and the manitar's abilsiy ko display wideo. A similar tast
would be performed Lo verify the MDM commamd path.

Pre-taunch gp Orbiter TestZla-Flight T

Y. Pawer LLTY Syetem.

2. ¥ia the PHS panel, select a monitor as destinatien and Lhe camera under
test ax wource.

4. Jend "Camara Pawer On" comnand Fran PHS panel.

4. Select “External Sync™ on moni bgr.

§. Obhserwe wideo displayed os monitor, Mote thak §f wideo an manitor is

syachranized [i.a., stakle raster) thes this indicates that the camera

1% recaivinag composibe syac from the RCU and that the camers is producing

synchronized vidac.

Send Pan, Tilt, Focus, Zoom, M, and Gama commands and visually {elthar

wia the nmitar or direct observaiion) verify operatioa.

Selact dawnlink as destimation and camera under test as source.

Uhserve vides routed to downlink.

Send Canera Power OFY command wia PHS panel,

Repeat Steps 3 ihrovgh 9 except issue cunmands via the MOM comnand path.

thiz proves that the CCTY equipment is operatigaal,

B23 /R — pr— Q. sl
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" REYISED 5-T-87

- UNIT __T¥WCAdLA
FMEA NO. __2.3.7 SHUTTLE LCT¥ DG HY . P2oqB19-50% 5087
CAITICAL ITEWS LLST ZMTORB-503
CRITICALLTY FPF SHEET _ . 4  OF __ ¥ _
FAILURE MDOE AND FALLURE EFFECT .
CALSE O END ITEM ] BATLONALE FOf ACCEPTANMCE
Loss of +28V switched powar Lo the 1055 of PTU function. DASIHSPECT IOH
PEU.
wourst Case: Erocurezant Cantral - The TuCAiLA EEE Parts and hardware ikeas are procured from
Loss of mlssfan approved vendors and suppliars, whichk meet tha requirsnents cet forth in the CCTY
IvC 1 1 vide cantract and Quality Plan Mork Statemant [WS-7593176). Rasident DCAS perzonne)
&b Powar On/0Ff Switching. critical video. review al1 pracuressat docuwsants to establish the need for GSI on selected parts
2294885501 {PAL 507},

Inceming [nspectics and Sterage - Incoming (uaiity iaspectioas are nadd an all
received materials and parts. Results ard recorded by Yok and vetained in file by
drawing and <ontrol ausbars far futurs reference and traceability. A1l EEE parks
are subjected'to incaming acceptance tests as called Far is PA1 315 - Incoming
[n:pection Test Inskroctions. [Incoming FlighL parts are further prucessed in
actordance with RCA 1836684 - Precenditioning and Acceptance Raquirements for
Electroaic Parks, with the éxcaption that DFA and FIND tastin? i5 not performed,
Mechanical 1tems are Inspacted per PAL 316 - Lncomiog Inspection [nstructions fer
machanical items, PAI 305 - Incoming duality Contral Inspecklan Initruction, and
PAT 612 = Procedure For Processiag Indoming or Purchased Parts Designated For
Flight Usa. Accepted items are delivered Lo Material Controlled Stores and
retaingd under sguifind conditions untit fsbricatios 1s required. Non-conforming
waterials ars held for Haterial Review Board (MR} disposition. (PAT 37,

Pl IQC 5313,

Bopird Assembly & Test - Prior Lo the stark of THC board assembly. 211 itams

are werified to be correct by stect room persannel, as the Vtens ara accusulated ko
Farn a kik. Tha itemt are varlfled again by the operaker who ascankles tha kit by
theching against the as-bullt-parts—Jisk {ABPL). OCAS Mandatary Inspection Poists
are designated For all printed circult, wire wrap and wildad wire boards, plus
narness coongctars for soldering wiring, criaping, zolder splicas and quality
warkpanship prior to coating of the companent side of boards amd sleeving of
harnesses. . .

IV Heards

Specliic TWEC bowrd assembly and Lest Instruction: ara prowided in drawing nobes,
and spplicable dacuments ara called gut in Lhe Fabrication Procedure and Record
IFPR-2294019) and parts Vist PL2204B1%. Thase ineluda shottle TVC ascembly notes
SEO3660, Process Slandard RTU-SES 2280BA1, Process Standard - Bardiag Yelcro Tape
7780889, Specification Se¢ldering 2280249, Specification Hane Plate Applicaktioa
1968167, Specification - Crimping ZZBOGOO, Specification — Boading and Staking
22BORIA, Specification - Urethane coating 2280A7?, SpeciFication — lacking compound
2026116, Specification Epoxy Adhesive Ell?ﬂ'ﬂﬁ. specificalion - Markiag 2280875,
specificalian - Horkmanship 8030034, Specification Honding and Staking 2280815,




REWISED 5-7-B2

FHEA HO. _2.3.7

CRITICALITY -

- GHIT _ TYCAMLA

SHUTTLE CETY OWE HO. 294819545 508/ _
ETICAL ITEMS LEST 23070A6-503

“ SHEET 5 OF 7

FATLURE WIDE AND
{

FATLURE EFFECT
(0H EHD ITEH

EATIONALE FOR ACCEPTAMCE

Loss of +28Y switched powar ts bha
PTU.

T
AE Power On/0HT Switching,
2294805501

LA PR

Lass nf PTel Function.

Horst Cases
Loss of oission
critical video.”

QAFTNSFECFION (Costinued)

iaubly and Tgst — An wpew box test {5 pesformad per FP-IT-Z2U4H19, and an
Accaptance Test per TP-AT-22U4B19, includimg wibration and tharma) wacuma, Tarques
are ipeclfied and witnessed, traceability nunbars ars vecorded and calibratad tools
are checked prior to use. RCA Qualily 3nd DLAS inspections ars performed it the com-
pletian of specified FPR uperations in accordance with PAL 204, PAT Z85, PAT 206 ard
FAT 217, DCAS persenael witness TWC bubton-up ard tritical torquiag.

Hlﬂﬁﬂﬂlg_ﬂlﬂ_[ul = An open bou Lest is perforaed per TR-1T-2907008, Accepbance Test
per TP-AT-2307088. Torques are spacified and witnessed, traceability numbars are
recorded and calibrated teols are choched prior to use. RCA Quality amd BCAS inspections
are performed ab tha complétina of speciflied FPR operations in accordamcs with PA 204,

PA 205, PAT 207 and PAL 402. DCAS personnel wiktness WLA bubics-up and critical torguing.

INC/HLA Assemb ~ After a TVC and a WLA hawa been Lested individually,
Lhey are maled and a #inal acceptance test is performad per TP-AT-2204819, in::ruding
vibration and thermal vacuun gnvirongents. RCA and DCAS perscanet monitor thase
lests and review the doceptance test datalrezolts. These parsenne] also inspect

for confarwance aFter all vepalr, rawork and retesi. '

freparvation for Shipmept - Fhe TWE and WA are settarau-d Arigr to shignent after
fabrication and testiag is complate. Eachk is packaged according to CCTV Lekter 8011
and 2280746, Procass standard ¥or Packaging and Handlimg quidel {aes. A1l relatad
documentat ion including assembly drawings, Parke List, MPL, Test flata, etc., |s
galhered and held in & documentakion Foldar assi?nm ipeciFfically to each assembly.
This faloer is retained for refarence. An E1DP is preparce for each assy in
sccordance with the raquirements of HS-2593176. RCA G0 and BCAS personne] wilness
crating, packaging, packing and marking, and roview the EIDP for complebenasd and
ACCUFELY.

2ozt cCTN ARG



REVISED 5-7-87

N UMIT _ TWCAWlA
FHEA WO, _ 2,3.7 SHUTTLE CCTV DWG KO, 2294819- 506,508/
CRITICAL IVEHS LESE LWF000=-503
CRITICALITY _ 272 SHEET __ &/  OF _ 7
FALLURE MIOE AND FAILURE EFFECT '
{AUSE D EMD ITEM BATIONALE FIA ACCEPTANCE
Loss of +28Y switched pawer b3 Ehe Loss of PTU Funckion. EAYLUAE HIS TRY
FlU.
worst Case: TOR - WiTd0 - Lag #0486 - TWC 57N D68-502
e Lots of mission Descrigtion: Pra-l b Test Failure
' H F Aung 2% allur
A6 Power On/OEf Swikching. critical video. Bax Level
220406550 . Ambiaat Envirenment
REF; VIC5-2-011-0497 weit weturngd fram KSC. Powar was applied to wrong pins.
(#ZRYY .

“Cause: Intorrect wiring of shwttle craft harness. put +28¥ to J1-10 and
RTH ta Ji-9,

Carreclive Actjon: Wiring of shutkle harness te ba rapaired by responsibla

. prganizatisa. Failure andlysis perforned and corrective action taken on TVC
S/ 009. A& board—failure analysis indicated the Following parts are to ba

changed. Q1, 43, 012, CR3, CRE, and K51 were replaced.

JOR — WEA23 - Log #558 - TVC S/M DN2-5602
YI?T1 - Log #5608 - TWC  &/N 005-502
Y1771 — Log #56B — TUC  S/N D02-502
Y1771 - Log #568 — TVC  §/N 0@9-502
Y1270 - Log #5647 - TWC §/N B14-502
¥1270 - Log #5671 — TVD  SAN 010-502
Y1770 - Log #5668 — TUE  5/M 013-502
Wilze - —~ T¥C  54M 020-502

Log #57H

: Flight Failure, Spacecraft Level '
AHS TV Camera clrcuit breaker popped open during f1ight sizsion 5753,

{ause: Camera low woltage supply bas errvabic syncroslzation mode at Jow
teaperature.

Correstive Action: A11 Flight camaras werge returned under CCAJS fur rewerk
and retest Lo ECH C-16B1. ECH {C-18B1} Lo the low voltage power supplies
gliminates ihe erraktic syncranitation problem. TV group part nu.  has bean
changed From 2294A19-502 to S04 to denote cameras that contain Tow walltage
power supply modification.




REYSED §-F-87

UNIT _ TYC/WlA
FHEA WD. _ 2.3.7 ; ?IilgTLE CEE.' Nl M. 2294819-506. GOQS
. RITICAL ITEWS LEST cITOBE-503
CRITICALITY 2 ) SHEET [ OF .
FAILURE WHIE AND FAILURE EFFELY
CAUSE Oy EHD JTEH RATEOG|E FOR SCCEPTARCE
Loss of +2AY switched power ta Ltha Loss of PTU function. | EAILURE HISTORY
PTL.
: TOR - WI760 - Log #OB3B - TvC 5/4 026-506
Ive Loss of mission - ] ——
Dascription; ght Failure, Spacacra Ve
hb Pawar Da/OTF Switehing. critical video. STS-4 ’
220ABA5-501 During the flight eperations, one Lime when craw turned camara an thay had no
. control of ALL and Gasna Functiens.
i Problen reselved itself by recycling powar.

Cause: After aumerous nperateni, the réported conditign was duplicated on Lesk
seb. After initjal turn on, camera would not ewcept ALC, and Gemna commands.
I was fownd that the output of U33 Pin G CHD F.F. reset on A2 board was set
in a bigh state. This should normally have baen raset 1ow by elther “POR" or
bit count 88 pulses, after initial power turn-on.

Suspecl devices AZ - U26, USS, UL7, and LiGB.

Corrective Actipa: Removed and replaced the following parts on the AZ Board
UZ6, UGa, UG?, and UGB, Lab analysis dld not indicated any defect with removid
parts. Prablem has not recurred afier new parts were installed.

TOR - 43939 - Loy #0954 — TVC $/H D31-508

Descriplipn: Flight Failure, Spacecraft Lev el
§T%-14

Problem repart PYE-DO403Y

No wideo gukput

Cguse: Defective Relay K-1 on the &6 Board.

Cprreciive Apbion: Cause dus ts a foreign conductive particle teapararily
Todged petween relay laads and board @,{. braces. Ralay K-V sent ka product
assurance lab for analysiz, report FAIDMH. Numaroaus discrapancl &5 wara
found, nane of whick were critical.

TOR - 6-3521 = Log #1165 = TWC 370 #36-508

Descripiian: Acceptance Test Failure
HBox Level
Thermal Vac = Hal Envi .
Encessive supply current, lost all DLRAcamara lights and output wideo information.

{ause: Sherled capacilor €14 an AR bhaard.

torrective Action: CI14 remsved aad veplaced with new capacitor. Froduct assurance
lab could nat Find a cause tor shorted cap. (Report & B53Z1A)
Consinered random Failure.
0237R 2=240h TN - Ao
F___.



REVLSED §-7-37

FHEA WO, __2.3.7

CRITICALLTY 2L

UNIT  TVLHLA

cn:??&'ﬂi'hg?usr DG MD-
2307088-50%
. SHEET __ 2 OF __ T

FAELURE MODE AHD
CAUSE

FAILLRE EFFECT
1]

RATIONAIE FIR ACLEPTANCE

HENO CTEH
boss of FTU function.

Loss of +28Y swiiched power ko bhe
FIU.

1
Ab  Power On/0OFf Switching.
2204885501

toss aof nission
critbcal viden.

CFERATIONAL FFFELTY

Loss of widea. Fﬂi.iilﬂﬂ Tass of major misgion objectives due to Toss of RHS camaras
or ather reéqulred caneras.

GREH ACTTORS

If possibla, continue RM§ gperations vsieg alLermative visual cues.
CREH TAAINING

Crew should be trained to use possible alternatives to CCTV.
HESSION CONSTRAINT '

:2$;u possible, procedures should be designed se they can be acconplisked withouk



