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CRITICALITY ef2

UH1T L Wa Rt

SHUTTLE CLCIv WG WO, __27%48]19-508, SHRS
CRITICAL TITEHS LIST =
SHEET 1 Of 9

FAILURL HADE AHD
LAUSE

FAILIME EFFECT
On END 1TEH

RATIOHALE FOR ACCEPTAMCE

Time baga &rrars [Jitter) In Lhe
synchrenszalion infermatlon on Lhe
videa autpul Tine. Video Informi-
i% present and contains the same
timg base arfors.

vl .

b, I294B80-504 Symc generalur
Clock Divider Chain Phate-Lpcked
Loag.

&7 Z204BA1-501 Camera Timing Logic
ald, 22955271 Haster Qscillator.

WL Hesters

0 1R

{1} Loss of camera outpul
depicting scene infarma-
Lion within FOW of Tais
assembly.

{2) Lots of camera until
self-heating of circeibry
reylores awrmel wperation,

Horst fase:
Loss af missdian
critical viden.

QESICH FEAVLRES

Fhe TVCSlens Asseobly 15 comprised of b6 plectrical subartemblies; 13 subpssemblfas
arg ACA Astro designed and fabricated usinq standard primied-clecuit bpard type of
coastruckina. The remainiag three asseabliec, high vollage powver supply, aseillatar,
and slepper makors, are wvendar svpplied compgnents which Eiv& been Spet{[ied and
purchaiesd accarding ko ACA Specificallan Contral Drawings {5CDs) prepared by angi-
ngaring and reliabylity assvrance. Specllicalions per Lhe S0P are prepared 1o
eilablisk the design. parformance, test, qualiflcation, and acceptance vequiremenis
lor a pracured piece of equipment. )

Parts, materials, procesaes, and design guidelines for the Shattle CCTY program are

cspecified bn accordance widh RCA 2298503, ° This dacement defines the prograd require—

menky far Spleclion and conlrob of EEE paris. To the masimum exient, and conslstent
with avallabllily, atl parts bhave besn solorled From military spacificalions an Lhe
JiH Jevel, as a aininue. 1n addition ta the gverall selection criteria, a subsel of
general purposs preferred parts has been defingd by this document and the RCA Gavgen-
meal Systens Division Standard Parts List. In khe case of Lhe CHS and TTL faamily of
midrocirend b, devices ore screened and tecked ta the HIL-STO-8A3C equivalenkt and
procecgd under Lthe designations af HI-AEL/AIMQ and SHE S4LS Trom BCA-S50 and Texat
IEnitruments Corp, vaspactivaly. Paris not includsd in the atove dociwwnds have been
used im the design an { after a nenstandard item approval form {WSIAF) has been pre-
pared, submitted to Reldabilily Assurante Engineering [RAE} and approved far use in
ithe spechfic applicationls) inflned in the H3IAF by MASA=JSC.

Horst-—Case Circuit Analyses have been performed and documenied for a31 circuit
designs ko demonskrate bhat sufficient operating marging exist for all aperating
conditions. The analysis was worst case-in thal the valwe for each ot tE: variable
paranelerc waz tet Lo Viwits Lhat will drive lhe sutput to & maximum {or minimum),

A camponant iﬁplicatinn Feview and anilysis was canducted ta verify thal the applied

itrass en dach piece part by the tenperalure eairenes identified with environmendal
;illflﬁjtiﬂﬂ testing does nob esceed the siress derating valoes idealified in RCA
F5503.

In additien, an objective sxamimation of the design was perfermed vhrovgh a POR and

(DA Lo verify thal the TYC/Lews assembly mek specification aad comtracival require-
aents,

PR R VIR
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2 - ONIT —_ TYC/CIA
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TALLURE POOE AHD FAILURE EFFECT
CAUSE ON END TTEH AATIDMALE FOR ACCEPTANCE

lme base errors (Jitter} n the
synchronizatlon infgrmatbon an the
rides gutput Twne. Vides informa-
is present and eontalng the same
Limg hase ervors,

LyL

b, 2294B30-504 Sync generalor
Jlock Divider Chain Phasa=-Lockad
Loap.

8, 22<ea1-500 Camers Thulng Logic
13, 22955221 Master Dscillatar,

IVLC Heaters

(§) Lass of camara outpul
depicting scene inlarma-
Elon within FOV of lans
assembly -

(2] Lass of cavera wnkil
self=healing of cirLuitry
resiores narmal operation.

*

Loss of mission
critycal viden.

DESIGEN FEATURES
BARE BOARD DESEGH (Al)

The desiga far the assoclated AY board 1s constructed from laminated capper-clad
epouy glass Sheets [HEMA G-10) Grade FR—&), PER HIL-P-ESR1TA. Circuil

conneclions Are made Lhrowgh printed Lraces which run frowm palny to poént an tha
koard surfaces. Every brace igroinates at an aonular ring. The annular rin?
surrpunds Lha hale In whick 3 cawponent Yaad or Lterminal §s Yocated. This ring
provides a footiag for the solder, nsuring good mechanical and electrical
performance. [ts slze and shapa are gwerned h{ HILF-55640 a5 are Lrace widths,
spacing and routing. These requirements are reiterated specifically in deaning
nokes is Turther assure <ompliance. VYariations between Lhe artwork master and Lhe
final product [due to |rregularilices of the ekching process) are alsd controlled by
drawing nodes. This prevenis making defectlve bodrds From good artwork. Holes which
house ne lead or terminal, bul serve only to eleckrically inleccaaneck the differemt
board layers, roatain stiteh bars for mechanical suppert and 1screased reliabiliry.

The thrw holet are drilled from & drill Eape thes eliminatimg the possibitley af
hunan ervoer amd allowing kight ¢ontrol over hale and annelar ring cantentricily, an
imporfant rebiability criterion. &fter drilling and etching, A1l cugper cladding is
tin-Yead plated per HOL-510-1495. This provides far sasy and celiable soldering at
the time of beard assembly, sven after pericds af prelaaged starage.

BOARD ASSEHGLY DESIGW {Al)

A1l tamponoals are Installed is 2 mannar which assures mimmn rellablTivy.
Compgrient leads arg pre-tinned, allawing total wetting of salder joiats. A1l Teads
are farned to provide cirsse rvelied and the bodies of Varge components arg staked.
Special mounling and hasdling insirvclions are included in sach draning redguined
after flaal assenbly. The board |s costed with wrethane which proteris againsi -
humidity and coatamination.

BOAERD PLACEHENT

The Al, A? hoards are securéd in Lhe slactronics assembly by golo—placed
berylliwm copper card guides. Connections are made to the aother board

wikh blind—mated connectors. O1sengagement during lawnch &3 prevented by a fover
which spans the board's free adge. .
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CRITLLALITY 242

I TVCATEN

SHUITLE £CFY DWG KO -
CKITICAL 1TEHS LIST _e2oal2y-501 . _
SHEET 1 oF __§

FATLURE MODE AMD
LM

FAlLURE EFFECT
04 ExU ITEH

ﬂallﬂﬂéiﬁ_ihﬂ_ﬂﬂiiﬂlﬂﬂif

ime base errurs {Jilterk in the
ynchronization infermatiosn an the
idep putput Yine. Videa informa-
i prasent and contains lha tamg
ime base ervors.

‘L

j. 2204880-504 Sync generatar

lock Oivider Chain Phase-locked
I;IDP.

¢, 2294681-507 Canmera Timing lLagic
13, 2795527—1 Master Oscillator.

JL HeEalers

4k

1) Less of camera subpulk
depicting scene informa-
tion within FOV of tens
assembly.

%) Loss af cameara wnkil
self-heatIng of circuitry
restares nornal operalion.

Loss of aission
critical video.

QESIGH FEAVURES
BARE BOAAD COHMSTRUCFION [AZ)

The boards ara al "welded wire™ construoction. At the bare Board lavel ihis doas nat
distinguisk it From & normal PC bhoard except that holes which will tike weld pins
generally are nol cennected to PC traces. Only these pins <hich bring pover and
groynd poyentials te the I£s are on PCs.  An annular ring serrcunds Lhe lole in Lhe
board where each power and ground pin i3 lacated. These ping aré bthen soldered Lba
the irace Vike any oihar conponent lead. Aside from this fealure, all design

L construckion bechalgues used in PC board layout Apply.

BOARD ASSEMHLY [A2)

The drilled and @tched bosrds are populated with several hundrped soldevabie ar
weldable pins. Power and grownd pinz, as well as connector pins, are ssldered in
place. Discreek components (resistors, diodes, capacitors) are sttached [o
bifur¢abed terminals, where lhey are soldeced. Flatpack [Cs are welded,
tead-by-leas, to Ehe tops of the weld pins. AFter welding, ewtra Tead walerial is
trimmed away. Lircuil connections are made using A3 AWG nickel weld wire. The
wire is welsed to the pin surfaces on Lhe board backsige. ANl wire welds are done
using 2 waching which is Lape driven, thus eliminaling Lhe possibilily of miswirwng
due to operalor error. K11 wiring & circuil pecriormance s fesled gpriar te
bym-Tevel installation. After toccassful tesling, conponenis are stabed as required
by drawing notes and ihe asiemhly s coaled wilkh wrethane,

The board is inseried ia ths box on card=gdde guides, in bthe same manner af Lhe aLher
PC boards.

Ihe A13 asiembly is 8 temperaluve cowmpansated volkage controlled erystal oscitlator
[TCVEND)Y that i3 perchased te a sperificalion tontralled drawing Lhal establishes
the requirements {or perfermance, design, tesk, and quelilicabtion of the unit. The

- produtl aksurance prowisisns of the dolument roatain the idenkical reguirements dor

elecironic parts and malerials as the Sheille CCTY program and owsk receive Lhe
approva¥ of RCA and NASA-ISC_ Mechanical and electrical ipiegrity of Lhe asceably
is confirmed by both analysis (design reviews} and Lest |qualification and accepience].

5-10D
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TATLURE HODE AHD

FAILUAE EFFECT
DN END IFEM

RATGHAVE FOR ACCEPTANCE

LAUSE
Timg baze errors {Jliltter] im Lhe
syachraniration InfFormation on tha
videa ovtpul Vime. Videg inferma-
is preseat amd rontains the zame
timg bIsd errars,

e

Al. Z1948B4-509 Sync ganerator
Cluck Divider Chain Phase-lacked
Laog.

£, 2294081-501 Lamera Fiming Logic
13, 22955270 Hazker Otcillatar.

VL Heatersy

(1) Less uf camera sulput
dapicting scent infarma-
tign wilthin FO¥ &F lens
disembly.

{2} Loss af camera uatil
self-heating of circwlery

restorss normal opecatinn.

Korab {a5g:
Lass of mlssian
critical widea.

QUALEFRLATION TESY

-

For Qualificatlon Test Flow, 3¢e Table 2 located at the Front of Uhis boohk.
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] 5.2.3.1 UNIT IVCATEA
FHEA MNO. hinls SHUTTILE CCIV OWG m), _ JO4819-506, SO0,
: CRITICAL 1TENMS L1150 _2d0aB21-501 0
CRITLCALITY L SHEEY _ 5 OofF  _ %
FALLURE HWIDE AHND T FAILURE EFFECT
ALSE o _EHD 1TEN RATIOMALE FDR ACCEPTANCE
Time baze grrors {Jithker) in the {1} Loss of camers sutput | ACCEPTAHCE TEST
synchranizalisa infaormation om the depicting scane inferma- . ) . , .
viden gutput Vine. Vides iaferma-— tien within FOM of Tens The [CT¥ systems' TWCACLA ix subjected direckly, wllhowt wikratian izalatars which
it preteal and containg the ctame assewhly. might be used in their noveal [astaltalion, to the fallawing testing;
im Trery.
time base ervars . {2} Luss of camera wntil + Yibralian: 20-80Hx ; 1 dﬂ.l"DEI.—rise fram 0.01 GZ/Hr
(4] salf-heating of circuitry B0--350 )i2: 0.04 G°/Ha
A1, 7794AR8-544 Sync ganerator resipres sormal operation. 350-754 Hr: -1 dB/ 10 Oct-slope
{1lock CGivider Chaim Phase-Lacked Test Duratian: I Hinule per -Axis
| oop. worst (ase: Test Lavel: 6.1 Gros
, £2998001-581 Camera Timing Layi Loss of misyl
%Zm' J2YL53 71 Hastar flscillgtnr? ¢ cr::iﬂl u?;el]“_‘ * Thareal Yacuum: }nﬂ pressure of FAL o Tore, the temperature shall be ag
Wt IS |
TYC Hedters I25%* F: Time to aiaklize equipnent plos b hour
) 25* F. Timw ko sdablize equiprent plus b hour
1257 F: Time to stablize equipment plus | hour
[y
The PAACLA may not have been subjecied to Lhe vacuuw condition.
For Acceptance Test Flow, see lable | located ab the front of thes book.
DPERATIIMAL TERTS
In order to varify chat LCTV componeats are operational, a test must verify the
, hasltk of 211 the command relatad components Trom the PHS (AJAT} panel $wmilch,
through the BRCY, through Lha sync limes Lo Lthe CamerasPTW, 1o the ComerasPTU cawmand
decoder. The Cast must alsn verify the camera®s abilily Lo produce vides, the WSlH's
abiliLty to route videy, and the monitor's abiVity to display viden, A similar test
wauld Ee performed ta verify Lthe MOM command path,
Prol | Orbi Text/[o-Fiight Tes)
V. Powar CCTV Sysiam.
2. Via the FHS panel, select a aondtor as destination and the camera under
tast az sourcd.
3. Send “Cacera Pewer On® tommand From FHS panel.
4. Salect "External Sync® on monitor. .
5. Observe vides displiyed on menibtor. Hole that if wvides om momitar is
synthronized {i.e., stable raster) then thls indlcates Lhat the camera
is receiving composite sync Erom Lthe RCU and that Lhe camara is producisg
synchronized video.
6. 5Send Fan, Tilt, Forus, Zoom, OLR, ANO Gamna commands and vizeally {either
~ wia ihe mpaiktor ar direct ubstervalion) wverify operation.
7. Select downlink a5 destination and camera under test as source.
B. Bdbserve videa vrouled Lo downl ink.
9. Send "Camera Powar OFF" conmand via PMS panel.
Y0. fAepeal 5teps 3 through 9 except issue conmands via the HIM ¢omnand path.
12348 5102 This proves Lhat Lthe CCIY pguipment is operatlanal.
L e i F__%
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6.2.4.1 - LAIT
FHEA WO. - SHUNTLE LCTY Das 0. 2204f)9-5D6, SPpAS
_ CRITICAL [TEWS LIST _ 2220501
CRITICALITY F SHEET __h _ OF .
FRILURE MDDE AHD FAELURE EFFECT
LAUSE O _EME ITEM BATIONALE [OR ACCEPRIAHCE
Tiwe base errors [Jikker) in the [1h Loss of cimera pulpuk | QA/INSPECTION

synchronicatlos information on the depicling scene laforma-
videg oukput Ting. Widea infarma- tion within FOV of Yanc Brocuremenkt Cankrel - The TYC/CLA EEEParts and hardwars items are procurcd frem
is prasent and containg bhe same azsembly. approwed vendors and svpplisrs, whickh meel the reguiremenis set forth in the CCTY
Limg base arrors. coatract aad Quality Plan Herk Statemean [M5-2593176). Revidant OCAS persoane]

' 12} Loss of camara ungl? réview Al1 procurgnent decuments to'establizh the newd for GSI on selected parts

Ivf ' self-heating of circuitry | (PAL S0T}.

Al, 27948B80-504 Syoc ‘generatar restores normal operation,

Clack Divider Chaim Phase-toched Incombpg_las - laceming Quality inspectlons are mada on all
Loap_ Horst Casg: received materials and parks, HAesults are recorded by lot and retasned in File by
AZ, 2294BAN-G0| Camera Timimg Logic { Loss af mission driving and conirol numbers for futurs rafecence and {raceability. A0 EEE parts
A11, 298527-1 Master Oscillakar. critical video. are iug

{Eilid Lo iacuming acceptanca tests as called fer bn PAL 315 - [ncomiag
Inspection Fest Instructions. [nconing Flight parts are further processed 1a
accordance with ACA 1846584 - Preconditionling snd Acceplance Raquiremants For

T¥C Healers Electronic Paris, with the sscap’ isn thai DPA and PIND Lesting s not performed.
Hechanical items are inipected per PAL 316 - lacoming Enspecibon Imstructians For
mpchanical items, PAI 305 - [ncoming Quality Cantral Inspection Instructisn, and

Pal 612 - Proaedure For Processing ?ncnning ar Fyrihased Parts Designated for Flighl
Use. Aceepted items arg delivered Lo Matarial Cantrolled Stores and retabned

under specified condilians ontil fabrication Is required, MNon-conforming materials are
held fur Haterisl Review Board [HRA)] digpositios. {PAI-187, PAL [Q{-511}.

- Prior Lo the start of TWC board assembly, all items

dre verified 1o be correct by stock room persennel, as the items are acrums]abed g
Form a kit. Tha iteas are verified agaim by the operater who asssmhles the kit by
cheching against {he ds-bullt-parts-list (ABPL]. DCAS Mandatory laspection Podntx
ars desbgnated for all pristed ciccull, wire wrap and walded wire boards, plus
harnesy connectors for saldering wiring, crimping, salder splices and quatity
:arhmanship prior ta coating of the component side of Woards and sheeving of
aArnEsses., .

WL Beards

Seecific TYC board assembly amd test iaskrucliont are provided in drawlng nokes, and
applicable decummis are called out in Lhe Fabricatfon Procedure and Recard
[FPR-Z294B19) amnd parLs Tist FLIZ94B19. These include shutble TVW assembly notes
2593660, Process Slandard RTV-566 2200081, Process Standard - Bonding Velcro Tapa
2280809, Speclfication Solderiag 2280749, Specification Mame Plata Application

MIE0167, Specification - Crimping Z2EGDOQ, Sgecliic4tion ~ Bondisg and Staking

2280878, Specification - Urethane coating 2280877, Specificatian - Tecking compound
2026118, Specification Epony Adhesive 2010985, Specificatlon - Harkiag 2200876, '
Specificatian - Hbrk-ansﬂip 8036035, Specification - Bandlag and Staking 2280875,
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FHEA KO, 52.3.1

CRLTICALITY i

' UNIT IYCACLA
SHUTTLE CCTV O3 N, erd0]9-5pG, SDAS

CRITICAL I1TEMS LIST 294821503 .

SHEEY 4 (1] 3

FALLURE HOPE AND
CHHE

FATLURE EFFECT
O EHD TTEKW

RATIOMALE FOR ACCEFTANCE

Time base errors {Jiteer) in the
synchronizatyon infermalios on 1hae
video eutput lime. VYidea informa-
1s present and Lontaing the same
time hase errors.

LLT Y

AL, 2204830-504 Sync generalor
Cleck Divider Chain Fhase=-Locked
Lung.

Ad, ¢294085-501 Lemera Yiming Logic
AR, 2205527-1 Hasier Oscillatar.

WL Healers

U 144

[1) Loss of camerd oqtpul
depicting ceone informa-
Lion wilhin FOV of lens
assemhly.

(2) Loxs of camery patil
seli-heating af circufkry

restares normal operation.

*

Lpss of miggion
critical videa.

DAJINSPECTRON (Continued)

I¥L Ass+mbly god Test - Ax ppen bas west is performed per TP-TT-2294819, and an
Acceptance Test per FP-AT-2204810, including vibratisn and thermal vacown. lorques
are specified and witnessed, braceabilily vpmbers are reconded ok calibrated tools
are chacked prior tov wse. HRCA Quality and DEAS inspections are performed al Lhe
completiaon of specified FPR operekions in accordance with FAL-T04, PAl-245, PA1 TO0G
and PAL 207, DCAS persoane]l witness TVC buktps—up amd critical Lorquing.

IVCLCLA Assembly ang Tesk - AFLer a TVC and an ELA have hat been tesied individually,
they arp sated and 2 final acceptance kesi is pecformed per 1P-AT-2294819, 1ncluding
wvibration and thermal vacuum #nvirssmests. ACA and DCAS personnel moniber Lhese tests
angd veview 1he acieplance test datadresulis. These personnel also inspect for cCon-
larmance after 811 repair, rework and retesk.

Ereparation for Shipnent — The TYC and CLA are scparaisd prioc 1o shipnenk afler
labrication and Vestimg 45 complete. Each is pachaged accarding Lo COTY Letter &011
and P2A#36, Proceas slandard for Packaging and Handling guidelines. A1l relaked
dacumentatiun incVuding assembly drawimgs, Parts List, RAPL, Test Dala, skr., is
pathered and held in 2 documentation folder assigned spacifically 1o each ascewhly.
this folder is retained For velerence. An ERDP is prepared for sack assombly in
acrordaace wilh bhe requirements af WS-2593076. RCA OC and DCAS personned witnegs
crating, pachagisg, packing, am marking, and réview the EIDP for complelpapss and
RLCUrACY. -

5104
ST e
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CRITICALITY F4a4

SHUTTLE {LT¥W

TRITICAL ATEMS L1ST

UHIT LA
OWG B0.  _ 2294819-506. 508/
SHEET i | oOF 9

© FATLURE HODE AWD
CAUSE

FAILURE EFFECT
O ENT ITEH

RATIDNALE FOR ACCEPTARCE

Time base errars [Jidter) iq Lhe
syachranizabtios infermalion e Lhe
vidén autpuk linme. Video $nforma-
is presenl and conlaing the same
Lime baie errors.

e

al, 2204804584 Symc generator
Clock Qividar €hals Phace-Loched
Logp.

Az, 294HHN-501 Canera Timlng Logic
Aald. 2295537-1 Haster OscilVakar,

T¥L Heaters

{1} Loss of camewra oulpul
deplcting sceae Informa-
Lian wilhis FOV af lenk
assenhly,

{2} toss of cacara wntil
self-heatinog of cirfuibey
restorey normal pperdtlon,

loss af mission
critical videno.

MOHE
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TYC/CLA

T
frea no. SN SHUTTLE CECTV NG W0, 2294819-506. SDAZ_
CRITICAL IVEMS LIST T
CRIVICALITY _ 202 SEET _ 9 OF g
FALLURE HOOE AND FAILURE EFFECT

CAUSE

On EHD ITEN

RATEOMALE FOR ATCEPTANCE

Time bace arrors (Jittar) dn the
synchronfaation iafoermation o the
vides gutput Tine. Video inferma-
is pretent and coslaing the same
tine hase errors.

LY -

Al 2194650504 Spnc genecakor
LChock Diwider Chadn Fhase-Locked
Lvop.

47 . 2204A81-501 {amera Tining Legic
413, 72995Z7-1 Haster Oscillator.

VL Haalers

(PR [

[1h Loss of camera outpul
depicling ceene informa-
tion within FOV of lens
assembily.

(2} Lass of camera uniil
sebi=-heating #f tircuitry
restares normal operatlion,

Horst Case:

Lots of mission
eritigal wides.

OPERAYININAL EFFECTS

Loss of videa.
or nther required cameras.

CREY ACTIONS

Possible lass of major nissloa objechlves due to Tess of RHS camervas

I possible, conkinue AHS operaliens wsisg 4l bersative wisual cpes.

CREW TRALKTHG

Crew sh;uld be trained te use possikle allernatlives to CCTVY.

HESSIOM COHSTRATHT

Khare possible, procedurss thowld be designed so they can be accamplishad without

LTV,

6-106
o
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