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CAITICALTTY _ 372 SHEEY _ ) OF g
TAILURE WOBE AWO FAILURE EFFECT .
CANSE DM EWs ETEN RAYIONALE FOR ACCEPTAMCE :
Irls Timit switch fails or thorted. | Lnable to control thAg DESIGH FEATUPES o

opeaing of Lha Vews jris.
Tha TVC/Lens Accanhly bs comprised of 16 eleckreical subastawtlies: 13 subassenblies

: , Worst Casa: . are RCA Astro designed ang fahricated usin? standard printed-civcuit board kype of
Swilch Tailure Loss uf mizsion critical construciion. The remdining threw assenblies, high voltage power supply, oscillator,
Camerd video. and SLepper molors, are vendor supplied camgonents which have heen spacified and

purchased according 10 ACA Specification Control Drawings (500s) prepared by eayi-
neesing aad reliabilily assurance. Specificalians per the SCD are prepared o
establish the design, parformince, tesi, qualificatrosn, and acceptance Fequirements
For a prucured piece of equipment.,

Paris, materials, processes, and deslgn guidelines for the Shuttle CCTV program are
speciliod in arcordance with AEA 2295501, This document defines the program regqui re-
menks for selectivn ond conirol ol EEE parts. Te the maximum entent, and consislent
with auailability, all packz have berm selacied from military specificallons at ihe
JAN Tevel, 23 a miniowi. 00 additian to the pverall selecison Lrykeria, a subset of
ganeri] purpose preferred paris has been defined by this document and the RCA Giverfi-
menl Systems Division Standars Parls List. In the case of the CMOS ang TTL {amily of
micFpcireoits, devices are screened and wesled ta Lhe MEL-5TOD-BRIC equivalent and
Fra<ered untder Lhe designabions of HI-RELAIM) and SHC 5415 From RCA-SSD and Towas
Inttruments Carp, respectively. Parts nol ineluded in Lhe above documents have HeEn
used in the oeslgn anky after & nonstandard Lom approval foen (HSIAT] hat been pre=
paved, submilied 10 Beliabilily Assurance En?ineering [RAL) and approved for use in
iheé specilic application(s) defined in the NSLAF by HASA-JSC,

Worsi—{ase Circuit snalyses have been perfarmed and decumented Far all cirtuit
#esigns Lo demgnstrale Lhat sufficient operating wargins exisi For all ppErating
ronditions. The analysis was worst case—in Lhai the value for each of the wariable
paramiters was set to bimils thal will drive the output Lo & maxinen (or mi zimum) .

A romppaeal applicalisn review and analpsis was conducted Lo verify thal the applied
stress un pach piace part by the tespsrature extremes identiFied with Evi Fanmental
valificalion testing dees not exceed the sbress derabing values idenLilied in RCA

L95507.

In wdditivn, on objective examinalion of the detign was performed 1hrough o PDA and
(OR L& weridy Lhal the TVCfLens assenbly met specificalion and cuntractual require=
el
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CRITICALLTY 5

UHIT

_TCv/HLA
SHUTTLE {{1v OWG WO, 2948 |9-t(f-cOR!

CRITICAL IFEMS LINT —ceddgeq-s0
SHEET i oF _9

TATLURE HOBE AND )

FATLURE EFFECT

~ E
[ris liait switch Falls ar shorted.

HiL&
Swilch Faflure

ON_END ITEM
inabte o cuntrul the |
opening af the lens jrig.:

Hersy Lase: .
Loss of mission critical
tamery widea.

RALIGHALE FOR ACCEPTANCE ' _
DESIGH TEATURES .

The general arrangemeni of the lens assombly s to provide an inkagrated hausing,
motar, aid circuit board packuge which com accomnodate various conmarcially avadlable
Yeases. Emphasis i1 pliced on acceasibility of the lens, itc drive camgonesls, and
Fimit stops. Camponents within the leas 8sseably have been modubarized, serving both
the HLA, CLA, ane WMA assemb]ies.

Tha lens housing structure is a pne-piece casting desigped Lo minimize cackining and
provide a rugged dimensianally skable mounting for the opiacal companents. [he housing
is in the form of a right angle, The vertical member interdices with the Front surface
of the camira aad the herizontal mevber supparts the drive msiurs oa Lhe wpper surface
with the teas funcbior circuit boards in a cavity on the wrderside.

Lens Fuaction Drive Jrai

Tha iris, toom, and facws drives are identical in concept: the anly differenze is the
lowds gear ralio ia the icis triia ta provide the 2.8-second end-lo-gad traval Capa-
bilily necessary for the ALC aperalioa.

Ine wable {on next papel] shows the drive Lrain paraqeters with overall torque margins
far tha LRree lens functines, .

The motarsgear heads are maunted on the lens housing rather than on the teas. to pemik
the desired lens Interchangeability for bhe Shutble mission with minhaam impact on tha
actudl Tensas.

Varioue types of wodars were considered for this sppli<atian, trading of f size, PowEr,
meiyht, coatrel-Circuil complanity, conmand capabiliuy, and qualificilian status. The
brushlass and stepper-motor types Fit ithe Packaye and panes requirements, the latter
beiny Freferred because af its sumplicity, réliahibity, and spacd—quzliFied status.
Yhe selectod slepper motar {a sice—8, Alnica-9 pele-piece, permanent-magaet steppar)
i mated with @ spur train gearhesd. Bath wnits are manuFactured by Monaca Motor Ca.
A d8-diamebral-pilch (4B-OF) spur gear un the gearhead oulput shafi meshds airectly
wilh Lhe gears which ire 2 part of the -zeom, focus, and iris ring functions oa the
Tens gear.
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CRIVICALETY 2/

SHUTTLE CCTY
CRITICAL [TEMS LISF

FATIURE SDDE AMD
CAUSE

FAELURE EFFECT
ON_E6D [1EH

[ris Vimit switch fai¥e or shoriad.

hl A
Switch Failure

fl LN

Inability to contenl
focus, room, ar iris.

Worst Case: )
Loss of mission cribical
canerd vidaa.

e e e RATIONALE FOR ACCEP]ANCE
DESIGH FEATURES
LEHS DAIVE TRAIN PARMETERS
Time End-| Input Loss Mek
Brive| Component | Trawel to-Ent | Vorque |[Ranio Mo [Efficiency|Tarsue |Forque
‘J{degress) ] {seconds}| (oz=ial{or Taath 4 {oz-in}|laz-inl
Hakar - - - - .27
Gzarheadt g.27 7Bt a0 1.7 1B.4
fo0m 140 h.6
Gearnead
!l(]utput Gear 1.4 50 2.2 F 52.40
s
Lens Gear Yah 10.10
Tarque Haryin
5.2:1:
Hotor - - - - a.27
Gearhgad B.z7 ad; [311] 2.6 14.3
Focus 2R7 1.5
Gearhead
Duiput Gear 10.3 (11| 1.3 .0
96
Lent hear 186 { 0.4
Tarque Hargin
Hatar - - - - B.27
Gearheag 0.2 4a:1 L TH Z.6 1.3
Iris 105 2.8
Gearhead
. [Dulput Gear 143 50 1.1 ] 16.0
b
Lens Gear 15k f L |
Torque Margin
&
—— _ o |
257 TN
. il
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. UNIT _ FCVFHLA
FRER MU, 4.1.6.4 . SIUTTLE LCTW MG MO, _ 2204PN9-50G.908
' i CALTICAL IFEMS LIST -5
LANFICAaLIY 272 SMEET _ 4 . OF __ 9
TaILRE HIDE AHD ; FATLLAE EFFECT
CalsE ; O EHOD J1EH RATTOMALE FOH ACCEPTAMNCE
Irit limiv switch fails or sherbod f Inable o control the QUALIFICATION TEST

opening of the lens iris. -
uLA ' Far Quildficabion Test Flow, see Table 2 lecated at Lhe Front of this book,
Swikih Failure Haysl case:

Loss &f missian critical
cdmgra videc.
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CRITICALITY /2

GHIT  __ICY/HLA
SHUTTLE CCTY Do W0, _ 2794R19-506 DR/
CRITICAL ITEWS LISF — 229082022

SHEET 5 of o9 __

FAILURE WIDE AMD
CAUSE

FAILURE EFFECT
DM (i FTEH

RATIOMALE F{R AC{EPTANCE

Irie limit switch ¥ails or sharted.

HLA
Swikch tailure

Utk

Ungkle Lo rortrel Lhe ACLEETANCE TEST

apeniag of . Lhe lenx iric.

The CCTY systems' TVC/MLA is subjected directly, without vibrabion isalalers which

Worst [ase: might be used in their nermal installation, to Lhe fullowiay vesbing:
Loss of missdon critical
Lamara wvidep. & Vibrarian: 20-80Hz; k! dﬂfﬂﬁt—risa from 8.0 &27H:

80-358 Hr; D.04 G=/Hz

350~ 750 Ha: -1 48/00 Dct-slopa

Test Duratboa: 1 Hinule par fxis

last Lewel: 6.1 Erms

decoder.
ahililg
wiuld be

[ 4 Ny Pt

Ecmylu

474

® Therma) Vacuwm: Ui a préssure of 115> Yarr, the temperalure shall be as

Follows;

b25% F: Time tp stablize equipment plus ) hour
25% F: Time ta stabliza equipnent plus | hour
125% F: Time to stablize equipment plus | hgur

The PYCAAA may not have bees subjected Lo the vacuum candibion.

Tor Acceplonce Test Flow, see Tabbe 1 localed at the frand af this book,
OPERAT1OMAL TEST

[n order Lo verify thai ECTV.EnlDﬂhénti dré aperitinnal, 2 test must verify Lhe

health of 211 the cammand related componeats from the PHS AATAL] panel swltch,
Lhrougph Lhe ACY, 1hrowgs the sync lines ta the Camara/PTU, Lo 1he Cawera/PT0 comnand

The tesd must alin verify the comera's ahility Lo pruduce vides, Lhe WSU's

La‘ruvte video, and Lhe monikor's ahilitﬁ ty display »idep. A similar Lest

performed 1o werily the HOH command pat

 Pre-{auach on Orbitey Fest/lo-Flight Fesd

Fover LCTY Systen.

Via the PILS panel, select a momitar as destination and the Camera undir
(st A% sOUFCE.

end “Canera Power On" comwand Trom PHS pane].

. Selecl MExternal S{nc' on Mo Lor.
. Observe video disp

ayed on mokitor. MNode bhat ¥ video on wonilor is
synchronized [i.a., slable rasler) than ihis sndicales that the canera

iy receiving composike sync from the RO and bhat Whe camerz is producisg
sypehirpnized video.

o Semd Fan, Tilt, Focus, Zsom, DIH, AND Guaoma cowiands ans visually {gikher

wid Lhe amailar or direcl observatian) werity wperal 106,

debpct comalank o5 desLination and canwrs ander Lest as sonrce.

(barrve wides rooled Lo doewnbiak.

sl CLamwera Pamer G conagnd via PIS panel

Bipial Steps 4 through @ encepl 1asue commads wia [ MEH marid path,
iy groves Lhat The COIY equipment 14 aperstianal

CEAN AT
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' ! UNEF  _TOV/Hla
FoEA Q. _ 1.1.64 ' SHUTTLE {CTV DHE nO.  _ 729483%-506-5087
. : CRETICAL ETEWS LIST —2299820-502
CRIVICALLTY _ 252 SHEET b T3 9
FALLURE HODE AMD | FATLIMF EFFECT -
CAUSE ; On EHD JTIH : RATIOHALE FOR AC{EPTARCE

Irvs limid switch Fails or shnrlld.i Unakle to cantral Ehe 1 0A/INSPECTION
(| opeaing af the lens iris.
Fracurgmest Conteal — The TYWC/HLA EEE Parts and hardware items ars procered from

BLA Harst [aze: dpproved vendars and suppliers who maet the raguirpsents set forus 'n Lee CCTW
Switih failure ' Loss af missian critical cuntrack and Qualily Plan Work Stalenent [WS-2593%76). Hesidant DLAS personngl
Camera wideo. review a1 procurésent documents Lo establish the need far GSI on selacted paris
i{FAL 517].

i — Incoming fuality inspections are made pn g}l

received milerials and parts. Results are recarded by 1ot and retaiaed in File by
drading and comira] nusders for Future reference and iraceability. A1l EEE parts

' arg stubjected Lo inconing accepkance lests an called For in Pal Eih = [ncosing
Encpectien Test Instructions. lacaminyg ftight parts are Further procassed in
accordance wikh ACA TH46664 - Precondiktloming asd Acceplancs kequirements far
flaciranic Parts, wikh the exceptian that 0P and PIND Lesting 15 nal parformed.
Mechanical ilems are inspecled per PAT 316 — [ncoming [nspection I[nsiruciions for
wechanical items, PAL 305 - Encoming Quallty Control Inspection lastructisn, and
PAL 612 - Prowedure For Processing Jacoming or Purchases Parts Designated far Fligni
Ui, Accspted ilems are délivired ta Material Controlled Stores and retained ungge
specifivd conditions wnkel dabricatian is required. HNon-cowformang materials are
held For Matorial Review Baard [HAB) ditgnsition. [(PAL-387, PAL IQC-514.)

Board Acspply & Test - Pric ta Lhe siart of WLA Baard assembly, all itens are
werified Lo b8 Correct by stuck room persemel, a5 Lke items are dccumualated bo
forn 2 kil, The items arg wer tied adain by the operator wha assembles bhe kil by
thecking against the as-buil4—parts-list [ABPLE. OCAS MWaadatory Inspection Paisis
are désfynaled for all prinled tircuil, wick wrap 3nd welded wire baards, plus
harneis eonnectors for soldering wiring, <rimping, solder splicas and quakiby
norksdnihig preor bo coatisag of dhe fonponent tide of boards and slegving of
harneiers.

HLA Beards

Specific inytructions are given in assembly draving notes and applicable sacuments

cdlled out in the Fobrication procedure amd record (FPR-236708B) and Parts List

Fo Z30MBd,  These iacluse wirg connechion 1ist 2795907, Moles = wide argle 2gum

Peas awsy 233191, Process Siandard - bonding staking, pailing, enca sulaling

i Eﬂigggg. Specification - Urethane proLective vosliog 22BOBI7 and Workmanship Spac
a0 35,
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CRITICALITY P

UNIT _ T{Y/Mla
SHUTTLE CCTv DuG Wi _ 2204B19-SfIG-R0B7
— 2208720542

CRITICAL ITEWS LIST
SHEET [ oF ]

FATLURE HIDE AHD
o — CARE

FATLURE EFFECT
O ENE LIEH

BATIOGAILE FOR ACCFPTANCE

[ris limit switch fails or shorted.

HLA
Switch Failure

e

Unabla is conirol the

apening #f the Jens iris.

Herst Case:
Lest of mission critical
Camera videg,

UAZINSPECTEDH (Continued]

ﬂlﬁ;ﬂ;;ﬂnﬁ[ﬁ_ﬂnﬂﬂlggl = A0 apen boa kest ¥ perfomed per TP-TT-2307DOE, Accephante Test
per TP-AF-ZIITHER. Torques are specifFied and wilnesied, traceability sunbers are recordad

and calibrated tacks are chached prior Lo wse. RCA fuality astd DCAS inspections are
pertaormed At the completian of specified FPR pperabions in accordance wilh PA[ 204,
PAL-205, PAR=-217 and PAI-4DZ. OCAS persvmnel wiiness wWid Lutkgn-up amd critical
Lorguing.

INCAHAE - After 3 TWMLA have Besn becled individually, they are nated and

i Tinal acceptance tast s perfarmid per TP-AT-2294619, ingbsding vibration and
thwrmdal varwum envirgnments.  RCA and OCAS personsal) manilor thesp Ltedsks aud rgvigw
the accepkamce test datafresults. These persmmel alss wnspect afler al) repair.
rivurk and rotagt.

Erepacalion_For Shipmepl - The TV and WLA are separatad prios Lo shipneat after
labrication and iesting is cosplete. £och is packogad accarding to CLTY Levier BHI)
and ZZHOT4n, Process standard for Packaging and Handbiag quiselines. A1l ralaled
duvamenLat idn intiuding aysemhbly grawings, Farts List, ABPL, Tesk Data, etc,, b5
yathered and beld in 4 documentation folder assigned specifically Lo each ascembly.
by Fodder is retained lor reference. An EIDP s prepared for each assembly in
gerurdance with the requirsments of WS-2693176. RCA QC ana GUAS persanned HItniss
cralony, packaying, paching, end markwng, and review the EIBP For youmpleteness and
diiLurdCps

S-pe W vy
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] UBET FCVYAHLA
FHEA Wi, __4.0.6.4 ' SHUITLE CCTY OWG ND.  _ 2294819-506-5887
CRITECAL [TEHS (15T — 20483002
CRITILALLTY £z SHEET ] OoF 9
FATLURE HODE AHD i FAILURE EFFECT : _
CAUSE ; {H £t {TEH — BRATIDNALE FOR ACCEPTANCE
lris Vimik swikteh dails or shartad.’ | Unabte to control Lhe i | CAILURE HISTORY

 f apaning ef the lens iris.
HOIKE .
MA H '
Swiveh Fatlure Loss of wmission eritical

camary wldea.
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. IHET TCW HLA
FHMER NO. _ 3.164 SHUTTLE CCTv WG WO, _ 22948 ]9-S0b-50B7
CRITICAL ETEHS LIST __2294020-502 )
CRITICALETY 22 SHEET __ § 0 OF _9
FAILURE MODE 2MD FATLLRE ETFECT -
LRUSE 04 EED JVEH RATTCGHALE FOR ALCEPTANCE
Iric Timit swidch fails or shorted, | Unable to cpntrol Lhe JPERAT JOMAL EFFECTS
openlng of Lhe lens irés.
. Less of videa. Possible boss of major mission cbjectives if AMS ¢lbow 33 required.
HLA Horse Case:
Lwitch failure less of misslon ¢riLical CREW ACTEDNS
camerda wildes.
IF possible, contimue AHS speraticns vsing alternative visval cues.
{BEW TRATKING
Crew shauld be Erained Lo use Ipns:ihh altgrnatives to CCTV.
HISSI0K CONSTRAENT
'E'IE;;e possibla. procedures should be desigaed so they can be accumplished without
I ik A.78 AN A
i N



