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Pisaer o0 Swilching.
Input Wulvoaye Frerugu?alurs.
BDutpul Vollage Requlalers.
2kl Bih-501

OF-Uf Canuvar! Frs

Fromary dixevliator Briver.
Se-nomdary RectifipesfTiVLers.
kbl Ba

AL} Raster Bacillatar

LML

ik

Loss of canera sutpul
depiching scéng infoprma-
Lion within FOY of lens
assembly,

HgrsL Lase: o
Lost of missian criktical

viden.

DESTGH FEMIUKES

The TWCAlens Assembly is comprised af 16 electrical svbassepblies; 13 subassenbl igs
are RCA Aslrp designed ard tabricated using standard printed-ciecuidl board type of
conslrockion. The remaiaing ihree assewblivs, high raltege pover supply, uscillatar,
and itepper motors, are vendor fupplied components which have been specified and
porchased according Lo REA Specification Conlrg] Drawings (5CDs) preparco by engi-’
neeriny and reliability assursnce. Specilications per bhe SCO are pregarad ko
establizh dhe design, gerdarmance, test, qualification, wnd arceplance requirements
for & procured piece of equipment,

Parls, malerials, processes, ang design guidelines foe Lhe Shutkle CCTY program sre
specified dn acrordance with BCA 2295803, This duvcumeat defings the progran reyuirg-
wenty for seleclian and cantrol of FE[ parts. lo Lhe muasiowm extent, and coasittent
wilh availabilily, a1l partu hive been selecied dram military specificationg ab the
JAH level, as 4 mdnimum. In additioe Lo the averall seleclion criteria, a subsal of
gineral purpuse preterced parls has been defined by this document and the ALA Guvera-
ment Systems Division Slandard Parts List. In the tase o ine CHOS and [1L tamidy of
aicrocicinits, devices are screened and tesved 1o the BIL-STH-BAY equivalenl any
procured pager Wne designalipns of HI=RELSI0) and SHC %405 lrom RCA-S50 and Tegas

o brumeans Ean_ respeckively. Paris mab iacluded in Lhe above docowedals lave been
bned e Lhe design nn?r alter g nonstangdard item appraval fors IHSIAF) has bein pre-
pares, submilbed te Reliabilivy Asserence Enginepring [KAE} and approved for use wn
Livi sprecific applicalionis) defined 1o the NS1AF by NASA-JSC,

Horsl-Case Circuit Analyses have beea pertorned and socumented dor all circoit
designs Lo demnnstrate thal suticieny operaiing margras exist bar 4h} aperaking
comdiliony. -The analysis mas worsl case—in that Lhe velwe for each of the varizble
paramelers was sel Lo Dimbts thal wil ) drive the sutput bo 3 masioum (oF @i .

focompanenl application review and analysis was conducted Lo veridy Lhat 1ha applied
slresd an each prece porl by Lhe Lenperature enbreenet cdent (dicd with environmeatal
gualification Lesting dogs nol eaceed Lhe skress derating walues ideatiftied in RCA
224m1405,

[u addiiign, an abjeciive exanindlien of Ehe design mat periomesd thraugh ¢ PR and
CO& Lo verify dhat the TVO/Leny dsscmbly met specidicalion wnd ¢onbraciual reguire-
Mkt
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assembly,
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BESIGH FEATURES {Condinuedy
HARE BOARD OESIGH (Al, &3 A6 AT}

Ihe dexign af the assarsated AN, A4, AE, A? boards is canstrucled feom 1omi nated
copper—clad eposy ylass sheets [HEMA G-10) Grade FR-4}, PER HIL—P-55BI7A. Circuit
canneclions dre uade Lhroggh printed traces which rus From poot to paint gn the
baard surtaces. Every trace berminates ab o daonular ring. lhe annolas ring
surrounds Lhe nole in which a compunent lead or Leceminal is localed. This ring
provides @ fooliny Tor ihe selder, sayuring good nechanical wnd eleclrical
performance. [ty size and shape are guverned by MIL-P-55640 35 are Lrice widlhs,
spacing and rouking. [hese requiremenls arg reiterated specr Fically in drawing
rates to further assure compliance. Voriation: Letween ithe artwork naster and the
final peoduce {due Lo irveqularities of the etching process] are alsu controlled by
draning notes.  This prevents making deterLive buards [ ram guod artnork. Holes which
hovat it Yead or terninad, butl serve endy Lo elecirically intéerconnect the differenl
board dayers, conlawn stiteh bars far mechanical supparl and incredsed reed iabi] iy,

Fhe Lhru holes are deilled from g orill Lape thos 2lininating Lhe possibilily of
human errar wad @l lawing Liyht conirol aver hole and aanubar rimg Codcenlricity, an
imporcant ralighility criterien. Attae dribling and etching, AV copper clagding is
Lin-lead plaled per HIL=5T0-199%. 1This provides far gdsy 4ng relidble soldering at
Lhe Lige o dnacd dsseably, evan abiér periads ol prolunged sboraye,

BOGRD ASSEMBLY DOSIGN (AL, A4, A%, A4, AT)

All compunenls are inslalled 0 & nanndr which a5surcs imem asm eeliability.
Couponeat leads are pre-Linned, ollowing tatd) welting af solger jaints. AV leads
are furowd. o pravide stress reliel and the bodres of large ompunents arg staked.
Special mounting and hamdling insLruckions are inclodegd in each drawing required
dller final assenbly,  The baard is coated with urothane which prolects dydiml
huidily and conldminatian.

BOARD PLACIHINI (AL, AZ, A4, Af)

Fhe Al, AL, A4, amd A6 Gogrds are secieced 0 Lha eleclromics dssembly by gold-plated
neryd i capper card guides. Comnections are made to Uhe mother board with blind=-nat ed

crngl Loy, Disengagenent during Tomeh is preveated by 4 cuver which spans Lha bpard's
Frap odue .

VTS sonf el
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Hua sutpul signal ta the wSli Lass af camara oubput DESIGH FEATUMES (Coatinued]

Herlher widia nor syncheanidalioa depicling scene inlanna-

ifurnation iy present. Eian within FOV of leas BARE BUARD [OWSTALUCTIOM (A2}

dusemily.

Al Synd Geaerator ! The A2 board s of "welded mire" construction., At Lhe bare bgard Tevel this does not
Clack Givider Chaiy, Woril Coue: distinguish ik from ¢ aprmal BC board ewrepd that hoies whieh will taka wald pins
FHB0 504 Loss of mission critical generally are nai connecled ta PC traces. Only Lhuse ping wisich brimyg power and

Be Lamers Timing Lagic videa. ground potentials Lo the ICs are an PO, an aanuiar ring sorrounds Lha hala in Lhe
FeiiB 15010 board where vach puner and ground pin is Tocated. These piow gre then soldered to

A1 Syne Farmaltuer. the trace lika any other componenl lead.  Aside from this fealure, a1t design
Video dulpue brpwe. t conslruction lechaiques used in PC board bayout apply.
rrI AR T Y|

A Puwer (/DIE Swilching. BIARD ASSEMBLY {A2)

Lipul Yalbaye Preregulatars.
Qubpit Yulrdge Kogolators. The drilled and eiched board is populgled with severdl humdred salderable ar
2 85- ) weldable pins. Power and ground pins, 45 well as connectur pins, sre soldered in

& 00 -OC Cupverters plece. Disceeed components {resiscors, dicdas, capaciturs) are attached Eo
Eramary Uuoi Tlaler Oriver, bifurcaled terminals, where theyp are sobdered. Flavpack I0s Jre weddad,

Sociilary Becdilrers/Fillars. bead-by-lead, to Lhe Lops of Lhe weld pims. Afler welding, entra lead makerial is
FAHAAL -5 4 Lrimmed aWdp. Circgil comnestions are made using #u) n aickel weld wire., The

A1 Hasher Ouscn [ Talor wire is welded Lo Lhe pin suidaces an the beard backside. A} wire welds ire done

R LRSS using a muchine which is Lape draven, thus slinmnating the pessibility of nikmiring

due to operator ecrar. ANl wirimg & circuib periocmance is lested prior La
bax=level installation. Alter successtol tasting, fonponenls are slaked as Fequired
by drawing natoes and Lhe assenbly 15 coated with urethany.

Me board is inserted in Lhe bos onm chrd—edqe gaides, in Lhe Sane manner Js the obher
P bpards.

The AF-4 low voblage power supply board is balled ia place at L painly arpund ity
peruneter.  Four of Lhese mounting icrews also pass Lhrpough and tie down Lhe wngller
AT-8 board.  These Lo boards are mavnted Face-to-lace, separated Ly the alandgifs.
Eleclrical inlerconnactions are achieved by Jusper wires between the two boards. [he
AT-A huuses 4 JA-pin connectar which beings 1o power and signals Trom pulsige Lhe
modale.

The A nodule includes Lhese twp baards as well a3 power Leansistor 4. The module
huuvs ing 15 beal alumioum shesk, conpyised ef twa halves Sorewet tegelher. Tha boards
wid T4 are secured to Lhe lawer half, amd wired Lodelhier.  Ihen the upper half is

pul 1o place. By mounling Qd direelly ta Lhe aluming haus ing, gouod thermal
perbarmancr 1y asiured,
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Win pubpul signal 1o Lhe WM
Heither widpo nor synchronjzatign
inlprmation is presenl.

el

¥
Y|

Lt

|3
Iy

ald

L4 Yl

Spnc Gengrator

Clock bivider Chain.

22044 L-504

Canera Timing Logic
22040881 -Ad i

Sync Formatler,

Videu Dutpul Brive.
SriiBHa-Siy

Fawerr GnSO1E Swilching.
Toput Yollage Freregulatars.
Oulpul Yollage Kepulatars,
AraslRs-501

OL-IC Lonverters

Frimary scillelar Driver.
Secnmifary Reclibiers/Filters.
2B - S0

Master Dacillator

2e95527-1

losns of camera sl puk
#s¢picting sceae ol prma—
tion wilhin FOI¥ of lens
syyembly,

Worzt fase:

Llosy of mission critical
video.

The A1} assembly is a temperature compensated velrage canlbrglled crystel ascillator
{ICWCUN) that is purchased bo a speciticatian controlled drawing that sstabbishes

the requirements For perfonnasce, design, test, and qualification of Lhe unit. The
praduct assorance provisiens #f the docomanl contain the idantical requirements for
electronic parts and materials as Lhe Shwttle COTV program and nust recaive the
apprawvdl nf BCA and HALL-JSC, Mechasica) and eleclrical integrity of the acsambly

is confirmed by buth analysis {oesion reviems) and tesL (ywalilicalion oml scceplance).

DUALTFICATION JE3[

Far Qualification lesL Flaw, zee Table 2 Tgcated al 1he fronl uf Lhes bLupk.

ERYL .
CLUNY - Ll
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_ CADSE - . ] O EHIN TTEM - BATIOMALE FOR ACCEPTANCE -
He cutpul wignal io Lhe WS, toss of Cavera oulput ACCEFIAKCE TEST
WEiLher widea aur syachronridlion depicting scend inftorma—
enltrialion 15 present. Lion within FOV ai lens The CCTV systews' WLA is subjected directly, withsut vibration isolators which might
assembly, Be used in Lheir permal installalian, te the following testing;
Al Sy Generalor
Clock Bivider Chain. Harit LCave: & Wibralion: - Btz : 3 dEJI]Ei.—rim irom D01 G2 g
FHAHEG-504 Loss @l mission eritical Ml =158 Hr: {0.08 GF/Hz
fr Cemers Timing Loyic videy. AL0-750 Hz: -3 B0 OcL-slape
2ddbs -5l lesl Duwralion: | Minuke per Axis
44 Syou Formalter. Fosl tewel: 6.1 Gems
Vighes Duipol Drive.
L4l * Therael Vacuun: [0 a presswre of 1107 Torr, the temperature shall be as
Al Piwer IndG1E Swilching. Follgms:
Input volloye Freveguladers,
Duikpal YalLage Negulatars, . 125* F: Twme ba stablize equipment plus | haur
22 plS—L | 25% F: Time to stablice equipment plus | hoor
& LM Convertery 125% F; Time to stablize eguipment plus 1 howr
Fromary Usoi Hlalor Drvver.
S Cindlaiy RecLiliersdTillers., Ihe WA may 80l have been subjecled ta the vacuun condiiion,
LEUAN-50F
Al ?":;;;';;'““‘]-““*lﬂ’ ) lor ACeeptance Test Flow, See Table | lorated at the fromi of this book.
< 3 -
UFERAN QAL RESTS

Lo wrdar 4o verily thas CCIV compunenls are operational, a test musi werity Lhe
heatlh of wll ihe connend rebaled comppaents from Lhe PHS (4241 punel swilch,
thraugh Lhe RCU, throuyh Lhe syne limes ko the Camera/PTU, to the {aneva/PIU conmand
devader. The test most alse veridy Lhe camera's abilily 1o produce videa, Ehe YSU's
akility Lo route wides, amd Lbe moailor's ahibity 1o display wideo. A similar lesi
waudd be perforoned Lo veridy Lhe HOM cemnand path.

Fra-Lavonh oo Orbiber Festflo-EYiabl Tesi

Frwer CO1V Syslem.

¥ia Lhe PHS panel, satect a nunitor as deslinabion auwd Lhe caimera wnder

Lestl a% auusrie.

Send "Camera Puwer da* coimand lram PIS panel .

Select "Ixlernal Sync™ mn medilor.

{bserve vidos displayed on manitar. HWole that if videa on sonitor is

synchronsded |b, k., slable rasier] then Lhiy wnilicdtes that Lhe Camera

it receiwing conpasibe sync Fram the BOU and Lhat Lbe camera iy producing

synchranscod vigdga,

o Send Fam, Tile, locws, fwom, DLA, AHE Ganma commands ang visually {either
wig the memiblar o Jirecl phrervalivn] verily DEETAL 15 .

fooseberl downlink a5 deslinibamn dnd Caser @ under 4e2sl ab sourrs.

. Olscerve wideo rwulped Lo duwnlink.

Moobend "Camera Fawer 00F® pusmiand drva PG pane .

IR dipeat Seeps 4 Hwougl % emiept 15sne conmangs via Lhe M0 COmiitl palh.

1. 1L 4 16 [his prowat that e CC1Y vipubpanenl vy pyweral panal .

EL e ] Py am
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ATV URE HODL A0 FATLUAL EFFECT
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Hu owlgit sigaal 1o the VILL Lass ol comera outgul QAS[NSPECTION
Neviner wideo nur synchronizal ign depicting sceng informa-
inkarmation s preseal. . Lion within FOV of lens Eracursment {enkral - Tha TYCAMA EEE Farts and hardeare fbems arae procurcd fron
assEmbly. dpproved vendars ind supplicrs, which mesl the requirvments set torih |a the COTY
Al Sync Generalar cuntroct and Qualeiy Plan work Statement (W5-25%107u). Resident DCAS persnnnul
Clunk Divitter Chain. Yorst Lgsp: revigw ol ] pracurengnt docusents to establish (he need fur Gl on selected parls
2] -5 lass of missign ¢rilical {Fal 5k7) .
g Cumera bimimyg Loygic video. . .
PALTE || 119 JRENLY lucomiog Insoection ang Slurgwe - Incowing Juality ingpeclians are made on a1l
&1 Spm Furmslier. received materials and parts. kesulbs are recorded by Toa and relaingg in fike by
Fidao Oulput Drive. arowiny and contrvl numbers far Tulure reference and tracaabilily. Al EEE paris
L2508 -450 Y ard subjectad L0 incoming acceptance tests as callea for in AL 315 — Inconing
Aty Puwer Unf00 Switching., Inspection Test Lnstructivay. Llocaning flight parts are Furlher pracessed in
[oput woltage Preregulabors. docurdanid wilh RCA 1840684 - Poeconditigning and Acceplance Beyuiremenls far
Culput Vol tdye Regulaloss, Electramie Parts, wilh Lhe exception Lhal DFA and #[H0 leésding 15 not perforued.
S lih-5a | Hechanical itens are iospected pee PAD 3|6 - livaming laspection [nstructions far
af . 00-UC Luwerlers mechanical items, FAL 305 - [ncoming Quality Conlrg) laspection [astruciian, amd
Frimary Oscillator Ariver. * PAL &1% - Procedure lor Processiay [ecoming or Purchdsed Parts Designales tar
Secundary Bectifiers/Faltors, Fright Use. Accepred items are d21iveced ta Material Tontraited Stores and
J2 2 dh-503 retained wader specidied condidions until Fabricelion is requirad.  Non—con ) orming
A0F Masker Ducillatur materials dare hedd Tor Material Review Board [MRE) dispesitian. |PA] 307,
SO | Pal I1QC &s31).
Budro Asspmkly £ Tist - Prior to the slarg ot I¥( poard assembly, ald 1tems are
eerificd Lo be corrgct Ly stoch comm personmed, 45 Lhe i bons drc wevumulabed Lo
torn & kil.  The itewms are wverilied eqain by the pperator who ssseadles bhe Wit Ixy
Checkiny against Lhe av-boilboparis-Tist (aA2PLY.  DCAS Hindatary Inwpection Poinals
arg desiguated for all printed cirguil, wire wrap and welded wire bgards., plusg
harpess connectars fFor soldering wieing, crimping, solder spliies and quatigy
workmanship prior o cuvaling of Lhe gomponent sige of bnards and slepving of
hdrmayses
[¥C Boards
SPECHTIC IWC bodard assembly and blesl instructions are provided in drawing aples,
and applicatle gocuments wre called out in Lhe Fabrioulicn frucedurd and Recard
(PPR-Ta40810) and parks bist PLZ2MARTY.  These inelude shulele Wi assembly noles
2L, Process Standard #1Y -Shh SPHMIE N, Process Standard - tonmting Velrro Tapa
2700889, Speciflicatimm Soldering F7R074%5, Spacification Home Plale Adaplicat ion
MWL/, Specificalion — Ervmping P2O080A, Specitication = Bumd iy dnd Shakjny
ZIH0DI0, Specilicalion — Ursthana soabing XIHMIFT | Specitication - Tackiang Cumpyend
2610, Speciticatian Lpowy Adives jug COIDUES, Specilivalion - Markiig ZARIB MG,
Speciticalion - Meckawnship S0W095, Speciiical ion Bundony aind Svaking 27BOBIS,
-
TEY XN TP T N A 4 ——
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A1 Syae Genaratar
Chuck Divider Chain.

240134 0504

e Cumiera liming foyic
25 )

Ad  Syac banwat Ler,

Videa (il pol Deive,
22 HaA-5100 .

AL Puwer U810 | Switihiimeg.
[pot Vol tuge Preregulators .
Outpul Yuliage Keguldlors.
SIS -S|

A W Canverlers
Froimary ool latar brpyver.
Sevnntary RectitierssFillers.
ddilL -5

Glf Hister Gunal latar -

22 UNnaT |

SHEET Fd BF 4
FALLURE EFILECT
OH FHD [TEM RATIDWALE FOR AC{EPTANCE
Loss of canera sutpul OASTHSPECTEON (Cuntinued)|
dépicteng scene informa- )
tion within FOV of lens IVC Agsenbly and Tesk - An apon box Lest s performed per FP-dF-2299B40, and an
sasaubly. Acceptance Test per FP-aT-22549819, including vibralion and Lhermal vec oo Torgies

Morut Caie:
luss af missien critical
videa,

are specified and witnessed, traceability ownbess are recarded ang calibraied Logls
ore checked prior Lo use. RCA Quality and DCAS inspections are performed al Ehe com-
pletion of specified FPR operations in accordance with PAI 204, PAL 205, PAL 204 and
Pal 215, DCAS personngd witoesy IWC bution-up and critical torquing,

WA Assenbiy and [esi - An open bux lest is perforued per TP-IT-2307080, Acceptance Test
per [P-AT-2301088. Torques are specidiod and wilsessed, traceabalily nusbers are
receérdad and calibrated taols are chewked prior 1o use. RCA fuakity and BCAS inspaction:
are performed af Lhe complelian of specified FPR sperat1ons in accardence wilh PAT 204,
PAl 206, PAL 217 and FAL 482, DLCAS persenne) witness HLA huttos-up and critical tarquing.

TOAWLA Asueably ang Test - Afrer a TVC and 4 WLA hawe been tested individoally,
they arg oated and a lingl acceptance test 15 pertdrmed per TF-A1-ZMad1Y, incluning
wibralian und thermal vacuum cavirenmenls. RLA dang OCAS peEFrsaniel) munitor Lhese
LESES and review Lhe dcrepiance lest datadedsulie.  These porssanel alse inspect

for cunlarowace alter a1l repair, rewors and retesl.

Eraparaticn for Shipment - The TVO amd HLA dre separated prior 1o shipment after
fabrication and tesling is cowpleta. Each is paibaged accardiay to CCIV fetLer OB
and 22H0746, Process stasdird (or Pachaying and bandling quide) ines. A} relatsd
dacumenlabion including Jsseniblp drawings, Parsts List, ABPL | Test Mavla, ele., is
athered and held in o decumenlation folder disigned specilically Lo each ascemuly,
Fhux tolder is retained for relerence. An ELIDP 35 prepared fur each sisy in
deLordinie with the requicemenls wl W—¢59317L.  RCA 00 and UCAS persionnal witaest
crating, packaying, packing and markiny, and reviee Lha EIDP For complotaness and
ACLUFGEy,
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Clock Divider Chain.
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Camera Tuming Logic
2204841501

Spnd Tormatier.

Viveo Dutput Orive.
fars | | BRI N

Power Go/0f1 Seitching.
Input Voiltdoge Preveyolarars.
Output VolLlage Hegulatars.,
FRHEL =500

IC-0OC Cunverlers

Frimary Uscillator driver.

Sevondsry Becdiliers/Fiblers,

FHBL -5
Hatter Uscillakar
FralL PR |

badldd

Loss of famera guiput
depicting scena infarma-
tien nithja iV of lens
assenbly.

Horsl Casg:

Lloss of missiaon cgitical
video.
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