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DESIGH FEATURES

The TYC/Lens Assembly is cemprised of 16 electrical subassemblies: 13 sebassembliex
are RLA Aslrn designed and fabricated wsing etandacd pristed—circuil board type of .
conskrwction, The remaining threa assesd’ies, high voltage power 5up||1!. aschllatar,
and steppar metory, are vendor supplied components which have bees spacified and
purchased accerding ba ACA Specification Lankrp) Drawisgs (5C0s) prepared by anpi-
negving and raliability assurance. Specificatians per Lhe 500 are prapared to
establish Lhe design, performance, test, gualiflcation, arw accaplance requiremsnls
for a precuored piere of equipment.

Partx, materials, precesses, and design guidelines for the Shuttls {CTY progran are
specified in accordance wilh RCA 2795503, This dacument defines the program requirg-
menks for selection and cantrol of EEE paris. To the maximum extent, and censisient
with avallability, all paris kave been selected frpm military specifhcalvant ak the
JAH Taved, as & mininun. In addition to the overall seleclion crlteria, a subsel of
genery] purpase preferred parts has been defimed by this socengnt amd the REA Govern-
ment Syslens Diwisien Standard Parb: Lish. [s the caze of bhe CHDS and BTL fumily of
mlorocircwits, devices are screened snd Lested bo the HIL-5TD-883C sgubvalent and
procured under {he desipnations of HI-REL/IW] and SHE 54L% Fron RCA-55D and Tenas
Insirusenis Corp, r:.-.rn:tivalr. Paris nol bneluded in Lthe above documents hava bees
wsed ia the design anly after & nanclasdsrd 1tem approval form (HSIAF) has been prie-
parid, futmilted te Feliatility Assurance Enginearing [RAE| and approved for uee in
the speciFic applicatlon{s) delined in the HEIAI by MASA-JSC .

Horsl-Case Circult Analyses hava been perigrmed and documented For all rircuit
desigas o denonstrate thot sufficient operating margins exisE Far all eraking
torelitipas. The analysls was worsk case-in thal the valee for each of me variabla
paranelers was set bo limits that w17V drive the sutput to & masiswm {&r oipinon).

A campomeal iﬂp]intinn review gnd amalysis was conducted to verify that the applied

siress an each piece part by the benperature eabruees identiFied with envirsnmental

g;;lié;utlnn testieg does not exceed Lhe siress deratimg vabues identified in ACA
5503.

In additien, am shjactive axaminstisn of ihe design was periormed through a POR ang

(DR to verify that the TV{/Lens assambly met speciFicalion and contractual require—
BEnts.
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DESICH FEATURES {Lantinued)
BARE AQARD BESIGH (A1)

Tha design &f Lhe ascaciated Al bgard ks construcked From laminated

copper-clad epony glass sheeks {(HEMA G-M)| Grade FR-4), PER HIL-P-556174. Civcuit
connactians are nade throwgh printed traces which run from paint to point oa the
beard surfaces. Every tracte terminates st an annular cing. The amolar rin
turrounds the hole.in which a camponant Jaad or términal it Topcated. Thig riag
pravides a foating for the salder, ensuring good mechanical gml elecirical
perfarmamca. [ts sira and shaps are governed by HEL-P-S5638 3% are Lrace widths,
spacing and routing, These requirements are reiterated speciflcally in drawiag
noles to further assure complianca. Yariatipas betwsen Lha artwork masiar and thea
final preduct {dur Lo frregularities of the etching process) are also conkrolled by
drawing satas. This praveats making defective boards fren good artwork. Holec which
hpuge ao lead or terminal, but serve only to electrically intercannect the differeat
hoard layers, contain slll:h bars For mechanical suppart and increased reliability.

The thru holes are deilled from 8 drid) tape thes eliminating the possibllity of
human ¢vror and ATlowing tight centrol ower bale and annwvlar ring conceatricity, an
pmporlant reliablVibty criterion. After drilling and etching, A} copper cladding is
tin=Ymad plated per MIL-5ID-1495. This provides for easy and reliable soldering at
the time af board assembly, even after periods af prolonged storage.

HOARD ASSEMBLY DESIGH (Ab)

All cowpanents ars installed is 2 manner which assures maxdnmn rellabi1ity.
Lomponint leads are pre=Linned, allawing Lolal wetiiag of solder joinils. A1l Teads
ard Formad to provicde sbress relief and tha bodies of large fomponents are siaked.
Special mounting and hand)iwq instructions ard inchuded n each drawing vequlred
alier Fimal assenbly. The board 15 coated with urethane whlch protecis against -
humidity and contaminakion.

BOARI PLACEHENT

The Al and A3 baards are secured In the electrnni:s assembly by

gols-plated beryllive copper card guides, Cennections are made to the mather board
with bliadmated conneciors. [sergagemeat during launch i3 prevented by a cover
which spant the hpard's free pdge.
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PESION FEATURES (Lontinued)
HARE BOARD CONSTRUCTION {AZ)

The AZ bpard ix of "welded whre" construction. At the dare baard Tevel this doas not
distinguith ik From a normal PC baard evcepl that holes which will take weld pins
generally are nol connpcied ton PC trages. DOaly those pins which bring power and
grovnd petentials to the ICx are an PLz. An annular riag surrovnds the hels in Lhe
baard where pach power and grownd pin is bocaled. These pins are then soldeved Lo
the Lrace ke any other coopoaeat lead. Aside from Ehis feature, all design

5 construction technblques used im PC hoard layouk apply.

B0ARD ASSEHBLY (A2}

The drilled and etched boards ars papul aléd with severdl hundred solderable or
weldable piny. Pawer and groend pins, a3 -well a5 conneclor plns, are soldered im
lace. Wiscrest romponents {resistors. diodes, capacilors) are attached to

ifurcatad temminals, where they are =moldered. Flaipachk I0s are welded,
lead=by=Nead to the tops of the weld pins. AfLer welding, pxtra lead material is
Lrimned away. Circeit connectivas are nade using 30 AWG sickel weld wire, The
wirs §is welded tno the pin swrlacaz an Lha bpard backside. A1l wire welds are doss
usting 4 machine whlch is tape driven, thus ¢liminating the poxsibility of miswiring
gui {0 operakar errer. Al wiriag £ circolt parformance ¥+ Lasted prior Lo
box-level inztablatisn. ATter successful testling, components are staked as required
by drawing notes and the avzembly is coated with urethane.

The boavd s inserled in the box on card-sdige guides, in the famé manner ax Lhe sther
PC boaros,

The AlY sssendly 45 & témperatere conpansabed voltage conbrallad crystal pscillalar
{TCVEKD] that |y purchased to & specification contralied drawing Lhat esiahblishes

Lhi riquiremeats Tor performancs, desige, test, and qualification of the unil. The
product atserance provisioas af the docunenl contaia the identlcal requivemenils far
electronic parts and waterials as the Shuttle {CTV program and eust recelve bhe
spproval al RCA and MASA-JS5L. Mechanical and electrical integrity of Lhke assembly

ls confirmed by both analysis (design reviews) and test Iquul?fintinn and aiceptance}.
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Time base erpers {Jither) in the {1} Loss of camera sutput | QUALIFILATION TEST
synchronieatisn inlamatiion on the depicting sceme Infor-
viden gutput Vine. Vides {informa- makion within FOU of Far Qualifleation Test Flow, sew Table 2 locaked at Lhe Front of this bonk,
Lion it preseat and cenbtaine the lens assembly. ’ : '
Lime biye errar:. {2} Lass of camera watil
" sul(=heating of cir-
v cuilyy resktores nprmal
Syng Generalor. oparatiom,
Clych Divider Chain.
Phasp-Locked Loap. Worst Case: :
22594580594 Loss of wmission crikical
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[ F__ UNIT _J¥C/WlA -
SHUNTLE CCIV OWG HD. 2204019-506  KOAS
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CRITECALITY 272

FAILURE HOOE .AND FAILURE EFFECTY .
CAUSE JN ENC [TEH RATICGMALE FOR ALCEPTANCE
Time base errors {JILLer} im the {1) Loss af camerd oulput ACCEPTARCE TEST
synchronization tnformation on bthe depicling scene Infor— ) . _ .
vides eutput lime. YVideo infenna- matian within FO¥ af The CCTV systems' WlA 13 subjecied dirullﬁ. without wibrakios #sodatars which might
tion is preseat and ¢ontalns the Vens assembly. te used in their normal installation, kta the Toliowing Lesking:
Lime base errors, 2] Lass of camera wnkil
self-healing af cir— | o yipration: 20-BOM; ; 3 dBFgl—rise from 0.01 &4 MMz

Wi . cuikry restores normat 84-350 Hz: 0.049 GEsHe
&l Sync Genaralor, . sperat ian. I58-750 Hr: -% d8/10 Dck-slope

Cluck Divider Chain. Test Duratioa; ) Hisute per Aais

Phase-Locked Loop. Worstk fagy: Test Level: b.0 Grms

2Z294580-5{4 Loss of missien oritical
ad Camera Viming Loglc video, ® Thersal Yacuun: In a prassure of 1X1075 Tarr, the temperature shalt be

229480 1-581 Follows:

Bl3 Master Oscillator
12%* F: Tiee Lo stabllze ¢quipment plus 1 haur
C 5% F; Time to stablize équipment plus 1 hour
Heaters 125% Fi Time Lo stablize equipment plust | Bour

The HiLA moy nok have been subjectad o Lhe wacuwm condit|om,

For Acceptamce Tesk Flow, Sea Table | located at whé Front of Ehis book .

OPLRATIOHAL TESTS

In order ko verify Ehat CCIV fumposents are sperational, a tesh must verify Lhe
healtih of 311 the cowmand related Conpoacats From the PHS (ATA1) paned swilch,
threugh the ACY, Lhrough the spne Viaes Lo the Canera/PTU, Lo the Camers/PTU Command
decader. The kteit must alsp verify the camera'y ability ko produce vides, the VSI's
akility s route video, and the mnitor's abl) by tq display video. A similar test
wauld perlarmed Lo verlfy Lhe MM Comnand patﬁ.

V. Povar CLTV Systen.

2. Via Lbe PHS panad, teloct a monitor as destinatbon and Lhe camera under
test a5 soures. '

3. Send "Camera Powar 00" camnand From PHS paral ,

4. Select "Exlernal Srnt" on monilar.

5. Dbserve viden displayed on monitor. Male kheb iF vides DA monilor ix
spnchronized (i.e., stable raster) then this bndicatas Lhal Lhe camera
i3 receiving cemposite tync from Lhe ALY and thal ihe tamera is producing
synchronl zed video.

6. Send Pam, Tilt, Focus, Zoom, OLR, AND Gamma commands and visually {aither

. wia the monilor wr direct ahservation} vErify aperatien.

Seleck downdink ag deslinabion and camera vmger test a5 S0UFge,

Observe video reubed L3 downlink,

- Jend "Camera Power OFF" command via PHS pangl,

- Bepeat Steps 1 Lhrough 9 excepl issue commands wia the HBH conmnand palh.

This proves thal the COTV equipment is epecational,

= ol ey
-
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Iwg
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11} Loss of canerd oulpuk
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lans aazmnbly.
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operatign.

Loss of li;sinn critical
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N L[V ¥,
£299019-506.580/ _
2307088503
.

A IHSPELTION

Frocurswest Coalrol - The FUCAHA EEE Parts and hardware {tens are profured from
approved veadors and suppliers, which meet the remuirements sek forth in Lhe CCTV
contract &nd Quality Plan Work Statement {W5i-2593176). Resideal DCAS personnel
roview a1l procurement documents bo eatablizh tha reed for &8I on selecled paris
{PAL 517},

= [acoming Quality isspections are made gn all
received materials and parts. Resulis are recorded by bok and rotained in File by
drluqu and coalrol numbsrs For lutsre reference and trateabi]ilg. All EEE parts
are Iw i‘ttlﬂ to Incoming acceptance tests as called For 1n PAI 315 - Incoming
Inspeckinn Test Instructisns. Oncoming Flight parts are furihes processed in
aceorjance with ACA 18356684 — Precoaditioning asd Accepiasce Requiremenis for
Eleckronic Parts, wilh the enception that DPA and FIND tﬂitiﬂ? is not performed.
Mezhanical diens are inspecied per PAl 116 - Incoming Inspeciien I[nstrucklens lor
mechanizal iteos, PAT 385 = Encowing Quality Coalrol [aspaction Inskruction, and
PAL G2 - Procedure for Processing lacasing or Purchaasd Parts Oesigaated far
Flight Use. Accaptad items are delivered to Material Cgntrolled Stores and
retained under specifled condiblons until fabrication is required. Mon—conforming
matarials are beld for Makerial Review Board |HAH) disposition. (|PAL 307,

PAT 1QL 531).

= PFrior b the stary of TWC board assembly. all itesms are
varified to be carract by sbock voom parsonnel, as the {tess are accomulaied Lo
form & kit. Tha lteos mre verified again by the sperator who assenbles Lhe hiy by
chi:kin? againzt the as-built-parts-l1ist {ABPL). DCAS Mandslory Inspection Paints
arg designated fer all printed circuit, wire wrap and welded wire buvands, plws
barnass connactars for salderisg wiring, crimping, salder splices and quality
wirkmanshig priar t¢ coatiag of the component side of boards and sYeeving of
harnasses.

¥ _Baawds

SpecifFic TVL beard assemhly and test dnstrectlons are provided in drawing noket,
andl appllcable decuments are called out in the Fabrization Procedure and Record
(FPR—Z294819) and parts 1ist PLZ294019, These inclode shuttle TVLD assambly notes
2591060, Process Standard RTW-566 2253061, Process Standard - Bonding Velcro Tape
2ip0a8y, Specification Soldering 23800499, Specificakion Mame Plate Application
1960167, Speeification — Crimping 2780800, Speclilcalion - Bunding and SLaking
27p0arl, Specification - Urethane coating 238087Y, Specification - locking compound
2026116, Specificatipn Epoay Adhesive Zﬂ?ﬁgﬂﬁ. SpeciFicabtion — Harking 2750876,
Specification — Workmanship A8300A%, Specification Honding and Stlaking 2280875,

518D
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FAILURE EFFECT
O END JTEM

Ba)LOMALE FOR ACLEFTANCE

Tite base evrors [Jittary in Lhe
tynthroslaation infermation an the
video ouiput lne. Videa Inferea-
tion is present and contains Lthe
time hasie errors.

HL o .

Al Synt Genérator.
Clock Divider Chaia.
Phise—{locked Lowp.
2294880~ 504

AZ Camera Timing Logic
FEy4ani =541

AbY Haster dscillator

[4']
Healers

arshk

€11 Loss of <amera outpet
deplebing scere infar—
mat ioa within FOV of
bins agsemhly,

[Z2) Loss af canera unlil
self-heating of cir-
tubtiry restores normal
operation.

Harst Case:
Loss of missian critical
video.

- recorded and calVbbrated tools are checked prior ko use.

04 INSPELTION i{ontimued)

IVC Assembly and Tesh - An ppew box Lest i% perflormed per TP-IT—2294819. and aa
Arceptance Test per TP-AT-2204819, including wvibkration and Lhermal vacuun. Torques
are specificd and witsessed, traceabllity wumbers are recorded and ca) ibrated Lools
are checked prior to wie. RCA Quativy and DCAS ingpection: are perferaed at Lhe con-
pletion of speci€led FPR speralions ia accerdance with PAT 204, PAL 205, PAY 206 and
PAl Z217. DCAS personnel witnesy TWC Bubtosa-up and eritical torquing.

u[g_g;;gmhlg_lﬂn_lgxk - An opsn kox best is performed per TP-IF-2307088, Acceptance Test
per IP-AT-2107088, Yorques are specified and witneysed, traceabilily mumbers ars
RCA Qualily amd OCAS Inspectians

are parfermed at the coapletion of specified FPR operatioas in accordamce with PAT 204,
FAL 205, PAL 217 and PAY AB2. DCAS persoine]l wikmess WLA buttar—up and ¢ritical Lorquing.

I¥L/HLA Assenbly gpd Test — Aftar & TW and & HLA bave been Lestad indbviduall .
they pre mated ard @ Findl acceplance test is performed per TP-AT=22494419, inc{uding
vibration and bhermal vacuwua envircanents. RCR and DCAS personnel moniter these
be1ly and reviaw Lhe acceplance test data/reswlts. These personnel also ingpactk

tar canformaace afler all repair, reworh and retast.

Eregaratien for Shipment - The TVE and WLA are s rated prior Lo shipment afier
Fabrication ond tecbling §s conplete. Fach is pachaged accarding to OCTY Latier B411
ard 2280746, Procese standard For Packagiag and Handling guidelines, AV) related
docunentstien including assembly drawings, Parts List, ABPL, fesh Data, pbe., -ig
gathered and held In 3 docomeatatlion folder assigned spacifically to each assembly.
This felder is retainegd for reference, &n EIDP is preparsd For pack asszy in
accordance with the requivementz ofF WS-2503026. RCA QC and DCAS peraoane) witness
crating, packaging, packing and aarking, and review the LIDP ior completeness and
ACTUFRCY.
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INIT IVLHLA
FMEA NO. _ B33 SHUTWLE CCTV MG N, 4819~
ERITICAL 1TEMS LIS 20F0RA-503
CRITICALLTY 22 SHEET ' OoF 9
FATLURE HODE AKD FAILURE EFFECTY '
CALSE Dk FHD RTEH : RATICHALE FOR ACCEPTAMCE
Timd base errars {filLler) in the £1} wesc of camera ouiput ) corTrE
synchronizatien information on the gepicking scene invar—| DEERATIONAL EFFECTS
vwidead oublput Yine. Widea lnforma— malion within FOV of
Lian is preseat and containg the lens assembly. Loss of ‘viden. Possible Joss of major oission sbiectives doe to Toss of AMS camerac
timg bata arrore. {21 Lazs of camera unlil #r okher required caneras.
salf=heating of cir-
TuC . cuitry restores normal| CREH ACTIONS
Al Sync Genevator. ' aparalian.
Clock Divider Chaln. IT pussible, contbnue RHS aparations wsing aliecvnative viswal cuss.
Phase-Locked Laop, Worshk Case: '
2294680584 Lass of mission critical CREW TEAIHING
fa¢ Camera Timlng Logic video. .
2r94RA1-501 ) Lrew should be Lrained to use possible altermatives to CCTY.
All Mastar Oscillavor :
H1SSENN CONSTRAINT
v .
Heaters :ﬁ;& possible, procedures should be designed so they ran be accomplished without

U2 IER ' 5183



