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DESIGN FEATURES

The TWC/Leni Atgenbly is cosprised of bh electrical subassenblies: 17 subassemblies
are KCA Asiro designad and fahricated usisg standard priabed-circuit board type af
canstruction, Vhe resainlng three assenblies, high vobtage pomar supply, ascillater,
and stepper noiors, are vendor supplied componanls which have bagn tpacifired ana
purchased accarding ko REA Specification Corlral Drawiags [500s) prepared by engi-
reering and reliability assurance. Specificalions por the SCD are preparsd Lo
€slablich the design, perfarmance, test, qualificalion, and acceplance requirement s

tor a procured pieca of aquipment.

Harks, materials, processes, and design goidelinas for Lhe Shubtle CCTV PIOAFaN are
specified wnoaccordance with RCA 2295503, This deiument defines the pronran requira=
menls For selection and canlrol of EEE parts. To the masimom oeleal, and consistenl
with avaitability, all parts have been selected (rom miliLary specificdlions at the
JAN level, as a ninimom. la addiLian 1o khe overall swplectios frileria, a subset ol
yeneral purpose preferred parls has been defined by this docuwnent and Lhe ROA Gowe i
meal Systems Division Stangard Parts List. 1n the casé of the CHOS and TIL Family of
mifrocircuits, devices are screaned and Lested o Lhe HIL-5TD-A8%C equivateni and
procured under Lhe detigmablians of NI-REL /WY aod SHD 5415 from RCA-S%50 and Fesas
Instrumenty Lorp, respeclively.  Parts aol tnuluded ip 10 db0ve Jocumonls have beon
uséd in Lhe design anty after 2 nonstandard §lem spproval form (HSIAF} has been pre-
parcd, submilted 10 Reliability Assurance Engiveering (RAEY amd dpproved fyr use in
Lhe specidic applicaliuvnlisl delinesd in Lhe H?lnr by MASK-JSE.

Harat-Lase Lircuit Analyses have begen periommed and documenbed 1ar 311 circuit
designs Lo demnnsirale Lhat soféicient vperal ing marging st dar all uperat ing
tamditions . The gnalysis way worsl case-in Lhail bhe vabue For each of Lhe variable
parcuseters was et to Vimatkn Lhat wild drive the oulpul, Lo @ Radimom far minisun),

& Componenl application revies ond analysis was conducled Lo verify 1hal the applied
slfehs wh each piece part by the (emperalurs eclremes ioanLlified wilh enviroomental
gualification Lesling dees nat enceed bhe slrays derating valwes rdenlified in RCA

Sunndl.
I addilien, an abjeciive exapination al 1he decign was performed Lhrowgh & FOR and

(MR ta verify (hat the TWCAlens assembly met specifitstion and cunieactual requi re-
Acnls. '
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OESIGH FEATURES 1CanLinued)
RANE BDARD DESIGH (A3, A&, AT}

the dasign of the agssciated A, A6, A7 hoards is constrocted brom Tamingked
copper-clad epoxy ylass sheels [NEM G-1)) Grade FA-4], PER WIL-P-%501A. C3rcuit
conneckisns arg aode bheough printed traces which run from point to puint an the
bpard surfaces. Every trace termingtes at 4an anaular riag. [Tha annular riaq
suvrraunds Lhe hole in which 2 component lead ar termingl is located. This ring
Frovides a tastiny lar the solder, easuring gapd mechamvcal ans &leckrical
paricrmance. [ts size and shape are governed by HiE—P-$5640 a5 are trace widlhs,
spacing and rouking. T[hese requircmenls are reilerated specidically in drawming
rates ts furlher assurd foupliqnce. Varialions between the arlwork ouster and Ll
Fingl product {due to irregularities oF Lhe atching prucess)] ére also conlrolded by
drawing rates. This preveats saking detertiive baards from good arlmark. Males which
house np Tead or Llerminal, but serve only Lo glecirically intercannect Lhe diFfaramt
board bayers, coatdin skitch bars far mechanical suppore and 10Creased relighility.

The Lhew hales are drilled freom a drild Rope Lhus ctiminating the passibility at
hirart ersor and allowing Light corbrol over hole and sooular ring cancentricity, an
impartant reliabidity criterien. Afler dribling ang ctching, AT copper cladding is
tin-lead plated per HIL-STD-14%5. 1his provides for easy and relidble saldaring ay
khe time gl baard asseably, evin aller periods of prolunged starage.

BOARD ASSEHNNY DESIGH {A], Ak, A7)

ALY componenks are installad in & dnner which assures mdsimun reliabiliy,
Compenent. Yeads are pre-tinned, allowing tatal watling of solder jomnls.  AT] Teads
aré turmed La provide siress réliet and the badiios of large camponents Jre stahed.
Special mounting and -lemdling instructions are included in edch drdwing required
alter final assenbly. Iha boird 15 coaled wilb wrebhane whicl pratecls ogeinst
hwmidity aud contamination.

BOARD PLACLHENT

Mie Al AL beards are secored 10 the glectronics dssembly by gald-platea beryidjum
copper card guides. Connactivns are made Lo the oather board with blind=meted
Chimiectyrs.  Dsengagemezot during leunch is provenled by 4 cover which spans tha
board's Free edgs.
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DESTCA FEATHRES (Cantinued)

The A7-A Tow vﬂta-?e power supply board §s bolted la rla-:e at b poinks aropnd i1t%
perimeter. Four of these mounling screws alzs pass Chrowgh aod tie down the smaller
Al-H ooard. These Len bpards arg mownbed Tace-to-—lace, separated by the standorls,
Elpctrical inbavconnactions aré achisved by jusper wires betwien the tws boardsi. The
A?-A]hnuses a ld=-pin coanegtar which brings in power and signals from aulsigde the
aodule. -

Tea wodul e
The bpards

The A? modula includas thesg two board:s a6 webl 3t powar Lransistor 4.
howusing is Gent aluminun sheet, comprised of bwe Nalves scrowed Logether.
and {4 ara sacored to the lawer half, and wired taqgather. Thea Lhe upper half i
pubt in placé. By nounting Q4 divecily te the alwdismn howsing, oaod thermal
parformance i5 assurod. ’

The Ald assambly 45 3 tenperatura compensated wallage canleedled crpstal oscillataor
ITCWCXO) that |5 purchased Lo a specificavion conbralled drdwing Lhat establishes

the reguirenwnls far pertarmance, design, tésd, and gualiflication of the wnid. The
product assurance proviziong of the Jotument contain Lhe sdentical requirements for
electronmie parid dod matervali as the Shottle CCTV program ond must receive the
approval of RCA and HASA-J5C. He_hanical amd electricel integrikty of the assembly

it canfirmed by both anabysis {desigr reviews) and Lest {gualibicabion and acceptance] .

1106d L
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DESIGH FEATLRES [ConLinued)

The yenera] arrangedent of Lhe lens assombly iy to provise an integraled housing,
mytor, and circuil Loard package which can accommodate vavrous caomercially avadlabie
lemses. Eaphasis is placed an acceasibility of tha leas. ils drive romponeats, and
Vimit slops. Lomponents within the lens assemily have been mouulariced, serving bolh
tha MLA, CLA. wng HEA assemblies.

fhe lens housing structure is a ane=piece casking designed Lo mininire aachiaing amd
pravite 3-rugged dimensivnally stible mounting for the optical compuients,  The housing
5 in Lha form of & right angle. The verLlicel mwober faterdaces willh Lha Frost surface
uf the camera and the hurizanlal member supporis the drive molars on Lhe upper Surface
with the lens funcltian Circull bodrds in o Cavily wo bhe wnldarside.

Lepg Fupction Drive [rain

The 1ris, zaom, and Focus drives ars identical ip cancept: Lthe only differsace is the
lower year ratia 1n the iris train Lo provide the 2 8-accond end-ta—ens bravel Capa—
bilily mecessary for the ALL pperatinn.

The Lable 1an nesl page) shams Lhe drive Lrain pacraaeters wibth geewral ) Cdrque margins
for ihe throe lens Functians.

Time mpdorfgear heeus arg npunled oo thg Jens howsvng rallier than aon the leni, Lt permit
the desirsd Tens interchangedniliby for the Shultle wisgion wilh Wi impact an Lhe
actuad lenses.

Warigus Appes of motuars were considered for this applicatipn, trading aff s ige, power,
withy L, canlrgl-cirout conplesity, romnand fapabitily, a0 qualification statps. Whe
brushles: and slepper-noler Lypes fit the package and puwer regeiremnenls, the latker
betng prelerred becdause of 1ls simplicity, relidnilily, ana space-qualified slatus.
Mhe selected stepper wolor (a sice-0, Akpico-% pulé-pigie, peroapent-aaynel siepper|
is @ated with a spur train gearhead. Both unils are manufactured by Monaca Hotor Cao.
A4 AB-giamclral pitch {48-0I'}) spur gesr on e gearhead eItpul Shaft meshes dirackly
Wilh ahe goarss which sre a parl ol the soom, bocus, and iris ring functions an tha
leny year.
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for Quabification Test Flow, sea Table Z lacated at the front of Lhis bogk.
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ACCEPTAHCE TISK

Fhe (EIV systems!' TVCADLA w4 subjected diveciby, without vibration isolaturs which
wighl be used in their aarnal iastallation, to the Tollowkng Lesting:

* Vilrelian: 2B-80Hz : 1 dB/DgL~rise from 0.0) E2/Hz
80-350 Hz: a.04 GfHz
150158 Hz: =5 @ 10 Ocl-5lope

lest Duralian:
Test Level:

I Minute per Axis
6.1 Grns

* ilgmal Yacoem: Tn a prossere of IKI[]"" lore, the temperature shall he ag

tallaws:

[25° F: Time to siablize eguipnest plus | hoor
25 F; Time to steblize equipnent plus | haur
126* Fi lime 1a stablize equipscak phus | hogr

Ihe IYCATLA may nol hawe been subjectod da the vacuwm candibipn.
Piv Actwpd ance Tusit Flow, see Table 1 located at the frant af Lhis bouk,

DPERATSOMAL TEST

In order 1o verify Lhat CCTV companenls are aperalional, a tesl wwsi verity the
gealth of all the comwnd rebabed Compoaeats drom the PHS JATAN) panel swiigh,
Lhrdagh Lhe &CW, Lhroogh Lhe syor Yines ta the Cancra/PTI, to Lhe Coamera/fIU conmand
decoder.,  JThe tesl must a]so verily e comerd’s ability Lo produca vigeo, Lhe WSWH's
abiTity Lo route widoo, amd Lhe monitor's abilily Lo display widen. A similar LesL
wio T be performed Lo wearify Lhe HYH command path.

Eie—i duach op Orbiler Teildlp-Flioht Yesl

V. Pomer CCTY Sysiem.

2. VWia the PHS panel, select & monilor as deskinatron and the fanwra under
test as saurce.

- Sand "Lanera Power D™ comaand frpm MHS pancd.

. Selecl “Egtermal Spnc on outitar.

- Beserug wideo dvaplayed vo menilor.  Moke that 1F videe an aoniior iz
sywchronized Li.e., s1able raster) Lhen Lhis indicobles Chat Lhe camera
iy veceiving fompusile syne From Lhe ACU and ihat Lhe cimera is produc ing
aynchroitzed vides.

O. Send Pan, 1idL, taces, Zaom, ALL, AND Gama commands and viswal |y {eiiher

wid Lhe momilor nr gires U obaervalon) wverily operalion.

Foobeloct dovwal ok sy deslinglion and canerd ander besl 44 Sigirie.

. Ghserve video ranted Lo deanl ok '

Do Gead "Calirra Fower 01" peusaid wia PHS pancl,

. Bepeot Steps b othrough Y fscepl dssoe comonandy via Lhe PUM G ool path,

Ilhis perivees Hiad KLy CL1W CRpEUNLIRE s :;I.l-r-.,l_nuuﬂl_

L Ll ]

(WL Y
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DALIMSPECTION

Brocuyromegl Conkral - The FWCAC4A ELE Pavts and hardwarz ilems are procured from
opproved viendars ond supplieri, which meek the requirements set Forth in the CCTY
cantracl and {Juality Plan Hork Statement (HS-2591176). Resigeni OCAS persgnngl
revies 210 pracurement dorwnents 1o €stabbish the need tor GAI on selected parks
(P4l 5173,

Liconing Inspectijon and Slorage - incoming Qualily inspeciions are made o all
redeived materials and parts.  Resudts are recorded by lae and relained sa file by

drawing and control nonbers for [oture relerence and traceakility. Al) EEE parys
are swbjected to inconing acceptance tesis as called for in PAL 315 - [ncaming
Luspection Test Instrwctions. Liconiag FYight paris are fyrlher procesised in
acLurdence with RCA 1846684 ~ Precomdilioaing and Acceptance Begoiremeats far
Electronic Parte, with the eaception that DPA ano PIND Lesting 15 nol periormed.
Mechanical items are inspected per PRI 316 - [ncoming Inspectivn Insiroclisns far
mechdnical itaws, PAL 405 - laconing Quality Cariral laspeclign lastrueclive, and

PAN &12 - Proiedure for Prodessing ?nca-ing or Furchased Parts Oesignaled Far Flighl
Usa. Accepled items are deliverzd te Material Conlralles Stores and relained

under specilivd condilions gutid fabrication Ls required. Man—conforniag materials are
held lor Haterial Réview Buaed {HEM] dizpogikion. (FAL-3D2, PAl |QC-531).

gogrd A¢senbly €& Yasl - Prior ta Lhe stark oF TW0 or CLA Goard assendily, all items
#re weriFied by be torrect by ilock room persoanel, as the 1lems are accumvlatled Lo
form a2 kil. Tha ilaw:s are verified again Ly the cperatar who assembles Lie kit by
thecking against the ds-bubll-parts-lisc {(ABPL). DLAS Hindatory [nspection Painks
4rg designated For 1) printed circuit, wire wrap dmd welded wire bosrds, plus
harness comectors for soldesing wiring, crimping, solder splices und quality
workmanship prior to coating of Lhe cogponent side of boardy and sleeving uf
harnessers .

T¥C Buards

Specific TVD board assemily and test insLruckions are provided 1o drawing nobtes, and
dpplicable docomeats are callod sut in the Fabricalion frocedure and kecord
(FPR=ZZ93013] and parts list PL2394B19. [hese include shutile [ assembly neles
25991660, Process Standard 1Y -5 Z2HNBAY, Process SLandard - Bunding Welira Pape
280889, Specification Suldering Z2H04499, Speciricating Maue Plale Appiication
1BaDIE?, Spocitication — Crmping 220000, Specilicalion — Banding snd SLakiog
LEABANE, Specirication - Urethana coating dZB0B2T. Specilication - locking compound
2026116, Specitication Epoxy Adbesivse 200985, Speci hicaliun - foarking 22A0G A,
Specifivarion - Worksasship BO30035, Specilicalion — Ooading ared SLahing 20085
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QA IHSPECTION (Continuad)
CLA Aggrgs

Specifiz ansiructions are Qiven in sssesbly drawing nutes and applicable documents
called aut jo bhe Fabricalion grocedure and recard (FPR-Z307D0H8) dnd Parts List

FL ZMTOBA. These include wire connection list 2295003, Hotes - wide angle zaom
lens assy 230093, Process Stansard — bundiag staking, poiting, encapsularing
Z2B0A7E, Specififation - Urethane protective coating 2280877 and Harhmanship

Spec BRIOD3S.

TvL a5 = An apen bhox test is parformed per [P-1T-2294819, and an

Acceplance Test pac TP-AT-2294819, 1nclodiag vibration and bhermal vacuum, Terques are
specilicd sugwilnessed, traceability numbers are recasded and cal ibrated bnals are Chicked
prier Lo use. RCA Quality and DCAS wnspacLions ore performed at Lhe cempletion of
specified FPA operatians in dccordance with PAI-Z04, PRE=2D5. PAl 206 and Pal 717

BLAS persuonnel wilngss TYC Bullun-wp and crilicad torquing,

LLA Assenbly ang Test - 4n open bax test is perieemcd per TP-[1-22U4621, Arceptance Test
per TP-AT-2204821. Torquey are specified anmd wilnessed. Lracesbn)ily nuebars are recorded
and calihratod tools are checkad prior 1o wse. HEA Quality ana OLAY dnspections ara
pertormed at Lhe cangletion uf specified FPA aperdilians in accordance with '

PAY 204, PAT-205, PAI-217 and Pal-402. -DCAS personne]l witness wWLA bubton-up and

criticed Lorguiag.

INCATIA Asgemt]y ang Tual — After a TV and g CLA have been Lested individually,
they are waled and a final afceptince lest is perlormed per [P-AT-224481%, iacluding
vIBrgtion ard thennal vacuom environsencs,  KCA and DCAS gersonnel wanitar these
tests and review the acceplasce test dotafresolis. Jhese persennel alse inspet
after all repair, reworh and relest,

Frgparation fur Shipmenl = The T¥C aad CLA are sepdrated priar shapmank atter
fabrication and Eoslinmg is vomplete. Each is packaged accyrging ta L01V Letier ok
and 2280744, Process standard Tor Fackaging and Mandling guidelines. A1 ralabed
docunentation including assenkly drawings, Parks list, ABPL, last fNlata, elr., is
yalhered and held in 3 docomentaivon jalder assigned specilical Vy Lo pach assenbly.
This fulder it retained dor refersoce. An EIOP 3. prepared far each desy. In
ditordancy with bthe requirements ol H3-2593126. HLA QU 2ol BCAS personnel witnass
cratiomg, packadging, paching and marking, and review the [IRF tor toupleteness and
LU rdl , .

A 1iis LY R
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EHlIlEhEII? — L

T UHIT _ T¥E/LLA
SHUITLE CCTW Dl vl PECELTIE TR T
CRIVICAL 1TEWS LIST Z1=503
SHEE1 [ OF 1]

TERJLIME MODE AND
—— . . _[AUSE -

FALLURE EFTECT
0N END_ITEH

RAVIONALE FOR ACCEPTANCE -

Fidver whegl synchrondus mabor has
stupped rolaling,

1¥C

Af  Fuwer On/LfT.
lopal Woltage Preregulatar.
dul pul Vallage Kegulator.
2%19085-58)

Af OC-0f Canwerlar.
FPrimarp DSC/OFriver
Sergndary Raclsfilrar
220 L0 503

] Haster s0o [ latar
o ar L Y |

L

Ay Lolur Hheel Briye
~Lear Jeawm Fdilure
-Hutar laalure

Cvlk

Passible boss of Videa
pnformakion dug ko (iltar
wheel blanking bar
stopping within Teas FOY,

Horsl Casa: .
Less af mission critical
C3,EFa vided.

EAILURE HISTORY

TOR WEELG Log #0J3% 22MBZ1 Cid SAM ADZ-50%
TOR WEBTG Log #OI3S 2294871 CLA S/H 0D7-507

Qescription: Acceptance lest Failura, Hos Level, Thermal Vac-Cold Envivonwent, Calor
whgel sloppod with turn an command .

Cduie: Hotor gearing preload Lo high.

Eﬁrrﬂuj:m_ﬂuuiuu: Hater reterned Vo vendar dor amslysis and repair.  Vendur revized
assevbly procedure and inlroduced additional tesling ouer tewperature,

“ DR WOAEY Log #D7)S CLA S8 HULS-502

Ocacriplion: Preldwnch #ailure, Bow level, Arbient Enviconmenl, Wheel will ot Jock;
impropes lragueacy. Wil relorned from NASA K50 log #21.

Cuuse: Initial investigation revealed mulur prive signals kncorrecl. turLher
investigation resulled in additiondd tailures due to inadverlang shoriing of
companciis dering troubbeshootang.  Unable t@ oeterming couse of inilial prablew dos
1o sddilional induced 1ailures.

Locsective Action: Besro-exlensive rewark-replace falluwing parts: W17, WIR, UI, W,
url, UI3, U4 US, wié B ud, U5, UWltd, U4 & R? of Al board U2, 2 & Q3 AT poard parts.

4 3M
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GHET _TeCrCla
SMIILE CCTY OHG NO. G4B19-5DG . HI87
CHITICAL 1UEMS L1SE ,:ZEZHEE 587" L..
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T YALIUAE WODE #HD

FAILURF EFFECT
_ G4 EHD |TEH

biller mheel spachronoas omgar has
slupped ratating.

WL
L Pumer LIt F.
Pipul Mol bage Preregulatar.
Qulput Voltage Regulalor.
2L HS- S6
A} HL-I0 Coaverler.
Frowrp U3 Ariver
Svtundary Rect/Filter
2INute-507
A% Haster Qacillator
Pl LY Y |

1}
&

[vn

£ Culor Yheel Dy ieo
stwear Irain Fab oy
“Mulor lailure

i

BATIGMALE FUR ACCIPTANCE

Poscible Jass of vides
inleenat ion #ue o Filter
whiel hlankiayg bar
stopping within leas FOV.

Barst Case:

lass ai missian eritical
camdra vrdig.

DIERATTONAL EFFECTS
Videa is wnusable. Patsible Toss of majer wissivn abjectives if affecied camera is
the HHG wrist camera or obher regquired Camyras.

CREW ACTIONG

Lt pessible, coolinue RHS operativms wsiny aliernate visval cuss.
CECW TRALMENG

Crew should be Lrained bto use peysible altersatives ta CCTY.
HISSL0H (OHITRALHT

Wlwre passible, provedures shuould be designed s thay can be acooaplished wilhout
LT,

ik cenNoLid



