REWTSED 10-14-B6

2:1.3.1

FHES Al .

CRITICALLTY 278

LHIT TYCAHLA

SMUTTLE CLTV

DMl HE.
CRITICAL ITEMS LTAT 27040820507

SHEET | fiF 9

" Ya[1URE MODE AHD
CALSE

FATLURE EFFECT
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Time base grrors fiitter) In the -
synchranizalion informelion an the
videu oulpul Tine. Widoo inforsa-
bioe 15 present and canlains the
sawe Lim2 base errors.
Tel
Al - Spne Generdlor Cloch Divider
Chain Phase-Lockad Loop
JAWBEE RN
A - Camera Fiming Laogic 2254B31-501

M3 - HMaster Oscillakor 22056271

If Heaters

LN

{11 Loss of camerd oubpuk
depicling scene informa-
tion within FOY of Tens
aszank]y.

() Lass af camera oatil
self-heating of circuitry

restores aormal eperation.

Burst Case: o
toss of migsion crikical
camera viden.

il

DESION FEATURES

The TVCflens Assembly 15 comprised pf M electrical subassembliest 19 subassanbhlies

. are RCA Astro designed and fabricated using standard printed—circuit board Lype of

construction. The vemainiag Lhree assemblies, high valtage pawer supply, escillator,
and stepper mators, are vendor supplied componénts which have been speuT[Ied and
purchased aecarding to ACA Specification Conlrel Drawings (SCDs) preparad by engi-
ne&rin? arnd raltability asswrance. §pecificativns per the SCD are prepared ino
estabiish the design, performance, test, qualification, and acceptance #equirements
far a procured piece of eqguigmeat.

Parls, materials, processes, amd design guldedines for the Shuttle CCTV progran are
specified in accordance with RCA 2205503, This docusent defines the progran require-
rents for selection angd control of EEF parts. Ta the waximum extent, and consistent
with awvailability, all parts have been szlected from military spe¢ifications at the
JAN lavel, as & minimum. [n addition Lo Lhe overall selenlion criteria;, a tubset of
general purpese preferred parts has been deFined by this dacument and ihe ACA Gavern-
ment Systens Divicina Stamlard Pazts List. 1a the case of the CWIS and TTL Family of
mitrociscuits, devices are screened and Lesied ta Lhe HIL-STO-8B3C eyuivelant and
procured ander the dasignations of HI-RELS3WD and SHE BALS From RCA-S50 and Texas
Tustrumenls Corp, rE&FEEtive1j- Ports sol Ingluded in the above documeats have been
used in the design oaly afier a nonstandard iken approval form (MSIAFY has been pre-
pared, submitted 1o BeYiabidity Assurance Engineering (RAE| and approwved far use In
the specific application{s} defined in the Hglﬁ.F by #ASA-J5L.

Horst-Czsa Civcuil Analysas have bean performed and docomented for a3} circuit
designs 1o demansirale that sufficient gperating marging exist far all operating
conditiont. The analysis was worsk cage-in thalt the valuwe for each of the variable
paranelers wag set to Timits that ol deive Lhe output to a maxi@em [or miainom),

A component aﬁnlicatinn review and analysis was cenducked to verif{ that the applied

stress on each piece part by the temperature extremes identified with envirenmental

?;g]iﬂgtatian testing deas Aok excegd the strefs derdting valves identified in RCA
Shid.

In addition, an objociive exanination ofF the design was perfeosmed through a FOR amd
COR to werify that ithe IvL/Leas assembly met specification and conbractual require-
menks.
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CAUSE .

fing base evrers {(jitter] in the
synChruni24tian information on ihe
vives aulpul Yine. ¥ideo inferma—
Liom 15 presenl and cankains the
sandi bime base errors.
[yl
v - Syac Genarater {loch Divider

Chain Phase—locked | oop

229488 D-504

W - Camera Timing Logic 22948071-50)

1|4 - Haster Oscillator 229553711

W[ Hoalers

FAILIME EFFECT

OH END_ITER . _ . __

(1} boss of canera vwiput
depicting Scene informa—
fion withina FOV of Yens
assembly.

(2] Lose ofF camara wntil
selt—heaiing of circuitry

restores nurmal speration.

Worst Lase: o
Luss af missiun critical
canara vides,

EATIUHALE FOR ACCEPTANCE

__22G4810-006 508/
0

“DESIGH FEATURES (Conkinued)
BARE BOARD DESIGN (A1)

The ﬂesi?n Far the asyociated bpard i5 cousirgcbed From Janinated
copper-ciad apoxy glass sheeis {HEWA G-10) Grads FR-4), PER WIL-P-556134, Circuil
conneckipns are made through printed traces which vun From paint Lo point on Lhe
board surfacas. Every traca terminates at an aandlar ring. Tha annular ring
surrounds the hele in which a companent Tead o Ceriinal §5 located. Fhis ring
praovides 3 foesiling for the calder, ensuring good mechanical angd ptectrical
perfermance.  [ks size and shape are governed by HIL-P-55640 as are trace widths,
spaclng and routing. Thase requirements are reiterated spacifically in drawing
reies to further assure compliance. Variabions bedween the artwork master and the
.tinal produci ldue do iveegularcilies of dhe etching process) are also contralled by
Arowing notes. [his prevents making defective boars from good artwork. Holes which
house ap lead ar terminal, but serve andy Lo electricadly interconmect the different
beard layers., cpntain stitch bars For sechanical support and increased reliability.

The thru holes are drilled from a drill tape thus eliminating the passibility of
humar error and allowing tight control over hole and annular ring coanceabricity, an
important reliagbility criterion. Atter orilling and etching, A1l copper cladding is
tin-lead plated per MIL-5TO-1495. This provides for easy and reliable soldering at
the tine of board ascembly, even after perieds of prolonged stordge.

BOARD ASSEMHLY DESTEM (A1)

411 comnpangnts are installed in a manner which assures macimun reliability.
Componenl leads are pre-tinned, allowing Lolal wetting of 3older jeints. A1l leads
are farmed 19 provide stress relief and the bodies of large campanants are skahed.
Special mounking and handling instructions are included in edch draning requi red
after final assembly. Tha baard i5 coated with wrelhane which protects againat,
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SIUTTLE CCTV
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FAILURE HODE AHN
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FATiLRE EFFEET
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RATIDHALE ¥0R ACCEF LANCE I

Timg base errors [jili{er) in Lhe
synchrenizalion infermatian on the
viden output Tine. Widen informa-
Lion i5 presenl and conising Lhe
com@ Lime bage arrors.
I L
fil — Sync Genarator Clock Divider
Chain Prase-lacked Laop
229180 0-504
A7 = Canera Fiming Logic 22949681-501

B1j - Masier Oscillaler 22595527-501

IVE Neaters

i

{1} Less of camera vulput
depicting secne informa—
tian within FO¥ of lens

assembl p.

{2} Lpss of camera unlil
spii=heating of circubiry

restoares nornal apevation.

Hppst Case:
boss of mission critical
casera video.

CES[ FEASURES {Cuntinued)
BARE GOARD COMSTRITION |AZ)

fhe beards are of "welded wire® conslruclion. At the kare board level this deoes nat
distlaguish it feom a normal PC board ewcept that holes which wiil Laka weld pins
general Iy are not coanected ko PC btraces. Oely those pins which bring power and
grnundnﬁntentialﬁ ko Lhe Ifs ara on PCs.  An annular ring surraunds the balz in tha
ivard where cach power and ground pis is Tocated. These pins are Lhan soldered to
the truce Tike any ather component lead. Aside from this feature, all design

& construction techniques uwsed in PC bodrd Tayoui apply.

ROARD ASSEHBLY {AZ])

The drilled and eiched board 15 populated with several huadred swlderabie or
weldable pins. Powar and grouns pins, as well as conncctor pins, are sdldered in

jace. Discrest componeats (roesisiars, diodes, copacitors) ave attached to

ilurcaled terwisals, where Lhey are saldered. Flatpack ICs ara walded.
Tead-by-Tead _to the tops af the weld pins. After welding. eatra lead waterial is
trimeg eway. Circuit conpections arg made using #10 AMG nickel wald wire. The
wive is welded to the pin surfaces on the baard hacksida. All wire welds are dane
using i mechine which iz tapa driven, thes eliminabing the passibility of miswiring
dua En aperator errnr. A1 wiring & circuilt performence 45 kestod prior ta
hox-lavel installatian. Aaller successfol testing, components are staked 35 reguired
by drawing naies and the sssenbly is coated with urathana.

The baard is inserted in the box an cerd-edge guides, in Lthe same manner as the other
FL boards.

BDARD PLACEHENT

The A1, AZ, Ad, A5, A, board is secured in the electronics assembly by

gnld-E1aled bearyl lium copper card guides. Coaneciians are made to the mother board
|

with blind-naled cannectors. Ofsenganement during lavnch is prevented by & Cover
which spans the board's free edge.

-3
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SHUTTLE CCTW
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QH ErD ITEM

ime bazas grrows {jitter} in tha

ynchronization tnfarmetivn ¢n Lhe

idea oubput Vine. Wideo informa-

ion is presenl and contains the

ame time base errurs.

Wi

1 - Sync Gensratar Clock Qivider
Chein Phase-Locked Loap
Z2294BE0-504

¢ = Camera Timing Logic 2294881-501

13 — Haster Oscillatar 2295527-1

VL Heaters

1] lpss of camara ouiput
depicting scene inforna-
tinn within FOW of lens
assembly.

(2} Lpss of comera wnbil
salt-hazating of circuibry
restoras normal operdliun.

H
Lass of mission critical
camera videa.

The Ai2 assembly is a temporature compensated voliage centralled crystel oscillater
PTCUCXU) that is purchased ko & specification <entrolled drawlpg that escablishes
ihe requirements for performanca, design, test, and gualificatian ot the wnil. The
praduct assurance provisions of the document canbain the identical reqoirements for
glectronic parts and materials as the Shuttle CCTV program and must receive the
approval of RCA and MASA-ISC. HMechanical and ¢lectrical inlegrily ot the assembly

iz confirmed by both analysis [design reviews] and test lgualificalion and acceptance].

For Qualification Tesl Flow, see Fable 2 located ab tha Froat of this book.
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FATLLUAE EFFECT
OH EHD {TEH

EATIONALE FUR ACCEFTANCE

imz base errars [jitker]l in the

ywchronization informalion on 'ihe

igeo aulput Tine. Wideo inforada-

inn is present and contaimg Eha

aNE time base rrors.

Wl

} - 3yne Generzbtor Clock Divider
Chain Plase-Locked Loop
Zed4fipo-504

2 - Camera Timing togic ZF948B1-501

g - Masler Dscidlator 22055271

VL Healars

Susk

(1] lpss of canera output
depicting scene inforwma-
tion within FO of Tens
wsxemlily.

{2} Loss of camera until
sel f-heating of circuitry

restores normel wperalian,

toss of migsion critical
carera vldeo.

ACCEPLANCE (€51

The (CTY sysbeins! TVC/HLA is subjected directly, without vibratyan isolaters which
mght be vised in their ngrmal installatica, to tha following besting:

® \Vihbratian: 20801z ; 1 dHIDEt-rise from .01 EEIHI
80-35F Hx: 0.04 6°Al=
A4i-1490 Hz: -3 dbs10 Det-slope
Tesi Duration: | Hinukte per Axis
Tesl Laval: &.3 Grns

In a pressure ot 1XL073 Torr, the temperature shall &e as
Follows:

# Theninal YVacuun:

125* F: Time to stablize equipmeat plus | hour
25 F' [ime tp stablize equipmeat plus 1 hour
125 F: Time ko slablize aquipsest plus 1 hour

The TWL/HLA may not hava been suhjecped te the vacuum comlition.
for dcceptance Tesl Flow, see Tabie | located at the froat of this bock.

(H'ERAT IOHAL 1ESIS

In arider to verify thit CCTY comporents are pperaklonad, a fesk must verify the
health of a1l the command related compunents From bhe PHS JADAT}L pane] switch,
through the REW, throwgh the sync lines Lo the Camera/PEU, o Lhe Camera/PTU cammand
decoder., The best must alss worify the camera's sbidity tu produce video, the WSl's
ability to reuta videoe, and the monditor's ability ko display eideo. & sindlar test
ryuld be performed bo verify the HDM comeand gath.

fre-lovach oo Oriiter Tesb/ln-Flight Test

1. Pawer CCIY System.

2. Wia Lhe PHS panel, select a monitor as destinaktion and the camerd wnder
Lest s souvce.

3. Send "Canwra Powar On'' command from PHE panal.

4. Select "External Sypnc" on monitor,

&, Observe widao d13p{ayed on meaitar. Note that LF videa on nonitor is
synchrunized [i.e., slable raster] then this indicates that vhe canera
ig receiving composite symc From bhe ROU and that tha tamers 35 producing
synchranized video.

6. Send Pan, Tilt, Focus, Zoom, DLA, AND Gunma comwands and wisually {aither
wig the monigar or divect observationy verify opervalion.

T. Sclect downlink az destination and camera undar btest as saurce.

. Ohserve video routed to downlink. :

9, Send "Camera Pouwer OFF" comnand wia FHS panel,

Ib. Kepedt Steps 3 through 9 eacept issue commands via the MDY command gath,

Thiy proves that the (CTV equipment 5 operational.

. rF 9
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FALLURE MODE AHD
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AATIONALE FOR ACCEPTANCE -

ime pasé errors [Jitterd in the
ynchronization intermatian on the
ideo autput Ting. Wideo informat-
ion is gresent and cuntainz tha
amg Lime haseé Arrors.

il

1 - 5pnc Geperator Clock Divider
Chain Phase-locked Luop
ZE0BH =LA
2 - Lamera Tioing Lagic 2294881-5E01
1 - Masher deciltatar 2490527-1

VL Neatars

(1] Loss of caméra outpuk
depicting scoae informa-
tion within FOV of Tens
assembly.

{21 Loss of rcamara wuniil
self-heating of Circuilbry
restores normal aperatian.

Warst Cage:
Lass of missian critical
camera video.

DASIHSPECTTON.

Procurcment Contral - The TVC/HLA EEE Parts and hardwarg ilens are geocured from
approved vendors and suppliers, which meet the requirements seb forbh in Lhe CCTV
conlracl and Quality Plan Mork Statewent (WS-1593176). Resident DCAS personnel

review all procurement dociments to estahVish tha need for 631 oa seledted parts

i P41 5771,

i i i - [ncoming Quality inspections are made on all
rocaived materials and parts. Resulis are recorded by lob and retained in file by
drawing and contral numbers for Fuiure reference and trlceuhi1it§. A1l EEE paris
are subjecled ta vncoming acceptance bests as called For inm PAT 315 - [ncosing
Inspection Test Inskructians. Incoming Flight parks are further processed o
accordance with RCA 1B46EB4 - Praconditioning and Acceptance Requirements for
Electronic Parts, mith the exception that DPA ond FIHD Lesling s nob performed.
Hechanical ikems are inspacted par PAI 3V6 — [ncoming Inspackion [nskructions for
mechanical ibtems, PAL W05 - In:mnln? GQuality Contrel Enspectivn Instruciion, and
PAL 612 - Procedure for Protessing lncaming or Purchased Parts Besignated for Flight
Use. Accepted iems are delivered to Materlad Controlled Siares and retained wnder
specified conditions wntil fabrization is required. Hon-comforming materials are
held for Mataria) Review Buard (MRA)Y disposition. {PAT-307, PAT I0C-534.}

foa - Prior to the sblart af TVC toard aisembly, a1l itens

are varified o be correct by stock veaw persannal | as the 1tems are accumulated ko
form a kit. The iians are varifiad apain by the operalor who assembles tha kit by
checking against the as=—buill-parts-Tlist {MPL). DCAS Handatoary Inspection Points
are designated for all prieted circait, wira wrap and welded wire boards, plus
harness conneckars For seldering wiring, crimping, sclder spllces and guality
worknanship priar to coating of the cowmpanent side of hoards and sleeviog af
harnesses.,

vC Boards

Speciine (W0 Loard assembly and tast instrections are provided in draning noles, and
applicabnle dacements are called aot in the Fabriratios Procedure and Record
{FPR-2254819) and parts list PL?P294813. These include shuttle TVC assembly nokes
2R036LE, Process Standard RIV-566 2280881, Prycess Slandard - Bonding Velcorn Tape
2200883, Specification Soldering 2280749, Specificalion Hane Plate Applicalion
F0G0YAT, Specification — Erimﬁing 2280804, Specification - Bonding and $taking
2200878, Specificatien — Urethane coating 2280877, Specificakivn — Jucking compound
2026106, Specificakion Epoxy Adhesive 2010985, Specificalien - Marking 2280876,
Spacification = Worknanship BO3D035, Speciéication Bonding and Staking 22808+5.
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T rAILURE MODE AND
- CALSE

FafLURE EFFECT
_-OH EHD TTEH

EATIONALL FOR ACCFPTANLCE

liwwe Base erccrs §jitter) in the
synchronization information on the
wideo oublput Time. Video infurmat-
Lion is presenk and containy €he
samg bime hase ervors.

T¥L

Al - Synt Gengrater Clock Divider
Chain Phese-tocked Loop
2494880-504

aF — Canera limng Logic 2294681-501
1] - Haster Oscillater 22GRE37-1

IvL Heaters

(FRIFLL

{1) Loss of camerd ocuiput
depicking scene iaforma—
tion within FOW af Tens
assembly.

{2} Loss of camera unkil
self-heating of circultry

resteres noraal aperakivn.

Bprslt Casel
Loes of missien critical
camera video.

QA SHSPECTION  IContinued)

VL Assenbly and Test

An wpen bex test is perforned per TP-TT-2204819, and an Accepiance Tesi per
TP-AT-2274819, including vibretion and Lhesmal vacuum, Torques are specitied and
witnessed, Lraceability numbars are recorded and calibrated tpals are checked prior
Lo use. RCA Qualilby and DEAS inspections are qarfnrwmd at the completion of
specificd FFR oparalians in accavdance with PA1-284, PAE-205, PAT 206 and FAL 215,
UCAS personnel witness VO bubyon-wp and critical tomyuing.

1YL /HLA Assean]y and Test — AFter a TVE and an MLA heve has been tesied individvally,

they sre mated and a final acceptance tast iz parformed per TPAT-Z204815, including
vibralion and thesmal viCuun anvirapments, ACA and DOAS persomnel mponilor these bests
wid review the acceptance tast data/results. These persannal alse inspaeci for conformance
after all repair, remork and retest. .

Prepacation for Shigeeat - Ihe 1YC and HLA are separated prior to shipment afier
labrication and testing is complete. FEuch is packaged according to {CTY iakter BOLY
and 7?8076, PFrocess standard tor Packaging and Handling guidelines. A1l related
ducumeantalion inclughng sssembly dramings, Parts List, ABPL, Fest Data. ebc.. 13
gethered and held in a dociowntalion dolder assigned specifically to each assembly.
flis Folder is retained for refercnce. An EIOP is prepared For cach assambly in
aLcardance Wwith the roguironents of WS-259%176. RCA OC and DCAS personnel wibness
crating, packeying, packing, and markisg, and review the EIOP for completeness and
anLluracy.

1-15
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FA[IRE HODE AMD

FAILUAE EFFECT
(4 FHD TTEH

HATIOMALE FOQR ACCEFIAWCE

ime base ervors {jitler) in the
puchronization information an the
ideo putpul Tine. Widea inFfarsa-
ign i3 presenl and contains ihe
wne time bate errors,

{ic
| — Sync Generator (lock Divider
Chain Fhase-Locked Loop

2294880-504
Y — Comera Timing Logic 2294681-501

3 — Houmler Oscillater 2295527-1

M. Healers

{1) Loss of camera outputb
depicting scane iafarma—
Lion within FO¥ of lens
assenbly.

{#) Loss of camsra wnlil
self-healing of circuiltry

restores normal operation.

dorsi Coese: o
Lazs of missian critiral
wided.

EAILURE HISTORY

TOR — Y1773 - Log #O570 — T¥C S/N 0OB8-502

Pesceiptian: Flight Failure

Spacecraft Level [575-3}

YL not spnchronized for apprasimakely 38 minutes.
This problen pocured at cold Lemperature.
Bynchronization was regained at 20C,

fausa: loss of phase lock dug to therual assymetry of the 3,58 MHz Phase

detector.

Correckive Artion: UCA 39 has been isswed direciing RCA to incerporate Lhe
heater and sync modiFications [ECH CCT B33} to all flight camera's. TWC QU3
was modiflad accordingly. TVC group aumber has been updated from group MIE o 5G6.
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FATLURE EFFECT
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BATIOMALL [OR ACCTPTANCE

g base errors {jitier] in the

nchrenicalion infomatisn an tha

ideo putpul line. Videa informa-

jan |5 presenl and contains the

wat Lime hase erruri.

e

| — Sync benerator Cleuk Dividor
Chain Phace-Locked Loop
29q800-504

P Camera Timing bogic 2294041-501

14 - Haster ﬁsci]]atnr 22955271

L Mealers

|k

(1) Lass of camera oubput
dJepicking scene informa—
tion within FOY of lens
assenkly.

{21 Loss af camera until

self-heating af circuitry
resbtures nornal aperaiian.

Hersk Lase: .
Luss ul mistion crilical
camiéra video. .

OFTEATIONAL EFFECIS

Loss of wideo. Possible 1035 of major mission objectives due 10 Toss of KMS cameras
or ather reguired cameras.

CREW ACTEQHE

If paseible, continua AHS operations using alternative wisual cues.
CBEY THAIHTMNG

Crew should be trained to wse possible alternatives to CCTW.

MESS]OH CUNITRAINT

Where possible, procedures should be desigred $o they cen be accooplished withaul
CCiv,
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