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CRITICALITY 2ri SHEEF ] OF 9

MODE AWD FATLURE EFFECT
- fM“JHEMSE 04 END TTEH. EATIOHALE FOR ACCEPTAHCE
lima base errars (jitker] in the (V) Lost of camers gutput DESIGH FEATURES
synchronization ialerialian v Lhe depicting scene intar- i
videg guipus line. Viden informa— mation wilhin FOV of | Tne TVC/Leas Assenbly is camprised of 16 alecLricql subassemblies; 13 subassemblies
Pion 1s presenl and coatains the lans assenbly. are RCA Aslro desigaed and fabricaled asing sLandard printed—circuit board Eype of
{img haue €rrors. 12} Luss of camera uatil canitruction, Jhe remaining three assenblies, high voltage power supply, oscillatar,
- telf-heating of cir- #nd slegper molors, are vendor supplied components which have been specifred am
Tl cuiley restores normdl| purchasad accarding Lo ACA Specification Contro} Drawings {5C0s5) prepares by engi-
Al Synr lensxakor. cperalion. neering and reliah?lily assurance.  Specifications per the SCB. are prepared ta
Elack Mivider Chain. eslablizh the design, performance, test, qualification, and acceprance Fequi réments
Phase-lprhed Loap. verst Laze: fer a procured piece of equipment.
2LA4GE0-4504 Loss of mission erilical
& Lamera liming Logie videa. Parts, materials, procestes, and design guidedimes far the Shutile CLTY program are
2 HE-50 ), spezibied in accordunce wilh RCA 2295583, This docusent gelines the program raguire—
AF) Hawter Qugillalor menls far selection and control af EEE parts. TPo ihe maw imum extanl, and cansistent
with availabilily, a1l parts have been selected froo military specificalians al iha
IR JAR level, as a minimum. In addition 1o the overall seleclion criteria, a subset af
Hedlers general purpuse prelerred parts has been gefined by this document and the RCR Goverp- o

neat Sysiems Divisian Slamdard #arks Cist. En the case of the CHOS and ITL tamily <f
MCracieceits, devices are screenad and fested Lo the HIL=STD—BAIC equivalent and
procures wider 1he dessgnations ol HI-REL /3w and SHC 5415 from RCA-550 and Teras
Inilroments Corp, res ectivedy., Farls uot inguded in Lke above dorumenls hava been
uied In the Jdesign nngv aller a nunstandard item approval farm IH51AF) has heen pre-
pared, submiéted Lo Rebrabilivy Assurance Emgineering (RAE} ana approved far use in
Lhe specilie application{s} detined in ehe H?[AF By HASA-I5(C.

Hersi—{ase Clreuil Analyses have been periormed and documenleg for atl Circuik
designg {0 denansirate Lhat sul Ficient pperaling murgins £xist for all oparating
canditions. The analysis was warst case—in thaf the value For edch af the variablg
pardnediect was el to Vimiks that wb11 drive Lhe cutput to 4 Mdaimom CoF Middown] .

A rumponeat applitabion review and anatpsis was conducted ta verify that thoe applied
sireat on each piece parl by the temperalure £utrenes ipentitied wilh eavironmental
qualilicalson tasliag does nol exceed Lhe siress derabing values idenlified ia kCA
£2495501.

In aduilionm, an objeclive exauinslian of bhe design was performed Liirough o Mk and
MOE 1a verily Lhat etke TWCALens assenbly meb specilicalion and fonlractud | requira-
ognls,
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line base &rcgrs | Jletker] in kha ITh Laxs afl camera oulpot | DESICH FEATURES (Continuad)
synchranizabiun dnlormalion an the depicking scene infor-
video aulput Tooe.  Wadeo inlprik= matinn within FOU of BARE BOARO DESIGH (A}
foun 1% present and canlains the Tens assembly.
tvEe bhase errors., (&) Losis af camera patil The dosign of the assoacratzg Al bpard is coasbructod from laminated
sell-heatimg af cir- copper-clad epuxy glasy wheels (HEHA G0} Grade FR—4}, PER MIL-P-5500TA. Circuil
¥ Cuitry restares normal| connections are mate throwgh printad trafeés which sun bras peing be poicl o the
21 Spne Generatar. aperation. board susrfaes. Every btrace Lermindles at am annular ring. The amubar ring
Clock Diwider Chain, surrounds (ha hole in which a2 componant Jead ar terminal is located. This ring
Fldve—Lached Lovp. Woril Casc: provides a faoLing ler Lhe sylder, ensuring good mechanical and electericad
2asa0-504 Loss of missioa frilical perfarmance. [ts size and shape are goveraed by MIL-P-55540 as are trace widths,
82 Canera Timiay Lagie widea. spacing and routing, These reguireseats ore revterated specifically in deawing
LR - | nates 1o furiher assure canpliance. WYariabions batessn 1he artwark nasler and the
A4 Master Oscidlarar Tinal productd [due o irregularities of the elching process) are also coatralled by
draviing ey, This provesnds mahing defeckbive boards from gosd arlwarck. Holes which
vl hause i Tead or Lerminal, bul serve anly Le elerirically interconnect tne differenl
I oglers bodrd layers, contata stibeh bary for mechanical suppart dnd increased reliabiliiy.

The Lhru hales sra deilled feom a'drill tape thus eliminating ithe possibilivy of
hmaa errar and Jllgwing tight conlrel over hole and amnular cing conceatriclty, an
important relishility Criterion. Atter drilling gnd ekehing, All copper cladding is
tin—lead plated per HIL-5TN-14495, This provides fur edsy doo rnliaﬂqz suldériny ot
the Lime of budrd assewbly, oven aHer periods of pralonged Slerage.

BAHD ASSEHBLY BESIGN (4] )

A1l components are instailed in manner which assures macious ealiability.
Componignt leads are pre-tinned, all-wing Letal welting of solder joints. A1l Jeads
are furmed Lo prowide siress seliaf and Lhe bodies of large companenls are staked.
Spreiad wownting and Landling instructiens are included 1o gach drdwing required
dlter final assembly. The board is coslow wilh urethang whieh protecis ayainst
humidity and contamigal ivn.

HOARD PLACEMENT

The Al and A3 Goards aré secured in the electroaics asseal], by

qold plaled beryllign copper card guides. Coapections are auig to Lhé mother board
rilti blind-mated conneclors. Dusengagement during lawach s preveated by a caver
which spans Lhe Brard's tree edge.
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FALVLRE MUAE AND - FATLLIRE EFFECT -
C RS O £l 1TEH RATIONALE FOR ACCEFTANCE
Time hase érrors {jitier} in 1ha £1] Lass oF camerd gutput | DESIGH FEATURES (Contluued)
syachrgnization informatian on the deplating scene infor—
video ouiput 1ipa. Videa informa- wat ion within FOV of BakE GOAAD COWSTRUCTEON (A2}
Lion i3 present and coatains the Yeas asseably. .
lime bate errers. . (2} boss of comera until Thee A2 board 4z of ‘welded wire* comstruction. Ak the bare baard Tevel this does nay
sel{-=hegating of cir— distinguish it (rom 4 sormal P bpard excepl that holes which will take weld pins
custry resiores sormal| generally are not eomnseted ta PC tracas. Only those pins which bring power amd
A Sync Generator, gperakion, grownd potentials Lo the ICs ave on Pis. An aluwlar ring surrcunds Che hode in the
{lpch Dividor Chain. board where cach power and grovnd pin is Jacated. These pins are then soltdered to
Prase-Locked Loop. * i the trace 1ihe any olher companent laad. Asids from this teature, all vasigs
F/04800-504 Loas ol mission critical & sanstruction lechniques wsed in PC board layaut apply.
A Lenera Timing Logic videi.
2AIAER-40 HOARD ASSEHALY (A2}

A1 HMasler Gscillator
The deilted amd elched boards are populated wilh several hundred svlderable or

[vC . weldable pins. Power and grovsd pins, as well as connpctes pins, are saliered in
lealers placa. Discreal components [resistars, diodes, rapacitors} are attached Lo
biturcated lerminals, where they are soldered. Tlatpark 10 are welded,
lead-by-lead. 1o the Lops of Lhe weld pias. Afler welding, extra Tead material is
irimmed amay. Circuil comnections dre nade wsing #33 AMG nickel weld wire. The
mife 14 webded to the pin swriaces on bthe board backside. Al wire walds are dene
using a machine which is Lape driven, thus aliminating the possibility of s Euiring
gue 1o oparator érrar. AVl wiring & circuit periormance b5 tesléed prive to
bax-Tevel installation. After surcessful testing, componenis are staked as requi red
by drawing natas snd the assembly is coated with urelhone.

The board. is iaserted in Lhe bow on card-edge guides, in ihe soie nanner as Lhe pther
PC bodras.

The Al3 gasently is a tenperature conpensatad voltage conlrelbed crystal ascillatpr .
LTCVEHG) dhat is purchased to o specilicalion conlrobled drawing that estabiishes

the requirements for periormance, design, test, and qualificetion al the wait. The
prodacl assuranceg provitions of Lhe docsiwenl combain the tdentical requirements for
elecironic parts and makterials as the Shuttle CCTY program and musl recoive the

approval of KCA and HASA-JSC. Herhanical and electrical integricy of Lhe axseably

iy vonfirmed by bath analysis {desiyn reviews) and Etest Iqua¥efrcatian and ACceptange).

O 1hH 4-194
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CAlSE

img base errors {jItter) sn the
syachronizakion infForoalian on dke
vides oolput Vina. Yideo infurmg-
Lion it presanl and contains Lhe
Lime lisg exrgrs., '

I

Bl Symi Gaoeralge.

Clock Biwider Chain.

Phase—L grked Voop,

AR AR50 -504

s Camera Bimomg loyic
ZRpaEA | =Sl

Al Masier Ouwcillatar

Fi

lgaters

(b) Lass of camerd oulput
dapicting icens infar-
aation wikhin FOK of
lens asssubly.

[2) Loss of camra until
ii]f-hﬁating of gir-
cuitry rastores nomal
operative.

Harsy Case:
lass of aission critical
vidap.

QuaL[F [CATION TESI
Far Qualificativn fest Flow, sea Table 7 1acated ai the Frant aF Lhis baok.
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UNTT T YCHLA
: 431 SHUTTLE CCTW OHG HO. cedd0|9-S06 5085
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FAILURE HODE AMD FAITLURE EFFECT Rall CE

LAUSE e o e OWEHD 1M DHALE FOR ALLEPTAN
lime base errars {Jitterd in dhe (1} 'llm.§ :-f Comera u?:#::: ALCEPIARCE TES)

i [ information an thg epaEbing scene i - ) _ . _ ) .
:f:;';rzﬂ:;:???ﬂe, Vidca informa- metaan within FOV of The CCIY systems' MLA is subjected direcily, wi Lhout vibralian isclatsrs which might
Lign wi present asd contains the lens assemdly. . be used 1n their nornal installation, to the lelluwing Lesting:
timg hase errors, (2] Lass of tamera un!l'l ]

self=heatinyg of cir- * Wilbratjen: 20-00Hx : 3 dﬂfﬂﬁt-rue from 0.01 G* /i

I . tuilry reslores noraal H0=350 Hr: 8.0 G fHa
Al Sync Denerator. operation. . 350-750 Hz; -1 48719 Oct—sYope

Cluck Divider Chain. Test Doration: V Hinute par Axis

Fhase-Lecked Loop. Horst Lase: o Téest dewel: G.1 Gras

2294880 -534 loss of mission eritical s
f Camerd Niming Lagic videw. # Thermal Vacuwn: 10 a pressure af 18007 Turr, ihe lewperdiare shall be as

FAudRA | -5 fobhows:

; iklaLor .

Bl Hasler m-.“ ? 252 F: Time Lo stiblize equipwent plus | haur
[¥L 25% F: Time 1o stablize equipment plus | koor
Healers 5% F: Time 10 swablize equipnest plus 1 hour

Fha WLA may not have been subjected bo the vacusn candilion.

tor hieplence lesi Flow, 5ee Tanle | localed at the front of this baok,

UPENATIONAL 3t5IS

In arder to verify that CCIY toopanents are operalional, a test must verify the
healeh of sb1 Lae conusand related companénts from the PHS [A7AL) pengl smilch,
throvgh ehe RCU, through the sync Tines 1o the Camera/FrU, to Lhe anera /PTU Cammand
decoder. Vhe test st aluwo VErity the canvra's ability to produce widiew, the VSU's
akility to route video, and Lhe noniter's ability to display vides. A4 <imilar test
woukd be perfurmed to verity the HOH command path.

Pre-lgumb an Urkitler T eslfE-Flight legL

V. Fower CCUY Sysiem. :

2. Via the PHY panel, selecl a mgnjtar di destipabion and lhe camera wndar
Lésd ay SOUNCa,

3. Sad “Cavwra Power 00" fonmand d ram ML panel.

4. Lelecl “"Esternal Syac” on monider,

. H. Dbserve videa displayed on monibar, Moke Lhel if video an monilar js
Syschrunized {i.e., s14ble racter] then Lhi4 indicales thal the cdmera
is receiving couposile sync frow Lhe RCUY and kol the Lamera 15 producing
symfbhronized video,

b Semd Fan, Till, foecus, Juoh, BLE, AND Camow conmands and wisudl by [edLher

via the monitar ur direct sbiervdtyol viority vporat ion.

oo hwlect wawnliok as destinalvan SOl LAREFS willer [Pyl as Anurcw.

B Bbsecwe vide rouled to sawn ik,

Y Seadd "Cameca Poeer BEEY Conmantd wpd PUS el

i Bepeal Steps 5 through Y EREPL ihae Lonands vea bhe HOM Lumknsinl pall .
K Thts porivwety Ehal Lhe {4 1Y viuipnpntl s uirral jenal .

& 1k R
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" FAILURE HGDE AHEH FAILIME EFFECT

- — LAUEE

OH EWD ITEH

BA[HHALE FOR ACCEPIAMCE

Te Base errors {(Jitler] in Lhe
spchirodiyzal fon informslisn oa the
video potpul Ting. Vidos iolasms-
tien is present and conlaineg tha
i BaskE Errprs.

1

Al Spui LGenerator.

Cluck Diviger Chain.

Flidse-Lucked Losg.

2i4d80 - 545

Ay Comerd Fimiay Lugrc
S2UNE8 1 -541

A4 Haster OscilYator

1¥C

Mealeryg

(1F L0355 D Camera auipak

depicting scene infor-
malian within FO¥ of
tens assembly.

(41 Loss of camgra oatil
self-hedling of cir-
cuitrg_restnres normal
aperal 1on.

Hural [aue!

Loss of mission critical

vidano,

{4 IWGFELTLOH

Procyrement Lantrgl = The TVO/LA EEE Parts and hardware iteas are procured (rom
approved veadars and suppliers, which meot the reqeircremenls set lorkh in the CCTV
conkract and Qualivy Plan work Statement {W5=-25931768). Resident DCAS personael
revien all pracurescnt docusents Lo gstablish the meed For G50 on soleceed parts

[FAT 51T).

[ncoming Iaspeciion and S¢ordge = Tacaming Qualily iaspaciinns are dude on all
received materidls amd parls. Results are recardod By lat and rotaioed in {iTe by
drawing dand coatirol noabers For foture reference and traceabilily. AL EEE paris
are subjected b incoming acceptance teatz as called for is PAI glﬁ - Indiniisy
Inspeclian Tast Insiructions. TIncoaming flight parts are furthér processed ia
atcordance wilh RCA 1366841 - Precanditioning and Accepiance Bequirements far
Electrgnit Parls, with the exception Lhat DPA and PIND testing is nat paréormed.
Hachanical items are inspected per PA] J1& - [ncaming Enspectian [astructions for
mechanical items, PAL WS — [ncoming Qualivy Canvral Inspection Instruclian, drd
Pal 612 - Procédure Fur Processing Incomang or Purchased Farts Designated for
Flighl Use. Accepted slems are delivered to Haterial Contrelled Slores and
retained wider specified condidions wnbil fabricakivn is required.  Moa-conforming
materials gre hetd far Halerial Review Board (HAB) dispasilian. (PFAL 307,

PAT 1QC 531,

Board Assembly & Tost - Priar to the stari of TYC board assembly, 311 iteas are
vertfied Lo be correct by stock woon porsonnel . as the tlems are accomyladed Lo
farm 4 kit. The atems are verified again by Lhé dpuratos whn dssezables bhe kit by
checking snainst Lhe as-built-parts=lisg (ABPL). DCAS Pamdaiory [nspection #oints
are designaled For al1 printed civcuil, wice mrap and wolded wire boards, plus
harnesy tunngctars for saldering wiring, ceimping, solder $plices and quality
wurhgasship prior Lo coaliag of the compoicnl side of buaros und slesving of
hadrnenses .

JvC Boards

Specitic WL baard assembly ond Lesk instruciians are provided in drawing nokes,
and applicable docuneats are called out 14 the Fabricabron Procedure and Aecord
{IPR-HME 1Y ared parls Tisl PLE291419.  These wnchwde Shultle IVE agsembly nales
280%6b0, Process Slandard RIV-506 22H0BH), Process Standard - Boading Vedcra Tape
2280, Specilicelion Soldersng 2280749, Specitication hame Plale Applicalion
MbEIES, Specitication - Ceimpiag J2HBA00, Specilication - Banding aad Staking
Z280AM, SpeciFicalian - Urethane coating 2AB0K27, Specrlication = lurkiny gonpound
202400, Specilicalion Epaxy Adbusive 2000865, Specilication - Markeay 22B0BIG,
Specrtication = Warkmanship ADNDS, Specificalion Bending and Shaking Z2A(0E75,
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SHEET Fi 1F g

FAILORE MODE AMD

FALLURE EFFECT
O Erp TTEH

EATIOMALE FOR AUCIITANCE

Time hase arrorcs {fituer] in dha
pwrhronization informalioe an Lhe
widen aulpat ¥ima, Video informa-
Lion it present and ConLaine the
i Lase arrprs,

1§ .

fal Sync Generator.
Clock Diwider Chain.
HPhazse-locked Loop.
£ Z U5 [

A2 Camera Timing Luyic
Lyiadd b =50

Al Muster Ducillatar

119

Healers

Ll

{}) Loss of camara awlput
depicting scene wndor-
matign within FOV of
Vens assembly.

[2F Losg of ¢camera ontil
sebf-leating of cir-
Ceibry roaslores aormal
aperation.

Horst Caeg: o
less af mission eritical
viden.,

{8 THSPECTION {Cariinued)

[ ,g;mi]hj_f_m_l_ej_t - An open bax test i

Acgeplance Test per TP-AT-Z2294B0%, including wvibralion snd Ihemial vacome.

periormed per TR-[1-2294819, and an

Torques

gre specidied and witnessed, traceabilily oumbers are recorded and valibrated tools

4rg checksd prior [0 vse.

RCA Duality and DCAS ipspecl

pletion of specified FMY operalions in accbrdange witlh

Pal 2117.

WA Assembly ang
per TP-A1-2347088.

BLAS personne]l wibtness 1V buttan-up and

cril

recarded and Lalibraded Lools are cheched priof La use,
ore perlopmed aL the complelion wf wpeciiied FPR operatinns in accordance with PAj 204,

FAL Jpb, FAL 207 and Pal a2,

TYOAMLA dasewbly and Jest - AfLer o TVE and o WIA have
Ihey wrg mated and & final acceplorze test is peetarmed

vibralron and Lherowl vacuun eneironme3is,
tetls and review the atcepronce 1est dadasSresul |s.

RCA and DCA
Thi

tur canformanie ailéer a1V ropair, rework and retest,

Fruporeiiom for Shippent - Fhe Twi
fabirveation and 1esting 13 complele.

dng GARDTAR . Pracass stangdard far Pack
S meetation ancluding assenb)y

igns are performed at the com—
PAl 204, FAI 28%, PAI 206 ang
1cel torguing,

Jesk — An apen box Lest is performed per [P-17-Z307D45. Acceptance Tasl
Turgques are specified and witnecsed,

traceability aumbers are
RCA Guatily and DCAS inspachipns

OCAS persunngl wilness WA bullon-up and critical 1orguing.

been Lésbpd individually,
per TP-AT-ZI04618, including
 persoane] monitor thase
e persannet alsio mspet;

and HLA are separaled prior Lg shipment atter

Eack iy puchkaged accordiog to SOV Lebier 8811
ofiag and Wandling yuioelines.
drawings, Faris Lisl, ABPL,

A1l related
lesd Data, elc., is

Yathered and held in 3 docwmentalion Folder assigaen spedifically to each assambly.

Ihis tulder iy retained Tor reference.
Avprdance with the reguirements of W5-259317§,
aralify, patkaging, packing and warking,

ol L wrFdl .

115

An EIDP is prep
RCA QL
and revigw the

PLEREY ke 'quz.

ared for vach aisy in
aid DCAS personne] Wilness
EXOP far conploteness and
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" TTATIURE WODE AND
CAUSE

FAILURE EFFECT
Ot EHG [TEH

—BAT[OMACT FOR ACCEPTAHCE

lNme base evrors |jitter) in dhe
synchrond gt ion informgtion an 1he
video cubput lina. Video informa—
tion 15 presenl and conbasns the
Limg base errors,

[yg

Al Sy Generalor.
Chack Biviser Thain.
Fllase-Luiked Laog.
Z2N4RA0-L04

8 Lamera Fimgng Loygic
Z2ARA 15107

Al Raster Oscillainr

byt
Fheatary

{1] Loss af cemwra aulput
depicling scene iafar-
mat ian wathin FIV gf
Tens assembly,

2y Lloss of ceneras vatil
seli=heating of ciy-
cuitry réstares aprnal
aperal jon.

1™
Lass af oission crilical
video.

FATIURE HIGTORY
HINE .
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[AILURE HOOL ARp FA[LURE EFFECT T
CaUSE OH EHR_L1EH _ KATIOMALE FOE ACCEFTAHCE

ime base ervors Ljinter] in the 11} doss of canera sutpul
gnciranitation indoemation on fthe depicliag scend infor—{ LECEATIONA, FFFECTS
hieo autput 1ine. ¥idea informa= mation within fO0V af Loss of widen. Pogssible loss of major mission objectives if HHS albow is required.

i 18 pres<enl and contasns Lhe
Wk base errors.

i

b oy Generalar.
Clock Mivider Chain.
Phase-ioched Loop.
U0 -504

¢ Cawera liaing Logec
22481 -501

Ji Basvler Uscillataor

i,
SaLEry

lens assambly. :

12} 1435 ol camera wntil
sell=heating of cir-
cuilry rosipres normal
operalion.

Horst [4se: .
Loss of mission critical

vides,

CREM ACTIONS

If possilblé, castinue AHY sperakions usiag alternative wisval cues.
{REH TRAINING

Craw should be trained L0 wss passible alternakives to CCTY.
HISS10H COHSTRATNT

there possible, procedurss thavld be designad so they con be accomplished withaut
CClv,

189 oy T,



