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DESIGH FEATURES

The T¥C/lens Assembly is coupvised of 16 eleckrical subamsenbYies; 13 subassemblies
are RCA Astro designed and fabricated vsing standard printad-circuit bpard type of
canstruction. The Iﬂlﬁi“iﬂﬂulhrﬁﬁ asseabiies, high va1taﬁe pamer supply, ascillator,
and stepper motors, are vendor supplied cowpanents which have been specitied and
purchased according tu ECA SpeciVicabion Contral Drawings ($(Bs) prepaved by engi-
naering ané reliabiiity assurance. Specifications per the SCD are prepaved bo
gstabbish the design, perfurmmnce, Lest, qualification, and acceptance requirements
far a procured piete af equipnent.

Parts, materials, procecses, amd design guidelings For the Shutble CCTV prograd are
specified in accardance with RCA 2295503, This document dafines tha progran require-
nments For salection and copntrol of EEE paric. To the mamimum extent, and consistent
with availahility, a1l parls have been selected From mililary specifications ac the
3H tevel, as a minimum. Ep additiun té the owerall selectiom criterie, o subiset of
general purpose preferred parts has been defined by Lhis document and the ACA Govern-
ment Systems Division Standard Parts List. [n the case of the CMOS and TTL family of
micrackrcuils, devices arg scregned and tested Lo the BIL-3T0-8830 equivalent and
procured under the designations of HI-REL/3WG and SMC S4LS From ACA-SS0 and Tewas
Instruments LCarp. raspectively. FParts avt iactuded in the abowve documents have been
used in the design andy after & nonstandord item approval Form (NSIAF) has bean pre—
pared, submitted to Reliability Assurance Engineering (RAE] and approved for wse in
the specific application{s) dafined in the HSIAF by HASA-JSC.

wors L-Case Circoit Analyses have been perfarmed and documented Fer all tircuit
designg tn denanstrate that sutficient operating margins exist for all operating
vandilicns. The analpsis was warst case-in thab the valwe for each of the variable
paramebers was cet Lo limiks that will drvve the gutpal t0 & makimen (or @inimsm] .

A iomponenk aEplicaLinn review and analysis was conducted to werify that the applied
stress on pach plece part by the temperature eabtremes identified wilh eovironmenstal
qualificatian testiny dues nat exceomd the stréss deratung values identified in ACA
2205083,

In addition, an objective examination of bhe design was performed through a FOR and
(O o werify that Lhe TYL/Lens assembly mat specification and conlractuval reguire-
ments,



REVISED 5-F-87

UHIT __ JWCAHLA
FHEA NO. _2.1.7 i SHUTTLE CCTY DuG B0, _ 2204B15-50G, SRS
CRITICAL ITEMS £IST 2200A7]- KiIZ

CRINICALITY _ 2/2 . SHEET 2 OF A

"TFAILURE MBDE AND " T FAILUWE EFFECT .
D END TIEH BATIOMALE FOR ACCEPTANCE

—CAIBE - . -
losas of +2BY wwitchad power f4 the Lass of PTY Fonckion DESIGH FEATURES (Coniinued)
PTL.
Loss of nission BARE BOARD DESIGH (AG) .

iEf 204005 5D | critical yiden, The desipn tor the assccidted bparus AG are constructed from laminated
Fower Da/0fF switching copper-clad epoxy glass sheets (NEHA G-10} Grade FR-4}, PER HIL-P-55817A, Circuit
conneckiong are oade through printed traces which run feon point to point on the
board surfaces. Every trace ferminates at an annular ving. The amnular ring
surrounds the hale in which a component 1ead or berminal is located. This ring
provides a footing for ibe solder, #nsuring good wechanical and &lectrical
perdfsrmance. its size and shape are governad by MIL-P-55640 a< are trace widths,
spacing and rouling. These requivements are re¥ter4ted specifleally in draming
‘nobas to further axsure conmpliance. Variations eetween the artwork master amd Lhe
final product {due to irregularities of the eyching process) are alse controlled by
draving eoles. This pravents making dafective boards from good artwork. Holes which
fiouse oo Jead or terminal . but serve only to electrically intercarmect the Jiffereat
board layers, contain stitch bars Tor mechanical support and increased raliability.

The thru holes are drilled from a drill tape thus eViminating the possibilily of
human error and allowing Cight conira]l aver hole and annular ring cunnentric¥Ly. aa
impartant relishility criterion. After drilling and ekehing, AV] copper cladding is
tin-lead plated per HIL-5TD-14%5., This provides For easy and reliable soldering at
the tine of board assemtly, even after periods of pralanged sksrage.

BAARD ASSEMBLY DESIGH {Ad)

a1 components arte installed in a manner which assuras maximam reliability.
Camponent teads arg pre—tioned, allowing total webiing af soldar joinks. Al leads
are barmed to provide stress welief and the bodies of large coppanents are zhaked.
Special wouaiing and kandling iastructions are included i each drawing required
after final assembly. The board is coated with wrethane which protects against
himidity aml eantaminalian.

BO#S0 FLACEMEHT

The eards are sécured in the elactiranics assembly by pold-plated
berylTiun copper card guides. Copnections are nade to the mabher baard
wiith blind-mated connectors, Disengagement during laungh is preventied by
& cover which spans the board*'s free edge.

SR 2-H0 _(_‘EN -2 M=
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RATIONALE FOR ACLEFTANCE

| GUALIFICATION TEST

For Qualificatien Test Flow, see Table 2 loeatad at tha Front of this baok.
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BLOESTANCE TEST

The CCTV aystems' TYD/MLA s subjecked directly, without vikratien iselabirs whirch
mighl ke used in their sormal insblallacion, te the following testing:

® Vibralion; 20-80nz ; 3 dﬂfﬂﬁt-rise From 0.0 62412
Bi=-340 Ha: p.0d =Sz
350-250 llz: -3 o1 Del-sTope
Tesi Douration: | Hinuta per dsis
Test Lewels fh. 1 Grms

& Therwadl Yacuom: In a pressure of 1%10-5 Torr, the temperatore shall be asu
Fallows:

126% F; Time te siablize eguipment plus 1 hgur
25" F: Time to stablize equipment plus 1 dwor
125* F: lime to steblize equipment plus 1 howr

The IYL/HLA may not have been subjecled to the vacuum conditdon.
bur Acceptance Test Flow, see Table 1 located at ihe freei of this bock.

In proer ko verify that CCTV compoments are operabional, a test wusk werify the
heallh of all Lhe comnand rélated composents From bthe PHS (APAT) panel swikch,
through Lhe RCU, throwgh the syne TInes to the CamerasPFU, to ths Camera/PTU command
decoder.  The test must aluy verify the camera's ability ta produce video, the ¥iU's
ability tu rouvte video, ond Lthe monitor's ability to display widea. A similar Lest
wpuld be performed bo verify the HOM command path.

Pre-launch on Qrbiter TesiATn-Flighl Tiesl

Powar CLTY System.

2. Via the PHY panel, select a munitor as destinabion and bthe camcra onder
lesl as source.

-t

3. 3Jend "Camera Fower On' cowomand trom PH: panel .

4. Select "Evilernal Sync' an moadtar.

5. Ubsarve vides disp{ayed on manidnr.  Mote that if viden on monitor is
syachroniced |1.&., stable raster] thea this indicates thal Lhe camera
is recRiving cuoposite syac from the BCU and that Lhe camera i& produciog
synchronized video.

6. Scad Paa, TilL, Focus, Zosm, ALC, AND Gunma commands and wisually {&ithear
wia Lhe menilor or direct observaliond verify operdstian.

7. Select downlink sz destination and camara wnder best ag suurce.

4. Observe videa reoted to doonl ink.

9. fead "Camera Power OHEY comuand wla PUS panel . ]

. Repeat Jteps 3 through 9 éxcepl issee tomnands wia the M command path.

Thiz_praves Lhat the CCIY cquipmeak is operational. p—
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Worsk (ase: frocuresent Canlrol - The TVO/HLA EEE Parls ond hardeare itens are procured from
T .. approved vendors and suppliers, which mest the requirenenis sei forth in the CCTV -
AE, 2/54885-520 Loss of missign coptract and Gualibty ®lan Work Statement [W5-2593176F. Resident DCAS persaunned
Pumer OnA0FF swibching eritical widea, rawicw all pracuremeni dvcwoents bo astablish the need for G5I un selailed parls
(PAT 517).

Inconing Inspection and _Stovage — Tacoming Quaiity inspeciiens are made on all
received materials and parts. Results arg recoarded by lat and ratainad in file hy

drawing and cantro) mmbers for future reference and traceah11lti. A1) EEE parts
are svhjected to incoming accoptasce tests as ¢alled for in PAT 115 — Tacosing
!nspgectiaon lest Insiruckiens. ELncoming flight parts are further processed in
accardance with RCA 1838684 - Praconditioning and Acceptlance Requirvecants For
Electronic Parts, with the esception that DP4 and PIND testing is not perfonned.
Mechanical iftens are inspected per PAT 11& - Ilncoming Inspection Instructians for
mechanical itams, PA] 30h = lncoming Quality Control Ilnspaction Instructiom, and

fAl 612 - Procedura far Mracessing Incoming or Purchased Paris Designated for Flight
Use. Accepted dtems: are delivered ta Haterial Controlled Stores snd retained under
specified tonditions until fabrication is required. Mon—cumforming materials are
hald tor Mailerial Heview Roard (MBR) dispocition. (PAL-307, PAl 1QC-%31.)

— Priar ta the start of TVC bpard assenbly, all itams
are weriFied to be corveclh by stock roon gersonnel, &% the items are aceamlaied ta
farm a kit. The items are veriFied a?ain by tha apevator who assemhlas the kit by
checking against the as-built-parts-3isi (ABFL}. DCAS Handaicry Inspection Points
are gesignated far all grinted circuit, wire wrap and weldad wire boards, plus
harness connectors fer soldering wiring, crinping, solder splices and quality
workmanship prier to ¢vating of the component zide of buards and sleeviny gt
harnesses.

VL Buards

Specific TVYC hoard assembly and test instroctions arve provided in drawing nobes, and
appl icable docwmenks are called oul in the Fabrication Procedure amd Record
(FPH-2294519) and parts Tist PL2Z94819. These include shuttle TYD assenbly notes
2BG1L6L, Process Stasdard RIV-566 27808R1, Process Sandard - Bonding Velcoro lape
27R08A9, Specificalion Soldering £28074%, Specification Mane Flate Applicalion
1960167, Specification — {rimping 22808006, Specification — Bonding and Stakimg
22808/8, Specification — Urethane coaling ZZB0AFY, Specification — Tocking cumpaund
2026116, Specificalian El:ux:,r Adnes ive PUTDDBS, Specification - Marking 2280876,
Specification — Morkmanship 803103, Specificativn Bonding andl Staking ZZ8UBMA.
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ﬂﬂilﬂﬁttﬂllﬁh (Continued]

IV Agscwbly and Test

Ao open bax tesi is performed per TP-11-2294B19, and an Accepbance Test per
TP-AT=7259451%, 1acluding wibrabion and thermad vacwum. Torgues are specified and
wilnessed, tracesbility numbers are recorded and calibrated tools are checked priar
Lo wusa, RCA Quality and OCAS inspectiens are perFormed at Lhe completion of

specified FPA operations in accordence with PAI-204, PA1-205, PAL 206 and PAL 217,
MCAS prrsomne]l wilness TWE buttoreup and cridical torguing.

ryLse s Acsembly and Test - After a TVWC and an HLA have has bean tested individually,

Lhiy are mated and @ Final acceptance test is perforaed par TP-AT-2294219, iacluding
wibralion and thermal vacuum environnents. RCA apad OCAS personsgl monitor theia teslks

and review the actepkance teast datafresults. These personnel also inspect for conforaance
aller all repair, rework and rebest.

Pregperobivn fOr Shipsesl - The WWC and MLA ave separatad prior to shipseal after
fabricalion and festing is complele. Each is packaged according to CCTV Letter D011
and 2200446, Pracess standard fur Packaging and Hangling guidelines. All related
documentation including assesbdy drowings, Parts Lisl, ABPL, Tesl Dala, etc., is
galtiered aad held in 2 documentation folder assigned specifically tu each asseably.
This rolder is ratatned for reference. An CIDP is prepared Tor each assembly in
ariurdange wilh the reguiresents of WS-2503126. HOA QC and OCAS personne? witness
craling, packaging, packing, and marking, and review the EIDF for coapleteness aod
aLiuracy.

28 o - 22y
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SHEET 7 _  of ;

FALLURE HISTORY
TOR -~ wWe7al - Lop #1686 — vl 5/% 00R-502

107 -

RQescriptipn: Pre~Launch Test Failure
Bax Laveal
Ambieal Environment

REF: WICS-2-01-0097 wnik retwrned From K5C. Power was applied to wrong ping.

| #2BV}.

Lausg: lacorrect wiring aof shutktle craft harmess. put +22¥ to JI1-10 and
RTH Eo J1-0.

Covrgctive Ackion: HWirdng of shuttle barness o be repaired by responsible
arganization. Failure analysis performed and carrective action taken on TWE
S/N 008, AB baard-failure analysis indicated the Following parts are to be
chavged. J1, 43, §12, CR3, CRG, and RS were rep]aced,

WbB23 - Log #558 - TWC S/ 012-502
Yi771 - Log #4568 - C S/ 009-502
Y1771 - Log #568 - TWE SN 00Z-502
¥177) - Log #4568 - TVC 5/ O09-502
Y170 - bog #5E? — TW[ SN O014-502
¥1770 - Log #567 — TWC S/ 10-502
¢iTI0 - Log #5E - TWC S/M 012-502
WiF29 - Log #578 - TVE SAN 020-502

Wescriptipm: Flight Failere, Spacscraft Level
RHS TV {amera circuit breaker popped opos during flight mission ST5-3.

Caysg: Camers Yow valtage suppiy has érralic syscranizabien mode at Tam
Lenperatura.

Correclive Actian: ATl tlipht cameras were returmed onder CCA3S for remark
and reiest to ECH C-1081. ECH [C-1881) ta the low voliaye power supplies
aliminates the erratiec syncranization problem. VL growp part so. has been
changed trow 2233819-502 ta 504 to denote cameras thal conlain low vollage
power supply sodificatiaon.
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EAIURE HISTORY
TOA - WIPHIl = Leg #0838 - TVC 5/8 [2b-506
Descriptign: Hlight Failure, Spacecraft Level
ETE-R

Ouring the flight operations, one time when cred turned coamera or Lhey had no
contral of ALC and Gammg Functions.
Problem resolved iiself by recycling power.

Cause: Aftar numerows dperatons, the reported condibion wos duplicated an test
sat. After initial turn ca, camera woold nob except ALC, and Ganwa CO®N G5 .
L wes Found thal Bhe ouipul ot D33 Pin 6 CHD F.F. resel on A2 boord was set

im 4 high state. This shoudd rnormally howve Boea roset lTow by either "PORY or
il coent BR pulsas, after initial power turp-on,

Suspect devices AZ — UZH, Kb, A7, aml UGS,

Coreective Aclion: Removed omd replaced the Fullowing parts an tha A2 Beard
=4, UGG, UL?, and UGB. Lab analysis did not indicated any gefect with remaved
parts. Prablem has not recurved after mew parts were installed.

TOR — AII0 — Leg 954 - TV SN 031506

Descpiptian: Flight railwre, Spacecraft Level
7T5-14 :

Froblen repart PUbL-004037

Ho vidgo wulput

Cousg; Delective Relay E-1 on the Ab Hoard,

Correitive fciign: Cause dee bo a foreign conductive particle tamporarily
ladged betwesa velay leads and board P.C. Lraces. fAclay E-1 senl Lo product
assurance lab for dnelysis, report #ASD09.  Numerous discrepancies were
found, nene of which were Critical.

{UH = B-3521 — Log #1165 - TWC S/H 038-LOH
Drsceipkign: Acceptance Test Failure
Bax Level
Thermal Yair — Hot Envi
Excpssiva sugply corrent, Tosl alk GLRAcamera Tights and putput wides imfarEatd o
Cquser Shorlod copacitor C14 gn AbG Goacd.

Correpliwe dcbipn: (04 revowed gid replaced with néw cppacibor. Product assurance
Tabh could nak Tiad a cause tor shorted cap. {Repart # RR3Z1A) '
Censidered random tailura.

N el rx P
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SHEET i) or g

FAILURE MOGE AHOD
CALGE

FATLURE EFFECT

lass of +2BY switched piwer to the
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Power dntDff switching
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Loss of PTI) fuaction CPERATIONAL EFFECTS
Horsl Caoser Fossibla toss of major mission abjectives due to inability to position

Loss of oissian
critical yvidon.

camera for desirved FOw.

CEFY ACE [N

If possible conbinue mission using altarmative wizoal fues,

LREY TRAINING

Crew should be trained to use possible allernatives te LLIV.
1

HLSSI0M COHSTRATHT

Hhere #nssih1e pracedures should be designed so they can ha
accomplished without {CTY.



