REVLSED 10-3-86

UNIT _ T¥C/CLA
FHEA WO, 220,62 ' SHUTTLE €CTV DG HD.
{RITICAL ITEHS LIST —2294R21-E03
CAITICALITY 212 SHEEY _ _1___ OF 11
FAILLRE HWODE AMD FAILURE EFFECT
CAUSE O _EHD ETEH BATIONALE FOR ACCEFTAMCE
Loss of [ris Funckion [Heckanical). Inabélity ta contral DESIGH _FEATURES
Loss of Zoom Funckion |Heckanical). | Focus, znom, ar iris.
Loss of Focws Fenction (Machanical). The TUC/Lans Asserbly 45 comprisas of 16 elactrical subassemblles; 13 subasseablies
Morst Cose: are ACA Astra designed and Fabricated wsing standard printed-circuit board type of

"4 . Lots af missien criLical conskruction. Tha remaininﬂ thras assewblies, high volkaga power supp1¥. ascillater,
- Hokor Failuve wider. and stepper cotors, are wendor supplled componanks which have baen specifiasd and
- Gear Train Failurs purchased according to RCA Specification Comtrel Orawings (SCDs) preparad by engi-
« Lens Failure T nzering and rgllability assurance. Specifications par tha SCD are prepared Lo

astabiish the dasign, perforwance, test, qualification, and acceptance requirecants
For a pracured pisce of equipment.

Farix, materials, pracessas, and design guidalines for the Shutble LLTV program are
speciFied in arcordance wilba RCA 2295503, This doconsnt defloes the progran require-
rents for selection and toatral of EEE parts. To tha maximum extent, and conzistenkt
with avaiVahility, all parts have beea selactad feom military spacifications at the
J5H lavel, as a minimon. Ia addition te the overal) saleckion criterla, » subgal of
geseral purpose prefarred parks has beca definad by this document and the RCA Govern-
mzit Sysiems Division Standard Parts List., In the case of the CHOS and TTL family af
micapel rewits, dovices are sovasnad and tested te Lha MIL-5T0-8B3C eguivaleat and
procured uader the designavigns of HI-RELA3W} and SKC 54L5 From ACA-55D and Texas
Instruments Carp, respectively. Farls nat acluded in the ahove defwmests have bess
used im the design only after a wonstandard flen approval form {N51AF] has boan pre—
* pared, submikled Eo Ha{iihility Assuranca Engin&ering (RAE) and approved For use in
- the spicific application{s} defined in the KWS[AF by HAZA-ISC.

Warst=Case Circult Aoalyses have been perfarmed and documented for all circuil
#esigns to demoastrate that sufficient operatlng margins exisL for all nl:arating
conditions. THE analysls was warst case-In that the value for sach of the varlable
parometers was set ta limits that will drive the putput to 2 waxioum far minious}

A component a.ﬁp'li.catiun review and analysls was conducted tn yerifr that the applied
skress on each pigce part by the teaperature extrvemes identified with envirgnnental
qualification testing doas not exceed the rivass devatiag values identified in REA
2245503,

1n addilion, an abjective axamination of the desige was performed Lhrough a POR and .
COR to verify thak the TWC/Lens assebly met specificatian and contractual requira-
ments.

12368 25133 s L



REVISED 11-3-86

UWNIT _ TWCACLA
FHEA WO, _2.2.8.2 SHUTTLE CCYV OWa HO. _ ?2O4A19-506, G087
CRETICAL ITEMS LISK _220420-503 200
CRLTICALLTY 22 SHEET 2 OF 11
FAFLURE WODE AND FAILURE EFFECT
CAUSE i EHO ITEH RAVIOMALE FOR ACCEPTANCE
Loss of Iris Function (Machanical). | Enability to conkrol DESIEN FEATURES (ConLinwed) )
Loss of 7oom Function §Mechanicall. | focus, zoon, or iris.
Less of Facus Function [Hechanical). The general arrangement of the Vens asseably ie Lo provide an inLegrated housing,
Horst Case: wotar, and cireuit board package which can acconmodate various commercially available
Cla Lais of misston critical lenses. Emphashs 15 placad om accessibility of the Yens, its drive compasents, and
= Motor Failure videa. limit stops. Componants within the lenz assewbly have bean modvlarized, serviag bath
— Gear Train Failora the Mi&, CiA. and WLA asseab]ies.

= Lers Fallure
The 1ans housing structure s & eng—piece casting designed Lo mimimize machining and
provide a rugged dinenzionally stable mounting for tha optical I:nqi"unants. The hposing
%% in the farm of a right angle. The vertical member interfaces with the froat surface
of the casera and the harizoatal metber supporis the drive motors on the upper surface
with the lens functiom circuit boards in @ cavity an Lhe undarside.

Lens Function Drive Train

Tha iriz, zoom, and focus drives arg 1dentical in cancept; Lhe anly difference iz Lhke
Towsr gear .ratio in the 1ris train ts provide Lha 2.8-second and-to-end travel capa-
hility neressary For the ALC operatisn.

Tha tabla Jon nast page] shows the drlve krain parameters with overall Lorque margins
for the ihree lens Funchbiona.

The aotorfyvar heads are wounted on the Tems houzing rathar 4han on the lens, to parmik
the dpzired Vens interchangeabllity far the Shuttle mission with minioum impact on the
ackual lanses.

Yarious Lypes of molors were considered for this application, tradieg off size, power,
wesght, conlral—circuit complexity, conmand capabiliky. and quatificatbon status. The
brushléss and stepper-matur types il the packaps and power redquiraments, the batier
being ?referred because of iks sinplicity, raliability, and space-qualifiad staluvs.
The selected stepper mobor (a size—8, Alaice-9 pole-pieca, permanent-magnet skepper)
is mated with a spur train paarhead. Babh units are manufacturad by Henoco Hotor Ca.
4 AB-giamet ral-pitch (4B-DP) spur gear on tha geavhead cutpub shaft meshes dirvectly
?ith the gears which arg a part of the zeam, facus, asd iris ring fuactlcns on the

ens gear.




REVISED 11-3-Bb

FMEA KO. _2.2.4i.¢

CRITLCALITY 278

SHUFTLE CCTY
CRITLCAL LVEMS LISY

DHOT _IWC/CLA

ODWG MO .

5304819806 507 -

_2244821-503
SHEET 3 oF 11

FAILUAE HODE AHD

FATLURE EFFECT

RATIDNALE FOR ATCEPTAMCE

CauSE _ [TEH
Loss of Iris function [Hechanical), | Iasbiliky to contral DESLGY FEATURES {Conkinued)
Loss of 2oom Functioa [Hachanical). | focus, zoom, or iris.
Loss of Focus Function {Mechanicall. LENS DAIYE TRANH PARAMETEHS
Loss of ni;sinn critical
- Hobor Failure vides, Time End-| Enpab Losz .| met
= Gear Train Failure . Drive| Companent | Teavel to-Evd [Torgue |Rati¢ No. |Efficiency|Terque |Torque
- Leas Failure {degrees) {{secands | [az-in) [ar Teeth ixh {oz—in)|Cn2=im}
Hatar - - - - b.23
Gearhead .27 [1H an 3.7 w4
Z2gom 150 ]
Gearhead
fdutput Gear 8.4 11| o 2.2 | 52.0
Lens Gear L. 0.0 .
; Tarque Margin
S.2:1:
Hator - - - - 027
j Gearhead 0.27 ab: 1 B0 26 ]| 10.13
Facus a7 7.9
Gearhead
dutput Gear 0.1 5l .3 | 3.0
4] 1
lens Gear 156 14.0
. Tarque Margin
Hator - - - - D.21
Gearhsad .0 4&:1 b 2.8 | @1
lris 105 2.0
Gearhead
Oulput Gaar 0.3 50 1,31 0.9
Q6
Lens Gear 156 2.0
Torgue Margin
6;1
|
> P, o g
02358 _ g=i3y oW ERE



REVISED Y1-3-Bh

LMIT
FMEA w0, _ 2.2.8.7 SHUTTLE CCTY Dt WD
_ . CAITICAL TVEMS LEST i
CAITICALITY 252 SHEET _ 4  OF  _ 11
FAILURE HOOE AMWD FATLURE EFFECY
CAUSE OH EHD ITEH AATIGHALE FOR ACCEPTANCE
loas of Irigs Funckion [Hechanical). | Inability Lo control Haryow dngle Zoom Llang Assewbly
Losg of Zoom Function [Hechanical). | focus, zoew, or iris.
Loss of Focus Function {Merchaaicall. The bans stilized im the HLA and CLA i5 & 18 an ta V108 mn Canen varifocal (20dm) lens
; with a misima F-stap of 4.6 ko T-120 and a fully closed position. 8y design the
ild : Loss of mission ¢ritieal lens selected after much avaluatlon was a high quality commercially availabla wnit
- Hotar Failure vider, procured ko a Shuttla CLTV specification
- Gear Train Failure
- Lgns Failura The wendar item is specifiad ta include pnly witerials and Jubricants which meet

the KCk and $T5 appraved Vsis; and flnal <leaning, 2sxanbly, and Yubricaktbon is
coapleted in tha USA plaat undar REA field guality controls.

The Tens has been exposed té developmental testing and qualificatimn kestimg as
requirved for the 5TS cable and carge bay anvirgnments,

This assembly has been used on all 5TS develogmenktal and operational mhssions.

QUALLFICATION TEST

For QualiFication Tesk Flow, see Table Z located ak tha Front of this book.




REVISED 11-3-8b

' LHIT IVCACLA
FHEA MO. _2.2.6.2 SHUTTLE CCTY Dui N0 2094B19-ERA, BARS
HEA N0 CRITICAL ITEMS LIST ZeHaE21-503
CRITICALITY 242 SHEET 5 T3 ¥
FAILURE HODE AND FAYLWRE EFFECY
CAUSE 0N ENO ITEH RATTOMALE FOE ACCEPTANCE
ass of Iris Function [Hechani.c:iH. }nahilil:]r to cun:rqﬂ ACLEPTANCE TEST
.oss of Zoam function (Hechanical]. | foces, Zoom, oF 1. : ; .
: The CCTV systems' TWCADLA 35 subjactad directly, withoui wvibration dzolators which
ass of Focus Function (Mechanical). . . might be used in thair normal installakien. to the fellowing testing:
MHﬂtnr Failurs I:;::ﬂnf mission critical v Vibratioa: Eﬂ'gg:‘lll : ﬁ‘rgﬂﬁ”“ from 0.01 62/Hz
) . . ) - 2: . 7
- Gear Train Fallura 350-750 He: -3 dB/10 Oct-sTape
- Leas Failore Tesk Duration: 1 Minute per Axis
Test Level; 6.1 Groas

& |hersal Vacuum: }:n 2 pressure of IX10~° Torr, Lhs temparature shadl be as
ol lows !

126° F; Time to stabllae squipment plus 1 heur
25° F: Time to stablize equipment plus 1 hour
125 F; Time ko zkablize equipsent plug 1 hour

The TWC/CLA way not have been subjected Lo the vacuum candition.
For Accepkance Test Flow, see Table ) located at the front of this baok.
IPERATIONAL TEST

in arder Lo werify that CCTY cosponents are operational, a test wust yerify Ethe
health of a1l the command related compoments frow tha FHS {ATAN} panel Ewiich,
through the &CU, through the sync lines to the Cameva/FTU, Lo tha Lamera/PTU coscand
dacoder. The Lesk must alsp verify tha camara's ability ko prodece videa, ihe YSW's
ability to route widen, and the wonitor's ihﬂil’.ﬁ to display wideo. A similar test
wauld be perfoimed to varify the HOH cammand path.

1. Fower CCTY Systed.

2. Via the PHS panel, select a monitor as destiwablos and the coamara vnder
test as source.

3. Sead "Camera Powar Ow" cogmand from PHS paned.

4. Select "Extarnal Sync" an menitor.

5. Obsarve visgeo displayed os eanibor. Hote that if video on ouslter is
synchronlzed li.a., stable raster} than this indicates that the ramera
is recewing cosposiia sync fros the ACY and that the camera is producing
synchranyzaed widen.

B. Sand Pan, Ti1L, Forus, Zooo, DLR, AMD Gamna commards ard wisuedly {elkher
via the munitar er direct ehservatisn} verify oparatian.

7. Select downlink a3 destination amd camerd under iest as source.

B. Observe wideo wouted to downlink.

g, Send "Camera Pawer OfF" comnand «ia PHS panel.

10. Repeat Steps 3 ithrough 5 encept issuc cowmands via the HDM cancand path.
2-137 This praves that tha CCTV equipment is operalional.

B235R
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REVISED ¥1-3-BE

FHEA HO. t.2.6.3

CRITICALITY i4d

IIT _ TVC/CLA

SHUTTLE CLTV DG B4 -
CRITICAL IYEHWS LIST _PEoqed -0 0
SHEEY _p 2 0 OF  __J1

FAILURE MODE AND
CALSE

FALLURE EFFECT
On £h0 ITEN

RATIONALE FOR ACCEPTANCE

oss of [ris Functlon [Hechanical}.
oLt of foam Function [Mechanical).
085 of Forus Funciion (Mechanlcal}.

LA

. Mptor Failors

« Gear Train Failure
. Lens Failure

Inability to conkral
focus, room, oF iris.

MWorsi [ase: .
Lass of mission critical
vioeo.

0s4 THIPECTION

Erocurement Contrel — The TWC/CLA EEE Parks and hargware items ara procured From
approved vendors and supplisers who weet tha requirements sat farkh in the CCTY
contract and Quality Plan Work Statemest {WS-2593176). Resident ACAS personnel
revien all procurenant documsnks fo establish the need for &51 on selected parks
{PAI 517].

Lneoming Inspection and Storage - Incoming Quadity inspectioas are made on a1l
received materials and parts. HRosulbs are recordad by ot and retained in fila by
draning and contral n rs fer future refarence and tra:eahiliti. AVl EEE paris
are subjecisd to docoming accepkance tasts as £allad Far in PAL 3115 - Incoming
Inspection Test Enstruclions. Incowing flight parts are further processed in
accardance with BCA VB466H4 — Preconditioning and Acceptancs Bequirements for
Eleciranic Parts, with the exception that OPA and FIND testing is wot performed.
Hechanital ileas are imspectad per PAf 316 - Incoming Inspact!nn Instructions for
mechanical 1tems, PAL 305 - [n:nming Quality Control Inspection Instruckios, and
P4l 612 - Procedurs for Processing Encombng or Purchased Parts Designated for Flight
Use. Accapted itens ara delbvered Lo Material Contrelled Stores and rekained uader
specified conditions unkil Fabricalion 1s vequired. MNon-comforming materials are
held for Malerial Roview Board (HAR) disposilion. (PAI-387, FAT EQC-531.1

B i - Prior to the start of CLA board assesbly, a1l itens are
verified ko be correct by stock roam personnel, as ithe items are atcunulated ko
form a kit, The iteas are verified again :g the ugzrittr wha assembles tha kit by
checking agalnsi tha as—buile-parks-11st [ABPL). AS Mandatory Inspection Folnts
are designated far all printed circuit, wire wrap and welded wire boards, plus
harness conpectors For seldering wiring, ¢rinping, solder splices snil qualily
workmanship prior ta coatisg of ihe romposent zide of boards and sleeving of
harnesses.

CLA Beards

Specific iastructions are given in assembly drawing nokes and applicable decuments
called out in the Fabrication precedure and recocd (FPR-ZI070H8} and Parts List

PL 2307086. These include wire conseclion 1ist 2295502, Hates - wide angle zoom
lens assy 2383191, Process Standard - bonding staking, oktiag. encapsulabing
EEBHHTE. Specification — Urethane proteciive coating EEEﬂﬂ?? and Hn:tmanship Spec
&A30035 . .



REVISED 11-3-86

DHET _ TWC/OLA
FHEA WO, _ 2.2, 5.2 SHUTTLE CLCTY BWG MO, _ P2O4B19-506, SpAS
3 CRITICAL LTEMS LIST _ 294821503 2 -
CRITICALLTY F A SHEET b aF 11
FAEILURE HIOE AHD FATLLURE EFFECT
CAUSE QH END ITEH AATICHALE EOR ACCEFTAMCE
Loss of Iris function {Hac:anica'lln. inahi'litr ta cnn:.n;‘l FA_AKSPECTION (Contisued)
af Zoom Function {Mechanical). nCus, roam, or irls.
tg:: of an:s Funct.iun{[Hae:haniﬂ%]. LLA Asnmblg_m.l.ﬂﬂ. - An open bex kest is perforsad par TP-IT-2294821, Acceptance lest
Worst Case: er TP-AT—2204827, Tarques are specified and witcessad, traceabllity numbers are recorded

CLA Loss of mission eritical and calibrated tools ave checked prior to use. RCA JQuality asd DCAS inspactions are
- Motor Failura videa. performed at tha zompletion of specifiad FPR oparalions in accardance with PAT 2,
— gear Trila Failure PAI-205. PA1-217 and PAI-4DZ2. DLAS persenasl witness WA hutton—up and eritical
— Lans Failura Earquing.

IVCACLA - After & TVCACLA have bean tested individoally, they are mated and

a final acceptance Lest is performed par TP-AV-223401%, including vibratios and
thernat wacuum envheonmants. RCR and DCAS porsonnel nonitor thess tasbs asd review
ihe acceptance Lest data/resslts. These perseane! aTsn inapect after all repalr,
remork and rekast.

Preparation for Shipwent — Tha TWE and CLA are separated priar Lo shipuent aftar
fabrication and testing is complete. Eack is5 pac ard actbrdin? to CCTY Letter AO1Y
and FRAOTEG, Process staadard for Packagieq and Handlimg guidelimes. &11 relakted
docomentalion includisg assembly drawings, Parks Lisi, ABPL, Test Data, etc., is
gathered and held In a dacumentation Foldar asshgeed spacifically €0 each assenbly.
This Fotder is retained For raference. An EIDBP s preparad for each assewbly in
accordance wilh the requiraments oF WS-2503006. RCA and BCAS personnel witnass
crating, pachaging, packing. and marking, and review the EIDP far completencss and
ACLUYAcY- .

02358 - 22139 g L



AEVISED 11-1-Bé

FHEA WO, _Z2.2.6.2

CRITLCALITY £f2

UNIT
SHUTTLE CCTV DWG MO, _ 2294819-E06, SO8/
CRITICAL ITEMS LIST _2P94afRY-503
SHEET __ 8 OF __1%

FAILURE HIDE AR
CAUSE

FATLURE EFFECT
(M END ITEH

RATIOHALE FOR ACCEPTANLE

ass af Iris Function {Hechanical]-
acs af Joow Function {Mechanizall.
055 of Foces Funciion (Hechanieal).

LA .

. Hotar Failura

. ear Traln Failure
. Lens Failure

laability ko control
focus, room, or iris.

it Case: .
Loss of missien critical
wided,

FAILIAE HISTORY
TR VI663 Log w0221 (LA 5/NDOZ-501

: Accaptaace Test Fallure, Bun Leval Ambient Environmeni. Focus drive
appear o be intermitbent at & particular point in travel of the lens barral.

{guse: Low torgue on sktepper malar. _
Lorrective Ackion:  Iaskall Proba motar S/M 006. The notor which was removed cas be
used for the zoom ar iris fonctions i€ it will pass the tnr?ue test; if not, returm to

vendar. Torque test per CCTV-#-118. Early Hotors had problems due to impraper
magnetization.

TOR Y9298 Lag #0778 CLA S/N FRO4-502

u:inr%glinn: Flight Fatlure Spacecraft Level. Fogus hesitates at both ends of
travel .

Cause: Yension spriag of <14 design, 20 leaves.

i . ECH CCF 1010-C7762 changad 28 leawes to 15. Rewnrk assenbly
with new spring,



REVISEN 11-3-B6

FHEA HO. _2.2.6.2
CRITICALITY 278

UniT __TVL/LLA

SHUTTLE LCTW BWE WO, J204RTO-506. OB/
CRITECAL ITEMS LIST 32348 1501
SHEET 9 bF 1

FALLURE MDDE AHD
LASE

FAILURE CFFECT

lazs ofF Iris Fanction [Hechanical}.
Loss of Foom Funchios [Hechanical).
Lozc of Forus Function (Wechanical).

CLA )

- Mator Failure

— Gaar Frain Failure
— Lans Failure

NZA5H i

Inabilliy to control
facus, zapm, or iris.

-

Loss of ml.;iiun critical
videa,

___RAFJONALE FOB ACTEPTANCE

EATLIRE HISTEAY [Continuad}
TOR C5736 Log #2075 CLA 5/4 FOD1-ED3

Descriplion: Field Tast Failuva, Bow Lavel, Ambient Environment. Lens does aob
focus pver its conplete vaage, MASA problen repurt PWE-038532.

Cause: Lens sent to wasdor far analysis for poor zeom,

jon; Lens disassenhled-reclaaned. A new ruller an Zoom ko permit &
more stabhle zoom action.

TOR W25625 Log #0451 CLA 5/H FODI-%02

Bescripbipn: Accepbance Test Failure. Box Level, Ankiant Enviroameat. Lens fpcus
motar stalls when traweling fram fecus far to focus asar.

Cause: High torgue in Tens assembly; Tow Lergue 4n focus nolor drive assennly,

Facus metor assembly torqua increased. ECM HOCTYVELS CPFBIZSI
issued for specification chamge Far new korque requiremants.

2141 ooy e



AEYISED 11-3-H6

FHEA WO, _2.2.6.2

CRITICALTTY 22

UNIT

SHUTTLE CCTW OkG HG.
CRITICAL TNEMS LIST —eedd03-503
SHEET _ 18  OF _11

FATLIME HODE AND
— _[AUSE

FAILURE EFFECT
I1TEH

RATI0HALE FOR ACCEPTANCE

ass of Iris Function (Mechanical).
ass of Zoom Function {Mechanical),
oss of Facus Function (Mechanfical].

: Hotor Failure
. Gear Train Failure
- Lens Fatture

InabiTiiy ko contral
focus, zoom, er irls.

Loss of mlssion critical
vides.

FAILURE HISTORY {Comtiaved)
TOR WOBYA Log MO43T CLA 5/M FOOY-5402

ﬂﬂii[l?ljnn: acceptance Test Failure, Box Level, Vibration Emvivomment. CLA less
assenbly element Voosencd iaternally when vibrabed with TVC S/NOOT.

Cayse: Impropar staking method by wanufacturer as requirad per specificatinn 2295551,

{orrective Action: A1) LLA Lens assemblies reluraed to wandar for restaking of the
front, rear and zoon eleaents.

TOR W4bTh Lag #0522 CLA S/N FOOS-502

Description: Qualificabion Test Failure, Box Level, Thermal Vac-Lold Environment.
fould nat focus video presentalion whan testad with TWL FDLIS

Causg: Shaft in gear head asserhly shipping.
Correstive Agkion: HWotor assenbly replaced with sew one. Holor reluraad to vedlor
whare it was determined that the stakhng procedure was insufficient for proper
aperation. Manufacturar revised staking aathad for rewnrked .

TER Y8543 Log #425 TYC S/ZHOOT CLA S/H001-500

Description: Acceptanca Test Failura, Box Lavel, Aablont Environment. ZFoem lens
hangs up during Fre-Nib tesk.

Cayse: Gaardshaft staking process insufficieat to held up usder Toad without sl}ippiag.
Returngd defective assembly to menufacturer for analysis &

repalr.  Manufacturer reviszed stoking procesure. ldentitiad all units neading
remgrk. ECM writien te the RCA procerenment specification (2291207].



REWLSER ¥1-3-06

FMEA NO. _ 2.2.6.2

CRITICALTYY iz

SHUTTLE CCry
CRITICAL ITEMS LIST

UNIT IVEACLA
WG NO.

SHEET 11 oF 11

FALLURE WODE AND
LALSE

FALLURE EFFECT
{H ERD JTEM

RATEORALE FOR ALCEFTAWCE

ass of Lris Function (Hechanical).
‘as3 of Zoam Funckion (Mechanical}.
.ass of Focus Function (Meckasical).

L&

- Hptor Failure

- Gear Train Failura
- Lens Faillure

N2 i

Inability to control
Fotus, oom, or iris.

Borst Case: .
Loss of missfon critical
vidgn.

DPERATIONAL EFFECTS

Luss of videa. Possible loss of wajor missica sbjectives due to loss of RMS <ameras

or other requbred camras.

CREW ACTIDNS

IF passible, continue RMS operations using alternative vlsuwal cues,

CREW TRAEHING

Frew should be trainad 16 use possible altersatives io CCTV.

HISSI0H CONSFRAENT

Where pocsible, proacedures should be desigaed xs thay can be acconp)ished wlthowt

COTY,



