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DESLCH FEATHRES

The TWL/Lens Assembly is comprised of 16 slectrical subassenhlies; 13 subasserblies
are RCA Astro designed and fabricatad wsiwg standard printed-circult board type of
canstruction. The ramaining three assemblies, bigh voltage powsr supFﬂ{. ascillator,
and stepper motors, are vendor supplied compenents which have been apec figd and
purchased sccarding bn RCA Specificalion Contrel Deawisgs {50Ds) prepared by engi-
neerin? and raliabllity asssromce. Specifications per he 3C0 pre prepared tp
establish the design, perforwmaace, teit, quallflcabion, and acieptance requirements
for a procured piece of eguigment.

Parts, materials, processes, and design guidelines for the Shutdle CCTY pragram are
specified §n accordance with RCA 2295503, This decusent defines the pragras TEqUire-
ments for selection and control of EEE parts. Vo the maximum extent, amd consistent
nith availability, all parts have beea salected from military specifications at Lhe
JAK level, a5 a mimimom. In addition to tha overal? selectien critecis, & subsat of
general purpose preferved.parts has bean definad by thiz document and the RCA Bavers-
ment Systems Division Stardard Paris List. In the <ase of the CHIS and TTL family of
wicracircuits, devices are screened and bagted ta the HEL-5TD-8H3L equivalenl and
pracured under Lhe designations of HI-REL/3WQ and 5HC 5415 from RCA-SSD ard Texas
[astruments Corp, respectivaly. Parts not includaed in the abgve doruments have been
utad in the desigm nnr after a nonstandard 1tem approval Furm [N3LAF) has been pre-
pared, submitted to Reliabiliky Assurance Eagissering {RAE} and appraved for use in
the specific appiicatian(s) du¥im‘.~d tn the N3IAF by HASA-JSC.

Worst=Case Circuit Analyses have baen performed and documested for all civceit
designs to demonstrate that sufficient operatiag marginz awist For all umrating
conditions. Jhe analysis was worst case—in that the walue for each of tha varishle
parameters was set to Timlks Ehat will delve the autpuk ta a maximua for misimum).

A component zﬁpli:atim review and analysis was conducked ta werlfy that the applied
strass on mad pinge part by the tempevature extremes idantified wmith environmental
gualification tasting does nok eaceed the stress derating valuas fdeatiFied in REA
2295503,

In addition, an objective pxamination of tha deasign was performed through a FOR and
COR ia verify that the TVC/lens assembly met specificatlon and contracteal raquire-
monts.
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DESIGH FEATURES

The yeneral arrangement of the Jens assembly is 1o pravide an integrated housing,
mobar, and circuil board package which can accomnodate waripus comnercially avarlable
lenses. Emphasis s placed ca accessibility of the Tens, ks drive componeats, and
limit staps. Cosponeata witkin the lens assewhly have been mwrdularized, serving beth
the WLA, CLA, and WLA assemblies.

The Yens housing structure is a one-plece casting designed to minimize machining and
provide a rugged dimencionally stable mounting for the optical components. The hauszing
15 in the form of a right angle. The vertical neober intarfaces with the front curface
of tha camera and the Rorizental wembar supparts the drive molters on the upper syrface
with the lens function circelt boards ¥n & cavity on the enderside.

: {an Drixs Trai

The iris, zoom, and Facus drives ave igdenkical in concept; the onty difference ic the
lowar gear ratis in the iriz train to provide the Z.8-second end-Lo—end travel capa-
bitity necessary for the MC operatian.

The tabte {on wewt poge] shows the drive train parameters with overall torque margine
For the threa lens Funclions,

The moter/gear heads ara wounted on Lhe lens housing réther thas on the lens, to pernit
the pesired lens interchangeapilily far ihe Shuttle mission with minisum impact on the
actual lenses.

Various types of motdrs ware considered for bhiz application, tvading off size, pomer,
welght. cuptrol-circult complexity, comvand cepebility, and qualification status, The
bruihless and stapper—Sotor types fit the packtags and power reguirements, the latter
belm trefarred because af 1ts simpllicity, reliability, and space-qualified skatus.
The sedected stepper woter {a size-#, Alwmico-9 pole-piere, permanant-magnet stepper}
i mated with a spur train gearkead. Both units are manufactured by Hanaa Hator Co.
4 40—Jjametral-pitch {43-DP) spur gear on ihe gearhead putpul shaft oeshes directly
?ith the gears whith arg 2 part af tha zvuw, facus, and iris risg Fuscticns on the

NS QERT.
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DESL{M FEATURES
LENS ORIVE TRAIN PARARETERS
Tiwe Eng=| Inpuk Loss Net
Brivej Component to-End |[Torque |Ratio Wo. |EFFlclency|Tarque |Torque
{degrees) | {seconds) | {az~in}|ar Taelh {%} {or-in)|{oz=in|
Hotor - - - - 0.27
Gearhead 0.23 191 a0 1.7 ] 18.4
Zoom 6.6
Gearhead
Dutput Gaar 14.4 L] 2.2 | s52.0
%
Lens Gear 156 10.0
Tarque Hargin
h.Xol:
Mokor - - - - o.27
Gearhead b7 M ol 2.6 | 10.3
Focus 1.5
Gearhead
Output Eear 0.3 &0 " 1.3 | 3.0
Lens Gear 15h 10.90
’ Torque Hargin
3:1
Hotor - - - - $.27
aearhead Q.27 4a:1 ab 2.6 1] mw.3
Iris 2.R
Gearhaad
Duiput Gear 101 50 o 1.3 ] 0.0
Lens Gear 166 5.0

Tarque Margin
ﬁil
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55 of Irls Funttion Inakility to conbtrol Hide Angle Lens Ascepbly
wechanical). focus, zoon, ar irls. . .
55 of Zoem Funchtion The Angenizus lens used in the HLA was dasigned speciticatly for 5T5 CCTV use. IL is

Yersk Lase: a wide angle zoam lens B rm tu 24 m focal range having 3 3.9 minimun f-ctop ia an
Loss of mission Critical gxtended range of T-720 and 2 Fully closed position. Tha high quality mptical system
video. is enginepred into a rugged lens assembly utilizing space-approved materials. The
soom and tocws controls are caw-driven linear motions with dry-lubricate# 51iding
cantacts. Motion te the cams is provided by ball bearing-supportied gear rings which
interface with the leas function drive rokor in the HLA assambly.

wchanical ).
155 of Focus Fynction
wchanicall.

I:A L
totor failore
iear Treain failure

cens failure The [RI5 mechanism 3% & variable mechanical aperture with a superimposed newtral

density wedga. TWhe aperture plate and wedge are edga-driven by & spur gear ring
which again interfaces with the Function drive motor in the WLA housien.

[ave was eaercised 1n the design to assure the optical elenents are secured in
ctrain—free, envirsnmentally secure wounktings.

The Yens astembly was qualification tested at the verdar's Facilily; this was
followed by qualification testing an the WA gysken at RCA. The assembly has
been ysad os repetitive TS miskIDRs.

QUALIFICAYION JEST

For Quatlfication Test Flow, sed Table 2 located at the front of this beak.

22 -y

24m -z_fj']_ .-
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kwtar failure
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ens failurs

Loss af -iéslm
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The CCTV systams' WLA is subjecied dim:t]k ?-i“mp: vibratisn isolators which might
oMowing testiag:

& Vibration: 20-BiHz ! 3 dB/0gt-rise from 0,00 67 /Hz
#0-350 Ha: 0.0 G</Hr
350750 Hz: -1 dB/18 Dci-slope
Test Duration: 1 Mipute per Axis
Test Level: 6.1 Grus

* Thermad Yacuum: [n a pressure of V0D Torr, the temperature shall be as
Follows:

125° F: Time ko stahlize gquipment plus 1| hour
255 F: Time ko siahlize equipment plus 1 haur
125* F; Time ko staklize equipment plus 1 haur

The HLA may not have been suhjnth!d't- tha vaciyun conditimn.

For Acceplance Tesk Flow, Sea Table 1 lorated at the front of this book.
DPERATIONAL TESTS

In order o veriFy that CCTV cespensnts ave operational, a best must verify the
health of al1 tha command related compenants From the PHS (A7AY) panel awitch,
through the RCD, through the sync lines bo the CamarafPTU, to bEhe Camera/PTU command
decoder. The test wust also verlfy the cameras ability te produce vides, the Y3U's
ability t¢ route wides, and the monitor's ahilitﬁ ta display videa, A similar test
wou1d ie perforned to varify the HIH cormand path.

Pro-launch pn @rbiter Fest/ln-F1ight Test

1. Powar CCTV System.

2. ¥ia the PHS panel, select 4 wonitor as destinalion dad the camars wnder
test As source.

4. Send "Camera Pawer On" command frem PHS panel.

q. Seleck “Extlernal Sync” on momltor.

5. Observe wideo displayed an meniter. Mote thal {f viden on monitor is
synchronized {i.e., stable raster) then ihls indicaten that the canera
is recelving compesite sync from the ACU and that Lhe camera is producing
synchronizad video.

6. Send Pan, Tilt, Foecus, Zoan, DLR, ANO Games cammands and visually {either
via the momitar or direct vbservatian) werify operation.

7. Spleck dawslink as destination and camera under tesh as source,

8. Dbserve vidap rpouted to dawnlink.

S\n. Send “Cunetra Power DFFY command wia PHS panel.

- Rupeat Steps 3 thraugh 9 except issue conmands vis the MOM conshand path.
LY e Lidiimn sdb dh&E FEIU bddd Gbbal in Alekatidial.
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DASIHSPECTION

Procurement fontrol - The TVC/WLA EEE Parts and bardware {tams are procured From
approved vendors and suppliers, which meet the requirements sat forkh in the CCTV
contract and Quality Plan Wark Statement (W5-2593176). Resifent DCAS personnel
review all procuresent dacuments to establish the reed for GSI en selected parts
{Pal &17). ’

Incoming [nspeclion and $torage - Inconbng Qualily inspections are qade on all
received matersala and parts. Results are recarded by Tot and retained in file by
drawing and ¢onirel numbers for future referemce and traceability. AVl EEE paris
are subjected ko incoming acceptance tests as called for in PAI 315 - Inceming
Inspection Tesk Jaskructions. Incoming flight parts are further processed 1a
accordance with RCA 1B46EE4 — Preconditianing and Acceptance Reguirgments for
Electronic Parks, wilth the axcaption that DPA and FIND testing {s not performed.
Mechanlcad items sre inspacted per PAL 216 - I[ncoming Inspaction [nstructians far
machandcal ikams, FAT M5 = Incoming Quality Cuﬁtru] Inspection Inatruction, amd
PAT E12 - Procedure For Praocessing Incoming or Purchased Parky Decignated Far
Flight Use. Acrepted items are delivered Le Malerial Controlled Stores and
retained under :ge;ified conditions until fabrication is vequired. Hon-cosnforming
wadarials are held for Material Review Board (MRB] dispesitisn. [PAD 30T,

FAL IfiC 531}.

Enarg Assembly B Test - Priar te the start of WLA baard assembly, a1l itens ara verificd
to be carvecl by stock room personnel, ax the items are accymulated to form a kit. The
ltews are verified agabn by the gperator who assembles the kik by checking against the
as-built-parks=14ct {ABPL}. DCAS Mandatory Inspectian Feints are designated For all
printed circuil, wire wrap and welded nire bpards, plus haroess conneckors for soldar—
ing wiring, crimping, solder :T1icas and qualiky workmanship prigr to roating of the
component §ide of boards and sleeving of haraeszes. Specific tastructiond are given ia
assenbly drawing nates and applicable documents called put in the fabricatlon pracedure
and record {FPE-Z307088]) and Parks List PL 2307048, These include wire connection list
2903349, Hotes — wide angle zoom Vens assy 2103197, Process Standard - bonding skaking,
potting, encapsulating 2Z80BM, Speciflcation — Urethane proteckive coating 2280877 and
Workmanship Sper BEINIAS.

TVC Assemb]y and Test — An open box test is performed per FP-IT-2274819,. and an Arcept—
ance Test per TP-AT-2294819, in<luding vibwation and thermal wacwum. Torques ara
specified and witnesesd, traceakiliiy munbers are recorded and calibraied tools are
cﬁecked prior to vse. RCA Qualily and DCAS ipspections are performed at the ¢omplatian
of specified FPR aperations in accordance with PAI 704, PAI 205, Al 206 and PAL 2VT.
PCAS persoane]l witness TVC butten-up and fritical targuing.

2-!23 , "-.N .':;-'}_Jk
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(OAFINSPECTION (Conthrved) \

WLA Assenbly and Test - An apan box test is performed per TP-IT-2307088, Acceptance
Test per TP-AT-2MI7008. Torquas are specified and witnessed, traceability numbers are
racovded and calibrated tools are cheched prior ko wse. RCA Quality and DCAS 1nspec—
tigns are performed at the completion of specified FPR operations in accordance with
Pal 704, FAL 285, PAL 217 and PAT 402. DCAS persannel witness WLA buttan—up and
critical terquing. -~

TYC/HLA Aszenbly and Test — After 3 TYC and a WLA have bean tested individually,
they are mated and a final acceptance test is perfarmed per TP-AT-2294B10, dncluding
vibration and thermal vacoum enviroaments. ncﬂ‘m DCAS persodns]l nonftur these
tests and raview the acceptance test datasresults. These personnel also inspect
after a1l repair, rework and retest.

Preparation foer Shipment - The TWC and NLA are separated prior to shipnent after
fabrication and besting i% cmglete. Each is packaged according ko CLTY Letter BOL1
and 7280746, Process standard fer Packaging and Mandling guidelines. Al) ralated
docunenkation including assanbly drauin?s, Parts List, ABPL, Test Nata, etc., iz
gathered and held in m documeatalion folder aui?nnd speci fically to each assenbly.
Thiz Folder is retained far reference. ho EIDP is prepared for each assy in
accerdance wilh the requirsments of WS-2593176. RCA QU and NCAS perzonnel witness
ceating, packaging. packing ard marking. and revism the ELOF for completenesa and
ACCUTRLY .
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RATICMAAE FOR ACLEPTANCE

EAILURE HLSTURY

TOR W-60844, Log #0923, WLA DO5-50)
oA A-2649, Log #0005, WLA 085-507

Descriptian: Flight Failure. Spacecraft Level. 1Llodse element sbserved in 1ens.

Cause: Retainiag ving halding lens in place was lapsa. This rataining ring 1%
hald in place by using a staking material, whick was missing.

Carrective Action; A1l of the evidenca indicates this failure to be an isalated
instance of sn omitted manufacturing step. Since this failure, vensor has
prepared a detailed manufacturing procedure with proper QC inspection checks to
insure proper produckioa.

€225 . N Fe
—
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.oss of 1ris Function o Tnability to conkepl OPERATIONAL EFFECTS
[mechanical}. facus, room, or iris.
i:::hﬂ:izgﬂ Function Jurst Cage! Logs of widen. Pozsible Toss of major mizsisen nbjectives due to loss of MG caneras
loss of Focus Functian Lass of mission or other required cameras.

[mechanical). ) critical vidao. CREW ACTIONS

*&t“ Failure If passible, coniinue RMS operations usiag altermnative visual cuss.

-Gear Train Failure CREW TRAIHING

-Lens ¥ailure
Crew should be brained Lo use passible alternatives to CCTV.

MISSTON CONSTRAINT

Where possible, procedurey should ba designed so thay can be iﬂ;nnplishn’l without
CLTV.




