REVISED 1D-14-B&

- UNIT _ TVL/HA
! SHUTTLE CCIV OwG KO. =
FHEA NO. _2.1.8.1 : CRITICAL ITENS LEST 307088-503
[AITICALITY _ 242 SHEET __ 1 oF __ 3
FATLIIRE WODE AMD FAILURE EFFECT
CALSE Of £ND 1TEH AATIONALE FORE ACCEFTAMCE
ens mokion functions, zoom, facus, | Inability to Eunlrg1 DESLGH FEATURES
nd irls, do not respond to focus, zoom, or iris.
prmands {aleckrical faiture]. The T¥(/Lens Assembly 1s comprised of 15 electrical subassewbld{es; 13 subassenb)ies
Warsi Lase: . are ACA Astro designed and fabricated wsing wtandard printed-zircult beard ty?p of

LA Lass of wisslon critical construction. The remaining Lhree assemblies, high voltage pawer supply, sscillaker,
L Stepper Motar Drive. wldeo. and stepper motors. are vender zupplisd components which have bees specified amd

2204680-504 . purchased according ta RCA Specification Lantrod nriuingi {S08s) prepared by engi-
¢ Power Jupply. neering and reliability aszurance. Specifications par the 50 ars prepared ko

Cammand Receivers, esiahlish Lhe design, performance, test, qualification, and acceptance wequirements

2294B81-501 far a procured plece of pquipment.

Parts, malerials, processes. and dasign guidelines Far the Shuttla CCTY pragram are
specified in accordance wlth RCA 2295503, This document defines the program requl re—
nents for ¢election ard conkesl of EEE parts. To tha matimum astant, and eonslskent
with availabi¥ity, al1 parts have been selected from milkkary specifications at Lthe
JAN Taved, az a minioum,. l1n additbon o Ehe overall zglactisn criteria, 3 subset of
general purpose preferred parts has been defined by this decument and Lha RCA Govern—
mentk Systems Divislon Standard Parts List. In the cate af the CHOS and TTL family of
micrecireults, devices are scresned and tested to the HIL-3TD-803C equivalent and
procured undar Lhe designations of HI-REL/3W) and SHC 5415 from RCA-55D and Tezas
Insiryments Corp. respactivaly. Parts not incladed §n the above docoments have heen
uvapd in Lhe desigm onrp aftor a nonstandard itam approval forw {HSIAF) has been pru-
pared, submitted to ReViability Assurance Emgineering (RAE) and approved for use in
the specific appllcationls) defined in the HSIAF by HASA-JSC.

Horst-Casé Circuit Analyses have been performed and documented for all circult
designs to demonstrate thak sufFicient operatling margims exist for all u:eratinu
condltions. The analpsis wat warst cate-In that the valuve For sach of the variable
perameters was seb to limits that w111 drive the gutput te & maximum {(or miniown],

A companent appHcatian review and analysis was conducked Lo wvearify that the applied
skress on each piece part by the temperature extremes ident|fied wlth anvironmental
gg;éé&;:atian testing does not excead the stress derating values identified in RCa

In addition, an objective ewamination of the desi?n'nas performed through a PRR and
(OR te verify that the TWC/lens assembly mat spacification and contractual require-
ments.

10R . el U I R .J'E"i"



REVISED 10-14-86

" . UNIT _ TWC/AWLA.
FHEA HB. _2,3.6.) - SHYTTLE CCTV DWE HO. 2204016 BOG 508/
CRIFILAL ITEWS LIST 2307008-503
CRITICALETY __ 272 SIEET __ 2 OF 9
FAILURE FODE AMD FAILURE EFFELT
(AUSE OH [HD ITEH BAFIONALE FOR ACCEPTANCE
os motion funcbions, zoon, fecus, | Imability to costrol QESIGH FEATURES ({Contimued])
d Irit, #a nok raspand to focus, zopu, er iris,
mmands {electrical Failure). HARE BOARD DESLGN (AZ)
Hprst Caje: o )
A Loza of mission critical Fhe desion of the asseciated AZ bpard is comstrucied Fron Vaminated copper—
Steppar Hotor Drive. viden. clad epoxy glaza aheeti [MEHA G-18) Grade FR-3), PER MIL-P-BEETMA. Circuit
2294880504 ' conneclions are made through printad traces which run frem peint tn point pe the
Poser Sugp]y. board surfaces. Every trace terminates at an annular risg. Tha annular risg
Comnaad Receivers. surrounds the hole in which a cosponent lead or terminal is lecated. This ring
2754881-501 provides a Footing far the solder, ensuring good mechanical and alackrical

performance. 1ts size and shape are govermed by MIL-P-55640 as are trace widths,
spacing and routing, Thess vequlrenents are reiterated s ecifically in drawing
notes ts further assure coapliance. Yariatieni between the artwark master and the
final product {due to Jrregularities of the etching process) are also cantrollad hy
fraving notes.  Thin Prnuints naking defective boargs from good artwork. Hales which
house no Tead or terminal, But serva only to eleckrically dnterconnect the diffarent
boarg Vayers, conlain stikch bars for mechanical support and increased reliability.

The thru holes are drilled from a drill tape thus eliminating the pﬂi!ibi‘ll{ of
human error and allowing tight cestrol over hele and annular ring concentricity, an
important reliability criterion. After drilling and etching, &11 copper cladding fis
tin-lgad plated per HIL-5T0-1495. This prevides for easy and reliable soldering at
the time af board assenbly, sven afker periods of pralomged storage.

, BOARD ASSEHBLY DESIGH {A2)

AY) components are inatalled 1n & wanner which assures macimun raliability.
Companent leads are pra-tisned, allowing total wetting of solder juints. AMl leads
are formed ko provide sbress rel{ef and the bodies of large composants are slaked.
spacial mounting and handling instruciions are {ncluded in eack droawing required
after final assemhly. Tha board is coated with vrethang which pretects against
hunidity and contaminatien.

HDARD PLACEHENT {A1, A2}

The A1 and A? boards are secured in the ebectronics assemhly by gold-plated
beryllfum copper card guides. Cannectians are nade to tha wother hoard with
blind—mated connectors. Oiseagagement during taunch is prevented by a cover
which spans the boeard's free edgs.




REWISFD 10-14-26

FHFA W __ 2. 3.6, )

CRETICALITY e

UNLT __JYL/HLA
SHUTTLE CLFY IWG MO, 2264510-506 SORF
CRYITICAL ITEMWS LIST 1011 [
SHEET K| oOF __ 0

FAILURE NODE AND
LAUSE 2

FAILMRE EFFECY
(M _EMD 1TEM

BATIOMALE_FOR ACCEFTANCE

s wolion functions, zoom, Foous,
wl #ris, dp not respond to
waands (electrical fallure).

A

| Stepper Metor Driva.
22940580-504

! Power Jupply.
Command Hecaivars.
22%4A81-501

MR

Inability to control
foces, zoom, or iris.

Lass of miésinn critical
viden.

BESEGN_FEATURES {Centinued]
BARE BOARD CONSTRUCTION {A%}

The btoard is o “welded wire" construckion. AL the bare hoard Veval this does not
digtinguish It from a normal PC board axcepk that hoeles which will take weld pins
generally are not connacted to PC traces. Only those plws which bring power aad
graund potantials o khe ICs are on PCs.  Aa amnular ring serroynds the hole is the
board where each power and ground pin i3 Vocsted. Thess pins are then soldered ta
the trace like any othar component lead. Aside from this feature, all desipgn

& construtiian technigues used 4n PC board loyout apply.

GOARD ASSEMBLY &7}

The dritVed and etched board is popelated wlth several himdred solderabls ov
weldable pins. Power and graund pins, as well as cocanecter ping, are spldered in
lace. Discreet camponents (resistors, diodes, capacltora) ara attached to

ifuorcated terminals, where they are salderad. Flalrarh ICs are weldad,
laad-by-lead,tv the taps of the weld pins. After we diﬁE. gukra Tead waterial s
triomed away., Clreoit connections ave made ueing #30 nickel weld wire. The
wire is walded Lo the pin surfaces on the baard Backside. AV] wire welds are dene
using a machina which 1s tape #riven, thes &liwinaling the possibllity of miswiring
due to operator error. A1l wirkng & cirpuib performasce 15 tested prior te
box—leve] 1astaliation. After successful testing, compoments are staked as required
by drawing notes and the assenbly is coated with urethawma.

Tha board 45 interted in the box on card-edga guides, in the same manner as the other
PC boards.

e



REVISED 10-14-86

DRIT _TVC/HLA
FMEA M. _ 2.3 .6.1 SHUTTLE LCTV OWG O, 22dp0-Epe S08S
CRITICAL 1TEMS LIST 23D7080-503

CAIFICALITY 2

SHEET __4 _ oF 19

FATLURE WODE AND
CAUSE :

FAILIME EFFECT
1TEH

RATIOHALE FOR ACCEFTANCE

ens mation functions, roan, focus,
nd iris, do not resposd to
pvands {e1ectri:n1 failure}.

LA

1 Stepper Hator Drive.
22998080504

2 Power Supply.
Comaand Recativers,
Zrapa1-501

Inakiliky ko contral
focus, zoom, Qr iris.

Lozs of mission critical
videa,

QUALTFICATION TESTS

For Qualification fest Flow, see Table 2 1gcated at the Front of this bapk,



REVISED bD~F4-BE

FHEA NO. _2.3.6,1

{RITICALITY 272

UNIT __TVC/LA

SHUTTLE CCTV , DNG HD.  £294B19-506 50B7 _
CRITICAL IFEMS LIAT S 307(RB_t03
SHEET _ 5.  OF §

FATLURE MIDE AND
S 7 - :

FAILURE EFFECT
O END ITEH

ens motion functions, zoow, focus,
nd iris. do not respend ko
smmands feleckrical failure).

A

ii Stepper Hotor Orive.
2294E80-504

¢ Power Supply-
Comnand Recalvers.
229408 E-501

AR

[nability ko control
foctus, zoom, er iris.

Worsk Case:
koss of mission critical
viden.

RATIOHALE FOR ALCEFTANCE

ACCEPEANCE TEST 1

The CCIV systems' WLA i3 subfected direclly, without wibration lselators which might
ba wsed in {their nornal ingtallation, ts the Follawing lesbing:

& Wibhrakion: 20-80Hz ; K| dBfﬂEt-rise from 0.1 GE2H:
0350 kr: 0.04 65/Hz
358-750 Hz: =3 4810 Dek-slope
Test Ouration:- | Minuka per A=xis
Test Laval: 6.1 Grme

& Thermal Varuum: [n 3 pressure of %105 Torr, tha temperature zhall bae as
follows:

125* F: Time to stablize equipmant plusi 1 hour
25% F: Time Lo stablize equipmant plus 1 hour
125 F: Time Lo stablize equipment plus 1 hour

152 HWLA may rat have been svhjecked ko Lhe wacuum conditian.
For Acceptance Jest blow, See FabVe | Vocaked at the front of this book.

OPERATIDHAL TESVS

In order ko verify that CCTV companents are aperatlomal, a test must verify the
health of all the command retated components From the PHS {ATALY pamel swikch,
thrgugh the ALY, throwgh bthe Syme liees be the Lamera/PTI, te bthe Camera/PTU conmand
decoder. The tesd must also verify the canara’s ability bo praduce wideg, the Y3U's
abilily te raule video, ard bhe wonitor's ability to display vides. A slailar best
would ge performed to verify tiv MIH command path.

Pre-Lawich on Orditer Test/la—F1ight Test

1. Power CLTY Systen.

2. Via the PHS panal, zelect a monitor as deslination and the camera wnder
test a5 source.

1. Send "Lamera Powar On" cammand From PHS panel.

4, 5glact "External Sync” on monitor.

&. Gbhsorve vides displaysd en nonftar. MHoke Lhak if viden pn manitor is

synchronized {i.e., stabla raster) then khis indlcates that the camera

iz receiving compazile spne from bhe R{U and that the camera i3 praduciag

synchronized videao.

Send Pan, Tilt, Facus, 2oow, OLR, AMD Gamma cammands and vizvally (either

wia the monitor or direct obsevvation) verify operation.

Select downlink as destination and camera under Lexl ay squrce.

. Observe vidéa routed ta downlink,

Send "Camera Pawer QFf" comrand via PHS panel.

Bepeat Steps 3 throupgh 9 escept 1ssua commands via bhe MDH comeand path.

This praves that the CCTY equipmeni is operational.

LR R--R | o

7 911 | | .



REVISED 10-14-86

fHEA ND. __2.3.6,1

CRITICALLTY 22

UNIT _ TVCMLA
MG Wb, F2O4A19-006 G08S
cIpI06-503

SHEET i} OF 9

SHUTTLE CCTW
CRITEICAL IFEMS LIST

FAILURE MODE AND

FAILURE EFFECT
OH EHD ITEM

—— RATIGHALE FOR ACCEPFAMCE

ens mation Functions, zoom, Focus,
mng iriz, do not respond to
omnands {eleckrical failurel.

LA

il Stepper Hotar Drive.
22938A0-504

& Power Supply.
Cormand Recpivers.
229488 1-501

Inability te contral
facus, zapm, or iris.

- 4

Lass of ni%siua critical
videa.

Q4/INSPECTION

Progyrement Contrpl — The TWCAWLA EEE Parts and havdwuars |tens are pracured from
appraved vendory and suppliers, which neet Lthe requirements sel forih in the TCTV
contract and Quality Plan Work Statesent {WS-2592176). Rasident NCAS persasnel
revied all procuremont dorfuments to establish the need for &3%1 on selechted parts
| PAl 51T).

Lncomi - Tacoming Quality imspections are made an all
vecoived malerdals and parts. Resulis ara recorded by lot and retained in file by
drawing and control nunter; far futore reference and traceability. A1l EEE parts
are subjected to incoming accaptance tests as called For in PAl 315 - Incoming
Inspection Test Instructions. Incaming flight parts are further processed in
acrordance uwith RCA 1845884 - Precanditioniag and Acceptance Requirements Far
Electronic Parts, with tha exceptien that DPA and PIND testimg is nol performed.
Mechanical items aes inspacted per PAL 116 — Inconing [nspectlon Instructions for
nechanical items, PAD 305 - Incosiny Qualily Control Inspection [nstructian, and
PAI B1? - Pracedure far Procesting Incoming or Purchased Parts Oesignated for
Flight Use. accepled Slens arw deliversd to Haterial Controlled Stores and
retained uader spacified conditions unii) fabricakion bs required. Wan—canforming
ﬁ:“f&ﬁ’;;” he?d for Material Review Board {HRB} disposition. {PA1 307,

1}.

— Prigr to the start of ULA board assembly, all {tems are verifiod
te be correct by stock room personnel, as the itews are accunulated o farm a kit. The
ftems are verified again by the operator who assemhles tha kit by checking against the
a3 -built=—parts=-Yist ?:BH.]. DCAS Mandatory Imspection Points are dasigerated for 2]
prinkted circuit, wirve wrap and welded wire boards, plus harness conngctors for solder-
ing wiring, crimging, solder splites and quallty workmamship prior Lo cpating of the
companent side of boards and sleeving of harnessez. Specific lastructions are given in
agsombly drawing notec and applicable docments called gut in_the fabricatien procedurs
and record {(FPR_ZI07088) and Parts LIsk PL 230708B. These include wire ronnectyon 3ist
2303149, Noles - wide angle zoom lens assy 2303191, Process -Standard - bonding siaking,
pelting, encapsulating 2280878, Specification - Urethane pratectiva eoating ZZBABIT and
Yorkmanship Spec BO30035.

I¥C assenbly and Jest - An open bow best ks performed ﬁer TP-[T-2299819, and an ALCepi-
ance Test per TP-AT-2204819, including vibration and thermal wacuun. Farquas ara
speciFied and wlbnescad, traceabdlity numbers are recovded and calibrated tools are
cheched prior to use. RCA Quality and DCAS inspections are perfarmed at the complelion
af specified FPR aparations im accordance with PAL 204, PAL 205 . PAl 206 and FAl 21T,
DCAS personnel wilness TWC buktton-up and cribical torquing.



REV1SER 10-14-86

. INIT \
FHEA MO, __2,3.9,1 SHUTTLE CCTW DWE HD. 22998 19=-R0F SUBS
- CRITILAL ITEMS L1ST fM7ToBE-503
CRITECALITY 22 . SHEET i oF g
FAILLRE HOOE AND FAILURE EFFECT
OH EXD LTEH N Bal[OWALE FOR ACCEPTANCE
ins mokion Functions, zoow, Focus, | Inability te coairal OA/THSPECTION (Coatinved}
w 1ris, do net respond.to focus, room, ar iris.
mrands (eleckrical failure). WLA Assenbty amd Test - An open ban test is perforwed per TP-1T-2307088, Acceptance
: Test per IP-AT-2337186. Torques are specifted and witnessed, traceability numbers are
A Lopss of missian ¢riticatl recarded and calibrated toods are checked prior to use. RACA Quality and DCAS inspee-
L Stepper Mobor Drive. vides. tiens are performed at the campletion of specified FPR operations 1a accerdance with
27942805004 ' Pal 204, PAT 205, PAL 213 and PAL MI2. DOCAS personnel witness HLA bubioe—up and
! Power Supply. eritical terquing.
Command Receivers.
224940071581 TYCFHLA Assembly and Test - After a TWC and a MLA have been tested individeally.

they are mated and a Final accepbance test is perfarmed per TPAT_2204819, including
wibration and thermal vacous emvironmests.  BCA and DCAS personnel monitor these
tests and review the acceptance test data/resulis. These personnel alsa inspect
aFier 211 repair, rewark and relest.

Preparation for Shipment - The EWC and WLA are separated prior to chipmant after
fabrlcalion and Lesling is cumplele. Each s packaged accerdlng bta CCTV Letter BOIY
and 2280746, Process standard for Packaging and Handling guidelines. All related
documentation Including assembly drawlngs, Parls List, MAPL, Test Oata, efc., is
gathered and held in a documsntation folder aycigned specifically to each assambly.
. This folder bs retalped For reference. Am EIOP b5 prepared for each assy in

. acenrdance with khe requirencats of WS-2593176. RCA QF and BEAS parsonnel witness
crating, packaging, packing and marking, and review the EIOF Fur compleleness amd
accuracy. -

Ak 2216 ponN - oFAe
" o
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FHEA ND. __2.3.6.1

CRITICALITY o

UNIT _ TYC/ALA

SHUTTLE CCTV DHG M. £2048719-506 508

CRITICAL BTEMS LIST 2107088503
SHEET B ar q

FAILURE MDOE AHD

FAILURE EFFECT
0N END ITEH

RATEONALE FOR ACCEPTAMCE

e LAUSE

ens mation functions, zoom, Facus,
nd irls, do not respond to
amands (eleckrical fallurel].

LA

1 Stepper Mokor Drive.
46 80-504

2 Poner Supply.
Conuand Receivers.,
22946881501

Inability to control
focus, reom, oF 1+1s.

+

Lass of ni;siun critical
whden.

fALLUEGE HISTORY
TOR N-1779 & Y-9203, Log #0734 & 0777, VLA S/N 0D5-501/005-501

Descriptigp: Flight Fallure, Spacecraft Level. Zoom-in Function skalls ak -5* half
way throvgh its travel. Returned from 573-8.

Cause: Vondor amalysis indicated room part defarmed. This pravented the lens
from reaching {ta loag focal length.

Correckive Actipn: A11 evidence indicakes Lhis fallure to ba an isolated InEtanca
of undaternmined arigin. Defactive lens returned Lo ANGEMIEUN For repairs, new lens
installed and Box was swbjected to and passed acceptance bosting.
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FMES N0, _ 2.3.6.1

CRETICALIFY 2/2

T UNIT _ TWCAWLA
SHITTLE CCTY OHG M. 2294019-506, 508F

CAITICAL ITENS LISE 23070B8-503
SHEET g9 oF _ 9

FATLUAE HOOE AMD

FAJLURE EFFECT
OW END ITEH

RATIOHALE FOR ACCEPTANLE

ms mokien functions, zoom, focus,
W iris, ¢o not respand to
wmands {eleckrical failured.

A

| Stepper Mater Drive.
Z234BA0-584

' Power Supply.
Camrand Receivers.
194081-501

il

Inability to eoniral
fecus, zpam, or iris,

Worst Case:
Loss of micslom eritical
wideo.

OPERATIONAL EFFECTS

fost of videa. Potsihls leex of major mission objectives due to Tess of RHS cameras
or okher required cameras.

CREW ALYIONS
¥ possinle, continok AMS operations wsing alternativa visual cues.
CEEY [RAEHIHG

Crow should be trained to use possihle alternatives tao CCTV.

MISS[OH CONSIHAINT

Eﬁ;u possible, precedures skould be designed sp they can b2 accompllshed wlthout

Z.E 1 ? iri.\i' " .".:E?"E.-b‘ -



