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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NUMBER: 1.12.2 ORIGINATOR: JSC/MMA ASTRO PROJECT: GFE
PART NAME: CARGO BAY LRIVORT PART NUMBER: 3178890-506 QUANTITY: 1
PART NUMBER: 1278890506 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR:32738%0 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

CRITICALITY:
CRITTCAL TTEM?:_ Yes SUCCESS PATHS:
CRITTCALITY CATEGORY:__ 112 SUCCESS PATH REMAINING:
END ITEM NAME:
END ITEM FUNCTTONAL:

END ITEM CAPABITITY:
END ITEM FATLURE TOLERANCE:

REDUNDANCY SCREFNS: (ORBITER/SPACE STATION}

A - Pass
B - Puss
C - Pass
D -

INCTION:Cannat contral Tocus, zoom, or iris
orst Cate: Lost of mission critical vides.

FADN {TRE MODE CORE:

FATLURE MODE: Lens motion funciion of Zoom, focus and iris do pat
respond to commands (Mechanical Failure).

CATISE:

Srepper motor
Lens Gear Train
Iriz Potentivmeter

FALLURE DETECTION:
REMAINING FATHS:
EFFECT! MISSION FHASE:

CORRECTIVE ACTTON:
MNooce

-FATLTTRE EFFECTS-
END ITEM/LRU/ORU/ASSEMELY; Loss of camera catput.
EUBSYSTEM/NEXT ASSEMELY/ANTERFACE: Navideo
EVSTEMEND ITEMMISETON: Lass of missinn critical vides

REWANEHICLE ; None.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL YTEMS LIST

"1EA NUMEER: 1.12.2 ORIGINATOR: JSC/MMA ASTRO PROJECT: FE
PART NAME: CARGO BAY LEU/ORTU PART NUMBER: 3278550-306 QTANTITY: 1
PART NIIMBER: 3278300-506 LREU/ORU PART NaME: CTYC SYSTEM: CCTV
LSC COMTROL NO:N/A DRAWING/REF DESIGNATOR: 5278850 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT 5TAGE:
PR
HATARD INFORMATION:
HAZARD: YES_ NO X
HAZARD ORGANIZATION CODE;
HAZARD NUMBEE:
TIME TO EFFECT:
TIME TO DETECT
TIME TO CORRECT:
FAILIIRE DETECTION/FLILCHT:
REMARERES:
RATIONALE FOR ACCEFPTABILITY-
‘A) TFESIGN:
e CTVC is comprised of 11 electrical subassemblies; 15 subagsemblics are GE Astro Space designed and fabricated using
—candard printed circnit board type construction. The remaining six assemblies, 3 siepper motors, 1 hruzhless motor,
Prism/CCD, and Lens agsembly are vendor supplies comiponents, which have been specified and purchased according 1o GE

Sperification Control Drawing (RCDs) prepared by Eogioeeciag and Product Assurande Specifications per the SCD are
performance, test, qualification, and acceprance requirements for A procured piece of equipment. Parts, materials, processes,
and desig guidelines for the CTVC pregram are specified in accordance with GE 3267758, This documeni defines the
Program requirdments

MI-STD-975G will serve as the primary EEE parts selection document. IT a suitable part cannol be found in MIL-STD-
975G, equivalent EEE parts that meet the Tollowing criteria may be substituted.

Microcirouil 5 arc ak keast Claws B Level, MEL-M38510 devices. All microcircuits are swibjected to Particle Impact Noise
Detection (PIND] testing per MIL-STD-883C (eacept for devices with plasiic epoxy-type package).

Digdes and iransistors are a1 least TANTXV in accordance with WIL-519500, All semi-conductors in cavity-type packages
are subjected to PIND testing per MIL-S TD-B83C. Relays are precured to the highest military established relizbility (MIL-
ER] Llevel as defsed in MIL-R-39015. Relays ace subject 10 PLND testing.

Switches are procured to at Jease the second highest level of the app ropriate MIL-ER specification. Switche are subjected Lo
either PIND testing or X-ray analysis as appropriate, for particle detection.

Other discrete patis are procured to at Jeast the second highest level of the app ropriate MIL-ER speclfication.
Parts oot jocluded in the above documents bave heen used in the design aoly after 2 non-standard parts aceepiance request

(NSPAR) bius been prepared, submitied to Reliability Assurance Engineering and approved for use In the specific
~plication{s) defined o the NSPAR by NASA-TSC.

Warst case circuit analyses have been performed and documented for all ciccuit desigos to demonstrate that safficient
operating margias cxist for all operating conditions. The analysis was worst case in that the value far each of the variable ‘
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. MEA NUMEER: 1.12.2 DRIGINATOR: ISC/AINA ASTRO FROJECT: GFE
FART NAME: CARGO BAY LEL/ORT FART NUMEER: 3273850-506 QUARTITY: 1
FART NUMBER: 32178389(-506 LRU/ORU PARY NAME: CTY( S5YSTEM: CCTV
L3C CONTROL NO:N/A LRAWINGREF DESTGNATOR:IZTEEN) SUBSYSTEM:
ZONE/LOCATION:NA EFFECTIVITY/AFFECT STAGE:

parimeters was st to limits thal will drive the outpur to a marimum (or min). A componedt approsch review and analvsis
wis conducted to verify that the applied stress on each piece part by the temperature extremes identified with enviroomental
gualification testiog does pot exceed the siress derahing vadues idealified io GE 3267759,

In addition, an phjective examination of the design was performed through 2 Preliminary Design Review and Critical Desigo
Review tp verify that the CTVC met specification and contractual requiremenis.

RARE BOARD DESIGN

All boards are conglrucied Trom laminated copper-clad epoxy glass sheets per MIL-P-1394% Tvpe (z Grade A, Circuit
conwections are made through pristed traces whick run from polog te point on the board surficen Every trace terminates &t
#a agpular ring. The anoular ring surrounds the bole in whick a compoeoent lepd or terminal i3 Jocated. This Fiog provides a
footing for the solder, ensuring good mechanical and electrical performance. Tty st aod shape are governed by MIL-P-
55640 as are trace widths, pacing and routing, These requirements are reiterated spacifically in drawing sotes to further
assure compliance. Variation between the artwork master and the final product (due io irregularities of rhe etching process)
are also coniralled by drawing noles. This prevents making defective boards from zood artworl. Holes which house no lead
or terminal, but serve only T eleciricatly interconpect the difTerent board layers, contain stitch bars for mechanleal support
and increased raliability.

The thirough boles are drilled from u drill tape thus eliminating the possibility of human errer and allowiag Gight control ever
le and anular ring concentricily, au importast reliability criterion. After drilling and erching, ] copper cladding is tin-
ad plated per MTL-3TD-1495, This provides for easy and reliable soldering at the time of board asscmbly, even after

pericds of prolonged sterage

BOARD ASSEMELY DEEIGN
All components are installed in 3 manger which sssures maximum relishility. Compooent leads are pre-tinned, allowing
tatal wetting of solder juints. Al leads sre formed to provide stress relief and the bodies of large companents are staked,

Spacial mountieg and handing instructions are included in each drawing required after Goal assembly, The board is coated
with wrethane which protects againgt bumidity and eontamination.

(B} TEST: ACCEFTANCE

Each asserubly is individually tested to 2 NASA upproved Acceptance Test Frocedure TP-AT-3278890. The Aceeptance Test
Flow is detailed In Table L

OUAILTFICATION TEST

The qualification unit ig ideotical to the fight vait configuration jo every respect and is used solely for the purpose of
qualiiicazion testing. The Qual unit must miccessfully complete accepiante testing prior to enlering qualification testing. The
Qual it has passed testing in accordance with NASA spproved 1est plan PN-C-3278690, The Qualification Test Flow s
detalled in Tahble 2.

OFPERATIONAL TESTS .

Tn order to verify that CCTV compouents are operational, 2 tesi mugt verify the health of all the command related
components Trom the FHS (A7A1) panel switch, through the RCTE, through the sync lines to the Camera/PTU. to the
CumeraTU command decoder, The test must also verify the camera’s ability 10 produce video, the WSU’s ability 1o route
videw, and the meaitor’s abilizy 1o display viden. A similar test would be perfarmed ta verify the MDM command path

Pre-Launch on Crbiter Tegt/Ip-Flight Teq
1 Power CCTV system.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

MEA NUMEER: 1.12.2 ORMGINA TOR: JSC/MMA ASTRO PROJSECT: GFE
FART NAME: CARGD BAY LRLU/ORT PART NUMBER: JZ7$3%0-306 OUANTITY: 1L
PART MUMBER: 327183%)-56 LRIVORU PART NAME: CTVC SYSTEM: CCTY
LEC CONTROL NO:N/A DREAWING/REF DESIGNATOR: 3278890 SUESYSTEM.:
ZONE/LOCATION: N/A EFFECTIVITY/AFFECT STAGE:

L ¥ia the FHS panel, welect 4 monitor.

a Send “Camera Fower Do” command from the
thwe PHS panel.

4. Select “External Sync® on monitor.

5 Observe video displuyved vo muniior.
Wote that i video oo wonitor is pochrosized
(Le, stable raster),

G Sead Pan, Tilt, Focus, Toom, ALC, and Gamma
cpmanands and visuslly {either via the
maaiter or direct pbsecvation) verily
operaticmn

7. Selest downlink ak destination and
camers under test a8 SOUrCe,

i Obzarve vides routed to downlink.

e, Send *Camera Power (T commend via FPHS panel

10, Repeat Steps 3 theough 2 escept iskqie
commands via the MM command path.

(C) INSPECTION:
peurement Control - The CTVC EEE Parts and hardware items arc procured from approved vendors and suppliers,
gich meet the reguirements set farth in the CTVC contract. Resident DPRO personnel review all procurement documents
o establisb the weed for GBI oo sclected paris (BAT 517). ' .

Iucoming Inspection and Storage - Inceming Quality jaspectlons sre made va 9l reecived materials and pars. Resnlis are
recorded by lot and retained in file by drawisg and control numbcers for Tomare reference and tracesbility. All EEE parts are
subjected to incoming acceptance Tests as called for in PAT 315 - Incoming Inspection Test lnstructions Incoming flight parts
are further processed in accordance with GE 1846634 - Precondltioning and Acczptance Reguirements for Electronic Parts,
with tbe exception that DPA and PIND testing is noc performed. Mechanical items are inspected per PAT 316 - Incaming
Inppection Instructions for Meaehanical items, FAJ 305 - Incoming Quality Control Inspection Instructivn, aod PAI 612 -
Procedure for Processing incoming or Purchased Parts Designated for Flight Use. Accepted items are delivered to Material
Controlied Stores and retained under specified conditions until fabricativa is required. Non<conforming materials are beld
for Maierial Review Board (MER) disposicion. (PAT-307, PAI IQU-531;

Board Assembly & Text - Prior to the start of TVC board assembly, all izems are verified to be correet by stack room
persconcl , as the flems are secumuladed to form a kit The items are verified again by the oparator who assembles the kit by
checking against the as-buili-parts-list (ABPL}. DPRO Mandatory Inspection Points are designed for all printed circuit, wire
wrap and welded wire hoards, plus harness conpectors for soldering wiring, crimpiag, solder gplices and quality
workmanship prier to coating of the component side of hoards and sleeving of harneseey.

CTVC Boards

Specific CTVC board assembly and lest instructions ave provided in drawing nates, and applicablz documents are called out

io the Fapriraticn Procedure and Record (FFR-3275890) and parts iist PL32738%. These inchude Process Standard RTY-

566 2280881, Process Standard - Bonding Velcro Tape 22530889, Specificativn Seldecing-Specification Crimping 228000,

Specification - Bonding and Staking 2220878, Specification - Markiog 2280876,Specification - Workmanship $030035,

Specification Bonding and Staking 2280875, specification-Wave Solder 2280821, Specification-Printed Wire Board Siaking
‘80851, Specification-Reflow Soldering 228075, Specification-Soldering Surfave Mount Compodents 20005710,

CTVC Assembly and Test .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. WEA NUMBFR: 1.12.2 ORIGINATOR: JSC/MMA ASTRO PROJECT: GFE
PART NAME: CARCO BAY LRU/ORU PART NUMEER: 31783%0-506 QUANTITY: 1
FART KUMBER: 327859(0-50¢§ LRU/DRU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWINGREF DESIGNATOR: 31178890 SUBSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

An opem box test is pedformed per TP-FT-32728%0 and ar Acceptance Test per TP-AT-327838), including vibration and
shermat vaceun, Trrque's are specified and witnessad, 1raceability oumbers are recorded and calibrated {o0ls are checked
prier to use. GE (Quality and DPRO inspections are perfurmed 3 the completion of speciled FPR operations io sccordance
with PAL-Z04, PAI-205, and PAT-217. DPRO persopned witness VO button-up and critical torquing,

The CTVC is packsged according to CCTV Letter 8011 and 2280746, Process Standard for Packaging and Handling
suidelines. All related documentation including assembly drawings, Parts List, ABFL, Tesi Datneic., is gathered and beld io
a Jocumentaton folder assigoed specifically to each assembly, Tais folder is reiained for reference. An EIDP is prepared for
cach assekly in accordance with ithe requirements of W5-2593176, GE QC and DPRO persoangd witnégs craling,
packaging, packing, and marking, and review the ETDP for completeness and acturacy.

TABLE 1 ACCEPTANCE TEST FLOW

1. ROOM AMBIENT FERFORMANCE TEST
Test conducted per the requirements of NASA
appraved TP-AT-3278800,

L ACCEPTANCE YIERATION EXPOSUERE
J0-F) Hz: 3 dh/octave rise from (.01 g2Hz 10 0.04 p2/Hz
80-350 Hx: 0.4 ¢/Hz
. 350-2000 Hz: 3 dB octave decreased to 0.006 g2/fz
Test Duratinn: 1 minote/asis, nperating
Tast Level: 6.1 grms

3. POST-VIBRATION FUNCTIONAL CHECK
Test conducied per the cequirements of NASA
approved TP-AT-32 78800,

4. ACCEPTANCE THERMAL-VACTITM EXFOSTTRE
1.5 cycles tntal from +115 dep F to +14 dap F.
After stabilization, voe hour minimum duration
&t each platean  Io-spec functional tests performed at
each plateau.

I PFOST-ENYIRQNMENTAL FERFORMANCE TEST
Riwm ambicot performance tests condocted in
accerdance with NASA approved TP-AT-3278320,

TABLE L QUALIFICATION TEST FLOW

1. EMI
Canduct 1ests run in secordance wilh the cequirements af
SLAE-HNZR, includiog TS0, C502, CSi6, TTG1, CEN], apd CEQ3.
Radiated tests run in  wecordance with SL=-E0002E including BS02Z, RS03,
and BEOZ except that the test current for RSGZ was 2 amps io lieuw of 20 amps.

w DUALFOR ACCEPTANCE VIBRATION
. 20-8( Iz: " 3gb/octave incregsing o &.;067 g2/Hz
80-350 Ha: 006N octave
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FAILURE MODE EFFECTS ANALYSISHCRITICAL ITEMS LIST

“SMEA NUMEER: 1.12.2 ORIGINATOR: JSC/MMA ASTRO PROJECT: GFE
FART NAME: CARGO BAY LRU/ORU PART NUMBER; 32788%0-506 QUANTITY: L
FART NUMBER: 327838%(0-306 LRU/ORU PART NAME: CTVC SYETEM: CCTV
L5C CONTROL NO:MfA DRAWING/KEF DESIGNATOR: 31788 SUBSYETEM:
ZONEALDCATION:N/A EFFECTIVITY/AFFECT STAGE:

350-2000 Hz: 3dbi/oriave decrease
Test Level: 7.8 grms
Test Durition: S miputes’azls operating

3, FLIGOT QUATTFICATION ¥ N
20-70 He: 8 dB/octave increasing to 0.4 gi/Hz
70-500 Hz: 0.4 gi/Hz
SOG-2000 He: 6db/octave decrease
Test Lavel: 1B.1 grms
Test duration 48 minutes/acis non-operating

4. THERMAT -VACUIM
7.8 cveles total from +130 deg F to +9 deg F.

Afier stabilization, one bour misimmm duraticn af each plateaw
In-spec functional tests performed at each plateaw.

5. THEEREMATL STRMIUT A TION
Waorgt ¢ase hot and cold missicn ewvironments
vimulsied 0 vacuum, Ducog botl case, in-spec
wpcration is pequired for 6 of 14 conseeutive bours.
Daring wold case, in-spec operathon §s required for
14 consecutive bours

& HUMIDITY
120 hours exposure to 85% RH iachiding four 22
bour temperaturs cyeles of H60 dep F 1o +115 deg
F, non-operating.

(M FAILURE HISTORY:
MNooe, .

(E] OPERATIONAL USE:
Lass of video, Possible loss of major mission objectives due to loss of RMS cameris
or other royuirod cameras

F) MATNTATNAEILITY:

PREPARED BY: Berniz Embrey HEVISION:

DATE: February 17, 199X WATWVER NUMBER
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