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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NUMBER: 4.1.6.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART MAME: WRIST STACK. LERI/ORT PART NUMHBER: 317R8M =504 QUANTITY: 1
PFART NUMEER: 32 788H)- 50 LEU/ORL PART MAME: CTV( SYSETEM: CCIY
LE8C CONTROL NO:-Ni A DRAWINGREF DESIGNATOR:- 3278520 EUBSYSTEM:
ZONELOCATION:K/A - EFFECTIVITY/AFFECT STAGE:

CRITICATITY:

CRITICAL TTEM?:_ Yes ' SUCCESS PATHS:
CRITICALITY CATEGORY: 212 SUCCESS FATH REMAINING:
EXDITEM MAME:
END ITEM FUNCTIONAL:

END ITEM CAPABILITY:
END ITEM FAILURE TOLERANCE;

REDTNDANCY SCREENS: (ORBITER/SFACE STATION)

A - FPass
B - Pass
C - Past
D -

FUNCTLON: Lost of camerd outpui
Worst Case: Loss of mission critical video,
FAILURE MODE CODE:

FAILURE MODE: A malfunciion in the camera 10 cause total loss of the
video signal including sync.

CATSE:

A1 Power supply

AS TOVCXH

A6 RBG Vider proc
AT NTSC Enc

AlG CCD drive

FATLTTRE DETECTION:
REMAINING PATHS:
EFFECT/ MISSION PHASE:

CORRECTIVE ACTION:
None

FATLUTRE EFFECTS-
END ITEM/LEIVORT/ASSEMELY :Loss of camira output
SUBSYSTEM/NEXT ASSEMBLY/INTERFACE: No video
SYSTEM/END ITEM/MISSION: Loss of missivn critical videe

CREW/VEHICLE ; Nooe.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMEER: 4.1.0.0 ORIGINATOR: JSCMM ASTRO FROJECT: GFE
PART NAME: WRIST STACK LRU/QRU PART NUMBER: 32783%0-506 QUANTITY: ]
PART NUMBER: 327E3MI-506 LEUW/ORU PART NAME: CTVC SYSTEM: CCTY
LSC CONTROL NO:NA DEAWING/REF DESIGNATOR:32TRE90 SUBSYSTEM:
LONELQCATION-N/A EFFECTIVITY/AFFECT STAGE:

HAZARD INFORMATION:
FAZARD; YES___ NO_X__
HAZARD ORGANIZATION CODE:

HAZARD NUMBER:

TIME TO EFFECT:

TIME TGO DETECT

TIME TO CORRELCT:

FATILURE DETECTION/FLIGHT

EEMARKS:

RATIONALE FOR ACCEPTABITTY-

(A) DESIGN:

The CTVC is comprised of 21 electrical subassembiies; 15 subassemblies are GE Astro Space designed and fabricated using
standard printed circult beard type copstructing. The remaining six assemblics, 3 stepper mMOLOTS, 1 brushlass motor,
PrismCCD, und Lens assembly are vendor supplies com panents, which have been specificd and purchased according to GE
specification Conirvl Drawing {5CDs) prepared by Engineering and Product Assurance, Specifications per the SCD are
performance, tes, qualification, und acceptince requirements for a procured piece of cquipment. Parts, materials, processts,
and design guidelines for the CTVC program are specified in accordance with GE 3267759, This document deflnes the
pregram requirements.

MI-STD-975C will sarve a5 the primary EERE paris selection document. TF & suitable part cannot be found in MTL-5TD-
975G, equivalent EEE parts that meet the fullowing criteria may be substliuted.

Microcivenit 5 wre 5t lease Cluis B Level, MIL-M3%510 devieas. All microcircuits are subjected to Particle lmpace Noise
Detection (FIND) testing per MIL-STD-883¢ (excepl for devices with plastic epoxy-type package)

Diodes and transistors arc af least JANTXV in accardance with MIL-8-19500, All semi-conductors in cavity-type packages
are subjerted (o FIND testing per MIL-STD-8%3C. Relays are pracured 10 the highest military established reliability (MIL-
ER-1level as defined in MIL-R-39016. Relays are subject to PIND testing.

Switches are procured to at lease the second bighest level of the appropriate MIL-ER specification. Switches are sphjected 1o
zither PIND testing or X-ray analysis 35 appropriate, for particle detection.

Other distrete parts are procured 1o at 1east the second bighest level of the appropriate MIL-ER specification.
Parts pot included in the above documents have beco used in fhe design only after a non-stapdard parts acceptance reguest

(NSPAR) has been prepared, submitted te Reliability Assurance Engineering and approved for use in the specific
application(s) defined in (he NSPAR by NASA-JSC. .

COTV/CTVC - 124



.5 Gavi

FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 4.1.0.0 ORIGINATOR: JSCMM ASTRO FPROJECT: CFE
PART RAME: WRIST STACK LRIVOEY PART NUMBER; 3178800-504 QUANTITY: 1
PART NUMBER: 3275490-500 LEUORUPART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO;N/A BRAWING/RET DESIGNATOR: 3278890 SUBSYSTEM:
ZONELOCATION N/ A EFFECTIVITY/AFFECT STAGE:

VWorst case circuit analyses have heen performed sud decumented for all circuit designs te demoostirale thal sufficient
opeTating margios ¢xist Tor all operating conditions. The analysis was worst case in that the valoe for cach of the variable
parameters wes sef (o limits that will drive the output to a maximum {or mic). A component approach review and analyuis
was conducted to verify that the applied stress on each picee part by the temperature extremes identified with ¢avirodmental
qualification testing docs mot esceed the stress deratiog values ideatified in GE 3267758,

In addition, un objective examination of the design wos parformed through a Preliminary Desige Review and Critical Design
Review 1o verify that the CTVO met apecification and contractual requirements.

EBARE EQARD DESIGN : .

All boards a2 popstructed from laminated copper-clad epoxy rlass sbeets per MTE-P-1394% Type G Grade A, Circuit
conaertons are made through printed traces whick run from poiod t poiot oo the beard surfaces. Every {race (erminates 2t
an annulsr ring. The annular dnp sarrounds the hole in which 2 component lead or terminal is lockied, This ring provides
a footing for the solder, cosuring good wechanical and eleciricel performance. Tis size and shape are governed by MIL-P-
55640 as are trace widihs, spacing amd couting, These requircments are reilerated specifically io drawing actes to further
assure compliance. Yariation between the artwork waster and the final preduct (dus 1o ircegularities of the etching process)
are also conirolled by drawing notes. This prevents making defective boards from good artwork. Holes which bouse no iead
or terminal, but serve paly to electrically interconpect the dilferent board Jayers, coolain stitzh bar for mechanical rupport
aod iocrocased reliabilily.

The through boles are drilled from = drilt tape thus elimipatiog the possibility of human error and aliowing tight control over
bole apd annular ring comcentricity, an impartant reliability eriterion.  After drililog and etching, all copper cladding is iin-
lead plated per MEL-STD-1495. This provides for zasy apd reliability soldering at the time of board assembly, cven after
periods of prolonged storape,

BOARTD ASSEMELY DESIGN

All components are jnstalled in a manner which assures mazimum reliability. Component leads are pre-tinoed, allowing
total wetting of solder joints. All leads are formed to provide stress relief an the bodies of karge compaocnts arc staked.
Special meuntiop and baading instructions are included lo <ach drawlog required afier fioal assembly, The board is coated
with wrethame which protects agaiost bymidity 2od confamination.

{B} TEST: ACCEPTANCE

Each assembly is individually tested to a NASA approved Acceptance Test Procedure TP-AT-3278590. The Acceptance Test
Flow it detailed in Tahble 1.

DUATIFICATEON TEST

The gualification ueit is identical to the flight unit configuration ia ¢very respect and is used solety for the putpose of
qualification testing. The Qual unit must mecessfully complete acceptance tegting prior tn entering qualificatino festing. The
Qual unit bas passed testing in accordance with NASA approved test plan PN-C-327885%0. The Qualificatlon Test Flow is
detailed in Table L

OPERATIONAL TESTS

In grder te verify that CCTY components are operational, a test mugt verify the beabh of all the command related
composenls frem the PHS (ATAL) panel swilch, through the RCU, through the syoc liees fo the CameraPTU, to the
Camera/PTH command decoder, The test naust slsa verify the camera's ability to peoduce viden, the YET's ability te route
video, and the moniter's ability to display video. A similar test would be performed to verify ibe MDM command path.

Lannrh gon iter T “Flivht T
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBEER: 4.1.0.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
FART NAME: WRIAT STACK LRUARU PARET NUMBER: 3275590-506 QUANTITY: 1
PART NUMEER: 31 7852)-51 LEL/ORU PART NAME: CTVC SYSTEM: CCTV
L3C CONTROL RO K/A DRAWING/REF DESIGNATOR: 327585 SCBSYSTEM:
ZONELQUATION: N/A EFFECTIVITYW/AFFECT 5TAGE:

1. Fower CCTVY Systen,
2. Yia the PHS panel, select 3 manizar.
3. Send “Camera Fower Do™ command [rom (he
the PHS pan<l.
&, Select “External Syne" oo moniter,
5. Observe vide; displayed on monitor.
Note that i video en mooher is syochronized
(Le., stable rasier).
. Send Pan, Tilt, Focus, Zoom, ALC, and Zammy
commands and visuatly {either via the
maniter or dirsct oheervation) verify
cperatlem.
T. Select downlink a5 destinalion and
camera under test £ SUrce
B Obsarve video routed to downlink
- Send “Camera Power O commaed via FHS panel
10. Repeat Sicps 3 ihrough 9 except issue
command via the MDM command path.

(T} TNSPECTION:

Procurerpent Contrgl - The CTVC EEE Parts and bardware items are procured from approved vendors and suppliers,
which meel the requirerments set Torth in the CTVC contract Resident DPRO persotnel raview all procurement documents
to e£staklish the need for GSI on selected part (PAI 517,

Incoming Inspection and Storage - Incoming Quality ingpeciions sre made oo all received materials and parts Results are
recoriled by Lot and retained in file by deawing and control sumbers for future reference and teaceability. All EEF parts are
suhjceted 10 intaming aeceptance tests a¢ called for in PAL 315 - Incoming Inspeciion Test Instructions, Iocoming flight party
are further processed i aocordance with GE 18465684 - Preconditioning and Acceplnce Requirements Tor Electronic Farts,
with the excepiion that DP A and PINT testiop is not performed. Mechanical items are inspecied per FAT 316 - Incoming
Inspection Instructivas Tor Mechanical items, PAT 305 - Incoming Quality Contral Inspection Instruction, and PAT £12 -
Procedure for Processing incoming or Purchased Parts Designated for Flight Tse. Accepted items are dellvered (o Maierial
Controlbed Stores and retained under specified comlitiens waiil Tabrication is required. Noa—cooforming materals are beld
fur Material Review Board (M EB) disposition. (PAE-307, PAT LQ{-531)

Board Xssembly & Test - Prior to the start of TVC board assembly, all items are verified to be correct by stock rom
persennel , as the items are accamulated to form a kit The items are verifued agame by the operztor who azeernhlas the kit by
checking against the as-built-partslist (ARFL). DPRO Mandatory Tospection Points are designed for zll printed circuit, wire
wreap aad welded wire boards, plur harnass connectors for soldaring wiriog, crimping, selder splices and quality
workmanthip prior to coating of the component side of boards and sleeving of barnesses,

LTV Boards

Specific CTVC board assembly and test instructions are provided ia drawiog notes, and applicable documents are called out

in the Fabricatios Procedure and Record (FPR-3275%90) and parts list PL3278890, These include Process Standard RTV-

566 2230881, Process Standard - Bondieg Yelcre Tape 2280589, Specification Soldering-Specification Crimping 2280300,
Specification - Bonding and Staking 2220871, Specification - Marking 2180876 Specification - Yorkmanship 8030035,

Specification Bonding and Staking 2280875, specification-Wave Solder 2280821, Specification-Frinted Wire Board Staking
1265851, Specification-Reflow Soldering 2280754, Specification-Soldering Surface Mount Components 20005710, .

CTVC Assembly and Tesi
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NUMBER; 4.1.0.0 ORIGINATOR: J3C/MM ASTRO PROJECT: GFE
PART NAME: WRIST STACK LRU/ORU PART NUMBER: 3278850-506 QUANTITY: 1
PART NUMBER: 3278890-506 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR:32758%0 SUBSYSTEM:
ZONE/ADCATION:N/A EFFECTIVITY/AFFECT $STAGE:

An apen box test is performed pee TP-IT-3278890 and an Acceptance Test per TP-AT-31788H), including vibration end
thermal vacuum. Torgue’s are specified and witnessed, traceability oumbers ure recorded and calibrated tools are chechked
prior to use GE Quality and DPRO inspections are performed a the completion of apecificd FPR operations in accordancs
with PAL-104, PAIL-205, and PAI-217. DPRO personnel witacss CTVC burton-up and critical torquing,

The CTVC is packaped aceordlng te CCTY Letter 8011 and 2280746, Process Staadard for Packaging and Handling
puidelines. All related documentativa ivcluding assembly drawipgs, Parts Lise, ABPL, Test Data, €tc., is gathered and beld
it a documencation fodder assigned specifically to each asscmbly, Thiz folder Ls retained for refepcace. An EIOP is prepared
for €ach agsembly in accordance with the requirements of WS-2503178, GE QL and DPRO personnel witness crating,
packaging, packing, and marking, and review 1he EXDF for completeness and aceuracy.

TARLE. 1. ACCEPTANCE TEST FLOW

1. ROOM AMBIENT FERFORMANCE TEST
Test conducted per the requiraments of NASA

approved TP-AT-317839(. :

2, ACCEPTANCE Y¥TERATION EXPOSTRE
20-20 Hz' 3 db/octave rise frpm 0.01 2/ Hz 1o 0.04 g2/Hz
B0-350 Hz: 0.04:2Hz ;
. 350-20400 Fz: 3 dB octave decreased to 0.006 g2/Bz
Test Dyration: 1 minutefazis, operating
Test Lavel: 6.1 grus

1 POST-VIBRATION FUNCTIONAL CHECE
Test conducied per the requirements of NASA
approved TP-AT-32738590.

4. ACCEFTANCE THERMAL-VACTIOM EXPOSURE
1.5 cycles datad [rom +115 deg Fto +14 deg F,
After stabilization, ope honr minimum duration
ht gach platean In-gpek functionad tests performed ac
each platean

5, POST-ENVTRONMENTAL PERFORMANCE TES]
Bowt ambizot performance tests conducted in
accordance with NASA approved TP-AT-32738590.

TABLE . QUALIFICATION TEST FLOW

1. EMI
Cooduct tests run ia accordance with the requiremenis of
SL-E-00028B, including CSGA, C302, CS506, TT01, CEOL, and CEOL.
Radiated 16515 run in sccordance with SL-EGH2E including R502, RE(3,
and REAZ except that the 1es6 current for RS2 was 2 amps im lea of 20 ampy

. L QDAL FOR ACCEPTANCE ¥}BRATIDN

20-80 He: 2dblociave inereasing 1o 6,067 p2/Hx
B350 Pe: 0067 oclave
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

YEA NUMBER: 4,L.0.0 CRIGINATOR: J5C/MM ASTRO PROJECT: GFE
PART NAME: WRIAT STACK LRIVORL FPART NUMBER: 3278890500 QUANTITY: 1
PAKT NUMBER: 3:1785%0-506 LEU/ORE FART NAME: CTVC SYSTEM: CCTY
LAC CONTROL NO:N/A DRAWINGREF DESTGNATOR: 317834 STUBSYSTEM:
TONELOCATION N/A EFFECTIVITY/AFFECT STAGE:

J50-2H4 Hx: 3dbfpctave decrease
Taset Lavel: 7.5 grms
Test Duration: 5 minuteyaxiv operstiog

3. FLIGHT QUAITFICATION VIERATION
0-1¢ Hz: & dB/octave increasing to 0.4 piHz
To-5M Hi: 0.4 g2/HZ
S0-2000 Hz: Gdbfoctave dexrease
Test Level; 18.1 grms
Test duration 45 minutes/atis non-operating

4. THERMAL-VACTTM
7.5 cveles total From +130 deg F o +0 deg F,

After stabilizstion, poe hiur minimum duration at each platea.
Im-spec functional tests parformed at sach platean

- M TION
Worst case hid and ecld mission enviconments
simnlated in vacuam Durng hot case, in-spec
operation is required for & of 14 consecutive Bours
During cold case, in-spec operation is réquired for
4 cpnsecutive bours

6. HUMIDITY
120 hours exposuce 10 85% RE including four 24
bowr tempecatare cycles of 60 deg T to +125 deg
F, non-operaticog

(D FAOLURE HISTORY:
Mone. .

(E) OPERATIONAL USE:

Losg of videy. Pessible lovy of major mission abjectaves due to loss of '
"RMS caméras or other required ©ameras.

(F) MAINTAINABILITY:

PREZARED BY: Bernie Embrey REVISIGN:

DATE: Febrvary 17, 1985 WAIVER NUMBER
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