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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “MEA NUMBER: 4.12.1 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
FART NAME: WRIST STACK LRU/GRU PART NUMBER: 3273590506 QUANTITY: 1
PART NUMBER: 3278690-506 LRUORU PART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:N/A DRAWING/REF DESIGNATGR: 327890 SUBSYSTEM:
ZONE/LOCATION: N/A EFFECTIVITY/AFFECT STAGE:

CRITICALITY:
CRITICAL ITEM?:  Yes SUCCESS PATHS:
CRITICALITY CATEGORYi__ 211 SUCCESS PATH REMAINING:
END ITEM NAME:
END ITEM FUNCTIONAL:
END ITEM CAPABITITY:

END ITEM FALLURE TOLEBRANCE:

BEDUNDANCY SCREENS: (ORBITERSPACE STATION

LNCTION: Cannot control focus, 200m, or iris.
. orst Caser Loss of mission erilical video,

FATLURE MODE CODE:

FAILURE MODE: Lens motien function of zoom, focus 2nd irig do niot respond
10 cummands {Electricil failure} '

CAUEE:

A1 Power Supply

A4 Com Dec/Tel Encoder
AR TOWEXOZA

A RGE proc

FAILURE DETECTION:
REMAINING PATHS:
EFFECT! MISSION PHASE:

CORRECTIVE ACTION:
Nong

-FAILURE EFFECTS-
END ITEM/LRU/ORT/ASSEMEBLY: Lass of camera pulput
SUBSYSTEMY/NEXT ASSEMBILY/INTERFACE: No video
SYSTEM/END ITEM/MISSION: Lots af mission eritical video

. REWWEHICLE : Nonc.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL YTEMS LIST

VIEA NUMEER: 4.12.1 ORIGINATOR: JSCMM ASTED PROTECT: GFE .
PART KAME: WRIST STACK LRU/ORU PART NUMBER: J178890-506 GUANTITY: 1
PART RUMBER: 3278890-504 LEU/ORT PART NAME: CTVC SYSTEM: CCTY
L5C CONTROL KO:M/A DRAWING/REF DESIGN A TOR:32T38%4) STBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT 3TAGE!

HAZARD INFORMATION:
" AAZARD: YES___ NO_X
HAZARD QRGANIZATION CODE:

HAZARD NUMELR:

TIME TO EFFECT:

TIME TO DEIECT

TIME TG CORRECT:

FANLURE DETECTION/FLIGHET

REMAREKS:
PATIONALE FOR ACCEPTARILITY-

1. DESIGN:
yhe CTVC is coraprised of 21 electrical subassemhliet; 15 subassemblics are GE Astro Space designed and fabricated using .
standacd printed circuit board tvpe ennsiruciion. The remaining siz assemblies, 3 stepper motors, 1 brushless molar,
Prizmi/CCD, and Lens assembly are vendor supplics COmponents, which have becn speciind and purchased aceordiag to GE
Kpecificativn Control Drawing (3CDs) prepared by Engingering and Product Assurance. Specifications per the SCD are
pcriurmance, test, qualification, and acceptanee reguiremcnis for a procured picee of equipment. Party, materials, processas,
and doesign guldelines for the CTVC program are specificd o accordanee with GE 3267749, This document defines the
[FOLram requirements.

MISTD-975G will serve as the primary EEE parts seloction document. I a suitable purt cannot be found in MIL-53TD-
975G, cguivalent EEE pacts that meet the following crileria nay be subytituted.

Acrocirouit 5 are at least Class B Lovel, MIL-M38510 devices. ANl mierocircuits are subjected 1o Farticle Impact Mois
Derection (PINTY testing per MIL-STD-883cC exeept for devices with plastic cposy-tvpe parkepel.

Dicdes and transistors are af least FANTXY in accordance with MIL-8-19500. All semi-conductors in eavity-type pachkages
are subjected 10 PIND testing per MIL-STD-383 C. Relays are procured 10 the bighest military cstablished reliability (MIL-
ER} level as defined in MIL-R-32016. Relays are subject 1o PIND testing.

Switches are procurcd to at lease the secund highest level ol the apprap riate MIL-ER spceification. Switches are subjected 10
cither PIND iesting or X-ray analysis as apprepriate, for particle detection.

Other discrete parts are procured to af keast the sceond Nighest Jevel of the appropriate MIL-FR specification.
Parts nit included in the sbove dacoments have been used in the desimn only after ¢ nan-standaed parts dceeplance request

$PAK) has bren prepared, submitted to Reliability Assorance Engineering and approved fur usc in the specific
pligation(s) defined in the NSPAR by NASA-JEC.
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™MEA NTUMEER: 4.12.1 ORTGINATOR: JSCMM ASTRO YROJECT: GFE
PART NAME: WRIST 53TACK LRUMRU PART NUMBER: 32T35850-506 QUANTITY: 1
PART NCMBER: 32753M)-506 LRUMRU PART NAME: CTVC EYSTEM: CCTV
LSC CONTROL KO:N/A DRAWING/REF DESIGNATOR: 3273590 SUBSYSTEM:
- ZONE/LDCATION:N/A EFFECTIVITY/AFFECT STAGE:

Worst case circuit analyses bave been performed and documented Tor all circuit desigos to demonstrate that sufficient
opcrating mArging exist for a1 operating condidions. The analvsis was worst case ip that the value for each of the variable
parameters was set to limity that will drive the putput to a maximum (or min). A componed approach review ang analysis
was conducied 1o verily that the applied stress oo cach picce part hy the temperature extremes identified with environmental
qualification testing does not exceed the stress derating values identified in GE 3267759,

In additicn, an ohjective examination of the desizn was performed through a Prelimicary Desigo Review and Critical Design
BReview to verily that the CTVC met specification and cantractual requirements

BARE ROARD DESTCN

All baards are constructed fram laminated copper-clad eposy plass sheets per MIL-P-13240 Tyvpe & Grade A, Circuit
connectigns are made through printed traces which run from point to paint on the boord surfaces. Every trase terminates at
an anrular ring. The oinular ring surrpunds the hole in which a component lead or terminal iz located Thiz cing provides a
foating for the solder, ensuring good mechanical and electrical pedarmanes Tis siee 4nd shape are geverned by MIL-P-
55640 uv ure tryce widths, spacing and roocinp, These requirenents are reiterated specifically in drawing wotes 10 further
assure compllance VYarkation hetween the artwork master and the final prodoct (due to irregularities of the stching process)
are alse cpntrolled by drawing notes. This prevents making defective bourds from pogd artwark,. Holes which house no fead
or lerminal, bl serve only te electrically interconnect the different board layers, contsin ktitch bars for mechanical support
and incyeased reliability.

e thrgugh hules are 2rilled from a drill tape thus eliminating the possibility of humae creor and allowing tipbi contrdd over
hole and annular ring concentricity, an important reliakility eriterion. After drilling and etching, all copper eladding is tin-
lead plated per BIL-STD-14%3, This provides for easy and reliabic saldering at the time of board assembly, even after
periods of prelonged storage.

BOART ASSEMBLY DESIGN

All components are installed in a manaer which assures mazimum reliahility, Component heads are pre-tinned, allowing
total wetting of solder juinte All lcads are formed to provide siress relief and the bodies of large components are staked.
Special mounting and banding instructions are included in each drawing required after final assembly. The board is eoated
with urethane which protects againgt humidity and contamination.

(B) TEST: ACCEPTANCE

Each asscrbly is individually tested 10 & NASA approved Acceplance Test Procedure TP-AT-3278%%0. The Acceptance Test
Flaw iz detailed in Table 1.

QUALIFICATION TEST

The qualification unit iz identical to the flight unit conliguration in tvery respect and is used solely for the purpose of
qualification 1esting.  The: Qual urit must suceessfully complate acceptance testing prior to £niering qualification testing. The
Qual unit has passed testing in Becordance with NASA approved test plap PN-C-3272890. The Qualification Tesd Flow iy
detailed in Table 2.

DFERATIONAL TESTS

In order te veyify that CCTY componenis 2re operatinnal, a test must verdfy the health af all the command related

cemponcnts fmm the PHS (A74A1) panel switch, throngh the RCU, through the sync lines to the Camera/PTL, to the

“amera/PTU command decoder. The test must also verify the camera's abilily ta produce viden, the YSU's ability to rouze
le, and the menitor’s ability to display video. A similar 1cst would be performed fo verify the MDM cummand path.

Pre-Launch on Orhiter Test/Tn-Flicht Tesl
1. Power CCTV system
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“AEA NTTMBER: 4.12.1 ORIGINATOR: JSC/MM ASTRO FROJECT: GFE .
PART NAME: WRIST 5TACK LRUAORY PART NUMBER: 327§3%0-5040 QUANTITY: 1

FART NUMEBER: 32 78890-506 LRU/CRU PART NAME: CTVC EYETEM: CCTV

L3C CONTROL NOGN/A DEAWING/REF DESIGNATOR:IZTEEMN) EUBSYSTEM:

ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

7. Via the PHS panel, select 4 monitar

3. Seod *Camera Power On™ command from the
the FHS panl.

4. Select “External Syoc” oo moenitor,

5. Obremve video displayed en monifurn
Nate that if video on moniter is syechronized (i.e., stable raster)
then this indicates 1that the camera is
receiving composite syne from the RCY and
that the camera is proeducing syachronized viden.

4. Scod Pan, Tilt, Focus, Zovm, ALC, and Gamma
commands and viszally (cithar viz the
monitar ar direct abrervation) verily vpereation.

7. Bclect downllink ag destination and
camera under {251 45 source

&, Observe viden rowced to downlink.

9, Send “Camera Power Of command via PES panel.

10. Repeat Sicps 3 throuph ¥ cacept issue
commands via the XDM command parh.

T} INSEECTION:

ggurement Control - The CTYC EEE Parts and hardware items are procured from app roved vendors andg suppliers,
which meel the requirements set forth in the CTVC contraet. Resident DPRO personnel review all procurement documents ‘
to cstablish the need for G351 gn sclecled parts (PALS1T). :

Ingoming Inspection and Storage - Incoming Quality inspections are made on all received maicrials and parts Resulis are
recorded by lot and retained in file by drawing and control numbers for future refercnce and traceability. Al EEE parts are
subjected to iocoming acceptance 1ests as called for in PAT 315 - Incoming Inspection Test Instructions. Tncoming flight parts
are further processed in accardance with GE 1846684 - Freconditioning Gnd ACCEprance Reguiremcnts lor Electronic Farts,
with the exceplion that DPA and PIND testing iz not performed. Mechanical items are inspecied per FAT 316 - Incoming
Tnspection Instructions for Mechanical items, PAL 305 - Incoming Quality Contrel Lospection Instruciion, and PAT X2 -
Procedure for Frocessing incoming oF Purchiased Parts Desigoated for Elight Use. Accepted items are delivered to Material
Controlled Siores and retained under specified conditiens until faprication #s required. Non-conforming materials are held
lor Material Review Board (MRE) disposition. (PAL-307, PAI 1QC-531) '

Bnard Assembly & Tesg - Priar to the start of TVC board asicmbly, all ilems ace verified to be correct by pigck room
personnel , as the items are accumulated to form a kit. The Hems ave verified again by the operator who assembles the kit hy
checking against the as-huilt-parts-list (ABPL). DPRO Mandatory Inzpection Pointy are designed for all printed cireoit, wire
wrap and welded wire boards, piuy harmess cornectors for soldering wiring, crimping, salder splices and quality
workmanship prior to coating of the campanent side of boards and sleeving of harnesces,

CTVC Boards

Specific CTVC beard agsembly and test instructions ave provided in drawing notes, and applicable documcots are called vut

in the Fabrication Procedare and Record (FRR-3278390) and parts list PLI3T5890. These inciude Process Standard RTV-

S66 1280881, Process Standard - Bonmding Velero TapeZ28085%, Specification Soldering 22545748 - Epecificatinn Crimping

TI808Y0, Specification - Bonding and Staking 2220576, Specification - Marking 2280875, Specification - Workmanship
30035 Specification Bonding and Staking 22ROR7S, specification-Wave Solder 2280811, Specification-Printed Wire Eoard

_taking 2280851, Specification-Reflow Soldering 2280754, Specification-Soldering Surface Mount Componcnls 20005710, .

CTVC Aswembly and Teat
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “"EA NUMBER: 4.12.1 ORIGINATOR: JS3C/MM ASTRO PROJECT: GFE
FART NAME: WHIST 5TACK L.RUAORU FART NUMEER: 3278590-504 QUANTITY: 1
PART NUMEER: 3278890-506 LRUARU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWIN G/REF DESIGNATOR: 3278590 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

An open box test 15 performed per TP-TT-3278590 and am Arceptince Test per TP-AT-3278890, including vibrafion and
thermal vaconm. Torque’s are specificd snd witnessed, ieaceahility numbers are recorded and calibrated tocks are checked
prior (e use. GE Quality and DFRO ingpectiong are performed a the complietion of specified FPR operations in accordance
with PAL-204, FAL 205, and PAT-217. DFRO personncl witness CTYC burton-up and crifical torguing.

The CTVL is packaped according to CCTY Lewcr 8011 and 22830746, Process S{andard for Packaring and Haodling
ruidelines All related docomentation including assembly dramings, Parcs List, ABPL, Test Data,eic., is gathered and held in
& documentacion folder assicned specifically to each assembly. This folder is retained for veference, Ag ETDP is prepared for
each assembly in accordance with the reguirements of 'W3-3593176. GE QC and DPRO personne] witness crating,

packaging, packing, and marking, and review the ETIDP for completeness and accuracy.

TABLE 1. ACCEPTANCE TEST FLOW

1. ROOM AMBIENT PERFORMANCE TEST
Test conducted por the reguircment; of NASA

-approved TF-AT-32T8890.

. ACCEFTANCE YTBERATION EXPOSTRE
20-80 Hz: 3 dbiociave rise from 0.01 g2/Hz {0904 g2/Hz
#0-350 Hz:0.04 g2/Hz
350-2000 Br: 3 B actave decreased to 0.0046 p2iHz
Test Duration: 1 minutefaxis, operating
Test Level; 4.1 grms

J. POST-VIBRATIONM FUNCTIONAL CHECK
Test conducted per the requirements of NASA
approved TP-AT-327E5M),

4. ACCEPTANCE THERMAL-VACUUM EXPOSURE
1.5 pyeles total from +115 deg F to +14 deg F,
ATter stabilization, one bour riaimom duralion
At each plateaw. Inspec functional tests performed at
cach platean,

Room ambient pocrformance tests conducied in
accordance with NASA approved TP-AT-3278800.

TARBRLE 2. QUALTFICATION TEST FLOW

1. EMI _
Conduct tests vun in sccordance with the requiremends of

SIL-E-0002E, including 301, C507, COS06, TTO, CEN, and CEQ3.
Radiated tests cun in accordance with SL-EO0G0TE including BS02, RS03,

and EEDL except that the test current for B502 was 2 amps im licu of 20 amps

o DUAT FOR ACCEPTANCE YIERATION
20-30 Bz Jdbioctave increasing to 007 22/HZ
S0-350 e D067 oot
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NITMBER: 4.11.1 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: WRIST STACK LETVORT PART NUMBER: J278830-506 OQUANTITY: 1
FART NUMBER; 32785M)-504 LRIVORU PART NAME: CTVC SYSTEM: CCTY
LSC CONTROL NO:N'A DRAWINGTREF DESIGNATOR: 3278830 SUTBESYSTEM:
ZONELDOCATION:N/A EFFECTIVITY/AFFECT STAGE:

3&0-2000 Hz: 3dbfoctave decrease
Tett Lavel: T.E orms
Test Dirration: S minuies/axis operating

3. FLIGHT OUALTFICATION YVIERATION
20-70 Hz: 8 dB/octave increasing to 0.4 gl/He
T0-500 Hz: 0.4 p2'Hz
S00-2000 Hz: édbfuclave decrepnse
Test Level: 18.1 grms
Test duration 4% minutesfaxis non-operating

4. THERMAL-VACLUM
7.5 cycles total from +130 deg T en +9 deg F.
After stabilication, one hour minimum duration at each plaieac.
In-spee functional tests perfvrmed at each platcan.

5. THEEMAL $TMUTATION

Worst case hot and cold mizgion environments
sunulated in vacuum. During het case, in-apes
aperation is required for 6 of 14 consecutive hours.
Turing ¢old case, in-spo¢ operation is required for
14 consecutive hours

4. HUMIDIEY
24 hours exposure to $5% RH includiop Tour 14
bour temperature cycles of +60 dep F o +115 deg
F, non-opcrating.

(I FATLTIRE HISTORY:
MNone.

(E} OPERATIONAL USE:
Loss of videa, Fossikle 1058 of major mission oBjectives due tir loss of
RMS5 camceras o ofher required cameras.

F1 MATNTAINABILITY:

PREFARED EY:Bernic EMbrey REVISION:

DATE; February 17, 1995 WAIVER NUMBER
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