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FAILURE MUDE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. "MEANUMBER: 5.12.2 DRIGINATOR: JEC/MM ASTRO PROJECT: GFE
PART NAME: ELEQOW STACK LRUMRU FART NUMBER: 3278850504 QUANTITY: 1
PART NUMBEH: 32738%)-506 IRTVORTY PART NAME: CTVC SYSTEM: CCTV
L3C CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3278890 STBSYSTEM:
TONETLODCATION:NA EFFECTIVITY/AFFECT STAGE:

CRITICALITY:

CRITICAL TTEM?Y:_ Yes EUCCESE PATEES:
CRITICATITY CATEGORY: 172 SUCCEES PATH BREMATNING:
END ITEM NAME;

END ITEM FUNCTIONAL:
END ITEM CAPARTLITY:

END ITEM FAILTTRE TOLERANCE:

REDINDANCY SCREENS; (QRBITERSPACE STATION)
A - Pass

B - Pass

£ - Passg

D -

: FUNCTION: Inability te¢ contrel iris, Tocus, or Zoom.
. Worst Cass: Loss of camera

FATLURE MOBE CODE:

FATLURE MODE: Lass of i, zoom or focas funclion (mechzoical)
CAUSE:

Stepper Mitor

Gear Train

Lens

FAILURE DETECTION:
REMAINING PATHS:

EFFECT/ MISSTON PHASE:
CORRECTIVE ACTION:

None.

FAILURE EFFECTS-
END ITEMTREUAORIASSEMBLY :Logs of camera puiput
SUBSYSTENM/NEXT ASSEMBLY/INTERFACE: No video
SYSTEM/END ITEMSMISSION: Laosg of mission critical videg

CREWMNEBLICLE : None,
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“VIEA NUNEBER: 3.11.2 ORIGINATOR: JSC/WY ASTRG PROJECT: GFE
PART NAME: ELBOW 5TACK LRU/ORU PART NUMBER: 1278890-506 QUANTITY: 1
PART NUMBIR: 3273850-506 LRIVORII PART NAMF: CTVC SYSTEM: CCTY
LEC CONTROL NO:K:A DRAWING/HEF DESTGNATOR: 3278890 SUBSYSTEM:
FORELOCATION:N/A EFFECTIVITY/AFFECT STAGE:!

HAZARD INFORMATION:

HAZARD: YES_ NO_X__
AATARD ORGANIZATION CODE:

HAZARD NUUMBER:

TINE TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:

FAILURE DETECTION/FLIGHT

EEMARES:
_RATIONALE FOR ACCEPTABILITY-

(A) DESIGN: .

The CTVC is comprised of 21 electrical subastemblies; 15 subassemblies arc GE Astro Space designed and fabricated using
slandard prinicd circic beard type eonsteuction, The remaining six assenblies, 3 sepper molors, 1 brushless metor,
PrismyCCD, and Lens assembly are vendor supplies components, which bave been spitilied and purchased according to GE
Specificatinn Control Drawing (SCDs) prepared by Engincering and Product Assurance. Specifications per {he 8CD are
performance, test, qualification, and acreptance requirements for a procured piece of equipment. Iarts, materials, processcs.
and design guidelines for the CTVC program arc specified in accordance with GE 3267730 This document defined the
prugram requirements.

MI-STD-995E will seTve ay the primary EEE parts selection document. If 4 suitsble part canoot be found in MIL-5TD-
9756, equivalent EEE parts that meet the following criteria may be suhstinted.

Microcircuil s are at lease Class B Level, MTL-M-385110 devices. All microcircuits are subjected o Particle Impact Noist
Dictection (FIND] testing per MIL-STD-833C (except for deviees with plastic epoIy-rype package).

Dipdes and transistors pre at least JANTXV io accordance with MIL-5-19500, Aill semi-conductors in cavity-type packages
are subjected 1o PDND testing per MIL-5TD-383C. Relays are procured in the highest milicary established reliability (MIL-
ER-) Ievel as defined in MIL-R-39016. Relaye are subject to PIND testing.

Switches are procured 4o at lanse the second highest level uf 1he approp riate MIL-ER specification. Switches are subjected Lo
gither PIND icsiing or X-ray anaiysis 5% appropriate, for paricle detection,

Other discrete parts are procored tu ut least the second highest level af the appropriate MIL-ER specification,

Furie nat included in the above documents bave been used in the design only after a non-standard parts acceplance reguest
{NSPAR) has heen prepared, submitted to Teliability Assurance Engineering and approved for use in the specific
application(s) defingd in the NSPAR by NASA-JRC,

Worst case circuit analyses have been performed and documented for ail circit designs fo lemonsirate thar sufficient
apcrating marging eaist for all gperaling eanditions The analvsis was worst case lo that the viloe for each nf the varialle
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NTUNEER: 3.12.2 ORTGINATOR: JSCMM ASTRO PROJECT: GFE
PART NAME: ELEOW STACK LRIVORU PART NUNMBER: 3278890-506 QIUANTITY: 1
FART NUMBER: 32738%)-506 LRU/ORU FART NAME: CTYC SYSTEM: CCTV
ILSC CONTROL NO:N/iA DRAWINGREF DESIGNATOR: 3278300 SUBSYSTEM:
ZONETOCATION:NIA EFFECTIVITY/AFFECT STAGE:

parameters was sef to limits that will drive the cutpit to 2 mazimum (or mick A componeat apprvach review aad analysis
waus conducted to verify that the applied rtress on ezch piece part by the temperaturs extremes identified with enviranmental
qualification testing does oot exceed the strecs derating values identified in GE 3267739,

1n addition, ap objective examinzaéion of the desige was performed throuph a Prelimioary Deviyn Review and Critical Design
Revipw to verify that the CTVC met speeilication and contractesl requirements,

EARKE BOARD DESIGN

All hoards are constructed Trom laminated copper-clad epoxy glass sheets per MIL-P-13249 Type G Grade A, Circuit
cunmections are made theough printed traces which ruo from poiot w pelof on the board surfaces. Every crace termrinaies af
an aooular ring The annular ring sarrounds the hole io whick a componeot lead or terminal is located. This ring provides a
fouting for the solder, ensuring pood mechanical and electricat performance. Tis size and shape are povermad by MIL-P-
SEG40 as arc trace widths, spacing and rovting These requirements are reiterated specifically in drawing notes to further
assure compliance. Varation between the artwerk master and 1he final product (due to irregalaritiey of ibe etchiog process)
arg alse conteatled by dreawing notes. This prevents making defzctive hoards frem poad artwork. Hales which houss o laad
or terminal, but serve only ta slecerically interconnect 1he different board layers, contain stitch bars for mechanical support
and increaced reliability,

The through bales are drilled from a drill tape thus eliminating the possibility of homan error and allowing tight contral over
hole and anoular ¥ing concentHcity, an important reiiability criterion. After drilling and etching, all copper cladding is tin-
lead plated per MTL-8TD=1495. This provides for easy and reliable spldering at the fime of hoard assembly, even after
perinds of proloaged slorage. .

EOARD ASSEMELY DESIGNW

All compgneols are insialled in 8 manner which assures maxivum relisbilisy. Compoaent leads are pre-linoed, allowing
total wetting of solder joints. All leads are fermed to provide siress relief and the bodies of large compoments are staked,
Epecial mounting and haonding fustructions arvg included in cach drawing requiced after Ninal assembly, The board 33 coated
with urcthane which protects against humidity and contamination.

{B) TEST: ACCEPTANCE

Each assembly is individually tested to 2 NASA approved Acceprance Tast Procedure TP-AT-3278890. The Acceptance Test
Flow iy detailed in Table 1. .

OUALIFICATTION TEST
The qualification unit is identical to the flight unit conflguration io every respect and is used solely for the purpose of
gualification testing. The Qual unil most successfully complete acceptance testing prior to entering qualification testing. The

Cugl unit bas passed testing in accordance with NASA approved test plan PN-C-3275890, The Qualification Test Flow is
detailed in Tabie 2.

OPERATIONAL TESTS

Ins order 10 verify that CCTY camponents are operational, a test must verify the kealth of all the command related
componants from the PHE (ATAL) panel switch, throngh the RCU, through the Syoc lines t0 the CameraPTU, 1o the
CameraPTU command decader. The test must also verify the camera’s ability to produce video, the VS1T'y ability te route
viideo, and the monitor®s ability 1o display video. A similar test would be performed to verify the MDM command path.

Fre-Launch on Drbiter Testf In-Flight Test
1. Power CCTV System.
rH Yia the PAS pancl, sclect 2 manitor.
k3 Send “Camera Power On™ command from the
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMEBER: 3.12.2 QRIGINATOR: J5CMM ASTRO PROJECT: GFE
TART NAME: ELBOW STACK LEU/ORU FPART NUMBER; 32 7T8840-504 OQUANTITY: 1
PART NUMBER: 327859504 LRIVORU PART NAME: OCTVC SYSTEM: CCTY
L:C CONTROL NOuNfA DRAWINGREF DESFGNATOR: 317889 SUBSYSTEM:
ZONET.OCATION:N/A FFFECTIVITY/AFFECT STAGE:

the FHS panel,
4, Select “Exiernal Svoc™ o0 monifor,
5. Observe video displayed so menitur.

Note that if video on monitor is syncheanized
{i.e.. sfable raster).
fis Send Pan, Tilt, Focus, Zoom, ALL, angd Gamma
commands and visually (either via the
meailor or dincel absecvatian] verify
operation.
7. Select downlink as destination and
camera under 1650 95 SHu e,
5. Obwrrve video ronted to downlinke
o Send “Camera Power Off* command via PHS panel.
10. Repex! Steps 3 thoough 3 encept issue
command via the MDM command path.

(C) INSPECTION:
Proturement Control - The CTVC EEE Paris and hardware items are procured from approved vendors end suppliers,
which meet the requiremeats sei forth in the CTVC contract. Resident DPRO persounel review all procurement documents
o cstablish the need fer GSI oo selecied parts (PAT 517).

Tncoming Tnspection and Storage - Incoming Quality inspections are made on al} received materials and party. Reqults are .
recorded by lot and retained in fike by drawing and eontrol humbers for future reference ang traceabilicy. ALl EEF parts are
subjected to Incoming acceptance tasts as called for i PAY 315 - Incoming Inspection Test Instructions. Incoming flight party

are further processed in accordance with GE 1846684 - Preennditioning and Acceptance Requirements for Electronic Perts,

with the exception that YPA and PINTY testing is not performed. Mechanical items are inspecied per PAL 316 - Incoming

Inspection [ngtructions For Mechanical items, PAT 305 - Incoming Quality Conirol Inspectioe Instruction, and PAY 613 -

Procedurc for Processing incoming or Purchased Paris Designatedd for Flight Use. Accepted items are delivered to Material
Cantrolled Stores and retained under specified conditions until fabrication is required. Non—cenfarming materials are beld

for Material Review Board (MRBE) disposition. (PAL-307, PAL TOC-531)

Eoard Assembly & Test - Prior to the siart of TVC board assembly, all items are verified to be correct by stack roam
personnel , as the items are accumnlated to form 2 kit. The jtems are verificd again by the operator who assembles the kit by
cherking against the as-built-parts-list {(ABPL). DPRO Mandatory Inspection Points are designed for all printed carcnit, wire
wrap and welded wire boards, plus harness cannectors for soldering wiring, crimping, solder splices and quality
workmanship prier t¢ eoating of the component side of boards and sleeving of horoessec.

CTVC Boards

Spevific CTVC board assembly and test Enstructions are provided in drawing notes, and applicable documents are called out
in the Fabrication Pracedure and Record (FPR-3275390) and parts list FL32765%0. These include Frocess Standard RTY-
246 22508K1, Process Standard - Bonding Velcre Tape 1280889, Specification Suldering-Specification Crimping 2230500,
Specification - Booding and Slaking 2220878, Specification - Marking 2180876 Specification - Workmanship 8030035,
Specification Bonding and Staldng 2280875, specification-Wave Solder 2230821, Specification-Printed Wire Board Staking
1380851, Speclfication-Reflow Soldering 2280734, Specification-Roldering Surface Mount Camponenis 20005710.

CTYC Assembiy and Test
An open box test is performed per TP-IT-3278890 andé an Acceptance Test per TF-AT-3278280, including vibration and
thermat vacuum. Tergue's are spocificd and witnessed, traceability numbers are reco rd¢d and calibrated tools are checked
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

ORICINATOR: JSC/MM ASTRO

. ‘MEA NUMBER: 5.12.2 PROJECT; GFE
PART NaME: ELBOW STACK LRU/ORU PART NUMBER: 3278890-506 QUANTITY: 1
PART NUMBER: 327885(-50¢6 LEL/ORT PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESTGNATOR: 32788 SUBSYSTEM:
ZONEMLOCATION:N/A EFFECTIVITY/AFFECT STAGE:

prior 10 use. GE Quality and DFRQ inspections are performed a the completion of spegified FPR operations in accordanee
with PAL-204, PAJ-205, and PAT-217. DPRO personpel wilness CTYC bubion-up and critical torguicg.

The CTYC is packaged according to TCTV Letter 8011 and 2280746, Process Standard for Packaging and Handling
suldelines. All related documentation including assembly drawings, Parts List, ABPL, Test Data, ett, is pathered and beld
in a documentation folder assigned specifically to each assembly. This folder is retained for reference. Ap EIDP is prepared
for cach assembly in accordance with the requirements of W5-2593176. GE QO and DPRD personnel witness erating,

packaging, packing, and marking, and review the EOW for compieteness and acéuracy.

TABLE 1. ACCEPTANCE TEST FLOW

1. HOOM AMBIENT PERFORMANCE TEST

k¥
H

Tesl conducted per the requirernénts of NASA
approved TE-AT-32758%0,

ACCEPTANCE YTBRATION EXFOSURE -
I0-30 Hz: 3 db/gcrave rise from 6.01 g2/Hz to 0.04 g2/Hz
80-350 He: 0.04 p2hZ
350-2000 Hz: 3 dB oetave decreased o 0,064 o211z
Test Duoratign: 1 minutefaxis, operating .
Test Level; 6.1 prms

. POSTAVIRRATION FIINCTIOGONAT CHECE

Test conducled per the reguirements of NASA
approved TP-AT-32TREI.

. _ACCEFTANCE THERMAL-VACUUM EXPOSURE

1.5 cycles total Trom +113 deg F to +14 deg ¥,

After stabilization, one hour minimemn duration

at ¢ach plateaw, Tn-spec funcrional sesrs perfermed at
tach platcau.

POST-ENVIRONMENTAL PERFORMANCE TEST

Roooi ambient performance tests condacted in
accordance with NASA approved TP-AT-3278850,

TABLE 2, QUALIFICATION TEST FLOW

1. EMI

i

Conduct tests run in aceordance with the requiremencs of

SL-E-0M2ZE, including €501, G502, C506, TTH1, CEDN, and CE03

Radiated tests run o accorgdance with SL-EQUU2E including RSUZ, RS43,
and REQ2 except that the (x5t currend for REO2 was 2 amps io liew of 20 amps,

DQUALFOE ACCEPTANCE VIERATION
20-80 He: 3dbluctave increasing (o 007 g2/H
£0-250 Hz: 00407 octave
JS0-200 Nz: Fdbiocrave decrease
Test Level: 7.8 frms
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 3.12.2 ORIGINATOR: J3C/MM ASTRO PROJECT: C.FE - .
FART NAME: ELBOW 5TACK LEU/ORU PART WUMBER: 1278820-206 OUANTITY: 1

PART NUMEER: J278520-506 LEU/ORU PART NAME: CTVC SYSTEM: CCTV

LSC CONTROL NO:NA DRAWDNG/REF DESIGNATOR 3275850 EUBSYSTEM:

ZANELOQCATHONIN/A EFFECTIVITV/AFFECT STAGE:

Test Duratian: 5 minutes/axiy aperating

3 FLIGUT OUALTFICATION VIBRATTON
20-70 Ha: B dB/octave increasing to 0.4 g2z
70-500 Hz: 0.4 g2/Hz
200-2000 Hz: 6db/edinve decrease
Test Level: 13.1 grms
Test duration 48 minuteg/asis non-operating

4, THERMAL-VACUUM
7.5 excles total from +130 deg F 10 +9 deg F.
After stabiHzation, ooc hour minitium duration a1 each plateau.
In-spec functional tests performed at each platean.

5 THERMAL SIMULATION

Worst case hat and cold mission environments
simulated in vacuum. During hot case, in-spec
operatian is cequired for 6 of 14 consecutive hours.
During cold case, in-spec vperation is required for
14 consecuiive hours

6. HUMIDITY :
' 120 hours exposure to 35% RH ingloding four 14
hour temperature cycles of +50 deg F to +115 deg
E, noo-opersting.

(b} TATLURE HISTORY:
Mone.

(E) OPERATIONAL USE:
Loss of video. Passible less of major mission objectives due to Joss of
EMS cameras or other reguired cameres,

(F} MAINTATNABILITY:

PREPARED BY: Eernie Embrey REVISION;

DATE: Februvary 17, 1995 WATVER NUMBER
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