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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. VIEA NUMBER: 1.%.0.0 ORIGINATOR: JSCMM ASTRO PROJECT: GFE
PART NAME:CARGD BAY LRU/ORL PARY NUMBER; 32788%0-506 QUANTITY: 1
PARL NUMBER: 3273890-504 LRI/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL K:N/A DEAWING/REF DESIGRATOR:32768% STBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

CRITICALITY:
CRITICAL ITEM?Y: Yes " SUCCESS PATHS:
CRITICALITY CATEGORY:__ 241 SUCCESS PATH REMAINING:
ENMD ITEM NAME:
END ITEM FUNCTIONAL:
END ITEM CAPABILITY:

END ITEM FATLURE TOLERAMCE:

REDURDANCY SCREENS: (OREITEREPACE STATION]

- Fass
- Pass
= Pass

(=N -

TNCTION: Degraded video
. orst Caser Temporary loss of viden or moniter.

FAILTTRE MODE CODE:
FATLTTRE MODE: Logs of hurst and syne infarmation on the vides putput

CALSE:

AS TCVYCXIZH

AD RBF YVideo prod.
AT NTEC epcorder
ALY CCD Drive

FATLERE DETECTEON:
REMAINING FPATHS:

FFFECT/! MISSION FHASE:
CORRECTIVE ACTION: :

None,
-FATLURE EFFECTS-

END ITEMRUTIORIVASSEMBLY  Loss of camera puiput,
LUBSYSTEMMNEXT ASSEMBLY/INTERFALCE: Na viden
SYSTEMEND ITEMMISSTON: Loss of mission crifical video

TEWNERICLE : None
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FATLURE MO.DE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

V1EA NUMBER: 1.9.0.0 ORIGINATOR: JSC/MM ASTRO PROJELCT: GFE
FART NAME:CARGD BAY LRU/ORU PART RUMBER: 3275890-504 QUANTITY: 1
FART NUMBER: 31 78820-504 LRUMEBUPART NAME: CTVC BYSTEM: CCTV
LEC CONTROL RO:NfA DRAWINGREF DESIGNATOR: F2THM SUBSYSTEM:
ZORE/LOCATION: KA EFFECTIVITY/AFFECK STAGE:

HAXARD INFORMATION:

HAZARD: YES__ NO_X__
HAZARD ORGANLZATION COTE:

HAZARDND NUMEER:

TIME TO EFFECT:

TIME TO DETECT

TIME T CORRECT:

FAILURE DETECTION/FLIGHT

REMARKS:
~RATIONALE FOR ACCEPTABILITY-

“4) DESIGN:

e CTVC is comprised of 21 electrical subasscmblics; 13 subassemblies are GE Astro Space designed and fabricated using
aandard prioted circuit hoard type coastruction. The remaining six assewhlies, 3 stepper motors, 1 brushless motor,
Prism/CCD, and Lens assembly pre vendor supplics compnnents, which have been specified and purchased acearding to GE
Specification Control Prawing (SCPs) prepared by Eaginsering and Product Assurance. Specifications per the SCIF ave
performance, test, qualification, and acceptance requirements for a procu red picee of equipment. Parts, materials, processes,
and design guidelings for the CTVC program are specified jo aceordance with GE 3267759, This document defines the
program requirenasnds

ML-STD-975G will serve as the primary EEE parts selection dcument IF a suitable part canpot be found io MIL-STD-
9754, equivalent EEE parts that mest the following criteria may be substiuted.

Microcircuit s are at least Class B Level, MIL-M-38510 devicer  All microcircuits are subjected to Particle Impact Noise
Dietection (PIND] icsting per MIL-STD-883C (except for devices with plastic epoay-i¥pe package).

Dindes and eransistors are at least JANTXV jo accordance with MIL-5-10500. All semi-conductors in cavity-type packages
arc subjecred to PENIF testing per MIL-STD-883C. Relays are procured to the highest military estahlished reliability (M1~
FR) level as defined in MTL-R-901¢. Relays are subject to PINT} tesling,

Switches are procured to at Jease the sceond highert level of the appropriate MIL-ER specification. Switches are subjected w
cither PIND testing or X-ray &nalysis as appropriate, for particie detection.

Oiher digerete parts are procured to at feast the second highest level of the appropriate MIL-ER specification.
Furiz oot ipcluded in the above documents have been uscd in the design only after a non-stundard parts acceptagee request
{NSPAR]) has been prepared, suhmitted o Reliability Assurance Engineering and approved for use in the specific

-plication(sy defined in the NSPAR by NASA-JSC.

Worst case circuit analyses have been purformed and documented for all circuit designs te demonstrate that sufficient
upcrating marging exist for all operating conditions. The analysis way worst case in that the value for eath of the variahle
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. "MEA NUMBER: 1.Y0.0 ORIGINATOR: JSCMM ASTRO FROJECT: GFE
PART NAME:CARGO BAY LRIFORU FART NUMBER: 3278890-305 QUANTITY: 1
PART NUMBER; 127RR00-500 LREU/ORL PART NAME: CTVLC SYSTEM: COTV
1.5C CONTROL NON/A DRAWINGREF DESIGNATOR: 3278850 SUBSYSTEM.
ZONE/LOCATION: N/A EFFECTIVITY/AFFECT 5TAGE:

parameiirs was set to limd¢s that will drive the output to a masimam (or min). A componcnt approach review and analysis
was conducted to verify that the applied stress on each piece part by the teaperanire extremes identified with eovironmental
qualificativn testing does ant exceed the stress derating values [dentilied in GE 3267759,

Tn addition, an objective examination of the design way performed through s Preliminary Design Review and Critical Design
Beview 1o verify that the CTVC met specification aod coateaciual requiremeants.

BARE BOARD DESTCN

A1l baards are constructed from laminaced copper-clad epoxy ylass sheris per MEL-P-1394% Type G Grade A. Circait
connections are made throwgh printed traces which run from point to point on the board surfaces. Every trace terminates at
an annular ring. The anaular ring surrounds the hole in which a component lead or 1erminal is located. This ring provides a
footing for the solder, ensuring pood mechaniczl and electrical performance. Is size and shape are governed by MIE-P-
55640 as are trace widihs, spacing and routlng These requirements are reiteruted specifically in drawing notes to further
gssute compliance. ¥amiation between the artwork master and the final prodoct (due to irregularitics of the etching precess)
are alse cooirolled by drawing noter. This prevents making dedective boavds from 2ood artwork, Holes which house no lead
or terminal, but serve oaly to electrically laterconnect the differeat board lavers, contain stitch bars for mechagical support
and increased reliability.

The through holes are drilied fron: a drill tape thug eliminating the passibility of human error aed allowing tight control over
4e and annular ring cencentocity, an important relability criterion. After drilling and etching, all copper claidding is tin-
+d plated per MLL-STE-1495, This provides for easy and reliable soldering o1 the time of board assembly. even after

periagds of prolonped storape.

BOARD AXSEMEBLY DESIGN -

ANl companénts are installed in 2 manner which assures maximum reliability. Componént leads are pre-tinned, allowing
total wetding of solder joints. Al Jcads are formed to provide syress relied and the bodies of large components are staked.
Special mpunting and handing instructivos wre jochoded in cach drawing cequired afler Ninal assembly. The board 15 coared
wilth urethame which protects against humidity and contamination,

(B) TEST: ACCEPTANCE
Each assembly is individually 1ested to a NASA approved Acceptance Test Procedure TE-AT-32788%). 'The Acceptance Test
Flow iz detailed in Table 1.

QUALTETCATION TEST

The gualification unit iz identical to the flight unit configuration in every respect and is used selely for the purpose of
qualdication tesling. The Qual unif must succesyfully complete acceptance testing prigr to entering qualificative testing. The
Qual unit hies passed testing in accordance with NASA approved test plan PN-C-3278890. The Qualification Test Flow is
detailed in Tahle 2.

OPERATIONAL TESTS

In order o verify that CCTV components are opiratonal, a wst must veriy the bealth of all the comonand related
components from the PHS (ATAL} panel switch, through the ROV, threngh the s¥oc lines to the Camera/PTT, 1o the
Camera/PTU commiand decoder. The test must also verify the camera's ability to produce video, the VSO ability to rouie
video, and the mnnitor’s ahility to display video. A similar test would he perfarmed to verily dthe MDM command path.

Fre-Launch on D rbhiter Test/In-Flight Tegt
1. Power COTV gysiom,
1. Viaihe PHS panel, select a monitar.
. Eend “Camera Power On™ command
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

MEA NUMBER: 1,9.4.0 QRIGINATOR: YSCMM ASTRG PROJECT: GFE
FART NAME:CARGO BAY LRU/ORD PART NUMBER: 32788%0-506 QUANTITY! 1
FART NUMEBER: 32788%0-505 LRVORL PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:NfA DEAWENG/REF DESIGNATOR: 3278890 SUBSYSTENM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFELT STAGE:

from the PHS paocl
4.  Select “External S¥ne™ oo mpnitar,
5. Observe video displaved on monriter.
Npte that if video on manicor is syncheaniced {i. =, stablc raster)
then this indicates that tbe camera is
receiving compasite svoc from the RCU and
that the camera is praducing synehronized viden.
6. Send Pan, Tily, Facus, Zoom, ALL, and Gamma
commands aod visually (eithvr via the
menitor or direct observation) venfy opoeration,
7. Sglect downlink as destination and camera -
unifder a8t 48 SOLFCS.
¥, Observe video routed io downlink
A, Send *Camera Power O command via FRS panel.
10. Repeat Steps 3 through 9 except istue
commands via the MDM command path.

T TNSPECTION:
acurement Contrel - The TV EEE Parts and hardware ftems are procured from approved yeodors and supplisrs,

which meet the requirements set forth in the CTVC contract. Resident DPR( personnel review all procurement decuments
to cstablish the need for G8T on selected parts (PAT S17).

Incoming Imspection and Storape - Incoming Quality inspections are made on all receivel materials and parts, Results are
reenrded by lot and retained i file by deawing and control sumbers for future reference and tesceahility. All EXE paris are
subjected to incoming aceeptance tests as called for in PAL 315 - Incoming Inspection Test Instructions. Incoming flight parts
are fartber processed in accordance with GE 1846684 - Preconditioning and Acceptance Requirementy for Electenoic Parts,
with the exception thal DPA and PIND testing is net performed. Mechanical items are inspected j:er FAIL 516 - Incoming
Inspection Instructions for Mechanical iteras, PAT 305 - Incoming Chealiey Control Inspectioh Instruction, and PAT 612 -
Frocedure for Processing incoming or Furchased Farts Desiznated for Flight Use. Accepred items are delivered to Material
Controlled Stores and retained onder specified conditiony until fabricating is regquired. Noo-conforming materialy are held
for Miaterial Review Board (MEE) disposition. (PAL-337, FALIQC-331)

Board Aszembly & Test - Prioe to the start of TV board assembly, all items are verified o be corvect by steck room
personnel , as the ltems are accumulated to form a kit, The items are verified ngain by the operator who assembles the kit by
checking against the as-built-parts-list {ABPL), TPRO Mandatory Ingpection Pointg are designed foe all priated eiveuit, wire
wrap and welded wire boards, pluz harmess connectors for soldering wiring, crimping, solder splices and gualiey
workmanship prior to coating of the component side of boards and slezving of harnesses.

CTVC Enards
Specific CTYC board assembly and test insrructions are provided in drawing nptes, and applicable decaments are called oot
in the Fabrication Frocedure and Record (FPR-3278390) and pars lint PL3278820. These inclulde Process Standard RTV-
566 1250851, Frocess Standard - Bonding Veloro Tape225058Y, Specification3oldering 228074Y, - Specificadon Crimping
2280800, Specification - Bonding and Steking 2230878, Specification - Marking 2280576, Specification - Workmanship
30035 Specification Bonding and S1aking 2IRNB7TS, specilicatinn-Wave Solder 2280821, Specification-Printed Wire Baard
.aking 2280851, Specification-Reflow Soldering 2380754, Specification-Soldering Surface Mount Componcers 20805710, .

CTVC Asscmbly and Test
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMBER:- 1.2.4.0 ORIGINATOGR: JRC/MM ASTRO FROJECT: GFE
FART NAME; CARGO BAY LRU/ORU PART NUMBER: 3178200-306 QUANTITY: 1
PAET NUMBER: 1275850-504 LBRIVORU PART NAME: CTVC SYSTEM: CCTY
1.5C CONTROL NO:N/A DRAWING/REF DESEGNATOR: 3273590 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

An open hox test is performed per TP-IT-3278890 and an Acceptance Test per TP-AT-3272890, including vibration and
thermal vacuum, Torgue's arc specified and witnessed, traceability oumbers ave recorded and calibrated tooly are checked
priee 12 use. GE Quality and DPRO inspecticns are performed a the completicn of spacified FPR operalions in accordance
with PAL-204, PAI-X05, 2nd PAT-217. DPRO personnel witness CTVC button-up and eritical turquing.

The CTVC is packaged according to COTV Letter 8011 and 2286744, Prucess Standard for Fackaging and Handling
zuidelines. All related documentation incleding assembly drawings, Parts List, ABPL, Test Dratu, ewcC., is gathered and held
in @ documcntation folder sssigned specifically to cach assembly. This folder ix retained Tor reference. An EIDT 15 prepared
for each ascembly in accordamee with the requirements of W3-2593176. GE QC and IPRQ personnel witness cratiog,
packaging, packing, and marking, and review the EXDP fur completeness and accuracy.

TABLE 1. ACCEFTANCE TEST FLOW
1. ROOM AMBIENT FERFORMANCE TEST

Test conducted per the requirements of NASA
approved TE-AT-3273820,

1. ACCEPTANCE VIBEATION EXPOSTIRE

20-50 He: 3 db/octase rise from 0.01 g2/ z 40 (.04 gifHz
§0-350 Hz:0.04 £2/h>

350-2000 Hz: 3 dB octave decrease to 0006 p2fHz

Tegt Duradion: 1 minute/axis, oparating

Tesi Level: 6.1 foms

3. POST-  FUNCTIONAL CHECK
Test conducted per the requircments of NASA
approved TP-AT-3278550,

4, ACCEPTANCE THERMAL VACTTM EXTOSIURE
LS cveles total from +115 dep F 1o +14 deg F.

After stabilization, one hour minimum duratio
Ac each platcau. In-gpec funcrional tests performed al
cach plateau.

5 POST-ENVIRONMENTAL PERFOBMANCE TEST
ERoom ambient performance tests eondocied in

accardance with NASA approved TP-AT-32788%0.

TABLE 1. QUALIFICATION TEST FLOW

1. EMT
Conduct tests run is accerdance with the reyuirements of
SL-E-0002B, including C$01, 502, £S04, TT01, CECL, and CEC3.
Radiated tesis run in  aceardance with SL-E0001B including RE02, RE03,
and REN2 except that the test curreat for RE02 was 2 amps in liew of 20 amps.

. DUAL FOR ACCEPTANCE VIRRATION
20-80 Hz: 3dbfoctnve increasing vo 0.067 g2/Hz
E0-350 Hz2: 0067 octarve
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NUMBER: 1.9.0.0 ORIGTNATOR: JSC/MM ASTRO PROJECT: GFE

PART NAME:CARGO BAY LRU/ORYT PART NUMEER: 32718%90-504 QUANTITY: 1
PART NUMBER: J27589(-506 LRU/QRT PART NAME: CTVLC SYSTEM: CCTY
LECCONTROL NOsN/A - DRAWIN G/REF DESTGNATOR:3278330 SUBEYETEM:
FONEAOQOCATION:NA EFFECTIVITY/AFFECT ETAGE:

350-1000 Hz: 3dbfoctave decrcase
Test Level: 7.5 grms
Test Duration: 5 minutes/axis operating

FLIGHT QUALITICATION VIERATION
10-70 Hz: § dBfoctave increasing tv 0.4 g2z

TO-5(0 Hz: 1.4 g2'Hz
s-2000 Hz: Sdbiortave decrease
~ Test Level: 18.1 grms
Test duratien 48 minutesfaxis pon-sperating

ek

4. THERMAL-VACTITIM
7.5 eyeles total from +130 deg F to +9 deg F.
After stabilization, one bour minimuim daration at each plateau,
In-spec functionsl 1csts performed at sach plareaw.

5. THERMAL 51" & TTOW
Worst case hot and cold missicn environments
simaulated in vecuun:. During het case, in-spec
operation iy required fur 6 of 14 conseoutive hours.
Ihuring cold case, in-spce operaticn is required for
14 consecutive bours.

& _HIMIDITY
120 bours exposure to ¥5% RH including four X4
howr tem perature ¢xveles of 00 deg F to +115 deg
F, non-gperating,

DY FAILURF HIRTORY:
MNone.

(E} DPERATIONAL USE:
Loss of viden, Passible Wom of major mission objectives due io lvss of RM5 cameras
ur ther requiréd cameras. :

(F1 MATNTAINABILITY:

FREPAREPD BY:Berie Embrey REVISION:

DATE: February 17, 1995 WwAIVER NUMEER
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