U3 Gov't

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “"MEA NUMBER: 1.11.4 - QRIGINATOR: JSC/MM ASTRO PROTECT: GFE
PAERT NAME: CARGO BAY LRIU/ORD FART NUMEBER: 32788900046 QUANIITY: 1
PART NUMBER: 32TER90-504 LRIVORD PART NAME: CTVC SYSTEM: CCTY
L5C CONTROL NO:N/A DRAWING/REF DESIEGNATOR:32788M) SUBSYSTEM:

- ZOKELOCATION:N/A EFFECTEVITY/AFFECT STAGE:;
CRITICALITY:
CRITICAL TTEM?:_ Yes SUCCESS PATHS:
CRITICALITY CATEGORY:_ 172 SUCCESS PATH REMAINING:
END 1TEM NAME:
ENDITEM FUNCTIIONAL:
END ITEM CAPABILITY:

END TTEM FATLURE TOLERANCE:

REDTNDANCY SCREENS: (OGRBITER/SPACE STATION

- Pass
- Pass
Fass

=N R--R+J
1

TINCTION: (1) Mo lens rmotion, i, foeus, zoom, or s,
. rCont change gamma, maoual gaie, ALC, color balance,
or shutter operation.
Worst Cate: Lotk of mission eritical video.

FAILVRE MODE CODE:

FATLURE MODE: CTVC does not respond $0 any command via the
A7 panel, the upliok, or the manval switches.

CAUSE:

Al Power Supply

44 Com DecfTel Enc,
ASTCVCXNZH

At RBG proc

FATLURE DETECTION:
EEMATINING PATHS:
EFFECT! MISSION FHASE:

CORRECTIVE ACTION:
Mane
-FAILURE EFFECTS-
END ITEM/LRU/GRU/ASSEMELY: Loss nd camera gutpul
SUBSYSTEM/NEXT ASSEMELY/INTERFACE: Ny videg,
. FSTEMYEND ITEM/MISSION: Lpss of mission critical video.

CREW/VEHICLE * None
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NUMEBER; 1,111 ORIGINATOR: JEC/MM ASTRO PROJECT: GFE
PART NAME: CARGO BAY LRT/ORU PART NUMBER,: 3278890-506 QUANTITY: 1
PART NUMBER: 5I1T8RHM-S0G LEUORT PART NAME: CTVC SYETEM: CCTV
L5C CONTROL RO:N/A DEAWINGREF DESIGNATOR: 3278290 SUBSYSTEM:
ZONELQOCATION: N A& EFFECTIVITY/AFFECT STAGE:

HAZARD INFORMATION:

HAZARD: YES _ NO.X_
HAZARD QRGANIZATION CODE:

HAZARD NUMBER:

TIME TO EFFECT:

TIME T DETECT

TME TO CORRECT:

FAILTRE DETECTION/FLIGET:

REMARKS;

-RATIGKALE FOR ACCEPTAEILITY- I

{A) DESIGN: .

The CTVC is comprised of 21 electrical subassemblics; 15 subsssemblies are GE Astru Space desigoed and febricated using
siandard prioted circuit board type construction. The remaining six asscmiblics, 3 stepper motors, b brushless mor,
Prism/CCD, and Lens assembly are vendor supplies components, which have been specified and purchased according (o GE
$pecification Cuntrol Drawing (SCDs) prepared by Enginecring and Product Assurance. Specifications per the SCD are
performance, test, qualification, 26d acceptance reguircments for a procured piece of equipment Paris, materials, processes,
and design guidelines for the CTVC program are specified in accordance with GE 3267759, This document defines the
Prugram requirements.

MESTD-975G will serve as the primary EEE parts selection document. If a suital)e part cannet be found in MI-8TD-
975G, equivalent EEE parts that meet the fullowing criteria mav be yubstilted. )

Microcircuit s are at least class B Tevel, MIL-M38510 devices. All microeireuits are subjected to Farticle Impact Noise
Detection (FIND)} testing por MIL-STD-E83C {except for devices with plastic epoxy-type package).

Disdes and transisters are al least TANTXV in accordance with MTL-5-19500. All semi-conductors in cavity-1ype packages
are subjected to PIND testing per MIL-STI-8R83C. Relays are procured 1o the highest militiry cstablished reliability (MIL-
ER) level as defined in MIL-R-39016. Reluys are subject to PIND testing.

Switches are procured 1o a1 lease the sacond hichest level of Lhe appropriate MIL-ER specification. Switches are subjected to
either PINT} 1esting ar X-ray analysis ag appropriate, for particle detection.

Other discrete parts are procared 1o at least the second bighest level of the apprepriate MIL-ER specification.
Jrts not included in the above documents have been used in the design oaly after a non-standard parts acceptance request

(NSPAR) bas been prepared, submicted to Reilability Assurance Engineering and approved for use in the specific
zgplication(s) defined in the NEPAR by NASA-JSC.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. VEA NUMRBRER: 1.11.0 ORIGTNATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: CARGO BAY LRU/ORU PART NUMBER: 3278590-506 QUANTITY: 1
FART NITMEER: 3278500-506 LRL/ORU PART KAME: CTV( SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF PESIGKATOR-327R890 SURSYSTEM:
ZOKELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

Worst case circuit analyses have been performed and documented Tor all ivguit designs to demonstrate that sufficient
gperating margins exist for all operating conditions. The analysis was worst case in that the value Jor each of the variable
parameters was set to limits that will drive che outpurt to 2 maximum (or min), A camponeat approach review und analyyis
was conducted to verify that the applied fress op each piece part by the temperature extremes identificd with environmental
quatification festing does nof exceetl the stress derating values identified in GE 3267750,

In additisn, an objective examination of the design wag performed through a Freliminary Design Review and Critical Design
Eeview to verify that the CTVC met specification and cont ractual requirements

EARE BOARD DESIGH
Al hoards are constructed from laminated copper-clad epoxy plass sheets per MIL-P-13943 Tipe & Grade A. Ciroult
connectinng are made throagh printed traces which cun Trom poiol e point o6 the board surTaces. Every trace ieimloates gL
an annular ring. The annolar ring surronods the hole io which a compenent lead or tczminal i3 located. Thix ring provides a
feeting for the solder, ersuring zood mechamical and electrical perfurmance. s siee and shape ace governed hy MIL-P-
55640 as are trace widths, spacing and routing. These requirements are reiterated specifically in drawing notes to furtber
assure compliaoce. Yariation betwecn the artwork master and the final product (due 1o irregularities of the ¢iching process)
arg alsy contrglled by drawing notes. This prevends making defective boards from good artwark, Hales which house no lead
or terminal, but gerve anly to electrically interconnect the different board layers, confain stih kars for mechapical support
d jncreased reliability.

. The thegegh holes are drilled from a drill tape thus eliminating the possibility of haman error and allowing tight control over
hole and annular ring concentricity, an important reliability criterion. Afrer drilling and erching, alf copper cladding is tin-
irad plated per MIL-5TD=-1495. This pmvides for easy and relizhle solderiog at the time nf board agsembly, even after
peciods of prolonged storase.

BOARD ASSEMBLY DESIGN

All ciomponents are installed in 3 manner which assures maximum reliahility, Component leads are pre-tinned. allowing
wial wedting of selder joints. All leads are Tormed o provide sicess relick and the Bodics of largs eomponents are slaked.
Special mounting and handiog instruciions are included in each drawing required after final assembly. The board is coated
with urethane which protecty apainst humidity and contamipation,

(B} TEST; ACCEFTANCE

Each agsembly is individaally tested to @ NASA approved Acceptance Test Procedure TP-AT-32788%). The Acceptance Test
Flow is detailed in Table 1.

QUALIFICATION TEST
The gualificacion unic is identical to the flight unit configuration in every respect and 15 uged solely for the purpose af
qualification testing. The Qual unit must successfully complete arccprance testing prinr o eaterinp qualification testing, The

Chual unit has passed testing in accordance with NASA approved test plan PIN-C-3278590. The Qualification Tese Flow s
detailed in Tahle 2.

OPFERATIONAL TESTS
In aeder be verify that CCTV components are operational, a test must verify the bealth of all the commend related
~omponents from the PHS (A7A1) panel switeh. threugh the ROV, (hrough the syoc liney 19 the Camera/PTU, to the
imera/FTU command decoder. The test must also verify the camera’s ability to produce vigeo, the VEU*s ability to rovic
. .deo, and the monilor's ability 1o display video, A similar tese would be pesformad to verify the MDM command path.

Pre.;Launch an Qhrhitey Test/In-Flight Tese
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FAILURE MODE EFFECfSJ_ANALYSISFCRITICALIITEMS LIST

YEA NUMBER: 1.11.0 ORIGINATOR: JECMM ASTRO PROJECT: GFE
PART NAME: CARGO BAY LEUCARL PART NITMEBER: 31T5800-504 QUANTITY: 1
PART NUMBEBER: 3273840-506 LRUDRT PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWINCG/REF DESIGNATOR: 32 7RR90 SBSYSTEM:
ZONE/LDCATION:N/A EFFECTIVITY/AFFECT STAGE:

1.  Fower CCTY system.
2. Viathe PHS panoel, select 2 monitor.
3, Send “Camcrg Power Co™ command
from the PHS paoel.
4,  Select “Eiternal Syoc™ on monitor.
5.  Observe video displayed oo menitor.
Note that if video on monityr is sy achronized (i.e., stable raster)
then this indicater that tha camera {3
receih ing composite sync from the RCT and
that the camera is producinyg synchronized viden.
6. Send Pan, Tilt, Fucus, Zoom, ALC, and Gamma
commands and visually (either via the
moniloe o diceet ehservatlon) verify operatinn.
7.  Select downlink as destination and camcra
uwnder test as aource
&  Ohserve video rowted to downlink.
o Send “iCamera Power Q4T command via PHS papel.
10. Reprat 5teps 3 through & cxcept izsue
commands via the MDM command path,

Procurement Contrel - The CTVC EEE Parts and hardware ilems are profured from approved vendors and supplicrs,
which meet the requirements set forth in the CTVC eontract Resident DPRO personnel review all prucurcméent docaments
1o establish the need for G531 on scleeted parts (PATS1T).

4 INSPECTION: .

Incuming Iaspection and Storage - Incoming Quality invpeetions are made o all received materials and parts= Resulls arc
recorded by lot end retained in file by drawing and control numbers for future reference and traceahility. All EEE parts are
swhjected to incoming acceptance tests as called for in PAT 315 - Incoming Inspection Test Instrucilons. Locoming fight pans
are further prucessed in accordance with GE 1846684 - Preconditioning and Acceptance Reguirements fur Electronic Parts,
with the exception that PFA and PIND testing is not performed. Mechanical iems are inspecced per PAL 316 - Incomicg
Jaspection Instructions for Mechanical icems, PAT 305 - Incoming Quality Control Inspection Instruction, and PAT 612 -
Procedure for Processing incoming or Purchased Parts Designated for Flight Use. Accepted itemy are delivered o Material
Coarrolicd Stores and reiained under specified conditions untfl febrication is required. Non-conforming materials are beld
for Material Review Board (MRB) disposttion. (PAT-307, PATTOC-531)

Boarg Mssemblv & Test - Prior ta the start of TV board assembly, all items are verified o be correct by stock room
personngl . 88 the items are accumulated to form 2 kit. The ilems ore ve rified again by the operator who assemhles the kit by
checking against the as-built-parts-list (ABFL). DFRO Mandatery Inspection Points are desiyned for all printed circuit, wire
wrap and welded wire buards, plus harness connectors for soldering wiring, crimping, solder splices and guality
workmanship prior to coating of the component side of bnards and sleeving of harnesses.

CTVLC Boards
Specific CTVC hoard assembly and test instructions are provided in drawing notes, and applicable documents are called out
in the Fabrication Procedure and Fecord (FPR-3278820) and parts list PL3276290. These include Process Standard RTV-
%56 2280881, Frocess Standard - Bonding Velcro Tape 2280889, Spexification Seldering 2280749- Spacification Soldering
0748, Soldering Crimping 2280400, Specifivation - Banding and Staking 1220878, Specification - Marking FIRORTS,
_pecificaiton - Workmanship 8030135, Specification - Workmanship 8030035, Specification Ronding smi Staking 1281875,
specification-Wave Solder 2280821, Specification-Printed Wire Egard Staking 280851, Epeeification-Reflow Soldering
2280754, Specification-Soldering Surface Mount Components 20005710

COTVIETW, 40



1.E Gowvlil

FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “EA NUMEER: 1.11.0 ORIGINATOR: JSC/MM ASTRD PROJECT: GFE
FART NAME: CARGO BAY LEUARY PART NUMBER: 327889506 QUANTITY: |
FART NUMEER: 3278390-305 LRIVORU PART NAME: CTVC SYSTEM: CCTV
LEC CONTROL Ni:N/A DRAWING'REF DESIGNATOR: 31 TH3%) SUBSYSTEM.:
ZONE/LOCATION:NFA . EFFECLIVITY/AFFECT STAGE:

CTVL Agsembly and Test

An open box test is performed per TP-TT-32788%0 and an Acceptance Test per TE-AT-32TERD), including vibration and
thermal vaguum. Torgue's are specified and witnessed, traceabilicy oumbers are recorded and calibrated tools are checked
price to use. GE Quality and DPRO inspections &re performed a the corpleiion of specified FPR pperations in accordunce
with PAT-204, PAL- 205, and PAL-217, TPPRO personnel witness CTYC button-up and ¢ritical torguing,

The CTVL is packaged according 10 CCTY Lerter 8011 and 2280746, Process Standard for Packagiog and Handling
ruidelines. All related decumentation including azsembly drawiogs, Parts Lisi, ABPL, Test Datasgic., is gatbored and held in

+ & documentarion felder assigned specifically tv each asvermbly, This folder is retzined for reference An ETDP is prepared for

gach assembly in avcordance with the reguirensents of WS-2503175. GE QC and DPRO personnel witaess crating,

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

TABLE 1. ACCEFTANCE TEST FLOW

1. _ ROOM AMBIENT FERFORMANCE TEST

Test conducted per the requirements vf NASA
approved TP-AT-3ITH300,

ACCEFTANCE YIERATION EXFOLSURE
20-80 Hz: * dbsocrave rise from 0.01 g2/Hz 10 (.04 g2/Hz
80-350 Hz:0.04 g2/ Hz
350-2000 Hz: 3 4B octave decredsed to 0.006 g2/Hz
Test Duration: 1 mnute/axs, operating
Test Level: 6.1 grms

3. POST-VIBRRATION FLNCTIOMAL CHECK
Test copducted per the requirements of NARA
approved TP-AT-3275890,

4, ACCEFPTANCE TITERMATL-VACUTM EXTOSTHE
1.5 cycles wocal from +115 dep F 1o +14 dep F.
Afer stabilization, one hour minimum duration
at each plateaw. In-spec functional fests perfermed at
each platcau.

£ POST-ENVIROMMENTAL PERFORMANCE TEST
EKocm ambient performances tests conducted in
aveordance with NASA approved TP-AT-3278391),

TABLE 2. QUALTFICATION TEST FLOW

1. EMI
Conduct tests 1un in accordance with the requiremenis of
SL-E-O002E, including CS01, C502, CR06, TT0L, CEN, and CEO3.
Radiated tests run in - accordance with SL-EOH 2B iacluding R30L, RS0,

and REOZ except that the test currene for RS02 was 2 amps ba licu of 20 amps.

2. i ACCEPTANUE VIBRATION
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

EANTPTMBER: 1,110 ORICINATOR: JEC/MM ASTRO PROJECT: GFE
FART NAME: CARGO BAY LRUMORT PART NUMBER: 32T8RI0-5046 QUANTITY: 1
PART NUMBER: 327848%0-30¢ LRUJORU PART NAME: CTVC SYSTEM: CCTV
L3C CONTROL NO:N/A DRAWING/REF DESIGNATOR:32T8890 STBSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

20-50 Hz: 3dbjoctave increasiog 10 0.067 g2/z
A20-350 Hz: (L0467 ocaye

350-2000 He: 3dbfociave decrease

Tost Level: 7.8 grms

Test Ducatiyo: 5 minuteg'axis operating

3, FLIGHT QUALIFICATION VIBRATION
20-70 Hz: & dB/octave inceeasing to 0.4 p2/Hz

70-500 He: 0.4 g2 Hz

S00-2000 Hz: Gdhioctave derreuse

Test Lavel: 15.] prms

‘Test duration 4% minutes axis non-Operating

4. THERMAI -VACUNRIM
7.5 cycles woral frum <130 deg F to +9 deg F.

After stabilizerion, one hoar minimumn duration at cach platean,
In-spec fupnctional tests pecformed at each platean.

5. THERMAL STIMULATION
YWarst caze hot and cold mission environments
simulated in vacoum. During hot case, in-spec
vperation is required for 6 of 14 censecutive hoors,
Duriog cold case, in-spec operaton is requiced for
14 congecutive hours

6, HUMTDITY
120 hours exposure to 55% RH iocluding feour 24
hour temperature cyches of +60 deg Fto +125 deg
F, nno=0perating.

(0} FATLTTRE HISTORY:
None.

{F) OPERATIONAL USE:
Lozt of video. Possibie less of major mission ohjectives due to loss
of EMS cameras or sdher required cameras.

(F} MAINTAINABILITY:

PREPARED BY: Sernie Embrey BEYISLON:

DATE: Fehruary 17,1995 WAIVER NIIMBER
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