LLE. J3av’t

FAILURE MODE EFFECTS ANALYSIS/CRITICAL TTEMS LIST

. "MEA NUMRER: 3.12.1 ORIGINATOR: JSCMM ASTRO PROJECT: GFE
PART NAME: ELBOW STACK LEY/ORU PART NUMBER: 3278890-506 OUANTITY: 1
PART NUMEBER: 3178800-306 LRU/ORT PART NAME: CTVC SYSTEM: CCTY
LSC CONTROL NON/A DRAWING/REF DESIGNATOR: 32175890 SUBSYSTEM:
TONEMLOCATION /A EFFECTIVITY/AFFECT STAGE:

CRITICALITY:

CRITICAL TTEM?:__Yes SUCCESS PATHS:
CRITICALITY CATEGORY: 22 SUCCESS PATH REMAINING:
END ITEM NAME:

END ITEM FUNCTIONAL:
END ITEM CAPAEILITY:

ERD ITEM FAILURE TOLERANCE:

REDUSDANCY SCREENS: (ORBITER/SPACE STATTON)

A - Pasg
B - Pass
C - Pait
I -

FUNCTION: Cannat control focus, zoom, or iris.
. Wirst Case: Loss of mossion exitical video.

FATLURE MODE CODE:

FAILURE MODE: Lene motion function of zoom, focus and irls do not
respand 1o commands. (Electrical Eailure}

CATISE:

Al Powe Supply

A4 Com DecTel Enc
Tens Al Stepper Dre
AS TCVCXO02H

a6 HGEB Prc

FAILURE DETECTION:

REMAINING PATHG:

EFFECT/ MISSION PHASE:
CORRECTIVE ACTION:

Mnne

FATLTRE EFFECT3-
FRD ITEAM/LEL/ORU/ASSEMEBLY  Loss ol camera output,
SUBSYSTEM/NEXT ASSEMBLYANTERFACE: No video
SYSTEM/END ITEM/MISSTON: Loss of mission eritical video

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

"MEA NITMBEHR: 3.12.1 ORICINATOR: JSC/MM ASTRO FROJECT: GFE
PART NAME: ELEOW STACK LEIVORT PART NUMBER: 327880])-506 QUANTITY: 1
PART NUMBER: 32175890504 LRU/DRU PART NAME: CIVC EYSTEM: CCTV
LEC CONTROL NO:N/A, DRAWINGREF DESIGNATGR: 3273850 SUBSYSTEM:
FONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

HAZARD INFORMATION:
HAZARD: YES__ NOX__
HAZARD ORGANIZATION CODE:

HAZART NUMERER:

TIME TO EFFECT:

TIME TO DETECT

TIME TO COREECT:

FAILLURE DETECTION/FLIGHT

EEMARKS:

-RATIONALE FOR ACCEFIABILITY-

(A) DESEGN: .
The CIVC is comprised of 21 electrica! subatsemblies; 15 subassernblles are GE Axtro Space desipned and Tabricated wsiny
standard pricted circuit board type construction, The remaining zix asscmblics, 3 stepper motors, 1 brushless metar,

Prism/CCD, and Lens assembly are vendor supplics componenis, which have been specified and purchased according to GE
Spceification Control Drawing (SCDs) prepared by Fogineering and Product Assurance Specifications per the SCD are
performance. test, qualification, and acceptance cequirements for a procored picce of equipment Parts, matetials, processes,

and design guidelines for the CTVC program are specified in accordance with GE 3267732, Tbls docoment defineg the

PrRErim requirenienis .

ME-STD-2756 will serve us the primary EEE parts selection document. If a suitable part canoot be Found in MIL-STD-
0750, equivalent EEE paste that meet the following eriteria may be substituted.

Microcircuit 5 are at lease Class B Level, MIL-M-38510 deviees, All microcireuits are subjected to Particie Impact Nolse
Detestion (PTND) testing per MIL-STD-883C (except for devices with plastic epoxy-t3pe packape). .

THodes and trangistors are at least JANTXYV in accordanee with MIL-5-19500. Al semi-conductors in caviiy-type packages
are subjected (o PIND testing per MIL-STD-B53C, Kelays are procured to the bighest military estahlished reliahilicy (MTL-
ER-} level as defingd in MEIL-E-3%016. Relavs are suhject to FIND testing.

Switches are procurced (o at lease the second highest level of the appropriate MIL-ER specificatinn. Switches are suhjecied to
either PIND festing or X-ray analysis as appropriate, for particle detection.

Other discrete parts are procured to at leas the s¢écond highest level of the appropriate MEIL-ER specification.
Parts noat included in the above documents Bave been used in the design only after a non-standard parts acecptance reguest

{NSFAR) hag been prepared, submitted dp Beliability Assurance Engineering and approved for use in the specific
application(s) deflined in the NSPAR by NASA-JSC. ' .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL TTEMS LIST

“MEANUMBER: 3.12.1 ORIGINATOE: JSC/MM ASTRO FROJECT: FE
PART NaME: ELBOW STACK LRU/QRU PART NUMBER: 3273800-500 QUANTITY: 1
PART NUMBER: 32785%0-504 LRU/ORU PART MAME: CTVC SYSTEM: CCTV
L5C CONTROL KO:NfA DRAWING/REF DESIGNATOR:32TERM) SUBSYSTEM:
LZORELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

Worst case circuit analyses have heen performed and documented for ail ciccuit designs to demonstrate that sufficient
gperating margins exist Tar all operating conditions. The analysis was worsi case in that the value for each of the varizble
parameters was set to limits that will drive the putput fo 2 maLien win {or min). A component approach review and analysis
was conducted to verify that the applied stress on cach piece part by the temperatore extremes identified with emviropmental
qualification testing does not exceed the stress derating vaiues identified in GE 3167758,

In addition, &m abiactive examination of the design was performed through a Preliminary Desiyn Keview and Critical Desizo
Eeview 10 verify that the CTVC met specification and contractual requitements.

BARE BOARD DESIGN

All boards are consirected frum laminated copper-clad epoxy glass sheets per MIL-P-12943 Type & Grade A, Circuit
connections are made theough printed traces which run from peint 10 peant on the board surfaces. Every trace terminates at
an annular riog. The annular ring surrounds the hole in which a component lead or terminal is Jocated. This ring provides 2
{uoting for the sulder, ensuring good mechanical and clectrical performance, Ity size and shape are governed by MIL-F-
55640 as are trace widths, spacing and routing. Thess requirements are reiterated specifically in drawing notes ta further
assurc compliance. Yarigtion between the artwork master and the final product (due ta irregularities of the etching process)
are also conirolled by druwing notes. This prevents making defective boards from good artwork. Holes which house s Jead
or terminal, but serve ooly 1o electrically interconnect the difierent board layery, contain stitch bars for mechanical support
and increased reliability.

The through hales are drilled from a drill vape thus eliminating the possibility of human error and allowing tight coptrol over
hole and annular ring concentricity, an important celiability eriterion. After drilling and eiching, all copper ¢ladding is tin-
lead plated per MIL-STD-1495. This provides for easy and reliable spldering ar the time of board azsemily, even after
periods of prolonged sTOrage

BOARD ASSEMEBLY DESIGN

All componcnts are installed in a manoer which assures maximum reliability. Cemponent Jeads are pre-tinned, zllowing
total wetting of solder jeimts. All leads are formed 1o pravide steess veliel and the bodiea of large COMPODEDLS aTE staked.
Specind mownting and handing instroctions are included in each drawing required afier final assembly. The board is coated
with urcthanc which protects against humidity and contamiration,

(B} TEET: ACCEPTANCE

Each asgembly is individoally tested 1o 5 MASA approved Acceptance Tesd Procedure TP-AT-3278320. The Actceptance Test
Flow is detalled ia Table 1.

OUALTFICATION TEST

The gualification unit is identical to the flight unit configuration io cvery respect and §s used soliely Tor the purpose of
gualilication testing. The Qual unit must successfully complete acceptance testing prior 10 entering qualification testing. The
Oual urit has passed testing in accordance with NAS A approved test plan PN-C-32788%0, The Qualification Test Flow is
detailed in Table 2.

DPERATIONAL TEETS

In oeder to verify that CCTV tomponent: are cperational, a test must verify the bealth of all the command related
components from the PHS (A7A1) panel switch, through the RCU, throuzh the syne lines to the Camera/FTT, o the
Camera/FTU command devoder. The test muosl also verify the camera’s ability to produce video, the V51Ps ability to route
videa, and the monitoe’s ahility to display vided, A similar tact woold be performed vo verify the MDM command path.,

Pre-Laonch on Oirhiter TestTn-Flight Tesl
1.  Fawer CCTV Srsiem.
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UE Cor't

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMBER: 1121 ORICINATOR: JSC/MA ASTRO FROJECT: GFE
PART NAME: ELBOW STACK LRIVORLU PART KUMBER: 3178590-50& QUANTITY: 1
FPART NUMBER; 32758%0-504 LEU/GRL PART KAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWINGCTREF DESIGNATOR: 3278RS] SUBSYSTEM:
LONELOCATIONN/A EFFECTIVITY/AFFECT STAGE:

2.  ¥ia the PHS pancl, select a monitor.
i Scod “Cemera Power On™ command from the

the FHS panel.
4, Select “External Syne™ on monitor.
A Crhserve video displayed on monitor.

Note that 3 video on moniter is synchronized
{i.c., stable raster).
G. Send Fan, Till, Fooug, Loem, ALC, end Gamma
comaands and visually (either via the
ruonitsr or direct ebservalion) verily
gperation,
s Select downlink as destination and
camera under tesl 4% SDOTCE.
- Orhserve video routed o downlink.
9. Send “Camera Power O™ command via PHE penel.
10. Repeat Steps 3 through D except issue
tommand via the MDM command path.

{C) INSPECTION:

Procurerent Contrpl - The CTVC EEE Parts a0d havdware items are procured from approved vendors and suppliers,
which meet the requirements set forth in the CTVC cuniract Resident DPRD personnel review alf procureméent documenis

to establish the need far GXI on selected paris {PAT 517} ' .

Incoming Ingpection and Storage - Incoming Quality inspections are made on ail received materials and paris. Resuits are
recorded by lot and retained i file by drawing and control numbers for future refereace and iraceability. ANl EEE paris are
subjected to incoming accentance tests as called for in PAT 335 - Tnoeming Iuspection Test Instructions Incoming fLght parts
are further processed in accordance with GE 1546684 - Precoaditioning and Acceptance Requiremenis for Electronic Parts,
with the cxeeplion that PFA and PIND testing is oot perfermed. Mechanical itema are inspected per PAT 316 - Incoming
Inspection Instructions for Mechanical itcms, PAJ 303 - Incoming Quality Control Inspection Instruction, and PAT §12 -
Procedure for Processing incorming of Purchased Parts Designatedd for Flight Use. Accepied items are delivered to Material
Controfled Stures und retained under specified conditions until fabrication is required. Norn-confarming materials arc held
fnr Material Review Board (MREB) disposition. (PAL-307, PATIQC-531)

Buard Assembly & Test - Prior 1o the start of TVC hoard nssembly, all itemes are ve rificd ta he correct by stock room
personnel , as the items are accumulated (o for a kit The items are venificd again by the sperator who askembics the Kit by
checking azainst the as-built-parts-list (ABPL). DPRO Mardatory Ingpecilon Polots are designed Tor sl printed circuil, wice
wrap and welded wire boards, plus harness conneetors Tor soldering wiring, crimping, solder splices and guality
workmanship prior to coating of the component side of baards and sleeving of harmesses.

CTVC Boards

Specific CTVC hoard asembly and vest instructions are provided in drawing nofes, and applicable documents are called aut
in the Fabrication Procedure and Record (FPR-3178890) and parts list PL3278890. These include Process Standard RTV-
%56 2220581, Process Standard - Banding Yelero Tape 2280852, Specification Soldering-Specification Crimping 2280800,
Specification - Fonding and Staking 2220878, Specilication - Marking 2280876 Specification - Workmanship 8030035,
Specification Bonding and Staking 2280875, specification-Wave Solder 2230821, Specification-Frinted Wire Board Staking
22/0851, Specification-Reflow Soldering 2280754, Specification-Solderng Surface Mount Components 20005710,

CTvC Assembly und Test .
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WS Gavt

FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

*MEA NUMBER: 3.11.1 DRIGINATOR: JSC/MM ASTRO PROJECT: GFE
FART NAME: ELBOW 5TACK LRU/QRT FART NUMBER: J178%20-504 QUANTITY: 1
FART NUMBER: 3273% %0-30G LRIVORIIPART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:N{A BRAWING/REF DESLGNATOR:32TEEM0 SUBSYSTEM:
ZONETCGCATION:NIA EFFECTIVITY/AFFECT STAGE:

An open box test is performed per TP-IT-3276390 and an Accepiance Test per TP-AT-3278830, includiog vibration and
thermnal vacuum  Torgue's arc specified and witnessed, traceability pumbers are recorded and calibrated tools are checked
prnr 1o use. GE Quality and DFRO inspections are performed a the completion of specificd FER operations in accordance
with PAL-204, PAI-205, and PAT-2)7, TFRO personnel witness CTVC butios-up and critical torquing

The CTVC is packaged according ta CCTY Letter 8011 and 2380746, Process Slandard for Packaging and Handling
guidelines All related documentation including assembly drawings, Parts List, ABPL, Test Data, ste, is gathered and held
in a documentation folder assigned specifically i cach assembly. This folder is retained for reference. An EIDF is prepared
for each assembly in accordance with the reguirements of WE-2595174, GE QO and IR0 persopnel wilness erating,

. packaging, packing, azd marking, and review the EINP for completeness angd acenracy.

TABLE 1, ACCEFTANCE TEST FLOW

1. R T PERFORMANCE TEST
Tust conduceed per the requiremenis of NASA
approved TE-AT-32788%).

1. ACCEPTANCE YIBRATION EXPOSURE
24-80 Hz: 3 db/octave rise from 0.01 z2/Hz to 0.04 2/ Hz
B()-350 Hz: g.p4 plhl
350-2000 Hz: 3 dB sctave decreased to (L0H0G gl/Hz
Test Dorationt 1 mwinutefaxie, opersting
Test Level; 5.1 orms

3. POST-VIBRATION FUN 1 K
Test conducied per the reguirements of NASA
approved TP-AT-327T8E00,

4 ACCEFTANCE TRERMAL-VACUIM EXFOSTURE
1.5 cyeles total Trom +115 deg F 1o +14 deg F.
After stabilization, one bour minimum duration
al vach plateau, To-spec functinnal tests peeformed at
each plateau.

5 FOST-ENVTRONMENTAL PERFORMANCE TEST
Roorn ambient performance taets eonducted in
accordance with NASA approved TP-AT-327R500,

TAWLE 2. QUALIFICATION TEST FLOW

1 EMI
Condoct 16585 runo in acenrdance with the requirements of
SL-E-G0G2E, including TS0L, U802, L8046, TTU1, CEAL, and CEQ3,
Hadiated tests run in accqrdance with SL-EMO2R including RS02, BE0E,
and REAL cacepl thal the test cuerent Tor REDY was 2 amps in licu of 20 amps,

p 3 AL FOR ACCFPTANCE VIEHATION
20-80 Fi: - 3dlociave incressing 1o 0067 ¢2/Hr
B0-350 Hr: 0.06T/pctave
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NUMEER: 3.12.1 QRIGINATOR: JSCMM ASTRO PROJECT: GFE
FART NAME: ELBOW 5TACK LET/ORU PART NUMBER: 3278830306 QUANTITY: 1
PART NUMBER: 3278890-504 LARTMORU PART NAME: CTVC SYSTEM; CCTV
L3C CONTROL NO:N/A DRAWLNG/REF DEFIGNATOR: 3178590 SUBSYSTEM:
ZONEMLOQCATIONNIA EFFECTIVITY/AFFELT STAGE:

330-2000 Hz: 3db/nctave decrease
Test Level: 7.5 grms
Test Duration: 5 minotesiasis operating

X FLIGHT QUALIFICATION VIERATION
20-T0 Hz: 8 dB/ocrave increasing wo 0.4 F2fHz
TO-500 Hz: (.4 g2/Hz
S00-2000 Hz: Sdbloctave decrease
Test Lesel: 1A grms
Test duration 48 minures/azis noo-pperating

§. THERMAL-VACTUTL™
7.5 cyeles total from +130 deg F to +2 deg F.
After stabilization, one hour minimum durstion at cach plateaa.
In-gpec functional lests performed at each platesi.

5 THERMAL SIMULATION
Waorst case hot and cold miszsion environments
simulated in vacoum Durcing hot case, in-spec
nperation 35 required Tor 6 of 14 consecutive hours,
During cold case, in-spec oporation 5 required for
14 canscowtive hours

6. _DUMIDITY
120 hours taposure to 85% RH including four 24

hour temperature cycles of +6l deg F fo #1315 deg
F. non-sperating.

(DY FAILT'RE HISTORY:
None

{E) OPERATIONAL USE:
Video unusabie. Possible loss of major mission objectives if RMS elhow camers is required.

(F) BIAINTAINABILITY:

PREFARED BY: Bernie Embrey REVISION:

DATE: February 17, 1995 WAIVER NUMEER
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