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FATLURE MODE EFFECTS ANALYSIS/CRITICAL 1ITEMS LIST

. FAMEA NUMEBER: 3.14.) ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: ELEOW 53TACK LEUVART PART NUMBER: 32TERM-50G QUANTITY: 1
PART NU'MEER: 3115880506 LEIMORIT PART NAME: CTVC SYSTEM: CCTV
LAC CONTRAL NO: N/ DRAWING/REF DESIGNATOR: 3278850 SURSYSTEM:
ZONELGCATIONNIA EFFECTIVITY/AFFECT 5TAGE:

TFL ITY:

CRITICAL ITEMY:_ Yeg SUCCESS PATHS:
CEITICATATY CATEGORY: 172 SUCCESS PATH REMAINING:
END TTEM NAME:

END ITEM FUNCTIONAL:
ENI ITEXM CAPABRILITY:

END ITEM FALLLURE TOLERANCE:

EEDUNDANKCY ECREENS: (ORBITER/SPACE STATION)

Pass
- Pass
Fass

=l =

i FUNCTION: Deyradation of camerd video until self heating ol circuilry
. restares nocmal opecation.,

Worst Casc: Optical elemeats below minimem wemperatore.

Loss of mission critical video,

FALLURE MODE CODE:

FATLURE MODE: Thermastat doss not chose or an open sirip heater.
CATSE:

Thermast at

Strip heater

FAILTIRE DETECTION:
REMAINING PATHS:
EXFECT! MISS10N PHASE:
CORRECTIVE ACTION: .
Nune
-FAILT/RE EFFECTS-
ENIN ITEM/LRUAGHU/ASSENM BLY: Lasgs of tamera output
SUBSYSTEM/NEXT ASSEMELY/INTERFACE: Wi viden
SYSTEMVEND ITEMMISRION: Toss of mission critical video

. CREW,VERICLE : None.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 2.14.] ORIGINATOR: JRCMM ASTRO FROJECT: GFE
PART NAME; ELEOW STACK LRG/ORU PART NUMBER: 3278820-505 QUANTITY: 1
FART NUMBER: 317T3890-504 LRUMORU PART NAME: CTYC SYSTEM: CCTV
L5C CONTROL NO:N/A DRAWING/REF DPESIGNATOR:IXTRRI0 SUBSYSTEM:
ZONE/LOCATION: N/A EFFECTIVITY/AFFECT STAGE:

HAZARD INFOQRMATION:
HAZARD: YES__ NO X__
HAZARD DRGANIZATION CODE:

HAZARD NUNBER:

TIME TO EFFECT:

TIME TO DETECT

YIME TO CORRECT:

FAIMLLURE DETECTION/FLICGET

REMARKS:

-RATIONALE FOR ACCEPTABILITY-

(A] DESIGH: .

The CTYC is comprised of 21 elecirical subzsse mblies; 15 suhassemblics ace GE Astro Space designed and fabricated using
standard printed circuit hoard cype construction. The remaining six assemblies, 3 stepper mators, } brushless mator,
Prism/CCI, and Lens astembly arc vendor supplies components, which have been speeified and purchased according to GE
Specification Control Drawing {(SCDs) preparcd by Engineecing and Product Atsurance. Specifications per the 5CD are
performance, test, qualification, and acceptance requirsments for a procured piece of equipment. Parts, materials, procésses.
and design guidelines for the CTVC program ave specified in aceordance with GE 3267759. This document defines the
JIFOETATD Fequirements.

MI-STD-975G will serve as the primary EEE parts selection document. Tf a suitzble part cavwot be found in MIL-STI-
475G, equivalent EEF. parts that meet the following criteria may be substituied.

Micracircuit & arc at Jeast Class B Level, 'hﬂlr—rv_[—sssm drvices. All micrecireuits arc subjected to Particle Impact Noise
Detection (PIND) tesiing per MIL-5TD-883c (eacept for devices with plastic epoxy-tyvpe package,.

" Diodes and transigiors are at lcast JANTXY in accordance with MIL-8-19500, All semi-conductors in cavity-type packapges
are suhjected to PIND testing per MIL-8YD-883C. Relays are procured to the highest military established reliubility {MIL-
ER-} leve) as defined in MIL-R-3%014. Relays are subjact to PIND festing.

Switches are procured to at leaye the second highest level of the appropriate MIL-ER rpecificztinn. Swiiches are subjected {o
gither PIND testiog or X-ray analysis as appropriate, for particle detection.

Other distrete parts are procured 1o 31 least the second highest level of the appropriate MTL-ER specification.
Parts not included in the above docwments have been wsed in the design oaly after g non-siandard pans accepiancs request

(NSPAR) has been prepared, submitted 10 Reliabifity Assurance Engineering and approved for wse in the specific
application(s) deflned in the NSPAR by NASA-JSC. ‘
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEAL NTTMEER: 1.14.1 QORIGINATOR: JSCAMM ASTRO PROJELCT. GFE
FART NAME: ELBOW STACK LRU/GEL PART NUMBER: 3275§00-500 QUANTITY: 1
FART WITMEER: 3278350-200 LRUARU PART NAME: CTVC SYSTEM: COTV
LSC CONTROL NO;N/A DRAWING/REF DESIGNATOR: 3278890 SUBRYSTEM:
ZONETQCATION:N/A EFFECTIVITY/AFFECT STAGE:

Weorst case giTcuit analyses have been pecfermed and decumented for all circuit designs to demonstrate that sulficicnt
operating marging exist for ull aperating conditions. The analysis was worst casc in that the value for cach of the wariablc
parameters was set to limits that will drive the owlput 10 2 masimum (or min). A4 component approach review and aoalysis
was conducted 10 verify that the applied stress on each piece part by the temperature extremes identified with environmental
guslification testing does nol eiceed the stress derating values identified in GE 3267750,

In addition, an shjective examination of the desiyn was performed through a Preliminary Desipn Review and Critical Tesign
KHeview to verify that ihe CTVC mat specification and esntractual reguirgments.

BARE BOARD DESIGN

All boards are constructed from laminaled copper-clad epoxy glass sheets per MIL-P-1394¢ Type G Grade A Circoit
connections are mude (hrough printed traces which run {rom poiot (o pnint on the board surfaces. Every trace terminates al
an annular ving. The annular ting surraunds the hole in which & componcns lead or terminal is lpcated. This ring provides a
footing for the salder, ensuring vond mechanical and electricel performance. [ts size and shape are governcd by MIL-P-
S5640 a5 are trace widths, spaciag and routing. These requirements ace reiverated specifically fo drawing peies fo furiher
assure compliance. Yariation beiween the aciwork master and the final product (due to imregularities of 1be etching process)
are also eonteolled by drawing notes This prevents making defective hoards from good artwark. Holes which house no lead
or tcrmical, but serve only 1o ciectrically interconnect the diffcrent hoard bayers, ontain stitch bars for mecbagical support
ang increaged relizbility.

The through holes are drilled from a drilt tape thus gliminating the possibility of human errar and allowing tight control over
hole and annular ring concentricity, an imporiant relisbility critevion. After drilling and etching, all copper cladding is tin-
lead pluted per MIL-STI-349%, This provides for easy and reliable soldering at the time of board assembly, even alter
peripds of prolanged storofe

BOARD ASSEMELY DESIGN

All eomponents are installed io a manner which assures mazimuam reliability. Component leads are pre-tiooed, allkowing
total wetting of solder joints. All leads are formed to provide stress reliel and 1be hodies of large componests are saked.
Special moupting and handinp instructions are included in ¢ach drawing required afier final assembly. The board is coated
with urethane which protects against humidity and contamination,

(8] TEET: ACCEFTANCE
Each assembly is individually tested 0 2 NASA approved Acceptance Test Procedure TP-AT-3278820. The Acceptance Test
Flow is detailed in Table 1.

OQUALTFICATION TEST

The qualification unit is identical to the Mimht wnit cosfiguration in every respect and is used solely for the porpose of
gualificaiion esting, The Oual unit rmuest suceessfully camplete aceeptance testing prior to entering qualification testing. The
Chuzal unit has passed testing in accordance with NASA approved test plan PN-C-31T8820. The Qrualifcatioe Fesd Flow i3
detaifed in Table 2,

QFERATIONAL TESTS

In erder 1o verify that CCTY compancnts ave operationzl, a test must verify the bealth of all the command related
compenents from the PES {A7AL) panel switch, through the RCU, through the sync lines 10 1he CameraPTT], 1o the
Camera/PTU command decoder. ‘The 1es8 woust also verify the camera's shility to produce video, the VETU'3 ability to route
viden, and the monitar's ability to display video. A similar test would be pecformed to verily the MDM command path.

Pre-Launch gn 0 rhiter TostTp-Flivht Tist
1.  Power LTV System.
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FANL.URE MObE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 1.14.3

ORIGINATOR: JSOMM ASTRO

PROJECT: GFE .

PART NAME: ELBOW STACK LERU/ORU PART NUMEER: 32T8820-506 QUANTITY: 1
PART NUMBER; 327TR8%0-504 LELYORU PART NAME: CTYC SYSTEM: CCTV
LSC CORTROL NO:N/A DRAWING/REF DESIGNATOR: 1175300 SUBRSYSTEM:

ZONELOCATION:N/A EFFECTIVITY/AFFECT STACE:
L Yia the PHS prpel, selert 2 manitor.

5 Send “Camera Power On® commang feom the
the PHS panel.

4. Sedect “External Syne™ an monitor.

5. Observe videe displayed on monitor,

Note that if video en monitor 1s synchroniced
(1.e., stabie raster),
h, Send Pan, Tilt, Focus, Zoom, ALC, and Gamma
comemands and visually (either via the
manitpr or direct observation) verily
Cperation.
7. Select downlink as destination and
camera under 18651 A8 Sooree
5. Qbserve videoy routeqd to dowolink.
e,  Seed *Camera Power O comemand via FHS papel.
1% Repeat 5teps 3 through 3 except issuc
command viathe MDM command path.

(1 INSPECTION:

Procurement Conteal - The CTVC EEE Parts and bardware itams are procured from approved vendory and supplices,

whith meet the requirements sot forth in the CTVC contract. Resident DPRO personnel review all procurement documents

10 establish the need dor G5I on sclected parts (PAL LT .

Incoming Inspaction and Etorage - Incoming Cuality inspections are made on all received materuals and parts. Resulls are
recorded by Jot and retained io file by drawing and control numobecs for fjulure reference wnd traceability, Alt EEE parts are
subjected to insoming acceptance tests as called for iv PAL 315 - Incoming Inspection Test Instructions. Incoming flight parts
are further processed in accordance with GE 1846634 - Preconditioning 2nd Acremiance Requirtments far Electronic Paris,
with the exception that DP A and PIND testing i not performed. Mechaoical items are inspected per PAL 516 - Incoming
Tnspection Instractions for Mechanical items, PAI 305 - Incomiog Quality Control Inspection Instruction, and FAT 612 -
Provedurn: for Processiag incoming or Purchased Yarts Desigoed for Flight Use. Acceptance items are delivercd to Material
Controlled Stores and retained under specificd conditions until Fahrication is required. Non-couformiog materials are beld
for Material Review Board (MRE) disposition. (PAL3DT, PAT IQC-531)

Board Assembly & Test - Prior to the start of TV bourd assembly, all items ace verified 10 be correct by stock room
personnel , as the items are accumulated to form a kit. The items are verified again by the eperator who agzembles ihe kit by
checking against the as-built-parts-list (ABPL;. DPRO Mandatory Inspection Poiots are desiymed for all printed circuit, wire
wrap and welded wire boards, plus harnews connectors for seldering wiring, crimping, selder splices and quality
warkmaaship prior to coating of the companent side of boards and sleeving of harnesses.

CTYC Boards

Specific CTYC board assembly and test instructions are provided in drawing notes, and applicable docurments are called out
in 1he Fabrication Procedure and Record (FPR-3278850) and parts list PL3278890. These include Process Standard RTV-
566 220881, Process Standard - Bonding Velore Tape 2250389, Specification Soldering-Specification Crimping 2280800,
Specification - Bonding and Staking 22204 7%, Specification - Marking 2IR0876,Specification - Workmanship 8030035,
Specification Bonding and Staking 2280875, specification-\Wave Solder 1220821, Speification-Printed Wire Beard Staking
2180851, Specification-Reflaw Soldering 2280754, Specilication-Soldering Surface Mount Components 20005710,

CTVL Assembly and Test ' .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NUMRBER: 3.14,1 ORIGINATOR: JSC/MM ASTRO FROJECT: GFE
FART NAME: ELBOW STACK LRIU/ORY PART NUMBER: 3278300-506 QUANTITY: I
PART NUMELR: 11738%0-50& LRU/ORU PART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:N/A IFRAWING/REF DESIGNATOR: 3278800 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/ATFECT STAGE:

An ope box test is performed pec TP-IT-3279890 and an Acceptance Test per TP-AT-32788H), ipcludiog vibration and
thermal vacuum, Torque's are spesified aogd witnessed, Lraceability oumbers are recorded and calibrated tools are checkad
prier to use, GE Quality and DPRO inspections are performed & the completion of specified FPR operations in sicordance
with PAT-204, PAL-205, and PAL-217. DPRO personnel wimess CTVC button-up and coitical Eorguing

The CTVC 15 packaged aceording to COTV Letter #0111 and 2280745, Process Standard for Packaging and Handhing
fuidelines. Al related documentation ipcluding acserably drawings, Parts List,. ABPL, Test Data, atc, it gathered and hald
in a documentation folder assigned specifically to 2ach assembly. This felder is retained for reference. An ELIDP is prepared
for cach azsembiy in accordance with the requiremcents of WES-2583574. GE QQC and DPEQ persennel witness crating,
packeging, packing, and marking, and review 1he ETDF for completenss and Goeuracy.

TABLE 1. ACCEPTANCE TEST FLOW
1. ROOM AMEBIENT FERFORMANCE TEST

Teat canducted per the reguirements of WASA
appraved TP-AT-3278823,

1. ACCEPTANCE VTIERATION EXPOSTRE
20-80 Hz+ 3 gh/octave rise from 0.01 g2/Hz to 0.04 g2'H=
80-150 Hz: ¢4 gl/Hz :
. 330-2000 Hx: A AR ociave decrrased to 0.006 p2/Hz
Test Duration: I minutefasis, operating
Test Level: 4.1 grms

3. POST-VIBRATION FULCT1 ALCHECK
Test conducted per the requirements of NASA
gpproved TP-AT-3I785540,

4. ACCEPTANCE THERMAL-VACTUM EXPFOSURE
L.F eycles total from +115 deg F 1o +14 Jeg F.
After stabilization, on¢ hour minimum duration

at ¢ach plateax. In-spec functional tests performed ad
each platesn,

5 POST-ENVIROMNMENTAL PERFORMANCE TEST

Roone gmbiept performance fegt conducted in
accordance with NASA approved TP-AT-32 73890,

TABLE 2. QUALIFICATION TEST FLOW

1. EM]
Conduct tests run in accordance with the requirements of
SL-E-0002E, including CE01, €502, CE06, TTUL, CEV], and CEQ3.
Eadiated te2ts run in  accordance with ST-ENDG2E including RE02, RSO3,
and REOD except that the test current for BS02 was 2 amps in lics of 20 amps,

L OUAL FOR ACCEPTANCE VIERATION
. 20-80 Hz: 3db/acrave increasing tn 0.067 g2/Hz
60-330 Hz: 0.067/0ctave
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FAILURE MODE EFFECTS ANALYSIS/ CRITICAL ITEMS LIST

FMEA NUMBEH: 3.24.1 QRIGINATOR: JSCMM ASTRO PROJECT: GFE
FART NAME: ELEOW STACK LEU/ORU PART NUMBER; 32788%20-306 QUANTITY: ]
FART NUMBER: 3275¥%0-500 LELVORU PART NAME: CTVC SYSTEM: CCTY
L5C CONTREQL NQ:K/A DRAWING/REF DESIGNATOR: 3278890 EUBSYSTEM:
ZONEMOCATIONN/A EFFECTIVITY/AFFECT STAGE:

3%0-2000 Hz: 3dbloctiave decrease
Test Level: 7.5 grma
Test Duration: 3 minutes/Rxis operating

3 FLIGAT QUALIFECATION VIBRATTION
20-70 Hz: 8 dB/actave increasing to 0.4 g2/Hz
70-500 Hz: 0.4 g2/Hz
S00-20¢ Hz: sdb/octave decrease
Test Level: 1B.1 grms
Test duration 42 minutes/axis non-operating

4. THERMAL-VACUUNM
7.5 cycles total from +130 deg F oo +9 deg F.

After stahilization, one hour minimum doration ar each plateawn.
In-sper functional tesis performed at each plateaw.

5. THERMAZL SDMULATION
Worst case hot and cold missian environments
simolated in vacuum. During hot case, in-spec
operation is reqguired for 6 of 14 consecutive hours,
During cold case, in-spee uperalion is reguired for
14 consceutive hours

& HUMIDITY
128 hours exposure to 5% WH inciuding four 24
bour temperature cycles of 60 deg F to +115 deg
E, non-cperating.

. D) FAILTITRE HISTORY:
Mone.

() OPERATIONAL TISE:
Lozt of video. Possible lozs of major mission objectives if RMS elbaw is required.

(F} MAINTAINARILITY:

PREPARED EY:Beenic Emhrey REVISION:

DATE: February 17, 1904 WATVER NUMBER:
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