U5 Gov’l

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMBER: 4.14.1 ORIGINATOR: JSCHM ASTRD PROJECT: GFE
PART NAME: WRIST STACK LEW/ORY PART SUMEBER: 32788%0-50¢ QUANTITY: 1
PART NUBMBER: 3278890-506 LRT/ORU PART NAME: CTVC SYSTEM; CCTV
LSC CONTROL NOIN/A DEAWING/REF DESIGNATOR: 1178820 SUEBSYSTEM:
TONE/LOCATION:N/A FFFECTIVITY/AFFECT 5TAGE:

CRITICAL ITEM®: Yot | SUCCESS PATHS:

CRIFICALITY CATEGORY L1 SITCCESS PATH REMAINING:

END ITEM NAME:
ERD ITEX] FUNCTIONAL:
END JTEM CAPAEBILITY:

END ITEM FALLURY TOLERANCE:

DANCY SCREENE: (ORBITERSE

- Pass
- Pass
- Pauns

=l -

TNCTION: Degradarion of camera videe until scll heating of circaitry restores
Al pperation,
Worst Case; Oplicsl elements below minimum temperature. Loss of mission critical video,

FAILURE MODE CODE:
FATLURE MODE: Thermestat does not close or an apen strip heater.

CAUSE:
Thermostar
Strip heater

FATL1VRE DETECTION:
BREMAINING PATHS:
EFFECT/ MISSION PHASE:!
COREECTIVE ACTION:
MNone
~FAILTURE EFFECT A5~

ENDITEMN/LART/ORU/ASSEMEBLY: Lass of camera cutput,
SUBESYSTEM/NEXT ASSEMBLY/INTERFACE: Novideo
SYSTEMEND ITEM/MISSION: Laoss of mission trigical video

CREVWNERICLE ; Nooe

ITAZARD INFORMATION:

el it B F by o i F A A



UG Govi

FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

TMEA NUMBER: 4.14.1 ORIGINATOR: J3O/NM ASTRO FROJECT: GFE
rART NAME: WRIST STACK LEUWORLU PART NUMEBER: 317R8490-504 QUANTITY: 1
PART NUMBER: 31758580-500 LEUORD PART NAME: CTVC SYSTEM: CCTV
LEC CONTROL NO:NA DRAWING/REF DESIGNATOR: 327TRE SUESYSTEM:
ZONE/LOCATIUON:NfA EFFECTIVITY/AFFECT STAGE:

HAZARD: YES N0 X_
HAZARD ORGANIZATION CODE:

HAZARD NUMBER:

TIME TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:

FATLURE DETECTION/FLIGHT

REMARES:
RATIONALE FOR ACCEPTARIJITY-

(A) DESLGN: ;

The CTVC is comprised of 21 electrical whassemblics; 15 whbassembties are GE Astro Space designed and fahricated using
wndard pricted circuit hozrd type construction, The remaining six axsemblics, 3 siepper metors, 1 brushbess mator,
;igmyCCD, and Lens assembly are vendor supplies components, which bave been specified and purchased accordiog to CE

Specification Control Drawing (SCDs) preparcd by Engineering und Product Assurance. Specifications per the 5CT arc

perforgnance, test, qualification, and aceepiance requirements for a procured picce of equipment. Parts, materials, proncestes,

and desigm guidelings For the CTYC program arc specified in aceardance with GE 3247739, Thiz docoment defines the
progTam requirtmenis.

MIL-STD-975G will serve as the primary EEE parts selection ducument. 1 a suitable part cannot be found in MIL-5TD-
91347, equivatent EEE parts that meet the following crileria may be substituted.

Microcircuit § are at least Class B Level, MIL-MJIES10 devices. All microciredits are subjected to Partcle Impact Noise
Detection [PIND) testing per MIL-STD-$83cClexcept Jor devices with plastic epoxy-type packagei

Diades and trapsistors are at least JANTXY in accordance with MIL-5-15500. All semi-conducion o cavily-1ype pathages
are subjected to PIND testing per MIL-3TD-883C. Relays are procured to the bighest military established rellability (MIL-
ER} level as defined in MIL-R-390i6. Relays are subject to PIND testing.

Switches are procured to at lease the yecopd highest level of the appropriate MIL-ER specification. Switches are subjected to
cither PINT tesilng or X-ray analysis as appropriate, for particle detectivn,

Chiher discrete parts are procured teo at luast ihe recond highest level of the appropriale MTL-ER specification.

Party not included in the above documents have been wsed in the design oaly after a non-gtandard parts acceptance request
(NSPAR] hat heen prepared, submitted (0 Reliahility Assurance Engineering and approved Tor use in the specific
application(s) defined in the NSPAR by NASAJSC

orst ease cireuit analyses have hoen pedlormed and documented for 211 circuit dexipns to demonstrace chat safficient
aperating marging exist for ali nperating conditions. The analysis was worst case in that she value for each of the variable
parameters was ot to [imitg that will drive (he gutput to 3 maximum for min}. A component approach review and analysis
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NUMEER: 4.14.1 ORIGINATOR: JSCMM ASTRO PROJECT. GFE
¢ART NMAME: WRIST STACK LRIVORU PART NUMBER: 3ZTE8H)-50H OUANTITY: 1
FART NUMBER: 3278850-504 LRU/ORL FART NAME: CFYC SYSTEM; CCTY
LSC CONTRCL NO:N/A DRAWINGREF DESIGNATOR: 274820 SUBSYSTEM:
ZOKEMLGCATION: N A EFFECYTWITY/AFFECT STAGE:

was conducted to verify that the applicd steess on each piece part by the temperature extrémes identified with epvironmental
qualification testing docs not exceed the stress derating values identified in GE 3267753,

In addition, an objective axamination of the design was performed through a Preliminary Design Review ang Critical Design
Review to verify that the CTVC me1 specificetion and tontractual requiremenis

BARE ROARD DESIGN

All hagrds are constructed fram laminated copper-clad epoxy glasy sheets per MIL-P-1394% Type G Grade A Circuit
connections are made through printed traces which run from point to point on the board surfaces. Every trace ferminates at
an annular ring. The anpular ring surrounds the hole in which a component lead or terminal is located. This ring provides a
footiog for the sglder, ensuring good mechanical and electrical performance. Tts size and shape are governed by MIL-P-
$5640 as are trace widihs, spacing and routing, These requircments are reiterated specifically in drawing notus ba CGurther
assure enmpliance. Variation between the artwork master and the final product (due to irregularitics of the etéhing process)
are also controlled by drawing notes, This prevents making defective boards from good artworle Holes which house 6o lead
or terminal, but serve only 1o electAically intereoanect the different board luayers, contain stitch bars for mechanical suppert
and increased reliahilivy.

The throwgh holes are drilled fram a drill tape thos eliminating the possibility of human error and eiiowing tight controd over
heole and anwular ring concentricity, an important rellabilicy criterion. Afice drilling and etching, all copper cladding is Lim-
ad plated per MIL-STD-14%95, This provides for casy and reliable soldering at the time of board assembly, even after
riods of prolonged storage

BOARD ASSEMEBLY DESIGN

all cociponents are installed in & manoer which assures maximum reliability. Companent leads are pre-tionced, zllowing
total wetling of solder joints, Al leads are formed to provade piress veliel and the badics of Jarge components are stakeil.
Special mounting and handing instrugtions are inciuded in cach drawing required afier final assembly. The board is coated
with urethane which protocts againsg huraidity asd centamination,

(B} TEST: ACCEPTANCE
Each assembly is individually tested to a NASA approved Acceptance Test Procedure TP-AT-3275800. The Acceptance Yest

Flow ix detailed in Tablz 1.

DATTFICATION TEST
The gualification unit is identical to the flight unit confizuration in every respect and i used soiely Tor the purpose of
qualification texting. The Qual unit most succegsfully complele accepraoee icsting prier io entering qualification testing. The
Qual unit has passcd tosting in accordance with NASA approved test plan PN-C-3278590, The Qualificalion Test Flow is
detailed in Table 2.

OPERATIONAL TESTS

Tn order te verily thal COTV eompanents are operational, 2 best must vecify the healch of all the command related
components fram the PHS (A7A1} panel switch, through ike RCU, through the syne lines to the Camera/FTL, 1o 1he
Camera/PTU command geceder. The test must also verily the camera®s ability o prodace vides, the VEL™s ability io route
viden, and the monitor's ability to display viden, A similar tast wauld be performed to verify the MM command paih.

Pre-Launch on Orbiter Test/Tn-Flioht Test
1. Power CCTY syxlem
2. Yia the PHS pancl, select a monitor
3. Send “Camera Power On™ command from the
the FHS panc
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL 1ITEMS LIST

“WMEA NUNBER: 4,141 ORIGIKATOR: JSC/MM ASTRO PROJECT: GFE

FART NAME: WRIST STACK LRTC/ORU PART NU'MBER: 3278800-504 QUANTIIY: 1
PART NTIMEBER: 3278820-506 LEBL/ORU PART NAME: CTVC S¥STEM: COTV
LECCONTROL NO:N/A - DRAWINGREF DESTGNATOR: 31 TS8R SUBSYSTEM:
ZONELOCATHON: /A EFFECTIVITY/AFFECT ESTAGE:

4. Select “External Sync™ on monitor,

5. Observe video displayed oo monitor.
Nete that if viden on monitor is synchromnized (L., stable raster)
then this indicates that the camera is
receiving composite sype from the RCU and
that the camera is praducing svochranized video.

4. Send Pan, Tilt, Focus, Zoom, ALC, and Gamma
commands and visually (either viz the
moniler or direct obyervation) verify operation,

7. Sclect downlink as destination and
caméra undar et 4% sourea,

§. Obzerve video routed to downlink.

9, Send “Camera Power O command via PHS pancl

10. Bepeat Sicps 3 through ¥ except issue
commands via the MBM command path,

(C) INSPECTION:

Procurement Conirpl - The CTVC EEE Party and hardware itemy are procured Ernm appreved vendars and soppliers,

whith meet 1he reguirernents set forth in the CTVC centract Resident DPRD persosnel review all procurement documents
establish the need Tor &SI on seloctod pacts (PAL 517).

incoming Inspection and Storape - Incoming Qualily ingpections are made on all received materials aod parts. Resalts are
recorded by Jot and retained o file by drawing and control sumbers Tor future reference and rraceabilicy. All EEE paris are
subjected ta incoming sceeprance testt as called for in PAL 3153 - Incoming Inspection Test Instructions. Incoming flight parts
are further procassed in accordance with GE 1846654 - Preconditioning and Acceplance Requirements for Elecieonic Peris,
with the exception thar DPA and FIND testing is nol performed. Mechanical items are inspected per FAL 316 - In¢oming
Inspection Instructions for Mechanical items, FAL 305 - Incoming Quality Contrs] Inspection Instruction, and PATY 612 -
Procedure for Processing incoming or Purchased Parts Desipnated for Fiight Use. Accepted items are delivered to Material
Controlled Stores and retained under spicilicd conditicos until fabrication 35 required. Non-conforming materials are held
for Maierial Review Board (MEEB) dispasition. {FAL-307, PATL TOC-331)

Board Assembly & Test - Prioe 1o the start of TVC heard assembly. all items are verified to be correct by slock room '
persenncl , as the items ate accurnulated to form a kit, The items are verified again by the operater who agsembles the kie by
checking against the as-built-parts-list (ABPL), DPRO Mandatory Faspection Pointk ave designed far all priated circult, wire
wrap and welded wire hoards, plus harmess connectors for £oldering wirlog, crimping, solder splices and quality
warkmanship prior to coating of the component side of bpards and sleeving of harnesges.

CTVC Eoards

Specific CTVC board assembly and vest instructions are provided in drawing noies, and applicable documents are called out
in the Fabrication Procedure and Recocd (FPR-3278890) and parts lst PL32735%%. These inciude Process $tandard RTV-
566 1250851, Process Standard - Bonding Yelcre Tape22808289%, Specification Soldering 2280149 - Specification Crimping
2280800, Specification - Bonling and Staking 2220878, Specification - Marking 2280876, Specification - Yorkmanship
B030035 Specification Bonding and Staking 2280875, specification-YWave Solder 2280821, Specification-Printed Wire Board
Staking 2280851, Specification-Reflow Soldering 22807234, Epecification-Soldering Surface Mypunt Compooents 20005714,

TVC Assermbly and Test
n opea box test is performed per TP-IT-3278890 and an Acceptance Test per TR-AT-32788%0, including vibration and
thermal vacuum. Torque’s ace specificd and witnesicd, traceability numbers are réecorded and calibraied tonls are checked .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMBER: 4.14.1 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
rART NAME: WRIST 5TACK LRIVORU PART NUMEER: 327TBEM-505 QUANTITY: 1
PART NUMBER; 1275898-505 LRLU/ORLU PART NAME: CTVC SYSTEM: CCTV
1.5C CONTROL NO:N/A DEAWING/KEF DESIGNATOR: 3278890 SUBSYSTEM:
ZONE/LOCATION: K/ A EFFECTIVITY/AFFECT STAGE:

nrior to use, GE Quality and DPROQ inspections are performed a the completion of specified FPR operations in dccardance
with PAT-204, PAIL-205, and PAL-217. DPRO perioanel witoess CTVC button-up and critical torguing.

The CTYC is packaged according to CCTY Letter BD11 and 2280745, Process Standard for Packaging and Handling
guidelines. All related documentation including assembly deawinps, Fartz Lise, ABPL, Test Data,etc., is gathered and beld io
a documentation folder assigned specifically to each assembly. This folder is retained for reference. An EIDF is prepared for
cach assembly in accordance with the requirements of WE-2393176. GE QU and DPRO personoel witness crating,

packaging, packing, and marking, and review the EIDP for completeness aod aceuracy.

TABLE 1. ACCEFTANCE TEST FLOW

1. ROOM AMEIENT FERFORMANCE TEST
Test condusted per the requirements of NASA
approved TP-AT-32788%0.

2. ACCEPTANCE VIBRATEON EXPOSITRE
20-80 Hz: 3 dhtectave risc from (.01 g2/Hz 1o 4.04 g2Hz
§i-350 Hz:.64 g2/Hz
350200 Hir 3 dB pclave decreased to 8,006 g2z
Test Duration: 1 minutefaxiz, operating
Fast Level: 6.1 grme

3. POST-VIRRATION FURCTIONAL T
Test conducied per the reguirements pf NASA
anproved TP-AT-3278590).

3. ACCEPTANCE THERMAL-VACTTM EXPOSURE
1.5 cycles total from +115 dep F to +14 dey F.
Afer stabilization, one hour miniznum duracion
at each plateay, In-spec functional tests perfarmed at
each platean,

AR ENVIRONWVENTAL PERFOREMANCE TEST
Room amlienl performance 1668 eonducted in
accordance with NASA approved TP-AT-32TEEM),

TABLE 1 QUALIFICATION TEST FLONW

1. EMT
Conduct tests run in eccordance with the requirements of
SL-E-002E, including C301, 502, C506, TN, CEO0L, and CREO03,
Radiated eests run in accordance with SL-E0002E including RS02, R503,
and BEQ? ¢xcept that the test current far BS02 was 2 amps in licw of 20 amps.

2 QUAL FOR ACCEPTANCE VIERATION
20-30 13z: Adbfoctave increasing to 0047 gl/tlz
0-380 Hz: 0.06T ortave
350-2000 Hz: 1dhfoetane decredse
Test Level: 7.8 grms
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA MUMBER: 4.14.1 ORIGINATOR: JSCMM ASTRO PROJECT: :FE
rART NAME: WRIST STACK LERU/QRYU PART NUMBER: 3275850-506 QUANTITY: 1
PART NUMBER: 32T8820-508 LERT/QRYU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO: KA DRAWING/REF DESIGNATOR:32 78850 SUBSYSTEM:
FONELOCATION:N/A EFFECTIVITY/AFFECT 8T AGE:

Test Duration: § minotesfaxis nperating
3. FLIGHT QUALIFICATION YTBRATION

20-T0 Hz: # ¢B/octuve Increasing to 4.4 p2He
70-300 He: 04 p2H=

500-2000 Hz: odb/octave decrease

Test Level: 18.1 grms

Test duration 48 minutcys/nxis non-opcrating

4. THERMAL-VACTM
7.5 eveles soral from +130 deg ¥ oo +9 deg E.
After stabilization, on¢ hopr minimom duration at each platean.
Ia-spee lunctional tests performed at each platean.

5. THERMATL STMTILATION
Worst case hol and cold mission environments
simulated in vacuum. During hot case, in-spet
eperafion is required for & of 14 consecutive haurs
During cold case, in-spec operation is requined for
14 consceutive hours

n. HUMIDITY
20 hours exposure ta $5% RH inciuding four 24
hour temperuture eveles of +60 deg ¥ o +125 deg
F, non-operating.

{1y FATLURE HISTORY:
Mone.

(E} OPERATIONAL USE:
Laoss of video., Possibie 1oss of major misgion abjootives due th Joss of
RME cameras or other vequired camaras,

(F) BMAINTAINARILITY:

FREPARED BY:Bernie EMbrey BREVISION:

DATE: February 17,1595 WAIVER NUMRBRER
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