U3 Qo

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. MEA NUMBER: 3.11.0 ORIGIXATOR: JSCATN ASTRD FROJECT:-CFE
PART NAME: ELBOW STACK LELU/OREU PART NUMBER: 2278800-504 QUANTITY: 1
PART NLMEBER: 3275590-500 LRCMORI PART NAME: CTVC SYETEM: CLCTV
LEC CORNTROL NOiN/A DRAWING/REF DESIGNATUO R I27REN EUBSYSTEM:
FONELDCATION-N/A EFFECTIVITV/AFFECT STAGE:

CRITICALITY:

CRITICAL ITEM?:_ Yes SUCCEES PATHE:
CRITICALITY CATEGORY: __ 1R SUCCESS PATH REMAINING:

ERD TTEN NAME:

EnD ITER FUNXCTIONAL:

END ITERM CAPADILITY:

ENI ITEM FAILURE TOLERANCE:

REDUNDANCY SCREENS; (ORBITERAPACE STATION)

A - Pass
B - Pass
C - Pass
D -

. FUNCTION: {11 Mo leas ot tan, Le, fces, cnomm, o nees. o PEUD eontenl
. (23 Can®t change samm o, mangal 2ain, ALC, color habinee, o shutter speration.

Warst Cage: Unable to concral ellow BT [revents ¥oving WIS,
FAILURE WIDDE CCGDE:

FAILURE MODE:CTYC docs min resymaad oy any connrand vio the A7panch, the uplink, or ihe
manual switches,

CAUSE:

Al Power Snpply

Ad Cum DeedTel Enc

AS TCVCX0-2X

a6 KB proc.

FAILURE DETECTION:

REMAINING PATHS:

EFFECT/ MISSTON PHASE:

CORRECTIVE ACTION:
™ onie.

-FATLURE L¥FECTS-
END ITEMN/LRIVORLASSEM BLY: Lnsx of camera ot paf,
SUBSYSTEM/NEXT ASSEMBLY/ANTERFACE: No viden

SYSTEAMVEXRD ITERD/MISSTOMN: Loss wimission critical viclew

. CREVWAERICLE : Mone.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

WEA NTMBER: 3.11.0 ORICINATOR: JSC/MM ASTRO FRILMECT:GFE
PART NAME: ELEOW STACK LEIVORU PART KUMRER: 3278890-504 QUANTITY: 1
TFART NUMBER: 3175850-306 IRTWORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3275890 STRSYSTEM:
ZONE/LOQOCATION: N/ A EFFECTIVITY/AFFECT STAGE:

HAZARD INFORMATION:
HAZARD: YES KO X_
HAZARD ORGANIZATION CODE:

HAZARD NUMEER.:

TIME Ty EFFECT:

TIME TQ PETECT

TIME TO CORRELT:

FATLURE BETECTICN/FLIGUT:

REMARKS:
-RATIONALE FOR ACCEPTABULTY-

{4) DESIGN:

[he CTVC is comprised of 21 electrical subussemblics: 15 suhaszemblies are GE Astro Space designed and fabricuted usiog
standard printed circuil board type construction. The remaining six assemblies, 3 srepper motory, 1 brushless mator, .
Prism/CCD, and Lens aszembly are vendor supplies components, whick have been specified and purchased according w0 GE
Specification Control Deawing (SCIs) prepared hy Engineering and Product Assurance. Specifications per the 5CD are
performance, tesi, qualilication, and acceptance requirements for & procared piece of equipment Parts, materials, processes,

and design guidelines for the CTVC program are specified in accordance with GE 3267739 This document defines the

program requirements

MI-STD-75G will serve as the primary EEE parts sclection docwment. I a suitable part cannet be found in MIT-STD-
975G, eqnivalent EEE paris that meet the Tollowing eriteria may be substituted.

Microcirauit § are at least Class B Level, MLL-M3%310 devices. Al microcircurts ave subjected to Particle Impact Noise
Ditecticn (PIND) testing per MIL-STD-883C (except for denvices with plastie epazy-type package).

Disdes and transistors ace at least JANTXY ip accordance with MIL-S-19500, Al semi-conductrs in cavity-iyvpe packapes
are subjectad to PIND testing per MIL-STT-883C. Relays ere procured to the highest military establizhed reliability (MIL-
ER-) level ag defined in MTL-R-390t4. Relays are tubject to PIND testing,

Switechas are procured to at lease the recond highest kevel of 1he Bppropriate MIL-ER specification. Switches are subjccied 30
either PTNDY testing or N-ray analysis as appropriate, for particle detection,

Other discrete parts are procured to at least the sccond highest level of the appropriate MIL-ER specification
Faris ot included jo the above documents have heen used in the design only after a non-standard parts aceeplance raguest
(NSPAR) has been prepared, submitted to Reliability Assurance Engineering and approved for use in the specific

application(s) defined in the NSPAR by NASA-JSC,

Worst case ciréuit analyses have becn performed and documentad for all ciceuit desipns to demonytrate that sufficient
nperating margins exist for all operating conditione. The analysis was worst case in that the value fur cach of the variabla

COTVICTVC - 7B



US Gov!

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. WEANUMEBER: 3.11.0 ORIGINATOR: JSC/MM ASTRO PROJECT:-FE
FART NAME: ELROW STACK LEU/ORU PART NUMBER: 3178890-504 OLANTITY: 1
FPART NUMEER: 327§890-505 LRIOKEIT PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR 32748 SURSYSTEM:
ZONELOCAFION:N/A EFFECTIVITY/AFFECT STAGE:

parameters was set to limits that will drive the output to a maximum (or min). A component 2pproach review and analysis
was conducted to verify that the applied strage on each piece part by the temperature extremes identified with environmeniel
qualificalion testing doat no1 exceed the siress derating values identified in GE 3267739,

In addition, an objective examinalion of the design was performed through a Preliminary Design Review and Critical Design
Resiew to verify that the CTVC mer specification and contraciual requircments.

BARE BOARD DBESIGN

All boards are construciced from laminated copper—<lad eposy plass sheets per MIL-P-1394% Type G Grade A, Circait
cunnections are made through printed traces which rum from point to point on the board iuriaces Every trace términates at
an annular ring. The annular ring surrounds the hole in which a component lead or terminal is located. This Fing provides a
footing for the solder, cosuring good mechanical and ¢lectrical performance. s size and shape are governed by MO-P-
£E540 as are irace widths, spacing and routing, These requirements are reiteruted specifically in drawing notes to further
assure compliance. Variation berween the artwork master and the fingl product (due to irregularities of the efchiny process)
are also controlled by drawing notes. This prevents making defective boards from pood artworle. Holes which howse no lead
ar terminal, but serve only ty elecimeally inlercanpect the diffecent board layers, contain stiich bars jor mechanical suppart
and increased reliability.

The through holes are drilled from a dzill tape thus eliminating the possibility ¢f buman errer and allowing tight control aver
1ole and annular Ang cancentricity, an important relisble criterion. After driiling and etching, all copper cladding is vin-
icad plated per MIL-STD-1425. This provides for easv and reliahiliry splering at the time of board assenbly, even alter
peritds of prolonged storape.

EDARD ASSEMELY DESIGN

All components are installed in a manner which assures maximum reliability. Component lezds are pre-tinned, allowing
intal wetting of solder joints. All leads are formed to provide stress relich and the bodies of large components are staked.
Special mounting and handing instructions are included in cach drawing vequived after final assembly. The board i3 coated
with urethane which protects against hemidity and eonlaminatiob.

{(B) TEST: ACCEPTANCE

Each assembly ie individually 1ested 1o 3 KASA approved Acceptance Test Procedure TP-AT-3278890. The Acceptance Test
Flow is detailed ip Table 1. :

OLALIFICATION TEST
The qualification unit is identical to the Right uait conliguration in every respect and is wsed solely for the purpose of
gualification testing. The Qual unit must successiully complete acceplance Lesting, prior 1o entering qualificativn testing. The

Qual unit has passed tesling in accordance with NASA approved test plan PR-C-3278890, The Quelification Tegt Flow is
detailed in Table 2.

OPERATIONAL TESTS

In order to verify that CCTV cansponants are operational, a test must verify the health of all the command relsted
components from the PHS (A741) panel switch, throwgh the RCT, thraugh the syne lines ta the Camera/PTU, to the
CameraPTU command decoder. The pest must alse verily the camera's ability to produce video, the ¥SU's ability o route
video, aad the monitor's ability to display viden. A similar test would be performed to verify the MIM command path.

Pre-Launch on Orbiler TestTo-Flight Tgst
L Fower CCTV 5ystem.
2, ¥ia the PHS pancl, sélect 2 monitor.
4, Send “Camera Fower On™ command from the
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U5 Gavd

FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMEER:- 3.11.0 ORIGINATOR: JSCMM ASTRO PROJECT-GFE
PART NAME: FELBOW S5TACK LEU/ORU PART NUMEER: 317RR90-506 QUANTITY: 1
PAERT NUMBER: 3273800-506 LRUSORT, PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR:32TREM SUBSYSTEM:
ZONE/LOCATION: N4 EFFECTIVITY/AFFECT STAGE:

the PHS panel,
4.  Select “External Syme™ on manitor.
£, Ohserve video displayed oo monitor,
Muote that if video ¢o moniter is synchroaned
{i.e., stable raster).
£. Sand Pan, Tili. Foeus, Loan, ALC, and Gamma
commands and visnally (elther via the
monitor or direct ghservation} yverify
pperatiom.
N Select downlinh as destination and
camera under iest as source.
8. Cbserve video routed te dmanlink
9. Send “Camera Power O™ command via PEE pancl,
1¢. Repeat Steps 5 through 9 except 1ssuc
command via the MDM tommand path.
()} INSPECTION:
Privorement Contral - The CTVEC EEE Parts angl hardware items are procured from approved yvéndors and suppliers,
which meet the requivements set forth in the CTVC contract. Resident DPRC persanncl review all procurement dacuments
o ¢stablish the need for G5I an sclected parts (PATS17T)

Incoming Inspection and Storage - Incoming Quality wspections are made on all receivedl matcrials and parts, Results are
recorded by 16t and recained in file by drawing and ¢ontrol numbers fir future reference and traceability. All EEE parts arc
subjected t Incoming acceptance te5ts as called for in PAT 315 - Incoming Lnspection Test Tnstructions Incoming flight parts
are [urther processed in accordance with GE 1846684 - Preconditioning ang Acseptance Requircments for Electropic Parts,
with the exception that DPA and PIND testing is not performed. Mechanical itema are inspected per PAL 3146 - Incoming
Inspection Inscructions for Mechanical ems, PAJ 305 - Incoming Quality Control Inspection Instruction, and PAT 632 -
Procedure for Provessing incoming or Purchased Parts Designated for Flight Use. Accepted items are delivered ta Material
Cantrolled Siores eod Tetained under speciflied conditions uatil fabrication iy requirgd. Non-conforming materizls are held
for ¥aterial Review Board {(MRB) disposition. (PAL-307, PAT TQC-531) :

Board Assembly & Test - Prior to ihe start of TVC heard assembly, all items are verified to he correct by stock roem
personnel ; as the items are accumolated to form a kit The items are verified again by the operator who assembles ihe kit by
cheeling apainst the ae-bullt-parte-list (ABEL). DFRO Mandatery Inspeciion FPoints are desigoed for all prioted ciremit, wire
wrap and welded wire boards, plus harness connectors for soldering wiring, crimpiog, selder splices amd yuality
workmanship prior 10 coating of the component side of hoards and sleeving of harnesses.

CTVC Boards

Specific CTVC bnard assembly and test instructions are provided in drawing botes, and applicable documents are calied out
in the Fahrication Procedure gnd Record (FPR-327R89() and parts list PL3278820. These include Pracess Standard RTV-
566 2280851, Process Standard - Bonding Velero Tape 2220889, Specification Soldeving-Specification Crimping 2280801,
Specificativa - Bonding and Staking 2220878, Specification - Marking 2180876 Specification - Workmunship 30350035,
Specification Bonding and Staking 2380875, specification-Wave Solder 2280821, Specification-Printed Wire Board Staking
2280851, Specificalion-Reflow Soldering 2280754, Specification-Soldering Surface Mount Components 2HWMETI0.

CTVC Azzembly and Tert

An open bex test is performed per TP-IT-3278%90) and an Acceptance Test per TP-AT-G78830, inclzding vihraticn and
thermsl vagoum. Torque's are specificd and witnessed. traceability pumbers are recorded and calihrated tools are checked
prior 10 use. GE Quality and DFR( inspections are performed a the complction of specificd FER operalions in accerdance
with PAT-104, PAL-205, and PAT-217. DFRO personnel witness CT¥C buttan-up and critical torquing, '
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. TMEA NUMBER: 3.11.0 ORIGINATOR: ISCMM ASTRO PROJECT.GFE
PART NAME: FLEOW STACK LEU/ORL PART NUMEBER: 3775830-506 GUANTITY: [
PART NIIMEBER: 3278240-506 LEWORTY PART NAME: CTVL SYSTEM: CCTV
LEC CONTROL NO:=N/A DRAWING/REF DESIGNATOR: 3278890 SUBSYSTEM:
ZONEALQCATION:N/A EFFECTIVITY/AFFECT STAGE:

The CTYC is packaged acvcurding 10 CCTV Letter 8011 and 2280746, Process Standard for Fackagiog and Haadling
guidelines, Al related documentation including xssembly drawinps, Parts List, ABPL., Test Dala, etc.. is gathered and held
in o documentation foldar assigned specifically 4o each assernbly. This folder is retained for reference. An ETDP Is prepared
for each assembly in aceordance with the reguirements of W5-2583176. GE 1)C and DPRO persannel witpess ceating,
packaging, pseking, and marking, and review the EIDP for completeness and accuracy.

TARLE 1, ACCEPTANCE TEST FLOW

1. ROOM AMBIENT FERFORMANCE TEET
Test conducted per the cequirenents of NASA

approved TP-AT-3275890,

2. ACCEPTANCE VIBRATION EXPOSTTRE
20-20 Hz: 3 dbloctave rige from 0.01 p2710z to 0.04 gl/Hz
§0-350 Ha:0.04 p2/liz
350-2000 Hz: 3 dB octave decrcased to 0006 g2/Hz
Test Duratinn: | minutefaxis, operating
Test Lavel: i1 grms

3. POST- o VL T10N HECH
Test conducted per the requirements of NASA
approved TP-AT-3278850.

4, ACCEPTANCE THERMAL-VACTTUM EXPOSTURE
1.5 eveles tocal frean +115 deg F to +14 deg F.
After stabilization, one hour minimum duretion
at each pleteau. In-spec funciional tesiz performed at
cach plateau.

5. POST-ENVIRONMERTAL PFRFORMANCE TEST
) Roam ambient performanee tests eonducied in
aceordande with WASA approved TP-AT-3278890.

TAEBLE 2. QUALIFICATION TEST FLOW

1. EMI
Conduct tests run ik zccordancs with the requirements of
SL-E-0002B, including €501, 802, €806, TT01, CEAL, and CEN3,
Radiated tests run in accnrdance with SL-EOQD2E including RE02, RE0I,
and REG2 except that the test corrent for BS02 waz 2 amp!? in Sieu of 20 ampe.

I QUAL FOR ACCEETANCE VIBRATION
M-8 1z Jdbfociave increasio? o [, 067 z2/Hz
80-350 Hzr 0067 ociave
J50-2000 Hi: Jdbfoctaye decrease

Tesk Leval: 7.8 2rms
. Test Duration: 5 minutesfaxis operating
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

TMEA NUMEER: 3.11.U ORIGINATOR: JSC/MM ASTRO FROJECT.GTE
PART NAME: FLEOW STACK LRIVORLU PART NLUMEBER: 31788%0-%00 QUANTITY: 1
PART NUMBER: 3278290-504 LEIVORD FPART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESHGNATOR-IITER SLESYSTEM:
ZONEALOGCATION:NIA EFFECTIVITY/AFFECT STAGE:

3 FLIGHT OTALTFICATION VIERATION
20-70 Hx: E dB/octave increasing 0.4 gi/Hz
70-50) Hz: {.4 p2/Hx
S00-2000 Hz: bdbfoctave decredte
Test Lavel: 1K1 grms
Test duration 48 mioutes/aris non-operiting

4. THEEMAL-YACUTM
7.5 cycles éntal feom 1340 deg Fto 3 deg F.
After stabilization, one hour mininoun duration at each piateau,
In-spec functianal tests performed at each platean.

5. THEEMAL SIMULATION
Waorst ease bot and cold miion enviranmeants
simulated in vacuum. During bot case, in-spes
operation is required for 6 of 14 censecutive hones
During eold ease, in-spec operation is cequired for
14 consecutive hours

6. _HUMIDITY
126 hours exposure 10 §53% RE including four 24
hour temperacure cycles of 60 deg F (o +125 deg

F, non-operating.
{D) FAILURE HI:TORY:
None.:

(E) OPERATIOKAL USE:

Laoss of 2bility to position the elbow camerz. Possible inability to stow the RME

if the elbow camery physically interferes with a payioad. H RMS caonoi be stowed in
. thg port paylnad hay door eannot be closad. Loss of crew and vehicle.

(F} MAINTAINABILITY:

FPREPABED BRY:Bernic Embrey REVISLON:

DATE: February 17, 1995 WATVER KUNMEER:
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