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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NIMBER: 3.16.0 ORIGINATOR; JSC/MM ASTRO PROJECT: GFE
PART NAME: ELEOW STACK LRU/QRU PART NUMBER: 3278850-506 QUANTITY: 1
PART NUMBER: 3275890-506 LRT/ORL PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3278490 SUBSYSTEM:
ZONELOCATIONIN/A EFFECTIVITY/AFFECT STAGE:

CRITICALITY;
CRITICAL ITEM™:__Yes SUCCESS PATHS:
CRITICALITY CATEGORY:__JR/2 SUCCESS PATH REMAINING:
END TFEM NAME:
END ITEM FUNCTIONAL:
END ITEM CAFABILITY:

END ITEM FAILURE TOLERANCE:

REDTUNINANCY SCREENS: (ORBITERSPALE STATION]

A - Pars

B - Pass

C - Pass

o -

FUNCTION: Loss of PTU function unable 10 positior camera for desired FOV.
. Worst Case: Unable to control elbow PTU prevents stowing RMS.

FATLTURE M{ODE CODE:

FATLURE MODE; PTU does not réspond 10 pan or Lill commands
CAUSE:

Al Powar supply

&d Com Dec/Tel Enc

FATLTURE DETECTION:
REMAINTNG: PATHS:

EFFECT/ MISSION PHASE:
CORRECTIVE ACTION:
MONE
-FATLURE EFFECTS-
END ITEM/LRUSORU/ASSEMEL Y :Loss of camera output
SUBSYSTEM/NEXY ASSEMELY/INTERFACE: No video
SYSTEM/END ITEM/MISSTON: Loss of mission critical video

CREVWNERICLE ; None,

HAZARD INFORMATION:
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 3.16.0 ORIGTNATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: ELEOW STACH LRU/ORL PART NUMBER: 327TRB00-306 QUANTITY: 1
PAET NUMEBER: 3278845506 LRU/ORU PART NAME: CTYC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWDNGREF DESIGNATOR: 32788 SUREYSTEM:
ZONELOCATION:NIA EFFECTTVITY/AFFECT STAGE:

HAZARD: YES_ NO X __
HAZARD ORGANIZATION CODE:

HAFARD NUMBER:

TIME TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:

FATLURE DETECTION/TFLIGHT

REMAFRES:;

-HRATIONALE FORACCEPTABILITY-
(4] DESIGN:
The CTVC is comprised of 21 electrical subassemblies; 15 subussemblies ure GE Astro Space designied and fahricated using
standard prioted circuit beard type constructivn. The remaining six assemblies, 3 stepper matars, 1 brughiess motor,
Prism/CCD, and Lens assembly are vendor supplies components, which bave heen spacified and purchased accerding to GE
Specification Control Drawing (SCDs) prepared by Engineering and Praduct Assurance. Specificaticns per the SCI are
perermance, 1esl. qualification, and acceptance requirements for a procured piece of equipment. Parts, materials, processes,
and dcsipn puidelines for the CTVC program are specified in accordance with GE 3267759, This document defioes the
program requiréments.

MI-STD-075C will serve as the primary EEE parts sclection document. If a suitable part cannot be found in MIO-5TD- -
9750, equivalent FEE parts that meet the following criteria may he substituted.

MicTocircnit 5 are at least Class B Level, MIL-M-38510 devices, All microcircuits are subjected to Particle Impact Nivise
Detection (PIND) testing per MIL-S§TD-883c {exceps for devices with plastic epoxy-type package).

Tilodes and transistors are at Jeast JANTXV in accardance with MIL-S-19500. All semi-conductors in cavity-type paclkages
are subjeeted to EIND testing per MTL-STD-983C. Relays are pruocured to the highest military eslahlished reliability (MTL-
ER-} level as dufined in MIL-R-39016. Relays are subjoct to PIND testing,

Switches are procured to at lease the second highest level of the appropriate MIL-ER specificatinn. Swilches are subjected to
cither PIND testing or X-ray analysiz 2z appropriate, for particle detection.

Other discrete parts are procured to at least the second highest level off the app ropriate MIL-ER specification

Farts po1 included in the above documents bave been used io the design anly after a non-siandard parts aceeptance request
(NSPAK) has been prepared, submitied to Reliabilit Assurance Enginetring and approved for use in the specific
application(s} defined in the NSPAR by NASA-JSL

Worst case tircuit analyses have been performed and doeumented for all cirguit designs 4o demanstrate that sufficient
eperating margins exist for all aperating conditions. The an alvsis was worst case in that the vaiue for each of the variable
parsmeiers was set to limits that will drive the putput to 3 mazimum {6r min). A cOMPONERt Approach review and zoalysis .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

THMEA NUMBER: 3.16.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: ELEOW 5TACK LEWORU FART NUMBER: 31788%0-506 QUANTITY: 1
PART NUMBER: 3278890-306 LRIFORD PART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3278820 SUBSYSTEM:
ZONEMLOCATION: N/ A EEFECTIVITY/AFFECT STAGE:

wak comductad to verify that the applied siress on each piece part by the temperarure extremes igentified with envirvanenial
qualification testing dies not cxceed the stress derating values identified in GE 3267739,

1n addition, an objective examination of the desizn was performed through a Preliminary Design Review and Critical Dresizn
Review ro verify that the CTVC met specification and cealractual requirements.

EARE BOARD DESIGN

Al boards are constructed from faminated copper-clad epoxy glass sheets per MIL-P-1394% Type G Grade A. Circuit
conmections are made through printed traces which run from point to point oo the board surfaces. Every troce terminates at
2o anuular Hog The annular ring surrounds the hole in which a campanent lead or terminal Is lscated. This ring provides 5
footing for the golder, ensuring good mechanical and electrical performance. Xis size and shape are governed by MIL-F-
55630 &5 are trace widiht, spacing and routing, Thege requirements are reiterated specifically in drawing notes to further
asgure compliance. Variation between the artwork master and the final product {due to irregularities of the etching process)
are alsp controlled by drawing notes. This prevents making defactive boards from good artwerk, Heles which house no Jead
or lerminal, but seeve only to electrically interconnect the different board layers, contain stitch hars for mechanical support
and increased reliahility.

The through holes are drilled from 2 drill tape chus elimloating the pessibility of buman errer and allowing tighl control over
hole and annular ring conceniricicy, an impariant reliability criterion. Afier drilling and eiching, 211 copper cladding is tin-
Iead plated per MIL-STID-14%5, This pravides for easy and reliable solderiog at the time of board assembly, even afier
pericds of prolenged starage.

FOARD ASSEMELY DESICN

All components &re installed in 2 manner which assures maximum reliability, Component leads are pre-tinned, allowing
total wetting of solder joints. All leads are formed 1o provide strese relicf and the badies of larpe componeots are staked.
Special mounting and handing instructinns are included in 2ach drawing required after final acsembly. The board is coated

with urethane which protects against humidity and contamination.

{B) TEST: ACCEFTAMCE

Each assembly is individuglly tesied t0 a NASA approved Acceptance Test Procedure TP-AT-3278890, The Acceptance Test
Fiow is datailed in Table 1.

QUALIFICATION TEST

- The qualification unit is identical to the flight urit configuration in every respect and is used solely for the purpose of

quzlification testing. The Qual unit most suecessfully complete acceptance testing prior to entering gualification testing. The

Qual upnit Iins passed testing in pccovdance with NASA approved test plan PN-C-32788%0, The Qualifcation Test Flow is
ditailed in Tahle 2,

F IONAL TESTS
In grder t0 verify that CCTV components ate operational, 4 test must verify the health of 411 1the command related
components fram the PHS [A7Al) panel switch, thraugh the RCO, sthrough the sync lines 1o the Camera/PTT, to the
CameraPTU command decoder, The test mugt alsg verify the camera®s ahility to produce video, the V3T*s ahility to roule
video, and the monitor’s ability 1o display vides. A similar test would be picformed 1o yverify the MDM commaod pach.

Pre-Launch on Grbsiter TestTr-Flinht Test
1. Power CCTV System.
. Via the PHE pancl, sclect a manitor.
3 Send “Camerg Pywer On® command from the
the PHS pancl.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NIIMEER: 2.16.0 ORIGINATOR: JEC/MM ASTRO FROJELT: GFE .
PART NAME: ELEOW 5TACK LEU/DRU PART NUMBER: 32T8820-504 QUANTITY: 1
PART NUMBER: 3278890-506 LRU/ORII PART NAME: CTVC SYSYEN: CCTY
LSC CONTROL KO:N/A DRAWING/REF DESIGNATOR: 3273830 SUBSYSTEM:
FONELOCATION:N/A EFFECTIYITY/AFFECT STAGE:
4. Select “External Sync® on monitar.
s Observe video displavad no monilor.

Note that if video on moniior is synchronized
(Le., stable resterd.

fi. Send Pan, Tilt, Focus, Zopm, ALC, and Gamma
commanids and visualiy (ither via the
menkter or direct abservation} verify

operation,

s Select downlink as destination and
camera ubder test BS SQUICE.

B Observe videg routed to downlinke

9. Send “Camera Power O command via FHS panel,
10.  Repeat Steps 3 through 9 except lesue
command via the MMM rommand path.

{C) INSPECTLON:

Procurement Contral = The CTVC EEE Parts and hardware items are procured from approved vendors aod suppliers,
which meet the requirements set forth in the CTYC contract Resideont DPRO persocoel review all procurement doccments
i establish the pecd Tfor GS1 on selecied parts (PAL 317

Incomiog Inspection and Storage - Incoming Qualicy inspections are made oo all received materials and parts. Results are
recarded by lot and vetained in file by drawing and <ontrol numbers for future refercace and traceability. AN EEE parts are
subjected to incoming ncceptance 1ests as called for in PAY 215 - Tacaming Inspectica Test Ingtructions. lucoming fllgbt parts
are further processed io accordance with GE 1846684 - Preconditioning and Acceptance Requirements for Electronic Parts,
with the exception that DPA and PIND testing §s not performed. Mechanical items are inspected per PAT 316 - Incoming
Inspection Instructicas for Mechanical items, FAT 305 - Incoming Quality Control Ingpection Instruction, and PA1 612 -
Procedure for Processing incoming or Purchased Paris Designeted for Flight Use.  Accepted items are deliverad tn Material
Controlled Stores and retained onder specified conditions unti? Tabrication is required. Non-corferming materialy arc heid
for Material Review Board (MRB) dispoesiticn. (PAJ-30T, FAT TQ{-531)

Boarg Acsemnhly & Test - Prinr to the starl of TVC board assembly, all items are verified to be correce by stock mom
personnil , a5 Lhe items are accumulated to form a Kit. The items are verified apain by the nperatar who asscmbles tbe kit by
checking against the as-built-parts-list {ABPL). DPRO Mandatory Inspecticn Points are designed for all privted circuit, wire
wrap and welded wire hoards, plus harness conneciors for soldering wiring, crimping, solder splices and quality :
norkmanship prior to coating of the component side of boards and sleeving of harnesses.

CTYC Brards .

Specific CTVC board assembly and test instructions are provided in drawing notes, and applicable documents are cafled out
in the Fabrication Procedure and Record (FPR-3278890) and pares lizt PL32788%). There include Process Standard BTV-
565 2280851, Frocess Standard - Bonding Velero Tape 2250389, Specification Soldering-Specification Crimping IIR0200,
Specification - Bonding and Staking 2220878, Specification - Marking 22B0E76 Specification - Workmanship 803033,
Specification Bonding and Staking 2280875, specificatinn-Wave Solder 1280821, Specification-Printed Wire Bourd 5Suaking
21R0851, Specification-Reflow Seldering 2280754, Epecification-Soldering Surface Maunt Components 03371V,

LCTVC Axcembly and Test

An apen box test iz periormed per TP-IT-3278820 and an Acceprance Test per TP-AT-12788%), including vibration and
thermal vacuum, Torque’s are specified and witnessed, traceability oumbers are recorded and calibrated veols are checked
prior to use GE Quality and DPRO inspectigns are performesd a the completioo of specified FPR operations in accordante
with PAI-204, PAI-205, and PAl-217. DFRO persooned witnegs CTYC hutton-up and crtleri torguing,
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NUMBER: 3.16.8 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
FAET NAME: ELBOW STACK LEU/ORU PART NUMEER: 12TR890-506 QUANTITY: )
FART NUMBER: 32758890-506 LRU/ORD PART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:N/A DTLAWIN G/REF DESIGNATOR: 3278890 SUBSYSTEM:
FONELOQCATION:N/A EFFECTIVITY/AFFELCT STAGE:

The CTVC is packaged according to CCTV Letter 8011 and 2280744, Process Standard for Packagiog and Hendling
gnidelines. AJl related documentation Encluding assembly drawings, Farts List, ABPL, Test Data, ETC., is gathered and held
in 2 documentation Tolder assigned specifically tn ach assembly. This folder is retained for refercnst. An EIDP is qmpmd
for cach assembly in accordunce with the requircments of W5-2383176. GE {}C and BPRO personnz| witness crating,
packaging, packing, and marking, end review the EIOP for completencss and accuracy.

TABLE 1. ACCEPTANCE TEST FLOW
1. HOOM AMBIENT FERFORMANCE TEST

Test candutted per the reguirementz of NASA
approved TP-AT-337T88%.

2. ACCEPTANCE ¥IBRATION EXPOSTTRE
10-80 Hz: 3 db/octave rise from 0.01 g2/Hz 10 0.04 g2/Hz
&0-350 Hu:0.04¢2/He :
350-2000 Hz: 3 dF octave decreased to 0.006 g/Hz
Test Ducation: | minotefaxis, operating
Test Level: 6.1 prms

3. POST-VTIBRATIOGN FUNCTIONAL CHECE
Test conducted per the requirements of NASA

approved TP-AT-3178390,

4, ACCEPTANCE THERMAL -VACUUM EXPOSURE
1.5 cycles 10tal from +115 dep F 1o +14 deg F.

After stabilization, noe hour minimum duriation
at each plaican. In-spec functional kests performed at
ench plateau,

5 POST-ENYIRONMENTAL PERFORMANCE TEST
Room ambient performance test conducted in
aceerdance with NASA approved TP-AT-3278534.

TABLE 2. QUALIFICATION TEST FLOW

1. EMI
Conduct tests run ia accordance with the requirements of
S1-E-1002E, including CS01, C502, CS06, TT(1, CEO1, and CE(3.
Radiated tests run in  accordance with ST-E0002E including B502, RS03,
and REOZ except that the west current Tor RS0 was 2 armps in Licu of 20 amps.

Z. OUAL FOR ACCEPTANCE VIGRATION
A0-80 Hz: 2dbioctave increasing 1o 0067 g2/ He
80-350 Hx: D.DGY/octave
380-2000 Hz: ¥dbiortave decrpase
Test Lovel: 7.8 grins
Test Duration: 5 minutes/axis operating
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

EMEA NUMEER: 3.14.0 ORIGINATOR: JSC/MM ASTEOD FPROJECT: GFE
PART NAME: ELBOW STACK LRUARU PART NUMBER: 3XTRE00-50a QEUANTITY: L
PARET NUMBER: J273830-504 LRU/ORU FART NAME: CTVC EYSTEM: CCIV
LSC CONTROL RO:N/A DRAWINGTREF DESIGNATOHR: 3278520 SUBSYSTEM:
ZONELOUCATIONNIA EFFECTIVITY/AFFECT STAGE:

3. FLIGHT QUALIFICATION VIBRATTON
20-70 Hz; 3 dBfoctave increasing to .4 glfHx
70-500 Hz: 0.4 p2Hz
S00-2000 Hz: &dbfoctave decrease
Test Level: 15.1 grms
Test duration 48 minutes/axis non-operating

3. THERMATL-VACTUTM
7.8 eycles total fram +130 deg F to H) dep F.
After stabilization, one howr minimum duration at each plateauw.
In-spee functional tests performed at ach platean.

5. THERMAL STMUTATION

Woril case bot and co)d missicn eavironments
simulaied io varoum. Theripg hot case, in-spec
nperation is required fer & of 14 consecative hours.
During told case, in-spec operation is required for
14 eonsecutive bours

6. HUMIDITY
120 hours esposure té 85% RH including four 24
hour temperature cycles of +60 ey F to +125 deg
F, non-operading.

(I FAILITRE HISTORY:

MNone

fE) OPERATIUNAL USE:

Loss of ability to position the elbow camera. Possible ]I'I'.!.hﬂlh' to siow the RMS if the
elbew camera physically interferes with a pavload. If RMS cannot be stovred the port
payload bay door canuat be closed. Loss of crew and vehicle

(F) MAINTAINABILITY:

FREFARED BY¥: Bernis: Emboey EEYVIRION:

DATE; February 17,1395 WAIVER NUMBER




