D3 Gav't

FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “MEA RNUMBER: 1.2.0.0 ORIGINATOR: J5C/MDM ASTRO FROJECT: GFE
FART NAME: WRIST STACK LRIVORU PART NUMEBER: 3278%80(]-506 DUANTITY: |
PART NUMBER: 3278%M)-508 LRL/ORU PART NAME: CTV( SYSTEM: CCTV
LSC CONTROL NO:MN/A DRAWING,/REF DESIGNATOR: 3178890 STUBSYSTEM:
LORELOCATION:N/A . EFFECTIVITY/AFFECT STAGE:

CRITICALITY:

CRITM AL ITEM?:_ Yes SUCCESE PATHS:
CRITICALITY CATECORY:___ 272 SYCCESS PATH REMATNING:

END ITEM NAME:

ERD ITEM FULNCTIONAL:

END ETEM CAPABILITY:

END TTIEM FATLURE TOLERANCE:

Y SCREENS:

ORBITER/SPACE STATION

- Pass
- Pass
Fass

(=R -~
1

TINCTI0ON: (1} Unahle to open lens iris. {2) Degradagion of puctuce contént
. nrst Case: Lass of mission critical video.

FAILURE MODE CODE:

FAILURE MODE: A malfunction in the camerg to couse total loss of
the active vides signal or video information, that will provide degraded porfermance

CATEE:

A1 Powver Supply

A2 CCD~video detect

A3 ALCAGC! Colar Bal
A4 Com Dec Tal Enc
AS TCVCXH

AG BB Videos proc
ATNTSC Enc

A10 CCD Drive
CCD/prism ass

FAILURE DETECTTON:
REMAINING PATHS:

EFFECT/ MISEION PHASE:
CORRECTIVE ACTION:
Mone
-FAILURE EFFECTS-
DITEM/LRU/ORTFASSENMELY: Luss of camera oulpat.

. SUBSYSTEM/NEXT ASSEMBLY/INTERFACE:; Nao viden
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“SMEA NUMBER: 4.2.0.0 ORICTNATOR: JISCMM ASTRO PEQJECT: GFE
PART NAME: WRIST STACK LEUAORT PART NUMBER: 3L78R30-506 QUANTITY: 1
PART NUMEER: 3273830-304 1REMOR PART MAME: CTVC SYSTEM: CCTV
LEC CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3278850 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

SYSTEM/END TTEMIMTASION: Loss of mission critical video

CREWVEHICLE : None.

HAZARD INFORMATLON;
HAZARD: YES__ NO_X__
HAZARD ORGANIZATION CODE:

HAZARD NUMBLE.:

TIME TO EFTECT:

TIME TO DETECT

TME TO CORRECT:

TAILTURE DETECTION/FLIGHT

REMARKS:

RATIONALE FOR ACCEPTABILITY-

{A) DESICN:

The CTVC it comprized oF 21 electrical subassemblicy; 15 subsveemblics are GE Astro Space designed and fabricated using
siandard printod circuit board type construction. The rermaining six assemblies, 2 stepper motors, 1 hrushless motor,
Prism/CCD, and Lens assemably are vendor tupplies components, which have been specificd 2nd purchased according 10 GE
Specification Control Drawing (3C D) prepared by Engincering and Prodoct Assurance, Specifications per the 3CD are
porformance, iest, gualification, and accepiance requirements for a precurcd picee of equipment. Parts, matcrials, proceises,
and design guidelings for the CTYC program are specified in acenrdance with GE 3267759, This decument defines the
[ULram requirements,

MI-STD-975G will ser~ve as the primary EEE party selectivn document, 11 a suitahle part eannat be found in M1L-3T1-
475, equivalent EEE parts that meet the foBowing criteriz may be substituted.

Microcircuit s are at least Clas: B Level, MIL-M38510 devices. All microcircuils are subjectest tn Particle Tmpaet Noise
Detection (PIND) tasting per MIL-STD-883cC{oecept for devices with plastic epocy-type package).

Dinddes and transigtors are at least FANTXV in accardance with BFIIL-S-14310. All ysemi-coodoclors in cavity-iype packages
are subjocted to PIND testing per VIIL-3TD-8%3C. Relays are procurcd 10 the kighest military established reliahiliry (WIL-
ER) level as deflined in MIL-E-39016. Reliy s are subject 1 PLND esting.

Switches are procurcd to at Jease the sceon highest Tevel of the appropriate MIL-ER specification. Switches are subjected 1o
*her FIND testing or M-ray analysis a5 appropriate, Tor parilcle detection,

Ciher disereie parts are procused to at least the second highest level of the appropriate MIL-ER specification. .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NTIMEBER: 4.2.0.0 ORTCTNATOR: JSCNM ASTRO PROJECT: GFE
PART NAME: WRIST STACK LRUORY PART NUMEER: 22738M--506 QUANTITY: 1
FART NLMBER: 3273890-500 LRU/ORU PART NAME: CTVC EYSTEM: CCTV
LEC CONTROL NO:N/A DRAWING/REF DESIGNATOR:32TRE0D STRBRSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

Parts nat included in the above documends have been used in the design only after a noo-standacd parts acceplance requcst
{NSPAR) has been prepared, submiticd to Reliability Arsurance Enginecring and approved far use in the specific
apphication(s} defined o the NSPAR by NABA-ISC.

Worst case ciccuit analyses have been performed and dvcumented lor all cizeuit designs to demeonstrate that sufficient
opcrating margins exist for all operating condilions. The analysis was worst case in that the value Tor each of the variable
parameters was sct (0 limits that will deive the sutput to 2 maximum (o min). A component approach review and analysiy
was conducled to verify that the applied stress on each picee part by the temperature extromes identificd with enviegamentul
qualification testing does not exeecd the stress derating values identified in GE 3267755,

1n addition, an ohjective examination of the deslen was performed through a Prelimicary Desipn Review and Critical Design
Review to verify that the CTYC met specification and contractual reguircments.

BARE BOARD DESIGHN
All boards are constructed from Liminated copper-clad eposy plass sheets por MTL-P-13249 Type G Grade A Circuit
coanectians are made through printed traces which run Trom peint 10 foint on the board surfaces. Every trace terminates at
an annular ring. The angqular ring surrounds the hole in which a component Icad or terminal is located. This ring provides a
footing for the solder, ensuring good mechanical and clectrical perfurmance. Ms skze and chape are poverned by MIL-P-
SE640 gy wre frace widths, spacing and rmuting. These requirements are reiterated specilically in drawing notes to further
sure compliance Warlation between the artwork master and the final product (due to irregularities of tha etching process)
¢ alse controlled by drawing notes, This prevents making defective boards from gosd artworl, Hobes which bouse nn lead
or terminal, bul sorve anly o elecirigally inlereanncel the difteeent board layers, contain stiteh bars for mechanical support
and increased reliability.

The throush holes are drilled from a Jrill tape thus eliminating the possibility of human error and allowing Dght conirol over
hole and snnular ring concenticity, an important reliability oriterion, Afrer drilling and etching, all copper ¢ladding is tin-
lead plated per MIL-STI-14935. This provides for easy and reliable soldering at the time of board asscmbly, even after
perinds nf prilonged storase

BQARD ASSEMELY DESIGN

Al components are installcd in 2 manner which agsures maximoem reliability. Componcat leads arg pre-tinacd, allowing
total weitting of solder joints. Al leads are formed to provide stress relief and the badies of larae components are staked.
Special mounting and handing instructions are included in each drawing required after final assembly, The board is coated
with wrethane which proteets against humidity #nd contamination,

(B} TEST: ACCEFTANCE
Each agsembly ig individually tested 10 4 NASA appeaved Aceeptance Tegl Procedure TP-AT-3278890, The Avcepiance Test
Fiow is detailed in Tahle L

QUALIFICATION TEST

The gualification unif is identical ¢ the flight unit confizuration in every respect and is used solely for the purpose of
qualification esting, The Qaal wnit must successTully complete aceeptance Lesting prier to catenng gqualification 1esting. The
Qualunit has passed testing in accordancee with NASA approved test plan PN-C-1278800. The Qualificanion Test Flow is
detailed im Table 2.

PERATIONAL TESTS
« order to verify that CCTV componenls are operstional, & tost must verify the health of 2l the command related
commponcnts fram the PHS {ATAL) panel switeh, through the RCU, through the syne lines (0 the CameraPTU, 19 the
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FAILURE MODE EFFECTS ANALYSIS.*’CRITICAI:ITEMS LIST

“MEA NUMBER: 4.2.1.4 ORIGTNATOR: J5C/MNM ASTRO PROJECT: GFE
PART NAME: WRIST 8TACK LRIVORU PART NUMBER: J1T3RO0-504 DIUJANTITY: 1
FART NUCMBER: 3278800-504 LRIVORI PART NAME: CTVC SYSTEM: CCTY
LSC CONTROL NO:N/A DRAWINLG/REF DESIGN ATOR: 32 TREM SUBSYSTEM:
ZONELCGCATION:N/A EFFECTIVITY/AFFECT STAGF:

CameraPTU command decuder. The tost must alan verify the camera's ability to produce video, the VE1Is ability ta route
viden, and the moniter's ability to display vides. A similar test would be performed 1o verify the NIDM cammand path.

Pre-Lavngh gn Orbiter Toildn-Fheht Test
1. Power COTV sysiem
2. Vi the PHE panel, sclect a monitor
3. Send “Camera Power On™ command Trom the
the PHS punel.
4. Select “Exiernal Sync™ on maonitor,
£. Observe video Jisplayed on monitar.
Note that il video on monitor s synchronized (i.e., stable raster)
then this indicetes that the camera is
receiving composite sync from the RCU and
that the camera 15 producing syachronized video,
6. Send Pan, Tilt, Foeus, Zoom, ALC, and Gamma
cnmntands and visually (cither vin the
moniler of direct ohservation) verly pperatinn,
7, Select downlink as destination and
camers undar tesT 45 S0Urce,
. Observe vides routed 10 downlink,
. Send *Camera Power O command via PHE panet.
10. Repeat Steps 3 throvgh 9 except issue
commands via the MO command paih.

-]

{C} TNSPECTION:

Procurement Control = The CTVC EEE Farts and hardware items arc procurcd from approved vendors and suppliers,
which encet the requirements scf forth in the CTVC vontract. Resident DFRQ personndd review all pracurement dacuments
to establish the need for GEY on selected parts (PAT ST

Incominyg Inspection and Sturage - Incoming Quality inspections ave made on oll received materialy and parts. Resolts are
recorded by bot and retained in file by drawing and eontrol aumbers for future reference ard traceability. All EEE parts are
subjected {0 incoming acceptance 1ests 2a called for in PAYI 315 - Incoming Inspection Test Instructions, Incoming {lipht parts
arc further processed in accordance with GE 1846684 - Peeconditioning 2nd Acceprance Requiremenis for Electronic Paris,
with the exception that DPA and PIND testing is nat performed. Mechanical items are inspected per PAT 3316 - - Incoming
Tnspeetion Tnstructiens for Mechanical items, PAI 303 - Incoming Quality Coantrol Inspection Insttuctinn, and PAT 612 -
Procedure for Processing incoming or Purchascd Parts Designated for Flight Use. Accepted items are delivered to Material
Controlled Stores and retained wnder specified canditions until fabrication is reguired. Non-conforming materials are held
for Material Review Board (M ER) disposition. (PAT-307, PAT ICKC-531)

Eaard Assephly & Test - Prior to the start of TVC board assombly, all items are verified 1o be correct by sigck room
persanncl , as the ifems ace accumutated 10 form a kit. The items arve verified again by the operator who assembles the kit by
chiecking ezainst the as-built-pu rts=list (AEPL). DPRO Mandatary inspcctmn Points are desipned for all printed circuit, wire
wrap and welded wire boards, plus harness conpectors for seldering wiring, crimping. snldr.-r' splkces and guality
warkmanship prior to coating of the cemponent side of beands and sleeving of harnesses.

% Bourds
pecific CTVE board assembly and test instructions are provided in deawing notes, and applicable documenis arc called oul
in the Fabrication Procedurt and Record (FPR-3278590) and parts list PL3278894. These include Frocess landard KTY- .
546 2180881, Procest Standard - Bonding Vetero Tape2 280889, Speeification Soldering 2280749 - Bpecification Crimping
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

VEA NUMBER: 4.2.0.0 ORIGINATOR: JEC/MM ASTROD FROJECT: GFE
FART NABME: WERIST STACK LRU/ORU PART NUMBER: 3273500-5306 QUANTITY: 1
PART NUMBER: 3278890-500 LRLU/QERLU PART NAME: CTVC BYSTEM: CCTV
LiC CONTROL NG:N/A DEAMWING/REF DESICNATOR:3278800 SUESYSTEM:
ZONELACATION:N/A EFFECTIVITY/AFFECT STAGE:

2280801, Specification - Banding and Staking 2220874, Specification - Marking 2280876, Specification - Wurkmanship
030035 Specificativn Bonding and Staking 2280875, speeification-Wave Solder 2280821, Epueification-Printed Wire Board
Seaking 2280851, Specification-Refluew Soldering 2280754, Specification-Soldering Surface Mount Components 20005710,

CTVC Agsembly and Test

An apen box test is peiformed per TE-IT-327889¢ and an Aceeptance Tost per TP-AT-3276350, includiag vibration and
thermal vacuum, Torque’s arc speeified and witnessed, traceability numbers are recorded and calibrated tools are checked
prier to use. GE Quality and DPRO inspections arce perfurmed a the completion of specificd FPR operations in accordance
wilh PAT-204, PAT-205, and PAIL-217, DPRO personned witness CTVC butten-up and critical torquing.

The CTVC is packaged acvording to CCTV Letter $011 and 2280746, Process Standard for Packaging and Handling
suidelines. All related documentation including assembly drawings, Parts List, ABPL, Test Data.e1c., s gathered and heldin
a Jocumentation Talder assigned specifically to each assembly. This folder is retained for reference An EIDP is prepared for
cach assembly in accordance with the requirements of 'W5-23923176, GE Q€ and DPRO personpel witness grating,
packaging, packing, and marking, and review the ETDP (oe completeness and accuracy.

TABLE 1. ACCEFTANCE TEST FLOW
1. ROOM AMBIENT PERFORMANCE TEST

‘Test conducted per the reguirements of NABA
approved TP-AT-3278400,

2. ACCEPTANCE VIERATION EXFOSURE
20840 He: 3 dhioctave rise from D01 g27Hz o 004 p2/Haz
80-350 Hez:0.04 g2rHEY
JA0-2000 Hz: 3 dB octuve decreased oo G000 22 Hz
Test Doration: 1 minubdaxis. operaling
Test Level: 6.1 grms

3. POST-YTERATION FUNCTIONAL CHECK
Test canducied per the requirements of Na3a
approved TE-AT-32 7853,

4. ACCEPTANCE THERMAL-YACUUNM EXPOSURE

1.5 cycles total from +115 deg F o +14 qeg Fo

After stabilization, one hour minimum durition

ar each plateaw. In-gpeog functivnal tests performed at
each plateae.,

£ POST-ENVIRONWMENTAL PERFORMANCE TEST

Room ambicm peeformance tests conducied in
accordance with NASA approved TP-AT-32 788210,

TARLE 2. QUALIFICATION TEST FLOW

EMI
Congduct tesis run in aceardance wilth the requirements of
SL-E-0002B, intluding €501, €802, C506, TTH1, CE01, and CED3.

Badiated tests run in accordance with SL-EGO0IR including RE02, RSO3,

CCTVICTVC - 182



U5, Gawt

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NUMBER: 4.2.0.4 ORIGINATOR: JSC/MM ASTRO FROJECT: GFE
FART NAME: WRIST 5TACK LRU/ORU PARY NUMBER: 3278800-506 QUANTITY: 1
PART NUMEEK: 32T3890-304 LELAORT PART NAME: CTVC SYSTEM: CCTV
L3C CONTROL NO:NfA DRAWING/REF DESIGNATOR:3273890 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

and RENZ ¢xcept that the test current for R302 was 2 amps in liew of 20 amps.

. QUA R EFTANCE VIERATION
H-80 iz 3dbfoctave increaging to 0047 g2/ Hx
80-350 Hz: 0.00T/octave
350-2000 Hz: 3dbfectave decrease
Test Level: 7.8 grms
Test Duratign: § minutesfaxis operating

3. FLIGHT QUALIFICATION VIBRATION -
20-TU Hrz: ¥ dB/octave increasing to 0.4 p2/He
T0-500 Hzr 0.4 p2/Hz
S00-2000 H2: 0dhifoctave decredse
Tost Level: 18.1 2rms
Test duration 48 minutcs/axiy non=uperling

4. THER VA 4 o
7.5 caeles tatal from 130 deg Fta +) deg F
After stabillzation, one hour minimum duration at each plateau,
In-spec Tunctional tests performed at vach plaicay,

& THERMAL STMULATION
Waoest ease hor acd cold wission environments
simulated in vacuum. During hot cnse, im-spee
operation is required Tor 6 of 14 eonsecutive hours,
During cold case, in-¢pec operation is required for
14 consecutive hours

4. HTTMIIMTY
20 hoars exposure 10 5% BH including four 24
hour temperatoee ovcles of 60 deg F oo +123 dey
F, non-operaring,

(0] FALLUHE HISTORY:
Komne.

(E) OPERATIONAL GSE:
Lass of video. Possible Joss of major mission objectives Jue 0 loss of
KNS cameras or other reguired cameras

(F) MAINTAINABILITY:

PREFARED BY:Bernic EMbrey REVISION:

MATE: February 17, 1995 WAIVER NUMEBER
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