S Govt

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 3.13.0 ORIGINATOR: ISC/MM ASTRO PROJECT: GEE
PART NAME: ELROW STACK LRI/ORU PART NUMBER: 3278390-506 QUANTITY: 1
PART NUMBER: 327580-50¢ LEU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR:31758% SUBRSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

CRITICALITY:
CRITICAL ITEM?Y: Yes SUCCEAR PATHS:
CRITICALITY CATEGORY:__1R/2__ STICCESS PATH REMAINIKG:
END ITEM NAME:
END ITEM FUNCTIONAL:
END ITEM CAPARILITY:

END ITEM FAILURE TOLERANCE:
REDUNDANC 2-H R/SFA TATIO!

A - Puss
B - Pass
C - Pass
™ -

FUNCTION: Loss of PTU function tv pesition PTT for desired FOV,
Worst Case:Unabte 16 control PRI prevents staowing RMS.

FAILURE MODE CODE:
FATL.URE MODE:Loss 6f +18V power to the PTT.

CATISE:
Al Fower Supply

FATLTIRE DETECTION:
REMAINING PATHS:
EFFELCT! MISSION PHASE:
CORBECTIIVE ACTION:
None
-FATLTRE EFFECTS-

END ITEM/LRUADRT/ASSEMELY  Lusy of camera output.
SUBSYSTEM/NEXT ASSEMBLY/INTERFACE: No video
SYSTEMUVEND ITEM/MISSION: Loss of missing critical video

CEEWVEHRTICLE * Mone

HAZARD INFORMATION:

HAZARIE YES__ NO_ X
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMEBER: 3.13.0 ORIGINATOR: JSSC/MM ASTRO PROJECT: GFE
PART NAME: ELBOW 5TACK LEUAORY PART NUMBER; 3278800-506 QUANTITY: 1L
PaRY NUMEBER: 32735890-31H) LRUARL PART NAME: CTVC SYSTEM: CCTY
LSC CONTROL NO:N/A DRAWLNG/REF DESTCNATOR:32178%00 STBSYSTEM:
TONELOCATION NA FFFECTIVITY/AFFECT STAGE:

HAFARD ORGARIZATION CODE:

HAZARD NUMBER:

TIME [0 EFFECT:

IME TODETECT

TIME TO COERECT:

FAILURE BETECTION/FLIGHT

REMARKE:
-RATIOSALE FOR ACCEPTABILITY-

{A) DESIGN:

The CTVC is comprised of 21 electrical subassemblies; 15 gu bazsembiics are GF Astro Space desiymed and fabricated using
standard prioted circuit board tvpe eonstruction, The remaining six assermblies, 3 stepper mators, 1 brushiess motor,
Prism/CCD, and Lens assembly are véndor supplies companents, which have been specified and purchased accurding o GE
Specification Control Drawing (SCDs) prepared by Enpineering and Product Afsurance. Speciications per the SCIF ar
pecfarmance, test, qualification, and acceptance requircmenls for A procured piece of equipivent. Faris, materials, processes,

and destgn guidelines for the CTVC pragram are specified in accordance with GE 3247759, This documcnt defines the .
program reguirements, '

MI-STD-9756 will serve as the primary EEE parts sclection dorument. Tf a suitable part cannod be found in MIL-STD-
9750, equivalent EEE parts that meet the foliowing criteria may be substituted.

Microcircuit s are at least Class B Levet, MIL-M3R510 devices. All microcirewits are subjected to Farticle Impact Nnige
Defection (PINTY testing per MIL-STD-883C (except for devices with plastic epoxy-type packape).

Tiindes and transisiors are ot least JANTXY in accordance with MIL-S-19500. All semi-conductors in cavity=type packages
are subjecred to PIND testing per MIL-3TB-853C. Relays are procured to the highest military established rellability (MIL-
ER) level as defined in MIL-R-30016. Relave are subject io PIND Lesting.

Switchey arc procured to at leage the seennd bighest ieve! of the approprisie MIL-ER specification. Switches are subjected to
gither PIND testing or X-ray analysis as appropriate, for particie deirition,

Oiher disereie parts are procured to a1 least the second highest level of the apprepriatc MTL-ER spacification.

Yarts pot included in the above documents have been used in the design only afier a non-standard parts acceptance request
fNSPARY hay been prepared, submitted o Reliabifity Assurance Engineering and approved for use in the specific
application(s) defined in the NSPAR by NASA-JSC.

Worst case circult analyses have been performed and documented for all eiruit designs to demonstrate that sufficient
pperating marging exist for all nperating conditions. The analysis was worst case in that the ¥alue for each of the variable
parameters wis set to limits that will drive the output to A maximum (or min}. A COmMPonent approach review god analysis
was conducted te verify that the applied stress on each picee part by the (emperature extremes identilfed with envirgnmental
qualification testing does nol exceed the stress dersting values identlfied in GE 3267750, .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NUUMBER: .11 CRIGINATQR; JSC/MM ASTRO PROJECT: GFE
FARY NAME: ELEOW STACK LEL/ARU PART NUMEBER: 3278350-50¢ QUANTITY: 1
PART NUMBER: 3278590-5(1 LRLU/ORU PART NAME: CTVC SYSTEM: CCTV
LEC CONTROL NO:N/A DRAWING/REF DESIGRATOR: 3273800 SUBSYSETEM:
ZONELOUCATION:N/A EFFECTIVITY/AFFECT STAGE:

Tn addition, an objective examination of the design was performoed 1through 2 Preliminary Design Review and Critical Dosign
Review to verify that the CTVC met specification and contracrual requiremens.

RARE BOARD DESIGHK

All boards are constructed from baminated copper—clad epoxy glass sheets per MIL-P-1354% Type G Grade A. Circuil
connections are made through printed races which run from paiot to point on the board surfaces. Every trace terminares at
an annular Fing. The annular rieg surrounds the bole in which 3 component lead or terminal is located. This ring provides a
funting for the solder, ensuring geod mechanical and electrical performance. Tts size and shape are governed by MIL-F-
S5540 a¢ are trace widths, spacing and routing. These requirements are reiterated specifically in drawing eotes o further
atkure compliance. Varation between the artwork macter and the final product {Jue to irrepularitiey of the eiching process}
are also coatrolled by drawing notes. This prevents making defective hoards from goad artwork. Holes which house oo lead
or terminal, but serve enly to siectrically interconnect the different board layers, contain stitch bars fer mechanical support
and increased reliability.

The through holes are drilled from a drill tape thus eliminating the possibility «f human errer and allpwing tight control over
hole and anoular Fing concentricity, an important reliability criterion. Afier drilling and etching, all eopper <ladding is gin-
lead plated per MIL-STD-1425. This prevides for easy and reliable soldering al the lime of hoard atsembly, even after
perigds of prolopged storage.

EOARD ASSEMBLY DESIGN :
All components are installed in 3 manner which assures masimum reliabilicy. Component leads are pre-tinned, allowing

- tutal wetting of solder joints. All leads sre formed to provide stress relief and the bodies of large components are siaked.
Special mounting amd handing instructions are incinded in each drawing required afier finsl assembly. The beard is coated
with wrethape which prosecis avainst humidity aad contamination.

(B} TEST: ACCEPTANCE

Each assembly is individually tested to 3 NASA approvel Acceptance Test Procedure TP-AT-32788%). The Accepiance Test
Flow ix detailed io Tahle 1.

LIFICATION TEST
The qualification unit is identical te the flight unit configuration in every respect and is used solely for the putpose of
gualification sesting, The Qual unit must successfully complete acceptance testing prior to entering qualification testing. The
Ctual unit has passed testing in acvordance with NASA approved fest plan PN-C-3278890. The Qualification Test Flow is
detailed in Tahle 2.,

OFERATIONATL TESTS

1n arder ta verify that CCTY camponents are sperational, a test must verify 1he heaith of all the command related
components from the PHES (A741) panel switch, through 1he RCL, throuph the syne lines to the CameraPTU, to the
CamcraPTV command decoder. The test roust alse verily the camers™s abiiicy 1o produce video, the ¥YS1's ablligy to rowie
viden, angd the monitor's ability to display vides. A similar test wonld be performed to veriiy the MM command path.

Pre-Laupch on Orhiter TestIn-Flighe Test
1. Power COTV System,
2, Viz the FHE panel, selecl a maonitor,
i Send “Camera Power On™ ¢otimand from the
the PHS pancl
4. Beleet *External Byne® an moniter.
& Observe video displayed oo manitor.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 3.13.0 GRIGYNATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: ELBOW STACK LRU/ORU PART NUMEER: 3278820-506 QUANTITY: 1
PART NUMEER.: 327R890-504 LRU/ORU PART NAME: CTVC SWSTEM: CCTV
1L.5C CONTROL NO:MN/A DRAWING/REF DESFGNATOR:II78840 SUBSYSTEM:
ZOMNE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

Note that if video oo monitor ix syochronized
(i.e., stable raster)
& Sead Pan, Tilt, Focus, Fooam, ALC, and Gamma
comm ands and visually (either vig the
monitor or direct shservatien) verily
operetion.
7. Select downlink as destinetion and
cammery under TeFT A5 s0urce
8. Ohserve video rooted to downlinke
8.  Kand “Camera Power O commund via PHS pangl
10,  Repeat Steps 3 through 9 except isgue
enmmand via the MDM command path.

(C} INSPECTION:

Procurement Contro] - The CTVC EEE Paris 2ad havdware itcms are precured from approved vendors snd suppliers,
which meet the requirements set Torth in the CTVC contract. Resident DPRO personnel review all procurement docoments
1o estublish the weed For GSI on selected parts (FAL ST

Tacaming Inspection and Storage - Incoming Quality inspections are made oo all received materials and parts Resultx are
recorded by Yot and retained in Me by drawing and control numbers for future referenee and traceability. All EEE paris are
subjected to incoming acceptance tests as called for in PAT 315 - Incoming Inspection Test Enstructions. Incoming flight parts
are further processed in aceordance with GE 1846684 - Preconditioning and Acceptance Requirementy for Elcclronic Farts,
with the exception that DPA and PIND festing is not performed. Mechanical items are inspected per PAL 316 - Incomiog
Inspection Instructiony fur Mechanical items, PAL 305 - Incoming Quality Control Inspection Instruction, and PAT 612 -
Procedure for Processing incoming or Purchased Parts Designated for Flight Use. Acceptance iems are delivered o
Material Controlled Stores and retained under specified conditions until fakricatian is required. Npo-conforming materials
are held for Material Review Board (MRB) disposition. (PAT-307, PAL IQC-531)

Board Assemblv & Test - Prior to the start of TYC board assembly, all items are verified to be correct by stock roum
personnel , as the items are accumulated {0 form a kit. The items are verificd agaln by the pperafor who assembles the Kit by
checking against (he as-built-parts-list (ABPL). DFRO Mandatory Inspection Pointy are designed for all printed ciccuit, wire
wrap anil w&lded wire boards, plus harness connectors for soldering wiring, crimping, solder splices and quality
workinanship prior to cualing of the component side of boards and sleeving of harnesses

CTYC Boards

Specic AV board assembly and test inftructions are provided in deawing notes, and applicable documents are culled owt
in {he Fabrication Procedure and Record (FPR-3278590) and parts list P1.32758%0. Thess include Proccss Standard RTV-
SG6 2280851, Process Standard - Ronding Velern Tape 2280889, Specification Soldering-Specification Crimpiog 2280800,
Specification - Bonding and Staking 2220878, Specificative - Marking 2250376.5pecification - Workmanship 8030035,
Specificatinn Bending and Staking 2280875, specification-Wave Sulder 2250821, Specification-Printed Wire Egard Staking
2250851, Specification-Reflow Soldering 2280754, Specification-Saldering Surface Mount Componeats 20005710

CTVC Assembly and Test

An open box test is per{ormed per TP-IT-32785840 and an Acceptance Test per TP-AT-3278831, including vibration and
thermal vacuum. Torgue’s are specified and witnessed, (zaceahility oumbers are recorded and calihreated tools aze chec ked
prior to use. GE Quality and DPRO inspeciipas are performed a the completion of specificd FPR operations in accordance
with PAT-204, PAL-205, and PAL-217. DPRO persornel witness CTVC button-up and critical tarquing. .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ETEMS LIST

FMEA NUMBER: 3.14.0 ORICINATOR: JEC/MM ASTRO PRELECT: CFE
FART RAME: ELBOW STACK LRIVORL PART NUMEER: 327Te890-5416 QUANTITY: 1
PART NTTMEER: 3173830-500 LRUMDRU PART NAME: CTVC EYSTEM: CCTV
LEC CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3278} SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

The CTVC is packaged according te CCTV Letter 5011 and 3280746, Precess Standard for Packaging and Hundling
suidclives. Al related decumentaiion iocluding assemhly drawings, Parts List, ABPL, Test Mrata, cte., is gathered and held
in 2 dovumentation folder assipned specifically to cach assembly. This folder is retained for reference. An EIDP is prepared
for each assembly in accordance with the requirements of WS-25931%. GE QC and DPRO personnel witness crating,
packaging, packing, and marking, and review the EIDP for completeness and accuracy.

TABLE 1. ACCEPTANCE TEST FLOW

1. RDOM AMBIENT PERFORMANCE TEST
. Test conducted per the requirements of NASA

approved TP-AT-32TAEN],

. ACCEPTANCE YIE EXF RE
20-80 Hx: 3 dbfoctave rise from 0,41 g2/Hz to .04 g2/Hz
#0-150 Ha: 0.0402/Bx
350-2000 Hz: 3 dB octave decreased fo 0.006 g2/Hz
Test Duration: 1 mioute/axis, operaling
Test Level: 5.1 grms

3. POET-VTBRATION FUNCTION K
Tert conducted per the requirements of NASA
approvied TP-AT-3278890.

3. ACCEPTANCE THERMAL-VACUUM EXFOSURE
1.5 cycles total from +113 deg F w +14 deg F.
After stabillzation, one hour minimum duratian
at gach plateau. Io-spec fuactional (ests performed at
each plareau.

5. POST-ENYTRONMENTAL FERFORMANCE TEST
Room ambient performance test conducied in
accordance with NASA approved TP-AT-327T8B3,

TABLE 2. QUALIFICATION TEST FLOW

1. EMI
Conduact tests run in accordance with the requirements of
SL-E-0001F, including €501, C502, C506, TT01, CEQL, and CED].
Kadiated tests un in  accordance with SL-ENS0ZEB including REGZ, K503,
and REO2 excepd that the tisl courrent foc R502 was 2 amps o licw of 20 amps

2. QUAL FOR ACCEPTANCE VTBRATION
20)-B0 Hz: 2dbfoctave mereasing to 0T g2/ e
B0-3530 Ber 006N actave
350-2000 He: 3dbl/octave docrease
Test Level: 7.5 grms
Test T ration: 5 minales'axis opecating

3. FLIGHT QUAILIFICATION YIBRATION
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 3.15.1) ORIGINATOR: JRCMM ASTRO PROJECT: GFE
FART NAME: ELBOW STACK LRL/ORU PART NUMBER: 31785830)-504 QUANTITY: 1
PART NTIMBEE: 3Z78890-5046 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
L3C CONTROL NO:N/A DRAWINGREF DESIGNATOR:3178300 SUBSYSTEM:
ZONELDCATION: R A EFFECTIVITY/AFFECT STACE:

20-70 Bz: % dB/octsse increasing 1o 0.4 g2/Hz
70-500 Hz: 0.4 pi/Hz

500-2000 Hz: 6dhfactave decrcase

Fest Level: 15,1 prms

Test durativn 45 winutes'axis non-operating

4. THERMAL-YVACETM
7.3 cycles tolal from +130 deg F #o +2 deg F.

After stabilization, one hout minimura duration at each plateau.
In-spec functiopal tests performed st each plateaa.

£, THERMAL STMULATION

Worst case hot and ¢old mission covironments
simulsted in vacuum. During hot €258, i0-5p&EC
operation is required for § of 14 conkecutive hours.
During cold case, in-spec operation is required far
14 consecotive hours

6. ALMIDITY
120 bours cxpesure to 5% R including four 24

hour temperature cycles of +Hi0 deg F o +125 deg -
F, non-operating, .

(D} FAILURE HISTORY:
None.

{E) OPERATIONAL USE:

Las# of 2bility ta positina the efbow camera. Puosuible inzbility to stow the

RMS if the elbow camera physically intcrferes with n payload, TE RIS canoct be
stowed the port payload bay door cannot be closed. Laoss of crew snd vehicle.

(F] MAINTAINAEBILITY:

PREPARED BY:Bernic Embrey REVISTON:

DATE: February 17. 1995 WAIVER NUMBER
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