PAGE: 1 PRINT DATE: 01/13/84

FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL HARDWARE
NUMEER; G5-8N-2078-X

SUBSYSTEM NAME: EPDAC - AUXILIARY POWER UNIT

REVISION; 3 08 Ve
FART NAME PART NUMBER
YENDOR NAME VENDOR NUMBER
LRU :  MCDULAR ASSEMBLY Y070-765455
SRAY : CAPAGCITOR M39003N01 -Hedd
FART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:

CAPACITOR, 6.8 MICROFARAD, a5 VDC . AUXILIARY POWER UNIT (APU) 1, 2, AND 2
OVERSPEED AND UNDERSPEED TIME DELAY FOR THE FUEL ISOLATION VALVE
CIRCUIT .

REFERENCE DESIQNATORS: 54V76A22501

S4V7EADIEC2
B5VTEAZ2TCA
S5V7EA22TCD
SEVTEAZ2AC1
SOVTBAZZBC2

QUANTITY QF LIKE ITEMS: &

TWO PER AFU

FUNCTION:

PROVIDES THE CAPACITANCE REGQUIRED FOR THE OVERSPEED AND UNDERSFEED
TIME DELAY CIRCINT.
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10 FRINT DATE: 11/30/92

FAILURE NMODEN BFFECTE AMALYSIS (FMEM) == CRITICAL PAILURE MODE
NUNRER: 05-4N=2078-0

EFFIAION: 1 li/3c/92°

SUBSYPTEN: EPDEC - AUXILIARY POWER
LRAT MODULAR ASSEMALY ) CRITICALITY oF T™=In
ITEX MOWME! CAPACITOR FAILURE MODE: 1R3

S e T N - - ol gl e - L L 1 1 1 1 [ F J 71

FAILURE MODE:
SHORT (END TO END}, SHORT TO S$TRUCTURE (GROUND)

MISEION PELSX:

PL PRELAINCH

io LIFT=0OFT

=) ON-GRBIT

Do DE=QREIT

Ls LANDING SAFING

VERICLE/PAYLOAD/KIT EFPRCIIVITY: i0s COLOMBIA
121 DISCOVERY
104  ATLANTIS
10%  ENDEAVOUR

CADNE:

STRUCTURAL TFAILDRE (MECHANICAL BTRESE, VIBRATION], CONTAMINATIAN
ELECTRICAL STRESS, THERMAL STRESS, PAOCEARSING ANOMALY

CRITICALITY 1/1 DURING INTAST AJORT DNLY? ND

REDUNDANCY BCREEM 1) PASS

B) FAIL
C) PASS
PARB/TAIL RATIONALE:
)
B) -

FIRST FAILORE ROT DETECTABLE IN FLIGHT BECAUSE THE “SHORT" FAILURE MoD
OF THIS CAPACITOR WILL SHUNT THE OVERSPEED/SPEED SIGHAL FROM THE AP
CONTROLLER TO GROUND BUT DORS NOT AFFECT THE FUNCTIONAL OPFERATION OF TH
SYSTEM UNLESS THERE ARE ADDITIONAL ASSOCIATED PAILIURES.

c}
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11 PRINT DATE: 1ll1l/30/%32

PAILORE MODES EFFECTS AMALYSIS (FMEAR) == CRITICAL FAILURE MODX
NUMBER: Q3=4N=~3078=02

e ke e e A P e S L R L s e e . T P N - B e

= FAILUAR AFFECTS -

(A} BDREYSTEM!
LOSS DOF ABILITY OF THE CIRCUIT TO CLOSE THE APFECTED APU FUEL ISOLATION
VALVE (IH RESPONSE TO AN OVERSPIID/UNDERSFEED EIGNAL).

(B} INTERPACING ROBEYRTEM(#)1:
NO EFFECT - FIRST FAILUNE

{C)}) NIENION:
NO EFFECT — FIRST FAILURE

(D} CREW, VERICLE, AND ELEMENT (8):
NO EFrECT = FIRST TFAILORE

{F] FUNCTIOMAL CRITICALITY EFFICTE:
POSSIBLE lLOSE OF CREW/VEMICLE AFTER FOUR OTHER PAILURES (TWO SONTACT-TO-

CONTACT SHORTS IN SWITOM, HDC=4 JGROUND DRIVER FAILS "ON™, AND A FUERL
LEAK) DUE TO 1OES OF ABILITY TO ISOLATI A FUEL LEAX (CLOSING ISOLATION

VALVES DOES NOT PREVENT OVERSPEED).

= DISFOAITION RATIOMALE -

{h) DESIGN:

THE PART IS A &.8 MICROFARAD +/=-5 PERCENT, 15 VDO, SOLID S1DG TANTALIN
CAPACITOR. THE GCAPACITOR IS POLARIZIED, HAS SOLID ELECTROLYTE, IS
HERMETICALLY SEALED WITK GLASS IN A METAL CASE WITH AXIAL LEADE WHERE THE
CASE IS5 CONNECTID TO THE KEGATIVE TERMINAL AND IS DESIGNED FOR FULL RATID
VOLTAGE BETWEEN ~55 DEGREE C AND 85 DEGREE C. FOR OPERATICNK BETWEELN B2
DEGREE ¢ AND 125 DEGREE C, THE RATED VOLTAGE 15 LINEARLY DERATED. THE
CAPACITOR LIFE FAILURE RATE IS 0.001 PERCENT FOR 1000 HOURS (FAILURE RATE
LEVEL "8"). THIS PAILURE RATE LEVEL IS5 ESTABLISMED AT A 60 FERCENT
CONFIDENGE LEVEL OF THE BASIS OF LIFE TESTE. THE PART IS DESIGNED TOQ
MEET THE REQUIREMENTS OF MIL-£-29003., THE PART APPLICATION WAS ALSO
ANALY2ED TO ASSURE COMPLIANCE WITH THE S0 PERCENT DERATING CRITERIMA OF

THE ORBITER PROJECT PARTS LIST.
THE CERTIFIED PART NUMBRER IS MIPODI/01=5644.
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12 FRINT DATE: 11/30/93

FAILDORY MODER EYPECTE AMALYSIS (FKEA) == CEITICAL PAILDORE NODE
NUNHEER: 05=£N=-2078-02

(B) TEET:
THE PART IS SCREENED AND QUALIFIED TO THE REQUIREMENTS OF MIL=C~35800).

TERTE AND INSPBCTIONS PERPOMNED OM 100 PERCENT OF TEX ONITS PRODUCED WITE
EQUIPMENT AND FREOCEDURES NORMALLY USED IN FRODUCTION ARR:

_mm—mm_“-m_m

CADZEA .
e Structural fallure ¢ Elactrical strsis H
nechanical stress d Thermal strass :
vibration ® FProcessing anomaly $

b contamination
CAUNS contrel H

RS - i

i bt ez di:n;
TMERMAL CYCLE (-85 DEGREE C TO 125 DEGREE C) x :
VOLTAGE AGING (15 VDC, #5 DEGREE C, 40 HOURS) x :

HERMETIC SEAL (1X10 TO MINUS 5 CC/SEC)

RADIOGRAPHIC INSPECTION '

mﬂmﬂn—mm-mmm
QUALIFICATION TESTS (ALL UNITS)

II!IIEII-IIII”I'I“.I-.-.II'I

L]
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13 FRINT DATE: 1Ll1/7310/92 ‘

FAILURE NODES EYFRCTN AMALYSIN (FMEA) —— CRITICAL FAILURE NODS
NUMBER: OB-LE~2074-02

TESTE AND INSFECTIONS PERERFGRMED ON A BSAMPLE OF UNITE AF A PART OF
CUALIFICATICN ARE)

—-mmmmw

CAUSES :

a Btructural fallurs e Rlactrical strass 1
BeCthaticAl SLrase d Thermal strass :
vibration 4 Procasaing ancmaly

b Contaaination

oauses sontrol
TEAET - -

iat:b:ic:d: e

A PR Y T I N e e S e A 2 L

ma Ehs &N ¥4 FE 8 R Ef Rk JF #d ¥R FE =S

1

¥ VIBUAL AND MECHANICAL IRSPECTION 1 X ¢ i H - §

! DO LEAFAGE H r X ¢ H i X

: CAPACITANCE (6.8 NICROFARAD +/=% PERCENT, : t X - 1 LI 4

] 120 /=5 HZI TEST FREQUENCY, 25 DEGREE C) H H ] 1 1

3 DISSIFPATION FACTOR (& PERCENT, 120 +/=F HZ ¥ g . 0 =X

H TEST FREQUTENCY) z : : : :

: SHOOK (SAWTOOTH, 100G PEAK, & MILLISECOND) r X1 1 1 1 X

! VIARATION, MIGH FREQUENCY (206G PEAK, & HOURS : X 3 : 3 1 X
H IN EACH OF 2 SPTE OF PERPENDICULAR AXTE) £ X H H H :
: SALT SFRAY (5 PERCENT BALT FOG, 48 HOURE} 5 - H I S
! THERMAL SHOCK (~585 DEGREE C TO 129 DEGREER O, 1 X1 1 1 X ?
H 15 MINUTES, 5 CYCLES) 3 H H : : :
: THMEREIGN (25/45% DEGREE C, 15 MINUTES, 3 T 3 3 T X s H
H CYCLES) H H H H H H
! SOLDERAMTLTTY H 3 H H : X ¢
: TERMINAL STRERGTEH (3 LBS PULL) : X ¢ : 1 1 X :
: FUNGUS H H L H 1 X1
! RESIGTANCE TO SQOLVENTSE H : : H s X =
: RESISTANCE T0 SOLDERING HEAT - H H t XX
* MOISTURE RESISTANCE t X 1 X2 ] t X :
: LOW AND HIGH TEMPERAMIURE STABILITY s H ' 1 X1 X
H {=8% DEGREE C TO 125 DEGREE C) H H H H : :
* SURGE VOLTAGE (46 VDC, 25 e, 1000 CYCLE) : H t Xt X X
: LTFE (85 DEGREE € & 12% DEGREE £, 2000 HLRIRS) H t X: XX : X:

!

QUALIFICATION TESTS (LOT SAMPLE}
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14 PRIRT DATE: 11/30/92

FAILURE MODRES EFFECTS AMALYEIN [l‘ﬂl}. == CRITICAL FAILTRE MODE
FEUMNBER1 O5~4M=2074=02

ACCEPTANCE AND BCREENING

ALL FRODUCTION UNITHE ARZ SUBJEOTED PO A 100 PERCENT ACCEPTANCE !IIEIIM
WHICE INCLUDE THE FOLIOWING:

I S S N - N LR - S R B T B I B T L L B BTN

CAUSES _ :
8 Structural fallurs ¢ Eleactrical stresa :
mechanical stiass d Tharmal stress :
vibration & Procassing anamaly H

b Cantamination !
causs sontral
tabic:idiwe;:

Ik dh dm Ay AF #F B B 0 G o EE

THERMAL CYCLE (~£5 DEGREE € TD 125 DEGREE C) 1 : i t X s i
VOLTAGE AGING {35 VDC, 45 DEGREE C, 40 EBOURS) : : X = t XX«
HERMETIC EEAL {1X10 TO MINUS & CC/SEC) 1 X X 1 t X
RADIGGRAPHIC INSPECTION r X X H t X 2

ACCEFTANCE TESTS (ALL UNITS)

v O0F=—6N — 221



H FRINT DATE: 11/30/92

FAILURE NODER EFPFECTE ANALYEIS {rmi == CRITICAL FAILURE KODE
NUMBEN: O03-4¥-207R-G2

TESTE AND INAFECTIOMS PEAYCGRNED ON A SAMNPLI OF PRODUCTION UNITE
OF ACCEPTANCE AREi M TanT

m_-mm--—m“-“._._.m
CLURES
A Structural failurae : c Electrical strams
machanical strass d Tharsal strass
vibration a Procsssing anomaly
kb Contanination
SaUSse contrel

TEEY — - s
iatbhbrg:d: a:
il -...In..ﬂ..-..“h-n.“:::““:

X
X

X

l

DC LEAKAGE

CAPACITANCE (6.3 MICROFARAD “ /=8 PERCENT,
120 +/=8% HZ TEST FREQUENCY, 25 DEGREYE C}

DISSIPATION FACTOR (6 PERCENT, 120 +/=5 N2
TEST FREQUENCY)

VIEUAL AND MECHANIGAL INSPECTION

MATERIALS

PHYSICAL DIMENSIONG

MARKING

WORFMANSHI P

LOW AND HIGH TEMFERATURE STARILITY
(=85 DEGREE C TG 125 DEGREE C)

SUURGE VOLTAGE (4¢ VDC, 85 DEGREE €, 1000
CYCLER)

SOLDERABILITY

LIFE {85 DEGREE €, 240 HOURE)

SHOQK (SAWTODOTH, 1008 FEAK, ¢ MILLISECOND)
VIBRATION, RICH FREQUERCY (208 FEAK, 4 HOURS
IN EACH OF 2 SITS OF PIRPERDICULAR AXIE)

SALT SPRAY (5 PERCENT SALT YOG, 48 ROURS)
THERMAL SHOCK (=85 DEGREE C TO 125 DEGREE C,
15 MINUTES, & CYCLES)
IMMERSION (25/65 DEGREE C, 15 NIRUTES,
£ SYCLESR)
TERMINAL STRENGTE (] LB& PULL)
RESISTANCE TO SOLVENTS
REEISTANCE TO EQOLDERING HEAT
MOISTURE RESISTANCE
EXTENDED LIFE (12% DEGRET €, 10000 HOURS} X:X
A S oo, sgp s S T Y S S Al S S - e s e
ACCEPTANCE TESTS (IOT SAMPLE)

¢ Li M gy dlm pyp Ay
aa vl wk 41 mr wn

e
M oMM M MIMHMMM M MM

i ¥ AF

]

A OEFE M RE PN W ok wh 0F A8 kb BF B4 BN Em Ad
mm pn AF kb mk Y FE B bk k2 A Em

N A B SR O RE Rx b AW B BN A R ok -|.-.Hlitul.-llnI-lni-ilq'-lnl-.-.I'Hiiunip-|-|....|g|.

e owm B A& ki 4k BT K4 AR g¥ wE 4N W SF =k Ak PR am BE o ga B EF G BF wp M WE wE o WR

A wa ma dm M ax mm
B b BP0 M

4 Ak b vk M
*F b mn

X
X

OMRSD: ANY TURNAROUUND CHECKOUT TESTING IS5 ACCOMPLISHED IN ACCORDANCE WITH
OMRSD, : .
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18 PRINT DATE: 11/30/9z

PAILURE MODES EFFECTS AMALYSIS (YMEAR) =~ CRITICAL FAILURE NODE
NUMBER: O5=§N=2078=02

{C) INBFECTIOM:I
THE PART HAS REQUIRED INSPECTION DURING THE MANUFACTURING FROCESS 1IN
ACCORDANCE WITH THE REQUIREMENTS OF MIL=C=39003. IN ADDITION, THE PARI
SUPPLIER I3 REQUIRED TO HAVE QUALITY CONTROL (QC) FRACTICES IN ACCORDANCE
WITH THE REQUIREMENTZ OF MIL-C=35003 AND MIL~-8TD=790. THE REQUIREMENTS
ARE TO ASSURE ADEQUATE PROCESS CONTROLS ARE IMPOSED BY THE BART SUPFLIER
ON THE PARTE MANUFACTURING FROCESS. THE PROCESSES AND CONTROLS ARE
ROUTINELY REVIEWED AND APPROVED BAY THE QUALIPYING AGENCY (DEFENSE
ELECTRONIC SUFPLY CENTER).

EECEIVING INSPECTION (FAILURE CAUSE a.b.a)

MATERIAL ARD PROCESE CERTIFICATION DOCUMENTE ART REVIEWED FOR COMPLIANCE
WITH FROGRAM REQUIREMENTS BY INSPECTION.

CONTAKIMATION CONTRAGL (FAILURE CAUSE b)

A CONTROLLED WORK AREA IS UTILIZED FOR ASSEMELY AND TEET. PROPER
MAINTENANCE OF CLEANLINISS CONTROL I8 VERIFIED BY INSPECTION.

AMERGLY/INSTALLATION (FAILURE CAUSE a,h,s)

DITAILED INSPECTION PERFORMED ON ALL DARTS PRIOR TC NEXT ASSEMELY,
PROPER CONNECTIONS, ALIGNMENT OF SLUGS AND SEALS, STRUCTURAL INTEGRITY,
SOLDERING AND WELDS ARE VERIFIED BY RADIOGRAPHIC INSPECTION.

CRITICAL FROCESSES (PAILURE CAUSE a,b,s)

ALL CRITICAL PROCESSES AND CERTIFICATION, INCLUDING WELDING AND SOLDERING
ARE MONITORED AND VERIFIED BY INSPRCTION.

TESTING (FAILURE CAUSE a.b,s)

ACCEFTANCE TESTS INCLUDING THERMAL SMOCK, VOLTAGE AGING, NERMETIC SEAL
AND RADIGGRAFHIC TESTS ARE MONITORED AND VERIPIYD BY INSPECTION.

EANDLING/PACEKAGING (FAILURE CAUSE a,b}

MANDLING, PACKAGQING, BTORAGE AND SHIPPING PROVISIONS ARE VERITIED BY
INSPECTION.

(8] PAILURE NISTORT: _
FAILURE HISTORY IS5 TRACKED IN THE PRACA SYSTEM.

{(E) OPERATIODMAL DER:
NONE
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17 FRINT DATE: 11/30/392

FAILURE NODES RFFECTE ANALYSIN (FNER) == CEITICAL PAILURE AODE
MUNEIR! Q5~4N=2079-p3

L] - A e - - A e e el e vy e W W T W S S S ol - il L - .
= AFPROVALE =
- -~

- -——— - B . ol min

e . . . ——

FAE XAFACER T+ J. EAVENSQON
PRODUCT ARSURANCE ENGR : T. K. KIMURA
DESIGN ENGR TEAM LEADER: G. M. ANDERSON
DESIGN ENRGINEERTING ¢t T. D. RGUYEN
NASA RELIABILITY !

NASA SUBSYSTEM MANAGER :
NASA EPD&C RELIABILITY :
KASA QUALITY ASSURANCE 1
NASA EPDEC SUBSYS MGR

¥ dall dnp e BB B 1 =g Wm
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