SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :LLECT POWER DIST & CONWT FMEA NO O05-8 -2261 -2 REV:03/027%20

ASSEMELY :INV.DIST & COHT ASSY 1,2,3 CRIT.FUNC: 1k
P/N RI IMC431-0239-0001/0002 CRIT. EDW: 3
P/N VENDOR: VEEICLE 102 103 104
QUANTITY 13 EFFECTIVITY: X X X
: THREE [ONE FER EACH AC PHASE(S}: EL I[o 00 X Do LS
:BUS ARTRAY)

REDUNDANCY SCREEN: BA-FAIL B=-N/A C-FPASS

PREPARED EBY: APPROVED EY: ARPPROVED BY qwnsn}.

DES B PHILLIFS (%= DES & ~b.=, %/~ /. SSM ’ ) Fio
REL T KIMURA T= REL W o 4 ¥ma 3o 8 REL #4 ol
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ITEM:

SENSOR, VOLTAGE - AC OVER/UNDER VOLTAGE SENSOR, AC BUS Svs—=w

FUNCIIOHN:

MONITORE ALL THRIE PHASES OF AN INVERTER ARRAY BUS SIZT FGR INCORRECT AC
VOLTAGES., DPROVIDES SIGHAL POR INDIVIDUAL INVERTER (BHASE) ISOLATION IF
OVER VOLTAGE OR OVERLOAD CONDITION IS SENSED., B1V76A35VELl, B2V76A36VS1,
BZVIEAITVS]

FATIORE MODE:

LOSS OF CUTPUT, FAILS OPEN, SHORTS TO GROUND

CAUSE (5} =

PLECE PART FAILURE, CONTAMINATICH, VIBRATICN, MECHANICAL SHOCE,
PROCESSING ANOMALY, THELMAL ETRESS

FFFECT (S) ON:

(1) SUBSYSTEM (E) INTERFACES (C)MISSION (D) CREW/VEOICIE {F)} FUNCITIONAL
CRITICALITY EFFECT:

(A) LOSS OF FUNCTION. 1IN "AUTOM MODE - LOSS OF CAPABRILITY o
AUTOMATICATLY DISCONNECT AFFECTED INVERTER FROM ITS AC BUS. IN

"MONITOR" MODE - LOSS OF SIGMNAL TO CAUTION AND WARNING INDICATING OUT-OF-
TOLERANCE INVERTER (ASSUMES PRICR INVERTER FAILURT) .

(B) 1OSS OF AUTOMATIC OVERVOLTAGE PROTECTION FOR CONNECTED AT TOADS.

(C,D) FIRST FAILURE - NO EFFECT.

056 - 303



SHUTTLE CRITICAL ITEMS LIST +~ OREITER
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EFFECT(S) ON (CONTINUED) : .
(AYSUESYSTEM (B)INTERFACES (C)MISsSI0N (D)CREW/VEHICIE (E) FUNCITIONAL

CRITICALITY EFFECTI

(E) POSSIBLE LOSS OF CREW/VEHICLE DUE TO DAMAGE TQ CRITICAL LOAD
EQUIPMENT CAUSED BY LENGTHENED EXPOSURE TO OVERVCOLTAGE CONDITION WITH
LOSs OF "aAUTO" TRIP CAPABILITY. EREQUIRES THE FOLLCOWING SCENARIO;

1y LDoSs OF AC VOLTACGE SENSOR QUTPUL.

2] OVERVOLTAGE FAILURE TN ASSOCIATED INVERTER (SINGLE ZHAZD). IF
FAILED INVERTER IS WOT ISOLATELD FROM THE BUS OVIRVOLTAGE DAMAGI MaY
PROPAGATE TO EEMAINING PHRSES CF CRITICAL LOADS CONNECTED TC THAT
BUOS.

(3) LOSs OF 2 SECOND THREEE-FHASE AC BUS,.

FATLS "A"™ BCREEN SINCE GROUND TESTIWG IS CONSIDERED IWNVASTIVE DUE TS THD
CIFrICULTY IN STIMUTATING AN OVERVOLTAGE.

DISPOSITION & RATIOWALE:
(A)DESIGN (B)TEST (C)INSPECTION (D)FAILURE HISTORY (E)}OPERATIONAL USE:

(A,B,C,D) DISPOSITION AND RATIOCNALE

¥

{A) DESIGH

FHYSICAL DESCRIPTICH

THE AC SENSCHE IS A SOLID-STATE DEVICE COMNSISTING OF THREL PRINTED CIRCUIT .
ECABDS CONTAINING SOLID-STATE COMPOMENTS. THE ELECTRICAL, ELECTRONIC AND
ELECTRICAL MECHANICAL COMPONENTSE ARE SELECTED FROM OR IN ACCORDANCE WITH

THE OREITER PREFERRED PARTS LIST (OFPL} REQUIREMENTS. COMPONENT

APPLICATIONS ARE EVALUATED TO ASSURE COMPLIANCE WITH DERATING

REQUTREMENTS. THE PRINTED CIRCUIT EOARDS ARE MOUNTED ON HEAT SINXS TO
FROVIDE A& THERMAL PATH THROUGH THE CASE TO THE NEXT ASSEMBLY. THEZ LEADS

AZE BROUGHT QUT THROUGH A 37 PIN CONNECTOR. THE UMIT IS CONSIDERED
ENVIROWNMENTALLY SEALED, WITH A COVER/GASKET TYPE SEAL,

FOUNCTTONAL DESCRIPTTION

ONE SENSOR IS INSTALLED WITHIN EACH INVERTER DISTRIBUTION AND CONTROL
ASEEMBLY (IDCA}. THERE ARE THREE IDCA'S, ONE IN EACH FORWARD FUSELAGE
AVIONICS BAY. EACH ASSEMELY, ONE FOR EACH OF THE THREZE AC BUS SETS,
FEOVIDES AC CIRCUIT PROTECTIONM.

THE AC QVER/UNDER VOLTAGE SENZING UNIT IS USED FOR SENSING A THREE-PHASE,
400 HZ AC BUS FOR OVERVOLTAGE OR UMDERVOLTAGE. EACH PHASE IS SENSED
INDIVIDGALLY. IT ALSO MONITORS QVERLOAD SIGNALS FORM THE THREE INVERTEIRS
SUFPLYING POWER TO THIS BUS. WHEN AN OVERVOLTAGE OR UNDERVOLTAGE OCJCURS ON
THET EUS, OR AN OQVERLOAD ON THE INVERTERS OF SUFFICIENT DURATION, THE iC
SENSOR WILL SEND A LATCHED SIGHNAL TO THE CAUTION AND WARNING AND THE
MULTIPLEXER/PEMULTIPLEXER. IF TRHEE AC SENSOR 15 1IN THE AUTOMATIC MOEDE AN-
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{2) DESIGN (CONTINUED)

MY OQVERVOLTAGE OR OVERLCAD CONMDITION EXISTS, IT WILL OFPEN & RELAY EZTWETY
THE INVERTEF AND THE PHAEE OF THE BUS THAT HAD TER ANOMALY. - IF THE SENSOR
IS IN THE MONITOR MODE, NO SIGNAL WILL EE SENT TO OPEN THE RELAY. THESE
QUTPUT SIGNALS MAY BE REMOVED BY RESETTING THE SENSOR AFTER THE FAULT IS
CLEARED.

DESIGN EVOLITIOM

DURING THE SUPPLIER TESTS VARIOUS FAILURES ON THE AC ZSENSOR OCCURRTD AHD
MARGINAL TOLERANCES WERE EXPERIENCED IN QUTPUT PEEFQZMANCE FOR OQVER/UNDCS
VOLTAGE SENSITIVITY, TRAWNEIZNTS DURING TURM-ON, BORDEIRLINE OVERLOAD
CHARACTERISTICE MORE THAN NORMAL AND LOW INSULATICON RESISTANCE
MEASUREMENTS, SUPPLIER'S CORRECTIVE ACTION SATISFACTORILY REMOVED THE
INITXAL FROELEMS BY IMPROVING WORMMANSHIP, MANUFACTURING PRAQCESSES AMND
INSPFECTION PROCEDURES, BETTEER SELECTION OF AFPLICAELE COMPOWENTS, AMND
IMPROVED COMPONENT MOUNTING, BONDING AND WIRE ROUTING. THE DESICGN CHANGES
REZSULTED IN THE FLIGHT CONFIGURATION AC OVER/UNDER VOLTAGE SENSOR B/
MC431~0129-0001, LATER UPGRADED TQO THE ~00Q2. THE -0002 SEWSOR DIFFERS
FROM THE -0001 BY ADDITIONAL CAPACITORS INCORPORATED TO COMPENSATE
FARRMETER DRIFTS. THE -0001 IS EFFECTIVE FOR OV-102Z. THE

-0002 IS EFFECTIVE FOR OV=-1031 AND STES.

ll'{B] TEST

OUALTFICATION {CERTIFICATION

CERTIFICATION TESTING AND ANALYSIS ARE COMPLETED AND AFPROVED.
QUALIFICATION TESTS INCLUDE THE FOLLOWING:

CAUSES .
a2 Plece part failure 4 HMechanieal shock
© Contamination e Processing anomaly -
¢ Vibraticn f Thermal stress 1
CAUSE CONTROL
TEST
a b [ d e I £
ACCEFTANCE X X X X X
QUAL/ACCEPTANCE (QAVT AT ©€.067 g2/HZ) | X X X
FANDOM VIBRATION (0.0% g2/HZ, 48 MIN) | X X X
YISUAL EXAMINATION X X X
FERFORMANCE X X X x X
IHSULATION RESISTANCE X X
DIEILECTRIC WITHSTANDING VOLTAGE X x
CIERATICHAT (OoVERIGAD, UNDERVOLTACE , = x
. CVERVOQLTAGE, OVERLCAD SIGNAL VOLTAGE) X x
FINAL EMAMINATION X X X
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(BY TEST (CONTINUED)

QUALIFICATION/CERTIFICATION TEST FERFORMED AT THE NEXT ASSEMBLY LEVEL
{IDCa) INCLUDE:

CATSES

a Plece part failure d Mechanical sheck
L Contamination e FProcessing anomaly
= Vipration f Thermal stress

CAUSE CONTROL

TEST
a b ] d

QUAL/ACCEPTANCE (QAVT AT 0.067 g2/H2) | X X
EMI ({S51-E-0002) ' bd
THERMAL CYCLING (20 TO 140 PF, 7% €Yo X
BENCH HANDLING SHOCK (4 DRQPS per

MIT~STD-810, METHOD 516.1, PR. V) X

54H|im

ACCEFTANCE AND SCREENING

ATL PRODUCTION UNITS ARE SUARTECTED TO 100% ACCEPTANCE TESTING WHTCI
INCLUDE: ' .

CAUSE CONTROL

TEST

VISUAL EXAMINATION X
INSULATION RESISTANCE
DIELECTRIC WITHSTANDING VOLTAGE
FUNCTIONAL X -
THERMAL (ATT) X
VIERATION (AVT) X ¥

PERFORMANCE X

e — — = —

e
Rl g

2 5

ACCEFPTANCE TEST AT THE NEXT ASSEMELY {IDCA) -

e B
GAUSE CONTROL
TEST :
a b ] d ] E
l VISUAL EXAMINATION Z
INSULATION RESISTANCE X
VIBRATICHN (0.04 g2/HZ) : X
FUNCTION2L X X
CONTINUITY X X
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.EUBSYETEM ELECT _POWER LIST & CONT FMEA NO DE—-6 2 —-2361 -2 REYV:OQ2/0z/5C
(B) TEST (CONTINUED)
GROUND TURKAROCUND TEST
VERIFY PROPER AC BUE SENSCQR CPERATION IHN "AUTD'.', WMONITOR" AND "“"OFF"™ MoIES
AMD WITH AT SENECE COHTROL CIRCUIT BEEAFER OPENZD AND CLOSEDR. THIS TEST

VERIFIES SEN3OR OUTPUT, OVERLOAD SENSING AND UNDERVOLTAGT SENSING; HOWEVER,
DOES NOT VERIFY OVERVOLTAGE SENSING. TEST IS PERFORMED EVERY FIFTH FLIGHT.

() INSBPECTIONM
RECEIVING INSPECTION (FAILURE CAUSE &)

RECEIVING INSPFECTICH VERIFIES ALL INCOMING PARTS AND MATERIALS, INCLUDING
FERFOEMANCE OF VISUAL AND DIMENSIONAL EXAMINATIONS, IN ACCORDAMCE WITH
REQUIREMENTS. CERTIFICATION RECORDS AND TEST REPORTS ARE MAINTAINED
CERTIFYINC MATERIALS AND PHYSICAL PROPERTIES.

CONTAMINATION CONTROL (FAILORE CAUSE h)
QUALITY CONTROL (QC) VERIFIES FROPER MAINTENANCE OF CLEANLINESS CONTROL.
ASSEMELY f INSTALIATION (FAILURE CAUSE a,b,e}

.IHSPECTIDI‘I POINTS ARE DETERMINED BY QUALITY ENGINEERING IN ACCORDANCE WITE
AFPLICABELE EEQUIREMENTS AND ARE DOCUMENTED ON INSFECTION PLANNTING. WORK
STATION DISCIPLINES ADHERED TO AND OBSERVED MORE THAM FIVE TIMES PER WEEZK
BY QC.

CRITICAL PROCESSES (FATILURE CAUSE b,e)

ALL CRITICAL PROCESSES AND CERTIFICATIONS ARE MONITORED AND VERIFIED BY OO
4% PROCESS CONTROL SURVEILLANCE ACTIVITY (OPERATIONS AUDIT). THE CRITICAL
PAOCESSES ARE SOLDERING, BONDING OF COMPONENTS FOR MECHANICAL
STABILITY/THERMAL CONDUCYIVITY, COMPONENT PLACEMENT, WIRE ROUTING, AND
CRIMPING. FORMAL CERTIFICATION FOR SOLDERING AND QUALIFICATICN FOR
CRIMPING ARE MAINTAINED.

TESTING

ACCEPTANCE TESTS, INCLUDING VIBRATION, THERMAL, INSULATION RESISTANCE,
LIELECTEIC STRENGTH AND PERFORMANCE ARE OBSERVED AND VERIFIED BY QC.

HARDLING /PACFAGING (FATIURE CAUSE c,d)
HANDLING OF CMOS DEVICES TO FRECLUDE ELECTROSTATIC DISCHARGE (ESD)

VERIFIED BY QC. PARTS PACKAGED AND PROTECTED ARE VERIFIED BY INSPECTION
TG APPLICABLE REQUIREMENTS.
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D] FATIORE HISTORY

CAR AJ3S35
AFTER ACCEPTANCE VIBRATION, THE WISUAL EXAMIHNATION DETZCTED A BOWED

PRINTED CIRCUIT BOARD IN THE AC SENSOR. THE BOARD WAS LOGSE AND DISCLOSED
A DAMAGFD HEAT BAIL. FAILURE ANALYSTS HEVEALED INSUFFICTIENT EBONDING AND AM
EXCESEIVE GAP EETWEEN TEE HEAT RATLS ON T0OF AND BOTTCHM OF FRINTED CIRCUIT
BOARD., THE GAF WAS THE RESULT OF EXCESSIVE TORQUE APFLIED TC 2 HOLDTNG
SCREW, FULLING THE HEAT RATL LOOSE FROM THE BONDIKG MATERIAL AND BOWING THE
BECARD. THE CORRECTIVE/REMELTAL ACTION CONSISTED OF IMPREOVING E=BONDING
TECHNIQUES AND THE ADDITION OF SHIMS BETWEEN HEAT RAILS. THIS WAS MATE

EFFECTIVE FOR ALL FLIGHT UNITS.

CAR'S AP9425 AND AB9426

DURING ACCEPTANCE THERMAL TEST, WHILE AT HIGH TEMPERATURE, THE AC SENSOR
CUTPUT SIGNAL VOLTAGE WAS ZERQ WHEN IT SHOULD BE 28 VOLTS DURING
OVERVOLTAGE TESTING. FAILURE ANALYSIS DISCLUSED A REGULATOR TRANSISTOR
ALTOWED A TRANSIENT CLITCH TO PASS THROUGH DURING THE TURN-~ON PHASE., THE
TRANSIENT LEVEL CAUSED THE LOGIC CIRCUIT TO LOCKUER PREVENTING THE AC

SENSOR SIGHAL VOLTAGE FROM FUNCTIONING. THE CORRECTIVE ACTION AUTHORIZED A
DESIGN CHANGE TQ ELIMINATE THE TURKN-ON TRANSIENT GLITCH (IDTA-M33073),. THE
MODIFICATION ADDED A CAPACITOR TQ THE BOARD ASSEMBLY BETWEEN THE TERNSISTOR
Qlz COLLECTOR AND SIGHAL GROUND. THE AC SENSOR WITH THIS MODIFICATION
BECAME FP/N MC431-0123-0002, EFFECTIVE FOR OV-103 AND SUBSEQUENT. THE -0
CONFIGURATION IS CONSIDERED SATISFACTCORY FOR ITS INTENDED USAGE AS IT
PARSSED THE ACCEPTANCE TESTS WEICH SERVE AS AN EFFECTIVE SCREEN FOR .
DETECTION OT ANY DEVICES WITH OUT-OF-TOLERANCE THRESHOLDS.

{E} OPERATIONAL USE
NOWE
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