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SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :ELECT POWER DIST & CONT PMEA NO 05=8 =2015 =5 REV: 35/16,/88

ASSEMBLY :AVIONILS BAY 1,2,3 : CRIT.FUNC: LR -
F/N RI iMC4925-0013-0004 Co- CRIT. HDW: . 3 i
E/N WENDOR: VELICLE 162 103 o4
GUANTITY 9 _ EPFECTIVITY: X~ X X

:NINE REQUIRED PHASE(S): PL X L& X 00 X DO X L= X

:5ETS OF THREE EACH

REDUNDANCY SCREEN: A-FAIL B-FAIL C~-PASS
; . APFRC :

ITEM:

INVERTER - SINGLE FHASE, 40QHZ, 117 Vac

FUMCTION:

CONVERTS NOMINAL 28 VDC POWER TO 400 HZ, 117 VAC DURING ALL MISSTON
PHASES. THREE SINGLE-PHASE INVERTERS ARE INTERCONNECTED WITH FREGQUENCY
SYNC AND PHASE DISPLACEMENT TQ SUPPLY A THREE-PHASE BUS. B1V78Al, A2z,
Ad; BIVIGA4, A5, A6y Z3IVISAT, A, AL

FATILURE HWODE:

LoS8S OF SYNC, LOSS OF FREQUENCY SYNCHRONIZATION FOR ONE FPRASE

CRDSE (5] *

PIECE PART FPAILURE, CONTAMINATION, VIERATION, MECHANICAL SHOCK,,
FPROCESSING ANCOMALY, THERMAL STRESS

EFFECT(5) ON:

(A) SUBSYSTEM (B) INTERFACES (C)MISSION (D)CREW/VEHICLE (E)FUNCTTOMAL
CRITICALITY EFFECT: :

(A) FIRST FAILURE - NO EFFECT. THE INVERTER'S FREQUENCY RETFERENCE
CIRCUITRY IS OESIGNED SUCH THAT WITH THE LOSS OF FREQUENCY RETFERENCE
SIGNAL TO OR FROM A SINGLE-PHASE INVERTER, THE THREE-PHMASE ARRAY WILL
CONTINUE TO COPFERATE WITH THE PROPER FRTQUENCY AND DPHASE RELATICHSHIPS.

(B) POSSIHLE SLIGHT INCREASE IN HARMONIC DISTORTION AT THE CUTPUT QF THE
THREE~FHASE ARRAY RESULTING IN SLIGHT OR NEGLIGIBLE INCREASED HEATIHNG
EFFECT IN MOTOR LOADS.

{C,D) FIRST PAILURE = NG EFFECT.

(B) POSSIBLE L0583 OF CREW/VEHICLE DUE TO LOSS OF FOWER TO CRITICAL AC
LOADS VIA THE PFOLLOWING SCENARIO:

(1) LOS2 OF PREQUENCY SYNCHRONIZATION TOQ OR FROM A SINGLE-PHUASE
INVERTER IN A THREE-PHASE ARRAY.
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SHUTTLE CRITICAYL ITEMZ LIST - ORBITER.
SUBSYSTEM :XLECT POWER DIST & CONT ‘FMEA NO 05-6 <2015 -5 REV:05/16/88
EFFPECT(S) ON (CONTINUEDY: =~ ° "~ -

(A) SUBSYSTEM - - {B) INTERFACES™ rcrmssm‘ (DYCREW/VENICLE (E) FUNCTIONAL -~ -

CRITICALITY EFFECT:

{2} LOSS OF FREQUENCY SYNCHRONIZATION: TC OR FROM A SECOND PHASE IN THE
SAME THREEZ-FHASE ARBAY RESULTING -IM ONE  PHASE OF THE -ARRAY OPERATING

AT A DIFFERENT' FREQUENCY.THAN' THE: OPHER : WO PHASES.- RESULTS IN THREE--
FHASE MOTORS ~~CONNECTED TU ~'THE  ARRAY ~GPERATING ‘AT  OR - NEAR STALL:

CONDITICNE. WITH GONSEQUENT - -SEVERE--HEATING-  IN- THE* MoOTORS. ™ ~THILS ~

—— ... FONDITION 15 CONSIDERED TO-BE- BQUIVALENT-TO- LOSS OF AN AC BHS. K ----

(3} I.bss. OF A SECOND- AC.:BOZ. RESULTINGIN “LOSS ' OF “CRITICAL AL LoADS- -

SUCH AS " CABIN FANS, ET:- UMBILICAL :DOCR CLOSURE, PAYLOAD BAY DOOR

CIOSURE -OR VENT DOOR. OPERATION. .. ALSQ .LOES. OF. A STCOND- AC -BUS WIAL

EESULT 'IN THE LOSS OF ONE MAIN ENGINE DURING ASCENT AS WEBLL AS L0885 of
A SECOND FUEL CELL COQLANT FUMP. FUEL CELL COOLANT PUMPS MUST 2=
RESTORED TO NGORMAL . GPERATION. WITHIN- EIJ{' MINUTES OR THE AFFECTED FUEL
CELL MUST BE SHUT DOWN, . .

FAILS ™A®" .AND TB"® SCREENE -BECAUSE THE ‘FIRST- FAILURE GUES NOT AFFECT
NORMAL AC BUS OPERATION AND THUS CANNOCT EBE DETECTED CURING GROUND
TURNAROUND OR IN FLIGHT. -

DISPOSITION & RATIOMALE: ' - _
(A)DESIGN (B)TEST (C)INSPECTION' (D) FAILURE HISTORY (E)OPERATIONAL USE:

{A.B,C,D} DISPOSTTION AND RATIONALE
{A) DESICN
CONFIGURATION DESCRIPTION

THE POWER STATIC INVERTER I3 A SOLID STATE, MCODULARIZED DESIGN ENCLOSED IM
A NON-POTTED, VENTED HOUSING THAT MEETS ALL- DESIGN REQUIREMENTS OF
SPECITICATION MC455-0012. . IT IS AN ASSEMBLY OF STATIC COMPOUNENTS WITHOUT
THEOFETICAL. WEARDIIT, ALL ELEI'.TRIC‘AL ANLD ELECTRUNIL COMFONENTS ARE SELECTED
FROM QR IN ACCORDANGE WITH THE  OREITER PREFERRED" PART LIST (3TFPBL:
REQUIREMENTE AND THEIR APPLICATIONS. WERE EVALUATED FOR COMPLIANCE WITH THE
DERATING AND MORTALITY (CPPL) REQUIREMENTS.

FUNCTIONAL DESCRIPTION

THE POWER STATIC INVERTER 13 COLD PLATE MOUNTED. AND RECEIVES AN INPUT OF 8
YDC FROM A MAIN DC BUS AND CONVERTS THE OUTPUT POWER TOD 117 VAC, 400 Hz
SINGLE PFHASE POWER SOURCE AT 750 VA. THREE INVERTERS ARE ELECTRICALLY
IRTERCONNECTED TC FORM A THREE PHASE AC BUS SET. NINE INVERTERS, 1IN GROUPS
O THREE (3 AC BUS SETS) FURNISH FULL AC POWER FOR EACH CRBITER. EACH
INVERTER HAS INTERNAL CIRCUITRY FOR OVERLOAD DETECTION AND SENSORS FOR
INTERNAL TEMPERATURE MEASUREMENTS. ITS FUNCTICONAL PERFORMANCE MEETS THE
REQUIREMENTS QF MC495-0012 SPECIFICATION. :
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SHUTTLE CRITICAL ITEMS LIST - ORBITER . - -
SUBSYSTEM :ELECT POWER DIST & CONT FMEA NO 05-& =2015 =5 REV:Q5,18/38
{A) DESIGN _(CONTINUED). e
DESIGN EVOLUTION & -~
DURING THE SUPPLIER ACCEPTANCE TESTS ON THE ‘MC495-0012=0001 INVERTERS,

. FAILURES . OCCURRED WHICH WERE RELATED TO POOR WORKMANSHIP; - .DESIGN -

TESTS. A SHORT BETWEEN TWC SINGLE BOARDS WITHOUT PLATED=THROUGH . HOLES ...
ALLOWED A -3CLDER BRIDGE TO SHORT THE TWO BOARDS ON THE -0001 CONFIGURATION. = .
THIS FAILURE “IRITIATED ~ A DESIGH "CHARGE _AND . THE-. MC495=0012-0003 .
CONFIGURATION WAS GENERATED A{THE =-Q002 FART NUMBER WAS -ESTAELISHED BY -THE -

" PROCUREMENT "SPECIFICATION AS " FROTCTYPE HARDWARE). THE =0003 IS TDENTICAL .

TO THE «0D001 EXCEPT IT CONTAINS TRUE MULTI-LAYER PRINTED CIRCUIT BUARD WITE -
PLATED~-THROUGH "HOLES WHICH FREVENTS SOLDER FROM BRIDGING THE CIRCUITS AND~
CAUSING SHORTS. THE =-00031 CONFIGURATION WAS FLOWN oM THE GV-101 APPRCACH
AND LANDING TEST FLIGHTS. . _ :

QUALIFICATION TEST PAILURES =0003 HARDWARE RESULTED IN CORRECTIVE ACTION -
REQUIRINGC UPGRADING OF OBSQOLETE CAPACITORS, INCORPORATING .IMPROVED TIE.
COWNS, LEAD STRESS RELIEF - AND BONDING TECHNIQUES OQF COMPONENTS. 70 TKE

CIRCUIT BOARDS TO PRECLUDE BROKEN WIRES AND LEADE, AND STRUCTURAL

IMPROVEMENTS T0O ELIMINATE VIRRATICH AMPLIFICATION THAT WAS CAUSING

COMPONENT LEAD FATIGUE FAILURES. MCR 3506 AUTHORIZED THESE CHANGES AND

CREATED THE MC45%5-0012=-0004 INVERTER, EFFECTIVE ON OV-102 AND SUBS. :



SHUPTLE CRITICAL ITEMS LIST - ORBITER .
SUBSYSTEM ;ELECT FOWER DIST & CONT FMEA NO 05=§ - =2015 =5 REV:05/16/88
(B} TBST . _ _
QUALIFICATION/CERTIFICATION

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

CAUSES

a Plece part fallure - d Mechanjcal shock

b Cantamination - - -~ . - &’ Prﬂaeséinglannmﬁifirjl_:.ﬁ.
; c Vipratioen f Therma)l stress

CAIODSE COMTROL

TEST
b c d e r |
[—— = —————————————-- - |
{ ACCEPTANCE ¥* | 3 ¥
| BONDING RESISTANCE X
BENCH HANDLING SHOCX {4 DROPS/SIDE) x
DESIGN SHOCK (20G, 3 DROPS/AXIS! X
RANDOM VIBRATION (0.09 g FHZ, 48 HIN]
QUAL/ACCEPTANCE {QAVT AT 0.067 g 2/42)
ACCELERATICN (5 ¢'s, 5 MIN/AXIS)
ACOUSTIC NOISE
HICH TEMPERATURE (150 °F, 7%0Vh,

0.7 PF lagging}
VOLTAGE AND FREQUENCY REGULATIOK
WAVEFORM
OUTPUT VQLTAGE MODULATION
OUTPUT FREQUENCY MOOULATICN
PHASE DISPLACEMENT ANGLE
MOTOR START
TRANSIENT VOLTASE RECOVERY
SINGLE~PHASE &-HA?E LEAD SEPACITY
FHASE UNBALANCE
ELECTROMAGNETIC COMPATIRILITY
LIGHTHING
LIFE {4500 HOURS)
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SHUTTLE CRITICAL ITEMS LIST - ORELTER
SUBSYSTEM :ELECT POWER DIST & CONT FMEA NO 05-6 -2015 -5 REV:Q5/16/88
(B} TEST (CONTINUED)
ACCEPTANCE AND SCREENING

ALL PFRODUCITON UNITS ARE SOBJECTED TO L00% ACCEPTANCE TESTING WHICH
INCLUODE:

e %
CAUSES
2 Pilece part fajlure: . -. & Mechanical shock
b Contamination EE e Procassing anomaly .
c Vibration f Thermal strass
CADSE CORTROL
TEST
a b o= d 2 £
=h=%l_=a=
VISUAL BXAMTNATICK - X X . X
FUNCTIONAL X | X
INSULATION RESTETRNCE & X
DIELECTRIC WITHSTAKDING VOLTACE X X
PHASE ROTATION b 4 X
THERMAL X
VIBRATIUN X X X
eo—yr L —-" T — e 1 |

GROUND TORNAROUND TEST

PERFORM MANUAL AC BUS 1 (2, 3) ACTIVATION/DEACTIVATION WITH FREQUENCY AND
FPHABE ANGLE VERIFICATION. MONITOR THE POWER "ON/OFF" SWITCH STIMULT
COMMANDS, "ON/QFF™ EVENT DISCRETE INDICATORE, SWITCH SCAN DISCRETE, AND
PHASE A, B AND C VOLTAGES. TEST IS FERFORMED FOR ALL FLIGHTS.

{C] INSPECTION

RECEIVING INSPECTION (FAILURE CAUSE €)

ALL INCOMING PARTS AND MATERTALS RECEIVED THROUGH THE RECEIVING INSPECTION
DEPARTMENT ARE SUBJECTED TO A VISUAL INSPECTION AND DIMENSIONAL
EXAMINATICNS WHERE APPLICABLE. RECORDS QF THE INSPECTIONS ARE MAINTAINED.
ALL CERTIFICATION RECORDS AND TEST REPORTS AS RECEIVED FROM THE SUB-TTER
SUPPLIERS ARE REVIEWED AND MAINTAINED IN THE RECEIVING INSPECTICN FILES FOR
ONE YEAR. AT THE END OF THAT YEAR ALL RECORDS ARE FLACED IN THE RECCROS
CONTAMINATION CONTROL (FAILURE CADSE b)

ALL REQUIRED PROCE[RIRES AND SHOP PFRACTICES FOR GENERAL HOUSEXKEEPING AND
CONTAMINATION CONTROL ARE AUDITED CN A PERIODIC HASTS.
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SHUTTLE CRITICAL ITEMS LIST - ORBITER
SUBSYSTEM :ELECT POWER DIST & CONT PMEA NG 05+-5 -2015 -5 REV:05/16/83
(C) INSPECTION (CONT) -
" ASSEMBLY/INSTALLATION (FALLURE CADSE a,b,a)

DETAIL INSPECTIOM IS PERFORMED ON ALL ASSEMBLIES AND SUBASSEMBLIES PRIOR TO
THE NEXT ASSEMBLY OFERATION. THIZ DETAIL INSFECTION IS PERFORMED AS
INDICATED ON INSPECTICHN CHMECE SHEETS. RECORD2 OF THIS DETAIL INSPECTICH
ARE MAINTAINED AT THE SUPPLIER.

CRITICAL PROCESSES (FATILORE CAUSE b, &)

ALL CRITICAL PROCESSES AND CERTIFICATIONS ARE MQNITORED AND VERIFIZD BY
QUALITY CONTROL (QC}. THE CRITICAL PROCESSES ARE SCOLDERING, CRIMPING,
CONFORMAL COATING AND ADHESIVE BONDING.

TESTING (FAILURE CAUSE ¢, @)

A DCAE QUALITY ASSURANCE REPRESENTATIVE IS PRESENT DURING ATPF FINAL
PERFORMANCE TESTS. ALL TEST RECCRD SHEETS ARE REVIEWED BY THE SUFPLIER'S
YC DEPARTMENT FRICR TO FINAL ACCEPTANCE OF THE UNITS.

HANDLING/PACKACING (FAILURE CAUSE ¢,d)

ALL IN=-PROCESS ARD FINAL OPERATIONS ARE VERIFIED BY QC FOR PART HANDLING
AND FPROTECTICN. THE CORRECT METHODS COF FPART HANDLING AND PROTECTION ARE
CUTLINED IN THE SUPPLIER'S WORFMANSHIF STANDARDS. PACKRGTING IE PEE
SUPFLIER FACKING FPROCEDURE WHICH SPECIFIES PRESERVATICN AND PACKAGING PEE
MIL-P=-116. THE SELECTION OF SAMPLES AND THE PERFORMANCE OF INSPECTICNS AND
TESTS BY THE INSPECTOR ARE IMPLEMENTED AND VERIFIED IN ACCORDANCE WITH
DOCUMENTED QC INSTRUCTION.

{D) FAILURE HISTORY

THERE HAVE BEEN NO FAIIDRES OF A FLICHT CONFIGURATION POWER STATIC INVERTER
THAT HAS RESULTED IN LOSS QF FREQUENCY SYNCHRONIZATION.

THE POWER STATIC INVERTERS ARE CONSIDERED SATISFACTORY FUR THEIR INTENDED
USAGE, BACKED BY NUMEROUS HOURS OF ESATISFACTORY OPERATION . ACCUMULATED
DURING SAIL AND JSC TESTING AS WELL AS ALL CREITER FLIGHTS T DATE.

(E}) OPERATIONAL UEE
HONE . .
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