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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL HARDWARE
NUMBER: £4-2-517C-Im-¥ 3050270

AITALHHEN

SUBSYSTEM NAME: AUXILIARY POWER UNI[T {APUL) PACE 28 g

——— g i - T e e e e e e e A e e A ———

PART WAME PART WUMBER
YENDOR NAME VYENDOR NUMBER
n LRU : AUXILTARY POWER UNIT {APU) MC201-0001-04%x
. SUNDSTRAND x742211x
m SRY : THERMJSTAY S9C8109
a SUNDSTRAND DATA COMTROLS 975-0478-003
""""""""""""""" PART DATA . TTTTTTmmmeees

w EXTENUED DESCRIPTION OF PART UMDER AMALYSIS:
THERMOSTAT, OVERTEMPERATURE, APU FUEL PUMP/VALVE (BGVM} /FUEL LINES
{MEED, BYPASS, HEFERENCE)
Suresy

o QUANTITY OF LIKE ITEMS: 6§
1 FOR HEATER ELEMENT A
AND ONE FOR HEATER ELEMENT B, 2 PER APU

w FUNCTION:
TO0 PROVIDE A CLOSED ELECTRICAL CIRCUET AT A MINIMUM OF 120 DEG F. AND AN
OPEN CIRCULT AT A MAXIMUM OF 140 DEG F. DIFFERENTIAL BETWEEN QPENING
AND CLOSING TEMPERATURE IS REQUIRED TO BE AT LEAST 7 DEG F, EACH
QVERTEMPERATLRE THERMOSTAT COMTROLS ONE OF THE REDUNOANT
ELEMENTS (MEATER A/HEATER )] APU FUEL PUMP, GGVM &ND FUEL
LINE HEATERS {REFERENCE FMEA Dd=2-HRL ) IN THE EVENT THAT THE CONTROL
THERMOSTAT {Slw-ifﬂ FAILS CLOSED.

sxia/ix 7 exreler7D ;
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FAILURE MDOES EFFECTS AMALYSLIS (FMEA) - CRITICAL FAILURE MGDE
KUMBER: 04-2-517C-IN-02

REVISLONS 3 11721791 R
SUBSYSTEM: AUXILIARY POMER UNIT {APU)

LRU :AUXILIARY POWER URIT (APU) CRITICALITY OF THIS

ITEM MAME: THERMOSTAT FATLURE MODE:1R3

T T T T T T T T T T T R e e e e L A e e - e

s FAILURE MOOE:
FAILS TO GPEK (FAILS CLOSED).

MISSION PHASE:

PL PRELAUNCH
LQ LIFT-QOFF
00 ON-QRBIT
Do OE-CRBIT

m VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA

103 DISCOVERY
104  ATLANTIS
105  ENDEAVOUR

IH?ERH#L PIECE=-PART FAILURE, VIBRATION, BIHETEL DISC CRACK OR FATIGUE,
LOSS OF HERMETIC SEAL, CONTAMIMATION.

w CRITICALITY 1/1 OURING INTACT ABORT OMLY? MO

m REDUNDANCY SCREEN A) PASS
n B) FAIL
I C) FAIL

w;ss;rm. RATIORALE :
. A
THERMOSTAT OPENING CAN BE VERIFIEQ DURING TURNARGUND.

e 8)
DVERTEMPERATURE THERMOSTAT FAILURE MOT nETEETﬂHLE UNTIL COMTROL
THERMOSTAT FAILS CLOSED.

e C) . Xy ST '
VIBRATION OF THE MobMFHeE LIN THE APU COULD CAUSE FATLURE OF
OVERTEMPERATURE THERMOSTATS ON BOTH HEATER SYSTEMS

w MASTER ‘MEAS. LIST KUMBERS:  VASTOX12A
T VA6TOX2BA
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FAILURE MDOES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MODE 80502
. NUMBER: 04-2.517C-[M-02 ATTaeHug
FASE 3t

O VAETEF R | L A
P O VARTERIRA | 1 7oA
T VaETOXS2A

............................................................................

S ke ey -.--..l._——--..-_—.--.----..-----——-—--—......._———.-.. --------------------

& (A) SUBSYSTEM:
NO EFFECT Ok APU QPERATION. (0SS OF HEATER REDUNDANCY IF CONTROL

THERMOSTAT (STIA7EHD) FAILS.

SNTASIN
a (8) luttnritius ;E;SYSTEH{S}z
NO EFFECT

@ {C) MISSION: '
NQ EFFECT AS OVERTEMPERATURE THERMOSTAT FAILURE IS mOT GETECTABLE,

m (D) CREW, VERICLE, AND ELEMENT(S): ' .
MO EFFECT UNLESS FUEL LINE OVERWEATS AND FUEL IGNITES. POSSIBLE LOSS
OF CREW/VEHICLE.

m {E} FUNCTIOMAL CRITICALITY EFFECTS:
15T FAILURE - QVERTEMPERATURE THERMOSTAT FAILED CLOSED HAS NG EFFELT.
ZN0 FAILURE - FPAILURE OF CONTROL THERMOSTAT (OPEN QR CLOSED) WILL BE
. DE;‘%ETED BY FOA AND RESULT IN CREW SELECTING THE REDUMDANT HEATER
SYSTEM.
JROD FAILURE - FAILURE OF THE REDUNDANT SYSTEM OR COCKPIT SMITCH CAN
CAUSE FAILED ON HEATER DR FALLED OFF WEATER. FALLED ON HEATER WOULD
RESULT [N FUEL IGWITION IF KEATER POMER IS NOT REMOVED, FALLED QFF
HEATER EAHHGWSE FUEL FREEZING AND LINE RUPTURE {MYDRAZINE LEAKAGE )
UPOR THAKWING,

a (A} DESIGN:
THE ELECTRICAL SYSTEM IS DESIANED WITW (3) DRIVERS THROUGH {RPC) TO
TURN HEATERS OW OR OFF, A (3) POLE SWITCH WHICH HAS (1) POLE TO EACH
DRIVER WHICH EMERGIZES THE CIRCUIT, ANY ONE DRIVER FAILED OFF WILL
TURN OFF A HEATER: OME DRIVER FAILING ON WILL QT DELIVER POWER TD THE
HEATER. )

SWITCH 15 DESIGMED TO MEET THE REQUIREMENTS OF MIL-5.24236, IT [5'ALL
|  WELDED CONSTRUCTION, CORROSIOM RESISTANT, SIMPLE, SNAP-ACTING THERMAL
SWITCH, HERMETICALLY SEALED WITHW ORY MITROGEN, IT IS RATED AT § AHI'E, ;T

S ALRIES ALl A .
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FAILURE MOOES EFFECTS ANALYSIS (FMEA} —— CRITICAL FACLURE MOOE sasoz gl
"HEH: ﬁl—!-Sl?E-IH-ﬂE ATTAC

FAGE 15 JF

m {8) TEST:
PART ACCEPTANCE TEST INCLUDES CONTACT RESISTANCE, SEAL TEST, CREEP. AND
250 CYCLE RUN-IN,

IT I3 QUALIFTED BY SIMILARITY TO LIKE MIL-5-24236 SWITCHES BUILT BY Flats
SUMDSTRANG DATA CONTROL. TRE SWITCH WAS QUALIFICATION TESTED. T y. OO
Lk AT DT GCTRSLN ML L8 W KWL oo pr e prapy FRILS &AL . AT 2y o fm

FOR FIRST FLIGHT AND ON A COMTINGENCY BASIS THEREAFTER AN\ TIME THE
LINE, [NSULATION, OR HEATER ,[5 DISTURBED.

e 1 4
OVERTEMPERATURE THERMOSTAT IS VERIFIED FUNCTIONAL FOR FIR FLIGHT anD\ 7
EVERY FIFTH FLIGHT THEREAFTER. A AMD B CONTROL THERMOSTATS /HEATER
SYSTEMS ARE VERIFIED OPERATIDNAL IN-FLIGMT EVERY FLIGHT, {ﬁ_fﬁﬂ.’r”

w (L) INSPECTION:

RECEIVING INSPECTION:

RAN MATERIALS ARE CERTIFIED AND VERIFIED BY INSPECTION. LET AND 207H
RECEIVED SHIPMENTS ARE VERIFIED BY OUT-PLANT ANALYSIS. OTHER SHIPMENTS
ARE ACCEPTED ON VENDOR-SUPPLIED CERTIFICATION,

CONTAMINATION CONTROL: _

ALL CLEANING OPERATIONS ARE PERFORMED AMD INSPECTED PER DOCUMENTED
CLEANLINESS REQUIREMENY PROCEDURES. MICRAOPARTICLE ANALYSIS PERFORMED
0N A SAMPLE. PRECAP [NSPECTION 15 PERFORMED FOR EVERY LNIT.

ASSEMBLY/INSTALLATION: ’
ALL MANQATORY INSPECTION PQINTS FOR MANUFACTURING OPERATIONS ARE
YERIFIED AND OOCLMENTED.

NONOESTRULTIVE EVALUATION:

CROSS LEAK CHECK IS DONE IN FC43 FLUGRINERT AMD 1S VERIFIED BY QUALLITY
ASSURANCE INSPECTION FOR EVERY UNIT. PARTICLE NOTSE [MPACT DETECTION
(PIND) TESTING IS PEMFORMED AT THE LOWER MODULE ASSEMBLY LEVEL (NOT
ATP) FOR EVERY UMIT, '

CRITICAL PROCESSES:
VERIFICATION OF CASE WELD IS DOWE BY HELILUM LEAK CHMECK FOR EVERY UNIT.

TESTING:
TEST EQUIPMENT CALIBRATION IS5 PER MIL-STD-45652. BURM-IN CYCLING AND
ATP ARE PERFOURMED AND YERIFIED FOR EVERY UNIT BY INSPECTIONM.

HANDL ING/PACKAGING: :
HANDLING, PACKAGING, STORAGE, AND SHIPPING PROCEOURES ARE VERIFIED BY

PERIOOIC SYSTEM AUDITS.

OMRSD: APU 1/2/3 MEATER TEST BY COCKPIT COMMAND vsa:rlssvsms il
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FATLURE MODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MOOE stsezre
. MUMBER: 04-2-517C-[M-07 ::;:::;

m (U} FAILURE HISTORY:
CAR 34RFll:
BASELINE APU IN-FLIGHT VIBRATION LEVELS EXCEED SWITCH JESIGN LIMITS AND
HAVE RESULTED [N FAILED ON CONDITION, BUT [T COULD ALSO LEAD TO A
FAILED OFF CONDITION,

CORRECTIVE ACTION: A STUDY TD REPLACE THESE SWITCHES OK THE [AFU WITH
A VIBRATION INSENSITIVE DEVICE IS IN wWORK,

w (E) OPERATIOMAL USE:
MANUALLY SWITCH TQ ALTERWATE HEATER IF CONTROGL THERMOSTAT AND OVERTEMP
THERMOSTAT FAIL. IF ALTERNATE HEATER FAILS ON, CREW MUST REMOVE POWER
FROM HEATER THEN MANUALLY CYCLE HEATER (IF POSSIBLE). IF ALTERNATE
HEATER FAILS OFF, CREW MUST QRIENT VEHICLE TO PREVENT FUEL FREEZING.

RELTABILITY ENGINEERIMNG: D. R. ATAPATTY

DESIGN ENGINEERING + J. R. MUNROQE :

QUALITY MANAGER + 0. J. BUTTNER :

NASA RELIABILETY Y :

NASA SUBSYSTEM MAMAGER : 3 py (24 32
. NASA QUALITY ASSURANCE : : i Eﬁ(’#?’__
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