FAGE: 1 PRINT DATE, 03/26/08

FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL HARDWARE
NUMBER: 06-2A-D6{2 -X

SUBSYSTEM NAME: ACTIVE THERMAL CONTROL

REVISION: © 02/04/88
PART DATA,
FART HAME PART NUMBER
VENDOR NAME VYENDDR NUMBER.
LRU . WATER SFEAY BOILER MIZ50-0018 ITEM 51
SVTERB00-4

EXTENDED DESCRIPTION OF PART UNDER ANALYS(S:
WATER SPRAY BOILER ASSCEMELY

QUANTITY OF LIKE ITEMS: 3
THREE INDEPENDENT BOILER ASSEMBLIES

FUNCTION:

PROVIDES TRANSFER OF WASTE HEAT FROM ORBITER HYDRAULIC SYSTEM AND
AUXILIARY POWER UNIT LUBE OIL SYSTEM UTILIZING LATENT HEAT CAPACITY OF
WATER.
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FAGE z PRINT DATE: 08f25/88

FAILURE MODES EFFECTS ANALYSIS FMEA — CIL FAILURE MODE
: NUMBER: 08-3A-0D602- 01

REVISION#: 1 OBf23ME

SUBSYSTEM NAME: ATGS - WATER SPFRAY BUOILER
LRU: WATER SPRAY BOILER ASSEMBLY CRITICALITY OF THIS
ITEM NAME: WATER SPRAY BOILER ASSEMELY FAILURE MCODE: 1R2
FAILURE MODE:
RESTRICTED FLOW OF WATER
MISSION PHASE: LD LIFT-OFF

0o DE-OREIT

VEHICLE/PAYLOADIKIT EFFECTIVITY: 102 COLUMBIA
103  DIBCOVERY
104 ATLANTIS
105 ENDEAVOLIR

CAUSE:
EXCEREIVE CONTAMINATION, CORROSION, FREEZING

CRTTICALITY 11 DURING INTACT ABORT ONLY? NO

REDUNBANCY SCREEN A PASS

BJ PASS
C} PASS
PASSI/FAIL RATIONALE:
A)
B)
<)

« FAILURE EFFECTS -

{A) SUBSYSTEM:
LOSS OF FUNGCTION - UNABLE TO PROVIDE THERMAL CONTROL IN ONE APL LUBE
OILHYDRAULIC SYETEM.
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FAGE: 3 PRINT DATE: 08/25/38

FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: 06-34-0802- 01

(B) INTERFACING SUBSYSTEM(S):

POSSIELE LOSS OR LIMITED RUN TIME OF ONE APUHYD SYSTEM DUE TO LOSS OF
COOLING. LIMITED RUN TIHWME MaAY NOT ALLOVY APLIYHYD SYSTEM TO SUPPORT ENTIRE
POWERED FLIGHT OR ENTRY PHASE. LOSS OF HYDRAULIC CAPABILITY TQ THROTTLE
ONE MAIN ENGINE, LOSS OF HYDRAULIC LANDING GEAR DEPLOY AND NOSEWHEEL
STEERING IF SYSTEM ONE LOST. AND LOSS OF ONE OF THREE ET UMBILICAL RETRACT
ACTUATORS FOR EAGH UMBILICAL PLATE. LOSS OF REDUNDANT HYDRAULIC POWER
SYSTEM FOR FOUR TVC AGTUATORS. LOSS OF ONE OF THREE HYDRAULIC POWER
SYSTEMS TO FLIGHT CONTROL SURFACES AND BRAKES.

{C} MISSION:
AEQRT DECISION - REMAINING TWO SUBSYSTEMS PROVIDE SAFE RETURN.

{0} CREW, VEHICLE, AND ELEMENT(3):
WO EFFECT

{E}) FUNCTIONAL CRITICALIVY EFFECTS:
FUNCTIONAL CRITICALITY EFFECTS - POSSIBLE LOSS OF CREAMVEHICLE WITH THIS
FAILURE PLUS LOSS OF A SECOND AFUMYL SYSTEMS

-DISPOSITION RATIONALE.-

iA) DESIGN:

WSB 15 SERVICED WATH DISTILLED OR DEIQNIZED WATER WHICH |5 PASSED THRU A 25
MICRON FILTER. THE WATER SUPPLY VALVES INCORPORATE 40 MICRON INLET FILTERS.
ALL COMPONENTS ARE CONSTRUCTED OF MATERIALS WHICH ARE COMPATIBLE WITH
WORKING FLUIDS: TANK BELLOVWS ASSEMBLY - INCONEL 718, BELLOWS LINE INTERFACE
- INCONEL 525 WATER LINES - STAINLESS STEEL (88) 347, SPRAY BARS - 58 347; HEAT
EXCHANGER (HAWCORE SHELL - ALUMINUM &081-T8 COATED WATH POLYCOAT; TUBE
BUNDLE - 55 347. WATER SPRAY VALVE'S POPPET SEALING BURFACE 12 VITON, THE
HOUSING 15 304L SSEBRITE 28-1. THE VALVE ARMATURE |2 EBRITE 28-1. THE VALVE'S
WAVE SPRING IS 55 302. REDUNDANT HEATERS ARE INCORPORATED ON THE WATER
TANEK, BOILER AND NQZZLE ASSEMEBLY WHICH MINIMIZES FREEZING. STEAM DUCT
NOZZLE ASSEMBLY REDESIGHED TS MINIMIZE FLASHING/FREEZING OF WATER IN WSE
HX/CORE. SPRAY BARS HAVE 0.015 INCH ORIFICEE ALONG LENGTH.

{B) TEST:
QUALIFICATION:
s PERFORMANCE RECORD TEET INCLUDES:
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PAGE: 4 PRINT DATE: D8/25/58

FAILURE MODES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MQODE

NUMBER: 06-3A-06Q2-01

WATER CIRCUIT LEAK CHECK-TESTED AT 33.5 PSIG WITH HELIUM. PASS/FAIL
CRITERIA; D833 SCCM MAX HELIUM LEAKAGE,

DESIGN PQINT CHECK-VERIFICATICN OF W55 SYSTEM OPERATING PARAMETERS
DURING POOL BOILING (SEA LEVEL TESTING) AND SPRAY BOILING (AT
ALTITUDE). TESTING INCLUDES A COMPLETE WATER LOAD EXPULEION TEET.
PLUS AWATER CARRY OVER EFFICIENCY TEST WHICH COMPARES ACTUAL
WERSUS THEORETICAL WATER USAGE AT ALTITUDE ONLY WITH A KNOWHN HEAT
ZINK

MISSION PREOFILE TEST AT ALTITUDE-SIMULATION OF A BASELINE FLIGHT PRLOFILE
AT MAXIMUM HEAT LOAD AND MORMAL OFERATION TO VERIFY PRUPER WSE
RERFORMANCE (INCLUDING 3PRAYING). PARAMETERS CHECKED: HYDRALULIC FLUID
IN/QUT TEMES, HYDRAULIC FLOW RATES. APU LUBE CIL HEAT LOADS AND
FLOWRATEE.

THERMAL YACUUM TEST-AT 1X10-5 TORE PRESSURE WITH WhALL TEMPERATURE LF -
E5 DEG F, HYDRAULIC FLOW OF 2 GPM AT 0 DEG F, AND 50% DUTY CYCLE. REPEAT
TEST-AMBIENT PRESSURE WITH WALL TEMF OF -20 DEG F. PASS/FAIL CRITERIA:
HX/CORE SHELL AND STORAGE TANK = FREEZING, ALL WATER CONTACTING
SURFACES > 40 DEG F AND NO SURFACE = 500 F.

ACCEPTANCE:
COMPONENTS FUNCTIONALLY TERTED PRIOR TO WEE ASSEMBLY A5 FOLLOWS:

WATER SPRAY VALVES-FLOW DELTA PRESSURE TEST, PULSING TEST,
INSULATION RESISTANCE TEST, INTERNAL/EXTERNAL LEAK TESTS, AND PROOF
TEET. :

HYD SPRAY BARS-FLOW DELTA PRESSURE TEST AT HX/CORE LEVEL ASSY (ALLM
SHELL ARQUND TUBE BUNDLE) WITH 10 LB/MIN. MINIMUM WATER INLET FLOW
AND M&X DELTA P OF 18.5 P3ID.

APU SPRAY BAR TEST-FLOW DELTA PRESSURE TEET AT HX/CORE LEVEL
ASSEMBLY [ALUM SHELL ARQUND TUEE BUNDLE) WAITH 2.23 LE/MIN MINIMUM
WATER INLET FLOW AND MAX. DELTA P OF 16.5 PSID.

EXAMINATION OF PRODUCT - VERIFICATION OF WORKMANSHIP, FINISH,
DIMENSIONS, CONSTRUCTION, CLEANLINESS, IDENTIFICATION, TRACEABILITY
LEVEL AND PROCESSES PER DRAWINGS AND MG250-0019 (WATER SPRAY BOILER
PROCUREMENT SRPEC).

CLEANLINESS-VERIFICATION OF WATER SYSTEM CLEANLINESS BY
CONTAMINATION SAMPLE PRIOR TO FINAL ATP TESTING (WATER-CLEANLINESS
SPEC SE-S-0073).

DESIGN POINT CHECK-VERIFICATION OF WSE SYSTEM OFERATING PARAMETERS
DURING POQL BOILING (SEA LEVEL TESTING) AND SFRAY BOILING (AT ALTITUDE).
TESTING INGLUDES A COMPLETE WATER LOAD EXPULSION TEST, PLUS AWATER
CARRY OVER EFFICIENCY TEST WHICH CONMFARES ACTUAL VERSUS
THEORETICAL WATER USAGE AT ALTITUDE ONLY WITH A KNCWN HEAT SINK.

GROUND TURNAROUND TEST

ANY TURNAROUND CHECKOUT TESTIMNG 12 ACCOMPLISHELD IN ACCORDANCE WITH

OMEED,

{C) INSPECTION:
RECEIVING INSPECTION
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FAILURE MODES EFFECTS ANALYSIS (FMEA) - CIE FAIRLLURE MODE
HUMBER: 06-3A-0502- 01

RAW MATERIALS ARE VERIFIED BY LAB ANALYSIG. MATERIALS ARE VERIFIED BY
INSPECTION PRIOR TO MACHINING.

CONTAMINATION CONTROL

ALL FLUIDS (WATER)} ARE SAMPLED FOR CLEAMLINESS. INTERNAL CLEANLINESS OF
WATER LINES, BOILER AND TANK ASSEMSELY, STEAM DUMP NOZZI E ARE VERIFIED BY
INSPECTION. CONTAMINATION CONTROL OF HARDWARE 15 VERIFIED BY INSFECTION.

ASSEMELYANSTALLATION

MANUFAUTLURING, IMSTALLATION AND ASSEMEBLY OPERATIONS ARE VERIFIED BY
INSPECTION. TORGUING PFER DRAWING REQUIKEMENTS AND CRITICAL DIMENSIONS IS
VERIFIED BY IMSPECTION.

CRITICAL PROCESSES
WELDING, HEAT TREATMENT, AND PASSIVATION ARE VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION
X-RAY AND PENETRANT INSPECTION ARE PERFOREMED OM WELDS IN THE ASSEMELY
ANDHWVERIFIED BY INSPECTION.

TESTING
ACCERTANCE TESTING IS VERIFIED BY INEPECTION

HANDLING/PACKAGING
ABSENCE OF PHYSICAL DAMAGE AND DEFORMATION IS VERIFIED BY INSPECTION.

{D}) FAILURE HISTORY:

CURRENT DATA ON TEST FAILURES, FLIGHT FAILLRES, UNEXPLAINED ANOMALIES. AND
OTHER FAILURES EXPERIENCED DURING GROUNT PROCESSING ACTIVITY CAN BE
FOUND IN THE PRACA DATA BASE. THE FAILURE HISTORY DATA PROVIDED BELOW IS5 NG
LONGER BEING KEFT UR-TO-DATE.

{SHUTTLE INFLIGHT DATA AND ANDMALY LIST, 8TS-9 #5) (OV10Z, 1584) W3B 3 LUBE OIL
RETURN TEMPERATURE OVERSHOOT BEFORE PULSNG. T SHOULD HAVE CONTROLLED
TO 253 DEG F, BUT HIT 237 DEG F BEFORE PLILSING AND PROPERLY CONTROLLING. A
FREEZING CONDITION COULLD RESULT M RESTRICTED FLOW OF WATER IN THE SFRAY
BARS. THE FAILED CONTROLLER WAS REFLACED.

‘AD1720-010) (1987} ALUMINUM HYDROXIDE IN HEAT EXCHANGER/CORE WAS
DISCOVERED ON ALL THREE WSE ON OY104 (S/N 00013, 00014, 00015). SUBSEQUENT
DISASSEMBLY OF S/ 00013 REVEALED EXCESSIVE CORROSION OF HEAT EXCHANGER
SHELL IN SPRAY BAR AREAS (POTENTIAL FOR SPRAY BAR ORIFICE PLUGGING). FUTURE
ATPWILL INCLUDE CHEMICAL ANALYSIS OF TEST WATER AFTER FINAL TESTING.
CORRECTIVE ACTION IS STILL QNGOING.

ASGENT: SHUT DOWN AFFECTED APU/MHYD SYSTEM AT A APPROPRIATE TIME BASED

{E} OPERATIONAL USE:
ON FLIGHT PHASE AND SYSTEM TEMPERATURES. .

_ . -
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FAILURE MODES EFFECTS ANALYSIS (FMEA} — CIL FAILURE MODE
NUMEER: 06-3A-0602- 01

ENTRY: SHUT DOWN AFFECTED APL/HYD SYSTEM OR DELAY APU START IF FAILURE I3
KNOYWN PRIOR TO DECRBIT.

- APPROVALS -

EDITORIALLY APPROVED  : BNA S Ramine §-25-9%5
TECHNICAL APPROVAL VIA APPROVAL FORM  :95-CIL-009_06-3A
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