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FALLURE MODES EFFECTS ANALYSIS (FMEA} — CIL HARDWARE
NUMEER: 03-2A-231310 -X

SUBSYSTEM NAME: AFT REACTION CONTRCH. SYSTEM (RCS}

EEVISION: 3 07/15/88
PART DATA
FART NAME PART NUMBER
VENDOR NAME VENDOQR NUMEBER
SRU : THRUSTER., YERNIER MC487-0323

EXTENCED DESCRIPTION OF PART UNDER ANALYSIS:

REFERENCE DESIGMATORS:

QUANTITY OF LIKE ITEMS: 4
TWO BER POD

(1 DOWN FIRING}

{* SIDE FIRING}

FUNCTTON:

ONE PITCH (Z AXIS-DOWN FIRING) AND ONE YAW (+/- ¥ AXIS) VERNIER THRUSTER ARE
PROVIDED N EACH ARCS MODULE TO PROVIDE PRECISE LOW LEVEL PULSING AND
ATTITUDE HOLD. INCLUDES INLET VALVE, INJECTOR, THRUST CHAMBER, NOZZLE
EXTENSION, HEATER, INSULATICN, PRESS/TEMP TRANSDUCER,
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FAILURE MODES EFFECTS ANALYSIS FMEA — CIL FAILURE MODE
NUMEER: 03-2A-231310-01

. REVISIONME: 3 D758
SUBSYSTEM NAME: AFT REACTION CONTROL SYSTEM (RCS)
LR CRITICALITY OF THIS
ITEM NAME: THRUSTERE, VERNIER FAILURE MODE: 22

FAILURE MODE:
LOSS OF DUTPUT, INLET VALVES/ELOCKED INJECTOR/STAND-OFFS.

MISSION PHASE: 00 ON-CRBIT

VEHICLE/FAYLOADR/KIT EFFECTIVITY: 102 COLUMBLA,
102 DISCOVERY

104 ATLANTIS
105 ENDEAVOUR

CALUSE:

CONTAMIMNATION, PIECE PART STRUCTURAL FAILURE, IMPROPER SOLENCID
ACTUATION, VIBRATION, HEATER FAILURE OR PRESSURE QR TEMP TRANSDUCER
FAILURE, CORROSION, SHOCK, ELECTRICAL FAILURE, GAS INGESTION.

CRITICALITY 1/4 DURING INTACT ABDRT ONLY? NO

REDUNDANGY SCREEN A) NiA

B} N/A

C) N/&
PASSIFAIL RATIONALE:
A)
B)
C}

- FAILURE EFFECTS3 -

(A) SUBSYSTEM:

LOSS OF FUNCTION (VERNIER THRUSTERS)-LOSS OF SINGLE DOWN FIRING VEREMNIER
THRUSTER CAUSES LOSS (SHUTDOWN] OF VERNIER CONTROL.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: 03-2A-231310-01

(2) INTERFACING SUBSYSTEM{S):
MO EFFECT

{C) MISSION: | :
MISSION MODIFICATION MAY BE REQUIRED. LOSS OF VERNIER THRUSTER DURING 1S5

REBOOST IS A CONCERN AND NEEDS TO BE ADDRESSED.

(D} CREW, VEHICLE, AND ELEMENT{S}:
MO EFFECT

{E) FUNCTIONAL CRITICALITY EFFECTS:
MO EFFECT.

-DISPOSITION RATIOMALE-

{A} DESIGHN:
MICRON FILTRATION & HEATERS PROVIDED TO LIMIT CONTAM & PREVENT FREEZING.

(B) TEST:
THE QUALIFICATION TEST PROGRAM INCLUDED ROUGH HANDLING, VIBRATION (34
MIN/AXIS) FORWARD AND REVERSE INTERNAL LEAKAGE, EXTERNAL LEAKAGE,
ABNORMAL OPERATION, ACCELERATED LIFE DUTY GYCLE, PROPELLANT COMPATIBILITY,
BURST. HEATER QUT IGNITION, NOZZLE THERMAL TRANSIENT, MISSION DUTY GYGLE.

THE VERNIER THRUSTER INTERMATIONAL SPACE STATION {155] REBOQST TESTING WAS
COMPLETED SUCCESSFULLY WITHOUT ANY DAMAGE TO THE THRUSTER. ATQTAL OF

SEVEN REBOOST FROFILES WERE PERFXRMED SUGCESSFULLY WITHOUT ANY _
SUBSTANTIAL CHAMBER DEGRADATION OR STANDOFF EROSION. THE THRUSTER OID

NOT EXHIBIT ANY SIGNIFICANT PERFORMANCE CHANGES RESULTING FROM THE

REBOOST TESTING. SHORT ON TIMES COUPLED WITH SHORT QFF TIMES RESULTED 1N

THE RIGWEST MEATING TO THE THRUSTER COMPONENTS. THE REBOOST TESTING
DEMONSTRATED THE CAFABILITY OF THE VERNIER THRUSTER TG SUCCESSFULLY

PERFORM A ONE HOUR REEBOOST FIRING PEOFILE WITHQUT ANY COMPROMISE TO THE

HARDWARE UNDER WORSE CASE CONDITIONS.

ACCEPTANCE TESTING INCLUDES PROOF FRESSURE OF THE NOZZL E (150 PSIG),
EXTERMAL LEAKAGE, CLEANLINESS, THRUSTER PERFORMANCE. QUAL TEST UTILIZED
THREE UNITE .
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FAILURE MODES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
NUMBER: 03-2A-237210-M

ANY TURNARQUND CHECKQUT TESTING 12 ACCOMPLISHED IN ACCORDANCE WITH THE
OMRSD. THE OMRSE DATA FPROVIDED BELOW IS NO LONGER BEING KEPT UP-TD-DATE.
IF THERE IS ANY DISCREPANCY BETWEEMN THE GROUND TESTING DATA PROVIDED
BELOW AND THE OMRSD. THE OMRSD IS THE MORE ACCURATE SDURCE OF THE DATA

OMRSD PERFORMS THE FOLL.OWING: INSTRUMENTATION ELECTRICAL VERIFICATION
FOR THE MOD/POL: THE FIRST FLIGHT AND OM A CONTINGENCY BASIS THEREAFTER.
THRUSTER VALVE ELECTRO/MECHANICAL FUNCTIONAL TESTING THE FIRST FLIGHT AND
ON A CONTINGENCY BASIS THEREAFTER. PROPELLANT SAMPLING THE SECOND FLHSHT
AND ON A CONTINGENCY BASIS. REDUNDANT CIRCUIT VERIFICATION ORB/FPOD AND
QRB/MOD EVERY FLIGHT. INTERFACE VERIFICATION ORB/POD AND ORB/MOD ON A
CONTINGENGY BASIS. THRUSTER INSPECTION THE SECOND AND EVERY FLIGHT
THEREAFTER USING A BORESCOPE. THRUSTER YALVE TRICKLE CURRENT TESTING I3

PERFORMED EVERY FLIGHT.

{C) INSPECTION:
RECEIVING INSFECTION
INSPECTION YERIFIES RAW MATERIAL AND PHYSICAL PROPERTIES.

CONTAMINATION CONTROL
CLEANLINESS TO LEVEL 200 FOR MMR AND 200A FOR NTO IS VERIFIED BY INSPECTION.

CORROSION PROTECTION IS VERIFIED BY INSPECTION.

ASSEMBLY/ANSTALLATION

FINAL INSPECTION OF ALL DIMENSIONS 1S VERIFIED. INJECTOR COQLANT HOLES ARE
OFEN AFTER EXCESS WELD BEAD REMOWAL IS VERIFIED BY INSFECTION. SURFACE
FINISH IS VERIFIED BY INSPECTION. THRUSTER VALVES ARE VISUALLY AND
DIMENSIONALLY INSPECTED DURING FABRICATION. MANUFACTURING, ASSEMBLY, AND
INSTALLATION PROCEDURES ARE VERIFIED BY INSPECTION.

NOMDESTRUCTIVE EVALUATION

FUSED TISILICIDE COATING THICKNESS ARE VERIFIED BY INSPECTION. INLET VALVE
CLOSURE WELDS ARE ULTRASONIC INSFECTED. OTHER STRUCTURAL WELDS. UNLESS
OTHERWISE CALLED QUT, ARE RADIOGRAPHIC INSPECTED AND ARE EITHER
PENETRANT QR MAGNETIC PARTICLE INSPECTED.

CRITICAL PROCESSES

WELDING, SOLDERING AND APPLICATION OF DISILICIDE COATING IS VERIFIED BY
INSPECTION. TEST SPECIMENS OF THE COATING ARE INSPECTED AND TESTED PER
MP3-0545 REQUIREMENTS. THE COATED ASSEMELIES ARE ALSQ HEATED TO 2500 DEG F
TO VERIFY COATING INTEGRITY. THE SURFACE IS5 THEN INSPECTED WITH A
BORESCOPE AND A VIDED TAPE RECORD 1S MADE OF THE COATING CONDITION, WELDS
{INCLUDING RESISTANCE WELDS FER MPS 1600, TACK WELDS AND STRUCTURAL
WEILDS) ARE WISUALLY INSPECTED TC SPECIFICATION REQUIREMENTS,

TESTING

ATP IS WITNESSED AND VERIFIED BY INSPECTION. WATER FLOW TESTS, PER INTERMAL
TEST PROCEDURE. VERIFIES BY INSPECTION NO OCCLUDED PASSAGES. TEST FIRING
WITH HEAT SENSORE VERIFY BY INSFECTION THAT THERE ARE NO HOT SPOTS.
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FAILURE MOOES 2FFECTS ANALYSIS (FMEA) — CiL, FAILURE MODE
NUMBER: 03-2A-231310- 04

ELECTRICAL COMPONENTS ARE TESTED FOR INEULATION RESISTANCE AND DIZLECTRIC
STRENGTH AND VERIFIED §Y INSPECTION.

HANDLING/PACKAGING
HANDLIMNG AND STORASE ENVIRDNMENTS ARE YERIFIED BY INSPECTION.

{0} FAILURE HISTORY:
CURRENT DATA &N TEST FAILUPRES, FLIGHT FAILURES, UNEXPLAINEDR AMDMALTES, AND
OTHER EAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CaN BE
FOUND IN THE PRACA DATABASE THE FAILURE SISTORY DATA PROVIDED BELOW .S KO

LONGER BEING KEPT UR.TO-DATE

CAR ACBARS7: VENIER THRUSTER [RSD. OV-098) OX VALVE SIGNATURE INDICATED THAT
THE VALVE WAS NDT OPENING. FAILURE ANALYSIS REVEALED THE CAUEE TS BE HEAVY
DEROSITS OF METALLIC NMITRATES RESULTING FROM FAILURE T VACUUM FURGE THE
VALVE OF NZ204 EEFORE WATER FLUSH DURING ATP CORRECTIVE ACTION WAL TG
IMPROVE THE PURGE AND DRY QPERATION AT THE SUPPLIER'S FACILITY.

CAR O3F043: THERE WERE FAILURES THAT HAVE REEULTED /N THRUSTER
DESELECTION. TWO THRUSTERS EXHIBITED ERRONEDUS LEAK DETECTOR OUTRLTS
Ol OV-102. CALUSE WAS THERMAL CONTALT RESISTANCE BETWEEN SENTOR ANG
INJECTOR. CORRECTIVE ALTION WAS TC ADD THERMAL GREASE BETWEEN THE
SENSUR PROBE AND INJECTOR. NO FAILURES OF THIS TYPE HAVE BEEN NOTED SINCE
THE DESIGN CHANGE.

CAR ACEITS: ONE INCIDENT REPORTED SLOW OPENTLOSE TIME DURING THE INITIAL -
TEST AFTER INSTALLATION OF LD ON OVT03. THE CAUSE WA YWHITE GREENISH
MATERIAL BETWEEN THE COWLS OF THE VALVE SFRING. THE CADSE WAS IMFROPER
HEAT TREAT DE-SCALING, CORRECTIVE ACTION WAS TO IMPROVE SPRING DESCALING
FROCESS.

(E) CPERATIONAL USE:
IN THE EVENT OF THE LOSS OF VERNIER THRUSTER CAPABILITY. THE PRIMARY
THRUSTERS CAN BE USED FOR THE VERNIER FUNCTION. SOME MISSION OBJECTIVES
MAY NOT BE MET DUE TO INCREASED RATE OF FROPELLANT CONSUMPTION ON
PRIMARY THRUSTERS.

~ APPROVALS -~
PAE MANAGER : B.F MIKULA
PROTLICT ASSURANCE ENGR  : L X DANG
DESGIN ENGINEERING tL TOARANTA
BOQEING SUBSTSTEM MANAGER: D, PERAY
J5C MCD B LUNNEY
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