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SUBSYSTEM NAME: AFT REACTION CONTROL SYSTEM (RCS) |
A REVISION ¢ 2 12/12/89

PART NAME PART MUMBER

VENDOR NAME VENDOR NUMBER -
LRY : THRUSTER, PRIMARY MC467-0028
SRU g THRUSTER CHAMBER 235148
SRU : THRUSTER CHAMBER 235150
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EXTENDED RESCRIPTION QF PART UNDER ANALYSIS:
THRUST CHAMBER, COATED COLUMBIUM (FROM THRUSTER VALVE MOUNTING PLATE
TO NDZZILE EXTENSION).

QUANTITY OF LIKE ITEMS: 24
ONE PER THRUSTER

FUNCTION

TO CONTAIN HYPERGOLIC REACTION OF PROPELLANTS AND DIRECT COMBUSTION
PRODUCTS THROUGH WOZZLE & EXTENSION TO PROVIDE IMPULSE TG VEHICLE. THE
CHAMBER IS CONSTRUCTED OF C-103 COLUMBIUM WITH R-512 AN OXIDATION
RESISTANT COATING AND UTTLIZES FILM COOLING. THE CHAMBER PRESS IS 157
PSI & [S DESIGNED TO PRODUCE A THRUST OF 870G LBS VACUUM AT A NOMINAL
STEADY STATE SPECIFIC IMPULSE OF 280 SECONDS. :

AA_TAh = 170
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' REVISIONS 2 12/12/89
SUBSYSTEM: AFT REACTIIN CONTROL SYSTEM {(RCS] .

ERU :THRUSTER, PRIMARY CRITICALITY QF THIS
ITEM NAME: THRUSTER CHAMBER FAILURE MODE:l/1
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FAILURE MODE:
HOT GAS LEAKAGE, BURH THRGUGH.

MISS5ION PHASE:

Lo LIFT-0FF
00 ON-ORBIT
0o DE-ORBIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMAIA
: 103 DISCOVERY
. 1pa  ATLANTIS

CAUSE: :

THERMAL CYCLING/STRESS FATIGUE, INJECTOR FRACTURE, YIB, GAS INGESTION,
COMBUSTION INSTAB, SHOCK, BLOCKED INJ DRIFICES, HIGH TEMR/LOCALLIZED
HOT SPOTS/INADEQ COOLING, VALVE LEAKAGE, NOZZLE RESTRICTION, SEAL
LEAKAGE, PRESSURE TRANSDUCER TUBE FRACTURE,

CRITICALITY 1/1 DURIKG INTACT ABORT OHLY? HO
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REDUNDANCY SCREEN A) N/A
B) M/A
C) N/A

_ E;SS}FAIL RATIQHALE:
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(A} SUBSYSTEM:

LOSS OF REDUNDANCY=POSS LOSS OF 3 THRUSTERS [F MANIFOLD ISOL VALVE MUST
8F CLODSED, POSSEIRLE PRESSWRIZED LINE OR TAMK RUPTURE DUE TO HOT GAS
IMPINGEMENT. LEAKAGE OF HOT ©AS INTO AFT COMPARTMENT.

(B) INTERFACING SUBSYSTEM(S):
INCREASED GNSL AND USE OF ALTERMATE THRUSTERS. POSSIBLE DAMAGE TO TPS.
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POSSIBLE DAMAGE TO POD DUE TO OVERPRESSURIZATION.

(C) WISSION:
MISSION MODIFICATION/ABORT DECISION IF FAILURE CAUSES DAMAGE
PROPAGATION,

{D) CREW, VEHICLE, AND ELEMENT{S):

POSSIBLE LOSS OF CREW/VEWICLE, BURN THROUGH MAY CAUSE HIGH TEMP DAMAGE
TO SURROUNDING STRUCTURE AND ADJACENT THRUSTERS RESULTING IN POSSIBLE
ENTRY HAZARD [F TPS IS DAMAGED. OVERPRESSURIZATION OF POD MAY DCCUR,

(€} FUNCTIONAL CRITICALITY EFFECTS:
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{A) DESIGN:

THRUSTER INSTABILITY PROTECTION SYSTEM WILL SHUT DOWN THRUSTER DUE TO
BURN THRU RESULTING FROM INSTARILITY. INTERMETALLIC DIFFUSION LAYER,
FORMS AN INTEGRAL BOND BETWEEM THE DISILICIDE COATING AND THE PARENT

COLLMBIUM MATERIAL AND TENDS TO RESIST SHOCK LOADING.

A 75 MICRON FILTER IN THE WALVE INMLET UPSTREAM OF INJECTOR MOLES WILL
PRECLUGE ENTRY OF CONTAMINANTS. ACOQUSTIC CAVITIES DAMPEN THE
FREQUENCIES THAT EXCITE INSTABILITY.

STRUCTURAL MARGINS {2.0 TO 4.0) MINIMIZE FAILURE EFFECT{s). THE

ENGINE 15 DESIGNED TO WITHSTAND GAS INGESTION. BOUKDARY LAYER COOLANT
HOLES ARE LOCATED AT PERIMETER OF THE IMJECTOR FACE. FUEL IS SPRAYED
OKTO THE COMBUSTION CHAMBER wALLS YO COQL THE SURFACE., THRUSTER USAGE
IS TRACKED BY THE LIMITED LIFE SPECIFICATION. REDUNDANT SEALS USED FOR
MOUNTING THE VALVES.

B) TEST:
%Hé QUAL TEST PROGRAM INCLUDED STABILITY TEST {PURGE AND PRIME AND
BOMB)}, ROUGH HANDLING, VIBRATION {34 MIN/AXIS), KOZILE THERMAL _
TRANSIENT FORMARD AND REVERSE INTERNAL LEAKAGE, EXTERNAL LEAKAGE,
ABNORMAL OPERATION, BUBBLE INGESTION, ELECTROMAGNETIC INTERFERENCE,
IGNITION OVERPRESSURE, BURST PRESSURE, SAFETY MARGIN, LIGHTNIKG, WEATER
OUT IGNITION, ZOTS, MISSION DUTY CYCLES, ACCELERATED LIFE DUTY CYCLE,
AND PROPELLANT COMPATIEILITY.

THE UNITS ALSO QUALIFIED AS PART OF THE WOT FIRE TE5T PROGRAM AT W3TF
{24 EQUIVALENT MISSIQON DUTY CYCLES AND APPROX 7 YEARS OF PROFELLANT
EXPOSURE) AND THE VIBRO=-ACOUSTIC TEST AT JS& {131 EQUIVALENT WISSIONS).

QUAL TEST FOR CERTIFICATION OF THE THRUSTER [MSTABILITY PROTECTIDN
SYSTEM WIRE WRAP WILL BE CONDWCTED,
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ACCEPTANCE TESTING INCLUDES PROOF PRESSURE (INLET VALVE - 1500

PSIG,INJECTOR 525 PSIG, THRUST CHAMBER 525 PSIG, MOZZLE 150 P3lG, PC

TRAMSDUCER 3000 PSIG, THRUSTER ASSY £25 P5IG), INTERNAL LEAKAGE,

THRUSTER PERFORMANCE, IMSULATION RESISTANCE, PULL-IN VOLTAGE,

CONTINUITY/RESISTANCE, EXTERNAL LEAKAGE, FLOW CALIBRATION,

E#EEEE%HESS. VALVE TIMING AND RESPONSE OF THE VALVES AND DIELECTRIC
.

QMRSD PERFORMS THE FOLLOWING: COATING SURFACE PROTECTION. A THRUSTER
VISUAL INSPECTION THE SECOND FLIGHT AND EVERY FLIGHT THERERAFTER USING A
FLASHLIGHT AND MIRROR. THRUSTER ENSPECTION ON A FIFTH FLIGHT INTERVAL
USING A BORESCOPE. A PROPELLANT TANK ACOUISITION EVALUATION BY X-RAY
THE FIRST, FIFTH AND EVERY 5 FLIGHTS THEREAFTER AND AS & CONTINGENCY
WMEN THE POD IS REMOVED AND THE PROPELLANT KOT DRAINED FROM THE TANKS.
THRUST {HAMBER LEAKAGE TESTS AFTER THE 5TH AND EVERY STH MISSION
THEREAFTER AND ON A CONTINGENCY BASIS. PROP TAMK ACQUISITICN

- YERIFICAT]ON ON LEAD TANKS EVERY TEN FLIGHTS AND ON A CONTINGENCY
BASTS. BORESCOPE THRUSTER VISUAL INSPECTION AFTER USING PRESSURE PLUGS
ON A CONTINGENCY BASIS. PROPELLANT LOADING EVERY FLIGHT.

(cg INSPECTION:
RECEIVING INSPECTION
INSPECTION VERIFIES MATERIAL AND PHYSICAL PROPERTIES.

CONTAMINATION CONTROL
{LEAKLINESS TO LEVEL 200 FOR MMH AND 2004 FOR NTQ IS VERIFIED BY
INSPECTION.

ASSEMBLY /INSTALLATION
FINAL INSPECTION OF ALL DIMENSIONS IS VERIFIED.

NONDESTRUCTIVE EVALUATION

FUSED DISILICIDE COATING THICKNESS 1S VERIFIED 8Y EDDY CURRENT.
WELDS ARE RADIOGRAPHIC INSPECTED PER MPS-S03 AND ARE ALSO EITHER
MAGMETIC PARTICLE OR PENETRANT INSPECTED. o

CRITICAL PROCESSES

WELDING PER MPS 1609 CLA OR MPS 1510 CLA AND APPLICATION OF DISILICIDE
COATING IS VERIFIED BY INSPECTION. TEST SPECIMENS OF THE COATING ARE
INSPECTED AND TESTED PER MPS-0545 REQUIREMENTS. THE COATED ASSEMBLIES
ARE ALSO HEATED TQ 2§00 DEG F TO VERIFY COATING INTEGRITY. THE SURFACE
I5 INSPECTED WITH A BORESCOPE AND A VIDEQC TAPE RECORD [5 MADE OF THE
COATING CONDITION,

TESTING
- ATP IS WITNESSED AND VERIFIED BY INSPECTION. WATER FLOW TESTS, PER
INTERNAL TEST PROCEDURE, VERIFIES BY INSPECTION NO DCCLUDED PASSAGES.
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TEST FIRING WITH HEAT SENSORS VERIFY BY INSPECTION THAT THERE ARE MO
HOT SPGTS.

HANDLING/PACKAGING
PACKAGING PROCEDURES ARE VERIFIED BY INSPECTION,

(D) FATLURE HISTORY:

CAR'S ADO169 KSC, AD1&06 ATP, ADI705 ATP, AND ADD169:

COATING DAMAGE WAS REPORTED ON THREE THRUSTERS. INSTALLATION AND
REMOVAL OF THE RCS THROAT PLLG CAUSED DAMAGE.

CORRECTIVE ACTION - TO PRECLUDE DAMAGE WHEN INSTALLING THE THROAT
PLUGS, THE OMRSD LIMITS THE PRESSURE APPLIED FOR TESTING. THE
THRUSTERS ARE INSPECTED WITH BORESCOPE AFTER EACH USE OF THROAT PLUG
AND AFTER EVERY FLIGHT FOR COATING DAMAGE.

ONE THRUSTER WITH MINOR COATING DAMAGE WAS FIREGD TO DETERMINE IF THE
ENGINE COULD GO ONE MISSION WITH THIS COATING DAMABE. NO DEGRADATION
OF COATING WAS OBSERVED IN THE AREA UF DAMAGE.

CAR ACS3B5:

20 INSTABILITIES HAVE OCCURRED DN 7 PROD AND 1 QUAL THRUSTERS DURING
TESTING AT THE SUPPLIER'S FACILITY. IRSTABILITIES LASTING LONGER THAN

% 3EEDHDS HAE RESULT IN BURN THROUGR OF THE COMBUSTION CHAMBER WEAR THE
HJECTOR FACE.

CORRECTIVE ACTION - A PRIMARY THRUSTER INSTABILITY PROTECTION SYSTEM
HAS BEEN INSTALLEDC PRIOR TD THE FIRST POST 51L FLIGHT ON ALL PRIMARY
THRUSTERS. A POWER CABLE FOR ENGINE VALVES HAS BEEN WRAPPED ARDUND THE
CHAMBER AND BURN THROUGH WILL REMOVE POWER TQ BOTH VALVES.

CAR AC4634:
CRACKS IN THE STRESS RELIEF GRDOVE AREA OF THE ACCQUSTIC CAVITIES AND

THRUSTER SUPPORT HAVE BEEN OBSERVED.

CORRECTIVE ACTION « MYDROFLUQRIC ACID CLEANING PROCESS WAS ELIMINATED
{REF EDCP-0178). THE ATP BAKEOUT TO REMOVE RESIOUAL PROCESSING FLUIDS
IS CONSIDERED SUFFICIENT YO PREVERT METAL ATTACK AND SUBSEQUENT CRACKS.

CAR AD3272:

FOLLOWING FOUR S£CONDS OF UNSTABLE CPERATION THE PL TRANSDUCER

PRESSURE  INDICATION DROPPED FROM 210 PSIA TQ 30 PSIA IN

APPROXIMATELY 7 SECQMOS, THE PC TRANSDUCER INLET TUBE WAS OBSERVED TO
BE FRACTURED ABUVE THE  IWJECTQR/TUBE WELD JOINT, THE FAILURE
ANALYSIS IS STILL IN PROGRESS.

(E) OPERATIONAL VSE:
MONE
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RELIABILITY ENGINEERING: ~F-E. BARCEWAS
DESIGH ENGINEERING B. DIPONTI :
QUALITY ENGINEERING 3= M. SAVALA

NASA RELIABILITY

NASA SUBSYSTEM MANAGER
NASA QUALITY ASSURANCE
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