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. ITEM:

THRUST CHAMBER, REGENERATIVE, COOLED, ROCKET ENGINE.

FONCTION; .
PROVIDES ENCLOSURE FOR CONEUSTION OF FROPELLANT AND EXFANSIQN AND
EXPULSION OF COMBUSTION GRASEE TO GEMNEFATE THRUST. CHAMBER IS FUEL '
REGENERATIVELY COOLED (120 CHANNELS) FA!RICATED FROM A 304L 5.5. LINER
AND ELECTRS FORMED NICKEL SHELL (REGEN JACKET CLOSEQUT). PC IS 131 PsT
GAS WALL TEMPERATURE 15 800 F (500 F EXT). CHAMBER THROAT IS 2.8 IN,
DIAMETER. BOLTED NOZZLE ATTACHMENT FLANGE WITH GRAFOIL SEAL IS
UTILIZED. NOZZLE EXTENSION FLANGE IS5 AT AN ARFA RATIO OF & T0 1.

FAILURE MODE: .
STRUCTURAL FAILURE, BURN THROUGH OR RUPTURE AT CHAMEER TO NOZZLE
EXTENSTION FLANGE. .

CAUSE(S) :
EXCESS CHAMBER PRESS = LEAK PATH (GASKET FAILURE), INADEQUATE COOLING,
INCORRECT BOLT OR MATERIALT, DEFICIENCY, WELD DEFECT, IMPROPER MNOZZLE
INSTAYLIATION OR FLANGE IRREGULARITIES, DIMENSTONAL DISCREFLNCY, HIGH
NOZZLE ESIDE LOADS, GIMBAL ACTUATOR FAILIIRE DORING ASCENT ALLOWING HQZZILE
EXTENSION TO ROTATE INTO ATRETREAM CREATING HIGH BENDING MOMENKTS.

EFFECT(5) ON:
(A)SUBSYSTEM (B)INTERFACES (C)MISSION (D}CREW/VEHTCLE

(A) LDES OF FUNCTICN - LOSS OF ONE ENGINE.

{8) LOSS OF INTERFACE FUNCTION - POSSIBLE DAMAGE TC AFT RCS, TPS OR FOD
STRUCTURE/AFT FUSELAGE DAMAGE.

(C) POSSIELE EARLY MISSTON TERMINATION, REDLINE ADDITIONAL FROPELLANT

FOR RCS BACKUP DEOREIT. NEXT PLS DEQRBIT IF SUFFICIENT FROPELIANT NOT
AVAILABLE.
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{D) POSSIELE lOSS OF CREW/VEHICLE - POSSIBLE FIRE OR EXPLOSION FRoM
EXAAUST GASES DUMFING INTO DOD.

DISPOSITION & RATIONALE:
{AYDESIGN (B)TEST (C)INSPECTION (D)FAILURE HISTORY (E)COPERATIONAL USE

{A} DESIGH
DETAILED THERMAL AND STRESS ANALYSES PERFORMED. STRUCTURAL FACTOR OF
SAFETY IS 1.4 MINIMIM. BOSF [BURN=-OUT SAFETY FACTCR) IS 1.4 UNDER WCRST
CASE CONDITIONS OF CPERATIONS WITHIN SQDE ENVELOPE. LIFE CYCLE DESIGK
MARGIN IS 4.0. REDUNDANT ENGINES ARE PROVIDED. ENGINE INLET FILTERS A=
PROVIDED., POST-FIRE PURGES PERFORMED TG REMOVE RESIDUAL FUEL FROM RFGEY
JACKET AND INJECTOR.

{B} TEST

QUALIFICATION TESTS .

VIERATION TESTS AT ENGINE LEVEL., HOT-FIRE TEST PROGRAM - VERIFICATICON
OF PERFORMANCE WITHIN S£PEC ENVELOPE. TCA LEVEL - 1216 FIRINGS, 6941 SEC
DURATION, 20 BOMB STABILITY TESTS. ENGINE LEVEL - 760 FIRINGS - 13251
SEC DURATION. 1 THERMAL MARGIN QFF-LIMITE TESTS. SYETEM LEVEL - 45E
FIRINGS, 14831 SEC DURATION. DEFINITION OF PERFORMANCE UNDER ABNCRMAT
CONDITIONS = EFFECT OF FROPULSION SYSTEM FAILURES, PROPULSION SYSTEM
ODPERATION IN CONTINGENCY MODES.

ACCEFTANCE TESTE

DETAILED VISUAL TINSFECTION. WELD INSPECTIONS. INDIVIDUAL CHANNELS
FIOWED & LEARK CHECKED. FRDOF FRESSURE & LEAK TESTING OF CHAMBER,
ELECTROFORMED NICKEL TD STAINLESS STEEL EOND AND WELDS. YVERIFICATION OF
HEAT-FLUX COMPATIBILITY BETWEEN INJECTOR AND CHAMBER., MINIMUM OF TwWO
J0-EECOND FIRINGS OF COMPLETE ENGINE ASSEMBLY FOR PERFORMANCE
VERIFICATION. CLEANLINESS VERIFICATION.

.. GROUND TURNARCUND
V43CBO.211 PERFORMS LEAK CHECK OF OME CHAMBER/ NOZIZLE JOINT FOR FIRST
FLIGHT AND ON S-FLIGHT INTERVALS.
V43CED.CL10 DEFINES ENGINE PROTECTION REQUIREMENTS (THROAT PLUS AND
TRICKLE PURGE) : THROAT PLUG INSTALIATION OR TRICKLE PURGSE INITIATION
REQUIRED WITHIN 24 HOURS OF LANDING.
V43CED. D50 REQUIRES PURGE OF RESIDUAL PROPELIANT FROM BALL VALVE CAVITY
WITHIN 14 DAYS OF LANDING.
V43ICECQ.020 DEFINES DETAILED VISUAL INSPECTION OF OME INJECTOR, ACOUSTIC
CAVITIES, COMBUSTION CHAMEER WALL, AND NO2ZLE; DOCUMENTATION IS REQUIRED
FOR ANY ANOMATOUS INDICATIONS (PERFORMED EACH FLIGHT).
V43CEC.030 DEFINES DETAILED VISUAL INSPECTION OF ENGINE COMPONENTS WITKT
ENGINE BOX (REMOVAL OF HEAT SHIELD REQUIRED) ! REQUIREMENTS TO BE CAPRIED
QUT WHENEVER POD IS REMOVED (AT LEAST EVERY 5 FLIGHTS).
V43CRO.275 PERFORMS PERIODIC LEAK CHECK OF ENGINE PLUMBING DOWNSTREAM CF
ENGINE BI-PRCP VALVE EVERY FIVE FLIGHTS.
V43CEO.05%0 REQUIRES FROPELLANT SAMPLE (SE=S5«0073) FOR SECOND FLIGHT AND
CN A& CONTINGENCY BASIS.
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{C) INSPECTION

RECEIVING INSPECTION
HATERIALS AND PROCESSES CERTIFICATIONS ARE VERIFIED EY INSPECTION,

CONTAMINATION CONTROL
CLEANLINESS TO LEVEL 200 roR MMH AND 200 & FOR NTQ AND CORROSION
PROTECTION PROVISION ARFE VERIFIED BY INSPECTION.

ASSEMELY /INSTALIATION .
MANUFACTURING, ASSEMBELY AND IHSTALLATION PROCEDIIRE ARE VERIFTIED EY
INSPECTION. CRITICAL DIMENSIONS AND SURFACT FINISHES ARF VERIFIED BY
IRSFPECTION. DIMENSIONAL INSPECTION OF THRUST CHAMBER AFTER MACHINING Is
VERIFIED BY INSPECTICN,

CRITICAYL PROCESSES .

NICY¥EL PLATING THICRNESS 13 .VYERIFIED BY INSPECTION, THE WELDING PROUESS
AND VERIFICATION THAT WELDS MEET SFECIFICATION REQUIREMENTS ARE VERTFIED
BY INSPECTICHN.

NONDESTRUCTIVE EVALUATION

PENETRANT AND RADIOGRAPHIC INSPECTICN OF WELDS ARE VERTFIED BY
INSPECTION. ULTRASONIC INSPECTION OF THRUST CHAMBER FORGING IS VERIFIED
BY INSPECTION. CHAMBER FENETRANT INSPECTION IS VERIFIED EBY INSDPECTION.

TESTING .

ACCEPTANCE TEST IS VERTFIED BY INSPECTION. (HAMBER LEAK TEET IS VERIF T
BY INSPECTION. CHAMBFR FLOW CALIERATION IS VERIFIED BY INSPECTION.

HANDLING/ PACKAGING

HANDLING, PACFAGING, STORAGE AND SHIPPING REQUIREMENTS ART VERIFIED BY
INSFECTION.

(D) FATLURE BISTORY

CAR AC7356 RECORDS TCA/NUZZLE FLANGE LEAFAGE, CAUSED BY NOZZILE FLANGE
FLATNESS NOT BEING TO SPECIFICATION REQUIREMENT (8N115,116 217,118).
THIS WAS DUE To INADEQUATE INSFECTION DURING THE FABRICATION FROCESS. 2
TOOL WAS CONSTRUCTED TQ FLATTEN FLANGES ON COMPLETED NOZZLES, PROCESSES
AND FROCEDURES WERE REVISED. FOR FUTURE BUTLDS. INSTALIATION PROCEDURES
WERE REVISED. ADDITICNAL LEAK CHECK TESTS AND INSFECTIONS WERE REQUIRED

FAILURE MAY BT DIFFICULT TO DIAGNOSE. ISOLATE FATLED ENGINE AND COMELET
MISSION REQUIREMENTS USING CROSSFEED FOR PROPELLANT UTILIZATION. REDLIN
ADDITIONAL PROPELLANT FOR RCES BACKUD DECRBIT. NEXT PLS DEGREIT IF
PROPELLANT FOR ReS BACK-UF NOT AVAILABLE. POSSIBLE MISSION TMPACT.
DECREASED PROFELLANT AVALILLRLF FROM OMS To RCS THROUGH INTERCONNECT FOR
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RECEIVING INSPECTION
MATERIALS AND PROCEESES CERTIFICATIONS ARE VERIFIED BY INSFECTION.

CORTAMIHATION CONTROL
CLEANLINESS TC LEVEL 200 FOR MMH AND 200 A FOR NTO AND CORRCSION
PRDTECTIGH FROVISIQN ARE VERIFIED BY INSPECTICH.

ASSEMELY/INSTALIATION

MANUTACTURING, ASSEMELY AHD INGTALLATION PROCEDURE ARE VERIFIED BY
INSPECTION. CRITICAL DIMINSIONS AND SURFACE TFINISHES ARE VLRIFIED By
INSPECTION. DIMENSIONAL INSPECTION CF THRUST CHAMBER AFTER MACHINING
"VERIFIED BY INSPECTICN.

CRITICAI FPROCESEES '

NICKEL PLATING THICEKNEESS IS .VERIFIED EY INEPECTION. THE WELDING PROCE
AND VERIFICATION THAT WELDS MEET SPECIFICATION REQUIEEMENTS ARE VERIFI
BEY INSFECTION.

HONDESTRUCTIVE EVAIDATION

" PENETRANT AND RAGCIOGRAPHIC INSPECTICN OF WELDS ARE VERIFIED BY
INSPECTION. ULTRASONIC INSPECTION OF THRUST CHAMBER FOQRGING IS VZRIFI
BY INSPFECTION. CHAMBER PINETRANT INSPECTION IS VERIFIED BY INSPECTICN

TEETIKRG .

TEST EQUIPHENT AND TOQOL CALIBRATION ARE ?ERIFIED EY INSPECTIQN.
ACCEPTANCE TEST IS VERIFIZD BY INSPECTION. CHAMEER LEAX TEST IS VERIF
BY INSPECTION. CHAMRFR FLOW CRLTERATION IS VERIFIED BY INSPECTION.

EANDILING/PACFACSTHG

HANDLING, PACKAGING, STORAGE hHD EHIPPING REQUIREHENTE ARE VERIFIED EY
IHEPECTIDN. :

(n} FATLDORE HISTORY .

CAR AC7356 RECORDS TCA/NOZZILE FLANGE LEARKARGE, CAUSED BY NOZZLE FILANSE
FLATHESS NHOT EBEING TO SPECIFICATION REQUIREHENT (SN115,116 117,11E).
THIS WAS DUE TO INADEQUATE INSPECTION DURING THE FAPRICATION PEDCESS.

- TOOL WAS CONSTRUCTED TO FLATTEM FLANGES ON COMPLETED MNOZZLES, PROCESSE
AND PROCERURES WERE REVISED.FQR FUTURE BUILDS. INSTALLATION PROCEDURE
WERE REVIZSED. ADDITICHAL LEAY CHECK TESTS AND INSPECTIONS WERE REQUIERE
FOR FLIGHT EKGINES.

{E) OPERATIONAL USE
FATILURE MRY BE DIFFICULT TO DIAGNOSE. ISOLATE FAILED ENGINE AND COMFL
MISSTON REQUIREMENTS USING CROSSFEED FOR FROPELLANT UTILIZATION. REDL
_ADDITIONAL PROPELLANT FOR RCS BACKUP DEORRIT. NEXT PLS DEORBIT IF
PROPELLANT FOR RCS5 BACK-UP NOT AVATLABLE. POSSIEBLE MISSION IMBACT.
DECREASED PROPELILANT AVAILABLE FROM OMS TQ RCS THROUGH INTERCONNECT FO
ON~CRBIT OPERATICN.



