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. FAILURE MODES EFFECTS ANALYSIS (FMEA} — CRITICAL HARDMWARE
*e [FRER) NUMBER: 03-1-0251-X 7477

SUBSYSTEM MAME: MAIN PROPULSION
REVISION : 1 04/05/490

kT el

PART MAME PART NUMDER

VENDOR NAME . VENDOR NUMBER  --.
e LRU VALVE, RELLEF, 950 PSI MC284-0398-0005
o EATON CONSOLIDATED CONTROLS 76130
---------- PART DATA T T

e o ot o i . 0 A A 8 e e s N ol ki L o e

m EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
850 PSI RELIEF, PHEUMATIC HELIUM SUPPLY, D.75 INCH DIAMETER.

® REFERENCE DESIGNATORS: RV4

m QUANTITY OF LIXE TTEMS: 1
ONE

. ® FUNCTION: -
PROVIDES A MEANS OF RELIEVING AN QVERPRESSURE CONDITION RESULTING FROM
AN UPSTREAM REGULATOR FAILING TO REGULATE, ONE RELIEF VALVE IS PROVIDED
FOR THE PNEUMATIC HELIUM SUPPLY SYSTEM, , '
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRIT{CAL FAILURE MDDE 762

NUMBER: 03-1-0251-03

REVISION® 1 04/05/90
SUBSYSTEM: MAIN PROPULSON
LRU :VALVE, RELIEF, 850 #S[ CRITICALITY OF THIS
ITEM NAME: VALVE. RELIEF, 50 =51 ~  FAILURE MODE:l/!

-----------------------------------------------------------------------

FAILURE MODE:
RUPTURE /LEAKAGE .

MISSTON PHASE:
Lo LIFT-DFF
0o DE-CRBIT

YEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
;103 OISCAVERY

104  ATLANTIS

L

LAUSE:

MATERIAL DEFECT, FATIGUE.
CRITICALITY /1 DURING INTACT ABORT OHLY? NO

REDUNDARCY SCREEN A) N/A
B) N/A
L) N/A.
PASS/FAIL RATIONALE:
A)
B)
)
i T EAILURE BFFECTS -
(A} SUBSYSTEM:

DURING ASCENT, THE FHEUHATIE HELILM SUPPLY WILL BE LOST. ESEAFIHG
HELIUM MAY OVERPRESSURIZE THE AFT COMPARTMENT,

WHENM THE CRASSOVER VALVE {L¥10) QPENS AT MECO, THE PNEUMATIC HELIUH
OISTRIBUTION SYSTEM WILL BE FED FROM THE LEFT ENGINE HELIUM SURPLY.

WHEN THE INTERCONNECT “0OUT* VALVES OPEN AT MECO PLUS 20 SECONDS, THE
ENGINE HELIUM SUPPLIES WILL LEAK THROUGH THE FAILED LINE.

STORED HELIUM PRESSURE IN THE ACCUMULATOR LEG SHOULD BE ADEQUATE Td

03-1 - B24
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.. FAILURE MODES EFFEETS AMALYSIS (FMEA) -- CRITICAL FAILURE MODE
NUMBER: 03-1-0251-03

CPERATE THE LOZ PREVALVES AT MECO. LO53 CF HELIUM MARY PREVENT ‘?ﬁq
OPERATION OF VALVES FCR MPS QuMp.

PURGE 0OF AFT CQMPARTMENT Ayl t4p/L07 SYSTEMS WOULD DEREMD SOLI.y OM THE
LEFT EGINE AZLiUM SYSTIM 3Zz720ALS, RESLLTIMG M THADEQUATE: 1BCRT
PURGE, [NCOMPLETE 2ROPELLANT OuMP, AND IWGESTION OF CIMTAMINATION,

DURING TNTRY, VENT COORS ARE CLOSED TO PREVENT INGESTION OF ACS 4ND 2Py
GASES. RUPTURE CURING. THE TIME PERIOD THAT THE VENT O0ORS ARE CLOSED
MaY AESULT [N CNERPRESZSURIZATION QF AFT COMPARTMENT. VENT JCORS ARE
OPENED WHEN VERICLE VELQCITY DROPS BELOW 2400 FT/SEC.

PRIDR TO T-9 MINCTES, EXCESSIVE HELIUM LEAKAGE WILL BE QETELTABLE
USIKG HAZAROQUS GAS DETECTION SYSTEM (HGLS}.

w (B) INTERFACING SUBSYSTEM(S):
SAME AS A. .

» (C) MISSION:
OR GROUND, POSSIBLE LAUNCH SCRUR DUE TO LCC YIOLATTION.

@ (0) CREW, VEHICLE, AND ELEMENT(S):
. ROSSIBLE LOSS OF CREW/VEHICLE.

a (E) FUNCTIONAL CRITICALLTY EFFECTS:

W R B R vl B e ke L L e e e e o o b e e B e e e o e ok e e e e e e e ke ke kL - kA
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m (A) DESIGN: :
THE RELIEF VALVE IS PILDT QPERATED AKD PREISURE ACTUATED. AS THE
SENSE LINE PRESSURE EXCEEDS 790 PSIG THE INLET PRESSURE FORLE ON THE
POPPET SEAT PISTON BECOMES GREATER THAN THE RESEATING FORCE QF THE.
BELLEVILLE SPRINGS. THE UNBALANCED FORCE CAUSES THE PGPPET SEAT PISTON
TG MOVE. THE PILOT SPRING CAUSES THE POFPET TO MOVE WITH THE SEAT
PISTON UNTIL TME PILOT PDPPET CONTACTS ITS UPPER SEAT. THE POPPET SEAT
FISTON CONTIMUES TO MOVE CAUSING SEPARATION BETWTEN THE FOPPET SEAT
PISTOR AND THE PILOT POPPET.

PRESSURE MAINTAIMING THE MAIN POPPET SEATED IS VENTED THROUGH THE
UNSEATED PILOT POPPET INTO THE AFT FUSELAGE. A DIFFERENTIAL PRESSURE
ACROSS THE MAIN POPPET IS CREATEQ FORCING THE MAIN POPPET TO UNSEAT.
THIS RELIEVES IMLET PRESSURES FROM 850 PSIG (MAXIMUM} DOWH TO 785 PSIG
{(MINIMUM RESEAT) INTO THE AFT FUSELAGE AT & RATE OF 1.0 LB/SEC {MINIMUM

AT B50 P3IG).
AS THE SENSE LINE PRESSURE DECREASES, THE PRESSURE FORCE ON THE POPPET

1i=1 = 8ZA8
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL FAILURE MODE
NUMBER: 03-1-0251-03

SZAT PISTON BECOMES LESS TH&N THE RESEATING FORCE CAUSED 8¥ THE
BELLEVILLE SPRINGS., THIS UNBALANCED FORCE £AUSES THE POPPET SEAT
PISTON Td MOVE TNTD CONTAL™ WwITH THE PILOT POPPET'S LOWER 3EAT CAUSING
THE PILCT PAPPET TJ LEAVE ™5 UPPER SEAT., THIS aALLZWS INLE™ F2EI5LURE
T 4UGMENT THE YALIN POPOET RETURN 3PRING FORCE CLOSING THE VALVE. GONCE
SEATED, THE PDPPET 5 4ELD CLTSED BY THE DIFFERENTIAL *RESSURE ACROZS
THE ™AIN POPPET ANO BY THE MAIN POFPET RETLRN SPRING FORCE. THE PILCT

VENT CLCSES BY SPRING FORCE "0 SEAL AGAINST CRYD PUMPING. _

THE RELIEF VALYE AL50 INCORPQORATES A FAST SEMSING PIPPET TO CONTROL THE
RATE AT WHIZHM LPSTREAM PRESSURE 15 SEMSED. THIS FAST SENSING POPPET [$-
CONNESTED TO- THE MRIN PRESSURIZATION LINE BY 24 0,25 [WCH (QUTER
DIAMETERY TUBE. UNDER STEADY STATE (OWDITIONS, IMLET 2RESSURE 15
SENSED THROUGH ORIFICEIS IN BQTH THE IMLET PORT AND THE FaST SENSING
POPPET, INSTANTANEQUS PRESSURE RISES THAT EXCEED 775 PSIG UNSEAT THE
FAST SENSING POPPET CXPOSING FOQUR ADDITIONAL LARGER ORIFICES (N THE

. POPPET. THIS INCREASES THE RATE OF RELIEF vALWE RESPONSE. WHEN “HE
PRESSURE CECREASES TO A PREDETERMINED DIFFERENTIAL ACRDSS THE FAST
SENSING POPPET, SPRING FORCE RESEATS THE POPPET, THUS DAMPEMING WALVE
RESPONSE.

THE VALVE BODY CONSISTS OF THREE ALUMINUM ALLOY 6061-T651 PARTS: THE
HOUSING, THE END CAP, AND THE SEAT RETRINER. THE POTENTIAL _EAK FATHS
ARE THE HOUSING/END CAP INTERFACE AND THE HOUSING/SEAT RETAINER
INTERFACE. THE HOUSING/END CAP AND THE HOUSING/SEAT RETA[NER
INTERFACES ARE SEALED USING RAYCO TYPE SEALS. ‘THE SEALS USE CRES 302
SPRINGS WITH TEFLON. (TFE) JACKETS. “HE SEAL SLANDS ARE MACHINED [NTO

 THE HOUSING WITH AN § MICROINCH SURFACE FINISH. -THE END CAF [
THREADED INTO THE ROUSING AND TORQUED TO 630 IN-LB EEFQRE BEING LOLK
WIRED T0 THE HOUSING, THE RETAINER IS ATTACHED TQ THE HOUSING USING
SIX 19-32 CRES AZ86 SOCKET HEAD CAP SCREWS WITH A MINIMUM ULTIMATE
TENSILE STRENGTH OF 163 KST (NAS 1351), THESE CAP SCREWS ARE TORQUED
T0 45 IN-LB BEFGRE BEING LOCK WIRED TO EACH OTHER. FLAT AND LOCK
WASHERS ARE USED WITH THE SCREWS.

RUPTURE OF THE INCOMEL 718 BELLOWS {1 PLY) WOULD CAUSE EXTERNAL .
LEAKAGE, THE BELLOWS ACTS AS A LFAK BARRIER BETWEEN THE POPPET 3EAT
PISTON AN) THE ATMOSPHERE. ALL BELLOMS ARE ACCEPTANCE TESTED &Y THE
SUPPLIER BEFORE BEING ASSEMBLED INTQ THE RELIEF WALYVE. BELLOWS
ACCEPTANCE TESTS INCLUDE 200 MECHANICAL CYCLES AT -160 THROUGH 275 DEG
F WHILE PRESSURIZED TO BS0 PS5IG EXTERNAL PRESSURE: PROOF PRESSURE TESTS
TO 1700 PSIG: AND LEAKAGE TEST AT 1035 PSIG EXTERNAL PRESSURE.

RUPTURE QF THE BOEL-T&51 ALUMINUM MAIN POPPET WOULG CAUSE EXTERMAL
LEAKAGE. THE VALVE HAS BEEN PROOF PRESSURE TESTED DURING AT? TO 1730
PSIC WITHOUT DAMAGE OR DISTORTION. IT HAS ALSO BEEN BURST PRESSURE
TESTED 7O 3400 PSIG DURING CERTIFICATION WITHOUT RUPTURE.

NM3=1 = 023&
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL FAILURE MODE
NUMBER:; 03-1-0251-03

THE FACTORS OF SAFETY ARE 2,0 PROOF AND 4.0 BURST. STRUCTURAL
ANALYSES INDICATE POSITIVE MARGINS OF SAFETY FOR ALL CONOITIJRS dF
VALYE OFEIATION. FRACTURE/FATIGUE ANALYSES SHOW THAT ALL CRIVICAL
PARTS ARE SATISFACTCGRY FOR FOUR TIMES EXPECTED LIFE.

{8) TEST:
ATP

EXAMINATION OF PROOWCT
'PROCE PRESSURE (1,750 PSIG)

INTERNAL LEAKAGE (GHe)
AMEIENT TEMPERATLRE
INLET PRESSURES: 100, 500, 750, AND 785 P31

FUNCTIONAL TESTS

PILGT ZCRACK AND RESEAT

AMB[ENT TEMPERATLRE )

CRACK 790 PSIG, RESEAT 785 °SIG

LOW TEMPERATURE {BQ0Y: -75 DEG F OR COLDER)
THNLET PRESSURES: 100, 500, 750, AND 785 PSIG
CRACK 790 PSIG, RESEAT 785 PSIG '

SLAM START TESTS |
{ORIFICE INSTALLED IN INLET LINE TO LIMIT FLOW TO 1.0 LB/SEC)
AMBIENT B00Y TEMPERATURE (MELIUM AT 220 DEG F)

PRESSURE UPSTREAM OF THE ORIFICE:

4500 PSIG, FOLLOWED BY FULL FLOW, BLOW DOWN, AND RESEAT
2500 PSIG, FOLLOWED BY BLOWDOWN, AND RESEAT

PRESSURE DOWNSTREAM OF THE ORIFICE:
'NO GREATER THAN 850 PSIG

ELECTRICAL BONDING

CERTIF [CATION

VIBRATION

TRANSIENT VIBRATION:

5 TO 35 HI, +/- 0.25 g, IN EACH OF THREE AXES

RANDGM ¥ ISRATION:

f3=1 = 227
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FAILURE MODES EFFECTS ANALYSIS (FWEA) -- CRITICAL FAILURE MOOE
NUMBER: 03-1-0251-03

757

60 MINUTES [N EACH OF THREE AXES

CURING THE LAST & MINUTES OF TESTING IN Z4CH AXIS CRACK AND RESEAT
PREJSURE TESTS ARE FERFORMED.

PERFORM [EAK AND FUNCTIONAL TESTS AFTER EACH AXIS

CESIGH SHOCK
PER MIL-S5TD-BI0 IN EACH OF THREE AXES
+ PERFORM LEAK AND FUNCTIONAL TESTS AFTER ZACH AXIS

SAND AND DUST
PER MIL-5TD-81D0

THERMAL CYCLE (3 CYCLES, WO FLOW)
+70 DEG F TO -150 DEG F TO +250 OEG F TO 70 DEG F
INLET PRESSURE: 750 PSIG

PERFORM LEAK AND FUNCT[ONAL TESTS

LIFE CYCLE (2000 CYCLES, 850 PSIG 7O RESEAT)
CRACK AND RESEAT AND SLAM START TESTS AFTER E4&lH 400 CYCLES
PERFORM LOW TEMPERATURE LEAK AND FUNCTIQWAL TESTS

BURST TEST (3400 PSIG)

GROUND TURNARQUND TEST _

v41A20.100 MPS PREUMATIC LOW PRESSURE DECAY TEST (EVERY FLIGHT)

v41AZ0.150 FLIGHT PRESSURIZATION ISOLATION TEST (PERFORM GROUND
TURNAROUND TEST IF VALID VERIF[CATION IS UNOBTAINABLE IN
FLIGHT) : .

V41A20,190 HKELTUM SYSTEM BRAZE/WELD.JOINT LEAK CHECK (EVERY TENTH
“FLIGHT) - - .

Y41BCO.100 WIGH PRESSURE 2-WAY SOLENOID VALVE LEAK TEST (EVERY SIXTH
FLIGHT)

V41BG0.0L0 PR1-4, 7-9 PNEUMATIC SSNE REGULATOR LOCKUP TEST (EVERY

_ FLIGHT) )
© y41BY0.010 ORBITER MPS COMPDNENT INSPECTIONS (EVERY FLIGHT)

wm {C) INSPECTIOM: .
RECEIVING IMSPECTION
RAW MATERIALS ARE VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS

CERTIFICATION. PART PROTECTION CORTING AND PLATING REQUIREMENTS ARL
VERIFIEQ BY INSPECTION.

CONTAMINATION CONTROL
CLEANLINESS TO LEVEL 1004 IS VERIFIEC BY INSPECTION.

no_1 — BAan
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MODES EFFEETS AMAILYSIS (FMEA) -- CRITICAL FAILURE MOOE
FALLITE [ } - NUMBER: 03-1-02%1-03

ASSEMBLY /INSTALLATION -

ALL CRITICAL DIMENSIONS ARE YERIFIED BY INSPECTION. TORQUE PER
ORAWING REGULREMENT IS VERIFIED BY INSPECTION. SURFACE FINLSHES 4NO
SURFACTS REQUIRING CORROSION PROTECTION ARE WERIFIED BY INSPECTICH.
ALL SEALING SURFACES AND SEALS 3RE WISUALLY EXAMINED BEFI2E
INSTALLATION YSING 10X MAGNIFICATION, ORY FILM LUBRICANT AN
ELECTROCHEMICAL ETCH MARXING IS VERIFIED BY INSPECTION. MANDATORY
INSPECTION POINTS BRE INCLUDED IN THE INSPECTICN PROCEDURE.

CRITICAL PROCESSES
WELDING, HEAT TREATMENT, PARTS PASSIVATION, AND ANDDIZIING aRE

VERIFIED.

NONDESTRUCTIVE EVALUATION
HELIUM LEAK TEST IS WERIFIED 8Y INSPECTION.

TESTING
ATP vERIFIER BY INSPECTION.

HANDLING/PALKAG ING
PACKAGING FOR SHIPFPING IS VERIFIED BY INSPECTION.

() FAILURE HISTORY: : :
THERE HAVE BEIN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR
FLIGHT FAILURES AS30CIATED WITH THIS FATLURE MODE,

(E) OPERATIOMAL -USE: ' '

ANEUMATIC ACTUATION HELIUM BOTTLE PRESSURE IS ON A DEDICATED QISPLAY IR
COCKPIT. CREW ACTION IS TO FOLLOW NORMAL LEAK [SOLATIOM PROCEDLRE.
PRIDR TO MECO, ISOLATION VALVES {L¥7, LVB) WILL SE REOPENED AND THE
LEFT ENGIME HELIUM CROSSOVER VALVE (Lv10) WILL BE OPENED.

EFFECTIVE FOR DI.80 SOFTWARE, CR E9397B "MPS PNEUMATIC SYSTEM FDA AND
DISPLAY - BFS" ADDS PHEUMATIC TANK, REGULATOR, AND ACCUMULATOR
PRESSURE TO THE $/M ALERT FDA SYSTEM AND ADOS THE 3 PRESSURE
MEASUREMENTS TO THE BFS SYSTEM SUMMARY DISPLAY. THIS ALLOWS THE FLIGHT
CREW TO RESPOND TD A PNEUMATIC MELIUM SYSTEM LEAK INDEPENDENT OF GROUND
CONTROL.
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FAILURE MODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MOOE
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_______ 764
— APPROVALS -

RELTABILITY ENG-NEZRING: K. AMVARI . ZE (il $anloc

DESIGN ENGINEERING . H. P. BAFFORD : P TR P

OUALITY ENGINEERING  : O. J. BUTTHER : S0

NASA RELIABILITY : ; faiid,

NASA SUBSYSTEM MANAGER : . i

NASA QUALITY ASSURANCE : = 4
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