CPAGE: 1 PRINT DATE: 12/713/8B9
éHI.i]TLE CRITICAL TTEMS LIST - ORHITER KUMRER: 03-2F-102112-X

SUBSYSTEM NAME: FORWARD REACTION CONTROL SYSTEM (RCS)
REVISION : 2 12/12/89

-

PART NAME PART HUMBER

YENDOR KAME YENDOR KUMBER

LRU : ¥LY. AC MOTOR OPERATED M(284-0430-0005
5750023-103

LRU H VLY, AL MOTOR OPERATED MC284-0430-0008
5750024-103

LRU v VALVE, AC MOTOR QPERATED MC2B4-0430-0011
FARKER HANNIFIN §750025-103

LRYU : YALVE, AC MOTOR OPERATED - MC284-0430-0D012
PARKER HANNIFIN - 5750026-103
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EXTENDED DESCRIPTION OF PART UNDER ANALYSIS: .
VALVE, TANK AND MANIFOLD ISOLATION, 3 PHASE 400HZ, AC MOTOR OPERATED
(115-200v). (Lv1l?, 118, 127, 137, 138, 148, 161, 162, 163, AND 164)

QUANTITY OF LIKE ITEMS: 12
& PER PROPELLANT

FUNCTION: ‘

THO TANY 150 VALYES ARE USED FOR EACH PROFPELLANT TANK TO ISOLATE THE
TANK FROM THE OOWMSTREAM SYSTEM. THE MANIFOLD ISOLATION VALYE 15 USED
TO ISQOLATE PROPFLIANT ¢ FARKS TH FANH OF THF FAIIR PRTMARY MANTFMIAS  THE
VALVE BELLOWS PROVIDE A BARRIER TO PREVENT PROPELLANTS FROM REACHIWG.
THE ELECTRICAL COMPONENTS LOCATED IN THE ACTUATOR, THERMAL SWITCHES QN
tACH AC PHASE INTERRUPT ELECTRICAL POWER WHEN VALYE HOUSING TEMPERATLRE
REACHES 255 DEGREES FAHREMHEIT.
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REY]SIONF 2 l12712/89
. SUBSYSTEM: FORWARD REACTION COXTROL SYSTEM (RCS)

LRU VLY, AC MOTOR QPERATED CRITICALITY OF THIS
ITEM NAMEZ VALVE, AC MOTOR OPERATED FAILURE MODE:1l/1
FAILURE MODE:: -

EELLEHS LEAK, STRUCTURAL FAILURE, EXTERNAL LEAK, THERMAL SWITCH FAILS

MISSION PHASE:

FL PRELAUNCH
LO LIFT-OFF
Q0 ON-ORBIT
0o DE-ORBIT
L3 LANDING 3AFING

NEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
: 103  DISCOVERY
: 104  ATLANTIS

CAUSE:

PROPELLANT REACTION IN ACTLATOR ASSEMBLY, DEFORMED BELLOWS, WELD/MAT'L
OEFECT, SURGE PRESSURE, SHOCK, INSUFFICIENT RRYTOX FILL LEVELS,
VIBRATION, OMNI SEAL DAMAGE, JAMMED TRUKRION CAUSING BELLOWS TO DEFORM,
THERMAL SWITCHES FAILED CLOSED

CRITICALITY 1/1 DURING IXTACT ABDRT OMLY? WO
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REDUNOANCY SCREEN A} N/A
B} N/A
C) N/A

PASS/FAIL RATIONALE:
A}
B}
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= FAILURE EFFECTS -
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{A) SUBSYSTEM:

LOSS OF VALVE FUNCTION. POSSIBLE EXTERWAL LEAX. ELECTRICAL INSULATION
DAMAGE CAUSING SHORTS AND POSSIBLE AUTD DECOMPOSITION OF MMH. THE

* MECHANISMQF FAILURE 15 THAT MMH ATTACKS THE POTTING ON THE LIMIT
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SHITEHES AND [ONNECTOR WHICH COULD SHORT THESE SWITCHES AND CAUSE THE

POWER TG 3E APPLIED CONTINUDUSLY TG THE AC MOTOR. ALTHOUGH THE MOTOR-

IS PROTECYED BY THERMAL SWITCHES, THE INSIDE GF THE MGTOR REACHES 450

DEe 7 BEFORE THEY CYCLE. THE MMH ALSD ATTACKS THE INSULATION ON MOTOR
WINUINGS CAUSING THEM TQ SHORT EITHER TO GROUND OR WINDING TO WINDING

& DRAWING HIGH CURRENT THRONGH THE MOTOR.

(B) INTERFACING SUBSYSTEM(S}:

A SHORT IN THE AC MOTOR MAY CAUSE THE CIRCUIT BREAKER TO MOTOR CONTROL
ASSEMBLY TO TRIP CAUSING TEMPORARY LUSS OF CONTROL OF ALL AC MOTOR
VALVES ON THAT BUSS. PDSSIBLE POD CORROSION OR FIRE DAMAGE.

(C) MISSION: .
IF DETECTED, ABORT DECISION REQUIRED,

(D) CREW, VEWICLE, AND ELEMENT(S):
POSSIBLE CREW/VEHICLE LOSS IF LEAK RESULTS IN £XCESSIVE LOSS OF
PROPELLANT INHIBITING ET SEP/ENTRY OR OVERPRESSURIZATION OF THE MODULE.

(E} FUNCTIDNAL CRITICALITY EFFECTS:
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A) DESIGN;
HE AC MOTOR VALVE IS 3-PHASE. 2 OF 3 PHASES ARE ADEQUATE FOR VALVE
FUNCTION,

400 MICRON FILTER AT INLET AND OUTLET LIMITS THE PGTENTIAL FOR
CONTAMINATION.

THE VALVE HAS GPC, OR MANUAL COMMAKD CAPABILITY. PARALLEL LIMIT
SWITCHES ARE PAHTICLE IMPACT WOISE DETECTION (PIND) TESTED. INTERMAL
EE}%E#SDEFICE PREVENTS EXCESSIVE PRESSURE BUILRUP FROM THERMAL

BELLOWS IN VALVE FLOW SECTIDN ISOLATE PROPELLAMT FROM ACTUATOR

ELECTRICAL COMPOMENTS, THE BELLOWS DESIGN FACTQR OF SAFETY IS 2.0 FOR

BURST AND 1.5 FOR PRODF. BELLOWS IS TWO PLY .003* THICK RESISTANCE

WELDED TOGETHER AND THER EB WELOED TO TWQ END PIECES WHICH ARE THEN EB

WELDED INTQ THE VALVE. THE BELLOWS IS FILLED WITH KRYTOX GREASE.

g:I;EHES ARE HERMETICALLY SEALED TD PREVENT PROPELLANT FROM REACHING
NTACTS.

ALL THREE PHMASES Of THE MOTOR CONTAIN A THERMAL SWITCH. THE THERMAL
SWITCH PROVIDES OVERTEMPERATURE PROTECTION FOR THE VALVE'S ACTUATOR,
THE SWITCH. IS OESIGNED TD OPEN AT 295 DEGREES FAHRENHEIT AND CLOSES AT
225 DEGREES FAHRENHEIT.
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{B) TEST: o

THE QUALIFICATIOR TEST PRDGRAM UTILIZED FOUR URITS. THE TESTIMNG
INCCUDED SHOCK, ENDURANCE (2500 CYCLES),THERMAL CYCLING {+20 TO +150
DEG F), RANDOM VIBRATION, PROPELLANT EXPOSURE, SURGE PRESSURE, BURST
(2000 PSI). THE VALVE WAS CONTINUQUSLY POWERED FQR 7 DAYS WITH THERMAL
SWITCHES CYCLING ON AND OFF (TEMPERATURE WOT TO ALLOWED TO EXCEED 300
DEGREES FAMRENHEIT), :

THE UNIT IS ALSC QUALIFIED AS PART DF THE POD ASSY IN THE
VIBRO-ACOUSTIC TEST AT JSC [13]1 £QUIVALENT MISSIOHS) AND THE HOT FIRE
TEST AT WSTF {28 EQUIVALENT MISSION DUTY CYCLES AND APPROX 7 YEARS OF
PROPELLANT EXPUSURE). ‘

ADDITIONAL QUALTFICATION TESTING TO BE PERFORMED FOR BELLOWS PROBLEMS
INCLUDE 100 MISSION LIFE TESTING (ACYUATING CYCLES AND SWRGE PRESSURES}
ON VALVES WITH DAMAGED BELLOWS. THREE UNITS WERE REMOVED FROM VEHICLES
AND SPARES WITH WORST CASE SELLOWS DISTORTIOM ALLOMED IN THE VEHICLE
FOR THIS TESTING.

ACCEPTANCE TESTING INCLUDES INLET/OUTLET SCREEN RATING, POSITIVE
ACTUATION BARRIER LEAKAGE, AND THERMAL PROTECTION SWITCH (ALL AT THE

SUBASSEMBLY LEVEL), IN ADDITION, ACCEPTANCE INCLUDES INTERNAL AND EXTERNAL

LEAKAGE, RELIEF VALVE FUNCTION, ACCEPTANCE VIBRATIGN, ELECIRICAL
EERFDRHAHCE, PRESSURE DROP, CLEANLINESS AND PIND TESTING OF LIMIT
WITCHES,

ADDITIONAL ACCEPTANCE TEST FOR NEW VALVE BUILDS: ARE 1) HELIUM MASS
SPEC OF THE BELLOWS FOR 30 MINUTES AT MAX LEAK RATE OF 10 -8 SCCS, 2)
HELTUM MASS SPEC OF THE BELLOWS ASSEMBLY AFTER INSTALLATION INTO THE
VALVE 800Y BUT PRIOR TO KRYTOX FILL FOR 30 MINUTES AT A MAX LEAX RATE
OF 10 -8 SCCS, 3) REPEATED FILL WEIGH, AND CLEAN PROCESSES TO VERIFY
RRYTOX 15 OVER 95X FULL AND 4) X-RAY BEFQORE AND AFTER PROOF PRESSURE
TO DEMONSTRATE RO BELLOWS LEAK. ALL INSTALLED VALVES HAVE BEEN
X-RAYED AT LEAST ONCE AND THE ACTUATOR CAVITY VERIFIED FREE OF
PROPELLANT. PRIOR TO EACH FLIGHT, ALL VALVES ACTUATED THROUGH AT
kEEiEuﬁDEEEPLETE OFENING AND CLOSING CYCLE WITH A 0.6 SEC COMMAND FROM
M.

OMR3D PERFORMS THE FOLLOWING: TWO PHASE OPERATION IS CHECKED AFTER THE
157, THE, 10TH, AND 20TR FLIGKT. A REDUNDANT CIRCULT VERIFICATION THE .
157, 5TH, AND EVERY § FLIGHTS THEREAFTER, AND ON A CONTINGENCY BASIS,
AN AL MOTOR VALVE ELECTRICAL VERIFICATIQN TEST THE FIRST FLIGHT AND DM
A CONTINGENCY BASIS. A PROPELLANT TANK ISD VALVE LEAKAGE TEST THE
FIRST FLIGHT ANC QN & CONTINGENCY BASIS. A TANK IS0 VALVE RELIEF
DEVICE CHECKOUT THE FIRST AND TENTH FLIGHT AND EVERY TEN FLIGMTS
THEREAFTERL: A MANIFOLD IS0 VALVE (PRIMARY) RELIEF DEVICE CHECKQUT THE
FIFTH FLIGHT AND EVERY FIVE FLIGHTS THEREAFTER. WHEN PROPELLANTS ARE



" PAGE: S : PRIRT DATE: 12/13/89
SHUTTLE CRITICAL ITEMS LIST - ORBITER NUMBER: 03-2F-102112-01

HOT CFF-LOADED AN OMRSD PARAZF4PH SPECIFIES VALVE POSITION FOR LIQUID
FILLED MANIFOLOS TC PREVENT EXCZSSIVE MANIFOLD PRESSURE. A MANIFOLD
IS0 VLV LEAK TEST THE STH FLIGHT AND EVERY § FLIGHTS THEREAFTER, OR AS
A CONTINGENCY WHEMEIVER AN LRU 1S REPLACED. AN ACTUATOR 3NIFF TEST ON
ALL AC MDTOR VALVES EVERY FLIGHT, REDUNDANT CIRCUIT VERIFICATION AND
PROPER TALKBACK EVERY FLIGHT. THE PROPELLANT LDADING FOR EACH FLIGHT.

C) INSPECTEON:

ONTAMINATION CONTROL
CLEANLINESS TO LEVEL 2004 FOk TYPE I {(OXID) VALVE AND TQ LEVEL 200 FOR

TYPE II (FUEL) VALVE AND CORROSION PROTECTION ARE VERIFIED BY
INSFECTIDN.

ASSFMBLY/INSTALLATION

RELIEF VALVE SEATS ARE VERIFIED TO BE FREE OF SURFACE DEFELTS BY
INSPECTION, INSPECTION VERIFIES INSPECTION OF BALL, SHAFT, AND CAM FOR
CRITICAL TOLERANCES. CRITICAL DIMENSIONS AND SURFALE FINISHES ARE
VERIFIED BY INSPECTION.

NOHDESTRUCTIVE EVALUATION

CASTINGS ARE PENETRANT AND X-RAY INSPECTED ON THE DETAIL LEVEL. WELDS
RECEIVE VARIOUS COMBINATIONS QF X-RAY, PENETRANT, VISUAL AND LEAK
TESTS. ({SOME WELDS, SUCHM AS BELLOWS END WELDS, ARE NOT X-RAYED.)
BELLOWS END WELDS ARE LEAK TESTED AND VISUALLY EXAMINED, VALVE IS
X-RAY INSPECTED AFTER PROOF TEST TO VERIFY BELLOWS IS5 NOT DEFQRMED.

CRITICAL PROCESSES
WELDING PER EPS 5750023, SOLDERING PER NHB 5300.4(3A). AND KRYTOX FILL
PER 2EPS 5750023 ARE VERIFIED BY INSPECTIDN.

TESTING
ATP IS WITHESSED AND VERIFIED BY INSPECTION.

HANDLING/PACKAGING
PACKAGING PROCEDURES ARE VERIFIED BY INSPECTION.

(D) FAILURE HISTORY:

A TOTAL OF 13 BELLOWS FAILURES HAVE BEEN RECORDED TO DATE FOR THE OMS
AND RCS. THESE FATLURES RESULT IN AN ACCUMULATION OF
PROPELLANT/PROPELLANT VAPOR IN THE ACTUATOR ASSEMBLY, AND IN 7 CASES
RESULTED IN THE FAILURE OF THE VALVE TO FUNCTION. THE REMAINDER OF THE
FAILURES WERE DETECTED BY A SNIFF TEST OF THE ACTUATOR CAVITY.

{1) CAR ACO013 RECORDS EIGHT BELLOWS FAILURES DUE TO PORCSITY (POROUS
WELDS AT END COLLAR OR IN PARENT MATERIAL OF TRE BELLOWS,

2) CAR'ADO035 RECORDS FOUR BELLOWS FAILURES DUE TO COLLAPSED BELLOWS
TRCLUGES ONE FAILURE FROM ITEM (1) ABOVE WHICH ALSD EXHIBITED
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#DHDSITY}. THE BELLOWS COLLAPSE IS BELIEVFD T BE THE RESULT OF ATP
?%EDF PRESSURE TESTING FCR BELLUWS WITH An IMADEQUATE KRYTOX GREASE
L LEVEL.

(3) CARS AD3375 AND AD1730 ARE TWD LEAKAGE FAILURES WHICH WAVE NOT BEEW
EVALUATED YET, BUT ARE BELIEVED TO BE CAUSED BY COMNDITION (1} SINCE
THEY ARE DETECTED BY SNIFF TEST.

CORRECTIVE ACTIONM:

ALL INSTALLED VALVES HAVE BEEN INSPECTED BY X-RAY FOR BELLOWS
CEFORMATION; VALVES WITH AN UNACCEPTABLE LEVEL OF DEFQRMATION {[CRITERIA
DEFINED IN RI SPEC MPPSOIMTSQ7MO8) WILL BE REPLACED BEFQRE FLIGKT.
SHIFF LINES ARE BEING ADDED TO EACH VALVE TO ALLOW & SKRIFF TEST TD BE
FERFORMEQ EACH FLIGHT WITHQUT REQUIRING POD REMOVAL. IMPROVED WELD
PROCESSES AND TIGHTER BELLOWS LEAK CHECK CRITERIA, ALONG WITH AN
IMPROED PROCESS FOR FILLING THE BELLOWS WITH KRYTDX, HAVE BEEN
IMPLEMENTED FOR FUTURE WALVE BUTLDS.

A TEST PROGRAM WAS CONDUCTED USING TWQ AC MOTORS AND TWD COMPLETE
ACTUATORS TO DETERMINE IF IGNITION OF THE MMH VAPROR INSIDE THE ACTURTOR
WAS POSSIBLE WITH CONDITIONS RESULTING FROM THE APPLICATION OF
ELECTRICAL POWER. IN THE MOTOR ONLY TESTS, MOTOR FAILURE AS A RESULT
OF M4H ATTACK OF THE MOTOR WINDING INSULATION OCCURRED AFTER 6 DAYS (9
STALL CYCLES). PEAK MOTOR TEMPERATURES WERE APPROXIMATELY 400 DEG. F
EXCEPT QURING THE SHORTIMG, WHER MELTING OF THE COPPER WINDINGS
THCICATED A LOCAL TEMPERATURE OF APPROX. 1900 DEG F. WHILE NO IGNITION
QCCURRED, - TESTS SHOWED THAT SOME THERMALLY INDUCED DECOMPOSITION TOOK
PLACE; HOWEVER, IT WAS NOT SUFFICIENT TO PRODUCE A SUSTAINED REACTION,

ONE ACTUATOR TEST WAS PERFORMED BY STALLING THE MOTOR; THESE TESTS
SHOWED A MAX MOTOR CASE TEMP OF APPROXIMATELY 340 DEG F. THIS TEST WAS
'INTERRUPTED BY AN UNRELATED FAILURE AFTER LESS THAM TWQ DAYS AND WILL
BE RE-RUN,” THE OTHER ACTUATOR WAS RUN WITH HORMAL VALVE CYCLES {NO
MOTOR STALLING); THIS ACTUATOR FUNCTIONED WORMALLY THROLGHOUT THE
ENTIRE 9Q-DAY TEST DURATION,

A DELTA VERIFICATION TEST WAS CONDUCTED ON THE THREE VALVES WITH WORST
CASE BELLOWS DEFORMATION (THAT WOULD HAVE BEEN ALLOWED TG REMAIN QN THE
FLIGHT VEHICLES BE THE BELLOWS X-RAY CRITERIA}. THIS TEST WAS INTENDED
TQ DEMONSTRATE THAT THERE WAS NO BELLOWS LEIFE ISSUE WITH YHE DEGREE QF
ODEFORMATION IN THE BELLOWS LEFT ON THE FLIGHT YEHICLES. ALL THREE
YALVES DEVELOPED BELLOWS LEAKS (REF CAR AD1637) DURING TME TEST.

ONE VALVE COMPLETED 50 MISSIONS: THE OTHER TWO MAD COMPLETED 5 MISSIONS
AT THE TIME THE LEAKAGE WAS DETECTED. THE LEAKAGE WAS LESS THAN 1 X
10-5 SCCH OF HELIUM WITH XKRYTOX IN THE BELLOMS. THE 50 - WMISSION VALVE
HAS BEEN.TORN DOWN FOR FAILURE ANALYSIS; WHEN THE KRYTOX WAS REMOVED,
THE LEAKAGE WAS OVER 0.5 SCCS THROUGH THREE DIFFERENT LEAK PATHS. THE

A
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FAILURE WAS ATTRIBUTED TQ FATIGUE,

THE TwQ VALVES THAT FAILED AT 5 MISSIONS HAD PREVIQUSLY COMPLETED FIVE
AND SIX ACTUAL MISSIGNS RESPECTIVELY; TRESE VALVES COMPLETED AN
ADDITIORAL & MISSIONS AFTER THE FAILURES WERE DETECTED. THESE YALVES
HAVE BEEN PLACED IN & PROFELLANT COMPATIBILITY TEST TO (A} DETERMINE
THE RELATIONSHIF BETWEEN HELIUM AND PROPELLANT LEAKAGE AND (B} VERIFY
THAT A FAILED BELLOWS WOULD BE DETECTABLE BY SNIFF TEST BEFORE THE
PROPELLANT CAUSED THE WALVE TO FAIL TO FUNCTION. THE VALVE EXPGSED TO
CXI0IZER SHOWED SIGNS OF LEAKAGE WITHIK THE FIRST DAY {285 PPM) AKD
AFTER 30 DAYS THE LEVEL OF OXIDIZER CONCENTRATION WAS 19000 PPH.

THE OXIDIZER VALVE WAS CYCLED OPEN AND CLOSED EVERY THREE TO FIVE DAYS
OURING THI5 PERIOD AND THE ONLY CEGRADATION WAS A SLIGHTLY SLOWER
ACTUATION TIME, THE VWALVE EXPOSED T8 FUEL HAS SHOWN NO DETECTABLE MMH
VAPOR, AHD HAS SUFFERED NO ODIGRADATION IN FUNHCTION,

TQ DATE, THE DATA ACCUMULATED DEMONSTRATES THAT THE fACH-FLIGHT SKIFF
TEST WILL IDEWTIFY A FAILED BELLOWS BEFORE THE PROPELLANT VAPOR AN
ACCUMULATE [N THE ACTUATOR TO THE EXTENT THAT THE VALVE FUNCTION IS
IMPAIRED DR A DETOHATION HAZARD EXISTS.

{E) OPERATIDNAL USE:

MANIFOLD VALVE FAILURES CAN BE TSDLATED WITH TANK [50 ?AL?ES. IF THE
AC POWER TO THE VALVE 1S TURNED ON WITHOUT A COMMAND OR REMAINS 0K,
SWITCH AFFECTED VALVES TO GPC TO REMOVE POMER.

IF AC CIRCUIT BRERKER IS TRIPPED, REMOVE POWER FROM THE EFFECTED VALVE
BY PLACING SWITCH IMN GPC AND RESETTING BREAKER.

DURING ASCENT IF LERK RATE DOES NQT PERMIT ET SEF A COMTINGENCY AFT
QONLY SEPARATION WilLL BE PERFORMED.
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RELIABILITY ENGINEERING: : #,B. BARCENAS
BESIGN ENGINEERING : B, DIPUNTI
QUALITY THGINEERING + M, SAVALA
NASA RELIABILITY.

RASA SUBSYSTEM MANAGER
NASA QUALITY ASSURAKCE
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