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SURSYSTEM NAME: AFT REACTION CONTROL SYSTEM (RCS)
: REVISION = 2 12/1.%/88
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PART MAME PART NUMBER
YENDOR NAME VENDDR NUMBER

LRY 3 VALVE, AC MOTOR OPERATED MC2B4-0430-0011
PARKER HANNIFIN 5750025-103

LAY H VALVE, AC MOTOR OFERATED MC284-D430-0012
PARKER HANNIFIN 5750026-103

SRU 1 VALVE, AC MOTOR OPERATED MC285-0430-0011
PARKER HANNIFIK 5750025-101

L s VALVE, AC MOTOR OPERATED MC284-0430-0012
PARKER HANNIFIN 5750026-103

EXTENDED DESCRIPTION DF PART UNDER ARALYSIS:
VALVE, TANK ISDLATION, 3-PHASE 400 HI AC MOCTOR OPERATED (115-200V)

(1-1/2")

" QUANTITY OF LIXE ITEMS: 12
B FPER POD
3 TAHK YALVES PER PROFELLANT

FUNCTION;
THREE REQUMNDANT ISOLATION VALVES ARE USED PER TANK TO ISOLATE GROUPS oF
MANIFOLDS {ONE TANY ISOL VALVE CONTROLS 2 MANIFOLDS AND TwWO PARALLEL
150L VALVES CONTROL THE REMAINING 2 PRIMARY MANIFQLODS AND THE VERNIER
MANIFOLD) THAT MAY EXHIBIT OPEN OR LEAKAGE FAILURES AND TO ISOLATE THE
TANK DURING INTERCOMMECT K& RCS OR OMS CROSSFEED OPERATIONS. FUEL &
OXID YALVES CAN BE OPERATED IMDEPENDANTLY FOR C/0. LINE PRESS RELIEF
T0 TARK IS PROVIDED. THERMAL SWITCHES ON EACH AL PHASE INTERRUPT
EkﬁCTRIEAL POMER WHEN VALVE HOUSING TEMPERATURE REACHES 255 DEGREES
REKHEIT.
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REVISIONE 2 1212789

SUBSYSTEM: AFT REACTION CONTROL SYSTEM (RCS)
LRU :WALVE, AC MOTOR QPERATED CRITICALITY OF THIS
ITEW NAME: VALVE, AC MOTOR OPERATED FAILURE MODE:1RZ
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FAILURE MODE:
INTERNAL LEAXAGE, FAILS OPENM, FAILS TO CLOSE, FAILS TO REMAIN CLOSED.

MISSION PHASE:

Lo LIFT-OFF
0D ON-ORBIT
0o DE-ORBIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
*t 103 DISCOVERY
+ 104  ATLANTIS

musE‘

YIBRATION, LIMIT SWITCH MALFUNCTION, STRUCTURAL FAILURE, SEAT CRACKS,
COHTﬂHIHATIDH CORRDSION, MAT'L DEFEET RELIEF DEVICE FAILURE, LOSS DF
POWER, BELLOWS LEAKAGE, ELECTRIEAL SHDRT PREMATURE MOTOR SIGHﬂL SEAL
DﬁHﬂGE THERMAL SHITEHES FAILED QPEN OR CLUSED.

CRITICALITY 1/1 DURING INTACT ABORT ONLY? YES
RTLS RETURN TO LAUNCH SITE
TAL TRANS ATLANTIC ABORT
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REDUKDANCY SCREEN A) PASS

B] PASS

PASS
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(A} SUBSYSTEM:
LOSS OF REDUNDANCY - (MAXIFOLD SOLATION).
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(B) INTERFACING SUBSYSTEM(S):
NO EFFECT

{C) MISSION: ,

EARLY MISSION TERMINATION - PROPELLANT MANAGEMENT PROBLEMS DURING
CROSSFEED OPERATIONS, [NABILITY TG USE RCS THRUSTERS IN INTERCOMMECT
FROM QM5 MAY PREVENT COMPLETION OF SOME MISSION OBJECTIVES DUE TO
REQUCTION OF AVA[LABLE PROPELLANT AND/OR INABILITY TO USE VERNIER
THRUSTERS TN INTERCONNELT. ' '

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

CRIT 1 FGR RTLS AND TAL. OPEN TANK ISOLATION VWALVE DURING THESE ABORTS
PROHIBITS THE DUMPING QF OMS PROPELLANT THROQUGH HALF OF THE RCS
THRUSTERS RESULTING IN EXCESSIVE LANDING WEIGHT. SMART INTERCONNECT
REDUCES THE RISK OF THIS OCCURRING TO DHLY LATE RTLS OR TAL ABORTS.

{E) FUNCTIONAL CRITICALITY EFFECTS: °
POSSIBLE CREW/VERICLE LOSS, LOSS OF PROPELLANT WQULD PROBABLY RESULT

IN INABILITY TO PERFORM DEQRBIT MANEUVERS., THE LR EFFECT ASSUMES
FAILED UPEN THRUSTER VALVE, FATLED OPEN MANIFQLDR ISOLATION VALVE AND

FAILED QGPEN TANK ISOLATION VALVE.
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(A) OESIGH:

AC MOTOR VALVE IS 3-FHASE; 2 OF 3 PHASES ARE ADEQUATE FDR VALVE
FUNCTION. 400 MICRON FILTER AT INLET AND OUTLET LIMITS THE PQTENTIAL
FOR CONTAMINATION.

THE YALYE HAS GPL OR MANUAL COMMAND CAPABILITY, PARALLEL LIMIT
SWITCHES ARE PARTICLE IMPACT NOISE DEYECTION (PIND) TESTED, INTERNAL
RELIEF DEYICE PREVENTS EXCESSIVE PRESSURE BUTLDUP FRDM THERMAL EFFECTS.

BELLOWS IN VALVE FLOW SECTION ISOLATE PROPELLANT FROM ACTUATOR
ELECTRICAL COMPUNENTS. BELLOWS IS TWQ PLY 003" THICK RESISTANCE
WELDED TOGETHER, AND THEN EE WELDED TO TWO END PIECES, WHICH ARE THEN
EE WELDED INTO THE VALVE. THE BELLOWS IS5 FILLED WITH KRYTOX GREASE,
SHITCHES ARE HERMETICALLY SEALED T PREVENT PROPELLANT FROM REACHING
EEE;ECI:.TS MATERIALS ARE SELECTED THAT ARE COMPATIBLE WITH

LLANTS,

ALL THREE PHASE OF THE MQTOR CONTAIN A THERMAL SWITCH. THE THERMAL
SWITCH PROVIDES OVERTEMPERATURE PROTECTION FOR THE VALVE'S ACTUATOR.
THE SWITCH IS DESIGNED TG OPEN AT 255 DEGREES FAHRENHEIT AND CLOSE AT
225 DEGREES FAHRENHEIT.
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{B) ~5T; ' -
THE UJALIFICATION TEST PROGRAM UTILIZED 4 UNITS. THE TESTING INCLUDED:
SHOCK, ENDURANCE (2500 CYCLES), THERMAL CYCLING (+20 TO +150 DEG F},
RANDOM VIBRATION, PROPELLANT EXPOSURE, SURGE PRESSURE AND BURST (2000
PS1}. THE VALVE WAS CONTINUOUSLY PUWERED FOR SEVEN DAYS WITH THERMAL
SWTTCHES CYCLING ON AND OFF (TEMP NOT ALLOWED TO EXCEED 300 DEGREES
FARRENHEIT). -

THE UMIT WAS ALSO QUALIFIED AS PART OF THE VIBRO- ACQUSTIC TESTING AT
JSC {131 MISSION EQUEVALENT), AND THE HOT FIRE TEST PROGRAM AT WSTF {24
EQUIVALENT MISSION DUTY CYCLES AND APPROXIMATELY 7 YEARS OF FROPELLANT
EXPOSURE).
ADDITIONAL QUALTFICATION TESTING TO BE PERFORMED FOR BELLOWS PROBLEMS
CONSTSTS OF A 100-MISSION LIFE TEST (ACTUATING CYCLES AKD SURGE
PRESSURES) ON VALVES WITH DAMAGED BELLOWS. THREE UMITS HAVING BELLOWS
WITH THE MAXIMUM DISTORTION ALLOWED WERE USED FOR THIS TESTING.  (TWO
UNITS WERE REMOVED FROM A VEHICLE AND ONE FROM SPARES).

ACCEPTANCE TESTING INCLUDES INLET/OUTLET SCREEN RATING, PCSITIVE
ACTUATION PARRIER LERKAGE, AND A THERMAL PROTECTION SWITCH TEST OURING

SUBASSENELY.

IN ADDITION, TESTING AT THE LNIT LEVEL INCLUDES: PROOF AND EXTERHAL
LEAKAGE, INTERMAL LEAKAGE, RELIEF VALVE FUNCTION, ACCEPTANCE VIERATICON,
ELECTRICAL PERFORMANCE, PRESSURE DROP, CLEANLINESS, AND LIMIT SWITCH
PIND TESTING, ADDITIONAL ACCEPTANCE TESTS FOR REWORKED VALYES AND NEW
VALVES ARE: 1YHE MASS SPEC OF THE BELLOWS FOR 30 MINUTES AT A MAX LEAK
RATE OF 10-8 SCCS. 2) HELIUM MASS SPEC OF THE BELLOWS ASSCMBLY AFTER
INSTALLATION INTO THE VALVE BOOY, BUT PRIOR TO KRYTQX FILL FOR 30
MINUTES AT A MAX LEAX RATE OF 10-7 SCCS. 3) REPEATED FILL, WEIGH, AND
CLEAN PROCESSES TO VERIFY KRYTOX LEVEL 1S OVER 95% FULL. 4) X-RAY
BEFORE AND AFTER PROCF PRESSURE TO DEMONSTRATE NO BELLOWS DAMAGE.

OMRSD PERFORMS THE FOLLOWING: AC MOTOR VALVE ELECTRICAL VERIFICATION
THE FIRST FLIGHT AND ON A CONTINSENCY BASIS. A REDUNDANT CIRCUIT
VERIFICATION THE 15T, 5TH, AND EVERY § FLIGHTS THEREAFTER, AND OH A
CONTINGENCY BASIS. AC MOTOR VALVE ACTUATOR SNIFF CHECK EVERY FLIGHT.
FUNCTIONAL CHECK OF-ERET—T AC VALYE EVERY FLIGHT. PRGPELLANT TANK 150
VALVE LEAKABE TEST THE FIRST FLIGHT AND ON A CONTINGENCY 8AS1S. PROP
TANK IS0 VALVE RELIEF DEYICE CHECKOUT THE TENTH AND EVERY TENTH FLIGHT
THEREAFTER AMD ON A CONTINGEMCY BASIS. REDUNDANT LIRCUIT VERIFICATIOH
0/P AND O/K EVERY FLIGHT, INTERFACE VERIFICATEION FOR THE ORB/POD AND
OREB/MOD ON A CONTINGENCY BASIS. LIQUID FILLED MANIFOLDS ON A
CONTINGENCY BASIS. THE PROPELLANT LOADING FOR EACH FLIGHT.
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{C) INSPECTION:

CONTAMINATION €01TROL

CLEANLINESS TO LIVEL 2004 FOR TYPE 1 {OXID) VALVE AND TO LEVEL 200 FOR
TYPE 11 (FUEL) VALVE AND CORROSION PROTECTION ARE VERIFIED BY

INSPECTION,

ASSEMBLY /INSTALLATION

RELIEF VALVE SEATS ARE VERIFIED TQ 8f FREE OF SURFACE DEFECTS 8Y
INSPECTION. INSPECTION VERIFIES INSPECTION OF BALL, SHAFT, AND CAM FOR
CRITICAL TOLERANCES, CRITICAL DIMENSIONS AND SURFACE FINISHES ARE
YERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION

CASTINGS ARE PENETRANT AND X-RAY INSPECTED OW THE OETAIL LEVEL. KELDS
RECEIVE VARIOUS COMBINATIONS ©F X-RAY, PENETRANT, VISUAL AHD LEAK
TESTS, (SOME WELDS, SUCH AS BELLOWS END WELDS, ARE NOT X-RAYED,)
BELLOWS END WELBS ARE LEAK TESTED AND VISUALLY EXAMINED. VALVE IS
X-RAY [NSPECTED AFTER PROOF TEST TO VERIFY BELLOWS IS NOT DEFORMED.

CRITICAL PROCESSES
WELDING PER EPS 5750023, SOLDERING PER NHB 5300.4(3A), AND KRYTOX FILL
PER Z2EPS 5750023 ARE VERIFIED BY INSPECTIDN.

TESTING
ATP 1S WITHESSED AND VERIFIED BY INSPECTION.

HAMDLING/PACKAGING
PACKAGING PROCEDURES ARE VERIFIED BY INSPECTION.

(0) FAILURE HISTORY: -

NO MECHANICAL VALVE FAILURES. THIS FAILURE MISTORY REFERS TO AND IS
APPLICABLE TO BOTH THE OMS AND RCS. NUMEROUS CASES OF OUT OF SPEC
INTERNAL LEAKAGE WERE REPORTED, MOST WERE RELATIVELY MINOR AND WOULD
NOT CAUSE THE TYPE OF PROBLEM REFERENCED IN THE FAILURE EFFECTS. MOST
OECREASE SIGNIFICANTLY UPON PROPELLANT EXPOSURE, EXCEPTION IS LEAKAGE
OUE TO RELIEF DEVICE DRMAGE. PROCEDURES WERE REVISED TQ MINIMIZE
POTENTIAL FOR RELIEF DEVICE DAMAGE DURING CHECKOUT AND GROUND OPS.
EIGHTEEN CASES OF VALVES FAIL TO FUNCTION DUE 70 FAILED VALVE POSITION
INDICATOR (VPI) SWITCHES (16 FLIGHT, 2 GROUND), CAR 13FOD] ADDRESSES
LIMIT SWITCH FAILURES. THE CRITICAL TANK AND CROSSFEED YALVE SWITCHES
ARE BEING REPLACED WITH *PIND® TESTED SWITCHES DURING THE POST MISSION
511 STAND DOWN FERIOD. ACTUATORS WITH PIND -TESTED SWITCHES ARE IN
;ggnuchgg. PLAN CHANGEOUT ON ATTRITION BASIS {EXCEPT VALVES CRITICAL

A TOTAL OF 13 BELLOWS FATLURES HAVE GEEN RECORDED TD DATE FOR THE OMS
AND RCS. THESE FAILURES RESULT IN AN ACCUMULATION OF :



PAGE ! £ . PRINT DATE: 12/13/8%
SHUTTLE CRITICAL ITEMS LIST - ORBITER NUMBER: 03-2A-202110-03

PROPELLANT/PROPELLANT VAPOR IN THE ACTUATOR ASSEMBLY, AND IN 7 CASES
RESULTED IN THE FAILURE 0 FHE VALVE TO FUNCTION, THE REMAINCER OF THE
FAILURES WERE DETECTED 8Y A SNIFF TEST OF THE ACTUATOR CAVITY.

{1) CAR ACS013 RECORDS EIGHT BELLOWS FAILURES DUE TD POROSITY {POROLS
WELDS AT END COLLAR DR IN PARENT MATERIAL OF THE BELLOWS.

[2} CAR ADOD35 RECORDS FOUR BELLOWS FAILURES DUE TO COLLAPSED BELLOWS
INCLUDES OME FAILURE FROM ITEM (1) ABOVE WHICH ALS0 EXHIBITED
PUROSITY). THE BELLOWS COLLAPSE IS BELIEVED TO BE THE RESULT OF ATP
PROOF PRESSURE TESTING FDR BELLOWS WITH AN INAREQUATE KRYTOX GREASE
FILL LEVEL.

(3) CARS A03375 AND AD1730 ARE TWO LEAKAGE FAILURES WHICH HAVE WOT BEEN
_EVALUATED YET, EUT ARE BELIEVED T0O BE CAUSED BY CONDITION (1} SINCE
THEY ARE DETECTED BY SNIFF TEST.

CORRECTIVE ACTION:

ALL INSTALLED VALVES HAVE BEEN INSPECTED BY X-RAY FOR BELLOWS
BEFORMATION; YALVES WITH AN UNACCEPTABLE LEVEL OF DEFORMATION {CRITERIA
DEFINED IN RI SPEC MPP5SQIMTSO7MOB) WILL BE REPLACED BEFORE FLIGHT.
SNIFF LINES ARE BEING ADDED TG EACH VALVE TO ALLOW A SNIFF TEST TO BE
PERFOAMFN EACH FLIGHT WITHOUT REQUIRING POD REMOVAL. IMPROVED WELD
PROCESS AND TIGHTER BELLOWS LEAK CHECK CRITERIA, ALDHG NITH AR
IMPROED PROCESS FOR FILLING THE BELLOWS WITH KRYTOX, HAVE BEEN
IMPLEMENTED FOR FUTURE VALVE BUILDS. :

A TEST PROGRAM WAS COMDUCTED USING TWO AC MOTORS AND TWO COMPLETE
ACTUATGRS 7O DETERMINE IF IGHITION OF THE MMH VAPOR INSIOE THE ACTUATOR
MAS POSSIBLE WITH CONDITIONS RESULTING FROM THE APPLICATION OF
ELECTRICAL POWER. 1IN THE MOTOR DMLY TESTS, MOTCR FAILURE AS A RESULY
~ OF MMK ATTACK QF THE MOTOR WINDING INSULATION QOCCURRED AFTER & DAYS (%
STALL CYCLES). PEAK MOTOR TEMPERATURES WERE APPROXIMATELY 400 DEG. F
EXCEPT DURING THE SHOATING, WHEN MELTING OF THE COFPER WINDIMGS
INDICATED A LOCAL TEMPERATURE OF APPROX, 1200 DEG F. WHILE HO-IGNITION
OCCURRED, 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
IHTERRUPTED BY AN UNRELATED FAILURE AFTER LESS THAK TWD DAYS AND WILL
BE RE-RUN. THE OTHER ACTUATOR WAS RUN WITH NQRMAL VALVE CYCLES (NO
MOTOR STALLING}; THIS ACTUATOR FUNCTIONED NORMALLY THROUGHOUT THE
ENTLRE %0-DAY TEST DURATICN,

A DELTA VERIFICATION TEST WAS CONDUCTED ON THE THREE VALVES WITH WORST
CASE BELLOWS DEFORMATION (THAT WOULD HAVE BEEN ALLOWED TO REMAIN OW THE
. FLIGHT YEHICLES BY THE BELLOWS X-RAY CRITERIA). THIS TEST WAS INTENDED
T0 DEMONSTRATE IHAT THERE WAS NO BELLOWS LIFE ISSUE WITH THE DEGREE OF
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BEIFORMATION IN THE BELLOWS LEFT ON THE FLIGHT VEHICLES. ALL THREE
VALVES DEVELOPED BELLOWS LEAKS (REF CAR AD1637) DURING THE TEST.

ONE VALVE COMPLETED 5Q MISSIONS: THE OTHER TWQ HAD COMPLETED 35 NISSIONS
AT THE TIME THE LEAKAGE WAS OETECTED, THE LEAKAGE WAS LESS THAN 1 X
10-6 SCCH OF HELIUM WITH KRYTDX IN THE BELLOWS. THE 50 - MISSION VALVE
KAS BEEN TORN DOWN FOR FAILURE ANALYSTS; WHEN THE KRYTOX WAS REMOVED,
THE LEAKAGE WAS OVER 0.5 SCCS THROUGH THREE DIFFERENT LEAK PATHS, THE
FATLURE WAS ATTRIBUTED TO FATIGUE.

THE TWO VALVES THAT FATLED AT 5 MISSIONS HAD PREVIOUSLY COMPLETED FIVE
AND STX ACTUAL MISSIONS RESPECTIVELY; THESE VALYES COMPLETED AN
ADDITIONAL § MISSIONS AFTER THE FAILURES WERE DETECTED. THESE VALVES
HAVE BEEN PLACED IN A PROPELLANT COMPATIBILITY TEST TO {A) DETERMINE
THE RELATIONSHIP BETWEEN HELIUM AND PROPELLANT LEAKAGE AND (B) VERIFY
THAT A FAILED BELLOWS WOULD BE DETECTABLE BY SNIFF TEST BEFORE THE
PROPELLANT CAUSED THE VALYE TO FAIL 7O FUNCTION. THE VALVE EXPOSED TO
OXIDIZER SHOWED SIGNS OF LEAKAGE WITHIN THE FIRST DAY (288 PPM) AND
AFTER 30 DAYS THE LEVEL OF OXIDIZER COWCENTRATION WAS 19000 PPM.

THE QXIDIZER VALYE WAS CYCLED OPEN AND CLOSED EVERY THREE TO FIVE DAYS
DURING THIS PERIDD AND THE ONLY DEGRADATION WAS A SLIGHTLY SLOWER
ACTUATION TIME. THE VALYE EXPOSED TQ FUEL RAS SHOWK NO DETECTABLE MMH
VAPOR, AND HAS SUFFERED KD DEGRADATION IN FUNCTICN.

TG DATE, THE UATA ACCUMULATEL DEMONSTRATES THAT THE EACH-FLIGHT SKIFF
TEST WILL IDENTIFY A FAILED BELLOWS BEFORE THE PROFELLANT VAPOR LAN
ACCUMULATE IN THE ACTUATCR TO THE EXTENT THAT THE VALVE FUNCTION I3
IMPAIRED OR A DETOMATION HAZARD EXI1STS.

{E) OPERATIONAL USE:

PROPELLANT BUDGET MUST BE MANAGED TO AVOID OMS INTERCONNECT. THERE I3
NG CREW ACTIDN AVAILABLE F{IkR RTLS AND TAL ABORTS. THE SMART
INTERCONNECT HANDLES VALVE FAILURES. MANIFOLD IS0 VALVE IS A BACKUP
FOR ISOLATING THRUSTER LEAKS.

IF ALL PROPELLANT IS LOST PRIOR TO ENTRY. USE CROSSFEED FROM GOOD
SYSTEM. PROPELLANT MAY NOT BE SUFFICIENT TO PERFORM, NOMINAL ENTRY.
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RELIABILITY ENGINEERING: F.E, BARCENAS
DESIGN ENGINEERING B, DIPONTI
QUALITY ENGINEERING 1= M, SAvaLa
NASA RELIABILITY

NASA SUBSYSTEM MANAGER
NASA QUALITY ASSURANCE
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