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PART NAME PART NUMBER
VENDOR NAME VENDOR KUMBER
R0 VALVE, SOLENOID, NC M, TYPE |  MC284-0404-0021
EG XG WRIGHT COMPONENTS lilio-a
____________ PART DATA T

- "F'F'-------'ll-———-——-'—----i._-____--.—-_-.—_..,.-.-.___._._._..._._._.__._._.,..,-,...,_.______ _____

EXTENGED DESCRIPTION OF PART UNDER ANALYSIS:
VALVE SOLENDID, NORMALLY CLOSED, 3 WAY 3/8 INCH. LO2 PREVALVE CONTROL.

CLosING (Lv13, 15, 17, 80, 81, 82).

U?hHTIT? OF LIKE ITEMS: §
51X
TW0 PER PREVALVE

FUNCTION: - '

LONTROLS PNEUMATIC PRESSLRE TO CLOSE THE {02 PREVALVE, TWO SOLENQIDS

ARE FROVIDED [N PARALLEL (REDUNDANT) TO ASSURE CLOSING ACTUATION

PRESSURE T TWE (02 PREVALVE AT MECO UNDER 2ERD G CONDITION. ONLY ONE OF
THE SERIES OPENING SOLENOIDS (Lvlz, 14,16,83,684 085) (REFERENGE FMEA/CIL
0225) MUST DEACTUATE TO ALLOM THE OPEN SIOE OF THE ACTUATOR TO VENT FOR
PREVALYE CLOSURE. 80TH CLOSING SOGLENDIDS MUST DEACTUATE TO ALLOW
ACTUATOR TO VENT FOR PREVALVE CPENING, - : : :
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FALLURE MODES EFFECTS ANALYSIS (FMEA) -~ CRITICAL FAILLRE MIOF

SUBSYSTEM: MAIN PROPULS:ON
LRU :yALVE, SALENQIO, M W, TYPE |
[TEM NAME:

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

FATLURE MODE:

YALVE, JOLENOID, NC 3w, TYPE |

- P B ko b e w w — - A

NUMBER: 03-1-0226-01
1 nasg2/9Q

CRITICALITY GF THIS
FAILURE MODE:1=2

REYISION#

FARILS TO ACTUATE (PREVALVE FAILS TO CLOSE, REFERENCE FMEA/CIL 0401-4),
FAILS TO PROVIDE YENT TO CLOSE PREVALVE AT MECD.

MISSION PHASE:

PL PRE LAUNCH

L0 ~ LIFT-OFF

VEHICLE /PAYLOAD/XIT EFFECTIVITY: 102
&

CAUSE: C

COLUMBIA
DISCOVERY
ATLANTIS

S

PIECE PART STRUCTURAL FAILURE, BINDING, ELECTRICAL SOLEWOID FALLURE, -

INLET FILTER CLOGGED.

CRITICALITY 1/1 DURING INTACT ABORT ONLY? NO

CREE T L ELEEEEE TR LY L E L S L e L L L L

REDUMDANCY SCREEM A} PASS
8} FAIL
C} PASS

PASS/FAIL RATIONALE:
A)

B)
AND VALVES ARE PARALLEL, -
¢) '

T —— e e e k. -

FAILS B SCREEN BECAUSE SOLENQID VALYES DO NOT HAVE POSITION [KDICATORS

(A) SUBSYSTEM:

e WP W -

______________

I ——————ee—— PR TR L L L

ONLY FAILURE OF BOTH SOLENOIDS TO ACTUATE WILL PREVENT THE PREVALVE

FROM CLOSING.,

SINGLE SOLENQID FAILURE HAS NG EFFECT ON VALVE CLOSURE

(PARALLEL VALVE WILL PRESSURIZE ACTUATOR). PREVALVE FAILING TO CLOSE

AET
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- FAILURE MODES EFFECTS AMALY$IS (FMEA) -- CRITICAL FAILURE MOOE
_ NUMBER: 03-1-0226-01

RESULT™S TH IMABILITY TO MAINTAIN TNJECTED HILIUM AWD 132 PRESSLRE TO
THE HPETP TQ FREVENT PUMP DYERSPEED AND CAVITATION AT MECD. RESULTS
Ty J%0IZER RICH SHUTDOWN anC LNCONTAIMED ENGIHE DAMRGE. POSSIELT AFT
COMPARTMENT OWEJSRESS AND FIRE/EXPLISIVE HAZARD,

ALSD RESULTS IN LOSS OF GHE SUPRLY DURING MANIFOLD REPRESS CAUSING
POSSIELE LOSS OF AFT COMPARTMEMT PURGE (RTLS/TAL ABORT CRITICAL).

w (B) INTERFACING SUBSYSTEM{3):
SAME AS (A}.

w (L) MISSION: :
POSSIBLE LOSS OF CREW/VEHICLE FOR FAILURE OF BOTH SQLENQIDS.

@ (0) CREW, YEHICLE, AND ELEMENT{S}:
PASSIBLE L&SS OF CREW/VEMICLE FOR FAILURE OF BDTH SDLENGIDS.

m (E} FUNCTIONAL CRITICALITY EFFECTS:
1R/3, 3 SUCCESS PATMS. TIME FRAME - PAQ ABORT, &SCENT.
1}  PREMATURE ENGINE SHUTDOWN WITH UNCONTAINED ENGINE DAMAGE {4SSUMES
ENGINE IS DAMAGED ONLY TO THE EXTENT THAT ISOLATION OF THE DAMAGE
WILL SAFE THE SYSTEM),
z, ) aggﬁuinsunLuE CLOSING SOLENDIDS (FOR THE AFFECTED S3ME) FAIL TO
TEO

LOZ PREVALVE FAILS TD LSOLATE A SHUTDOWN ENGINE WHICH HAS UNCONTAINED
ENGINE DAMAGE. POSSIBLE AFT COMPARTMENT OVERPRESS AND FIRE/EXPLOSIVE
HAZARD DUE TO LDZ LEAKAGE. POSSIBLE LOS5 OF CREW/VEMICLE.

- ke ---'---.------"--—-----ﬁ"-'-"#'-'-'-"-"-'-'-——-—‘-----——----'F—-.-----— - —————

- DISPOSITION RATIONALE -

- =k

m {A) DESIGHN: - .
VALVE 15 DESIGNED FOR A PRESSURE FACTOR QF SAFETY OF 2.0 FROOF, 4.0
BURST. THE CLOSURE DEVICE IS A 430 CRES BALL ACTING UPON EITHER OF TW0

 VESPEL SEATS. THE VALVE FEATURES A BALANLED LOAD CN THE BALL BY
APPLYING INLET PRESSURE {750 PSIG NOMINAL) DIRECTLY TQ THE BALL AT THE
INLET SEAT AND INDIRECTLY (VIA A BELLOWS) THROUGH THE YENT SEAT. THE
BELLOWS [S ASSISTED BY A SPRING, THE FORCE OF WHICH INSURES THE BALL IS5 .
HELD SECURELY AGAINST THE INLET SEAT WHEN THE SOLENODID 15 DEEMERGIZED.
JPON BEING ENERGIZED THE SOLENOID DEVELOPS THE FORCE TO OVERCOME THE
SPRING LOAD AND SEATS THE BALL ONTO THE VEKT SEAT TQ ALLOW HELIUM FLOW.

TOTAL POPPET MOVEMENT (STROKE) IS LESS THAN 0.D40 INCH.

TQ FAIL TO ACTUATE MEANS THE FORCE TO MOVE THE BALL TO THE VENT SEAT IS
NOT DELIVERED TO THE BALL. THE VALVE PARTS INVOLYED ARE THE SOLENOID.
THE SOLENOID PLUNGER, THE SOLENGID STOP, Tw0 PUSHROOS AND A SPRING.
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FAILURE MODES EFFECTS ANALYSIS (FWEA) -- CRITICAL FALLUPE MODE
NUMBER: 03-1-0226-01

THE PUSHRODS ARE ALLIGHED [N SERIES, SEPARATED BY THE SPRING FOR
CHATTER PREVENTION, THE PUSHRDDS ARE MADE OF CRES AND CARRY ONLY AXIAL
LOans, IF THE 2005 WERE TO FAIL STRUCTURALLY, THEY WCULD COMTIALE TO
PERFORM "HEIR FUWCTIOM 3ECAUSE THEY ARE “GTALLY ZONTA[NED IN THE 37OP
{THE 700 0D IS 5.:25 [NCH AND THE STOP I0 IS 0.128 INCH). THE S0C, N
CONTACT WITH THE BALL, IS GUIDED BY THE SOLENOLID STOF FOR OwEm 28% COF
[TS LENGTH. BECAUSE OF THE CLOSE TOLERAMCES [N THE SOLENOIO ASSEMBLY,
BIMOING DUE TQ CONTAMINATION IS & DESIGN CONCERN, TO PRECLUDE SURRS,
THE SOLEMOID BORE [S HOMEZ. TO PREVENT BINDING, THE PLUNGER I35 CIATED
WITH & OPY-FILM LLBRICANT. THE STOF [S MADE OF A MUCH HARDER MATERIAL
THAN CITHER OF THE PUSHWROQS TO PREVENT GALLIMG, AND THE PUSHROD SFRING
NOT OMLY CONTROLS CHATTER, BUT RECUCES THE POTENTIAL FOR FRETTING.

CLOGEING OF THE 20 MICRON NOMINAL, 40 MICRON ABSOLUTE, RATED [HLET
FILTER [$ PROTECTED AGAIMST BY THE USE OF MULTI-FILTERED HELIUM INM THE
ORBITER PNEUMATICS SYSTEM. THE HELIUM IS FILTERED BY THE GROUND S¥STEM
BEFQRE PRESSURIZING THE WEHICLE PREUMATICS BOTTLE. IT [5 AGALM
FILTERED (2% MICAONS, ABSOLUTE} BEFQRE [T EMTERS THE vALVE ACTUATION
SYSTEM,  ALSD, T0 INCREASE THE [NWLET FILTER'S EFFECTIVE SURFACE AREA
THE FILTER IS5 QF & PLEATED DESIGN. :

THE SOLENQID STRUCTURE IS CONSTRUCTED OF CRES AND I3 EB WELDED. THE
COIL 1S VACUUN IMPREGNATED (POTTED). THE UNIT IS PRESSURE AND LEAK
TESTED AT MAJOR ASSEMBLY POINTS.

m (B) TEST:
ATP

AMBIENT TEMPERATURE TESTS: ' '
PRODF PRESSURE (1560 PSIG): EXTERNAL LEAKAGE (850 PSIG);
ELECTRICAL CHARACTERISTICS AND RESPONSE; INTERMAL LEAKAGE {740
951G, ENERGIZED AMD DEENERGIZED). :

REDUCED TEMPERATURE TESTS {-160 DEG F):
ELECTRICAL CHARACTERISTICS AND RESPONSE; INTERNAL LEAKAGE

ELECTRICAL BOMDING TESTS

SOLEND{D SUBASSEMBLY TESTS: _
ELECTRICAL CHARACTERISTICS: ENCLOSURE LEAKAGE (ONE ATMOSPHERE).

CERTIFICATION
TWO UNITS -
PORT AND FITTING TORQUE

C
(%

Tl
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FAILURE MDOES EFFECTS ANALYSIS (FMEA} — CRITICAL FAILURE MODE :
FUMBER: D3-1-0225-01

SALT FOG EXPOSURE FOLLOWED By ELECTRICAL AND LEAKRAGE CHECKS

EMBIENT YIBRATION TESTS: TOTal 13.1 HOURS BCTH AXES FOR

THO vIBRATION LEVELS PLUS TRAMSIENT VYIBRATIGN SWEEP - RUN WITHM ONE
SPECIMEN ENERGIZED AND ONE QEENERGIZED - FOLLCWED BY ELECTRICAL
CHARACTVERISTICS AND LEAKAGE CHECKS

HANOLING SHOCK TE3T
ENERGIZED AND DEENERGIZED FLOW TESTS
FIFTY HQUR CONTINUOUS CURRENT TEST AT 130 DES F

© AMBIENT TEMPERATURE ENDURANCE (4500 CYCLES FULLOWED 3y ELEETRIEAL iHﬂ
LEAKAGE CHECKS); 130 DEG F ENDURANCE {SQ00 CYCLES FOLLOWcD BY
ELECTRICAL  AND LEAKAGE CHECKS): OPERATION CYCLES (REPEATED 20
TIMES}; REPEAT DF AMBIENT TEMPERATURE ENOUWANCE : -IS0 DEG F
ENQURANCE ( 500 CYCLES FOLLOMED BY ELECTRICAL AND LEAKAGE CHECKS)

DISASSEMBLY AND INSPECTION
SURST PRESSURE {3400 PS5}

GROUNDG TURNARQUND TEST _

v41AB0.240, 250, 250 PV, PVZ, PY3 MDM COMMAND/COPPER PATH
VERIFICATION (EVERY FLIGHT)

V41BI0.010, 020, 030 PV] €-1, P¥2 E-2, PV3 E-3 LO2 PREVALVE RESPONSE
TIME {EVERY FLIGHT)

OV41810.230 ORBITER MPS VALVE RESPONSE {IN FLIGHT)

m (C) INSPECTION:
RELeTuING. INSPECTLON
RAW MATERIALS ARE VERIFIED BY IKSPECTION FOR MATERIAL AND PROCESSES

CERTIFICATION. BODY HOUSING BAR STOCK IS ULTRASONICALLY INSPECTED.

CONTAMINATION CONTROL - :
CLEAMLINESS LEVEL VERIFIED TO iDO0A. CORROSIGN PROTECTION 1S VERIFLED

BY INSPECTLON.

ASSEMBLY /TNSTALLATION '
ALL PARTS ARE PROTECTED FROM DAMAGE AND CONTAMINATION, MICROSCOPIC

EXAMINATION OF ALE DETAIL PARTS IS5 MADE PRIOR TQ ASSEMBLY. ALL
SURFACES REQUIRING CORROSION PROTECTION ARE VERIFIED. MANDATORY
INSPECTION POINTS ARE INCLUDED IN THE ASSEMBLY PROCEDURE. MECHANICAL
SURFACE FINISH AT 125 AMS IS INSPECTED AND VERIFIED WITH A
PROFILOMETER, SURFACE FINISHES SMOCTHER THAN 125 RMS ARE INSPECTED
PSTHG A COMPARATOR AT 10X MAGNIFICATION. ALL CAITICAL DIMENSIONS ARE

Ni=1 = 4dFRA
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YERTFLED BY I[NSPECTION,

CAITIZAL PROCESS

HEAT TREATMENT AND PARTS PASSIVATION YERALFIED 5Y INSPECTION, »3==TyG
QF SILOER CUPS, ELECTRICAL WIRE STRIPPING, SMC SQOLDERING CF CONNECTIPS
ARE VIRIFLED BY IMSPECTION. (QRY FILM LUBRICATICN APPLIED ~0 THE
PLUNGER 1S VERIFIED BY IMSPEZTION. :

MOMDESTRUCTIVE EVALLUATION
WELDS V[SUALLY EXAMINED & VERIFIED BY X -RAY, DYE PEHETRANT, aAND ECDY
CURRENT. THE SOLEMQID ASSEMBLY [S SUBJECTED TO LEAKAGE VERIFICATION

- USING RADICACTIVE TRACER TECHNIQUES. THE VALVE BODY, PRIOR D FINAL
MACHINTNG, I5 SUBJECTED TQ ETZH AND DYE PEMETRANT INSPECTION. EBELLOWS
ASSEMALY IS FRQOF PRESSURE TESTED AND LEAK CHECKED, '

TESTING
ATP VERIFIED BY INSFECTION,

HANDL ING /PACKAG NG
PACKAGING FOR SHIPMENT WERIFIED BY [NSPECTION.

m (D) FAILURE HISTORY:
. A NUMBER OF ELECTRICAL CONNECTORS WERE BROKEN AT NSTL DUE T0 EXCESSEVE
PHYSICAL FORCE APPLIED TO THE CONNECTOR BY TECHNICIANS WORKING IN THE
CONFINED AREA (CAR's AB1813, AB1613, AND ABLZ08)}. CORRECTIVE ACTION
RESULTED IN THE INSTALLATION OF PROTECTIVE COVERS TO PREVENT CONNECTOR
DAMAGE IN HIGH TRAFFIC AREA. ALSO, CONMECTORS WERE WELDED TO THE VALVE
BODY IN LIEU OF SOLDERING.

THE ‘SOLENQID VALVE EXPERIENCED ERRATIC BUT ACCEPTABLE PERFURMANCE AT
KSC DUE TO EXCESSIVE SLIDING FRICTION CAUSED BY BURRS, AND SHARP EDGES
ON THE ARMATURE (CAR ACI1B1}. THE CONTROLLED PNEUMATIC VALVE
OPERATION WAS ACCEPTABLE. THE CORRECTIVE ACTION RESULTED IN THE
REDESIGN OF THE VALVE TO ELIMINATE THE BURRS AND SHARP EDGES.
INSPECTION WAS IMPROVED ANC AN OMRSD REQUIREMENMT FOR CURRENT SIGNATURE
TRACE WAS IMPOSED. o :

DURING QUALIFICATION TESTING AT THE SUPPLIER (CAR AC3193). AND
SUBSEQUENTLY AT KSC {CAR ALBS75 ARD ADD352), THE VALVES FAILED TO CYCLE
(ACTUATE OR DEACTUATE)} WHICH OCCASIOMALLY PREVENTED PROPER OPERATION OF
THE CONTROLLED PMEUMATIC VALVE. FAILURE IRVESTIGATION DISCLASED
FRETTING ON THE PLUNGER AND I[N THE BORE ARCA., THIS GENERATED SMALL
PARTICLES LEADING TQ BINDING OF THE VALVES, THE FRETTING WAS THE
RESULT OF A LACK OF REQUIRED LUBRICANT. THE CORRECTIVE ACTION WAS THE
APPLICATION OF MICROSEAL (DRY FILM LUBRICANTY ON ALL NEW PARTS AMD THE
REPLACEMENT OF FLUNGERS WITHM MICROSEAL WHEN VALVES WERE RETURNED TO THE
SUPPLIER FOR REWORK.
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FAILURE MOOES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MODE
NUMBER: 03-1-0226-01

¢
Lo
Forp)

AN ELICTRICAL SHORT DUE TO [MCORRECT ALIGNMENT OF SOLDER CUPS fPINS "a"
AND "C") WAS DETECVYED AT THE PALMDALE FACILITY {CAR ACZE37). THE
CORRECTIVE ACTICHN TAKEN WAS THE ADDITION OF HEAT SHRINK TUBING TO
LSILATE THE SOLDER CUPS AND THE ADDITION OF AN INSPECTICN POINT AFTER
POTTING.

FOUR SOLEMOID VALVES FAILED TO ACTUATE PROPERLY DURING ATP. TWO FAILED
T3 ACTUATE DUE TO BIMDING (CARS ACO737, ACOS94) AND THE OTHER THWD
FATLED QUE TQ INCORRECT STROKE QF THE PLUHGER {CARS ACD739, AC1a69).
DETAIL PARTS WERE INCORRECTLY FABRICATED/ASSEMBLED. THESE VALVE
DEFECTS WERE REPAIRED AND ARE ATP SCREEMABLE.

AFTER THE ACTUATIDH SIGNAL wAS REMDYED, TWO VALVES AT WSTL YENTED
CONTINUQUSLY [CAR A78G2) DUE TO BINDING OF THE PLUMGER CAUSED BY BURRS
AND GALLING. QOETAIL PARTS WERE [NCORRECTLY FAERICATEDKASSEHQLEU

THESE VALVE LEFECTS WERE REP&;RED

w (E) OPERATIONAL USE:
FLIGHT: MO CREW ACTIOM CAN BE TAKEN,

GROUND: OMI 51G03 SEQUENMCE TITLED "EMERGENCY PROCEDURE FOR A MAJOR LEAK
OR FIRE IN THE ORBITER MPS" CONTAINS SAFING SEQUENCE OF EVENTS FOR
MAJOR LEAKS IN THE OXYGEN SYSTEM.
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- APPROVALS -
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RELIABILITY ENGIMEERING: K, ANVARI

DESIGN ENGINEERING : K. P, BAFFORD
QUALITY ENGINEERING : 0. J. BUTTHER
NASA RELIABILITY :
NASA SUBSYSTEM MANAGER :
NASA QUALITY ASSURANCE :
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