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VALVE LATCH ASSEMBLY, LH2/L02 FEED DISCONNECT (P01, PD2)
OREITER HALF ONLY

FUNCTIDN
A PNEUMATICALLY ACTUATED LATCH MECHANISM IS FROVIDED TC PREVENT THE VALVE
FLAFFERS FROM CLOSING DURING FLOW CONDITIONS. THE LATCH IS BISTARLE AND
IS CONTROLLED 3Y A SEPFARATE PNEUMATIC ACTUATOR ASSEMBLY WITH REDUNDANT
CK AND UNLOCR (TWO EACH) POSITION SWITCHES, LATCH IS PLACED INM
CEED POSITION FOR ALL FLAPPER OFEN OR CLOSE QPERATIONS. LATCH
CHANISM INCCRPORATES A TQGCLE PIVOT WHICH ALICOWS FLAPPER CLOSURE CURING
BACKUP MECHANICAL SEPARATION IF LATCH IS5 IN LOCFED POSITION. SEE
DISCONNECT FMEA/CIL 0407/0408 FOR ADDITIONAL INFQRMATION.

FAILURE MOQDE .
FATLS TO ONLOCK POsST MECH

CALSE(S)
PIZCE PART STRUCTURAL FAILCRE, ACTUATOR LEATAGE, BINDING, ACTUATOR PORT
FILTER CLOGGING .

EFFECT(S) ON .
(A)SUBSYSTEM (B)INTERFACES (C)MISSION (D)CREM/VEHICLE

(A.8) THE 17=-INCH DISCOUNNECT VALVE WILL NOT BE CLOSED PNEUMATICALLY.
VEHICLE SOFTWARE WILL NOT COMMAND THE DISCONNECT CLOSED IF THE LATCH IS
NOT UNLOCKED. DISCONNECT VALVE WILL AUTOMATICALLY BE CLOSED
(MECHANICALLY) DURING THE UMBILICAL RETRACT. -

PASSES SCREEN B BECAUSE THE LATCH FPATLURE TC UNLOCK IL DETECTABLE USING
THE LATCH POSITION INDICATORS: THE DISCOMNEST VALVE SLOSURE BY THE
MECHANICAL BACEUP MODE IS DETECTABLE USING THE DISCONNECT VALVE POSITION
INDICATORS,

{€,0) HO EFFECT.

¢ . Nt=1. anas
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(£} FUNCTICNAL QRITICALITY EFFECTS

CASE I: 1R/2, 2 SUCCESS PATHS. TIME FRAMT ~ POST MECD

1) LATCH FAILS TO UNLOCK.
2) MECHANICAL CLOSURE SEPARATION DEVICE FATLS PO CLOST VALVE.
(ET OR ORB FURE STRUCTURAL FAILURE) R

VERICLE SOPTWARE WILL INHIBIT ET STRUCTURAL SEPARATICN 5INCE BOTH
DISCONNECT CLOSED SWITCHES WILL PROFERLY INDICATE OREITER FLAPPER
FAILORE TD CLOSE. FOR NOMINAL, ATO, AND AOA MISSIONS ET SEPARATION
IS DELAYED FCOR SIX MINUTES TCO VENT RESIDUAL PROPELLANT THROUCE
FaILED DISCONNECT. THIS IS5 TOU PREVENT ORER/ET RECONTACT DUE TO
FROPULSIVE VENTING AT SEPARATION. POSSIBLE TILE AND DOOR DAMAGE &7
THE QRD/ET UMBILICAL AREA DUE T CRYO EXPOSURE. FOR RTLS, TAL, AND
MISSIOUNS WHERE COMS BURN CANNGT BE DELAYED BT STRUCTYRAL SEPARATICN
IS NOT DELAYED AND ET/CRE RECONTACT IS LIKELY. ALSO RFESULTS IN
LO55 OF EELIUM SUFPLY DURING MANIFOLD REPRESS CAUSING PoSSIRLE LOSS
OF ATT COMPARTMENT FURGE (RTLS AND TAL ABORT CEITICAL). POSS-BLT
LDSsS OF CREW/VEHICLE.

CASE II: 1R/2, 2 SUCCESS PATHS. TIME FRAME - POST MECO

1) LATCH FATLS TD UNLOCK.
2) LATCH TOGGLE FAILS TO ROTATE/PIVOT.

FOSSIRLE FAILURE TO CLOSE FLAPPERS DURING RACKUP MODE UMBILICAL
SEPARATION DUE TO MECHANICAL INTERFERENGE BETWEEN CREITER FLAPPER
FORK AND ET ROLLFR ARM ASSEMBELY. FAILURE TO SEPARATE ET FROM .
ORBITER. POSSIBLE LOSS OF CREW/VEHICLE.

DISPOSITION & RATIONALE '

(A)DESIGN (8)TEST (C)INSPECTION {D)FAILURE HISTORY (E)OPERATIONAL USE

(A) DESIGN

THE ACTUATOR SWING ARM (INCONEL 718) TRANSPERS LATERAL MOVEMENT OF THE
ACTUATOR PISTON INTO QIRCULAR MOVEMENT OF THE LATCH ARM ASSEMELY AND
ROTATION OF THE POSITION SWITCH CAM, TEE LATCH ARM AND TOGGLE ASSEMBLY
1S SUPPORTED BY THE FLEXURE ASSEMBLY AND A BEARING INSERTED IN THE
DISCONKECT HOUSING.

DESTISN TACTORS OF SAFETY FOR INTERNAL FRESSURES ARE 1.5 PROOF MDD 2.0
BURST FQR THE LATCH ACTUATOR. THE ACTUATOR CONSISTS OF COMPONENTS
MANUFACTURED FROM 2219-TB52 AL ALLOY (BODY) , MULTIFHASE MPiISN ALLOY STEEL
(PISTON}, VESPEL SP-21 (BEARING), INCONEL 718 {ARM FIN), ALUMINUM ALLOY
G061-TH (CAM), AND 318 CRES (FLANGE ASSEMBLY). THE SEALS ARE OF XKEZ-F
(BUMPER] , RULON "A™ (PISTON AND CAP). CAP SEAL SPRING IE LOCATED WITHIM
CONFINES OF JACKET. THE SFRING FROVIDES THE FRELOAD NECESSARY FOR
PCSITIVE SEAL, THE PISTON HAS REDUNDANT SEALS AND THE SHAFT HaS
REDUNDANT SEALS,



SHUITLE CRITIGAL ITEMS LIST = ORBITER

SUBSYSTEM :MAIN PROPULSION FMEA HO:03-1 =0454 -3 - REV:12/18/87

THEE LATCHE ARM ASSEMBLY CCONSISTS OF THE LATCH, LATCH BIN, COVER SPRING,
IATCH SPRING, RETAINER SPRING, AND ROLL PIN. THE LATCH IS CONSTRUCTED OF
HEAT TREATED INCONEL 718 AND HAS DRY PILM LUBRICANT ON ALL SURFACES. T=E
LATCH PIN IS OF INCONEL 718 WITH A 32 MICROINCH SURFACE PINISH AND IS
ZUBRICATED WITH MICROSEAL 100=-1. THE OOVER SPRING IS OF 3116 CRES
PRSSIVATED AND MICROSFAL LOBRICANT 19 ALL SURFACES. LATCH SPRING IS oOF
302 CRE5S TYFE B. THE SFRING IS5 STAELE WITE BRESPECT TO RBUCKLING. SPRINS
COIL PITCH AT INSTALLED HEIGHT IS LESS THAN WIRE SIZF, SO IF IT
FRACTURES, ONLY ONE EFFECTIVE COIL IS LOST. THE RETAINER SPRING IS OF
CRES 2302 PASSIVATED. THE ROLL PIN IS5 QF CRES 302.

THE LATCH 1S DESIGNED FOR 2500 CYCLES (LOCKED TO UNLOCEED TO LOCHKED] AT
AMBIENT AND lQQO0 CYCLES AT =423 DEG F. PFOR MECHANICAL LATCH LOADS, THE
PROOTF FACTOR QF SAFETY IS 1.1 AND THE ULTIMATE FACTOR OF SAFETY IS 2.0.
STRUCTURAL ANALYSIS INDICATES POSITIVE MARGINS OF SAFETY FOR ALL
CONDITIONSE OF LATCH QPERATICN; FRACTURE/FATIGUE AMALYSES SHOW THAT ATr
CRITICAL PARTS ARE SATISFACTORY FOR FPOUR TIMES EXFECTED LIFE.

(8} TEST
ATR

LATCH ACTUATOR PFROGCF, AMBIENT 1275 PSIG
=ATCH/SHAFT ASSEMBLY PROOF LOAD TEST:
= QRBITER FLAPPER/ET FLAFPER CLOSURE Iﬂhﬂ 730 LBS
- ET FLAPPER CLOSURE LOAD, 596 LBS
- ET OVER TRAVEL RESTRAINT LOAD, 595 LBS
UPERATIONAL CYCLE: AMBIENT: 400 PSIG, 1 CYSLE; 740 BSIG, 5 CYCLES
CPEFATIONAL: LN2 TEMPERATURE, 450 PSIG, 3 CYCLES; 740 PSIG, 5 CYCLES

LATCH SHAPT SEAL LEARAGE: AMBIENT AND LNz TEMPERATURES, 10 AND 50 PSIG,
80 ECTMS OF GHE

LATCH ACTUATOR EXTERNAT LEARAGE: AMBIENT AND IM2 (BCDY TEMPERATURES),
740 PSIG, STATIC SEAL, 150 SCIMS CF GHE; PISTON SEAFT SEAL, 1000
SCIMS CF GEE

LATCH ACTUATOR INTERNAL LEARAGE: AMBIENT AND IN2 TEHPERLTURES 740 PSIG,
400 SCIME OF SHE

LEZ UNIT ADDITIONAL TESTS:

OPERATIONAL CYQLES: AMBIENT TEMPS, 10 CYCLES AT 740 PSIG AND 10
CYCLES AT 400 pslc

OPERATIONAL CYCLES: LH2 TEMPS, 10 CYCLES AT 740 PSIG AND 10 CYCLES ‘
AT 4850 P5IG

IATCH SHATT SEAL LEARAGE: LH2 TEMPS, 0 TO 53¢ PSIG, B0 SCIMS oF GH2

o om -
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LATCH ACTUATUR EXTERNAL LIAKAGE: LHZ TEMPS (BODY}, 740 PSIG,
STATIC SEAL, 150 $CIMS OF GHE; PISTON SHAFT SEAL, 1C00 8ZIMS oF GHE=

LATCH RCTUATCOR INTERNAL LEARAGE: LH2 TEMPS (BODY) , 740 PSIG, 400
SCIMS OQF GHE

ELECTRICAL CHARACTFRISTICS: INSULATION RESISTRNCE, VQLTAGE DOROP, AND
DIELECTRIL STRENGTH :

EXAMINATION OF PRODUCT:
VERIFY THE CLEARANCY BETWEEN TOE OF THE LATCH T0 EDNGE
WF FLAPFER FAIRING DOME.
VERITY THE DEMATED VALVE FLAFFPER MOVEMENT FAST LATCH TOCSLE.
MEASURE EDGCE CLEARANCE FROM EDLL O¥ER TUGGLE TC THE FLAFFER.
TOGGLE SHALL MOVE FREELY AT AMBIENT AND CRYOGENIC CONRITICNS.

POSITION INDICATOR SWITCH REDUNDANCY SWITCH PICKUP WITHIY THE
LIMITS BRAMD.

LATCH ACTUATOR SWITCH HOUSING VENT CH2CK VALVE RELIEF SET PRESSURE.

HEASURE GAP BETWEEN BOTTOM GF LATCH AND TOD oF FLAPPER SEAL
RETAINER RINGS.

MEASTRE OVERLAP BETWEIN END OF LATCE AND END OF ET FLAPPER SEAL
RETATNER RING.

CLEAHLINESS: MOISTURE FREE AND SLEANED TO LEVEL 4002 QF MAgQllo=-341
CERTIFICATION
COMPONENT QUALIFICATION

-

THERMMAL CYCLE; 3 CYCLES, AMBIENT TO =400 DEG F TO AMBIENT

VIBRATION: RANDOM 20 T¢ 2000 EZ
3.0 GRMS FOR Z=AXIS
3.2 GRMS FCR X AND Y=AXTS
48 MINUTES FER AXIS

CONDITICNS: MATED, NO FLOW, FLAPTERS QPEN, LATCH LOCKED,
FRESEURIZED TO 10 PSIG, AND FILLED WITH LNZ {DONE
FRIOR TO LH2 LEARASE TEST), DURING THE LAST ™Wa
MINUTES OF RANDOM VIBRATION IN RACH AXIS, LATCH
ACTUATOR PNEUMATIC SUPPLY FRESSURE IS RELIEVED.

ELECTRICAL CHARAGCTERISTICS: INSULATION RESISTANCE AND VOLTAGE DROP
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BONDING; ELECTRICAL BONWDING PER MIL-B-5087

DLTIMATE LOADS: LATCH ASSEMRLY, TOGELE LOAD, ET IIDE AND FLAPPER OVER
TRAVEL RESTRAINT, ET SIDE

ACTUATOR BURST PRESSURE: 1700 PSIG
SEQUENCE ERROR/RIGGING ERRCR:

DOWNSTRIRE IMPACT: 8 CYCLES, FLAPPERS CLOSED, ACTUATE LATCH ToO
LOCKED PASITION, ACTUATE FLAPDERS OPEN, THEN CLOSE
FLAFFERS CLOSED AGAINST LATCH: 3 CYCLES, FLAFPER OPEN AND LATCHEL,
COMMANT FLAFFER CLOSED, THEN QPEN
MISRIGGING: 4 CYCLES, ACTUATE FLAPPERS QPEN, COMMAND LATCH TdQ
ENGAGED POSITICN, COMMAND LATCH TC DISENGAGE

GRBITER ANGLE 1OW:
CRB: 1.48& DES
ET: 4.5 DEG

ET ANGLE LOW:
ORB: 3.0 DEG
ET: 2.85 DEG

ET ANGLE HIGH:
ORB: 1.0 DOEG
ET: 8.16 DEG

MECEANICAL CLOSURE (lLo2, CRBITER, DEMATED): MANTALLY OPEN FLAPPER, ENGAGE
LATCH, MANUALLY CLOSE FLAPPER. AT PQINT WHERE LATCH BEGINS TO
RELEASE FIAPPER, HOLD FLAPPER IN PLACE WHILE ROTATING TOGGLE TO
EXTREME POSITION. MEASURE TOGGLE/FLAPPER CLEARANCE AT POINT QF
FELEASE.

LIFE CYSLE, AMBIENT: 2400 CYCTLES (UNIOCK TO LOGCEK TO UNLOCK)
CRYDGENIC: 1000 CYCLES, -400 DEG F BODY TEMPERATURE

ACTUATOR AND TATCH SHAFT SEAL LEARAGE: AMBIENT AND CRYQO (LN2 AND LEZ)
UMBILIGAL SEPARATION TEST: (WITH LATCH)

FLAFPER PNEUMATICS/LATCH PNEUMATICS/PYROS/RETRACTOR HYDRAULICS

{1) PNEUMATIC CIOSURE (NORMAL) -~ 4 CYCLES
{2) MECHANICAL CLOSURE (BACKUOF) - % CYCLES

BOTE PERFCORMED AT AMBIENT, LN2 AND LH2Z CONDITIONS.

03=-1- 2030
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LATCH WATER FLOW TESTE: (LH2 CONFIGURATION!

ELEVEN (11) EXPLOPATORY TEST SERIES (FLOW 4,0G0 TO 14,800 GZM)

CERTIFICATION TEST RUN AT NOMINAL PRODUCTION SETTING (FLOW RAHGE
TO 10%% POWER LEVEL) .

TWO FROCF TESTE = 15,850 &GPM AND 15,330 GPM

LATCH WATER FLoW TESTS: (LC2Z CONFIGURATION)

TWENTY=FOUR (24) EXPLORARTORY TEST SERIES (FPLOW 4,000 TO 22,100 GPMY

CERTITIGATION TEST RON AT MINIMIM PRODUCTION SETTING (FLOW REANGE
TC 103% FPOWER LEVEL) .

-TWD TEST SERIES IN FILL DIRECTION (FIAW 4,000 T 65,400 GEM), LATCH
PNEUMATIC PRESSURE VENTED (BISTABILITY)

. FROQF TEST - 21,200 GPM
LATCH CRYO FLOW TESTS: (LH2 VALVE QUALIFIED BY SIMILARITY TO LOZ)

SIXTEEN (l€) TESTS WITH IN2Z/L02 (FLOWS VARY FROM ONE ENGINE AT 55% TO
THREE AT 109%).

CISCONMNECT FLAPPER STABILITY/LOADS

CAVITATION

FRICTION PFRESSURE 1OSS

ENGINE CUTOFF SENSOR RESPONSE

STEADY STATE TEST: LNI (&5% AND 105% OF RATED POWER LEVEL), LATCH
ENGAGED. LO2 (100%, 104% AND 10S% OF RATED POWER LEVEL), LATCH
ENGAGED AND NOT ENGARGED.

TERMINAL DRATN: (SATURATED Lo2) (65% AND 109%) LATCH ENGAGED AND
HOT ENGACGED.

M S .
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OMRSD
V41AY0.360 LO2 17" DISC LATCH SHAFT SEAL LEAK TEST (IS
V41AY0, 370 LH2 17" DISS LATOH SHAFT SEAL LEAK TEST (IS)
V41Aa20.100 MPS PNEUMATIC LOW PRESSURE DECAY TEST (EVERY FTLT)
W4IAZQ.130 PROPELIANT ASCTUATOR VALVE LEAR TEST {IZ)
¥4lA20.230 MPS PNEUMATIC LOW PRESSURE DESAY TEST - WERT {EVERY PFLT)
V41lBID.290 PDL L2 17" DISC LATCH RESDONEE TIMD {EVERY LT
V41BI0.300 PD2 LHZ 17" DISS LATCH RESFONSE TIMT {EVERY PLTY
V41BUD.370 ORB/ET DISC PRIZE POR OPF ROLLOUT (EVERY FLT)
V41BU0.460 PL2 LHI DISC LATSH INSPECTION AND TOROUE VERIF (EVERY FLT)
TALAUS. 470 PO1 LO2 DISC LATOH INSPECSTION AND TORQUE VERIF (ZVERY FLT)
=00000.0%0 LI2 17" (PD1l) LATCH RESPOMSE TIME (EVERY FPLT)
500000, 031 LHZ 17" (PD2) LATCH RESPONSE TIME (EVERY FLT)

{C) INSPECTION
RECEIVING INSPECTION

ALL HARDWARE 100X DIMENSICONALLY THSIECTED.

JERIFIES LTVO - 1) L ACES
INSPECTION VERIFY LQERTITICATIONS OF RAW MATERIAL ARE PART PRDTEETIQH,
EﬂATIHG,.EHD FLATING REQUIREMENTS VERIFITD BY INSPECTTON.

CONTAMINATIGN CONTROL
INSPECTION VERIFY CLEANLINWESS TO LEVEL 400A.
INSPECTION VERIFY THE CONTAMINATION CUNTRCOL PLAN.
ASSEMBLY /INSTALLATTIOM

- MANUFACTURING PROCESSES, INSTALLATION, AND ASSEMBLY SPERATIONS VERIFIED
BY INSPECTION, INCLULING PARTS FROTECTION.

INEPESTION VERIFY FASTENERS ARE TORQUES TO REQUIREMENTS.
INSFECTION VERIFY IMPLEMENTATION OF CORRASION PROTECTIUN FROVISIONS.
INSPECTION VERIFY SURFACE FINISHES TO DURAWING REQUIREMENTS.

03-1- 2032
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INSFECTION VERIFY SEAL INSTALLATION WHICH INCLODES:
SEAL MATING PART (MATERIAL, SURFACE FINISH, 100% DIMENSIONAL
INSPECTICN
ASGSEMRELY (COMPOWENT INTESRITY., SEALS AND SURFACE LUBRICATED,
ASSEMELY TECHNIQUE, SEAL INSTALLATION IN CLEANRGDM

QUALIFIED AND CERTIFIED PERSONNEL AMND SFECIAL DESIGNATED TOQLs
UTILTZED

SEAL PHOTO3Z (BLIND INSTALLATION, SINGLE BACFUP RINGS, AND "L"
SEALS] AND SORRECT SEAL IDENTITICATION (PART No., LCT ¥O., MATERTAL
CONDITION, AGE, CRITICAL CHARACTERISTICS) .

CRITICAL PROGESSES

INSPECTION VERIFY PARTS PASSIVATION AND HEAT TREATMENT
INSPECTION VERITY SOLDERTNG MEETS REQUIREHENTS THPOSED
NONDESTRUCTIVE EVALUATION

100% DYE PENETRANT AND X-RRY INSPECTION IS TERFORMED ON ANY PAETS
DESTGHATED FRACTURE CRITICAL.

TESTING

INSPECIION VERITY ATP REQUIREMENIS (NOTE FEIMARY VERZFICATIONS AMD
WITHESSING) .

HANOL ING /PACKAG NG

INSPECTION VERITY IMPLEMENTATION OF. HANDLING, PACFAGING, AND STURAGE
REQUIFEMENTS . '

{0) FAILURE HISTORY
THIS HARDWARE IS MEW TO THE PROGRAM. THERE HAVE BEEN MO ACCEPTAMCE TEST,
QUAITFICATION TEST, FIELD QR FLIGHT FAILURES IN THIS FAILURE MODE.

{E) QPERATIGNAL USE
Yo CREW ACTION IS REQUIRED (FIRST FAILURE).



