SSME FMEAICIL

REDUNDANCY SCREEN
Coimponent Graup: Preumetis €omtrols Prepared; P. Lowrimors
CIL e camn-AT Approvect: T. Nguyan
Coempanenl: Preumallc Sonfrof Agserntiy Approval Dete:  GFTY
Fart Number: RO115:454 Thange #; 1
Faifure Mode; ) Fails to actuate Fully (Emergency 5huldawn PaY, HPOTP Intarmedlale soal purge PAV, and Purge sequence PAW). CHeent e @ CCHD ME-01-521)
Papga: 1ot
Critizality
Fhase Fallura ! EPect Deseription Hazard Raterence
F Faili-a ol PAY midstroke gl'ows high lourale oot the vant part, K ewrate B sufflciendy hiph 1o cause HPOTF mibrimadigta ceal purge 1R
4.1 pressure te-fall below limd. Gontrolle - issues inhini. Launch delay. Loss of vehicle due Is HROTP fire may meeult i hoss of helem @ MECIS
HEOTF IM3L ourpe 4 not deleded
Redundancy Soreens: PNEUMATIC SYSTEM - SEMROR SYSTEM: UNLIKE RECAINDANGY
A Paze - Redundent hardware items am capable of checkoul during normal ground turmaroung.
B: Paas - Loss al a redundant hardware ilams is delasiabla dwring Akght.
C: Fail -Lass of redundant hardware lems could res ik from a cilg’e credible srenl .
PR Failura of PAV ridstroke allaws high flowrels sul the vent pest, deplsting enging helim supply diring mainalage. HPQTP nfermedlats 13
41 sezl purge falls bekwr imil - Controfar datacts sut-of.limit conddisn and indtlalag enging shyldewn. Deplelion of hefium Aupply for thiz ME-G10C

angine unlit vehicle lerminales supply. BMisson abort,
Redundaney Screens: PNEUMATIC 5YSTEM - SENSOR SYSTEM: UNLIKE REDUMDANCY

A: Mass - RBedundar] haldaane items are capabla of checkout during norrral ground turmanund.
B: Fazs - Less of 2 redundani hardeare items 12 detectal e during Klht,
C: Fall - Lows of redundant herdwrare tems could rasull srom a single credlsla evenl.
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S5ME SAIGIL

DESIGN
Compopant Group: Freumatic Cantrols Preparsd: P. Lowtingrs
CIL ltsm- 20047 . Aporoved; T. Hguyen
Comgpencnlk; Prcumatlc Contrel Aszembhy Approval Data:  gfamog
Part Number: ROO19458 Changa ¥; 1
Fallure Moda; Fails ta acluate fully (Emergency shutdown PAY, HEOTP interm diate seal purge FAY, and Purge sequence PAV) Diractho #: CCBD MEZDi-621%

Page: 1ol 1

Design # Jucument Reforence

FAILLURE CALISE:  a: Emergency shuldown PAY, HPOTP |nte rmediate geal purge PAV, Purge soquence PAV fafhge: Poppel jammad mfd-xiroke.
C: Emergency shutdewn PAY, HPQTP [nta rmediate seal purge FAV, purge sequencs PAY [aliure: Bxcessive Internal leakage due to: Contam | natian.
E: Emargancy shuldewn PAY, HPOTE Intermediata s=al PUFga PAY, purge sequence PAY fallure: Excessive kbarnal leakans due 12: Damaged gulds lcontamination
Jammed betwesn guldes, pistan, and body).

DETAIL PARTS MWD TEST FIXTURES ARE GLEGMNED (1] PRIOR TO ASSEMOLY {2). ASSEMBLY AND TEST ARE FERFORMED 1N A CLEAN ADOM (3) LUBRICANTS ARE NOT ALLOWED
FOR ASSEMBLY DR TEST (2). COMPOMENT LEVEL TEST FLUIDS ARE NITROGEN AND HELILM VPHICH MEET THE HARCVUARE CLEANLINERS REQUIREMENTS (1}. THE COMPONENT
FARTS AND SUBASSEMBLY ARE FREE OF VI5IBLE FOREIGH PARTNCLES AT THE TIME OF ASSEMDLY (2), AT THE ENGINE LEVEL, A 15MICRON FILTER IN THE PRELUMATIC COMTROL
ASSEEMBLY (4} AND 15-MICROM FILTERS AT THE INLET ANC QUTLET GOF THE SOULENCID WALWE 15) ENSURE THAT COMTAMINANTS LARGER THAN 15-MICRONS WILL BE REMOVED
THE FRESSURE ACTUATED wil WES (6], INCORPORATE TEFLON CUIDES WHICH PREVENT METAL-TO-METAL RUBBING AMD METAL PARTICLE GEMERATICH. THESEDESIGH
FEATURES PREVIENT CENERATION OF METALLIC PARTICLES WHICH COULD JAIM THE PRy PISTOM, SHAFT, OR SPAGER ASSEMBLES, THE LD RATIO ON THESE FIECES PREVYENTS
COCKING. THE PAY PISTON ASSERMBLY AND SHAFT ARE HELD 1N ALIGMNKENT AT EACH END{5). IN THE EVENT THAT METALLIC PARTICLES FROM AMNOTHER SOURCE GET IMTO
THESE AREAS, THE PARTICLES BECCME IMBEDDED IN THE TEFLOM SLEFVE. THIE PREVENTS GALLING BETWELH THE BODY AMD FOPPET AND PREVENTS JArRAING,

[IRLIDOCY,; {2 RLOC34E RLOC 12, RLOCIAT, (3) RQO711-A00; {4y ROO19450; #5] RSOH0341; (6} ROO1 1040, RBAMINZ, ROO 3401

FAILURE CCALIBE:  B: Emergency shutdown FAY, HPQTF Intermed fata geal putge PAY, Poroe saquenca PAY falldra: Hrokan apring,

THE PREESURE ACTUATED VALVE SPRINGS [1) ARE MANUFACTURED FROM ELGLOY WIRE. STREMGTH AND ELASTIS LIMIT, TOGETHER \WITH ELASTIC MODLULLS, ARE THE
FRIARY REASONS FOR LISING ELGILGY. THE MATERIAL IS CORROS N RESIETAMT AND EXHIBITS RESISTAMNCE TO S TRESS CORRCISION CRACKIHG () FOR THIS AFPLIEATION,
THE SPRINGE ARE STRAIN RELIEVEDR ANE INGORPOAATE CLOSED AND DEBURRFT ENDS, REOUZING STRERS CONCEMTRATIONS THAT MAY CAUSE BREAKAGE {1}

{1) REN0302S, ROM 11023, ROJ19404; (2) ASS5-65025

FAILURE CAUSE: [k Emergency shutdown PAY, HPOTP inlarmediate esal purge PAY, purge sequence PAY failure: Excessive Imfama) leakapa due to: Damaged/defective seallag
aurfage.

THE EMERGEHCY SHUTDOWH FAY (1) AND HFQTP IMTERMEDIATE SEAL FURGE PAV (2] POPPETS ARE MADE FROM 32f CRES, STRENGTH AND CUMGTILITY ARE THE PRIMARY
REASDNG FOR SELECTING 321 {ZAFS, THIS MATERIAL 1S CORROSION BESISTANT AND EXHIBITS A RESISTANCE TO 5 HESS CORROSION CRACKING (3. THE PAW SEATS (4) ARE
MADE FROM ?076-T73 ALUMIMUR ALLOY (3)  LIGHT- WEIGHT. STRENGTH AND RERISTANCE TO STAESS CORROSION CRACKING ARE THE REABGNS FQR USING THIS MATERIAL.
THE POPPET SFALS ARE MADE FROM KEL-F (2). COLD.FLOW GHARAGTERISTICS AND DUCTILITY ARE THE FRIMARY REASONS FOR USING KEL-F. THE PURGE SEQUEHCE Fav (5
LISES 2402 CRES FOR THE SEATS (), HARDNESS AND WEASH RESISTANCE ARE THE FRIMARY REASONS FOR USING 4400 GRES. THE MATERLAL ALSO EXHIBITS SUFFICIENT
CORRCSION RESISTAMCE T0O BE SUITABLE FOR THE APPLICATION (3). THE FURGE SEQUEMCE PAY POFRET IS MADE FROM TUNGETEM CARBADE [7). TUNGETEM CARBIOE WAS
SELECTED FORAITS RESISTANGE TO VWWEAR AND I TS VIRTUALE Y POROSTY-FREE STRUGCTURE. THE MATERIL 5 CORROSION RESISTANT AND, WHERE USED, |3 MOT SURIECT TO
STRESE CORAODSION CRACKMNG 5.

(1 REI0MG 21, RECOACIT, (2) ROC1I04D, ROCA 1031; (2] R55-3562-6 4} REI0F0IC, RO 1026 {5) ROD1940; 5) ROHBA10; {71 Ra194 00
FAILURE CAUSE: ALL CAUSES

THE FNEUMATIC CONTROL ASSEMBLY HAS SUCCESSFULLY PASSED DESIGN VERIFICATION TESTING 1), WHICH INCLUDED PRESSURE TESTING (%), PRESSURE CYCLING [3) AND
VIBRATION TESTING {4). HIGH CYCLE AND LOW CYCLE FATIGUE LIFE, AS WELL AS THE MRIMUI FACTORS OF SAFETY FOR THE PCA, MEET CEI REQUIREMENTS (5;. THE FCA WAS
CGLEARED FOR FRACTURE MECHGNICSHDE FLAW GROWTH, BINCE IT CONTAINS NO FRAC TURE CRITICAL FARTS (1. THE OESIKGH HAS BEEN FURTHER VERIFIEG BY
REPRESENTATIVE WALVES BEING AEMOVED FROM ENGINE D107 AND DISASSEMBLED. THE VALVES SHOWED NO DEGRADATION OR WEAR OF DETAIL PARTS {7) THESE VALVES
HAD ACCUMULATEC OVER 19,000 SECONDS AND 56 STARTS. THE HPOTP INTERMEDIATE SEAL PURGE PRESSURE REDLIME WILE LIMIT CRITICALITY DF FAILURE 6 ENGINE
SHUTCOWN. THE GONTROLLER MONITOR SYSTEM IS DOMPRISED OF REDUNDART SENSOR ELECTRONICS, REDUNDANT HARNESSES, AND REDUNDANT CONTROLLER CHANNELS
(8. :

1 DVE-SBME-G10; (ZIRSS-510-48, (3) RS3-510-57; 4) R55.514-50 (31 RLODGAZ, CRIZOROCOSE, RE5-B548; 153 MASA TASK 117, (7] SSME-B3-02HD; ENCPANSRIONZ PT13.2. 264



Caemponenl Group:

Prieumatic Cantrols

SSME FMEA/CIL
INSPECTION AND TEST

Prapared: F_Lowrimora
CIL dtam: C2a0-17 Appreuad: T. Mguysn
Catmponent: Preumatie Conbral Azxembly Approval Date: G150
Part Humber: ROCH 4450 Changa 2 1
Fallure Mode: Fails ta acluata fully {Emergency shutdown PAY, HFOTF Inlenmediate seal purye FAY, and Purge sequenca PAY). Draclive g: CCBD NEA.1-E213
Pagas: 1ol 3

Failere Canzas

Figniticant Charecheristzs

Inspaciion(s) ! Testis)

Dazument Reference

ALE

§6-0

FREUMATIC COMTROL
ASIEMBLY

FILTER

FREZSURE ACTLIATED
WALVE - M5 PURGE
PRFRSURE ACTUATED
WALVE - PURGE SEQUENGE
FRESSURE ACTUATED
YALYE - EMS0

CLEAMLIMNESS OF
COMPOHENTS

FILTER INTEGRITY

SPRIMG
SPRING
SPRING

MATERIA INTEGRITY

THE PAELUMATIE CONTROL ASSEMELY, THE PRESSURE AGTUATED WALVES, AND THE SOLEWCHD
WALVES ARE CLEAED TC OXYGREMWFUEL SERVICE PER 51 ECIFICATION AND DRAWANG
REQUIREMENTSE,

DURING ASSEMBLY OF THE PRESSURE ACTLATED VALVE, THE ACTUATION AND DEASTUATION
DPERATION 15 WERIFIED, OPCRATION OF THE VALVE VERIFIES NO CONTAMINATION BLOCKAGE M
MOVING PARTS.

FILTERS ARE INSPECTED TOMEET FLCW AND FILTRATION 3 ECQLNREMENTS PER SPECIFICATION.

MATERIAL INTECRITY |3 VERIFIED PER DRAWING REQUIREMENTS.

AFTER MACHINING. SPARING CHARACTERISTICS ARE INSPECTED PER DRAMWING AND
SPECIFICATION REQUIREMENTS,

LDAD RANGE OF THE DEPRESSED SPRING IS TESTED FCR DRAWING REQUIREMENTS.

ROC1450
RES1107

ROO11040
R0 194901
REMaacz1

RL160m1

ROO15<50
REGI1047
RO 0401
RE00A021

RLONM4E
PLODa12
RLCDA4T

HE 1080
R 1107

R3O0CAN2S
ROT11028
RO0 12404

RAG102-012

REAARTG



Campzne ez Priguratlc Cortrals

Prepared: P, Lawarir
CIL tem C200-17 Approved: T. Hguyen
Cmpaim Prneumatlc Canlral Azsembly Approval Dale: 8ramg
Part Humker: ROOTBASD Change #: 1
Fallure Moda: Fails ta acluata fully (Emergency shutdown PAY, HPDTP ntermadiate sea Rurga PAY, and Purge soquence PAY]. Diracliye 4: CCRD MEZ01-5713
Page; 2af 2
Failsre Causas 3 gnificart Characlengtics In=pectionish f Tesiis) Documart Rederence
B MWATFRIAL INTEGRITY SPRING HEAT TREAT VERIFIED PER SFECIFICATION REQUIREMENTS, RANG11-021
C PCFPTET REQ0A02Y
SEAT FS00A030
POPPET ROC 11061
SEAT ROC1 1025
FOFFET FOCT 0400
SCAT ROC15440
SFAl REN0ANIE
MATERIAL INTCGRITY MATERIAL INTEGRITY I'S WERIFIED FER LEAMENG REQUIREMENTS.
HEAT TREAT 15 VERIFIED PER CRAWIMG REQUIREMENTS AS APPLIGARLE R0 1 oG
R&0om0a0
ROC1 2405
SEALNG SURFACES ARE INGPECTED PER DRAVINGG REDLIREMENTS. RE0QA02>
RES00ACA0
REc11031
R} 1026
RO H400
RO 5210
REODAO2E
o Pay SEAL QPERATIONS ARE VERIEIED CHURING ASSEMBLY ANO FUMCTIONAL TESTING. RILCC346
! RLEE12
s RLCDIAT
ALL CALSES FHELMATIC COMTROL RO 0450
ASSEMBLY
ARREMELY TESTING THE FOLLOWING TESTS ARE PERFORKED DURING ASSEMELY AND FLINCTIONAL TESTING OF THE
PMEUMATIC COMTRIM, ASSEMBLY:
- SEATLTAKAGE 15 VERIFIED TO BE WITHIN SPECIFICATION FOR BOTH ENERGIZED AND TIE. RLOO344
ENERGIZED CRERATICIN,
+ ASSEMBLY OFERATIGN I3 VERIFIED EY TESTING EACH FUNCTION OF THE PNEUMATIC CONTROL ALOD344
ASSEMELY.
- ASSEMBLY FUNCTIDN 15 VERIFIED BY INSPECTKON O THE RATE AND PREESLURE DURING FLIXW  RLOQI44
CHETK.
1 T-FIRE ACCEFTANGE FHEUMATIC CONTROL ASSEMELY QFERATION |15 VERIFIED THROUZH HOT-FIRE ACCEPTARCE RLOB4AT
TESTING TEETING [
[SREER FUR)
FRE-FLIGHT CHECKOUT INTERNAL PCA LEAMAGE (ALL WALVES DEACTIVATED EXCEPT PURGE SEQ FEHGE PRY) IS CMRED WM1ROO0%
VYERIFIED EACH CMASE M1BCDOH
TLWSHT FLGYY.

PNEUMATIC OPERATION 1S VERIFIED OURIMG SSME ELECTRICAL CHEGHOUT PRIOR TO FLIGHT OR
AFTER ANV REPLACENENT OF RELATED COMPONENTS BY PERFORMING THE FOLLIMING DMRSE
FRIMIREMENTS:



Cemperent Group: Prewrnatic Conbrols Prepared: P. Lowrimnre
Cil-ltem: CE00-17 Approwvod: T. Hguyen
Campanent: Prisumatlc Conlrat Assembly Apgroval Data: #1290
Fart Humber: RIG194E D Charige #: 1
Fallure Mods: Fails ta actate fully |Emergency shutdown BAM, HROTP intarmediate seal Furge PAY, and Purge sequence PAY). Diracilve &: CCEROMEL 015211
Page: Jaf 3
Fafure Sauzes Significant Charackarlsties Inspectianis) f Testis) Cecement Raterunce
ALL CAL'SES FRE-FLIGHT CHECKOUT - FLIGHT READINESS TEST INCLUDING PNEUMATIC EHUTDCWM. OMRID WL 1AST 030

Falure Hislor:

Cperalonal Lse:

28-0

- FLESHT READINESS TES TS AMD YALVE CYCLE YERIFICATION.
- PRE-CRYD LOADING. [LAST TEST)

OMRE0 Be0FAD 1]
OMASD SMFAD 215

Comprehansive (aiure izlay data ia malnlined 0 the Pioblem Rop arting database [PRAMSIFRACA)
Ralarence: MASA leder BAZ 1R300 and Rocketdyne eller 32RCO3H61.

Mat Applicab's,



