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REDUNDANCY SCREEN
Companept Group: fanitars and Sensora Preparad: M. OCllver
CIL Mfem: J218-01 Approvad; T. Nguyen
Coimponant: HFOTP IMSL Pumge Praseure Tranmadyucer P21} Anprova) Date: 33080
Part Number: RE2231/RES 7061 Change g: 1
Fallura Mada; Mo autput er erranesus output algral, Directve & CoBD MEZD1-4989
Page: 1of 2
Crilicaksy
Fhase Falure FEHect Ceaenption Harart Relerance
P Lozs of outpul - ervonecus sutpud signals fisen balh quakfied sersgrs or remalmng qualified sensor within quabfeation Emite regults in kes 1R
4.3 of eging slan irfb p-otection, Lose cf wahicle duilng ster due (3 HPOTE failure rmay reault iTHPCTF MMSL purgs falls and (s not ME-C18 M
geleclad. )
Redundancy Screens: SEMSCR SYSTEM: LIKE REDUNDSNGY
A Pass - Redundant hardware ilems ara capable of checkao durirey mormak graund tarmaround.
B: Fall - Logs of a radundanl hardwerg kems ia nol delectable during flight,
G Fail- Loss of tedundant hardwara iteme eonld result [ram a slagle cradiMa avanl,
_S Loss of uulipu! or emoneowes piput signals fem ona er both qualified sensars or remaiaing qualfied sensor wilkin redline @rmits resups in 1A
44 boss of redling pratactian. Logs of vehlcs dus ta HPOTE failure may resull W HFOTP IASL plrge failz and is not dargclan, ME-Z15M
Redundanszy Screens: SENSOR SYSTER - ENGINE STSTEM: UNLIKE REDUNDANCY
A Pazs - Redundant hardware lems ars capable ¢l check put during rovmal eedund brnaround.
B Fail . Logs of 3 redundan| hardwake items g nod delecdsble during flight,
G Fall - Logs of redundan frardware #ams sould result from 8 single cradi's avent
il Lasa of gutrul o eronatua oitput algnaks from both sersors outsida the qualiicalion N will resull in dinquaificatian af both senaare. 1R B
1.1 Loss of redine maniaring response. Lass of vehizle due tg HPOTP failvme may razult F HOOTP IMSL purga fails nd s nol detsctad, ME-C18 Bt
Redundancy Screens SENSOR SYSTEM: LIKE REDUMDANCY
A: Pess - Redurdant bardware tema ars capab'e of shechoul during marmial greund tuenEround.
8 Fass - Luss of @ redundant hardwere items is detectahlp oluring Mgyt
C!Fad - Leas ol redtun dant hardware lams eould resull from g gingle crediblke evert.
i Logs of eulpid or erraneous sutput signal rom balh quatified sensors or the Tamaimng qualified sensof thal excasds the reding imk wi 1R
4.3 resuitin @ SLE indcelion &md caniraller miteled shutdowm, Mission b o, ME-Gdi

Redu~gancy Screens SENSOR SYSTEM LIKE RECUMDAMCY

A Pass - Redundanl hardware items ame capable of checkout dy ring narral grownd burn arowngd,

B Fass - Lags of 2 redurdani herdiare items ke detectable during flighl.
Z: Fail - Logs of redusctant hardwars lems couM resull from a single credible overy,
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Componer n Innitars and Sensors Propared: M DHhe
CIL Kem; J216-01 Approved; T. MLy ey
Companent: HROTP IM3L Purge Pressurs Transducar (P2.14 Approva| Date: 2130599
Part Humber: REZ23ARESTONT Changa & 1
Fallure Mode: Ho autput or arranecus cutput sigral. Olracthva B coan ME3-01-4984
Fage; Zof 2
I Crillcahby
Fhase Faflure Y Efact Desexlptiop Hazard Relzrence
M Mo output or arrpnecws oulpul slghalls) frem one on Eolh sensars with™n the radline limits resuls o loss of redline protection  Lass of iR
4.4 wehicle due to HROTP Faliune may regul f HPCTP IMSL purge falls and is nol deleeked. ME-C15.M
Redundancy Sereens SENSOR SYSTEM - ENSINE SYSTEM: UNLIKE REDLINDANCY
A Pegs - Redundant haidware items are capab’e of checkout during nomnal ground Iermarau ne.
B: Fail - Loss ef a nedundant hardwara itamg i not detestabte during Might,
C: Fell - Loes of redundan] hardwere kems coubkd resull fiom a single credmie evenl.
[ Erminepus l:l;.ltpu! slgnalis} fromn one or bolh qualiffed sensors wihla monkerdng Smits reault in loss of monlwring padeclion. Loss of iR
1.2 wehicle due ke HPOTP Talwre may resuali f HPOTP MSL uarga fais and iz not datectsd . ME-GIA G
Redundancy Screans: SENECR SYSTEM - ENGIME SYSTEM: UNLIKE RECUNDAMCY
A Pass - Redundant hardwara itama are capable of ehedaul during noermal greund fumaroung.
B. Fauil - Loss of a redundanl hardware Bems |s nol delectatla during Mghl.
C Fail- Loss of mdundant hardwara ilams covtd result fram & gingle creditia wuant,
'
| ] 1
1
N
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SSME FMEAICIL

DESIGN
Comnponant Qroup: Igmitars and Sensors . Freparad: M. Ollvar
CIL lam: JH6.01 Appreved: T. Hauyen
Cemponenl: HPOTP IRSL Prme Pressure Transducer (P21} Approval Cate: 2130/
Parl Number: REZ:33RESTOC Changa #: 1
Fallura Mode: No output oF erranesus autpuat signal, OfracHve #: CCBE MET-01-4934

Papge: 1af 2

Degdgn ! Darument Reference '

FAILURE CAUSE:  A:EBrokan o sharted congueinrs,

ELECTRONIC, ELECTRICAL, 4D ELEC TROMECHAMICAL PARTS FOR THE CIRCUITS INWOLVED 1M THIS FUNGTION MAYE BEEN SELECTED FROM THE CLASS S OR EQUINMALENT
AFPROVED PARTS SELECTION (1) STRAIN BALGE OPERATION IS WATHIN ITS ELASTIC RANGE, BELOWI THE MATERIAL ¥ IELD POINT, SUPPORT FOR THE STRAIN GAUGES 15
PROVIDED BY ADHES|VE AND FILM USED [N CONSTRUCTION AND ATTAL RAENT OF THE STRAIN GAUGES 12} INTERCONNECTING YWIRES FROM DIAPHRAGH TD TERMINAL HEACER

(1] BEMUSHZE; (2} RCTORL (1) RL1000G, RL10007. MSFC-S8PEC-274; {4) RL1 trod
FAILURE CAUSE: B: Shonte caugerd by matallie eontaminallan,

DESIGN FRACTICES SRACE HEADER TERMIMALS AT IAXIMUM INTERVALS T3 FEQUCE SHORTING BY CONDUCTIVE CONTAMINATION, THE ASSEMBLY IS HERMETICALLY SEALED.
CLEANLINESS {5 CONTROLLED ELRING MANUFACTURE BY SPECIFICATICHN (1. (2) PASSIVATION, ADHESIVE, AWD VARNISH PROVIDE INSULATION FROM SHORTING (1], VERATION
TESTING WAS CONDUCTED OM THE EATOM DESIGN WITH METALLIZ CHIPS IN CLICED IN THE TERMINAL AREA (7). NO FAILURES OCCURED DURIMG TEETING THE WELDING 15
COHTROLLED FER SPECIFIGATICM 1) T PREVENT METALUIC DROP THROUGH

{13 RCFO0Y; () RL10001; {3) OGS REPGRT, 3.23-1878
FAILURE CAUSE: T Sensar infat pluggad,

I 13 K20 1215000, {21 ROMT 8450 [2) RCT001
FAILURE GAUSE:  E:Frachmed sansor dizphragm,

THE DISFHRAGHM |5 MANUFACTURED FROMA A.286, A-246 EXHIBITS AESISTANCE T CORRGEION, AND RESISTANT T HYDROSEN ERN RONMENT EMERITTLEMENT [1). OESIEN
CRITERIA FOR BURST AMD PROOF PRESSURE REQUIREMENTS ARE IDENTICAL IN BOTH DESKINS {2}, THE MINIMUK FACTORS OF SAFETY MEET CE| REQUIREMENTS (1), THE
MAPHRAGM MEETS HIGH CYCLE AND LOW CYCLE FATIGUE LIFE | REQLIREMENTS (4). .

(1) RS5-BSE2: 12} RCFO01; (3) RES-0548, CP320R000IE; (4) RLOO522, CPIZIR00DIE
FAILURE CAUSE: F: Vacuum reference cavlty damagod cauming foss of vacuum.

THE QUTER CASE S MAMUFAC TURED FROM CORROSION RESISTANT 104l CREE. THE OUTER CASE, COHMECTOR ASSEMBLY, AND BASE ASSEMBLY ARE WELDED TOGETHER T
FORM THE WAC UM REFEREMCE CAVTY, THE CAVITY IS HERMETICALLY SEALED PER DESIGNREQUIREMENT (13. SHOLLD VALK BE LOST, THE CHAMNGE OF THE SENSOR
ACCURACY COMPARED TS THE CPERATING FRESSURE RALNCE |S MK IRAAL .

(1] REFA0T
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Surmmpene, rp: Igniters and Sansars Prepared: M. Ovi

CIL Kem: JI1Em Appraoved: T. Nguye,

Gomponenl: HFQTFIMSL Purge Pressurs Transducer (P2, 1) Appraval Date: r3rae

Frart Number: RE22XARESTIM Changa #: 1

Fadlure Mode: Mo oulput or erronea e auipet slgnal. . Directve ¥ GCBD MEA.01-495%4 '
Page: 2of 2

Dasign ¢ Document Reference

FAILURE CAUSE: G: Broken pins.

GONNECTOR SELEGTION OF THE ASSENELIES IS CONTROLLED 8Y ROCKETDYNE SPECIFICATION REQUIREMENTS {1} THE CONNECTOR DESIGN INGORFORATES FEATLIRES SUCH
AL RUBBER SEALS, CORROSION RESISTANT FING, LOCKING CONNECTORS, AND CONTROLLED ELECTRICAL CONNECTIONS T0 PREVENT MALFLINGTION. THE COMMELTORS ARE (W
ACCORDMMCE WITH STANDARDS FOR LUSE ON BOCKET PROPELLED YEHICLES {2). THEPINS ARE MICKEL UNDERPLATED ANP GOLD OWERPLATED TO FREVENT CORROSION AND
WMINIMIZE CONTACT RESISTANGE, THE PLATING IS GONTROLLED PER SPECIFICATION {2). THE CONNECTORS HAVE COMPLETED HARNESS OVS TEST NG AND SENFOR DVSE
TESTING {3

{1t RCTOM; (2) RC1230; () OWE-38ME-202, DVS-5 SME-201)
FAILURE CAUSE:  H:Changs of Inlsrmal res|stence caussd by maisture, corroslon of contamination.

SENSORS ARE HERMETICALLY SEALED TO PROTECT FROM CONTAMINATION. A BATK FILL OF THE SENSOR CAVITY IS DONE TO INCORPDRATE AN INERT PU RBE, PREVENTING
CORROSION DR CONDENSATION 1N THE SENSOR. LEAK RATE REQUIREMENTS ARE GONTROLLED PER SFECIFICATION TO' PREVENT INDUCTANCE OF FOREIGN SUBSTANGES AND
PREVENT LGS OF THE INERT GAS BACKFILL. INTERNAL POTTING, PASSIVATION, VARNISHING, AND COATING WITH ADHESIVE PROTECTS FROM MTERNAL CORROSION (11

(1] RGTI0
FAILURE CAUSE: ALL CAUSES

SEM3S0R SYSTEM DESIGN PROVIDES PECLNDANCY TO THE ELECTRICAL COMPOMENTS TO PRECLUDE ALL S1NALE POINT FAILURES OF THE CONTRCL FUNCTIONS AM IMENTICAL
DESIGH SENSGR 1S USED AT THE FUEL PREBURNER Po PORT YWHERE THE ENVIRGNWERT (3 MORE EXTREME, THE SEHS0ORS ARE A VENDOR ITEM. DRAWING SPECIFICATIONS
AND MAKLIFACTURING PROCESSES ARE CONTROLLED BY ROCKETDYHE [1). ALL SENSOR DESKSMS ARE SUBJ ECTED TO A CRITICAL DESIGN REWIEW,. ANY DESIGH CHANGES ARE
RE-REVIEWED (1). THE SENSORS HAVE COMFLETED DESIGM VERIFIGATION TESTING (2, INCLUDING VIBRATION TESTING (3). THE MINIMUM FACTORS OF SAFETY MEET GEI
RECUIREMENTS [4), THE SEMSORS WERE AHALYZED FOR HIBH CYCLE FATIGUE AN LOW CYCLE EATIGUE LIFE AND MEET CGEI REQUIREMENTS (5). TABLE J216 LISTS ALL THE
FMEA/CIL WELDS AND IDENTIFIES THOSE WELDS INWHICH THE GRITICAL INITIAL FLAWY SIZE 15 NOT RETECTAR LE, AND THOSE WELDS IN WHICH THE ROOT SIDE 15 NOT
ACCEST'ELE FOR INSFECTION. THESE WELDS HAVE BEEN ASSESSED AS ACCEPTABLE FOR FLIGHT BY RISK ASSE SSMENT (B). SENSCRS FROM ENGINE 2010 WERE RE-
SUBJECIED T ACGEFTANGE TESTING. ALL SEMBDORS MET ACCEPTAMCE CRITERIA WITH THE EXCERTION OF ONE WHICH EXHIBITED & MIMOR ZERD SHIFT. THE CONTROLLER
MONITOR SYSTEM IS COMPRISED OF REDUNDANT SENSOR ELECTRONIGS, REDUNDWNT HARNESSES, AND REDUNDANT CONTROLLER CHANNELS 7}

(1) RCTODT (2} TVE-35ME-200, RES-3650, (3] RSS-202-13, R55-201-14; {4) R55.6548, CFIZARN00B; {5) ALAOS3?, CP32OR0ATIE; (8) RES-ATER: (?) CP40BR0008 3.2.7:5
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Camponent Group:
CIL Itarn;
Comporant:

Part Namber:
Fallure Mode:

fgriters and Sansas
J215-I1

HPOTE IMEL Parge Prassure Transducar [F2.1)
REZZ3IIIRESTO01
No gutpul ar srroneous outpul signal,

S3ME FMEA/CIL
INSPECTION AND TEST

Anorovzl Date:

M. Qllver
T. Naupen
Jranmag

1

CCHD ME3.0T.40984

1ol 2

Fallura Caises

Sgnifican Charactenstics

inspeclionis) f Tasl|s)

Documrent Refarence

ot

SINGLE PICHUR. DML
QUTPUT, PRESSURE
TRAMSDUCER

INTEGRITY OF INTERMAL
ELECTROMICS

PROCESSEE USED IN THE TRANSDUSER MANUFA,
SPECIFICATION &HD MCLUDE:
- SQLDERFHA OF ELECTRICAL CONMECT|CING,

- ENCAPEULATION OF COMFONENTS.

CTURE AND ASSEMALY ARE VERIFIED PER

RE2232 / RESTQ01

RLA1DODG
RL10007
RLIMDG

COMPONENTS
- ATTAGHWENT TO TERMINALS,
PRESELRE TRANSDUGER
INTERNAL CLEANLINESS (4. EANLINESS REALI
THE TRANSDUCERS,
PRESSURE TRANSOUGER
EXTERNAL CLEANLINESE  TRANEDLCERS A
PRESSURE TRANSDUCER

DIAFHRAGH INTEGRITY

’

TRAMSDUCER DIAPHRAGM IS PROOF

REMEMNTS ARE VERIFIED PER SPECIFICATION OURING MANUFACTUR MG OF

RE2233 RESTOH
RCTOM

RE WERIFIED CLEANED PER SPECIFICATION AEOLIREMENTS.

PRESSURE TESTED PER SPEGIFICATION REQUIREMEN 15,

RE2231/ RESTODY
RCTIM

REZZ313{ RESTCO1
RCTO01

PRESSURE TRANSDUCER

FEFERENCE CavITY
INTEGRITY

TRANSDUCERS ARE PROOF PRESSURE TESTED PER SPECIFICATION RECLNAEMENTS.

REFEREMCE CAVITY 1S LEAK CHECKED TO VERIFY SEAL

FER SPECIFICATION REQUIREMENTS.

PRESSUAE TRANSDUCER

CONNECTOR RECEPTACLE
CONMECTOR INTEGRITY

THE FLATIMG CH THE CONMECTEOR, FING 15 INSPECTED PER SHECIFICATIIN RECLIREMENTS

THE FOLLOAWNING TES IS ARE PERFORMED DUR
- IHEULATION RESISTANCE BETWEEN PINS A

SPECIFICATION.

- DIELECTRIZ WOLTAGE TESTS MEASURE THE
WERIFY
THEM TQ BE WITHIN SPECIFICATION.

- TRANSDUCER BRIDGE RESISTANCGE 'IS WERIFIED T0 BE WATHIN SFECIFICATION,

ING MANUFACTURING AMND SENSOR ACCEPTAHCE:
D THE CASE IS vERIFIED TG BE YWTHIN

URRENT LEAKAGE BETWEEN PIS AND CASE AND

REZ2ZXIrRESTONY
RCTON

REZ231.f RESMDY
RES1231

RC1231

RC7001
RCTO01
RC7O0

FREEZURE TRANSDUCER
HERMETIC SEAL INTESRITY

CLEANLINESS REQUIREMEMTS ARE VERIF
THE TRAMSDUCERS.

IED PER SRECIFICATION DURING MAMNUFACTURING OF

REZ213 1 RESIOM
RCFomM



Carn ol up: Igniters and Sensors

Prepared: M. Ol
GIL Itarm; JHE-M Approved: T. Hguy
Companenl: HPOTP IM3L Furge Fressure Transtucer (F2.1) Approvel Dale: Banes
Farl Numbar: REZ2II/RESTDOY Ehange §: 1
Fallure Made: Mo owtput or amanapus Gutput slgna. Directlve &: CCED MES-D1.-4094
Paga: Zof 2 '
Fefure Gauses Significant Charazteriaticg Inspactionis] / Taxt(s) Creewment Referanzs
H HERMETIC SEAL INTEGRITY AFTER THE CASE i3 WELDED, HELIUWM LEAK, TESTS AHE PERFORMED TO VERIFY HERMETIZ SEAL.  RCMOM
ALL CAUSES PRESSURE TRANSOUCER . RE2213/ RESTO
ASSEMBLY INTEGRITY ALL VENDCR IWSFECTIOMN AND TEST CRITER! IS UMOER ROCKETOYME APPROYAL AND CONTROL  RC0M
TRANSDUZERS ARE SUBFECTED TO A WORKIMANSHIP SCREEHHNG ACCEPTANCE TEST INCLUDING
YIBRATION, THERMAL EYCLING, AND FUNGTIDNAL TESTS.
HOT FIRE ACCEPTANLE SENSOR OFERATICHN IS VERIFIED THROUGH HOT FIRE ACCEPTAMCE TESTIMG . RLDIG
TESTING n3REEHN RUM) \
DATA REVIEYY ALL CONTROLLER OATA FROM THE PREVIQUS FLISHT OR HOT FIRE 1S REVIEWED, AMY MSFL PLN 1228
ANOMALEAUS CONDITHON NOTER REQUIRES EURTHER TESTING OR HARDWARE REPLACEMENT
PFRICR T THE WEXT FLIGHT.
PHE-FLIGHT CHEC¥OUT SENEORE ARE VISUALLY MSFECTED. OMRASD V41 BLUE.034
SENSOR OPERATION |5 WERIFIED EVERY MISSICH FLOW BY SUCCESSFLL COMPLETION OF THE CMRED Y41ACD010

CONTROLLER SENSQOM CLECTRIGC AL CHECKOUT. (LAST TEST} OMAED SOCFAC 313

; 1
1

&

Failure Hislory Comprehonsive laire history dats ks mairtsined i ihe Probdam Reporting dalaberso {PRAMESPRACA)

Reference: NASA Eller SAZ1/RS0E and Rocketdyna letier BARCOD7EL.
Operational Use; Mot Appllcable.
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SSME  SA/CIL
WELD JOINTS
Coinponant Group: laniters and Sansors Praparad: M. QRver
CH lem: JH& Approved; T. Mouyon
Componont: HFOTP IM5L Purge Prassure Transduser IFa.q) Approval Oate:; 1riDigs
Par Humber; REZHIRESTOM Changa #: 1
DirecHve # CLBD MEA-01-9914
Page: 1af 1
Criligal Inltral
Rogt  Flaw Size Mot
Blds #ot Dedecdzbia
Coampanent Basx: Part Numbar Weld Mumber Wiald Type  Class Agness  HOF  LOT Commants
PRESSURE TRANSDUCER RE22AYRESTI0T
PRESSLAE TRAMSHUICFR JER 000 Loo-1 EBwy ] X
PREIZLRE TRAMNSOUCER JLa1oon Qoo EBW I X X
PRESSURE TRAMNSDLICER SR A00 COC-5 EBW I X
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FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Componenl Graog; lgnitars and Senaora

SSME FMEA/CIL

Frapared: M. Dllver

[tern Mame: HPQTP IM3L Purge Pressura Transducer {P2,1) Approroed: T. Mguyen

Item Huinkeer: J218 Approval Date:  300r9

Fart Humbar: AE22I¥RESTINA Chanpa #: 1
Dmctive 4: CCED MEX-.a894
Fage! 1ef 1

Rase Line Bsliongle

Yariange

Change Ratlchate

Warkant Dagh Mumba

J216 - Mewr degn rmprowes
preduckiity. mepeclabilly and
relighifty of tha Wansducer, Mew
dasign educes Ihe risk ol lhe
intredu clnn af conduct.ua
centaminaticn.

An nletnal vacuum s iz ozod for
Felc préssone reference poinl,

Mew dezlgn elimingies Intamal vacuwr case and radeces pelemtlal for condugihe

contamirstion
LISE AR I3 ratlonatz:
Furclionalily of Xaro preseure refarance ke rraintained,

RESTO0M 204, .224
RE2233-011




