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PREFACE

The Orbiter subsystem hardware/software interaction analysis examines software
interaction with hardware failure modes. Each failure mode identified in
subsystem FMEA (failure mode and effects analysis) is examined for interaction
with software. The analysis is based upon key questions which identify potential
issues. These potential issues are to be resolved by providing rationale for
retention or identifying and implementing changes to eliminate the issue.

The figure on the following page illustrates the relationship of the
hardware/software interaction analysis to the verification process which Teads to
the statement of flight readiness. As shown, the analysis is a supporting item
which is a portion of the data base utilized by the FRAT's (flight readiness
assessment teams) and the associated SEAM (Systems Engineering Assessment
Meeting) teams in planning and controlling the verification process. The overall
issue of hardware/software interface compatibility is addressed by the verifica-
tion process itself. The analysis scope is Timited to examination of single
failure modes, as identified in the FMEA, and the interaction of these failure
modes with the software as reflected by the software requirements.

The hardware/software intéraction analysis is performed on a preliminary basis by
the JSC Reliability Division. Results are then coordinated with JSC engineering
and Rockwell/Space Systems Group engineering and reliability to obtain inputs and
approval signatures. The approval sheet for the Forward Reaction Control System
are presented below. The Rockwell signatures represent their review of-the open
issues and risks, if any, performed against the summarization of the analysis.
Section 5.0 presents the analysis summary which groups the failure modes by
similar retention rationale and is a convenience in identifying groups of failure
modes in which the analysis is similar. The reviews with Rockwell did not cover
each checklist. The minutes presented in the appendix document the nature and
depth of the Rockwell analysis review.

This analysis verified that no open issues remain.

Joseph H. Levine
Chief, Reliability Division
¢

Approved:

it
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1.0 INTRODUCTION. This report documents the results of the analysis of the
hardware/software interaction analysis for the Forward Reaction Control System.
This analysis examines the interaction between hardware failure modes and
software in order to identify associated issues/risks. These fissues/risks are
resolved through changes to software requirements to remove them, or surfaced to
project/program management with approprizte retention rationale.

2.0  SCOPE. Al1 Orbiter subsystems and interfacing program elements which
interact with the Orbiter computer flight software are analyzed. The analysis
for each subsystem or interfacing element is presented in a separate volume of
this report (see section 3.1). : ‘

The analysis examines failure modes identified in the subsystem/element FMEA
(failure mode and effects analysis). Potential interaction with software is
examined through evaluation of the software requirements, not detailed
implementation. The analysis is restricted to flight software requirements only,
and excludes utility/checkout software. The BFS (backup flight system) software
is considered only as necessary, and only as it differs from the primary; the
basic thrust of the analysis is keyed to the primary systenm.

The analysis is based upon the hardware design and software requirements as they
existed as of the date of the analysis. Future updates will be published as
necessary to incorporate changes to either the hardware or software.

3.0 APPLICABLE DOCUMENTS.

3.1 HARDWARE/SOFTWARE INTERACTION ANALYSIS REPORT VOLUMES. The hard-
ware/software interaction analysis results are reported on a subsystem basis,
each in a separate volume. The separate volumes which make up this report are as
follows: :

Volume Subsystem
I Purge, Vent, and Drain
11 Payload Deployment and Retention
111 Payload Bay Doors
IV Main Propulsion
) Data Processing Subsystem
VI Hydraulics
VII Auxiliary Power Unit
VIIT Reaction Control
iX Electrical Power
X Orbital Maneuvering
XI Environmental Control and Life Support
XI1 Integrated Avionics
X111 Electrical Power Distribution & Control
XIv GNC (Guidance, Navigation & Control) Support
XV Displays & Controls
V1 Communications & Tracking
XVII Instrumentation



3.2 REFERENCE DOCUMENTS. The primary documents used in performing the analysis
included the following: . :

a. SD75-SH-0016A, "Failure Mode Effects Analysis, Forward Reaction
Control Subsystem,” Dec 18, 1978.

b. JSC 11174, "QV-102 Space Shuttle Systems Handbook," September 22,
1977.

c. SD76-5h-0026A, "Functional Subsystem Software Requirements, Sequence
Requirements," March, 1978. ’

d.  SD76-5H-0020, "Functional Subsystem Software Requirements, Displays
and Controls," February 1, 1978.

e. SD76-SH-0027D, "Functional Subsystem Software Requirements, Systems
Management ," October 16, 1978.

f. MGO38103, "“Backup Flight System Management/Special Processes and
Sequencing Program Requirements Document," December 20, 1978.

g. SD75-SH-0010E, “Functional Subsystem Software Requirements, Redundancy
Management ,” June 1, 1979.

4.0 DESCRIPTION.

4.1 GROUND RULES. The hardware software analysis is performed according to the
following ground rules:

a. The hardware/software'ana1ysis will be limited to investigating the
software interaction with the failure modes of the hardware as delineated in the
subsystem FMEA's.

b. Software interaction will be limited to involvement of software of the
onboard computers.

c. Only fajlure modes of hardware with software interfaces (software
monitoring and/or software control) are analyzed.

d. The software detection must be considered with respect to each phase
of the mission [prelaunch (OPS 1 only), ascent, onorbit, and entry].

4.2 ANALYSIS CHECKLIST. The basic tool for the analysis is the checklist
(figure 4-1). A separate checklist is used for each failure mode analyzed. Note
that the "FMEA Number" in the heading refers to the FMEA document number, not the
page number on which the failure mode is treated.

The checklist consists of three sections: Body, change/retention rationale
summary, and explanation/comments. FEach of these sections is dicussed below.



. - HARDWARE /SOFTWARE ANALYSIS CHECKLIST
SUBSYSTEM FMEA TUMBER

- ITEM g FAILURE MODE s

‘1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES D NO D

- ANNUNCIATE OR TAKE ACTION I}l RESPOMSE)?

Ta. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD *YES D MO D
USE TO DEVECT THE FAILURE? -

2. ARE THE ANSWERS TO QUESTIONS 1 AND Ta CONSISTENWT WITH THE FMEA EVALUATION OF YES [] *N0 D
IN-FLIGHT DETECTABILITY? .

3. DOES THE FLIGHT SOFTWARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE YES D NQ D
(EITHER BY COMMANDIIG HARDWARE ACTION OR IMPLEMENTING ALTERNATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *YES D NO D

FAILURE I'ODE (EITHER BY COMMANDING HARDWARE ACTIOH OR IMPLEIENTING ALTERMATE
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR *YES D o {j
INDUCE ANOTHER FAILURE?

5.  CAN THIS FATLURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT syes [ no [J
OTHER FUNCTIONS?
6.  HOW MANY OF THESE HARDWARE FATLURES CAN THE SHUTTLE TOLERATE (COHSIDER CREW * ] =1 207

ACTION AND HARDWARE/SOFTHARE OPERATIOM)? NOTE CHAMNGE TO FMEA CRITICALITY.

7. IF CREW ACTION IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES provIDED  n/A [ Jves[wo[]
TO SIGNAL THE MEED FOR INTERVEMTION AND THE REQUIRED CORRECTIVE ACTIOH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES: .
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? YES D*NO D
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/YEHICLE? YES EI*NO D
*EXPLANATION REQUIRED (SEE BELOW)

T W dr R e o W m o e W™ W Sy W W W m o m W M M W R W o W e e e e M o M M W m o m o m o o wm o me

CHANGE/RETENTION RATICNALE SUMMARY
1.1 8O H/S ISSUES 3.7 NO SOFTWARE DETECTION 5. [ ACCEPTANCE RATIONALE BELOW
2.[] HARDWARE ACCEPTS RISK 4.[] DETECTION DURING CHECKOUT 6. [} RECOMMENDED CHANGES BELOYW

DFMEA CHANGE RECOMMELDED

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

EXPLANATION/COMMENTS:

Figure 4-1, Hardware/Software Analysis Checklist.
3




The questions in the checklist body are answered using the following guidelines:

a. Question 1. Will the information provided to the onboard software and
the processing of that information cause annunciation of the failure and/or
initiation of a corrective action in response to this failure mode?

b. Question la. Answer question la. if the answer t¢ question 1 is “"no."
Information available to the software could be in the form of (1) sensor data
used by onboard software but not for automatic fault detection (data used in
software routines or fault detection available through callup or dedicated
displays}); (2) system and/or subsystem performance parameters; or (3)
measurements which are downlisted. Answer "yes" if such information could be
used to annunciate the failure condition or initiate responsive action. In
explanation comments, specifically identify the information available for
software detection.

Cc. Question 2. If all of the following questions are answered "no,"

check the "no" block and explain the difference in the explanation/comments
section:

(1) Are the master measurements listed under “"Failure Detectability
In-flight" on the FMEA (1) used by the onboard software in detecting time
critical failures (if routed to GPC), or (2) wused by the onboard software in
annunciating non-time critical failures via callup displays, or (3) downlisted
for non-time critical failures?

(2) Are other measurements, dedicated displays, crew detection, and
system/subsystem parameters available or able to detect this failure mode?

(3) If "failure detectability in-flight" specifies only software
action, does the software actually initiate the corrective action as called out
in the "corrective action” portion of the FMEA?

d.  Question 3. The question considers only the cases wherein_ the
software determines a failure.

e. Question 3a. Answer question 3a if the answer to 3 is "no." [If the
answer to 3a is "yes," call out the possible corrective action in the
explanation/comments section.

f. Question 4. The question is considered for both the detected and the
undetected failure. The overstress or inducement of another failure may be
acceptable action. Overstress by software is improper commands, sequencing, or
timing resulting in action exceeding hardware design regquirements or exposing
hardware to excessive environments.

g. Question 5. The question is considered for both the detected and the
undetected failure. Limit adverse effects to effects directly resulting from
software commands or subsequent actions resulting from ervoneous inputs as a
result of the failure.

h. Question 6. The hardware/software may change the method of detection
and/or correction after the first or the second failure; consider this in
answering the question. Determine if the software will be able to use the
redundance of the hardware. If the hardware/software interaction Tollowing the
particular failure mode changes the criticality, in comparison to the FMEA, check
the box provided in the summary section of the checklist.

4



i+ Question 7. If crew action is not required to respond to the failure,
check the "N/A" block. Cues which provide inputs to the crew include but are not
lTimited to cathode-ray tube annunciation, caution and warning, visual cues,
audible cues, callup and dedicated displays, subsystem status data, panel meters,
etc.

j. Question 8.A and 8.B. Answer these questions only if either question
1 or 3 is "yes."

(1) Question 8.A. Consider that the failure occurs while the
vehicle is being flown using the primary system. What will happen if the BFS
must be engaged subsequent to the failure? Will the fact that the failure has
occurred prevent the BFS from operating properly, under any conditions? A "no"
answer is a potential issue (requiring explanation) only if the BFS can normally
tolerate the failure (when it occurs during BFS operation).

{2) Question 8.B. Consider that the failure occurs while the
vehicle is under BFS control. A "no" answer is an issue (requiring explanation)
only if the BFS response differs from that for the primary system.

4.2.2 (Change/Retention Rationale Summary. Each failure is assigned to one of
six possible groups, based upon the answers obtained in the checklist body.
Boxes are provided to indicate the category assigned. Figure 4-2 presents the
criteria for group assignment.

A box 1is also provided to indicate that changes are required to the FMEA. The
FMEA evaluation of in-flight detectability is sometimes inaccurate and requires
change. In addition, other errors (e.g., incorrect criticality assignment or
incorrect evaluation of redundancy screens) are occasionally noted during the
analysis and are documented here.

A space is provided to detail acceptance rationale, change recommendations, or
suggested FMEA changes. This space may also be used to provide a short general
comment to expand the retenticn rationale grouping.

4.2.3 Explanation/Comments. Each question answered by checking a box identified
with an asterisk is discussed in this section. The circumstances for checking a
box not identified with an asterisk are discussed, and the rationale for not
making such a change is presented, if applicable. This section may also be used
to explain, expand, or qualify answers. Each discussion is identified with the
corresponding question number.

4,3 ANALYSIS SUMMARY. The analysis results are summarized on the basis of
retention rationale grouping and recommended changes/retention rationale. Figure
4-3 depicts the form utilized for this purpose. A particular retention rationale
definition, acceptance rationale statement, or recommended change is listed in
the left column, with the applicable failure modes listed on the right. The
issue/risk is briefly described with acceptance rationale or software
requirements change recommendation. The summary provides a basic overview of the
total analysis results.

5.0 ANALYSIS SUMMARY SHEETS. The analysis results are summarized on the
following sheets. The failure modes have been grouped by issue/retention
rationale (or change), affording an overview of the results for the entire
subsystenm.




NOTE:

CHANGE /RETENTION RATIONALE

NO * CHECKED - NO HARDWARE/SOFTWARE ISSUES ARE APPARENT FROM THE ANALYSIS.

SYSTEM IS FAIL OPERATIONAL/FAIL SAFE WITH RESPECT TO THIS FAILURE MODE UNDER
CURRENT DESIGN.

ONLY * CHECKED ON QUESTION 6 - NO HARDWARE/SOFTWARE ISSUES ARE APPARENT FROM
THE AMALYSIS. RISK HAS BEEN ACCEPTED VIA HARDWARE CIL.

ONLY * (YES) CHECKED ON QUESTION la - NO SOFTWARE DETECTION IS PROVIDED.
FATLURE EFFECT IS NOT TIME CRITICAL. FATLURE MAY BE DETECTED BY OTHER MEANS
OR FUNCTION IS NOT MISSION/SAFETY CRITICAL.

* CHECKED ON QUESTION 3a - * ON 1a MAY OR MAY NOT BE CHECKED - SOFTWARE DOES
NOT TAKE CORRECTIVE ACTION FOR FAILURE. FAILURE EFFECT IS NOT TIME
CRITICAL., CORRECTIVE ACTION MAY BE INITIATED BY CREW. PLANNED CHECKOUT
ACTIVITIES WILL DETECT FAILURE. SYSTEM IS FAIL OPERATIONAL/FAIL SAFE
WITHOUT SOFTWARE DETECTION AND CORRECTION.

STANDARD RETENTION RATIONALE DOES NOT APPLY. SPECIFIC RETENTION RATIONALE
IS SUMMARIZED FOR THIS FATLURE.

ISSUES IDENTIFIED AND CHANGES ARE DESIRABLE. SPECIFIC CHANGES ARE
SUMMARIZED.

DO NOT CONSIDER ANSWER TO QUESTION 2 [IN DETERMINATION OF

CHANGE/RETENTION RATIONALE SUMMARY CODE.  CONSIDER RESPONSES TO BOTH
QUESTION 2 AND & IN DETERMINING WHETHER AN FMEA CHANGE IS REQUIRED.

Figure 4-2. Change/Retention Rationale

b
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SUBSYSTEM Forward Reaction Control

HARDWARE/SOFTWARE ANALYSIS SUMMARY
: FMEA  SD75-SH-0016A

" ANALYSIS RESULT

ITEM/FAILURE MODE

HARDWARE ACCEPTS RISK

Helium Storage Tank - Rupture (03-2F-101010-1)

Helijum Feedline - External Leakage (03-2F-101013-1)

Quick Fi1l Disconnect, He - Fails Open, Cap Leaks (03-2F-101070-1)

Test Quick Disconnect, Propellant - Ext. Leakage/Flight (03-2F-101090-1)

Propellant Line Flex Assy. - External Leakage (03-2F-102106-1)

Feedline and Fittings - External Leakage {03-2F-102108-1)

. AC Motor Operated Valve (Tank) - Fails Closed {03-2F-102120-1)
Quick Disconnect - External Leakage {(03-2F-102150-1)
DC Solenoid Operated Valve - Fails Closed - Premature Operation
’ (03-2F-102170-1)

Tank Assembly and Propellant Acquisition Device - Small Crack - External
Leakage (03-2F-111110-2)

Tank Assembly and Propellant Acquisition Davice - Restricted Flow
(03-2F-111110-3)

Tank Assembly and Propeliant Acquisition Device - Loss of Gas in
Propeliant Acquisition Device (03-2F-111110-4)

Flex Line and Fittings - External Leakage (03-2F-121308-1)

Thrust Chamber - Burn Through (03-2F-121312-1)

Nozzle Extension - Burn-Through (03-2F-121313-1)

Vernier Thruster - Erratic Operation (03-2F-131310-3)

Vernier Thruster - Burn-Through (03-2F-131310-4)

Helium Pressure Regu]ator - Fails Closed (03-2F-101030-2)

Tank Assembly and Propellant Acquisition Device - Large Rupture
(03-2F-111110-1)

Purge Quick Disconnect, Propellant - External Leakage During Elight
(03-2F-101080-1)

Helium Quad Check Valve - Fails Closed (03-2F-101095-2)

Vernier Thruster - Loss of Output (03-2F-131310-1)




HARDWARE/SOFTWARE ANALYSIS SUMMARY
: FMEA SD75-SH-0016A

SUBSYSTEM _ravward Reaction Control

. ANALYSIS RESULT : TTEM/FATLURE MODE

NO HARDWARE/SOFTWARE ISSUES D.C. Solenoid Valve - Fails to Close {03-2F-101020-3)}
D.C. Solenoid Valve - Fails Closed (03-2F-101020-4) ]
Helium Pressure Regulator - Fails Open (03-2F-101030-1)
Relief Valve ~ External Leakage Overboard (03-2F-101060-1)
Relief Valve - Burst Disc Ruptures (03-2F-101060-2)}
Reljef Valve - Fails to Burst (03-2F-101060-3)
“Relief Valve - Opens Low (03-2F-101060-4)
Relief Valve - Fails to Open (03-2F-101060-5)
Helium Quad Check Valve - Fails Open (03-2F-101095-1}
Injector Plate - Mixture (03-2F-121311-1)

i
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SUBSYSTEM Forward Reaction Control

HARDWARE/SOFTWARE ANALYSIS SUMMARY
FMEA SD75-SH-0016A

" ANALYSIS RESULT

ITEM/FAILURE MODE

0L

OUT OF SCOPE - GROUND ONLY

Manual Valve - Fails Closed or Open (03-2F-101050-1)}
Manual Valve - Internal Leakage (03-2F-101050-2)
Quick Fi11 Disconnect, He. - Fails Closed/Ground OPS (p3~2F—10]070—2)

Purge Quick Disconnect, Propellant - Fails Closed/Ground OPS.
(03-2F-101080-2)

Test Quick Disconnect, Propellant - Fails Closed/Ground Ops
,  (03-2F-101090-2) -

Quick Disconnect - Fails Closed/Ground Ops, (03-2F-102150-2)




6.0 ANALYSIS CHECKLIST SHEETS

Following are the analysis checklist sheets for each failure mode evaluated.
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-HARDWARE /SOFTWARE ANALYSIS CHECKLIST 03-2F-101010-T

2.[X] HARDWARE ACCEPTS RISK

(_IFMEA CHANGE RECOMMENDED

TE O A odw e M S e W S S W W W T MR R Wb S W W B SR S o m M M W s W e A m e M W M A e v mr we wm Ee m wm

EXPLANATION/COMMENTS

-I.

8.

GAX w111 give a c]ass 2 alert upon senSIng an out-of- to1erance condition. (<500 psi)
Gross leak detection will give a class 2 alert.

Backup flight system same as primary.

12 -

SUBSYSTEM _ Fwd Reactign Control FHMEA TIUMBER SN75-SH-0016A
1TEM Helium Storage Tank FAILURE MOOE Rupture
1.  DOES THE FLIGHT SOFTUARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY ves kK wo [} %
. ANNUNCTATE OR TAKE ACTION Lil RESPONSE)?. {
la. IF NOT, BOSS THE HARCWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD. wves [ wo [ §
USE TO DETECT THE FAILURE? _
2. ARE THE ANSWERS TO GUESTIOHS 1 AND la CONSISTERT WITH THE FMEA EVALUATION OF ves Kl=wo [
IN-FLIGHT DETECTABILITY? :
3. DOES THE FLIGHT SCFTUARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE ves [ no {X]
{EITHER BY COMMANDING HARDWARE ACTION OR IMPLEWENTING ALTERMATE PROGRAM LOGIC)?
3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTHARE TO CONPEHSATE FOR THIS ° *es ] no
FAILURE MODE (EITHER BY COMMAMDING HAROGWARE ACTION OR IMPLEIIENTING ALTERNATE _ -
PROGRAM LOGIC)? '
4. BS A RESULT OF THIS FAILURE FODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR  *ves [ ] no [X]
: INDUCE ANOTHER FAILURE? .
5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT wes [Jno [X]
OTHER FUMCTIONS?
6.  HOW MANY OF THESE HARDMARE FAILURES CAN THE SHUTTLE TOLERATE (cONsIDer crew =0 [x] =[] 2[}
ACTION AND HARDWARE/SOFTWARE OPERATION)? HOTE CHANGE TO FMEA CRITICALITY.
7. IF CREW ACTION IS REQUIRED TQ RESPOND TO THIS FAILURE MODE, ARE CUES PRovIDED  N/A [ ]¥esfdsuo[d
" TO SIGNAL THE NEED FOR INTERVENTIQN AND THE REQUIRED CORRECTIVE ACTIGH? _
8.  IF THE ANSWER TO EITHER 1 OR 3 IS VES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ves (=m0 [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? ves (=0 [}
*EXPLANATION REQUIRED (SEE BELOW) :
CHANGE/RETENTION RATIONALE SUMMARY :
1. Ng H/S ISSUES 3.} NO SOFTWARE DETECTION 5. [] ACCEPTANCE RATIONALE BELOY
4.[J DETECTION DURING CHECKQUT 6. [[1RECOMMENDED CHANGES BELOYW




SHUTTLE FATILUR: MODE AND EFFSCTS ANALYSIS - URSITER 142

SULSTYSTEM $FWD — ReaACTION CONTROL FMEA NO 03—2F —~J0101C-1 WEVILZ/LE/ST
A SSEMELY  PRESSURIZATION AB0RT: CR1Ta FuUNCE 1
/Y RI TMCZ8E~00R2-G031/-0032 CRIT. Hius 1
PN VENDORRIELD-C9S040 MISSTIONS: HF  "VF X Fr CF N
SRUANTITY 12 PHASE(S): FL X LO X SU X CU X LS

N TONE REQ'D PEK EACH NUMBER OF SUCCESS PATHS HEMAINIANG

. SPROFPELLANT TANK AFTER FIRET FAILURE: C

. REDUNDANCY SCREEN:  A-N/A E-N/A C—N/A
«FALTLUPE DETcCTABLE IN FLIGHT?. YES - TIME TO EFFECT:
fPRESSURE INDICATION j&dP=-111CC IMMEDIATE/SECONUS

» 11120 REFERIEALE DUCUMINTS:

. MJOTC-CCo1-L1B

nGFECIUI\iD TURNAE\LUND?..- eoo.oo-o-.YES SC'?Z—.‘;H*O].'\.‘.?:—E

S aMZ AS FLIGHT VST3-4210061

. PREFARED BY: APPROVEDL Y2

. pes J TAGGART oES

. REL R DIEHL RtlL

L1TEMI TaNK

. HELTIM STORAGE, FILAMENT WOUND.

«FUNCTION:

» T STDRE HELIUM AT A MAX WORKING PRESSURE GF 4C08C PSI FUK
PRISSURIZATION GF Tht rFW0D RCS MGDULE PROPELLANT SJUPPLY SySTzm. Tank
CONSISTS OF A QOUBLE MELYT Tl LINER wITH DUPONT a9 FISER AND EPDAY RESIN
FINDTHG OVER WRAR. ;

o~ EILURE MUODEr RUPTURL, EXTERNAL LEAK {S)

«  RUPTURE = LARGE CKACK WHICH PRGFPUGATES aRQUND TANK IMMSTIATZLY.
LeAKsGE — FRACTURE wHILh DGES NOT PROPIOGATE TC RUPTURE.

+CAUSE(S):

« VIPRATION, STRESS CORRCESTON, TEMP. RISE, FATIGUE, INADVERTaNT
OVEL-PRESSURIZATIGY (GROURD CPS).

SEFFCTES): OGN (AYSUBSYSTEM {o)INTERFACEE (CIMIESSION (JJCREW/VERICLeT

- (A) LOASS OF PRESSURIZATION TO FUEL OR OXIDIZER. {B) EXPLLSTIV:E

« EXPANSTON UOF HELIUM WITHIN RCS MODULE. {C} PUTENTLAL LTSS GLF
41SS1ON—2ABGRT DECISION DEPENDANT OGN EXTENT OF DAMALE. {S) PGTENTIAL
LOSS GF CREW/VEHICLE.

SCOARECTING ACTIONS

«  NONE AVATLAZLE EXCEPT POSSIBLE RESCUE IF VERHICLE STILL INTYACIT.

SR EMARKS/HAZARDE S

« HALARD CF SHRAPNEL PRUOPAGATION, HIWEVER s UTILIZATYION OF FLLAMENT wuUlD
TadK MINIMIZES COR ELIMINATES THIS BAZARD. AUDITIGNAL HAZARU OF #MOUULE
OVER PRESSURIZATION STLLL EXISTS. NI REDUNDANCY PROVIGED rUR FeiS I7eM
— REFERENCE HAZARD 1YXX-03C2-GZ.
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SHUTTLE CRITICAL ITEMS LIST ~ DRBITER 102

UBSYSTER :FWD — REACTION CONTROL FMETA NO 03-2F -101010-1 REVz11/39/72

«ASSEMBLY :=PRESSURIZATIDN ABORT: CRIT. FUNC:2 )3
P/ RI IMCZ2BZ--0082-0031/-0032 ’ CA1T- HDw: 1
«P/H VENDORIBLD-959043 - . MISSIONS: HF VF X FF gF SH
+QUANTITY 2 PHASE{S): PL X LD X OO0 X DO X LS

. :ONE REQ'D PER E4&CH

- IPROPELLANT TARK

. REDUNDANCY SCREEN: A—N/A a-N/A C-N/4

-PREPARED BY: AP%D ¢ APPROYV svl NASAYS g
.DES J TAGGART DE dizeetlAea £ .- §SM ( S Lot Lo
-REL . R DIEHL  RelT T b 7 R“L@%Lﬁ_ﬁ&ﬂlh’)& e

+ITEM:z TARK

o HELIUM STIORAGE, FILAMENT WOUND.

~FUNCTION:

-~ 1O STDRE HELIUM AT A #AX RORKING PRESSURE OF 4003 PSI FOR
PRESSURIZATION DF THE FWD RCS MODULE PROPELUAMT SUPPLY SYSTEM. TARK
CONSISTS OF A DDUBLE HELTY Ti LINER WITH DUPONT 49 FIBER AMD EPOXY RESIM
BOMDING DVER WRAP.

~FATLURE #HMODEz RUPTURE, EXTEEMAL LEAK (S}

« RUPTURE ~ LARGE CPRACK WHICH PROPOGATES ARCGUND TaNK IMMEDIATELY.
LEAKAGE — FRACTURE UHICH DUES NCY PRUFJIGATE 7O RUPTURC.

“CAUSEIS):

« VIBRATIDON:, STRESS CORROSIOM, TZMP., RISE, FATIGUE: IMADVERTENT
OVER--PRESSURIZATIAN {GROUND 0PS).

CEFFECTISE: 0N {AYSUBSYSTEM (BIINTERFACES {LCIMISSICN (DICRPEW/VERICLE:

« (&) LOSS 0OF PRESSURIZATION TO FUEBL CR DOXIDIZER. {B) EXPLOSIVE
EXPANSION OF HELIUM YWITHIN RCS HODULE. fC) POTENTIAL LCSS COF
MISSICH~ABORT DECISTION DEPENCANT ON EXTENT COF DAMAGE. (D) POTENTIAL
LOSS OF CREW/VEHICLE.

DISPOSITION & RATIONALE (A)YDESIGN (B‘TESI (CIINSPECTION {DYFATLURE HISTORY:

- {A) FILARERT WOUND TANKS AREC DESIGNEZD TO LEAK BEFORE RUPTURE WHICH
LIKITS FAILURE PROPAGATION DUE TO SCHRAPMEL. INCREASED STRAIN
CAPABILITY 1S5 PROVIDED BY THE COMPRESSIVE LOAD OM AN UNPRESSURIZED
LIMNER. THE FACTOR GF SAFETY IS l.5 X MAX WORKING PRESSURE OF 4000 PS5iG.
DUAL SEALS ARE PROYIDED AT TANK FLANGE. (B} TANKS ARE SUBJECTED 7O
PROOF PRESSURE (1l.1X YHORKING PRESSURE} DURING ACCEPTANCE TESTING. GQUAL
TESTS I[NZLUDE 10008 PRESSURE CYCLES EQUAL TO & TINES LIFE REQUIREHENT. SO
DAY CREEP TEST AT MAX WORKING PRESSURE PLUS RANDDM VIBRATION AT
ANTICIPATED HMISSIOM LEVELS FOR 48 HMIMN IN EACH AXIS. (C} IN PRGCESS

~INSPECTION INCGLUDES RADIGC GRAPHIC IMSPECTION OF WELDS & FLUGQRESCENT
PENETRATION INSPECTION FOR SURFACE FLAWS. TURNARQUND CYCLE FOR EVIOENCE
OF RUPTURE. AUDIT COMDUCTED 2/9/78 VERIFIED SUPPLIER RECEIVING
INSPECTION CONTROLS RAMW MATERIAL AMD PURCHASED COMPONENTS AND IN-HOUSE
INSPECTION CONTRGLS CORROSIOH PROTECTIVE PROVISIDONS, TEST HAKDLING
STORAGE ENVIROMHENTS, MEASUREMENT STANDARDSs TEST EQUIPHMENT, NDE
TESTING, PARYS PROTECTION, MFEG PRUCESSES AND FINISHES. CHEMICAL ETCHING,
A—-RAY AND PRGOF TEST 0OF LINER AND WECHANICAL PROPOERTIES AFTER HEAT
TREAT ALSO VERIFIED BY INSPECTION. (D} ND HISTORY AVAILABLE. TANK IS
BEING DEVELOPED FOR SHUTTLE PROGRANG
14
4023 SD75-51=-0003



-HARDWARE /SOFTWARE AMALYSIS CHECKLIST 03-2F-101013-1

SUBSYSTEM Fwd Reaction Control FHMEA NUMBER " SD75-SH-0016A
ITEM Helium Feedline FAILURE KODE External leakage

1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES Ho D

. AHNUNCIATE OR TAKE ACTION LN RESPONSE)?.

la. IF NGT, DOES THE }EARDLARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD *YES D 10 B
USE 7O DETECTY THE FAILURE?

2. ARE THE ANSWERS TO QUESTIOIS 1 AND la CONSISTERT WITH THE FMEA EVALUATION OF YES m *H0 D
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGHT SQFTWARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILLRE YES D NO

R '(EITHER BY COMMANDING HARDUARE ACTION OR IMPLEMENTING ALTERNATE PROGRAM LOGIC)? .

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COI:PE:&SATE FOR TREIS *YES D NO [X]

FAILURE BOnE (EITHER RY COMMANDING HARDUARE ACTION OR IMPLEIEATING ALTERNATE
PROGRAM LDGIC)"

4, AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTHARE OVERSTRESS THE HARDWARE OR *YES D (4] @

INDUCE ANOTHER FAILURE? . ]
§.  CAN THIS FAILURE'NODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT +«ves [ 1w [
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COusIDER crev *o [X] #1[] 2[]

ACTION AND HARDWARE/SOFTWARE OPERATICH)? HOTE CHANGE TO FMEA CRITICALITY.

7. IF CREM ACTION IS REQUIRED TO RESPOHD TO THIS FAILURE HMODE, ARE CUES proviDEd  #/A [ JvEsKTio{T]
TO SIGNAL THE HEED FQR INTERVEMTION AWD THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? - ves [Xjxo [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? - ves {X|=0 [
. *EXPLANATION REQUIRED (SEE BELOW) .

CHANGE/RETERTION  RATIONALE SUMMARY . .
© 1.0 N6 H/S ISSUES N _ ~3.f NO SOFTWARE DETECTION 5. [ ACCEPTANCE RATIONALE BELCK
2.[X] HARDWARE ACCEPTS RISK 4.0 DETECTION DURING CHECKOUT 6. 1 RECOMMENDED CHANGES BELOW

{ |FMEA CHANGE RECOFMMENDED

L I e T T T I . . R I T e e e e

EXPLANATION/COIMMENTS:

1. GAX will give a class 2 alert upon sensing an out-of—toferance condition._ (<566‘psi)
Gross leak detection will give a class 2 alert.

8. Backup flight system same as primary.

13




SHUTTLE FAILURE MODE AND EFFeCTS ANALYSIS — GRSITER 162

SUBSYSTEM FWD — REACTION CONTRGL FMEA NO C3--2F -1C1721z-1 RKEVILL/US/T.
«ASSEMBELY  PRESSUKIZATION HELIUM - ABURT CRIT. FufC: L
PN RI VYo ~&Z21701 CrIT. hRaZ: L

«P /N VENDOP S M1SSIGNS: HF VF X FF Lr A
NUANTITY 2 PHASE(S): PL X LG X €D X o0 X LS X
. fONE SET PER PROPELLANT NUM3ER OF SUCCESS PATRS hEMAINING
. : AFTER FIRST FaILURE: G
. REDUNDANCY SCREENT A=N/A Bei/sA C—h/a
+FAILURE DETECTABLE IN FLIGHT?. YES TIME TO EFFECT:

«HELIUM TANK PRESSURE DRO P AT COFF-NOMIMAL RATE; IMMEDIATE
wNVE2P—-1110C31212C521115C03 1114C KEeFcReNCE: LDUCUMENTS:

;PLL}MD TURNARGUND?-.. ---ooooo--YES " MIDTS—0CO1-uln

«SeME AS FLIGHT INSTRUMEN TATICN S0T2~8h—-0103-2
- . VST0~-421C0GL
- PREFARED EBY: APPROVED BY:

. DEsS A STEGELIN ucsS
. REL R DIEHL ael

LITEMT HELIUM FEZSD LINE aNG

« FLUID FITTINGS,.

«FUNCTION:

"o TYU PROVICE FEED LUINE FRGM RELIUM TANKS TG HELIUM
RECULATION/PRESSURATION SYSTEM AND TU PROPELLANT
TaMNKS

LFATLURE MODE: EXTERNAL LEAKAGE {<)

LLBAUSE(S):

e MECSANICAL SHICK, VIBRATION/FATIuubEs IMPROPER INSTALLATIUN {WILL).
ELUTD FITTING SEAL FAILURE.

SEFFECTIS): ON (A SUBSYSTEM (B}INTtRFALES {CIVISSIiCGn (DICREWAVeHICLL:

. (&) LOSS Gr HEL1uUM SUPHLY IF NOT ISOLaATAnLE. {It. 1F UPSTRuar oF

« SCLENGID VALVE) e {8} POTENTIAL OVERPRESSURIZATION UF FORWARL A0oJLE
FROM GR{SS LEAK. {Csl) PUTENTIAL MOUULE DaMAGSE RESULTING IN LLCSKS UF
MISSION/CREW/VEHICLE IF GRUSS LEAK OCCURS [DURING CRITICAL MaANEUVERS.

LCORRECTING ACTION:

. INITIATE ABORT. CHECK VALVES MAINTAIN PBROPCELLANT TanNK RpSIDual LAS
PRESSUREC TO ALLOW POTEMTIAL PLGW DOWN MCOE UTILIZATION,

fREMARKS/HAZARLS |

. \ﬁ REDUNDANCY PROVIDED FOR LINES, IF LEAK RATE 1S EXCcSSIve PResSUnE

UILD-UP IN MODULE MAY RESULT IN RAZARD,. SEE HAZARD IV XX-Q:202—LCr.

ORIGINAL PAGE I3
OF POOR QUAUTY. .
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SHUTTLE CRITICAL ITEMS LIST - QRBITER 102

SUBSYSTEM :FW0 -~ REALZTIOM CONMNTROL FMEA NO 03-2F -1201013-1 REYzLL/09/7
«ASSEMBLY IPRESSUR IZATION HELIUY - ABCRT=2 CRIT. FUNC: L
«PIN RI VOT0—-421701 CRIT. HOWS 1
-P/N VENDGOR: MISSIGNS: HMF VE X FF OF  SM
QUAHTITY :2 PHASE(S}: PL X LO X CO X CO X LS X
. TONE SET PER PROPELLANT
- . REDUMNDAMCY SCREENS: -/ A B=N/A C—M/&
-PREPARED 8Y:. APPROV a.“sa/ APPROAED B;;/ NA“«‘M-/JI
.DES A STEGELIN DE S —:'~ SSM Fas N
<REL R DIEHL REL G5 _ Dot TE oy !quusg id o
. PPROVED WITH CHANGES

LITEG: HELIUM FEED LIMNE AND

o FLUID FITTIMGS.

«FUNCT ION:

- TO PROVIDE FEED LINE FRGH HELIUM TANKS TO HELTUM
REGULATION/PRESSURATION SYWSTEM AND TO PROPELLANT
TANKS.

«FAILURE MODE: EXTERMAL LEAKAGE {5}

See Section 13.0

«CAUSE{S Y2

o MECHARICAL SHOCK, VIRRATION/FATIGUE, [MPROPER INSTALLATIOM (wWZiDdl}.
FLUID FITTING SEAL FAEILURE,

LEFFECTIS): OH (AISUBSYSTEM (BYINTERFACES (CHMISSICN (DICEW/VEHICLE:

o (A} LOSS OF HELYUM SUPPLY IF NOT I[SOLATARLE. {1C. [F UPSTFEAYM OF
SDLENOID VALVED. [3) PGTENTIAL OVERPRESSURIZATION GF FCFHARD MODULE
FROM GROSS LEBAK. (C.0) POTENTIAL MODULE DAMAGE RESSULTING IN LGSS CF
MISSION/CREN/VEHICLE IF GRGSS LEAK CCCURS DURING CRITIC AL MANEUVERS.

«OISPOSITION & RATIONALE {A)DESIGM (BITEST (C)INSPECTION {DIFAILURE HISTCORY:

« {A)} FACTOR OF SAFETY OF 4.0 wILL MINIMIZE FAILURE POTEMTIAL. FLJID
FITTINGS HAVE DUAL SEALS. %ELD CONMSTRUCTION REDUCES JOINTS AND POSSIELE
LEAK PATHS. FASTENING CLAMPS AND TUBE BEND DESTGN ALLOWS OEGREE OF
MOVEMENT wHICH HELPS PREVEMTING LEAKS. (B} POST INSTALLATION TEST AND
OPERATIONAL CHECKOUTS WILL VERIFY SYSTEH INTEGRITY. ALL LINES
SUBJECTED TO 1.25 PRCOCF TEST. (C} IN PROCESS INSPECTICN INCLUDES HDT &
LEAK CHECKS GURING INSTALLATICM. TURNAROUND INSPECTICON INCLUDES
KONETORING FUNCTIOMAL TESTS DURING PRESSURIZATION CYCLE FOR EVIDEMCE OF
LEAKS. WHERE ACCESSABLE VISUALLY INSPECT FOR DAMAGE. HARDWARE
INSSECTION IN ACCORDANCE WITH PLANMING RQMTS APPROVEJS BY NiSA. (D)
KINOR FATLURE HISTORY-CORRUSION AND FAB PROGLEMS REPORTED DURING APOLLU
PROGRAM AND CORRECTED.

WITH APPLICABLE THO/TPC REQUIREMENT. HARDWARE INSPECTION IN ACCORDANCF
WITH PLANHING RQMTS APPROVED BY NaSA. (D} MINOR FAILURE
HISTORY-CORROSIOM AND FAB PROSLEMS REPORTED DURING APGLLO PREGGRAM AND
CORARELTED .

1 o
2025 SD75-SH-00083



-HARDWARE /SOFTWARE ANALYSIS CHECKLIST g3-2F-101020-3

SUBSYSTEM _ Fwd Reaction Control FMEA HUMBER SD75-SH-00164A
ITEN D, C. Solenoid Valve - Helium FAILURE MODE Eaile to Cloca

1.  DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE {i.e., AUTOMATICALLY yes [ ] no

. AUNUNCIATE OR TAKE ACTION IH RESPCNSE)?.

1a. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTMARE COULD #yes [ ] w0 ]
USE TO DETECT THE FAILURE?

2. ARE THE A4SWERS TO QUESTIONS 1 AND la CONSISTEHT WITH THE FMEA.EVALUATION OF ves ]
IN-FLIGHT DETECTABILITY? ,

3. DOES THE FLIGHT SOFTMARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE Yes [ no
(EITHER BY CONMANDING HARDWARE ACTION OR IMPLEMENTING ALTERUATE PROSRAM LOGIC)?

3a. IF NOT, DOES THE CAPAZILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *ves [] no
FAILURE MOGE (EITHER BY COMMAMDING HARGWARE ACTION OR IMPLEIEATING ALTERIATE -
PROGRAM LOGIC)?

4, AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTHARE OVERSTRESS THE HARDWARE OR *es [ ] wo [X]
INDUCE ANOTHER FAILURE? )

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT +ves [ Jwo [X
OTHER FUHCTIONS?

6. HOW MANY OF THESE HARDMARE FAILURES CAM THE SHUTTLE TOLERATE (COHSIDER CREM g ] w1 20y

ACTION AND HARDWARE/SOFTWARE OPERATION)? 1HOTE CHANGE TO FMEA CRITICALITY.

7. IF CREY ACTIOI IS REQUIRED TO RESPO{D TO THIS FAILURE MODE, ARE CUES PROVIDED N/A DYESENOD
TO SIGNAL THE HEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES: .
A. CAN THE BFS BE EMGAGED AFTER OCCURREHCE? Yes K=o []
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? ves {Xfso [}
*EXPLANATION REQUIRED (SEE BELOW)

M m om s om s W S o @ o E o e W R @ e v Sr AR S R E Em A M M W sk dr me R M R W M o M e m W AR AR e A a wr we am

CHANGE/RETENTION RATIONALE SUMMARY :
1. X NO H/S ISSUES ’ 3. [} NO SOFTWARE DETECTION 5. [] ACCEPTAHCE RATIONALE BELOW
2.[] HARDWARE ACCEPTS RISK- 4.3 DETECTION DURING CHECKOUT 6. [[1 RECOMMENDED CHAKGES BELOY

In-Flight Detectability
[XIFHEA CHANGE RECOMMENDED

R A m E m m e W T M W s e e W W W S S M W T S G W B W e ar A B W de de m W e m e A W wr dr w w m m

EXPLAMATION/COMMENTS:

1. Switch scan will detect failure in OPS-2 only and only on demand.
May not be used on STS-1.
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SHUTTLE FAILURE MCDE AND EFFECTS ANALYSIS — OHBLIER 102

TOSSYSTEM $FWL — REACTIOCN CCNTRGL FMEA N3 03-2F -1CL020C-2 REvIiL3/us/ T
«ASSEMELY  :PRESSURTZATION ABCRT: CR1T. FulNC:

PN ORI tMCZBa-0419-00611/~0C12 CRIT. HWL: >
PN VENDRDRS TSEZE MISSIONS: HF VF A FF CF M
JURNTITY 14 PHASELS): PL X LO X U0 X OG X LS

. :TWO RZG'D PSR OPRESSURANT  NUMBER OF SUCCESS P2THS REMAININDG

. tFEED ASSEMBLY AFTER FIRST Falluks: z

. REDUNDANCY SCREeN: aA~PASS E-PaSs C(—PaS:
+EAILUPE DETECTABLE IN FLIGHT?. YES TIME TU EFFECT:

«HAELTUM TANK PRESS, V4ZP 1110,1112,1113,1114, SECONDS

<ANg PRESS LIMESVAZ2PLI1S, 1116 anND PUOSITION IND. REFERENCE COCuMEINTS:
W1I1ZCX,I122X 412260 411206X VLTO-C0E24hy

OGRGU\ED TURNQRUUND?-.. ooo.o‘-ocoYES |'ﬂ [r";“,'n._r Ul vibh

«SAME AS FLIGHT INSTR. SUT2=~5H~C1C2—~2

. ’ VET0—-42104G1

- PREPARED Hvy: APPRLCVED pHY:

. EES R BURKHART GeS

. RZL . R Il KEL

«ITEM! VALVE,D.C. SOLENOID

« DPEBATED, HIGH PRESSURE., HE (26CL=-4000 PSIA) SOLENGID aCTUuATEDR,
LI-STABLE, (1/2%) (LV 1Gi/LG2/71035/7104).

SFUNCT TONE

+» TrESZ VALVEZS ARE UTILIZED TC CONTROL HELTIUM PRESSURIZATION GF The RLS

MCOULE, IN THE OFEN POSITION A FLGW PATH IS PROVIULEDL FRUOM THETS welld
SUPPLY TaARKR{S) 7O THE REGULATUK(S). TWCE PARALLEL PATHS ARE PROUviIOLD

<
M

FCR FUSL AND OXIDIZER. ONE PATH IS NOGRMALLY OFch PER TANK,.  {HE VALVE

IS CLOSED AND PARALLEL VALVE OPENED SUBSEQUENT Tu & UOLN S5TnbaM
FATLURE,

LFATLURE MODEZ  FAILS TG CLOSE tF

« WHEN COMMANDED TO TSOLATE DOWNSTRZAM FATILURES

LLAUSE(S):

o CUNTAMINATION, VIBRATION, LUSS GF ELECTARICAL INPUT, IMPAGPER ULPINING
ECTUATION, PIRCE PART FATLURE.

SESFFECT(S): UON {A) SUESYSTEM (B)INTLORFACES (C)MISSION (DICREW/VERICLES:

o (A&9CyD) NG EFFZCT, VALVE IS FUNCTIONED {CLOSED) ONLY SUESIZIQUERT TO A

. ZnG OROBR FAILURE. {8) NO EFFECT, DOES NOT INTERFACE WITH UTHEER

SUESYSTEMS.
CLTRRECTING ACTIONG:
'y " (¥ "j :. - 0@
SREMARKS/HAZARD >,

Or Gy,

- ¢ . A

NECIN £ ﬂ}od"?{

G %4
9045‘6’ .
n
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-HARDWARE/SOFTWARE ANALYSTS CHECKLIST 03-2F-101020-4

SUSSYSTEH  Fwd React1on Control FMEA HUMBER SD75-SH-D016A
ITEM D, €. Solenoid Valve - Helium FAILURE MODE Fails Closed .

1. DOES THE FLIGHT SOFTMARE DETECT THIS FAILURE #ODE (i.e., AUTOUATICALLY ves K] wo [

. ANNUNCTATE OR TAKE ACTION IW RESPONSE)?.

la. IF HOT. DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SQFTYWARE COULD *YES D Mo D
USE TO DETECT THE FAILURE? .

2. ARE THE AHSMWERS TO GUESTIONS 1 MD Ta CONSISTENT WITH THE FIMEA EVALUATIOH OF YES E *H0 E]
IN-FLIGHT DETECTABILITY? .

3. DOES THE FLIGHT SOFTUARE TAK: ACTION TO MEGATE THE EFFECTS OF THE FAILURE YES D lo EK]
(EITHER BY COMMAMDIIG RARDWARE ACTION OR IMPLEMENTING ALTERSATE PROGRAM LOGIC)? .

3a. IF NOT, DOES THE CAPAZILITY EXIST FOR THE SOFTWARE TO COMPENHSATE FOR THIS *YES D NO {E
FAILURE 1'0DE {ETTHER GV COMMANDING BARCMARE ACTION OR I[MPLEIIEMTING ALTERNATE -
PROGRAI LOGIC)? . . ]

4. AS A RESULT OF THIS FATLURE MODE, CAN THE SOFFHARE OVERSTRESS THE HARDWARE OR *YES D Ho [Z]
INDUCE ANOTHER FAILURE? ..

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES D MO DE[
OTHER FUNCTIONS?

6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COnsIDER crew =0 [ ] 1] 2[X

ACTION AND HARDWARE/SOFTWARE OPERATIGH)? HOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTIOH IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES pRovipen /A [Jves[Xluo[]
- 70 SIGNAL THE NEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTIONH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES: .
A. CAN THE BFS BE ENGAGED AFTER OCCURREHCE? YES *HO !
8. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? ] YES *NO D
*EXPLANATION REQUIRED (SEE. BELON)

CHANGE /RETENTION RATIQMALE SUSHARY . . T
1.1 NO H/S ISSUES ) 3.{J NO SOFTWARE DETECTION 5, [ ACCEPTANCE RATIQNALE BELOW
2. [} HARGWARE ACCEPTS RISK 4.[J DETECTION DURING CHECKOUT ° 6. [TI RECOMMENDED CHANGES BELQM

DFMEA CHANGE RECOMMERDED

WM W s R M W e e W T W B M e M Wk W W E R W A o M W e W e E e e M m e W M am m M M W S W m w A w

EXPLANATION/CONMENTS:

1. Switch scan will detect failure in OPS-2 only and only on demand.
May not be used on STS-1,
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SHUTTLE FAILURE

MODE AND EFFECTS ANALYSIS

ORSITER 10

SURSYSTEM FW3 — REACTICN CONTROL FMEA NO OZ-Z2F —-101020-¢ REVELZ/TEZTH
LASSEMALY PRESSURTIZATION ABORT: CrRIT. FuhCz IR
SPAMCRT tMC284—~0419-3011/-0C 12 CRIT. twls Z
LPsN VENDOR:73E35 MISSIGMNS: HF VE X FF OF ]
«JUANTITY 14 PHASE(S): PL X LT X G X OO X LS
. :TWO REQ'D PER PRESSURANT NUMBER OF SUCCESS PATRHS RbMaINING
- PFEED ASSEMSBLY AFTER FIRST FAlLuRE: i
. REOQUNDANCY SCRESN: A-PAS» E-Pad:s  (-FATl
+FAILURE DET&CTABLE IN FLIGHT?. YES TimE TL EFFeCTS
LMUONITEOR TANK PRESSUREZ AND POSITION INDICATION MINUTEZS
WNE2X—~1120X,1132X,1324X, 11286X REFERENCE OGUUMENT L=
. VL70~-GG5247
SREUND TURNARUUNG Peee seaenaeseae YES MJS7T0-0Lol~01z
+SAME AS FLIGHT INSTR. SIT2-SH-0G102-2

V810421001

APPRCVED BY:
DES
REL

. PREPARED BY:

. LES : R BURKHART

. Rzl R DIEHL

L1TER: VALVE,D.C. caLenGTn CHel W - PRussetvzamo s
. QPERATED, HIGH PRESSURE. HE (2800-4000 PSIA)

EI-STARLE,.
. TUNCTION:

{l/7zm) (Lv 101/1C2/103/1C4).

SOLENJID ACTUATED,

o THESE VaLVES ARE UTILIZED TC CONTROL hReELIUM PRESSURIXATION OF THe RO
MUDULE. IN THE OPSN POSITION A FLOW PATH 15 PROVIDED qun ThE HoLlUM
SUPFLY TANK(S) TO THE REGULATIRIS). TWG PARALLEL PaTHS aRc ¥FOvIUCU
Fiog FUSL AND OXIDIZER. ONE PATH IS NORMALLY OPIN PER Tand. The YALVE
1€ CLOSED AND PARALLEL VALVE OPENED SuBSEQUENT TU & wlwi STREaAM
FAILURE. )

LFATLURE MODE:  FAILS CLOSED {F)

LCAUSEA(R) S

. VIRGATION, CONTAMINATION CONTINUOUS INADVERTENT CLUSING S1GXaAL Luc TGO
SHGRT CIRCUIT, PIECE PART FAILUKRE.

LEFFLCTIS): uy [AYSUBSYSTEM {3)INTERFACES (CIMISSION (DICREw/vERICLL:

« (A} LOSS OF REDUNDANT PRESSURIZATION PATH. {By2) NO EFFECT. )

e ABURT DECISION GEPSNDENT ON MISSION PHASE AND BLUNWDOWM CAPAZ(LITY.

+LORERECTING ACTION:

« 1F CAUSED SY VIBRATION, THE VALvVE MAY BE CAPABLE QF OPENING WiTH A NeW

COMMAME DRy SWITCH TO PARALLEL

ISILATION VALVE OPEN.
HEMARKS/HAZARDS:
FOTENTIAL waAZARD
MUMBER 72833

REGULATION

IN ABC
FMEA 1.

-

KT STITUATION.

SEc CONSQLIDATED CUNTRULS

FATH — COMMANEG FAaraliLcL

F¥ica

ORIGINAL PAGE |
; S
OF POOR QuaLiTy

21



SHUTTLE CRITICAL ITEMS LIST - ORBITER 102

SUBSYSTEM :FkC — REACTIGN CONMTROL FMEA MO 03-2F ~101020-4 REV:=12s08/°
~ASSEMBLY :PRESSURIZATION ABORT: ’ CRIT. FUNC: 1R
+P/N RI TMC284-0419-0011/-0012 . CRIT. HDW: 2
+P/N VEMDOR:73835 MISSIONS: HF VF X FF aF SM
«QUANTITY =4 PHASE{S}: PL X LO X CO X DO X LS
. tTWO REQ'D PER PRESSURANT
- :FEED ASSEMBLY

. REDUNDANCY SCREEN: A-PASS B-PASS (-Fa:
-PREPARED 8Y: APPRDV] W APPR 4«50 By . //
.DES R BURKHART DES Cften, SSM At Tetuaeg it AL

.REL R DIEHL REL _C. 70 Thdgas ld37F RE} z% y _
: %%f VED WITH CHANGES

JITEM: VALVE,D.C. SOLENGID See Section 13.0

. OPERATED, HIGH PRESSURE. HE (3600-4000 PSIA) SOLENOID ACTUATED,
BI-STABLE, (1/2%) (LY LOL/102/103/104).

CFUNCTION: :

. THESE VALVES ARE UTILIZED TO CONTROL HELIUM PPESSURIZATICN OF THE RCS
MODULE. IN THE OPSN POSITICN A FLOY PATH IS PROVIDED FRCM THE HEL UM
SUPPLY TANK(S] TO THE REGULATOR(S). THO PARALLEL PATHS ARE PROVIDED
FOR FUEL AND OXIDIZER. ONE PATH IS NORHALLY OPEN PER TANK. THE VALVE
IS CLOSED AND PARALLEL VALVE OPENED SUBSEQUENT TO A DOWN STREAM
EAILURE.

.FAILURE MODE: FAILS CLOSED (£)

«CAUSE(S):

« VIBRATION, CONTAMINATIGON CONTIMUCOUS INADVERTENT CLOSING SIGNAL DUE TO
SHORT CIRCUIT, PIECE PART FAILURE.

<EFFECT{S): ON (A}SUBSYSTEM (BIINTERFACES {(C)MISSICN {DICREW/VEMICLE:

- (4) LOSS OF REDUNOANT PRESSURIZATION PATH. {6:0} NO EFFECT. {c)
ABORT DECISICN DEPENDENT ON MISSTON PHASE AND BLOWOOWN CAPASILITY.

~OISPOSITION & RATIONALE [A}DESIGN {BJTEST (C)INSPECTICHN {DIFAILURE HISTORY:

« (A} SERIES CONTROL CIRCUITRY PROVIDED TO MINIMIZE FAILURE MODE, 100

- MICRCN FILTER IS PROVIDED. MEDIA HAS BEEN FILTERED TO 25 MICRGN PRICR
TO ENTERING TANK. SPECIAL EMPHASAS PLACED ON THE DESIGN AND LAYOUT OF
SOLENOID WIRING TQ PRECLUDE SHORTS. (B} QUAL TEST IMCLUDES 48 MIMUTES
PER AXIS OF RANDGM VIBRATION AT ANTICAPTED MISSICHM LEVELS AND LIFE
TESTING COMSISTING OF 2200 OPSRATING CYCLES. ITEM IS USED DURING SYSTES
EVALUATION AT WHITE SANDS TESTING. (C)} TURNAROUND INSPECTION INCLUDES
MONITVORING TESTS TO VERIFY ELECTRICAL POHER TO SOLENDID VALVE FGOR
EVIDENCE OF SHGRT CIRCUIT, SUPPLIER AUDIY CORDUCTED 8-31-T77 VERIFIED
SUPPLIER INSPECTION EXCERCISED CONTROL OF PARTS ID, P&RTS PROTECTION:
HFG PROCESSESs CONTAMIMNATION CONTROL:; AND CORROSION PROTECTION
VERIFICATIONS (D) THERE IS NO FAILURE HISTORY FOR THIS SPECIFIC DESIGN.

S -,
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HARDHARE/SOFTWARE ANALYSIS CHECKLIST  (03-2F-107030-1

ey ¥

[

sussYSTEM  Fwd, Reaction Control FMEA NUHBER SD75-SH-0016A
ITEM Helium Pressure Regquigtor FAILURE MODE Fails Open

1. DDES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES [] no X

~ AHNUNCIATE OR TAKE ACTION 1il RESPONSL)?

la. IF HOT, DOSS THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTUARE COULD *ves [] wo [E
USE TO DETECT THE FAILURE?

2. ARE THE AMSWERS TO QUESTIONS 1 AMD Ta CONSISTENT WITH THE FHEA EVALUATION OF YES 0 [
IN-FLIGHT DETECTABILITY? -

3. DOES THE FLIGHT SCFTUARE TAKE ACTION TO HEGATE THE EFFECTS OF THE FAILURE YES [:] ho El
(EITHER BY COMHANDIMNG HARDWARC ACTION OR IMPLEMENTING ALTERIATE PROGRAM LOGIC)?

3a. [IF NOT, DOES THE CAPAEILITY EXIST FOR ThE SOFTWARE TO COMPENHSATE FOR THIS *YES [:I NO Eﬂ
FAILURE MODE (EITHER Y COMMANDING HARDUARE ACTION OR IMPLEIiEHTING ALTERIATE
PROGRAM LOGIC)?

4, AS A RESULT OF THIS FAILURE MODE, CAM THE SOFTWARE OVERSTRESS THE LARGWARE OR *YES D e @
INDUCE ANOTHER FAILURE?

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES D o} Q(—_I
OTHER FUNCTIONS?

E 6. HOW MANY OF THESE HA&RDWARE FAILURES CAN TiE SHUTTLE TOLERATE (COWSIDER CREM *0 [ ] *1[ ] 2y

ACTION AND HARDWARE/SCFTWARE QPERATION)? HNOTE CHAIGE TO FMEA CRITICALITY.

7. IF CREW ACTIOi IS REQUIRED 7O RESPOND TO THIS FAILURE MODE, ARE CUES PROVIDED /A YESDEEOD
TO SIGNAL THE [EED FOR INTERVENTION AdD THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ves (=0 [
8. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? YES [:]*NU E:]
*EXPLAIATION REQUIRED (SEE BELOW)

CHANGE /RETENTION RATIONALE SUMMARY
1.1X MO H/S ISSUES 3.{) NO SOFTUARE DETECTION 5. [ ACCEPTANCE RATIOHALE CELCH
2. ] HARDHARE ACCEPTS RiSK &.17] DETECTION DURING CHECKOUT 6. (3 RECOMICHIED CHANGES BELGY

(IFMEA  CHANGE RECOMMERDED

e T o = = m oEm m o s e W M M M e e owm mm  t Re T m e M o o A M e = e e o m m oW e o om wm e e s e o m =

EXPLANATION/CCHMENTS: |

1. Detection of this failure mode is not desired as these are redundant series reguiators. ‘
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SHUTTLE FATILURE MODE AND EFFECTS ANALYSIS — OnBITER 1C2 12 2

A
SUBSYSTEM FWD - REACTICON CONTROL FMEA NO $3-2F —{L1035-1 REVICO/1Z/T.
SASYEMELY TPRESSURIZATION ABORT: CRIT. FUNC:
PN ORI IMLZEL—C418 CRIT. wmwi: >
«EST VENDOR I TA33Y0C1 MISS1ONS: HF VFE X FF CF 5M
RUCANTITY 34 PRASEIS): PL LG X GO X LU X LS
. T TWO REQUIRED PER NUMBER OF SULCESS PATHS RoMalMing
. PPRESSURANT PATH ' AFTER FIRST FAILURE: 1
. REDUNDANCY SCREEN: A-PASS B-N/A C—-FAS!
fFALLUSRE DETECTABLE IN FLIGHT?7. N/A Time TO EFFeCT:
«STANDEY UNIT SECONGS
. REFERENCE DUCULMcEMTSS
- VSTC=~421CC1
SGEOUNL TURNARDUND? e ee evveeanesaYLES MIQTG-CCo1-C1E
«ZPOUND CHECKOUT TEST PORTS S072-8H-G1G3E~2
. PREPARED BY: APPRCGVED SY:
. DES Jo TAGGART SES
. REL R CIEML REL
«ITEHM: REGULATCRy PRESSy HEy

« SERIES RECUNCANT. SET AT UNEGUAL CUTLET PRESSURES -~ PRIMARY SET LUvek
THAN SECONBARY (FR LO1/1CZ/1037104).

<FUNLCTION:

« TO REGULATE STORED RELIUM PRESSURE FROM 40200 PSIG #AX TO ULLAGLE
PRESSURE OF 245 (+ GR =3) PSIG FCR PURPUSE OF PROFCLLANT rolD TC
THAUSTERS.  ThD PARALLeL PATRS WITH TwO SERTES REGS AR PRUVICED FUK
SACH PROPLZLLANT TANK.

JFAILUFET MODE:  FAILS OPEN {F)

» OR LEAKS INTERNALLY.

LLAUSTI(S):

. CONTAMINATION, VIEBRATION, PL:CE PART STRUCTURAL FRALILURE~FLEXURES,
SRLLORSy FOPPET ASSY.

SEFFECTIS): ON (A)SUBSYSTEM (BYINTERFACES {CIMISSION (DICREW/VErICLLES

- la) LOSS ©OF ONE REGULATOR ELENENT IN UNE PATH (PRIMARY) AND RISt 1i

« PROPZLLANT FEED PRESSURE TO SECONDARY REGJLATOR ELEMINT PRESSURE
SETTING. {548 ,0) NONE.

LM EECTING ACTICNG

o NON® REGUIRED — SERIES REGULATUR ELEMENT WiLL AUTOMATICALLY Tancg COVER

FUNCTIGN.

REMARKS/HAZARDS:

SSE FRISCHILD FMEA # RR74339-12,
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-HARDWARE/SOFTWARE ANALYSTS CHECKLIST  (3-2F-1071030-2

SUBSYSTEM _Fwd Reaction Control FHEA HUMBER SP75-SH-0016A
ITEM Relium Pressure Regulator FAILURE MODE __Fajls Clased

1. DDES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOIATICALLY ves D4 we [

- ANNUNCIATE OR TAKE ACTION i RESPONSE)?- ‘

1a. IF NOT, DOES THE HAROWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD wves [J wo [
USE TQ DETECT THE FAILURE?

2. ARE THE ANSMERS TO QUESTIONS 1 AND 1a CONSISTEHT WITH THE FHEA.EVALUATION OF ves [I*o0 X7
IN-FLIGHT DETECTABILITY? :

3. DOES THE FLIGHT SCFTVARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE ves [ %o [X]
(EITHER BY COMHANDIIG HARDWMARE ACTION OR IMPLEMENTING ALTERVATE PROGRAM LOGIC)? _

3a. IF K0T, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TG COMPENSATE FOR THIS *YES [:] NO EZ]
FAILURE 1OnE [EITHER BY COMMAMDING HARDUARE ACTION OR IMPLEIEWTING ALTERNATE i
PROGRAM LOGIC}’

"4, AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTNARE OVERSTRESS THE HARDWARE OR *YES [:] Ho [Z]

IMDUCE ANOTHER FAILURE? .t .
5. CAN THIS FATLURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES [:] NO [X]
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COHSIDER CREW L oxg [:] *IEE] 2[:]

ACTION AND HARDWARE/SOFTWARE QPERATION)? HNHOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTIOI IS REQUIRED TO RESPOHD TO THIS FATLURE MODE, ARE CUES provIpED  #/a [ Jvesfduo{d
. TO SIGNAL THE NEED FOR INTERVENTION AXD THE REQUIRED CORRECTIVE ACTICH?

8. IF THE ANSMER TO EITHER 1 OR 3 IS YES: .
A. CAN THE 8FS BE ENGAGED AFTER OCCURREHCE? . ves [Y*o0 [}
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? . yes [(A=w0 [
- *EXPLANATION REQUIRED (SEE BELOW) _ . _ .

----n--i-----.—‘--—---ﬂﬂ-‘ﬁd-'ﬁ---ﬁ--—----“-------ﬂﬂ-h-

"CHANGE/RETENTION RATIONALE SUMMARY

1.0 8O H/S ISSUES . 3.[) NO SOFTWARE DETECTION 5. [ ACCEPTANCE RATIONALE '8ELCK
2. [X7 HARDYARE ACCEPTS RISK '4.[7J DETECTION DURING CHECKOUT 6. 3 RECOMVENDED CHANGES BELOY

* .

FMEA should be changed ?rom“N&" to "yes".for in-flight detectability via V42P1715C and 11186C.:

[X]FMEA CHANGE RECOMMENDED

- W o W E o R W e M W T W B B % e om W S N e m m m e W W @ W s e o W W e e Mk T M W W W e

EXPLANATION/COMMENTS:

éAx V42P1115C ]1168 will sense the pressure-dfop 1n1t1at1ng a c1ass 2 a]arm from

2. Failure is "hardware detgctab]e" by V¥42P1115C and V42P1116C pressure drop.

6. Upon regulator failure the redundant paFa11éi "leg" can be utilized.
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS — OARpITER 10z

SUBSYSTEM tFWD — REACTICN CCNTROL FEA NO $3-2F =-101530-2 REVE11/13/70

SASSEMBLY PPRESSJRIZATION AGURT: CSIT. FonCe I8

PN R IMC284~0418 CRIT. FwDs z

PN VENDOR:JAZZS00Y MISSIGNS: HF VF. X FF uF SM

JUANTITY 4 , PHASE(IS):  PL LD X 20 %X 0O X LS

. :Twil REQUIRED PZIR NUMB ER GF SUCCESS PATHS REMAINIRG

. IPRESSURANT PATh AFTER FIRST FAILURE: Y

. REDUNDANCY SCREEN: 2-PASS E—PASS C-FAS:

LFATLURE DETECTABLE IN FLIGHT?. NA T1Ime TU 2FFeCls

LSTANDEY REDUNDANCY b MINUTES

. KEFERENCE DLCUMENTS:

. VST70-421L01

oGQGUNE TURNARGU:\’D?. a® ssesumas -.YES MJUTG'—L—IU\;I.""\.'}..C

LGROUNDT CHECKOUT TEST PORTS SB7z~SH~Claz—2

. PREPARED BY: APPROVED EBY:

. DES J. TAGGART LES

. REL R DIEHL REL

L1TEM: REGULATULR, PRESS, HE, -

., SERIES RECUNDANY. SET AT UNEQUAL GUTLET PRESSURES — PRIMARY SET LOWER
THLfe SECONGAKY (PR 101/102/10371C4).

LFUNCTIONS

. TO REGULATE STORED HELIUM PRESSURE FROM 40C0 PSIG MAX T0 JilAcd
PRESSURE OF Zas (+ R ~3) PSI6 FOR PURPOSE OF PROPILLANT FIED 1G
THRUSTERS. TWO PARALLEL PATHS WITH TWQ SERIcES REGS ARE PRIVIDED
ErCH PROPELLANT TANK.

LEAILUKS MODET FAILS CLOSED {(F})

« (LOW PRESSUREZ)

»CAUSE{S): s

« CONTAMINATICN (PARTIAL BLUCKAGE OF PILGT SCREESN) FRUZENY MUISTURE FYECLE

PART FAILUREs VIBRATION.

SEFECTIST: ON (A)SUBSYSTEM (SYINVTERFACES {C)MISSION (D)CREW/VonilL=:

{£) LOSS OF ONE REGULATOR PATH. {6.:C) POTENTIAL ASCRT BzCAUSLE UNc
ADDITIONAL FAILURE MAY CAUSE LOS3S OF PRESSURIZATION AND SUBSEwURNT
VEHICLE L0SS. {D) NONE. (E} FUNCTIGNAL CRITICALITY EFF=-CTS -~ iIF
FAILURE OCCUR BLFORE E1 SEFARATIUN, LOSS GF HELIUM WOULD PREVENT &
SEPARATION AND LOSS OF CREW/VEHICLE WOULD RESULT.

+CORAECTING ACTIGNS

. CLOSE HIGH PRESSURE ISCGLATION VALVE IN EFFECTED PATH AND OPEN HiunR
PRESSURE 1SCLATION vapvi IN PARALLEL PATH.

JREMARKS/HAZARDS S

« POTENTIAL ARBRT bBECAUSE ONE ADDITIONAL FAILURE (CLOSEJ) May CAoSE LOSS
OF PRESSURIZATION AND SUBSEQUENT VEHICLE LOSS (RECQUIRES ZN3, ORULK
FAILURE) OEPENDENT ON MISSION PHASE. SSE FAIRCHILD FMEA & R¥ 74326-11.

I
.
A

]
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SHUTTLE CRITICAL ITEMS LIST -~ QRBITER 102

SUBSYSTEM :FWD ~ REACTION CONTROL FMEA NO 03-2F —101030-2 PEVI11/13/75
JASSEMBLY :PRESSURIZAT ION ABORT : CRIT. FUHC: 17
-P/N RI TMC2 B4m0413 CRIT. HDw: 2
.P/N VENDOR:74339001 MISSIONS: HFE VF X FF 7F  SA.
LQUANTITY :4 PHASE(S): PL LO X 00 X DO X LS
. :THO REQUIRED PER
- sPRESSURANT PATH -

. REDUNDANCY SCREEN:I A~PASS B8-0ASS C-P 4SS
.PREPARED BY: D 12f; APPR v:o (NA 67
-DES Jo TAGGART Daggg%/»gwiqiﬁ. /%7 S M 3%1__}§%m"_-_.
-REL R DIEHL  REU CLJL__J&écﬁcAzif%EZZ( Wﬁﬁga hhhhhhhh
- PROVED WITH CHANSES
-ITEM: REGULATORs PRESS. HE, See Section 13.0

« SERIES REDUMDANT. SET AT UNEQUAL OUTLET PRESSURES - PRIMLRY SET LOWER
THAN SECONDARY (PR 101!102!103/104].

" «FUNCTIONS

- 10 REGULATE STDRED H:LIUH PRESSURE FROM 4000 PSIG MAX TD ULLAGE
PRESSURE OF 245 (+ OR -3} PSIG FOR PURPUSE OF PROPELLANT FEEQ TO
THRUSTERS. THO PARALLEL PATHS WITH ThO SERIES PEGS ARE PRCVIDED FOR
EACH PROPELLANT TANK.

-FAILURE MODE: FAILS CLOSED (F)
« {(L.O0W PRESSURE}
~CAUSE{S):

. CONTAMIMATION {PARTI&L BLOCKAGE OF PILOT SCREEN) FROZEN MOISTURE PlECE
PART FAILURE, VIBRATION.

SEFFECT(S): ON [A}SUBSYSTEH (B)IMTERFACES [CIMISSION (DICREW/VEHICLE:

. (A} LOSS JF ONE REGULATER PATHe  (B.C! POTENTIAL ABORT BECAUSE ONE
ADDITIONAL FAILURE HAY CAUSE LOSS OF PRESSURIZATION AMD SUBSEQUENT
VEHICLE LOSS. (D} NONE.

-DISPOSITION & RATIONALE (AVYDESIGN {BITEST {CYINSPECTION (DIFAILURE HISTORY:
- (A} EXPERIEHNCE FROM PREVIOUS REGULATOR DESIGH TO RE APPLIED TO PRECLUDE
PIECE PART FAILURE AND SELF GEMERATED CONTAMINATIGM. ALSO, 25 MICRON

INTREGAL INLET FILTER PROVIDED TO MINIHIZE CONTAMIMANTS. (B) QUAL
TESTING IWNCLUDES 28 HOUR SAND AND DUST TEST:; 48 MINUTES PER AXIS OF
RANDOM VIBRATION AT ANTICIPATED MISSION LEVELS AND LIFE CYCLE TESTS OF
50.000 CYCLES FOR THE MAIN STAGE AND 100+,000 CYCLES FOR PILDT STAGE.

{C) TURNARDUND INSPECTION INCLUDES MONITORING TESTS T0 VERITY FUNCTIOMAL
OPERATION [S WITHIN SPECIFIED LIMITS. SUPPLIER AUDIT CONDUCTED VERIFIES
WITHIN SPECIFIED LIMITS. SUPPLIER AUDIT CORDUCTED VERIFIES SUPPLIER
CONTAHINATION CONTROLs AND STORAGE ENVIRDNKENT. (D) NEW DESIGN FOR

SHUTTLE APPLICATION. NO FAILURE HISTORY DATA AVAILABLE FOR THIS DESIGN.

il 8 90T
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HARDWARE /SOFTWARE ANALYSIS CHECKLIST  03-2F-107050-T

sussysTEM __Fwd. Reaction Control FMEA HUMBER ‘ SD75-SH-0016A
ITEM _Manual Valve FAILURE KODE _Fails Closed or Open

1. DOES- THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY Yes [ o [

© ANNUNCIATE OR TAKE ACTION I RESPONSE)?

Ta. IF NOT, DOES THE HARDWARE PROVIDC INFORMATION THAT THE FLIGHT SOFTWARE COULD wvgs [} no
USE TO DETECT THE FAILURE? .

2. ARE THE A/ISWERS TO QUESTIONS 1 AND Ta CONSISTEWT WITH THE FMEA EVALUATION OF ves [Hxo [
IN-FLIGHT DETECTABILITY? 7

3. DOES THE FLEGHT SCFTVWARE TARE ACTION TO MEGATE THE EFFECTS OF THE FAILURLC " OYES [:I NO
(EITHER BY CONMANDING HARDWARE ACTION OR IMPLEMEHTIHG ALTERVATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COWPEHSATE FOR THIS *es [} wo [X]
FAILURE 'ODE (EITHER &Y CONMANDING HARDHSRE ACTION OR IMPLEIIENTING ALTERIATE
PROGRAH LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE CR  *YES [ ] o [X]
INDUCE AHOTHER FAILURE?

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARL LOGIC, ADVERSELY AFFECT *YES [:] il0 [}U
OTHER FUNCTIONS?

6.  HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE {COMSIDER CREY <0 {X] *i[] 2[ ]

ACTION AND HARDWARE/SOFTWARE OPERATION)? NOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTIOH IS REQUIRED TO RESPOND 'TO THIS FAILURE MODE, ARE CUES PROVIDED /A DYESE(_—INOD
TO SIGHAL THE MEED FOR INTERVEMTIOi AND THE REQUIRED CORRECTIVE ACTIGiH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAH THE BFS BE ENGAGED ‘AFTER OCCURRENCE? YES o ]
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? YEs [0 ]
*EXPLANATION REQUIRED (SEE GELOW)

CHANGE /RETENTION RATIOMALE SUMMARY
1.1 NO H/S ISSUES 3. [] HO SOFTWARE DETECTIGH 5. {1 ACCCPTANCE RATIONALE RELOW
2. [XJ HARDWARE ACCEPTS RISK 4, [ZJ DETECTION DURING CHECKOUT 6. (1 RECOMWENDED CUANSES BELCH

[]Fr EA CHANGE RECOMME!DED

TEOT MR N AN M Em LR s S s e meE owom o omm e m e om o E M o— m e o om om o om a o e e o o om m om s o om e

EXPLAHATION/COIHENTS:

1. If valve is cracked open V42P1115A, 1116A would alarm.

6. There are no success paths remaining after first failure.

28
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SHUTTLE FAILURE MODE AND EFFECYS ANALYSIS — URFITLR 1éz

SUBSYSTEM (FWD -~ REACTION CONTROL FMEA NO (O2—ZF -~101i05C~1 Revill/vs/:
JASSEMELY  FRESSURIZATION ABORT: CrlT. FinC:

L2/N RT ML 284—04E0~000 1 /L0002 Ci1lT. Hale 2
PN VENDOR:IS760015, 5760016 MISSIONS:T HF VF ¥ FF i Swm
JOUANTITY 22 . PHASE{S): FL Lo X ot X 00 X LS

. PONE REQ'D PER TANK NUMBER OF SUCCESS PATRHS RIMAINING

- : -AFTER FIRST FAILURE: ¢

. REDUNDANCY SCREEN: A-PASS  ©—-N/A C-pPast
«FAILURE DETECTABLE IN FLIGHT?. YES Time Tu &FFeCT:
+PPOPELLANT TANK PRESSURE Va2P-1210451115,11156,1310C SeCONES TO MINUTS

. REFERENCE BOCUMENT Sz

. MICTO=0001I-U1E

CFROUND TURNAROUND ?eseccecnes se s YES SOT72-SH—3lwi—~2Z

LNAME AS FLIGHT ’ VS 7O—-421001

. PREPARED BY: APPROVED BY:

. DES R« GONZALTZ ks

. REL R DIEHL REL

SITEMI VALVE MANUAL-OPERATED .

. 1w POSITION SELECTOR VALVE (WITH STRUCTURAL IMTERLOCK) {Mv 1Di1/31uZ).

SEUNCT IONS

. T PROVIDE I1SOLATION OF PROPELLANT TANK(S) FROM PRESSUSE CYCLES WwILE
PERFORMING SROUND C/70 AND/OR SERVICING OF PRESSURIZATION SYSTzMm.

JFATLURE MODR:  FAILS CLOSED OR OPEN {_)

« STRUCTURAL FAILURE.

LLAUSELS):

+ SCEVERET MECHANIZAL SHGCK GOR VIBRATION CAUSING DETENT MOVENENT ON A
CEFICIENT VaeLVE LOSS OF INTERLGCK BY FRACTURE CF LiIve FINGLR GR
RUCKER, CUORROSIOR, CONTAXRINATION, IMPROPER USE.

LTEFECTIS)I: O (A)SUBSYSTEM {B)YINTERFACES (C)IMISSION (UIlREW/VEHICLE:

. {(2)Y(B) LOSS OF FURCTIUON (1IN ABILITY 10 PERFIURM SYS C/J. {C) LeuMUh

. wlLAY. () M) EFFECT.

LSORKECTING ACTION:

« NONZ AVAILABLE.

LREMARKS/HAZ ARDS T

. NO HAZARDS IDENTIFIED.

ORIGINAL PAGE IS
OF POOR QUALITY
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-HARDWARE/SOFTWARE ANALYSIS CHECKLIST  03-2F-101050-2

WDF XTI TR

Tr

suBsYsTeEM Fwd. Reaction Control FMEA NUMBER SD75-SH-0076A
ITEM _ Manual Valve FAILURE MODE Internal lLeakage

1. POES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE {i.e., AUTOMATICALLY YES @ HO L—_]

- ANNUNCIATE OR TAKE ACTION I RESPOMSE)?

Ta. IF HOT, DOES THE HMARDWARE PROVIDE IMFORMATIOH THAT THE FLIGHT SOFTUARE COULD =Yes [ o |:|
USE TO DETECT T#E FAILURE?

2. ARE THE AHSHERS TO QUESTIONS 1 AND la CONSISTENT WITH THE FMEA EVALUATION OF ves [A =0 [}
IN-FLIGHT DETECTABILITY?

3.  DOES THE FLIGHT SOFTUARE TALE ACTION TO MEGATC THE EFFECTS OF THE FAILURL YES [:] No  [X]
(EITHER BY COMMANDIIG RARDWARE ACTION OR IMPLEMENTING ALTERNATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO CCMPEHSATE FOR THIS *vgs [} #o [X]
FAILURE 1'0DE (EITHER BY COMMAMDING HARGVUARE ACTIOH OR IMPLEIEITING ALTERHATE
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR *YES [___] {0
INDUCE AIOTHER FAILURC?

5.  CAN THIS FAILURE KOBE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSCLY AFFECT s [} wo [X]
OTHER FUNCTIONS?

6.  HOW MANY OF THESE HARDVERE FAILURES CAN THE SHUTTLE TOLERATE (COiiSIDER CREY *() <11 2]

ACTIONH AND HARDWARE/SOFTWARE OPERATION)? HOTE CHANGE TO FMEA CRITICALITY.

7. IF CREY ACTIQil IS REQUIRED TO RESPOND TQ THIS FAILURE MODE, ARE CUES PROVIDED /A DYESNOD
TO SIGHAL ThL HEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTICH? -

8. IF THE ANSJER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ves (X0 ]
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEKICLE? ves [X[xo T
*EXPLANATION REQUIRED (SEE BELOW)

CHANGE /RETENTION RATIOMALE SUMIARY

1.1 N0 H/S ISSUCS 3. [7) NO SOFTWARE DETECTION 5. ] ACCEPTANCE RATIONALE BELOW
2. [1] HARDUARE ACCEPTS RISK 4. [ DETECTION DURING CHECKOUT 6. [} RECOIHMENDED CHANGES BELGH

[ JFMEA CHANGE RECOMMENDED

= S i e e m om m M o m m m o m W W W m M s e T A e e o s o T e M m wm m A i a e ey M & = = = e

EXPLANATION/COMMENTS :

1. If valve is cracked open V42P1115A, T116A would alarm.

6. There are no success paths remaining after first failure.
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS - LRSBITER 102

SUESYSTEM FWO — REACTION CONTRGL FMEA NO ¢z—2F -101G65C-2 REVICLALS/T.
LASSEMELY  tPRESSURIZATION ABCRT: CRIT. FUNC:

P/ RI TMCZ84—0480-0001/~0002 CRif. hwD: 3
«P/N VENDOR:8T760C1E, 57606016 MISS1IONS: HF VF X FF OF St
LILANTITY 2 PHASE(5): PL LG X 0T X L8 X LS

. tONE REQYD FER TANK NUMB ER OF SUCLCESS PATRS FKaMAINING

. : AFTER FIRST FAILURE: o

N REDUNDANLY SCREEN: A-PASL B-N/A C—PAS!
«SATLURE DETECTABLE IN FLIGHT?. YES TIimse TG EFFECT:
PROPELLANT TANK PRESSURE Va42P~1Z210,1115,1116,1310 SELONDS TO MINUTES

. REFERENIE ULLUMENTS:

. MJCTO-CO0L-C1R

o':l"‘\DUNU TURNARGUND?... L W W] oo.-YES SE?E“SH”':’lC:ﬁ*E

«SaMET AS FLIGHT V3TI—421C01L

. HREPAREL BY: APPRCVED By:

. GES R GONZALZZ OES

. REL R DIcHL REL

LITE2¥: VALVE ,MANUAL~OPERATED.

. TwG POSITION SELECTCOR VALVE (WITh STRUCTURAL IN[ERLOCK) (¥v 1C1/1GZ).

CFUNCTIONT \

. TO PROVIDE ISGLATION UF PROPELLANT TANKIS) FROM PRESSURE LYCLES WHILE
PERFIRMING GROUND C/0 AND/OR SERVICING GF PRESSURIZATION 3YSTEM.

LFATLURE MODE: EXCESSIVE INTERNAL ()

. LEAKAGE.

CAUSE(S):

. SEVERE MECHANICAL SHOCK UR VIBRATIGM CAUSING DETENT MOVEMLNT ON A
DEFICIENT VALVE LGSS OF INTERLGCK 5Y FRACTURE OF uRIVE FINGER UR
RUCKER, CURKROSION, CONTAMINATION, 1IMPROPER UST.

CEFFECT(S): ON {A)SUBSYSTEM {EB)INTERFACES (C)MISSION (D)CReh/VEhitLle:

. {(n,B) LOSS OF FUNCTICN (IN ABILITY TO PERFURM SYS C/G). (L) LauNin
DELAY. (D) NO EFFECT.

LCCRRECTING ACTIONS

. NONE AVAILAELE.

SREMARKS/HAZARDS 2

. NG HAZARDS IDENTIFIED.
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-HARDWARE/SNFTWARE ANALYSIS CHECKLIST 03-2F-101060-1

SUBSYSTEM _Fwd Reaction Control EMEA HUMBER SD75-SH-0076A
ITEM Relief Valve . FAILURE MODE External Leakage Qverboard
1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE PODE {i.e., AUTOMATICALLY YES no [
. ANNUMCIATE OR TAKE ACTIOM I RESPONSE)?.
Ja. IF NOT, DOES THE HARDWARE PROVIDE IMFORMATION THAT THE FLIGHT SOFTWARE COULD #Es [1 o D
USE TO DETECT THE FAILURE?
2. ARE THE ANSWERS TQ GUESTIONS 1 AND la COMSISTENT WITH THE FMEA EVALUATION OF ves X*0 [T
IN-FLIGHT DETECTASILITY?
3. DOES THE FLIGHT SOFTVARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE YES D xo [X]
(EITHER BY COMMANDIIG HARDWARE ACTION OR IMPLEMENHTING ALTERNATE PROGRAM LOGIC)?
3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR TEIS *ves [ ] no [xJ
FATLURE {10DE (EITHER BY COMMANDING HARCWARE ACTION OR IMPLEIIEHTING ALTERHATE
PROGRAH LOGIC)?
4. AS A RESULT OF THIS FAILURE MODE, CAN THE SGFFWARE OVERSTRESS THE HARDWARE OR *ves [] wo
. INDUCE ANOTHER FAILURE? .
5. CAN THIS FAILURE NMODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES D W X
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COHSIDER CREW T[] W] 20X
ACTION AND -HARDWARE/SOFTWARE OPERATION)? HOTE CHANGE TO FMEA CRITICALITY.
7. IF CREW ACTIOH IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PROVIDED  H/A Dvss@no[l
) TO SIGNAL THE MEED FOR INTERVENTIGH AWD' THE REQUIRED CORRECTIVE ACTICH?
8. IF THE ANSWER TO EITHER 1 OR 3 IS VES:

A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? : YES E]*uo D
B. HWILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREH/VEHICLE" YES *NO E]

FEXPLANATION REQUIRED (SEE BELOW)

-.----»q.--.---.-.-n-----—-_-—-----——------—----_—-————--—

CHANGE/RETENTION RATI ONALE SUMMARY

1.1 N0 H/S ISSUES : 3.3 NO SOFTWARE DETECTION 5. [[] ACCEPTANCE RATIONALE BELOW

2. [} HARDWARE ‘ACCEPTS RISK 4.1 DETECTION DURING CHECKOUT 6. [T3 RECOMENDED CHANGES BELOMW

WA W ok B B s m & oW W M T W W S W & e W W S @ @ W W B M M e om w i M A ar o A e o wm m e w e e e e m w

EXPLANATION/COMMENTS :

1.

Leakage of helium will cause a class 2 alarm.

Gross leak detection should occur first.
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SHUTTLE FAILURE MNMODE AND EFFECTS ANRALYSI1S — OREITER 102

SYUSSYSTEM :FWL ~ REACTION CONTROL FMEA NG 03-2F —-104106C-1 XeViOl/ug /T
<ASSEMFLY IPRKECSSURIZATION ABORT: CRIT. FUNC:

PN RI IMCZ284—0421-000G1/~0C02 CRIT. D )
PN VENDOR:STEOUOF~101+57600C1C-102 MISSIONS:  HF v X FF GF S
LLUANTITY 2 ) PHASE(S): PL LG X 00 X 60 x LS

. (ONE REQYD PER TANK NUMBER OF SUCCESS PaTRS REMAINING

. : AFTER FIRST FAILURE: rd

. - REDUNDANCY SCREEN:I A-N/a B3-N/A C—N/4&
JFAILURE DETECTABLE IN FLIGHT?. YES TIME TO EEFLCT:
«PRESSURE DECAY IN PRESS— SYSTEM V42P~1115C ARD HOURS

»1116C {TANK ULLAGE) REFERENCE DUCUMSNTS:

. MIGTU-CGC1I—01F

«SPOUND TURNAROUND P v e. os-o.oo-c.YES SG?Z"'SH-C}.{.’E)"E

«TEST PORT FOR GROUND CHECKQUT AnD BACK CHECK VETO—4210C1

- PREPARED BY: APPREVED 5Y:

. DES R GONZALEZ BES

Rel R DIEHL REL

ITE#: VALVE, PRESS. RELIEF -

. CRCKNG PRESS 315 PS1G, FULL GPEN 240 PSIG, RESEAT
151/182).

LSUNCTION:

. RELIZF VALVE PROVIOED TO PREVENT RISE OF TANK AND LINE PRESSUKES 10
LEVELS WAICH COULD BE GETRIMENTAL TO SUBSYSTEw.

LFATLURE MQCE: EXTERNAL LEAK ()

. LEAKS NVERSOARD THRU EELLOWS € ORIFICE.

JCAUSE(S):

. GALVANIC CORROS ION, IMPROPER INSTALLATION/HANDLINGL, FAT1GUE UOR
STRUCTURAL FATLURE.

LEFFECTIS): ON (&) SUBSYSTEM (BIINTERFACES {CIMISSION (LICREW/VchICLE:

. (ALS3) SUBSYSTEM DEGRADATION — HELIUM LEAKS UVERSOARD AT nATE CONTROLLED

. B5Y ORIFICE. (C8f) NO EFFECT UNLESS LEAK IS EXCESSIvE,

LCOYRECTING ACTION:

. MONITOR SYSTEM FOR hELIUM LOSS.

REMARKS/HAZARDS ¢

. NO SAZARD IDENTIFIED.

1C P:IG (kv

[#Y]

33



HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-101060-2

SusSYSTEM  Fwd. Reaction Control FMEA NUMBER SD75-SH-0016A
ITEM _ Relief Valve ) FAILURE MODE _Burst Disc Ruptuyres

1. JOES THE FLIGHT SOFTWARE DETECT THIS FAILURE HODE {i.e., AUTOMATICALLY YES HO D ‘

- ANNUNCIATE OR TAKE ACTION Iil RESPOMSE)?

ta. IF MOT, DOES THE HARDWARE PROVIDE IHMFORMATION THAT THE FLIGHT SOFTWARE COULD *ves [} uo []

USE TO DETECT THE FAILURE?
I

2.  ARE THE ANSWERS TO QUESTICHS 1 AND la CONSISTEWT WITH THE FHMEA EVALUATION OF YES []*n0 [X]
IN~FLIGHT DETECTABILITY? ~

3. DOES THE FLIGHT SCFTVARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE " yes ) ono fx)
(EITHER BY COMMANDING HARDWARE ACTION OR. IMPLIMENTING ALVERNATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO CONMPENSATE FOR THIS ~ves ] no [xJ

FAILURE HODE (EITHER bY COMMANDING HARGWARE ACTION OR IMPLENENTING ALTERHATE
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE HODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR *YES D il0 [E
INDUCE AHOTHER FAILURE?

: 5. CAM THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT +yes 1 w0 [X]
: OTHER FUNCTIOHS?
- 6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COISIDER CREYW x0 [ ] «1i[ ] 2{X}

ACTION AND HARDWARE/SOFTVMARE OPERATION)? MOTE CHANGE TO FMEA CRITICALITY.

b 7. IF CREW ACTIONl IS REQUIRED TC RESPOHD TO THIS FAILURE MODE, ARE CUES PROVIDED K/A YESDI'OD
TO SIGMAL THE MEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSUER TO EITHER 1 OR 3 IS YES:
A. CAN THE 8FS BE ENGAGED AFTER OCCURRENCE? ves {XPuo [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEKICLE? ves {¥[swo ]
*EXPLANATION REQUIRED (SEE BELOW)

- W m Em o e e e m e om m m m m W M E m E s, e E e m A E e 4 e e s e m m wm m m w m e o A = e

CHAMGE/RETENTION RATIONALE SUMMARY

1.1 KO H/S ISSUES 3.{_] NO SOFTHMARE DETECTION 5. [} ACCEPTANCE RATIOHALE BELON
2. HARDUMARE ACCEPTS RISK 4. DETECTION DURING CHECKOUT 6. [} RECOMMENDED CHANZES BELOYW

In-Flight Detectability
FHMEA CHANGE RECOMMERDED

HT T oW m Em S E L E w m o m m s e m m o G S o o m m m m wm a A me e e m m e m m e s m e e e m e m ae m m

EXPLANATION/COMMERTS:

1. May see discrete drop in RCS quantity. V42P1115C, 1116C will give class 2 caution
and warning alarm.
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SRHUTTLE FAILURT MODE AND EFFECTS aNelYS1S — ORBITER 100

SUBSYSTEM *FWD — REACTION CONTROL FMEA N0 C3-2zF -101063-2 REVIGL/04ars7.

«ASSEMELY  PRESSURIZATION . ABUORT Cr1T. FUNC:
PN ORI tMC2B4—~0421-0001/~0002 L21Te bwo: >
LL/N VENDORISTE0LDS~101+5700CLl0-L02 MISSIONS: HF VF X FF F S
SBUANTITY =2 PHASE(S): PL A LO X Cu X 00O X LS

. PONE REQYD PER TANK NUMBER OF SUCCESS PATHS REMAINING

. H AFTER FIRST FAILURE: z
. REDUNDANCY SCREEN: 4A-PaSS  B-PAaSy C-PAS!
LFAILURE DETECTABLE IN FLIGHT?. NO TiME TO EFFeCI:

. IMMED IATE

. REFERENC E DOCUMEnTS:
. MJICTO~-COTI-C1t

o SROUND TURNARDUND?..O:.-- e s o oNO SD?Z_SH_G}-CB"E

. VST0—421(GC1

. PREPARED BY: APFROVED EY:

. DesS R GONZALEZ pES

. REL R DIEHL KL

JITEM: VALVE, PRESS. RELIEF -

. CRCKNG PRESS 315 PS16, FULL GPEN 340 PS1G, RESEAT Z1C PSIG  (Rv
1€1/102).

<FUNCTIONS _

.- RELISF VALVE PROVIDED TD PREVENT RISE OF TANK AND LINE Pk
LEVELS WHICH COULD BE DETRIMENTAL TL SUBSYSTEM.

.FATLUKE MODE: FAILS OPEN ()

. SURST DISC RUPTURES.

<CARUSE(S):

. KEGULATOR PRESSURE SURGEs INCORRECT PRESSURE SETTINGy FATIGUE. &XLeSS
PRESSURE CYCLING, VIB, MAT'L OEFECT PROP TEMP R1SES.

SEFFECT(S): Oh (4)SUESYSTEM (B)INTERFACES [CIMISSION (D)ICREW/VERICLE:

. 1A,3) LOSS OF REDUNDANCY (LEAKAGE OK OPSN MODE) (MATIN POPPIT PRUVILLS

. REDUNDANCY).  (C,D) NO EFFECT.

<CCRRECTING ACTION:

. MONITOR SYSTEM FOR POTENTIAL HELIUM LOSS OR PROP, TANK PRESSUR:=
DECREASE. REPLACE VALVE AFTER LANDING.

JREMARKS/HAZSRUS T

. NO HAZARDS IDENTIFLED.

g

SSURES U
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-HARDWARE/SOFTHWARE ANALYSIS CHECKLIST 03-2F-101060-3

SUBSYSTEN _Fwd Reaction Control FMEA NUMBER $D75-5H-0016A
ITEM _ Relief Valve : FAILURE MODE _Fails +o Burst
1.  DOES THE FLIGHT SOFTHARE DETECT THIS FAILURE MOOE (i.e., AUTOMATICALLY ves [x] vo 7]
. ANNUNCIATE QR TAKE ACTION IH RESPONSE)?.
la. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD *YES [:J MO [:j
USE TO DETECT Tht FAILURE? .
2. ARE THE AMNSWERS TG bUE‘TiIONS i AND 1a CONSISTENT WITH THE FMEA EVALUATION OF YES =0 E]
IN-FLIGHT DETECTABILITY?
3. DOES THE FLIGHT SGFTUARE TAK._ ACTION TO MEGATE THE EFFECTS OF THE FAILURE YES D HO
(EITHER BY COMHANDING HARDIARE ACTION OR IMPLEMEHTING ALTERNATE PROGRAM LOGIC)?
3a. IF NOT, DOES THE CAPABILITY £XIST FOR THE SOFTWARE TO CORPENSATE FOR THIS *YES [:l §11] [Eg
FAILURE 1NOGE {EITHER GY COMMAMDING HARDWARE ACTION OR IMPLEIENTING ALTERHATE -
PROGRAI LOGIC)? - .- .
4. AS A RESULT oF THIS FAILURE KMODE, CAN THE SOFWARE OVERSTRESS THE HARDWARE OR *YES D MO
INDUCE ANOTHER FAILURE? .
8. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES [:] s} [XI
OTHER FURCTIONS?
6. HOW MANY OF THESE HARDMARE FAILURES CAN THE SHUTTLE TOLERATE (cOusiper crRew =0 [ ] *1[[] 2(X

ACTICH AND HARDWARE/SOFTMARE OPERATION)? HOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTION IS REQUIRED TOQ RESPOND TO THIS FAILURE MODE, ARE CUES PRO‘JIDED {i/A EYESDNOD
TO SIGNAL THE IEED FOR INTERVENTION AND THE REQUIRED CORRLCTIVE ACTIOH

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES: _
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ves K=o [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? ves =0 ]
*EXPLANATION REQUIRED (SEE, BELOW)

- e o e o oW o om m om  m o Tem e e o v W oy e m am e W et w4 i e m A o e o w am W w M e o e e TR M = e =

CHANGE /RETENTION RATIONALE SUMMARY - . i . - .
1.7 1O H/S ISSUES L 3.[ ] NO SOFTWARE DETECTION 5, [ 1 ACCEPTANCE RATIONALE BELOY
2. [X] HARDWARE ACCEPTS RISK 4.[7] DETECTICN DURING CHECKOUT 6. {1 RECOMMENDED CHAMGES BELOW

[TIFMEA  CHANGE RECOMMENDED

- e W S m M om a o W O G M @ e T M AR R W W T @ W e W ow W S e W oEm m S S W R o R m W W e e e w om

EXPLANATION/COMMENTS:

1. Over pressurization will cause class 2 alarm; >312 psi. (GAX)
V42P1115C, 1116C.

*
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS — ORSZITER 162

N

SUBSYSTEM :FWO — REACTION CONTROL FMEA NO G3-2F ~101080-2 Revil/Ca/ 1
LASSEMBLY  PRESSURTIZATION ABORT: CXRIT. FUND:
PNOR 40 284—0421 030/ ~C G602 Cll1F. nwbse z
PN VENDDRISTE0CO9~101, 57000106102 MISSIONS: RF VF X FF ek S
SLSUANTITY 12 PHASE{S): PL LG X G0 X L0 X L
. SUNE REQ'D PER TANK NUMB ER OF SUCCESS PATRS RosAlNING
. ; AFTER FIRST FATLUKE: z
. REDUNDANCY SCREENT a-N/A B~N/A C-N/A
LEAILURE DETECTABLE IN FLIGHT?. YES TIms TO EFF=CT:
«CRESSURE RISE IN HELIUM SYSTEM V&4zZP—1115C ANnD SECGNSS
~11i&6C (TANK ULLAGE PRESSURE) REFCRENCL DCOCULMENT ST

MJCTO~LCCL—UlE

LS UTUND TUPNARBUND?.---.-;.-.oooYE‘S SRT2~5Sh~L10:—o
« TURNARUUNDE TEST PORT PROVIGED V3TU—221001

. PREPARED BY: APPROVED DY

. DES R GORZaALEZ DES

. REL R DIEHW REL

[
-
-
-
.
L]
»
.
-
-
.

«

ITzwr vapLveE, PRESS. RELIEF -

CRCKNG PRESS
161/7102).
FUNCT IdN:
RELIEF vaLvE
LEYELS WHICH
EAILUKE MCDE:
K BURSTS At
CAUSE(S):

315 PSIG, FULL OPEN 340 PSIG, RESEAT 310 PS1: (kv

FROVIDED TO PREVENT R1SE OF TANK AND LINE PRELZUREL 10
COuyLDh BE DETRIMENTAL TO SUESYSTEM.
FATILS TO BURET (_3

A KIGHER THAN NOMINAL PRESSURE.

IMPROPER INSTALLATINN OR HANDLING DAMAGE THAT CaAUSLS 3ISC T8 sSTICW
PIECE "PART FAILURE, PRESSURE BUILD UP ON REVERSZ S1Uk,.

EFFECTIS): ON

{A) SUESYSTEM (B)INTERFACES (C)MISSION (DICREW/VERTICLE:

{a) NC EFFECT UNLESS MULTIPLE FAILURES DCCUR. (B) CECRADATION GF
INTERFACE SUBSYSTEM. PROP TAMK ULLLAGE PRESSURL MAY INCREASE ASUVe
WORKING PRESSURE LIMITS. {CyD) NONE SEE (a) A30VL.

LCUREECTING ACTION:

CLOSE HELIUM

ISOLATION VALVES, HOWEVER RELIEF CCULD BE CGMPLETED BY

FIRING THRUSTERS.

WL EVARKE/HAZARDS ®

Ny PAZARDS, UNIT IS STANDBY -~ BACKUP FOR REGULATOR FALLUREZS. NG
REDUNCANCY PROVILED.

ORIGINA}-

37



-HARDWARE /SOFTWARE AMALYSIS CHECKLIST 03-2F-101060-4

SuBSYSTEM _Fwd Reaction Control FHEA MUMBER ~__ SD75-SH-0016A
ITEM Relief Valve FAILURE FQODE Opens 1 aw

1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY Yes ] wo [

- AINUNCIATE OR TAKE ACTION IH RESPONSE)?-

la. IF NOT, DQES THE HARDWARE PROVIDE IMFORMATIGN THAT THE FLIGHT SOFTWARE COULD *es [ o (]
USE TO DETECT THE FAILURE?

2. ARE THE ANSWERS TO QUESTIONS 1 AND la CONSISTENT WITH THE FMEA .EVALUATION OF ves [ =0
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGHT SCFTWARE TAXE ACTION TO NEGATE THE EFFECTS OF THE FAILURE ves ] %o
(EITHER BY COMMANDIIG RARDWARE ACTION OR IMPLEMENTING ALTERNATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPAEBILITY EXIST FOR ThE SOFTWARE TO CONMPENSATE FOR THIS *YES D NO
FAILURE '0DE (ETTHER BY COMMANDING HARDUARE ACTION OR IMPLEIENTING ALTERNATE .-
PROGRAM LOGIC)

4. AS A RESULT QF THIS FAILURE MOBE, CAN THE SOF[HARE OVERSTRESS THE HARDWARE OR *YES D HO

INDUCE ANOTHER FAILURE? o .
5.  CAN THIS FAILURE MOOE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *ves ] wo [X]
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (CONSIDER CRew =0 [ ] =i ] 2[xJ

ACTION AND HARDJARE/SOFTWARE OPERATION)? HOTE CHAMGE TO FMEA CRITICALITY.

7. IF CREW ACTIOit IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PROVIDED  #/A [ Jyes[ R[]
TO SIGNAL THE MEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSYER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ves K=o [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? . ves {x]=w0 [
- *EXPLANATION REQUIRED (SEE BELOW)

e m m om owm e e wm m e om ey e e W o o e a m Em e m M W T M M W M M o dn W e e T B W W W o e o o m e e W

CHANGE/RETENTION RATIONALE SUMMARY .
1.0 N H/S ISSUES - - ~3.{) NO SOFTWARE DETECTION - .5. [J ACCEPTANCE RATIONALE BELCW
2.[X] HARDWARE ACCEPTS RISK ‘4.1 DETECTION DURING CHECKOUT 6. [} RECOMMENDED CHANGES BELCH

In-F1ight Detectability
[CirmEA  cHANGE RECOMMENDED

WO o e e @ Em e W M W W B W W OE W W ke Y T S W S S g M W T W W M w W W e mr m m W M W W m w wm W

EX!"LANATIOH/ COMMENTS:

1. Leakage of helium will cause an oxidizer/fuel imbalance of 12.6 percent. May get a
gross leak detection alarm.
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SHUTTLE FALLURE MODE aND EFFECTS ANALYSIS — ORSITES 1L0c

SULSYSTEM tFWD — REAMTION CONTROL FMEA ND 03—2F =101560-4 Revi Dl /La /0t
CASSEMARLY  IPRESSURIZATION ABURT: CxlTe. FURL:
2PN &1 ML Z84=04Z1-CGR L/ —CCL2 CRITe tiwles 3
L2/N VENOGR:15T60C09-101,45760010-102 MISSICNS: hF VE X\ FF. GE o
SRUANTITY 32 PHASE(S): PL LO X CO x 0O X LS
. $ONE REQ'D PSR TANK NUMBZR CF SUCCESS PATHS REMAINING
. : AFTER FIRET FAILURE: Z
. REGUNDANCY SCREEN: a4~ b Cc-
FAILURE DETECTAEBLE IN FLIGHT?. NG TIME TG ZFFZCTs
SJNLZES EXCESSIVE PRESSUR E DROP 1§ EVIDENT IN SECCNLS TO DAYS
<TAMKACGE REFZERENCE DLCUMoNTSE
. . MJUTO—GO01-01%
QG?\GUNG TURNAR&UND?..Q .oo.-----o:\a SDTZ"SH"Q].CE"‘Z
«SAME AS FLIGHT VETG—421C01
. PREFARED BY* APFRLVED BY:

. DES R GONZ&LEZ OES

. REL R DIEHAL REL

«1TEM: VALVE, PRESS. RELIEF —

. CRCKNG PRESS 215 PSIG, FULL DPEN 224G PSIG, RESEAT ZIC PSIG (ey

101/102).

«FUNCTION:

« RELIEF VALVE PROVIDED TO PREVENT RISE OF TANK AND LINg PRISSURES TC
LEVELS WHICH COULD BE OQETRIMENTAL TO SUGSYSTEM.

+FAILURE MOOE:  PREMATURE/ERRATIC CFERA- {F)

« TIgN, INTEZRNAL LEAKAGE, OPEN BELOW NMOMINAL CRACXRING PRCISURE.

LLAUSE(S):

¢« VIERATION, MECHANICAL SHOCK, CONTAMINATIUN, PIECE PART STRLCTORAL
FATLURE QF PCPPET.

LEFFECTIS): ON (A)SUBSYSTEM (Z)INTERFACES (C)MISSION {D)CREW/VEHICLCS

. (A} LGSS OF REL IUM OR PROPELLANT VAPCRS OVERBGARD. (8) INABILITY TG
PRESSURIZE PROPELLANT TeNKS IF LEAK 18 £XCESSIVE. {Cy PGTENTLAL
ABGRT IF EARLY I MISSICN, WOULD REQUIRE PRIUR FAILURE {(BJ4RST T16C
OPEN) . {0) NONE.

SCCRERECTING ACTIONG

« NUNE.

SREMARKS/HAZER
WOULD REQUI

Sz
A E
PROVIDELD,

2
RE 3URST 3ISC FAILURE EEFCGRE LEARS CVERBOUOARD. NO RoldmuwANLY

SRIGINAL PRGE IS
OF FOOR QUALITY
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HARDWARE /SOFTWARE ANALYSIS CHECKLIST (03-2F-101060-5

SUBSYSTEM ﬁad'BgactiQn Control FMEA HUMBER SB75-SH-0016A
ITEH Relief Valve FAILURE MODE _ Fails to Open

1. DOES THE FLIGHT SOFTUARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES Ho D

- ANNUNCIATE OR TAKE ACTION IH RESPOMSE)?.

la. IF NOT, DGES THE -HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD *YES [:J MO [:]
UYSE TO DETECT Tnt FAILURE?

2. ARE THE AUSWERS TO QUESTIONS 1 AND la CONSISTEWT WITH THE FMEA EVALUATION OF Yes iwwo [
IN-FLIGHT DETECTASILITY?

3. DDES THE FLIGHT SOFTWARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE YES D NO
{EITHER BY COIMANDIIG HARDWARE ACTION OR IMPLEMENTING ALTERNATE PROGRAH LGGIC)?

3a. IF NOT, DOES THE CAPAEZILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *YES [:] NO [}ﬂ
FAILURE HQDE (EITHER BY COMMANDING HARODWARE ACTIOGH OR IhPLEHEITIIG ALTERIATE S
PROGRAM LOGIC)?

4, AS A RESULT QF THIS FAILURE MODE, CAN THE SOFTHARE OVERSTRESS "THE KARDWARE OR *YES D HO
INDUCE ANOTHER FAILURE? .

5. CAN THIS FAILURE FODE, TH COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES [:] NO [BI
QTHER FUNCTIONS

6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (cousioer ceew =0 [] =1 2[
ACTION AND HARDWARE/SOFTWARE QPERATION)? MNOTE CHANGE TO FMEA CRITICALITY.

7. 1IF CREW ACTIOI! IS REQUIRED TO RESPOHD TO THIS FAILURE MODE, ARE CUES provioeD  n/A [JYes[Kluo[]
TO SIGMAL THE MEED FOR INTERVENTION AHD THE REQUIRED CORRECTIVE ACTICH?

8. IF THE ANSWER 7O EITHER 1 OR 3 I3 YES:

A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE?
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE?

*EXPLANATION REQUIRED (SEE BELOW)

W E ey T w S oS Em o W s e e M we S o de dn gm Wy W WP e M e W o e M ek G e o M W W W M o de s W m m m m =

CHANGE/RETEHTION RATIOMALE SUMMARY

1.0 no H/s ISSuEs - - 3.[] KO SOFTWARE DETECTION
2. [X] HARDWARE ACCEPTS RISK 4.[ZJ DETECTION DURING CHECKOUT

ves &0 [
ves =0 ]

5. [T ACCEPTANCE RATIONALE BELOW

6. T 1 RECOMMEMDED CHANGES BELOW

[_JFmEA cHANGE RECO:ﬂaE.:DED

- o W m o o m S m M o W M A M W S m M A M M e R M M W W W W M m de e @it W M W e W dm e oW W om owm W W

EXPLANATION/COMMENTS:

].

Over pressurization will cause a class 2 alarm, V42P1115C,

40
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS — OKRsITER 102

SUBSYSTEM :FWl — REACTION CONTRUL FMEA NI O2-2F ~13212606-3 REVILL/La/T
+ASEEMBLY  PRESSURIZATION AEORT: CxITe FUnlE
PN R ML Z2E84=-04Z21 0001/ -0002 CrIT. HhL: . =
cP/N OVENDOR:S760009-101,5763C16~107 MISSTIONS: HF VE £ FF i M
SOUANTITY 2 ’ PHASE(S): PL X LU X CU X CG X LS
. SONE REDYU PER TANK NUMBER OF SUCCESS PATHS REMALIMING
. : AFTER FIRST FAILURE: Q
. FREDUNDANKCY SCREEN:  A- - C—-
+FATLURE DETECTABLE IN FLIGHT?Z. YES TiMe TO EFFECT:

o TANK PReSSURE MONITGR V42P-1116C,1115C4121CC, SECONDS TD LavS
+131¢C REFERENC e DOTULMUNTC:
. MICTO-L0CL-Cla
cGFGUNG TURNARUUND?. *0 s R ek P a B ttYES SD?Z-SH""GLUIE_E

«SE¥E AS FLICHT VST0-421G0C1

. PREPARZD EY: APPRLVED BY:

. DES R GONZALEZ DE

. REL R DIEHL RZL

«ITZMI VALVE, PRESS. RELIEF -

. CRCKNG PRESS 315 PSIG, FuULL OPEN 240 PSIYG, RESEAT Z1( PSIG Uhat
14171352},

«FUNCTION

« RELIEF VALVE PROVIDED TC PREVENT RISE OF TANK AND LINS Prz3SURSE TU
LEVELS WHICH COULD 2E DETRIMENTAL TO SUBSYSTEM,

«FAILURE MODE: FAILS TO GPEN - (F)

« AT NGMINAL CRACKING PRESSULRE

LLBUSE(S): -

« CLNTAMINATICGN, PIECE PART STRUCTURAL FATLURE, POPPET GALLINS.

SEFFECT{S): Cht (A)SUESYSTEM {EJINTERFACES {C)MISS1IGN [DICREW/venlIlLo:

. {4} LUSS COF RELIEF PATH. {B,:0) NUNE. (CY PUTENTIAL M1SSION LD5S

« {ABGRT CECISICN} IF EARLY IN MISSIDN wOULD RoqUIRE 2 PRI FALILUAZS.

SLCIRRECTING ACTIONS

« FIRE ALL THRUSTERS MON—PROPULSIVELY.

CREMARKES/HAZARDS .

. POTENTIAL TANK RUFTURE ON 3RD OROER FAILURE NO OTHER RELIZF PATH rUR
SYSTEM,

ORiGipap
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-HARDWARE /SOFTWARE ANALYSIS CHECKLIST 03-2F-101070-1

suBSYSTEM Fwd Reaction Control FMEA HUMBER $D75~SH-00T6A
ITEM ___Ei11 Quick Disconnect, Helium FAILURE HODE _Fajls Qpen, Cap leaks
1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE {i.e., AUTOMATICALLY YES o [} -
- ANNUNCIATE OR TAKE ACTIONM IH RESPONSE)?Z.
1a. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD *vgs [ o []
USE TO UETECT THE FAILURE? - -
2. ARE THE AMSWERS TO uUESTIOrIS 1 AND la CONSISTEWT WITH THE FMEA.EVALUATION OF ves [J=wo0 KJ
] IN-FLIGHT DETECTABILITY? )
3. DOES THE FLIGHT SOFTUARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE ves [ 1 w0 ]
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMENTING ALTERUATE PROGRAM LOGIC)?
3a. IF NOT, DOES THE CAPAEILITY E£XIST FOR THE SOFTMARE TO COMPENSATE FOR THIS +vgs [ | no []
FAILURE I'ODE (EITHER 5Y COMMAMDING HARCWARE ACTION OR IMPLEIIENTING ALTERMATE -
PROGRA LOGIC)? . " .. )
4. AS A RESULT OF THIS FAILURE MODE, CAN THE so:-‘mARE OVERSTRESS THE HARDWARE OR *ves [ ] wo
INDUCE AHOTHER FAILURE? .. )
E. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *ves [ 1 wo KT
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COMSIDER CREW ) *0 1 =y 2[:]

ACTION AND HARDWARE/SOFTWARE OPERATION)? {IOTE CHANGE TO FMEA CRITICALITY,

7. IF CREW ACTIOH IS REQUIRED TO RESPOND TO THIS FAILURE HODE, ARE CUES PROVIDED  N/a [ JYes[Xao[ ]
TO SIGNAL THE NEED FOR INTERVENTION AND. THE REQUIRED CORRECTIVE ACTIOH? .

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES: : -
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? o Yes (Jxo []
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? Yes {i=wo ]
*EXPLANATION REQUIRED (SEE, BELOW)

CHANGE/RETENTION RATIOMALE SUMMARY _ . S :
1. N0 H/S ISSUES ~ . 3. ] NO SOFTWARE DETECTION " 5. [J ACCEPTANCE RATIQNALE BELOW
2.[X] HARDUARE ACCEPTS RISK 4. DETECTION DURING CHECKOUT 6. [T} RECOMMENDED CHANGES BELQW

In-flight detectability
[XIFHEA CHANGE RECOHMENDED

R T S AR e m e S E e oS Eom RS W S o W W S W T SR M W W MR e me. mr ee d M m e e WL MR o me e e e m a8 e e e

EXPLANATEON/COMMENTS:

1 & 2. V42P1110C, V42PT112C, V42P1113C _and V42P1114C will detect the failure when the
pressure drops to 500 psi and issue a class 3 caution and warning alert. )

Gross leak indication should occur first., (12.6% a)

6. Capped quick ‘disconnect provides one redundant success path,
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS — ORSIVER 162

SUBSYSTEM FwD ~ REACTION CONTROL FMia NO C2—2F —=1010746-1 aEVi -g/i £
<P SSEMELY  TPRESSURTZATION ABORT: CR1T. FUNC 1
BN ORI SMCZT6-CC1T7-0al 2/0403 CR1T. HNL: 1

P /N VENCDOR: 75272000-0402/C403 MISSIONS: RF Vi K FBF or 3M

SDUANTITY 3

2
ONE REGQ'D PER TANK NUMBER GOF SUCCESS PATHS REMAINING
AFTER FIRST FAlLURE:

(1]

FHASE(S): PL X LI X GO X DL X LS X

H

. REDUNDANLZY SCREEN:T 4-N/A n-’\J/A C—N/R
+FADLURE DETECTASLE IN FLIGHT?. NGO TIMi: TG EFFLCT:
. SsCONLS 1O JAYS
. REFERENCE DLLOUMENTS:
. P JOTC—~LO01 -5
GPOURND TURNAKGUND T ees savscunasaYES SUT2-Sh—-GLGo~7
.VISU L INSPECTION PRIUGR TO LAUNCH VST0—421001
. PREPARED EBY: AEPROVED 3Y:S
. be S € SCARLETT tes
. REL R OIEHL REL

»

«ITEM: DISCONNECT, QUICK FILL

- nELIUN WITH SPRIMG LOADED PUGRPZT ANC STROCTURAL ENC CaP {1/4'7). {
1G5/7108)

FUNCTIONS

« FLOVIDES HELIUM TaNK FILL PGINT FCR GROUND CPFERATIONS AND LUADING
SERVICING,

«FATLURE MODE: FALILS OPEN, CAP {s)

« LEAKS IN EXCESs (F ACCEPTABLE RATE.

LCAUSELS S

« VIGRATIUN, AND LOCSENIMNG OF THE RETAINER NUT, IMPKCPER naNDLIMNG,
VMECHANICAL SHGCK.

22 FFECT(S): OGN (A)SUBSYSTEM (S)YINTERFACES {(CIMISSION {D)ICAEwW/vEHICLE:

. (A) LOSS OF REDUNDANCY. {B) NUONE {C) POTENTIAL L&URNCH beLAY

» [(MISSION LCSS) IF DETECTED. () POSSIHLE LOSS OGF CRAzW/VerRICLZE IF

TLURE OCCURS PRIOR TO ET SEPARATICN.

CORRECTING ACTICN:

« REPLACE QR TICHTEN END CAP ON GROUNUD. NONE AVALILABLE IN FLIunT.

«REMARKS/HAZARGS :

T
'y
[l

« LCECAUSE STRUCTURAL CAP IS LOADED OVER TRHE DISCOGNNECT, ThIZ FAILUR: MOD:

IS VWFERY REMOTE IN FLIGHT.
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SHUTTLE CRITICAL ITEMS LIST — ORBITER 102

SUBSYSTEM :FwD — REACTIOM CONTROL FMEA ND 03—-2F -101070-1 REV:12/08/78

CASSEM3LY :PRESSURIZATION ABORT : CRIT. FUNC: 1
.P/N RI tNC2 76~0C17- 0402 /0403 CRIT. HDW: 1
+P/N VENDOR:75372000-0402/0403 MISSIONS: HF VF X FF QF  SH
LQUANTITY =2 PHASE{S): PL X LD X CC X DO X LS X

. :ONE REQ'D PER TANK

- REDUNDANCY SCREEN: A-N/A  B-=N/A  C-N/A
_PREPARED BY: APPRGVED RY: APPROVED BY ;hASA{;lezh
.DES C SCARLETT DES ,/cc-«feéf /Z._/fi/ SSM _ LD

JREL R DIEHL  REL Qm_ O LT E 1& et

- ROVED WITH CHANGES

.ITEM: DISCONNECT, QUICK FILL See Section 13.0

. HELIUM WITH SPRING LOADED POPPZT AND STRUCTURAL END CAP {L1/4%).  (MD
105/106)

«FUNCTION:

. PROVIDES HELIUM TANK FILL POINT FOR GROUND GPERATIGNS AND LOADING
SERVICING. .

LFAILURE MODZ: FAILS OPEN, CAP (s)

- LEAKS IN EXCESS OF ACCEPTABLE RATE.

. «CAUSELS):

- VIBRATION, AND LOOSEMNING OF THE RETAIMER NUT, IMPROPER HANGCLING.
MECHANICAL SHOCK.

LEFFECT(S): ON (A)SUSSYSTEM (BIINTERFACES {C}HISSION (D)CREW/VEHICLE:

. (A) LOSS OF REDUNDANCY.  (B) NONE.  (C! POTENTIAL LAUNCH DELAY
(XISSIOM LCSS) IF DETECTED. (D) POSSIBLE LOSS OF CREW/VEHICLE IF
FAILURE OCCURS PRIOR TO ET SEPARATIGN.

.DISPGSITION & RATIONALE (AJDESIGN (B)TEST (C}INSPECTION (DIFAILURE HISTORY

« {A) CAP SEAL DESIGN DETERHMINED TD BE ADEQUATE TO PRECLUDE LEAKAGE.

DESIGN FACTOR OF SAFETY IS 2.0 X 4000 PSIG MAX WORKING PRESSURE. CAP

PLUS COUPLING CONSTITUTES DUAL SEALING. ALL RETAINER NUTS ARE PROPERLY

TOROUED TO PRECLUDE LGOSENIKG. {B) SEALS ARE EXPOSED TO OVER 600 CYCLES

DURING DEVELOPHMENT. COUPLINGS ARE SUBJECTED TO 600 OPERATIONAL CYCLES

IN QUAL TEST. ALL CAPS AND COUPLING LEAK TESTED FOR 3 MIN. AT PRESSURES

UP TO 1.25 HMAX WORKIMG PRESSURE DURING ACCEPTANCE TEST. TURNAROURND LEAK

CHECKS PERFORMED BEFORE EACH FLIGHT. RANDDH VIBRATION PERFORMED DURING

QUAL PROGRAM. 68 MINUTES IN TWD AXES AT ANTICIPATED MISSION LEVELS.

{C) TURNAROUND INSPECTION INCLUDES VISUAL INSPECTION ALL COUPLINGS THAT

HAVE BEEN USED DURING TURNAROUND FOR DAMAGE PLUS INSPECTING FOR, LEAKS

DURING LEAK CMECKS. ALSD, PROPER BLEED SCREW TORQUE IS VERIFIED PRIDR

TO REINSTALLATION OF ANY CAPS THAT HAVE BEEN REMOVED. SUPPLIER AUDIT

CONDUCTED 4-5-77 VERIFIED THAT SUPPLIER INSPECTION CONTROLS RAN MATERIAL

PARTS IDENTIFICATIOM, MFG PROCESSES: CONTARINATION CONTROL, AND STORAGE

ENVIRONMENTS. (D] NEW DESIGN FOR SHUTTLE APPLICATION. NO FLIGHT

FAILURE HISTORY

2037 SD75-SE-0003



HARDWARE /SOFTWARE ANALYSIS CHECKLIST 03-2F-101070-2

B s

SUBSYSTEM __Fwd. Reaction Control FMEA HUMBER SB75-SH-0016A
iTer Quick Fill Disconnect, He, FAILURE MODE Fails Closed/Ground QPS

1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY ves [] #o )

- ANNUNCIATE OR TAKE ACTION I RESPONSE)?

la. IF NOT, DOES THE HARDWARE PROVIDE TiFORMATION THAT THE FLIGHT SOFTMARE COULD =ves [ wo [
USE TO DETECT THE FAILURE?

2. ARE THE AWSWERS TO QUESTIONS 1 AND la CONSISTEHT WITH THE FMEA EVALUATIGN OF ves [J=i0 [
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGHT SOFTUARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURC ves [ s (]
(EITHER GY COMMANDING HARDWARE ACTION OR IMPLEMENTING ALTERNATE PROGRAM LGGIC)?

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO COMPEHSATE FOR THIS s [ no []
FAILURE MODE (EITHER EY COMMAMDING HARDUARE ACTION OR IMPLENETING ALTERMATE
PROGRAH LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE LARDWARE OR  *YES [ ] w0 []
INDUCE ANOTHER FAILURC?

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *es [Jwo (O
OTHER FUNCTIONS?

6.  HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COUSIDER CREW 0 [} =[] 2]
ACTION AND HARDYARE/SOFTMARE OPERATION)? MNOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTION IS REQUIRED TO RESPOND 7O THIS FAILURE MODE, ARE CUES PROVIDED  w/A [ JYes[ Jio[]
TO SIGNAL THE MEED FOR INTERVENTION AHD THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURREHCE? ves [jo [}
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEWICLE? ves [fxo ]

*EXPLANATION REQUIRED (SEE BELOW)

- e o e M A 4h M e e 4 e e e m o m Em Er e G o am m M e e e m e A A W e m = = wr re m mr m m e e w m = o=

CHAMGE /RETENTION RATIOMALE SUMMARY

1.
2.

1 uo #/S ISSUES 3.[_) KO SOFTWARE DETECTION 5. [ ACCEPTANCE RATIONALE SELOY
(7 HARDWARE ACCEPTS RISK 4, ] DETECTION DURING CHECKCUT 6. [ RECOMAENDED CHANGES SELOY

[CIFMEA  CHANGE RECOMHMENDED

TR R mom m m L s T mom e e e o om s e e o e oW W M A e = s ow s m e e om w — e o e m m m om = = =

EXPLANATIO/COMMENTS:

1.

Qut of Scope. Ground operations only.
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SHUTTLE FAILURE RMUDE AND EFFECTS ANALYSIS — GRoITiER 162

SUSSYSTEM :FWZ - REACTION CONTROL FMEA NO C3-2& =16G1070-2 weveGrsos/T,
«ASSEMELY PRESSURIZATIONM ABDORT: CRIT. FuUlhC:z
PN ORI ML 2T6—C01T-04L2/0403 CRIT. Ry z
P /N VENDOR:I 72272000-940Z /0403 MISSICONS: nF VF X FF LF M
SOUANRTITY 2 PHASE(S): PL X LU - pu LS
. SONE REG'D PER TANK NUMBER OF SUCCESS PATRS REMAINING
. : AFTER FIRST FALLURE: G
. RECUNDANCY SCREZEN:  A-N/A L-N/A C—nra
~EATLURE DETECTAPLE IN FLIGHT?Z. N/A. . TIme TG BFRFECT:
. IMMEDIATE
. REFERENCE DUCUMENTSS:
N MJGYIC—~C0CL -1
«BEIUNE TURNAKGUND T eeenavesnanesYES SOT2-5k=C103-2
L3258 FILL RATE AND HELIUM PRESSURE VET0~4210201
- PREFARED BY: APPROVED »Y:3
. bEs € SCARLETT DES
. REL R DIEHL REL
«I1EM: DISCONNECT, QUICK FILL
« HELIUM WITH SPRING LOLSED POPPET ANC STAUCTURAL END Cak {l/49). {(ve

145/7108)
LFUNCTIONS
PROVIDES HELIUM TANK FILL POINT FOR GROUND GPZRATIUONS AND LOADING
SERVICING.
«FATLURE MODE: RESTRICTED FLOW - {(F)
» FATLS CLOSEC DJRING GROUND FILL CGPERATIGNS
+CrUSE(S)E
VIBRATICN/IMPROPER HANDLING WHICH CAUSES FILTER/POGPPET CAMAL- IN
DISCONNECT.
JEFFECT(S)Y: UN (A)SUBSYSTEM (EVNINTERFACES {C)MISSION (DICREa/VERITLE:
« {aA) LOSS GF OR REDUCED nELIUM FILL CAPABILITY. f8) NONEc. tC} Lsuhtn
» DELAY. (D) NOnE.
+CORRECTING ACTION:
« REMOVE/REPLACE FILL VALVE OR ATTEMPT TO RECOUPLE.
SREMARKS/HAZARDS
.  NONZ. N REDUNDANCY PROVIDED FGR THIS ITEM IN THIS MUDZ.
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) HARDWARE/SOFTWARE ANALYSIS CHECKLIST  03-2F-101080-1
susysTen Fwd. Reaction Control FMEA HUMBER SD75-SH-00164

ITEM _Purge Quick Disconnect., Propeilant FATLURE KODE External Leakage Duping Flight

1. DOES- THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE {i.e., AUTOMATICALLY YES o ]
- ANNUNCIATE OR TAKE ACTION I}l RESPONSE)?

Ta. IF MOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTUARE COULD *ves [] #o |:|
USE TO DETECT THE FAILURE? )

2. ARE THE ANSWERS TO QUESTIOHS 1 AND la CONSISTENT WITH THE FMEA CVALUATION OF YES [[]*H0
IN-FLIGHT DETECTABILITY? '

3. DOES THE FLIGHT SCFTWARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURC ! YES D no  [x]-
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMENTING ALTERUATE PROGRAM LOGIC)? .

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPEHSATE FOR THIS *Yes [ ] w0 [X]

FAILURE MODE (EITHER BY COMMAMDING HARDWARE ACTIOH OR IMPLEIENTING ALTERIATE
PROGRAM LOGIC)?

4, AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR *YES D H0 [E
INDUCE ANOTHER FAILURE? -

5.  CAN THIS FAILURE MODE, I COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *yes [ | w0 [¥]
OTHER FUNCTIONS?
6. HOM MAHY OF THESE HARDYARE FAILURES CAN THE SHUTTLE TOLERATE (COWSIDER CREM +0 [ =1[Q 2]

ACTION AND HARDWARE/SOFTWARE OPERATION)? HOTE CHAUGE TO FMEA CRITICALITY.

7. IF CREW ACTIOM IS REQUIRED TQ RESPOND TO THIS FAILURE HODE, ARE CUES PROVIDED N/A DYES:!OD
TO SIGNAL THE HEED FOR INTERVEMTION AHD THE REQUIRED CORRECTIVE ACTION?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURREHCE? ves (=0 [}
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLL? N T
*EXPLANATICH REQUIRED (SEE BELOW) :

W = m m m w e E m m o W M W m W M E o B M e e ok e W M o e s e M W M m M M S ey e e w e me am e e m m m am

CHANGE/RETETIGH RATIONALE SUHMARY
1.1 NO H/S ISSUES 3.{7] NHO SOFTWARE DETECTION 5, (1 ACCEPTAHCE RATIONALE BELOW
2. [X) HARDWARE ACCEPTS RISK 4.7 DETECTIQN DURING CHECKOUT 6. [L1 RECOIMENDED CHANGES BELGY

[XIFHEA CHANGE RECOMHENDED

e e A G T I T T T O

EXPLANATION/COMMENTS:

1. Per backup flight system program requirements document MG038103, once a pre-set delta
between the propellant quantities is reached a class 2 caution and warning 1ight and tone

will be annunciated. Also primary flight control requirements FSSR 00264 except OPS 1,6.

2. The above statement indicates in-flight detection.

6. Capped quick disconnect provides one redundant success path,
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS - URBITER 1€

SUBSYSTEM :FWD — REACTION CONTROL FMEA ND §3=2F =lulcsio—-l REVII2/08/77.
CASSEMELY  fPRESSURIZATICN ABLRT: CrIT. FUNC: 1
PN ORI tML276-0013 CRIT. HkwD: 1
LN VENDOR: 76306000 MISSI1ONS: HRF VF A FF OF M
LOUANTITY 114 . PHASE(S): PL LG X O X DD X LS

. :TWO INLETS AND FIVE NUMBER OF SUCCESS PATHS REmAINING

. tCUTLETS FOR EACH PROR AFTER FIRST FAYILURE: "

. REDUNDANCY SCREEN: A-N/A B=N/A C=N72A
LFAILURE DETECTAELE IN FLIGHT?. NO TIME TO EFFRCT:

. SECONDS TU LAYS

. REFERENCE DOCUMENTS:

. MICTG-COC -1y

SAROUNDG TURNARCUND T ves seeone sas o TS SHBTR—Sh—3103-2

LVISUAL INSPECTION VET0~4Z1ubl

. PREPARED EY: APPROVED AY:

. pEg C SCARLETTY LES

. kEL R DIEHL REL

. 1 ?‘Jf\

LITEM: DISCORNECT, 2CY¥, PURGE, e

«  VENT, PROPELLANT WITH STRUCTURAL END CAP AND SPRING LOADED POPPET

{1720 ), (MO 11740184123, 124,12T7,1274138,1474101,16Z22183,15%).

o FUNCTION:

e TO ALLOW ©ROUND PURGE GF PROPELLANT TANLS AND aSSOCIrTER
MANIFOLOS/ZLINES /THRUSTERS AFTER LANDING & PROPELLANT TANsS Flib, RrAIN
& VENT

- LJFATLURE MLDE: EXTERNAL LEAKAGE {S)

. DURING FLIGHT

LCAUSE(S):

« VIEBRATION AND LGOSENING OF THE RETAINER NUT, STRUCTURAL FATLURE, PIECE
PART FAILURE MECHANICAL SAUCK, IMPROPER GRCUND HANDLING.

SSFFECT(S) s On (AYSUBSYSTEM (dINTERFACES (CIMISSION (D)CRuw/VEnICLL:

« (A} LOSSE GF PROPZLLANT FIRST OROUER FAILURE FOR LOUGSE RETAINER wuT. (:)

« POSSTBLE FIRE/ZEXPLOSION IF FUEL REACTS WITh COMPLEMENTARY UX1ulZbk (UK
EXTREME HEAT LURING RE-ENTRY).(C) PUSSIBLE LSS OF MISSION LUE TUO FLUIL
SeP&RATIGN. (D) POSSIBLE LOSS OF CREW/VEHICLE IF FATLURE OCCURS PWIUR
T ET SEPARATION,

LORRECTING ACTION:

« NONE AVAILASLE — IN FORWARD MODGULEs CRITICALITY IS LESS BEVCRE iF AFT
MOOULES OPERATIVC ’

REMARKS /HAZARDS S

« POTENTIAL CORROSICN OF SURROUUNDING COMPONENTS. STRUCTURAL CAF
CONSIDERED AS STRUCTURE.



SHUTTLE CRITICAL ITEMS LIST — ORBITER 102

SUBSYSTEM :FWD — REACTION CONTRCL FHEA NO 03-2F —-101080-1 REVIL2/08/7

JASSEMBLY :PRESSURIZATION ABORT: CRIT. FUNC: 1

.P/N RI 24 C276—0018 CRIT. HOW: 1

.P/N VENDOR:76306000 MISSIONS: HF VF X FF  OF  SH

LQUANTITY :14 PHASE(S): PL LO X 0C X DO X LS

. :TWg INLETS AND ELVE

. :0UTLETS FOR EACH PROP _

. REDUNDANCY SCREZN: A—-N/A ~N/A&  C-N/2

.PREPARED BY: APPRGVED BY: APPRAVED BV /! !\A‘\‘fi\}. 47*’

.DES C SCARLETT DES @W’Z//I/&” SSM 5 [Men -
- «REL R DIEHL REL 9.2 .04 12/ 5/7€ e 2l Duuds .

' A @‘.’ED WITH CHANGES

LITSH: GISCOMNECT » QCK, PURGE, - See Section 13.0

« VWENT, PROPELLANT WITH STRUCTURAL END CAP AND SPRING LOADED POPPLT
(L/2"*y. (MO 117,118,123,124,127+137.138,147,161,162,163,164).

< FUNCTICN:

« 70 ALLDCW GRUOUND PURGE OF PROPELLAINT TAMKS ANC ASSOCIATED
MANIFOLDS/LIMES/THRUSTERS AFTER LANDING & PROPELLANT TANKS FILL, DRAIN
& VENT

~FAILURE MODE: EXTERNAL LEAKAGE (3]

« [DBURING FLIGHT

«CAUSE(S):

- VIBRATION AND LCOSENING OF THE RETAINER NUT, STRUCTURAL FAILURE, PIECE
PART FAILJURE MECHANICAL S5HOCK, IMPROPER GRCUND HARMDLING.

»EFFECT{SY: OGN {A)SUBSYST=Z® {(BIINTERFACZES (CIYHISSION (DJCREW/VEHICLE:

» {A) LOSS OF PROPELLANT FIRST OROER FAILURE FCR LOOSE RETAINER NUT. (B)
POSSIBLE FIRE/CcXPLGSION IF FUEL REACTS WITH COMPLEMENTARY OXIDIZER (OR
EXTREME HEAT DURINMG RE—~-ENTRY}.{C)} POSSIBLE L0SS OF MISSION DUE TG FLUID
SEPARATION. (D) POSSIBLE LOSS OF CREW/VEHICLE IF FAILURE QCCURS PRIQR
TO ET SEPARATION.

~DISPOSITION & RATIONALE {AYDESIGM {BITEST (C)INSPECTIUN {DIFAILURE HISTORY:

« (A) CAP SEAL DESIGN DETERMINED TO BE ADEQUATE TG PRECLUDE LEAKAGE.
DESIGN FACTOR OF SAFETY IS 3.0 X T1Q PSIG MAX WORKING PRESSURE. CAP
PLUS COUPLING COMSTITUTES DUAL SEALING. ALL RETAINER MUTS ARE PROFEPLY
TORQUED T3 PRECLUDE LGOSENING. (B) SEALS ARE EXPOSED TO OVER 500 CYCLES
DURING DEVELOPMENT. COUPLINGS ARE SUBJECTED TO 600 OPERATIOMAL CYCLES
IN QUAL TEST. ALL CAPS AMD COUPLINGS LEAK TESTED FOR 2 HMINUTES AT
PRESSURES UP TO MAX WORKING PRESSURE DURING ACCEPTANCE TEST.

TURNAROUND LEAK CHECKS PERFORMED BEFORE EACH FLIGHT. RANDGM VIBRATICN
PERFORMED DURING QUAL PROGRAM. 68 HINUTES IN THO AXES AT ANTICIPATED
MISSION LEVELS. {C} TURNAROUND INSPECTION INCLUDES VISUAL INSPECTING
ALL COUPLINGS USED DURING TURNARCUND FOR DAMAGE PLUS INSPECTING FCR
LEAKS DURING LEAK CHECKS. ALSO, PROPER BLEED SCREW TORQUE IS VERIFLED
PRIOR TO REINSTALLATION OF ANY CAPS THAT HAVE BEEN REMOVED. SUPPLIER
AUDIT CONDUCTED 4-—5—77 VERIFIED THAT SUPPLIER INSPECTION CONTROLS RAW
MATERTIAL PARTS IOENTIFICATION, HFG PROCESSES, COMTAMIMATION CONTRCOL, AND
STORAGE ENVIRONMENTS. (D} NEW DESIGN FOR SHUTTLE APPLICATION. NO
FLIGRT FAILURE HISTORY.

ORIGINAL PAGE IS -
OF POOR QUALITY 2023
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HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-101080-2

nam,

—— AL

sussysTEM  Fwd. Reaction Control FMEA HUMBER SD75-SH-0016A
ITEM Purge Quick Disconnect, Propellant FAILURE MODE _Fails -Closed/Ground Ops.

1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES [:] Y [:]

- AHNUNCIATE OR TAKE ACTION Iil RESPONSE)?

la. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD «es ] wo (]
USE TO DETECT THE FAILURE?

2. ARE THE ANSMERS TO QUESTIOHS T AND Ta CONSISTENT WITH THE FMEA EVALUATION OF ves =0 [
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGHT SOFTUARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURC ves [} o (O
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEWENTIHG ALTERUATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPARILITY EXIST FOR THE SOFTWARE TO COMPEHSATE FOR TRIS  *yes [ ] x0 [

FAILURE MODE (EITHER BY COMMAMDING HARDUARE ACTIOH OR IMPLEFIENTING ALTERVATE
PROGRAN LOGIC)?

AS A-RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR *YES [:] H0 [:]
INDUCE AMOTHER FAILURL?

CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES [:] iH0 [:]
OTHER FUNCTIONS?

HOW MANY OF THESE HARDWARE FATLURES CAN THE SHUTTLE TOLERATE (COHSIDER CREY *Q [:] *1[:] 2[:}

ACTION AND HARDYARE/SOFTWARE OPERATION)? WHOTE CHANGE TO FMEA CRITICALITY.

IF CREW ACTION IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PRovIDED  t/a [ Jves[ Tuo[ ]
TO SIGNAL THE NEED FOR INTERVENTION AWD THE REQUIRED CORRECTIVE ACTIOH? .

IF THE ANSWER TO EITHER 1 OR 3 IS YES: |
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ves [j=0 [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? ves (=0 ]

*EXPLANATION REQUIRED (SEE BELOYW)

CH

E m m s M e e s o G o e W M e W e m E m W W m e = v o e m w m o o e e m m m o = m wm w

1.
2.

ANGE/RETENTION RATIOHALE SUMMARY

1 N© H/S ISSUES 3. (] NO SOFTWARE DETECTION 5. {1 ACCEPTANCE RATIONALE BELOW

{7 HARDMARE ACCEPTS RISK 4, ] DETECTION DURING CHECKOUT 6. [_1 RECOMMENDED CHANGES BELOY
[:1FHEA CHANGE RECOMMERDED

EXPLANATIOQH/COMMENTS : P

1. Out of scope/ground operations only.
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SHUTTLE FAXLURE MOLE AND EFFECTS ANALYSIS - CRBITER 10z
SUBSYSTEYM :FWD — REAZTICN CONTROL FMEA NI 03-2F =1C10eC-2Z ReVieh/slersT.
SASSEMELY :PRESSURIZATION ABORT: CAIT. FuNLs:
«B2/N RI tMC2T6~0018 . CRIT. nWh: A
PN VENDORIF620E0CO MISSIONS: HF Vi X FF CF S#
LAUANTITY 214 PHASE(S): PL X LG # (A LS
. STYD INLETS ANL FIVE NUMBER CF SUCCESS PATHS REMAINING
. SOUTLETS FOR EACH FPROP AFTER FIRST FAILUKE: 1
. REDUNDANCY SCREEN: A-N/A E~MN/h L—NsA
LFALLUFE DETECTAEBLE IN FLIGHT?. N/A TIME TO EFFECT:
. IMMEUIATE
- REFEREMCE DLCUMZNTS:S
- MJCTU=GEZL—ulE
JGRGUND TURNARBUND?:.. 'Y RERENE] .o-nYES SQ?Z_SH—GIC$—¢.‘
LGS EGUIPMENT FLOW RATE  aND TaMk OUTPJT VSTFO—42:10801
«PRISSURE Y4ZF-1210C, 1310C
. PREPARED BY: APPROVED BY:
. pES C SCARLETTY ES
. REL R BIEHL ALl

LITEM: DISCONGECTs QCK, PURGESs

. VENT, PROPELLANT WITH STRUCTURAL Enl CAP AND SPRING LOAGeL POPPET
[1/72%). (M0 1174116,123,1245187 313741354147 ,1814516Z2:1634182).

SEUNCTIONS -

. G aLlLOYW GROUND PURGE OF PROPELLANT TANKS AND ASSCGCIATED
MANIFOLOS/LINES/THRUSTERS AFTER LANDING & PRUPELLANT TAMNKS FILLs LRAIN
& VENT

«FALLYRE MGDEs FAILS CLOSED {F)

« DURING GRCUND GPERATIONS

LLEUSE(S):

. COUNTAMINATION PIECE PART STRUCTURAL FAILURE, MECHANICAL SniCK.

JZEFECTISY: ON (A)SUESYSTEM (E)INTLRRFACES {CIMISSION (LICREW/VEHICLE:

« {3} LAOSS OF PURGE FUNCTION. {8) NO EFFceCT. (C) POTENTIAL LAULNCH

. DELAY. (D} NONE,

SCORRECTING ACTION: )

. ATTEMPT TO RKEMOVE SLOLKAGE (BACK-FLOW) OR REMOVE COUPLING AND REPLACE

P EMARKS/HAZARDS

. NONE. NG REDUNDANCY PROVIDED FOR THIS ITEM.
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HARDWARE/SOFTWARE ANALYSIS CHECKLIST  03-2F-101090-1

v

T Y T Y T

sussysTey _Fwd. Reaction Control FMEA HUMBER
17eM Test Quick Disconnect, Propellant FAILURE KODE _Ext. Leakage/Flight

1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES no [

. AMNUNCIATE OR TAKE ACTION Il RESPONSE)?

la. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD wves [] wo ]
USE TO DETECT THE FAILURE?

2. ARE THE ANSHERS TO QUESTIONS 1 AND Ta CONSISTEWT WITH THE FHEA EVALUATION OF ves =0 [
IN-FLIGHT DETECTABILITY? ©

3. DOES THE FLIGHT SOFTUARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE ves [ ] no {X]
(EITHER BY COMIWNDING HARDWARE ACTION OR IMPLEMENTING ALTERUATE PROGRAYM LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *yEs [} o
FAILURE MODE (EITHER OY COMMANDING HARDUARE ACTIOH OR IMPLEIENTIMG ALTERHATE
PROGRAM LOGIC)?

4., AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR #ves [} wo {X]
INDUCE AHOTHER FAILURE?

5.  CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *yes (] w0 [XT
OTHER FUNCTIONS?

6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (CONSIDER CREMW * ] «i[X 2]

ACTION AND HARDWARE/SOFTWARE OPERATION)? NOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTIO! IS REQUIRED TO RESPOMD TO THIS FAILURE MODE, ARE CUES PROVIDED N/A DYES[}]HOD
TO SIGNAL THE NEED FOR INTERVENTION AWD THE REQUIRED CORRECTIVE ACTICH?

8. 1F THE ANSWJER TO EITHER T OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURREMNCE? YES *HO D
B. WILL BFS TOLERATE FAILURE WITHOUT LDSS OF CREW/VERICLE? YES Lﬂ*ﬂo ]
*EXPLANATION REQUIRED (SEE BELOY)

o s wm m e e e e o m e e e e e e e e e e E e = A vk = = o T m m mE w m e e e w m am m e

CHANGE/RETENTION RATIOMALE SUMMARY

1.1 HO H/S ISSUES 3. [] MO SOFTWARE DETECTION 5. [J ACCEPTANCE RATIONALE BELON
2. X HARDWARE ACCEPTS RISK 4. [} DETECTION DURING CHECKOUT 6. [} RECOMMENDED CHANGES BELOY

[ IFMEA CHANGE RECOMMENDED

- e A m L & s - s ek e — m e e e m m o m e e e e m m om mr o m o e wm m e e e o om m e e m e m e m e e = -

EXPLANATION/COMMENTS:

1 & 2. Y42P1110€, V42P1112C and V42P1113C will detect the failure and issue class 3 alarm
{system management blue Tight on crew-cockpit glare shield) at <500 psia.

Gross leak indication is quicker {class 2).

6. Capped quick disconnect provides one redundant success path.
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SHUTTLE FAILURE MODE AND EFFECTS ANALYS1S - DREITER 1C2

SUBSYETEM FWO — REACTION CONTROL FMEA NO 03-ZF —-i0Q1C90-1 REV2L1/7G% /771
«ASSEMELY  PRESSURIZATION ABORT: CRIT. FUNCS ik
/N R IMEZTE~DCR2 CRIT. HwL3 3

P /N VENDORIRR&Z2ETO-BET,R642600-163 MI1SS 10NS: HF vk X FF Cr M
SAUVARTITY 1l4 PHASE{S): FL LU X 0U £ LG X LS

. ISEVEN REGYD FOR EACH NUMBER OF SUCCESS PATHS RoMAINING

. TPROPEL LANT AFTER FIRST FAILUKE: 1

. REDUNDANCY SCREENIT  A-PRSS bB-Fa&IL C—FAS:
«FATLURE DET<CTAELE IN FLIGHT?. YES TImE O =BrFeCTs

SHELTIUM TANK PRESSURE V4z2P—11318C,1112C,1115C, SSCONGS Td ©AYS

«111aC REFCRENCE DOCUMEINTS:

. MJQTC-0C001-C18

.;HD[‘EVD TURNARDUND?-:. .--.oo...-N/A 5572"5}‘i"‘\.‘l03_2

VET70—-421001

LI T TR S

PREPARED EBY: APPRUOVED BY:
LES C SCARLETT DES

REL R CDIEHL REL

IieEM: DISCONNECTy QUICK, TEST
PT. (1/74%) wITH SPRING LOADEU PUOPPET &ND STRUCTJRAL CAP. (V2 1Ul,1Cz,
1G341C4 4,107,108 5109911091 21,1124315,114,177 & 172).

- FUNCT ION:

« TGO PROVIDE ACCESS TO THE RELIUM SUPPLY SYSTEM AT vasIQUS PRINTS IN The
SYSTEM: (1) RELIEF VALVES/BURST DL1SCS (2) REGULATORS (3) CrECK vALV:=S.
PROVIDES FOR C/0 OF PRESSURIZATION 5UB=3YS COMPONENTS.  CaisPuiNenT
INPUTS & OUTPUTS ARE ACCESSABLE AT HE SERVICE PANEL,

»FATLUKE MODE: EXTERNAL LEZAKAGE {3)

« DURING FLIGHT

+CARUSELS):

« VIBFATION, PIECE PART STRUCTURAL FAILURE (PJIPPET, SELL) s MeChRANIUAL
SHICK.,

«EFFECTIS): O (APSUBSYSTEM (B)IINTERFACES {CIMISSION (D)CRiW/VERICLE?

« {a) LUSS OF MELIUM PRESSURANT. {SECOND ORUER FAILUKE). {8) LUSS CF

« PRUOPELLANT FEED CaAPABILITY. (C) POTENTIAL tOSS GF MISSiUN gUE Tu
FLUID LOSS. (D} NONE, {E)} FUNCTIONAL CRITICALITY EFFelTs -~ POTEMIIAL
LSS OF HELIUM SUPPLY WHICH COULD RESULT IN LO0SS OF VEHICLE IF THe tO0S3
OCCURREDR BEFORE ET SEPARATION.

LLOGRRECTING ACTION:

« UTTLIZE AFT M{DULES TO CRIENT VERICLE FOR EMTRY ANC COMPLETE ASURT.

REMARKS/HAZARDI S

« NONE.

* & B B
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SHUTTLE CRITICAL ITEMS LIST — GR8BITER 102

SUBSYSTEM :FfwD - REACTION CONTROL FHEA NO O023-2F —-101090-1 REV:211/09/
.ASSEMBLY :PRESSURIZATION ABORT: CR1T. FUNC: 13
.P/N RI SHE276-0032 CRIT. HOW: 3
B/N VENDOR:RR42670-567,R642900-163  MISSIONS: HF  VF X FF oF  SH
LQUANTITY =14 PHASES)I: PL LA X CO X DO X LS
. :SEVEN REQ!D FOR EACH
. :PROPELLANT
. REDUNDANCY SCREEN: A—PASS B-FAIL C-PA
CPREPARED BY: APPROVED B APPROVED b4 (umsa)
-DES € SCARLETT  DES Aiﬁécé%fifﬁ@%ﬁf_ S5 %éJ v _vgt“ﬁézl
<REL R DIERL REL _4;H~£ik4a44ézﬁﬁft Rcé&éﬁé‘ £ ;bngz____
: ROVED WITH CHANGES
TITEM: DISCONMECT, QUICK, TEST " See Section 13.0

. PT. (1747} wWITH SPRING LDADED POPPET AND STRUCTURAL CAP, (MD 101,102,
103,104,107, 108,109,110,L11,112,113,1L4,177 & 173},

«FUNCTIOM:

. TC PROVIODE ACCESS' TO THE HELIUM SUPPLY SYSTEM AT YARIOUS PIIMTS IM THE
SYSTEMS (L) RELIEF VALVES/BURST DISCS (2) REGULATORS ({3) CHECK VALVES.
PROVIDES FOR C/0C GF PRESSURIZATION SUB-SYS COCHPCNEMTS. CCMPONENT
INPUTS & OUTPUTS ARE ACCESSABLE AT HE SERVICE PAMEL.

~FAILURE MODE: EXTERNAL LEAKAGE {s}

« DURING FLIGHT

«LCAUSELS):

. VIBRATIDON, PIECE PART STRUCTURAL FAILURE (POPPET, SEAL), MECHANICAL
SHOCK. .

.EFFECTIS}: ON (AISUBSYSTEM (BIINTERFACES (CIMISSION {(DICREW/VEHICLE:

. (A} LOSS 3¢ HELIUM PRESSURANT. (SECOHND CRDER FAILURE]. {3}y LOSS OF
PROPELLANT FEED CAPABILITY. {C} POTEMTIAL LOSS OF MISSICN QUE TO
FLUID LOSS. {D} NOME. (E} FUNCTIONAL CRITICALITY EFFECTS - POTENTIAL
LOSS OF HELIUM SUPPLY WHICH COULD RESULT IN LCSS OF VEHICLE IF THE LDSS
OCCURRED BEFORE ET SEPARATION.

LDISPOSITION & RATIONALE (A)DESIGN (BITEST {C}INSPECTION (D)FATLURE HISWORY

« fA) OUAL SEALING SURFACES ON CAP WILL PRECLUDE FAILURE. EACH SEALING
SURFACE INDEPENDANT OF THE OTHER DESIGN BURST PRESSURE IS TWQ TIMES GPER
PRESSURE. (87 EACH COUPLING PROGCF TESTED TO AT LEZAST 1.5 CPER PRESSLRE
£ LEAK TESTED FDR 15 MIN DURING ACCEPTANCE TESTING. (C) AUDIT COMDUCTED
0N 1L-3-75 VERIFI. THAT SUPPLIER INSPECT. INCLUDES VERIFI. OF RAWw MAT'L.
PARTS MFG, IDENTIFICATION, AND PROTECTION, ASSY QOPERATIONS, MOE EXAM OF
HELDS, BRAZESe AND MATTL AND EQUIP CONFORMANCE. TURNAROUND INSPECTIGN
INCLUDES YISUALLY INSPECTING ALL COUPLINGS THAT HAVE BEEN USED FGR
DAHAGE AMU LEAKAGE. ALSO, PRCPER AHC CAP TORQUE IS VERIFIED UPCN
REIMSTALLATION OF ANY CAPS THAT HAVE BEEN REMOVED. (D) 14 NON-FLIGHT
EXTERNAL LEAKAGE FAILURES EXPERIENCED CON LA/SM RCS DUE TC PROCESS
DEFICIENCIES.
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HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-101090-2

D LER ot S

SUBSYSTEM Fwd. Reaction Control FMEA NUMBER S$D75-SH-0076A
ITEM Test Quick Disconnect, Propellant FAILURE MODE _Fails Closed/Ground Ops

1. DOES- THE FLIGHT SOFTHARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY ves [ wo ]

- MINUNCIATE OR TAKE ACTION Il RESPONSE)?

la. IF HOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTVARE COULD wves ] wo |

USE TO DETECT THE FAILURE? .
I

2. ARE THE ANSWERS TO QUESTIONS 1 AND la CONSISTEWT WITH THE FMEA EVALUATION OF ves =0 [
IN-FLIGHT DETECTABILITY? ° :

3. DOES THE FLIGHT SCFTWARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE coyes [ wo (O3
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMENTING ALTERGATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *es [} no [
FATLURE NODE (EITHER BY COMMAMDING HARDWARE ACTION OR IMPLEIIE(ITING ALTERNATE
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE KODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE 08  *Yes [ ] %o [T]
INDUCE AUOTHER FAILURL? _

5. CAN THIS FAILURE MODE, IN COMBINATION MITH SOFTWARE LOGIC, ADVERSELY AFFECT wyes [ wo []
OTHER FUNCTIONS?

6. HOW MANY OF THESE HARDMARE FAILURES CAN THE SHUTTLE TOLERATE (CONSIDER CREW * [ =[] 20

ACTION AND HARDWARE/SOFTWARE OPERATION)? MNOTE CHANGE TO FMEA CRITICALITY.

7. 1F CREY ACTION IS REQUIRED TO RESPOHD TO THIS FAILURE MODE, ARE CUES PROVIDED N/A DYESD:‘EOD
TO SIGNAL THE NEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTION?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURREHCE? ves [J=0 [J
B. MWILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? yes (=0 ]
*EXPLANATION REQUIRED (SEE BELOW)

| R s Em M s & m = m W m W oW T e m om m e m om m m s e S e o o e W o T W Em e e e v m o m e o e e e m m wm

CHANGE/RETEHTION RATIOMALE SUMMARY

1.2 NO H/S ISSUES 3. [ N0 SOFTWARE DETECTION 5. [] ACCEPTANCE RATICHALE BELOW
2.{1 HARDWARE ACCEPTS RISK 4.1 DETECTION DURING CHECKOUT 6. [1 RECOMMENDED CHAKGES BELOY

[CJFMEA  CHANGE RECOMMENDED

e e A i T

EXPLANATION/COMMERTS :

1. Out of scope - ground operations only,
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS - GRBITLIR 1C2Z

SUBSYSTEM :FWD -~ REACTION CONTRGL FMEA NO 03-2F —1010930-Z REv:TZ/sLe/T:
«ASSEMBLY :PRESSURIZATION ABLRT: CRIiT. FuNC:

P /N VENDORIKARA2ETC~-BLT4R642G00C-183 MISSIONS: HF VF X FF LF M
WUANTITY 14 FHASE(S): PL X LO .o L0 LS

» tSEVEN REG'D FOR EACH NUMBER OF SUCCcSS PATHSE REMALINING

. IFROPELLANT AFTER FIRST FAILURE: 1

. REDUNDANCY SCREEN: A—-PASS D-—N/sA C—PAS!
«FATLURE DETECTABLE IN FLIGHT?. NAA TIME TO EZFFECT:

. SECONDS TO RQURS

. REFERENCE DOCUMzNTS:

. MITTU-COC1I—-G1E

SEHRIUND TURNAROUND T ear ererneeveaTES SDT2-8H~-010G3 -2

evd PRESSURE READ-OULT V42ZP-111iCC,1112C 411320, YST0=-4621 201

. 11‘!‘:

. PREFARED BY: APPROGVED BY:

. Les C SCARLETT BES  __

. REL R DIEHL REL

fITEM: DISCUONMECTy CGUICKs TEST

e PT. (174" WITH SPRING LUADED POPPET AND STRUCTURAL CAP. (MDD 1014102,
IC02,10441CT741CE8 $106951104111,112,1124114,4,177 & 17L).

«FUNCTION:

« T0 PROVIDE ACCESS 7O THE RELIUM SUPFLY SYSTEM AT VvARIGUS POINTS In The
SYSTEM: (1) RELYEF VALVES/BURST SISCS (Z) REGULATORS (3 CrelX valvis.
PRUOVIDES FOR €/0 OF PRoSSURIZATION SUEB~S5SYS COMPUNLNTS. COmiGNeN
INBUTS & QUTPUTS ARE ACCESSABLE AT HE SERVICE PANMEL.

fEATLURE MGDee FA1LS CLOSED {F}

. DURING TURN-ARQUNL/GRUOUND OPERATIONS

+LAUSE({S )

. CONTAMINATION, PIECE PART STRUCTURAL FAILURE (POFFET s SEAL) .

SEFFECTIS): ON {A)SUSSYSTEM (E)YINTERFACES (CIMISSION (CICREW/VERICLE:

. (&) LOSS DOF TEST/CHECKUOUT DATA. (R} TNCREASED GROUND EQUIPHMENT

e« REJUIREMENTS. (C) POTENTIAL MISSION LAUNCH TELAY. {2} NONo.

CCORRECTING ACTION:

- TEST AT ALTERNATE POINT (IF AVAILAELE) OR RMOvV:E AND REPLACE COJbLING.

SREMARKS /HAZARDS S

« NONE..

gﬁI@!FJ@L'

; Papw. -
E;ﬁ%XM? A@E'ﬂs

CUALsry
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HARDWARE/SOFTWARE ANALYSIS CHECKLIST  03-2F-101095-1

A

iy,

= A T ST PR AT T AT SR h

SUBSYSTEM Fwd, Reaction Control FHEA HUMBER SD75-5H-0016A
ITEM Helium Quad Check Valye FAILURE MODE Fails Open

1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE {i.e., AUTOMATICALLY YES D MO [D

- AMNUNCIATE OR TAKE ACTIOM If RESPONSE)?

ta. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTUARE COULD *vgs [] w0 [:]
USE TO DETECT THE FAILURE?

2., ARE THE ANSWERS TO QUESTIONS 1 AND la CONSISTENT WITH THE FMEA EVALUATION OF YES *N0 [:]
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGHT SGFTWARE TAKE ACTION TQ NEGATE THE EFFECTS OF THE FAILURE YES D MO
(EITHER BY COMMAHDING HARDWARE ACTIONM COR IMPLEMENTING ALTER:GATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO COMPEHSATE FOR THIS *YES [} no [X]

FAILURE HODE (EITHER BY COMMANDING HARDWARE ACTION OR IMPLENEITING ALTERIATE
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTHAR* QVERSTRESS THE LARDWARE OR *YES D o IK]
INDUCE ANOTHER FAILURE?

5.  CAN THIS FAILURE MODE, IN COMBINATLON WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES D 1o X
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE {CONSIDER CREW *0 D *'ID ZEI

ACTION AND HARDWARE/SOFTWARE OPERATION)? NOTE CHAHGE TO FMEA CRITICALITY.

7. IF CREW ACTIOI IS REQUIRED TO RESPOHD TO THIS FAILURE MODE, ARE CUES PROVIDED K/A EYESDNOD
TO SIGNAL THE MEED FOR INTERVENTION AHD THE REQUIRED CORRECTIVE ACTION? .

8. IF THE ANSYER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURREHCE? YES m*i.'ﬂ D
8. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? YES *NO D
*EXPLANATION REQUIRED (SEE BELOW)

= m e om e m o m m e T A e W M W e S M e Gy W e W o m E m W R e e o W o M e e wr ma e m m wm w o mm m e

CHANGE/RETEHTION RATIONALE SUMMARY

1.[ N0 H/S ISSUES 3. [ KO SOFTKARE DETECTION 5. [ ACCEPTANCE RATIOHALE "BELOW
2. (] HARDWARE ACCEPTS RISK 4. DETECTION DURING CHECKOUT 6. [1 RECOMMENDED CHANGES BELOH

[CIFMEA CHANGE RECOMMEIDED

- TT T T S s S m e M e e s m E A A s mm s m m s E o e o o om om o o m e om o e e ome e e e b e e o e e =

EXPLANATION/COMMENTS:

T. Series redundant.

6. Series redundant.
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS — CHBITER 10z

SUSSYSTEM :FunD — REACTIGN CCNTRUL FMEA NGO T3-ZF -1C1{95-1 Revill/suw/7t
CASSEMBLY  YPRESSURIZATION ABLRT: CR1Fe FuUNnLC: =
PN ORI sMCZ284-0481-CEL1 /0002 CRiT. nwi: =
PN VENDBORIRSCLIIO001/-611 MISSIONS: HF VF X FF 812 sH
JDUAKTITY iz PHASE{(S): PL L0 X Og £ B0 X LS
. S0ONE PER HELIUM SUPFLY O NUMBER OF SUCCESS PATHS KEMAINING
. : AFTER FIRST FaAlLURE: 1
. REDUNDANCY SCREEZN:  A=N/A P-NAA C—n/A
+FAITLURE DETECTABLE IN FLIGHT?. NO TIME TL ZFFRECT:

. MINUTES
- REFERENCE DCLUMENTS:

- MJCTO-0C01-L1E
-GRQUND TURNAROUND?-.. co-oto--taYES SD-I'Z—S?'I"'CF].O.:\"?
fCRPRUND TEST PORTS VITO=-42E0CL

. PREPARED BY: APPRUVED BYy:

. BES R BURKHART DES
. REL R DIEHL REL

«ITEMI VALVE,QUAD,CHECK,HE

« (CV YCL/YICE)

« SUNCT I0Ne

« TG PRECLUDE PROPELLANT VAFURS 'FROM MIGRATING TO KEGULATLAS {FxCM TrE
PRCGPELLANT TaMK).

s FALLURE MODE: FAILS OPEN {F)

« (R FAILS TU REMAIN CLUSED (INTCRNAL-LcAKAGE)} .

~CRUEE(S):

« LCONTAMINATION, VISRATION, PIECE PART STRUCTURAL FAILURZ, McoChRANICAL
SEOCK ., VIBRATION,

S« TFFECTLS): 6N {A) SUBSYSTEM (B)INTERFACES (CYMISSION (CJCREW/VEARICLE:

« £A) LOSS GF REDUNDANCY-SERIES VALVE WILL PROT=CT RIpULATORS FRUNM

- VAPURS. lBsCy D)} NO EFFECT UNLESS MULTIPLE FAILURES BCLUR. ()
FUNCTIOMAL CRITICALIYY EFFECT — POSSIBLE CONTAMINATION UF REGULATURS
AITH PROPELLANT VAPORS 1F BOTH CrECK VALVES ARE OPEN.

«CURRECTING ACTION:

»  MINEC AVARLABLE.

+REMARKS/HAZARDS

« NO HAZARQDS
ACTION OrF FPROPELLANT VAPORS AND CONTAMINMATION.

ORIGINAL page
OF POOR Qu,qm"f;..
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-HARDWARE/SOFTWARE ANALYSTS CHECKLIST 03-2F-101095-2

SUSSYSTEH Fwd Reaction Control EMEA fUMBER SD75-SH~-0016A
ITEH Helium Quad Check Valve FAILURE ISODE Fails Closed
1. DOES THE FLIGHT SOFTYARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES [ ] Ho f
. AHNUNCIATE OR TAKE ACTION I RESPONSE)?. g
la. IF NOT, GDES THE HARGWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTUARE COULD *ves [ wo ]
USE TC DETECT THE FAILURE?
2.  ARE THE ANSWERS TO GUESTIONS 1 AND la CONSISTENT WITH THE FMEA EVALUATION OF yes =0 [X] '
IN-FLIGHT DETECTABILITY?
3. DOES THE FLIGHT SCFTHARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE ves [ 1 w0 {£
(EITHER EY COMMANDING KARDWARE ACTION OR IMPLEMENTING ALTERVATE PROGRAM LOGIC)?
3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *ves [ | no
FAILURE MOGE.{EITHER BY COMMANDING HARODWARE ACTION OR IMPLEIISHTING ALTERMATE .
PROGRAM LOGIC)? .
4. AS A RESULT OF THIS FAILURE MOOE, CAN THE SOFTHARE OVERSTRESS THE KARDWARE OR *ves [ ] wo :
INDUCE AHOTHER FAILURE? .o ) |
5. CAN THIS FAILURE MOUE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *ves [ | w0 [ !
OTHER FUNCTIONS? i
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COilSIDER CREW "x0 [] «[K3 2] :
ACTION AND HARDWARE/SOFTWARE OPERATION)? HOTE CHANGE TO FMEA CRITICALITY.
7. IF CREW ACTION IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PROVIDED  #/A [ JvEs[ Jio[ ]
TO SIGNAL THE {IEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTIGH?
8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:

- *EXPLANATION REQUIRED {SEE BELOW)

- e S e o W o S W ar en En T W M e MM G A A G s am A W M T PR S de W de Sh W W o A o W W W o o o wr W wm m ww

"CHANGE/RETENTION RATIOMALE SUMMARY

A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? : ves [J=o [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? . ves {j=w0 ]

1.1 N9 H/S ISSUES-

_ 3.[] NO SOFTWARE DETECTION 5. [ ] ACCEPTANCE RATIONALE BELCY

2.[X] HARDWARE ACCEPTS RIS-I'( 4.3 DETECTION DURING CHECKOUT 6. 1 RECOMMENDED CHANGES BELOW

{[CIFMEA CHANGE RECOHMENDED

O E S M de W W W M W W W W W W I W s SN 4 MR T W M Wk W e W e e W e 4t W S M M W W e wh m e 4 o m m wm

EXPLAMATION/COMMENTS :

142, Upon using the thrusters, tank ullage pressure will decay until <200 psi which
will give a c1ass 2 caution and warning alarm.




SHUTTLE FAJILURE MODE AND EFFECTS ANALYSIS — 0R28IT72R LCZ2
SUSSYSTEM 2FWD - REACTION CONTROL FMEA NI G3-2F ~1015395-2 Aeveli/ L1/
«ASSEMBLY :PRESSURIZATION ABORT & CAIT. FUNC: 1K
«PAN RI tMCZ84—= 048 -G0G01/-0002 CRIT. HWL: 3
PN VENDORIRSCGLL500G—301/-01 1 M1S510MS: FF VF X FF GF S
aJLANTITY 12 PHASE(S): PL L0 X 30 x pJ xS
. SONE PER HELIUM SUPPLY NUMBER OF SUCCESS PATHS rRUMAINING
. : AFTER FIRSF FAILURg: 1
. REDUNDANCY SCREEM: A-PASSE EB-FaIL (-Falt
#FAYLURE DETECTABLE IN FLIGHTY. NO TIME TG EFFELT:
LIS TO SMaLL P THE LEAKAGE 13 N7 DETEC- MINUTES
«TAGLE REFERENCE COCUMeNTS:
. MJCTC~0L01~01L
.SRGUND TUR’\IARGUE\D?. & s ese -.l...YES SD—IZ_S}"—‘:J.L;:'J_;_
«SAME AS FLIGHT INSTRUMEN TATION VE70—421001
. FREPARED BY: APPROVED bY:
. BE=S R BURKHART R
. Rz L R CIEHL ReEL

«1TEM: VALVEZQUADG, CHECK4HE
. {CV 161/1CG2}
CENCT I0NS )
. o PRECLUDE PROPELLANT VAPORS FRUM MIGRATING TO RKEGULATLCRS (FRUM ThE
PROPELLANT TAMNK ).
FATLURE MODE: FAILS CLEGSED {F)
RESTRICTESD FLGH.
CAUSE(S):
PIZCE PART STRUCTIRAL FAILURE,y MECHANICAL SHSCKs ALLCELERATI NG
LFFECTISY: OGN {A) SUBSYSTEM {SYINTERFACES {CIMISSILN (DICREW/VohilLL:
. {A) LSS OF REDUNDARCY - PARALLEL PATH PROVIDES PRESSURAMNT FEED.
e {(E84Cs) NO EFFECT NLESS MULTIPLE FAILURES OCCUR. tu) ML =FFzCT.
{£) FUNCTIONAL CRITICAL EFFECTS = 1F FAILUKE GLCURS BrFURe =1 ScPariallUh
s L1355 OF DOwN FIRING TrARUSTERS WILL PREVENT ET StePARATION AND RESULT 1
LSS OF CREW/VERICLC.
SOCORRECTING ACTION:
o NORE (BLOWDOWN MAY GE USED AFTER SECOND FAILURE).
«REMARKS/HAZARDS S
o  MINIMUM DELTA CRACKING PRESSURE FOR CRACKING IS NECLESSARY REQUIRDHMENT
TG MINIMIZE SYSTEM PRESSURE DROP TO TANKS.

ORIGINAL PAGE |5
OF POOR QUALITY
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SHUTTLE CRITICAL ITEMS LIST — ORBITER 102

SUBSYSTEM :FND ~ REACTION CONTROL EMEA NO 03—2F —101095-2 REV:11/1U/78
.ASSEMBLY :PRESSURIZATION ABORT: CEIT. FUNC: 1R
.P/N RI tRC 2 B4~0481—-0001 /—0002 CRIT. HDW: 3
.P/N VENDOR:RSO10500-00L/-0L1 MISSIONS: HF VF X FF  OF  SM
JQUANTITY 32 PHASE(S): PL LC X 00 X DI X LS

. :0NE PER HELIUHM SUPPLY

. REOQUNDANCY SCREEN: A-PASS B—FAIL C-FAIL
.PREPARED BY: APPROVED j/ APPRO‘JElo BY‘:(MASAV:
.DES R BURKHART  DES L% 74 @_.. lave .. .. N e o
<REL : R DIEHL  REL 6 tmants (HTE ﬂing 7.
i VED WITH CHANGES
JITEM: VALVE; QUAD ¢ CHECK sHE See section 13.0

- f(CV 101/102%

« FUNCTIONS

- TO PRECLUDE PROPELLANY VAPORS FROM MIGRATIHG 70 REGULATJIPS {FRCM THE
PROPELLANT TANK!?.

.FAILURE MODE: FAILS CLGSED {F)

= RESTRICTED FLDhe

+CAUSE(S): .

. PIECE PART STRUCTURAL FAILURE, MECHANICAL SHCCK, ACCELERATION.

JEFFECT{S): ON (A)SUBSYSTEM (BIINTERFACSS (CIMISSION (DICREW/VEHICLE:

. (&) LOSS OF REDUNDAWCY — PARALLEL PATH PRGVIDES PRESSURAMT FEED.
{B,C,) NO EFFECT UNLESS MULTTPLE FAILURES OCCUR. (D} MC EFFECT.
(E) FUHCTIONAL CRITICAL EFFECTS ~ IF FAILURE OCCURS BEFOFE ET SEPARATION
«L0OSS OF DOWN FIRING THRUSTERS WILL PREV:RT £T SEPARATICN AND RESULT IM

" LOSS OF CREW/VEHICLEa

~DISPOSITION & RATIONALE {A)DESIGN (BITEST (CIINSPECTION (DIFAILURE HISTGRY:

. {A) VALVE SEAT MATERIAL wWILL NOT STICK CAUSING A FAILURE TO CFEN AND
SPECIFIED HMAXIHUM CRACKING PRESSURE IS ONLY 5 PSI. (B} ChECK VALVE TO
BE CERTIFIED FOR 100,000 CYCLES HITHOUT CHANGE IN PERFORMANCE |
CHARACTERISTICS/ALS0, WILL CHECK OUT EACH VALVE ELEMENT (PARALLEL -
SERIES) AFTER E&CH PLIGHY. VALVE SUBJECTED TO 48 MIN OF 1046 GRRS
RANDOM VIBRATION PER AXIS DURING QUAL PRDGRAM. (C) AN AUCIT CONDUCTED
OM 1~16~78 INDICATED THAT SUPPLIER OC VERIFIED RAW MAT'L. CERTIFICATION
TG SATISFY SHUTTLE DESIGN REQUIREMENTS. VERIFIED PROTECT ION OF DETAIL
PARTS FROM DAMAGE DURING MFG AND TEST, TIN-PROCESS INSPECTION VERIFIED
MFG TRAVELER SEQUENCES. TURNARQUND INSPECTICN TO INCLUDE MONITORING
FUNCTIONAL TESTS TO VERIFY FLOW AND CHECK FOR LEAKAGE. (Dl NO FAILURE
HiSTORY. THIS IS A NEW DESIGN FOR SHUTTLE USE.

=023
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-HARDWARE /SOFTWARE ANALYSIS CHECKLIST 03-2F-102106-1

SUBSYSTEM Fwd Reaction Control FMEA {IUMBER SP75-5H-0016A
ITEM _ Propellant lLine Flex Assy, ) FAILURE HODE Fxternal Leakage

1. DDES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE {i.e., AUTOMATICALLY YES E{] Ho [:]

. AUNUNCIATE QR TAXKE ACTION IN RESPONSE)?.

1a., IF HOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTMARE COULD *YES [:] MO [:]
USE TQ DETECT THE FAILURE?

2. ARE THE ANSMERS TO QUESTIONS 1 AND la CONSISTENT WITH THE FHEA EVALUATION OF YES ﬂ{] =0 [:]
IN-FLIGHT OETEGCTABILITY?

3. DOES THE FLIGHT SOFTUARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE YES [:] KO [3]

. (EITHER BY COMANDING HARDWARE ACTION OR IMPLEMENTING ALTERMATE PROSRAM LOGIC)?

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO COMPEHSATE FOR THIS *YES [:] no  [x]
FAILURE MODE (EITHER BY COMMAMDING HAROWARE ACTION OR IMPLEIEITING ALTERIATE -
PROGRAH LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTHARE OVERSTRESS THE HARDWARE OR *YES D 110
INDUCE AMOTHER FAILURE? .

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES [:] we [
OTHER FURCTIONS?

6. HOW MANY OF THESE HARDMWARE FAILURES CAN THE SHUTTLE TOLERATE (COMSIDER CREW ToxQ [ﬁ] *1[ ] 2[ )

ACTION AND HARDWARE/SOFTHARE QPERATION)? HOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTION IS REQUIRED TO RESPOMD TO THIS FAILURE MODE, ARE CUES PROVIDED  &/A [ ]ves[Xfuo[]
70 SIGNAL THE NEED FOR INTERVENTION AHD THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSWHER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER QCCURREICE? : YES *NO D
B. WILL BFS TOLERATE FAILURE WITHQUT LOSS OF CREM/VEHICLE? YES E*NO D
*EXPLANATION REQUIRED (SEE BELOW)

—--—---------—----—--------------—------_---------p-«

CHANGE /RETENTION RATIONALE SUMMARY - ]
1.L] NO H/S ISSUES . 3. {1 NO SOFTWARE DETECTION 5. ] ACCEPTANCE RATIONALE BELOW
2.[X] HARDWARE ACCEPTS RISK 4.[] DETECTION DURING CHECKOUT 6. [ RECOMMENDED CHANGES BELOM

FHEA CHANGE RECOMMERDED

T W o W R E R m S S S Em W W B S W @ m O E Em W W T e A e ow wr e R 4m W M e M B w em e e e W e e W e

EXPLAMATION/COHMENTS :

1. V42P1115C, 1116C will give a class 2 alert once pressure drops to a pre-determined low.
Gross leak indication occurs first.

6. Nd.redundanéy available.

7. V42P1116C and V42P1115C goes to shared meter M2 and w111 show a large pressure drop for
worst case (large Teak).

FMEA Change - add V42P1116C to "failure detectgb]e in flight".
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SHUTTLE FAILUR:E MUDE ARD EFFECTS ANALYSIS — QRBITER 1C2

SURSYSTEM :FWD — REACTION CONTROL FMEA N 03-2F —-1C2106-% Kevillsuasi.
LALSEFMELY tPROPELLANT FLED ABGRT (R1T. FLNEC: 1
SN ORI : LRIT. Hid: 1

P/K VeENDOR*MC2T1-0095 MISSIONS: hF VE X FF CF SM

ENTITY 2 PHASE{S)Y: FPL LG X 00 X LY X LS
- $GNE PER FROPELLANT NUMBER GF SUCCESS PATHS ReMAINING
. : AFTER FIRST FAILURC: <
. REDUNDANCY SCREEN: AN/ b BE—N/A C—nN/E
SFATLURE LETECTABLE IN FLIGHT?. YES TiMe TO EFF=CT:
«PROPELLANT TaAnK PRESSURE V4ZP-131C0C AND MANIFOLD SECONLS TU DAYS
fIRESSURE 1312(&61316C REFERENCE DGLUMENTS:
. VoTi—4z10ll
« ZSOUNE TUFRNARGUNDG T e eessscovenes ES I"EJU?Q"OCO].“CLE}
«SaMb AS FLIGRT INSTRUMEN TATION SHT2-SH~U1035-a
. VS7L—-4217CL
. PREPARCZD EBY: APFROVeD &Y
. DES J. TAGGART DeS
. REL R DIEHL REL

«1TEM: PROP LINE FLEX ASSY

SFEUANLTIONS
« TO FROVIDE PROPELLANT FebDl TG APPROPRIATE PRUPELLANT FEEDLINES.
+FATLURE M{ODE: EXTERNAL LEAKAGE (3]

«LAUSELS )2

. MECHANICAL SH{CZK, VIBRATION, FLOW, FATIGUE, IMPROPER INSTALLATLIM (WELD)

SEFFECT{S): UK (A)SUBSYSTEM (EJINTERFACES {C)MISSION (DICREW/VoHICLE:

. LAY LDSS GF PROPELLANTS. i{B) POTERTIAL CGRROSION FROM FKEE

ODPELELANTS IN MUUULE. (C) POTENTIAL MISSION LUSS DR ABURT DLeCiflin.

(D) POTENTTIAL LOSS GF CREW/VEHICLE IF FAILURE RESULTS I[N LUSS UF <C
FUNCTIGN BEFOKE ET SEPARATICN.

LLULRRECTING ALTION:

- ATTEMPT TG ISOLATE AND INITIATE ABGRT IF REQ'.

s REMARKS /HAZ aRDS :

- PLTENTIAL HAZARD OF FIRE/EXPLOSIGN FRCYM FREE PROPECLLANT S SdmMs LeEAR
POINTS MAY NOT BFE I SOLATABLE {I.E. BEFORE/UPSTREAM OF TANK ISGLATICHN
VALYES) NG REDUNDANLCY PROVIDED FUR LINES. SEE HAZARD NU. LYXX-L332-0C4a
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SHUTTLE CRITICAL ITEMS LIST - ORGITER 102

SUBSYSTEM :fWD — REACTION CONTROL EMEA NO 03-2F —102106-1 REV:11/09/78
ASSEMBLY :PROPELLANT FEED ABORT : CRIT. FUNC: 1
«PF/N RI : : CRIT. HD« = 1
<P/N VENDOR:HC2T1~0095 MISSIONS: HF VE X FF OF  SM
LQUANTITY 52 PHASE(S}: PL LO X 00 X D3I X LS
. sONE PER PROPELLANT -

. _ REDUNDANCY SCREEN: A=N/A  2—=i/A  C=N/A
.PREPARED BY: AP PRTIVED fYL&i%é;// APPQitED 9 (N .géﬂy
.DES J. TAGGART DE S L7 el T o e sSM Lae s B e
-REL R DIEHL REVY ST ¢t L HE R:igf __ZD&QQQ&%Jm

: Pé VED WITH CHANGES
.ITEM: PROP LINE FLEX ASSY See Section 13.0
LFUNCTION:

. TO PROVIDE PROPCLLANT FEED TO APPRCPRIATE PROPELLAMT FESDL INES.

.FAILURE MODE: EXTERMNAL LEAKAGE {s)

T LCAUSE{S):

« MECHANICAL SHOCK. VISRATION, FLOw, FATIGUE, IMPRGPIR [MSTALLATICN (WilS)

LEFFECT{S}: ON [AISUBSYSTEM (BYINTERFACES {CIHISSION (DICPEW/VEFICLE:

- (A} LOSS OF PROPELLANTS. {B} POTENTILIAL CORRCSIGN FROM FR:zE
PROPELLANTS IN HDDULE. {C)} POTENTIAL MISSICN LUSS OR ABORT DRCISION.
(D} POTEMTIAL LOSS OF CREL/VEHICLE IF FAILURE RESULTS IN LTS5 OF RCS
FUNCTTON BEFORE ET SEPARATION.

«DISFOSITION & RATIONALE (AJDESIGN {B)TEST (C)INSPECTIOM (DIFAILURE HISTCRY:
- (A} STRUCTURAL MARGIN OF 2.0 WILL MINIMIZE FAILURE MUDE POGTENTIAL. (B}

PROOF TESTED TC 1.5 TiIMES WORKING PRESSURE AND 65 MINUTES NF RANDDM
VIBRATION AT ANTICIPATED MISSION LEVELS. (C) TH PROCESS INSPECTIONS
X—-RAY OF HELOS & PENETRANY INSPECT. TURN ARCUND INSPECTION IMCLUDES
VONITORTHG FUMCTIONAL TESTS DURING PRESSURIZATION CYCLE FOR EVIDENCE OF
LEAKS AND DAMAGE. SUPPLIER IMSPECTICON DEEMED TO BE SATISFACTARY BASED
0N SURVEY CONDULTED ON 4—20~77. {D) NO FAILURE HISTORY FOR THIS
SPECIFIC DESIGN.

64
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-HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-1027108-1

SUSSYSTH& Fwd Reaction Control FHMEA MUMBER ~ SD75-SH-0016A
ITEM ___Feedline and Fittings FAILURE NODE Fxternal [eakade

-'i. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MOPE (i.e., AUTOMATICALLY YES E{] Ho D

. AHNUNCIATE OR TAKE ACTIOM I RESPONSE)?.

la. IF NOT, DOES THE HARDWARE PROVIDE IHFQRMATION THAT THE FLIGHT SOFTWARE COULD *YES D Ho D
USE TO DETECT TRE FAILURE? .

2. ARE THE ANSWERS TO GUESTIONS 1 AND .1a CONSISTENT WITH THE FHEA EVALUATION OF YES =40 D
IN-FLIGHT DETECTABILITY‘? )

3. DOES THE FLIGHT SOFTUARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE YES D NO
(EITHER BY COMHANHDING HARDWARE ACTION OR IMPLEMENTING ALTERGATE PROGRAM LOGIC)?

3a. IF NOT, DDES THE CAPABILITY EXIST FOR THE SOFTHARE TO COMPEHSATE FOR TRIS *YES D NO m

FATLURE I00E {EITHER GY COMMANDING HARGWARE ACTION OR IMPLEIEHTING ALTERHATE .
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOF'I"vJARE OVERSTRESS THE HARDWARE OR *YES D NO E ‘
. INDUCE AHOTHER FAILURE?

5.  CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, AOVERSELY AFFECT «ves [ 1w [H
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (cOnsiper crew =0 K] =1} o[}

ACTION AND HARDWARE/SOFTWARE OPERATION)? HOTE CHANMGE TO FMEA CRITICALITY.

7. IF CREYW ACTION IS REQUIRED TO RESPOWD TO THIS FAILURE MODE, 'ARE CUES PROVIDED N/A DYES@E{OD
TO SIGNAL THE MEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSUER TO EITHER 1 OR 3 IS YES: .
A, CAN THE BFS BE ENGAGED AFTER OCCURRENCE? : ves [xiwo [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? ves K=o [
*EXPLANATION REQUIRED (SEE. BELOMW)

- Er m oE o M v At w we e m T W W 4R dr M M AR W M A M W B A Mk A W A W e VR W e e S SR W S de W m mm wm

CHANGE /RETEHTION RATIONALE SUMMARY . - ) - - . .
1.1 40 H/S ISSUES . 3.[] NO SOFTWARE DETECTION 5. GACCEPTAMC‘E RATIONALE 2ELOW

Z. HARDWARE ACCEPTS RISK 4.177 DETECTION DURING CHECKOUT 6. [1 RECOMMENDED CHANGES BELQYW

DFMEA CHANGE RECOMMERDED

o W o e B Em e o w Em W E T T W R W M W W W W M o e o W W o wr @ B M ¥R M MR m M de da A wm W m m m m

EXPLANATION/COMMENTS:

1. V42PT115C, T116C will give a class 2 alert once pressure drops to a pre-determined Tow.
Gross leak 1nd1cat1on occurs first.

6. No redundancy available.

7. V42P1115C and V42P1116C goes to shared mater M2 and will show a large pressure drop for
worst case (large Teak).

o .
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SHUTTLE FATILUR ot AND EFFECTS ANALYS

SURSYSTEM :FWC — REACTION CCONTROL
«ASSENMELY  tPREGPEL LANT FEED.

/N ORI IVGT0421001

P /N VENDOR:

SAUANTITY 1

- tGNE S&T PSR PROPELLANT

FMEA NOD G3-
ABORT:

MISSIONS:
PHASE(S)‘
B ER QF S
AFTER FIRST
. REDUNDANLY SCR
LFAILURE QETECTARLE IN FLIGHT?. YES
PROPELLANT TANK PRESSURE V42P~1310C AND MANIFOLD
«PRESSURE 1312C & 131&C

[l = ]
et

UND TURNARCUND Pe e enussesensYES
E AS FLICGHT INSTRUMEN TATION

Al

[ e
5}. S

L] 1] * L] L] L]

PREPARED BY:
DES
REL

A SIEGELIN
R DIEHL

[ * a »

~ITEM: FEEDLINE
. FROM TANK TO
< FUNMCTIUN:

TO PROYIDE FEED TG APPROPRIATE
OPERATION — 3 AXIS ACCELERATION
«FALLURE MOUDE: EXTERNAL LEAKAGE
LCAUSE(S):

MELEANT CAL SHOCK .,

ANC FITTINGS
1} TANK VALVES TO

PROPELLANT COMP
CONTROL AND K3
{5}

VIBRATION/FATIGUEy STKRUCTURA
INSTALLATICH {XELD). FLUID FITTING SEAL FAILY
EFFECTIS): CN (A)SUBSYSTEM (B)INTERFACES {(CIMISS
(A} POTENTIAL LOSS OF FROPELLANTS. {3}y POTEN
FROPELLANTS 1IN MOCULE, {C) POTENTIAL M1SSIunN
(0) POTENTIAL LOSS OF CREW/VEHICLE IF LEAKING

TG CONTACUT WITH CATALYTIC AGENT OR HEAT S0URCE

FORWARD
CARECTING

MUDULE OR TIF LOSS GF PROPELLANT PROHIE

.C ACTICN:

2REMARKS/HAZARLDS :
POTERYIAL HAZARE OF FIRE/ZEXPLOSION FROM FREE P
SCINTS MAY NOT BE [SOLATAELE (I.E. BEEFORE/UPST
VALYES) NGO RECUNDANCY PROVIODED FOGR LINES, St

Z) MANIFULD VALVES,

1§ — ORBITER 1(2

ZF ~1C21586~
CRIT.
CR1T.
HF VF X fr
PL td X 06
UCCESS PATh\
FALLURE
EEN?: A—N/A B-N/E
TiME TO EFFECT:
SECONDS TO DAYS
REFERENCL LDULCuU™
VOTC~az1001
MUOTo—LOCE-CLE
SCT7Z~SH-C103~7
VSTC—421G21

Ml
OF
X LU X LS
KEiMmaINILG

L-NAA

=NTSs:

APPROVED ByY:
DES

Rl

O 3 ThAUSTERS
ONENTS FOn THRUSTER
TATIONAL CONTROL.

L FAILURZy IMrRUPER

RE‘

IGN (DICREW/VERICLE:

TlaL CCRRTSIGN FROM rhcE
LOSS &R AEBGLRT DeCiSlulva
PROPELLANT XPPLLOeS LUl
WiITh LUSSEQUENT LOSS UF
ITS ©T SEFARATIUNG

ATTEMPT TG ISCLATE AND INITIATE ABORT IF REG'D.

ROPELLANT 5. SOML LEAK
REAM OF TanNK ISCLATION
haZ A0 N2, LYXX—=030:—04.

ORIGINAL PAGE IS
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SHUTTLE CRITICAL ITEMS LIST - CRBITER 102

SUBSYSTEM :FWD — REACTION CCNTROL FMEA MO 03-2F -102108-1 REV:12/08/
LASSEMBLY :PROPELLANT FEED. ABORT : CRIT. FUNC: 1
.P/N RI V0T0-421001 CRIT. HDW: 1
.P/N VENDOR: MISSIONS: HF VF X FF  OF  SHM
CQUANTITY 21 PHASE(S): PL L0 X CO X D X LS

. :ONE SET PER PROPELLANT

. REDUNDANCY SCREEN: A-N/A  B-N/A  C—N/
.PREPARED BY: APPROVE G@ﬁiyﬁ# /yé“%PPRO\J Bl tnAsA: /7
.DES A SIEGELIN DES emﬁﬁr
+«REL R DIEHL REL =1 n<u&&bx{3%%/?rRE fy _:Eb ‘uﬁﬁm
. VED WITH CHANGES
JITEM: FEEDLINE AMD FITTINGS See Section 13.0

. FROM TANK TO 1} TANK VALVES TO 2) MANIFCLD VALVES, TO 3) THRUSTERS.

« FUMCTICHN:

. TO PROVIDE FEED TO APPROPRIATE PROPELLANT COMPOMENTS FOR THRUSTER
NPERATION —~ 3 AXIS ACCELERATION CONTROL AND RCTATICNAL CONTROL.

~-FATLURE MKODE: EXTERNAL LEAKAGE {(sS)

~CAUSE(S}:

« MECHANICAL SHGOCK, VIBRATION/FATIGUE, STRUCTURAL FAILURE, IMPROPER
INSTALLATION (WELD}. FLUTID FITTING SEAL FAILURE.

<EFFECT(S): ON {A)SUBSYSTEM (BJIINTERFACES (CJIMISSIGN (DICREW/VEHICLE:

« (A} POTENTIAL LOSS OF PROPELLANTS. {8) POTENTIAL CORRGSICN FROM FREE
PROPELLANTS IN #ODULE. {C} POUTENTIAL MISSION LCSS OR ABORT DECISION.
(D} POTENTIAL LOSS OF CREW/VEHICLE TF LEAKING PROPELLANT EXPLCDES DUE
TO CONTACT wITH CATALYTIC AGENT OR HEAT SOURCE WITH SUBSEQUENT LOSS OF
FORWARD MODULE QR IF LOSS OF PROPELLANT PROHIBITS ET SEPARATION.

+DISPOSITION & RATIONALE C(AYDESIGN (BITEST (C)INSPECTION [D)IFATILURE HISTORY

« [4) FACTOR OF SAFETY GF 4.0 RILL MINIMIZE FATLURE POTEMTIAL. DYNATURBE
FITTINGS HAVE DUAL SEALS. WHELD COMSTRUCTIUN REDUCES JOINTS & POSSIBLE
LEAK PATHS. FASTENING CLAMPS AND TUBE BRENDG DESIGN ALLOWkS DEGREE OF
MOVEMENT WHICH HELPS PREVENTING LEAKS. ({B) POST INSTALLATION TEST ANMD
DPERATICNAL CHECKOUTS YILL VERIFY SYSTEM INTEGRITY. ALL LINES SUBJECTEE
TO PROOF TEST OF la25 X MAX OFERATING PRESSURE OR L.l X SURGE (TRANSITI
PRESSURE WHICHEVER IS5 GREATER. PERFORMED TUBING CERTIFICATION PER
“ORBITER TUBING VERIFICATION PLAN SD7E--SH-0205". (C} IN-PRGCESS INSPECT
INCLUDES NOT & CHECKS DURING INSTALLATION. TURNARCUND INSPECTIGHN
INCLUDES MONITORING FUNCTIONAL TESTS DURING PRESSURIZATICON CYCLE FOR
EVIDENCE OF LEAKS. VISUALLY IMSPECT FOR DAMAGE WHERE ACCESSIBLE.
HARDWARE INSPECTION IN ACCORDANCE HITH PLANMNING RQHTS APPROVED BY NASA
(0} MINDR FAILURE HISTORY-CGRROSION AND FAB PROBLENMS REPCRTED DURLNG
APOLLO PROGRAM AND CU?RECTED HWITH APPLICABLE TMG/TPC REQUIREMENT.

40356
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HARDWARE /SOFTWARE ANALYSIS CHECKLIST 03-2F-102120-1

SUBSYSTEM _ Fwd Reaction Control FMEA HUMBER  SD75-SH-00016A
ITEH AC Motaor “perated Valve (Tank) FAILURE FODE  F3i1e¢ Closed
1. DOES THE FLIGHT SOFTMARE DETECT THIS FAILURE MODE (i.e., AUTOIMATICALLY YES 2w ] i
- ANNUNCIATE OR TAKE ACTIOM Iil RESPONSE)?. |
la. IF HOT, DOES THE HARDWARE PROVIDE IMFORMATION THAT THE FLIGHT SOFTWARE COULD *ves [ ] wo [] i
USE TO DETECT THE FAILURE? '
2. ARE THE ANISWERS TO QUESTIONS 1 AND la CONSISTENT WITH THE FMEA EVALUATION OF ves X~ [ :
IN-FLIGHT DETECTABILITY? 5
3. DOES THE FLIGHT SOFTWARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE Yes [ %o ,
(EITHER 8Y COXMANDING HARDWARE ACTION OR IMPLEMENTING AUTERNATE PROSRAM LOGIC)? !
3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTHARE TO COMPEHSATE FOR THIS *es [] no ;
FAILURE MODC./ETTHER BY COMMANDING HAROWARE ACTIOH OR IMPLEIIE/ITING ALTERNATE . :
PROGRA! LOGIC)? . :
4. AS A RESULT OF THIS FAILURE MODE, CAN THE sorrwms OVERSTRESS THE HARDWARE OR *ves ] wo [X] i
INDUCE ANOTHER FAILURE? . .
5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *ves [ 1 w0 [X]
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (CONSIDER CREY “xg [ wifxd 2

ACTION AND HARDWARE/SOFTWARE OPERATION)? HNOTE CHAHGE TO FMEA CRITICALITY.

7. IF CREW ACTION IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PROvIDED KA [ Jves[Kluo[]]
TO SIGNAL THE HEED FOR INTERVENTION AND THE REQUIRED GORRECTIVE ACTICH?

8. IF THE ANSWYER TO EITHER 1 OR 3 IS YES: .
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ; YES E*HO D
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF {REW/VEHICLE? . YES E*HO D
- *EXPLANATION REQUIRED (SEE BELOW)

W O dw dr M i m E e ® e Em W T e W o s S Em s s W M M W B o o de W W oEr T W %W e am e o w4 o Sm am e e e e e

CHANGE/RETEHTION RATIONALE SUMMARY

1.1} NO H/S ISSUES _ . 3.0 NO SOFTWARE DETECTION 5. [T ACCEPTANCE RATIONALE BELCW
2.[X] HARDUARE ACCEPTS RISK 4. [ DETECTION DURING CHECKOUT 6. [J RECOIMENDED CHANGES BELCH

) DFMEA CHANGE RECOMMERDED

e s E B R od e e S S S oar R W B S W W W W T S S M A W B M sk o dr o Y R S ar A R e e W v m wm wm a

EXPLANATION/COMMENTS:

D,

1. "RCS JETS" light on caution and warning panel.

6. The manifolds are in parallel (2 legs) giving one redundant path.
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SHUTTLE FAILURE MODE ARD BEFFECTS ANALYSIS - ORSBITER 161

SUZSYSTEM :FWL — REACTION CONTROL FMEA NG $3—2F —1luslll-1 REVIrIizil/?
LASSEMZLY  :PROPELLANT FEED ABORT: AEBORT, CRIT. FUNC: 1R
PN ORI tMC284~C430-0007/-000GS RTLS ChiT. hunb: Z
P/ VENDOGRISTE0CGZE/5T50C26 MISSIONS: WF VE X FF Y S
SOUANTITY 14 PHASE(S): PL LG X a6 X ko LS

- $TW0 REQ'L PER PROP TANK NUMBER UF SUCCESS PATRS ReMALINING

. : . AFTER FIRST FalLldRe: i

. REDUNDANLCY SCREENGZ A-PAS; F-~FASS L—PAS
FAILURE DETECTABLE IN FLIGHT?. YES Timz TG EFF2CT:
LTHRUSTER CHAMGER PRESS.y MANIFGLD PRESSURE MONITU SECONTS

WM O VEZP~1212~101£6,1312- 1316412211522 REFEIENCe: DOLUMENT S

- MJOTG-0OCI~010

«FROUND TURNARGUND Z. 06 seosseeeseYES 507240103~ L0

«Sh¥ME AS FLIGHT VST70=4&21uCh

. PREPARED BYS APPRUVED BY:

. DES R GUNZALEZ LeS

- REL R DIkHL REL

LITEMY VLV, AC MOTCR OPERATED -

o Tab® (1 1r2%). (LV 1él-lé4).

LFUNCT ION: ;

« 1) PROVICES ISOLATICON UF TANKS FROM MANIFOLDS. 23 PROIVILES ZACK-ULP
SHUT-OFF/ISCLAT [UN OF PROP MANLFCLDS AND ASSCCIATEL 1HULTERS?
LOMPONENTS,. EBI-STABLE, (TANK PRESSURE-Za3 PSElj. AC MUTIR CrIvVeN =
PHRSE (2 OF 3 WILL ACTUATE VALVE) 115 TO 2060 VOLTS 4UL0 hi.

FATLURE MODE:  FATILS CLDSED (F)

. CLSTTION — INCLUDES RESTRICTED FLUW TG LEVEL THAT BUES NuT alLLO~ FROPER
MIXTURE RATIO.

SLAUSE(S):

« VIBRATION, STRUCTIRAL FPAILURE. FREMATURE PUWER TO #MuTlk, ELECIRICAC
SRORT .

JEFFECT{S)T ON [A)SUBSYSTEM (B)INTERFACES (CIMISSION {DICREx/VIRILLES

. (A} LOSS OF PROPLLLANT FLOW 1IN Twd MARIFOLDS AND SUESEQLesY LSS DF
THRUSTER FUNCTIUN { THRRUSTER BURN-~THRU DU TU OXI0 RICH mMIATUKE). (3}
PRSSIGLE BURN-THRU PFROPOGATION. (C) LOSS OF MIZSICN. ABCRT DzCidfUN.
{D) PDT“NTIAL VEHICLE DAMAGE FROM COLLISION WITH RuNDIVUUS TARGGoT,
AFTER SECOND FAILURE, CRIT 1 FOR RTLS ABORT.

JLORKECTING ACTIONS

« UTTLIZE REMAINING FORWARD THRUSTERS IN COGUPLE WITH APPROPRIATE AFY
THRUSTEKRS FOR BRAKING. DE-ORBIT WITH AFT MLDULES

AREMARKS/MAZEARDS:

. FDTCNTIAL MAZARD OF EXPLOSION IF OX VALVE FAILS. SET PARKEAR rFMEA & KMK

T I
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SAUTTLE CRITICAL ITEMS LIST — CRBIVER 102

SUBSYSTEH :FHO - REACTION CONMTROL FMEA NO 03-2F -102120-1 . REy=1l1l/13/7

«ASSEMBLY sPROPELLANT FEED ABORT: ABCRT, CRIT. FUNC: 1R
P/ RI 1802 84~-04630-0007 /0008 RTLS i CRIT. HDn: 2
«P/N VENDOR:53750025/3750026 HISSICNS: BRF VF X FF aF SM
QUANTITY :4 PHASE(S): PL L X CC X BC LS

-

TwQ REQ'0 PER PROP TAaNK

LT

. REDUNDANCY SCREEN:Z

CPREPARED B8Y: APPROVED dgéi{’

"uDES R GONZALEZ D:SQQ bre.

JREL R DIEHL REL © Lot Thtrint T7E R

. NABROVED w;TH CHANGES
ITE#: VLV, AC MOTOR QPERATED — see Section 13.0

. TANK {1 1/2"3. (LV 161-164).

JFUNCTICN:z

. 1) PROVIDES ISOLATICN OF TAMKS FROM MANIFCLDS. 2).PROVIDES 85CK-uP
SHUT-OFF/ISOLATION OF PROP MANIFOLDS AND ASSCCIATED THRUSTERS!
COMPONENTS. BI-STABLE. {TANK PRESSURE-245 PS[}. AC MOTCR DRIVEN 3
PHASE (2 OF 3 wWILL ACTUATE VALVE)} 115 TO 200 VCLTS 400 HZ.

LFAILURE MODE: FAILS CLGSED {F)

. POSITION ~ INCLUDES RESTRICTED FLOW TO LEVEL THAT DOES NOT ALLOw PROPER
MIXTURE RATI3.

<CAUSE{S}: ‘

. VIBRATION., STRUCTURAL FAILURE. PREMATURE POWER TO MOTAR, SLECTRICA
SHORT .

EFFECTIS): ON (A}SUBSYSTEM [B)INTERFACES {CIMISSION (D)CREW/VEHICLE:

-« (A} LOSS OF PROPELLANY FLOW IN TwO HANIFOLDS AND SUSSEQUENT LOSS OF
THRUSTER FURCTION { THRUSTER BURN~THRU DUE TO GXID RICH MIXTURE}. (B)
POSSIBLE BURN-THRU PROPOGATION. (C) LOSS OF MISSIGN. ABCRT DECISICH.
{D) POTENTIAL VEHICLE DAMAGE FROK COLLISION WITH RENDEVOUS TARGGET,
AFTER SECOND FAILURE. CRIT L FOR RTLS ABORT.

~DISPOSITION & RATIONALE (AIDESIGN (BITEST {C)INSPECTION (DIFAILURE HISTOZY:

« A} VALVES ARE ALWAYS OPEN. OQUAL SERIES SRITCHES WILL PPECLUDE SIMGLE
FATILURE PREMATURE ACTUATICM. SHORTED RPC WILL NOT CLGCSE VALVE. (8}
EACH VALVE IS SUBJECTED TO ACCEPT TEST VIBRATION. VALVE IS SUBJECTED TG
48 MIN OR RAMOOM VI3 IN EACH AXIS AT ANTICIPATED MISSION LEVELS AND AM
ENDURANCE TEST EQUIV. TO 100 MISSIONS DURING THE QUAL TEST PRGGRAH.

EACH VALVE SUBJECTED TO PROOF PRESSUPE COF 1500 PSIG. MORE THAN 4 X
HORKING PRESSURE. (C)} AUDIT CONDUCTED 7-1-76 VERIFY SUPPLIER INSPELTISN
CONTROL OF PARTS ID AND PROTECTEION, MFG PROCESSES, ELECT TERMINATIONS.
TURNAROUND INSPECTION IMCLUDES MONITORING TEST TO VERIFY ELECTRICAL
POMER TOQ VALVE FOR EYIOENCE OF SHORT CIRCUITY. (D) NO FLIGHT FAILURE
EXPERIENCE.
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HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-102150~1

L

LI

SuBSYSTEM  Fwd. Reaction Control EMEA HUMBER SD75-SH-0016A
ITEM _ Quick Bisconnect FAILURE 1ODE External lLeakagqe

1.  DOES- THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE {i.e., AUTOMATICALLY YES Ho I:]

- AINUNCIATE OR TAKE ACTIOM Il RESPONSE)?

la. IF NOT, DOES THE HARDWARE PROVIDL INFORHATION THAT THE FLIGHT SOFTWARE COULD *YES D Y] D
USE TO DETECT THE FAILURE? '

2. ARE THE ANSWERS TO QUESTIONS 1 ANMD la CONSISTENT WITH THE FMEA EVALUATION OF YES *H0 [:]
IN-FLIGHY DETECTABILITY? ° -

3. DOES THE FLIGHT SOFTWARE TAKE ACTION TQ NEGATE THE EFFECTS OF THE FAILURE ' OYES D NO @
{EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMENTING ALTER:NATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *YES E] ®0 m
FAILURE I\ODE (EITHER BY COMMANDING HARDWARE ACTION OR IMPLENEITING ALTERNATE
PROGRAM LOGIC)? ]

&4, AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE QVERSTRESS THE HARDWARE OR *YES D o [X]
INDUCE ANOTHER FAILURE?

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT =ves [ w0 [XJ
OTHER FUNCTIONS?
6. HOW MANY OF THESE KARDWARE FAILURES CAM THE SHUTTLE TOLERATE (CONSIDER CREY +0 {7 =] 2[]

ACTION AND HARDWARE/SOFTYARE QPERATIOW)? NOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTIOI IS REQUIRED TO RESPOHD TO THIS FAILURE MODE, ARE CUES PROVIDED H/A DYESNOD
TO SIGHAL THE MEED FOR INTERVEHTION AHD THE REQUIRED CORRECTIVE ACTICH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? YES m*ﬂO B
8. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VERICLE? YES L_x]*ﬂ{) N
*EXPLANATION REQUIRED (SEE BELGH)

o m m m M e A e e e e T W T M o o me m Em m me ea m m e W Er m e E e = s w e m ot w e ae aa e e m wm m om wm

CHANGE /RETENTION RATIONALE SUMMARY
1.0 O H/S ISSUES 3. {71 NO SOFTHWARE DETECTION 5. [_] ACCEPTANCE RATIOHALE BELOW
2. [X] HARDWARE ACCEPTS RISK 4.1 DETECTICN DURING CHECKOUT 6. [} RECOMMENDED CHAMGES BELOM

@FMEA CHANGE RECOHMENRDED

EXPLANAT IO/ COMMENTS :

1, The tank pressure drop (worst case/full open) will be detected by V42P1115C, 1116C;
unless regulated the gross leak indication will detect it. Also measurements 1313C, and
1314C appear obsolete and shouid be removed from the FMEA.
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SHUTTLE FATILURE MODE AND EFFECTS ANALYSIS — GRZITER 132

SUDSYSTEM :FWD — REACTION CONTROL FMEA NO 03-2F —-102150-1 REVIYZ L usT

JASSEMBLY  TPRIPEL LANT ARDRT: CR1T. FuUnNC: 1
PN RI ML 276—0018 CR1T. HwWDrs 1
PN VENDOR:T7630104C MISS10NS: RF Vi X FF or S
LJIJANTITY 8 PHASE(SY: PL LG X 60 X 00 X LS
. : NUMBER OF SUCCESS PATHS REMAINING
. :THREE REQ PER PRUOPELLANT AFTER FIRST FaIlLuke: t 1
. REDUNDANCY SCREEN: A-N/JA B—N/A C~N/A
SFAILURE DETECTABLE IN FLIGHT?. YES TIME TG EFFECT:
LLOSS OF TANK PRESSURE V4 Z2F=1310C, SECONGS T DAYS
«1312C,y 13313Cs 1314C, . 1215C TANK TEMP REFEZRENCE UOCUMENT S
1300 AND 1400 MJCTO=CLE1~-010
SGEUUME TURNAROUND 24 ae coesonnesM/A SUT72=5h=0103~"

. VST0-421G01)

. . PREPARED BY: EPPKLVED bBY:
. nE C SCARLETT OES

. REL R DIEHL ReEL
«ITEM: DISCONNECT, GQUICK, FILL -

« PRUPELLANT, SPRING LOADEU POPPET & STRUCTURAL CAP (MOL11I9-1Z6).
. SUNCTIONS

« T{ FROVIDE FOR DRAINING, VENTING, AND BLEEDING PROPSLLANT TANKS. I
BOTH HORIZONTAL AND VERTICAL VERICLE GRIENTATIGN.

LFATLUKE MODE: EXTERNAL LEAXKAGE (s) —

e DURING FLIGHT

«CAUSE(S):

» VIBRATION, AND LCGSENING OF RETAINER NUT, PIECE PART STRUCTURAL FALLUKE s
AECHANICAL SHOCK.

LEFFECTIS): UM (A)SUBSYSTEM (B)YINTERFACES (CIMISSION D)CREW/VEHICLE:

. {A) LOSS GF PROPELLANT DVERBOARD (187 ORDER FAILUR: FOR LLISC RETAINING
NUT Y. (B) POSSIBLE FIRE/EXPLOSION IF FUEL REACTS wiTa OXIDLZek (ol
OROCER) OR EXTREME HEAT DURING RE~ENTRY. (C)} PUSSIELE LOSS OF MISSiun
SUE T FLUID LOSS. {C) POSSISLE LOSS BF CREW/VERICLE IF FAILURD GCCURS
PRIDR TU ET SEPARATION.

LORRECTING ACTION

« INITIATE ABORT DR RESCUE OPERATIONS.

REMARKS /HAZRRDS:

o PUTEMTIAL HAZARD FROM FIRE, EXPLUSIGN, ARD FREE PROPeLLANTS. SEB
HAZARD 1YXX~-0502-Ca.

ORIGINAL PAGE [g
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SHUTTLE CRITICAL ITEMS LIST - GRBITER 102

SUBSYSTER :FWD — REACTION CONTROL FMEA NO 03~2F —-102150~1 REV:12/08/78
+ ASSEMBLY PROPELLANT ABORTY : CRIT. FUNCs 1
.P/N RI tMC276-0018 CRIT. HDN: 1
-P/N VENDIR:TE€301000 MISSIONS: HF VE X FF  DF  SM
“QUANTITY :6 PHASE{S}: PL LO X GC X DO X LS

. :THREE REQ PER PROPELLAMT

. REDUNDANCY SCREEN: A-N/A  B—N/A  C-N/A
‘«PREPARED 8Y: - APPROVED BY- APPRDV?ID a8y NASAM
.DES C SCARLETT DES GrSconl® 12litfs SsH Eé@'-.__- __ -‘&Q& ....
-REL R DIEHL  REL G BeiiAeuci A R 25 ....ZM

: PROVED WITH CHANGES
LITSM: DISCONNECT. GUICK, FILL See Section 13.0

« PROPEZLLANT, SPRING LOADED POPPET & STRUCTURAL CAP (MDIl9-126).

+FUNCTION:

. TO PROVIDE FOR DRAINING, VENTING, AND BLEEDING PROPELLANT TANKS. IN
BCTH HCRIZONTAL AND VERTICAL VEHICLE ORIENTATION.

LFAILURE MLDE: EXTERNAL LEAKAGE {5}

« DURING FLIGHT

+CAUSE[S}:

.« VIBRATIOM. AND LLODSENING CF RETAINER NUT. PIECE PART STRUCTURAL FAILUREZ,
MECHANICAL SHOCK.

<EFFECTISY: ON {A)YSUBSYSTEM [BIIMTERFACES {[CIMISSTION (DICREW/VEHICLE:

« [A) LOSS OF PROPELLANT DVERBOARD (1ST ORDER FATLURE FUOR LCOSE RETAINING
NUT}. {B) POSSIBLE FIRE/EXPLOSION IF FUEL REACTS WITH OXIDTIZER {2ND
ORDER} DR EXTREME HEAT DURING RE-ENTRY. (C} POSSIBLE LCSS OF MISSION
BUE TG FLUID LOSS. (DY POSSIBLE LOSS OF CREW/VEHMICLE IF FAILURE OCCURS
PRIOR TO ET SEPARATIODN.

~DISPOSITION & RATIONALE (A)YDESIGN {BITEST (C)INSPECTION (DIFATILURE HISTDRY:

- {A) CAP SEAL DESIGN DETERMINED TO BE ADEQUATE TD PRECLUDE LEAKAGE-
DESIGN FACTOR OF SAFETY 15 3.0 X 710 PSIG MAX WORKING PRESSURE. CAP
PLUS CDUPLING CONSTITUTES DUAL SEALIRNG. ALL RETAINER NUTS ARE PROPERLY
TORQUED TO PRECLUDE LGOSENIRNG. (B) SEALS ARE EXPOSED TO GVER 500 CYCLES
DURIMNG DEVELOPMENT. COJPLINGS ARE SUBJECTED TO 600 OPERATIONAL CYCLES
IN QUAL TEST. ALL CAPS & COUPLINGS LEAK TESTED FOR 3 MIN. AT PRESSURES
UP YO 1.25 MAX WORKING PRESSURE DURING ACCEPTANCE TEST.

TURNARCUND LEAK CHECKS PERFDRMED BEFORE EACH FLIGHT. RANDOM VIBRATION
PERFORMED DURING QUAL PROGRAM. 68 MINUTES IN TWD EXES AT ANTICIPATED
MISSION LEVELS. {(C) TURRARQUND INSPECTION INCLUDES VISUAL INSPECTING
ALL COUPLINGS.THAT HAVE BEEN USED DURING TURNARCGUND FOR DAMAGE PLUS
INSPECTING FOR LEAKS DURING LEAK CHECKS. ALSD; PROPER BLEED SCREW
TORGQUE IS VERIFIED FRIOR YO REINSTALLATION OF ANY CAPS THAT HAVE BEEN
REMOVED. SUPPLIER AUDIT COMDUCTED 4~5-77 VERIFIED THAT SUPPLIER
INSPECTION CONTROLS RAW MATERIAL PARYS IDENTIFICATION, MFG PRUOCESSES.
CONTAMINAT ION CONTROL, AND STORAGE ENVIRONMENTS. (D) MEW DESIGN FOR
SHUTTLE APPLICATION. NO FLIGHT FAJLURE HISTORY.
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HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-102150-2

P L L

PP XTI

-

sugsysTen  Fwd. Reaction Control FHEA HUMBER SD75-SH-0016A
ITeM Quick Disconnect FAILURE MODE Fails Closed/Ground Qps

1.  DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY ves [1 w0 [

. AUNUNCIATE OR TAKE ACTION IN RESPONSE)?

Ta. IF NOT, DOES THE HARDWARE PROVIDE INFORHATION THAT THE FLIGHT SOFTHARE COULD wes [ wo ]
USE TO DETECT THE FAILURE?

2. ARE THE ANSWERS TO OUESTIOHS_ T AND la CONSISTENRT WITH THE FMEA EVALUATION OF YES [:l *N0 D
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGHT SOFTUARE TAKE ACTION TO HEGATE THE EFFECTS OF THE FAILURE ves [ w0 (]
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMEWTING ALTERGATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPEHSATE FOR THIS *YES D NO I:I
FAILURE MODE (EITHER BY COMMANDING HARDWARE ACTION OR IMPLEIEATING ALTERIATE
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR  *vEs [ ] #o []
INDUCE AHOTHER FAILURE?

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT «ves [ 10 []
OTHER FUNCTIONS?

6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COMSIDER CREM «0 [] =i} 2}

ACTION AND HARDWARE/SOFTWARE OPERATION)}? WHOTE CHAMGE TO FMEA CRITICALITY.

7. 1F CREY ACTIOIl IS REQUIRED TO RESPGHD TO THIS FAILURE MODE, ARE CUES PROVIDED N/A DYESDNOD
T0 SIGHAL THE HEED FOR INTERVEHTION AND THE REQUIRED .CORRECTIVE ACTION? -

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES: .
A. CAN THE BFS BE ENGAGED AFTER OGCURRE{ICE? ves (=0 ]
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? ves (=0 |
*EXPLANATION REQUIRED (SEE BELCH)

™ S m om wm M m om m e m om m m e W W MG M W M Em E e S v e e o o m ar M e S M o e m m m M o e e A e m A m e

CHANGE/RETENTIOH RATIONALE SUMMARY

1.0 NO H/S ISSUES 3.[) NO SOFTUARE DETECTION 5. [ ACCEPTANCE RATIONALE BELOW
2.[ ] BARDWARE ACCEPTS RISK " 4.7 DETECTICH DURING CHECKOUT 6. [ 1 RECOMIENDED CHANGES BELOW

DFE‘-‘:EA CHANGE RECO#MENDED

WS M E T R e om m s A - S G e m oEm oEoEm R R oE W R omoTm om oM o ow o e Mmoo e = m om o e e om e A o e e e e

EXPLANATION/CCIMMENTS:

Cut of scope - ground operations oniy.
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SAUTTLE FAILURE MOODE AND EFFECTS ANALYSIS - OR3ITER 10o

SURSLYSTEM :FWS — REACTION CONTROL FMEA NGO 03-2F —-1G2150-2 REVILE/2T/T.
LASSEMELY  PROPELLANT AEORT? CkIT., FuUNC:

PN R IMCZ7E~CG18 CRiT. hwD: 3
PN VENDOR:TH6LGL0G0 MISSIGNS: HF VF X Fr GF S
LGUANTITY & . PHASE{S}): FL X LB oo o LS

. : NUMSER OF SUCCcSS PATRS REMAINING

. :THREE REG PER PROPELLANT AFTER FIRST FAILURE: 5

. REDUNDANCY SCREENI A-PASS E~-N/A L—FAast
SFATLURE DETECTABLE IN FLICGHT?. NA TIME TO EFFELT:

. SECONLS TO ROURS

L]

REFERENCE DOCUMENTS:

. mMJCTE~-C001 01
QSE’;‘..SUND TURNF‘RUUND?0.0 cc-'--c-ooYES SD‘?Z—SE-Q:&G.B-Z
JGROUNG BEQUIPMENT FLOW RATE RcAD OUT Vi70—-4214C1

N PREPARED BY: ‘ APFROVED EY:

. DES C SCARLEYT DES

. Rzb R DIEHL REL

»1TeM: BISCONNECT, QUICK, FILL
« PRUOPELLANT, SPRING LOACDED PCPPET E STRUCTURAL CAP (ME119—12&). .
SFUNCTIONT
. TO PROVIUE FUOR CRAINING, VENTING, aNUD BULEEDING PRUOPELLANT TANKS. iIN
30Tm HORIZONTAL AND VERTICAL VEHICLE ORIENTATICN,
FAILURE MODE:  FAILS CLOSED {F)
» LCUSING GROUND OPERATIONS
LCAUST(S):
.« CUNTAMINATION, FIECE PART STRUCTULRAL FAILURE IMPROPER HANGLING.
LEREFECT{S): ON (A)SUBSYSTEM (B)INTCRFACES (CIMLISSION {DICRew/VERICLE:
. 1A} LGSS OF FILL CAPABILITY. {B) INCREASED GRIUND DOPERATLUNS
»  REQUIREMENTS. {C) vaURCH DiLay. {C) NONE.
JCORRECTING ACTICN:
« REMOVE AND REPLACE FILL VALVE OR ATTEMPT RECUNNECTIGON.
REMARKS/HAZARDS S
MINE,
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-HARDWARE/SUFTWARE ANALYSIS CHECKLIST
SUBSYSTEM Fwd Reaction Control FMEA NUMBER

03-2F-102170-1
SD75-SH-0016A

ITEM _ DC Solengid Onerajed Valve FAILURE MODE _Faile Clasad = Premature Qperati
Yernier jhurster Manivoid peration
1. DOES THE FLIGHT SOFTYARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES no [}
- ANNUNCIATE OR TAKE ACTIOM IH RESPONSE)?.

Ta. IF NOT, DOES THE NARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD xyes [] w0 7]
USE TO DETECT THE FAILURE?

2. ARE THE ANSWERS TO QUESTIONS 1 AND Ta CONSISTERT WITH THE FMEA.EVALUATION OF Yes Kjxo []
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGAT SOFTUARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE ves [1 o {X]
(EITHER BY COMMANDIIG HARDWARE ACTION OR INMPLEMENTING ALTERVATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPEHSATE FOR THIS =es ] no [A
FAILURE MOBE (EITHER BY COMMANDING HARGWARE ACTION OR IhPLE:IE ITING ALTERHNATE .
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE HODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR  *YES [_] MO
INDUCE AHOTHER FAILURE? y

5. CAN THIS FAILURE FODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES [:] NO [jg
OTHER FUNCTIONS

6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COMSIDER CREW =0 [ ] «ifx] 2[}
ACTION AND HARDWARE/SOFTWARE QPERATION)? MNOTE CHANGE TO FHMEA CRITICALITY.

7. IF CREW ACTIOH IS REQUIRED TQ RESPOND TQ THIS FAILURE MODE, ARE CUES PROVIDED /A DYESNOD

_ TO SIGNAL THE NEED FOR INTERVENTIOH AHD THE REQUIRED CORRECTIVE ACTIGH?
8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ves (=0 [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEMICLE? ves [{j=o0 [
*EXPLANATION REQUIRED (SEE BELOW)

e o m m o m m am eh de e e R T W % am AR R e e R wh W mr e s B M M S S A T N S R TR W A W M A R M A m M wm

CHANGE/RETENTION RATIONALE SUMMARY
1.1 86 H/S ISSUES
2.[X] HARDWARE ACCEPTS RISK

5. (7 ACCEPTANCE RATIONALE BELOY
6. [} RECOMMENDED CHAMGES BELOW

3. {1 NO SOFTWARE DETECTION
4. [ DETECTION DURING CHECKOUT

[_1FMEA CHANGE RECOMEXDED

W Em o S m m o W wm ek R ds b S W W S E @ W S @ W W e W e W er e 4w e M W M e e e e M e a m m m w e

EXPLANATION/COMMENTS:

]'

b.

Manifold status on CRT and panel talk back is available,

One failure is all that can occur since there is no redundancy.

tolerate this failure since.it is a criticality 3.

7.

The measurements V42X1332X and V42X1232X are downlisted and available for CRT callup.

The Shuttle can




SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS — ORBITER 3d«

SUs SYSTEM

TFRW — ReEACTION CONTRGL FMEA N3O {$3-2F —-1GZ170-1 Rovsiz/son/it.
«ASNSEMELY  :tPROPELLANT FEzD ABDRT: CaiTe FUNC: z
PN FIT tMCZ8a-0420—-C011/7-0012 CRIT. hikis zZ
PN VENDNDR:TF23%5-0011/-0012 MISS {0ONS: HF VE X FF GF M
« dUARTITY 2 PHASE{S): FL LO 05 X bl LS
- $ONE REL'D PER PROPELLANT NUMSER OF SUCCLESS PATHS REMALINVING
. : \ AFTER FIRST FAILURES G
. REDUNTANCY SCREEN: A-P LSS B-PASS L-FAIL
+EAILURE DETELTABLE IN FLIGHT?. YES TIME TG £FFECT:
SMANIFLD POSITN INDICATOR V42ZX1Z372E SECONDSE
SMEAZR1ZB2E . REFLRENCE DLOCUMeENTS:
. MJICTO=CO 01—P1h
SEROUNG TURNAROUND ? ces eenrraases¥ S SOT72—3h—01032-2
WSANS AS FLIGHT V570— 4c10
. PREPARED BY: AP PROVED EBY:
. ; pES R BURKHART DLs
. REL R CIEHL REL

ETEM: VIVE.,DC SCLEN OPERATKD -

. VeRNIER TF J¢T R MANIFGLE {1/47) 81-STASLEy SGLENDOID ORIVEN Z2evii.
(Lvy 12718

SFUNLCT TONC

. T PROVIDE ISCLATION OF PRUPELLANT MANIFOLL AND ASSOCIATED verMNIER
THRUSTERS 1) SUBSEQUENT [0 DUWNSTREAM FAILURE(S) Z) PRIGR TO S5Y5TeM
ACTIVATION.

Al URE MQODES FAILSCLUSEQ—PREMATURE {F}

e« LFERATION

CLusS=(s):

. IMPROFER ELECTRICAL SIGNAL {CONTINUDUS SHORT)y PIECE PART FAILURE.
CONTAMINATION,: VIERATION.

EEFECTIS): ON (AYSUESYSTEM (BYINTERFACES {(CIMISSTON (D)CREw/vehIlLs

. {4) LOST CF VERNIER THRUSTER FUNCTIUN. (8) NONE. () rb55luLL cARLY

. MISSION TERMINATIOCN. BECAUSE LARGE THRUSTERS INADE(QUATE FUR SMALL RATEC
ATTITULGE hOLD. (D) NONE.

LCORKECTING ACTINONG . .

. ATTEMPT TG UTILIZE LARGE THRUSTER IN AFFECTED AXIS TOU “2INTAIN SMalt
JEATBAND.,

CBEMARKS/HAZARDS

. FUTENTIAL FGR CGRLLISICK WITH OR LOSS GF PAYLUGAD/SATaLLITE. Sce
CONSOLICATED CONTRILS FMEA # 72895 FMEA 1.
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SHUTTLE CRITICAL ITEMS LIST - CRBITER 102

SUBSYSTEM :Ffwd - KEACTION COHTROL FMEA NG 02-2F -102170-1 REV:12/08/7
LASSEMBLY :PROPELLANT FEZD A8CRT : CRIT. FUNC: 2

. P/N RI tMC284-0420-0011/-0012 CRIT. HDW ¢ 2
.P/N VENDCR:73865-C011/-0012 MISSICNS: HF VF X FF  OF  SM
LQUANTITY :2 PHASE(S): PL LD 0O X DG LS

. :ONE REQ'D PSR PROPELLANT

. REDUNDANCY SCREEN: A~ PAS< 3-PASS C-FAl
.PREPARED BY: APPRCVED,SY: / APPR {NA M.
.DES R BURKHART DES .. "‘/6&\7‘7{@/ 7 : LU} _______
+REL R DIEHL REL C.& Tdus 1.2'd5/7¢ daal

»ITEM: VLVE,DC SCGLEN CPERATES -

.« VERNIER THRUSTIR MaNIFOLD, (1/47) 3I-STA3LZ, SCLENCID DOIVEM 28VDC.
(LY 137-158)

+« FUNCT IGN:

« TC PRGVICE TS0LATVIGN CF PROPELLANT MANTFCLD AND ASSICIATED VEINIEZR
THARUSTERS 1) SUSSEQUENT TT CCWNSTREAM FAILUAZ(S) 2) PRIQR TC SYSTEM
ACTIVATICN.

«FATLURE MODE: FAaIL CLOSED-PREMATURE {F)

. QOPERATICN

LLAU -(S]‘

AL {CCNTINUCUS SrCRT), PIEL

i

P

1-
A3

T FALLURE,

o« IMPRCPER zLECTRITAL 3

COMTAMINAT ICHN, VIZRA

=

g Lot oM

SSFFECT(S ) CMN (A SJUSSYSTZH {S)INTZRFACES {CIMISSION (DICSEWN/VEHICLE

. A) LTSS 3+ VYERNIER THRUSTZR FUNC‘iDh- {31 “MCNE. {{) eZssis L— c
MISSICN TEZRMINATICN. 3ECAUSE LARGE THRUSTEIS INADEGUATE FCR SMALL R
ATTITUDE HCLD. {2) NOMNE.

LDISPGSTTICN £ ATICNALES (AISESIGN (SJTEST (CIINSDECTIGON (DIFAILURE HISTCRY:

. {&4) SEIIES CUNTRCL CIRCUITRY 2ROVIUDED T4 MINIMIZE FAILURE MODE. 120
MICRCH FILTER IS PRCVIDED. HEDIA HAS BESN FILTERED TC 25 MICACHN PRICE
TC SNTEZRING TANK. SPICIAL SHPHASAS PLALCED GM THE JESIGN AND LAYCUT OF
SCLZNOID #1RING TCQ PRECLUDE SHGRTS. (2) QUAL TEST IMCLUBES 43 MINUTEZS
PER AXIS JF RANOOM VIBRATION AT AMTICAPTED MISSION LEVELS AND LIFE
TESTING CONSISTING OF 2300 CPERATING CYCLZS. ITZ4 1S5S USED DURING SYSTSHM
EVALUATION AT mHITST SANDS TESTING (€) TURNATQUND INSPZCTYION INCLUDES
HONITCRING TEETS 70 VERIFY ELECT RICAL PCrER TO SCLENGID VALVE FCR
EVIDENCE GF SHGRY CIRCUIT, SUPPLIER AUDIT CONDUCTED 8-31-77 VERIFIED
SUPPLIE INSPZCTIGN EZXCERCISED CONTRCOL OF PARTS IDy PARTS PROTECTION, HFG
PROCESSES, CONTAMINATION COMTRCL, AND CORRGSICH PROTECTICN VERIFICATIOM.
{D} FAILURES OGN APOLLO WERE MGSTLY DUS TO CONTABINATICN RESULTING FRGH
IN-HCUSE PRGCESSING.

& 044



-HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-111110-1

SUBSYSTEM _ Fwd Reaction Contraol FMEA HUMBER " SD75-SH-0016A
ITeM  Tank Assembly and Propellant FAILURE }MODE Large Rupture
Acquisition Pevice i
1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTCMATICALLY YES [X] RO D
- ANNUNCIATE QR TAKE ACTION Ii RESPONSE)?.

la, IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD *YES D MO [:]
USE TO BETECT TRE FAILURE? - .

2. ARE THE AISHERS TO GUESTIONS T AND la COMSISTENT WITH THE FMEA EVALUATION OF YES D *H0
IN-FLIGHT DETECTABILITY? . .

3. DOES THE FLIGHT SCFTWARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE YES D HO m
(EITHER BY COMMANDIING HARDWARE ACTION OR INPLEMENTING ALTERGATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO COMPENHSATE FOR THIS *YES D NO m

FATLURE FODE {EITRER BY COMMANDING HARGWARE ACTION OR IMPLEIEHTING ALTERMATE
PROGRA! LOGIC}? )

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE 08  *¥es [ w0 [X]
INDUCE ANOTHER FAILURE? - :

6. CAN THIS FATLURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFEC:i‘ *YES [:] MO B]
OTHER FURCTIONS? ’
6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COMSIDER CREW C [ﬂ *ID 2[:]

ACTION AND HARDWARE/SOFTWARE OPERATIOH)? MNOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTIOIl IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PROVIDED N/A DYES@:\’OD
TO SIGNAL THE HEED FOR INTERVENTIGH AND THE REQUIRED CORRECTIVE ACTICH?

8. IF THE ANSYER TO EITHER 1 OR 3 IS YES: : _
A. CAN THE BFS BE ENGAGED AFTER OCCURREMNCE? : ves {Xj=0 [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? ves [ =0 §]
*EXPLANATION REQUIRED (SEE, BELOW) -

- - m e s W e e e o o o o T e wm o e ow ode o o o= e B T T e

CHANGE/RETETION RATIONALE SUMHARY L . _
1.0 N0 H/s ISSUES 3.[ NO SOFTWARE DETECTION 5. [T ACCEPTANCE RATIQNALE BELOY
2.KJ HARDWARE ACCEPTS RISK 4. [ DETECTION DURING CHECKOUT ~ 6. [Z1 RECOMMENDED CHANSES BELQH

In-Flight Detectability
FMEA CHANGE RECOMMEIDED

TE M e W oE A s E S E oMo R W E Em W W T M E W W W @ E e oW W W M M s m m o e M P o o e m m M e m e e

EXPLANATION/COMMENTS:

1. V42P1]]§C,_1?]60 will give a class 2 caution and warning alert,
Gross Teak indication will detect faflure.

IT an internal rupture occurs and helium reaches the thrusters you wi Ead "1
from redundancy management, you will get a "fail off" Tight

6. There are no redundant, tanks.

8b. Backup flight system same as primary.
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SHUTTLe FAILURE MODE AND

SUBSYSTEM
EMELY

SFWD - REACTION CONTROL
PPROPELLANT FEED

tMC282-0061 -C00L/0002
TE5IZC33200660L~0C9/010

g
é
op
rJ

«ASS
PN RT
PN VENDOR
SOUANTITY

ME REQ'D
PSR PROPELLANYT

«FAILURE DETECTABLE IN FLIGHT?. YES
SMOUMITUR TANK PRESSURES V42P1310C
.113&C Vo

1

PWU“G TURMphDJNj?-...o.-vu-o.oYLS
AS FLIGHT

p
;
SAME

L]
L]
L]
*
-

PREPARED
DES
REL

[a=]

«IiEM: TANK ASSY, PROPELLANT
INCLUDING PROPcLLANT ALQUISITION
1G62).
FUNCTIONS

TG STORE/SUPPLY PKROPELLANT TO REACTION CONTRGL

EFFECTS ANALYSIS - ORLITER 12

SUT2-5H~01u3-2
VSTC~-421001

FMEA NO 0z-2F ~-11111¢(-~1 REYILIZ/Z19/T
AEDRT: CRif. FUNL: 1
Cr1IT. hwWoes 1
M1SSIONS: HF vE X FF {F S
PHASE( }: FL X LU X SU X GO X LS
NUMB ER OF SUCCESS PATHS RemMAINING
AFTER FIRST FAILiJRE: g
REDUNDANCY SCREEN: A=Y SA F=MN/a C—N/A
TIM=E 710 EFFECTE
113120, 131640, SCONDS
REFERENUE DOLCUMENTS:
MJOTH—0C01~-016

APPRUVED BY:
R BEMIS DES -
R DIegHL Rrl
CGEVICE AND COMPARTMINT Ban®iZi. {TK
ENGINE ManIFOLDE.

NUMINAL STORAGE PR&ESSURE 245 PSIG + OR =15 (1.5 SaF£1Y FaCTuR).

FAILURS MODE:
TANA WALL CrACK
CAUEFRL1S):
VIbrATION,
FATIGUE.

+TFFECTIS): ON {A) SUYSYSTEHM
{2} LGSS OF PROPELLANT

. GR RUPTURE WHICH

OVERPRESSURIZATION,

-,
[}

*

STRUCTURAL FAILURE -

MECHAMICAL SHOCK,

(E}IRTERFACES (CIMISSION

SUPPLY FUR MUDULE FTHRUSTERS.
FIRT/EXPLOSION AND CERVAIN CONTAMINATION OF SUBSYSTEMS [N RIS
{D) POTENTIAL LUSS UF LREw/VERICLE

{s)
PROPCGATES ARGUNS TaMX

STRESS CURKROSION,

CMORER/VERILLES
{(3) PGT.nfiaL

COMPARTMENT. (L) LOSS OF MISSIDN.
FROM EXPLOGSION AND/GR LACK OF PROPELLANT.
CURRECTING ACTION:

. a UNE AVAILABLE

JREMARKS/HAZ ARDS :

PDTENTIAL HAZARG

-

FROM FIRE,

EXPLOSIGN DUE TO FREE FUEL IN MULJUL®.

REFeRENCE HAZARDS 1YXX~-C302-0Z2 AND 1YXX~03202-04.
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SHUTTLE CRITICAL ITEMS LIST — ORBITER 102

SUBSYSTEM :F40 ~ REACTION CONTROL FMEA NO 03-2F —1L1110~L REVI11/39/°

.ASSEMBLY :FROPELLANT FEED ASORT: CRIT. FUNC: 1

«P/N RI +MC282~0C61-0001 /0002 CRIT. HOwz 1

.P/N VENDOR:855C3320000~009/0L0 MISSIONS: HE VF X FFE 0OF  SM

CQUANTITY :2 PHASE(S): PL X LO X 00 X PO X LS

. :ONE REQ'D

. :PER PROPELLANT : :

. REDUNDANCY SCREEN: A-N/A  B-N/A  C-N/:

.PREPARED BY: APPROVED,.BY: approt ED BV(’JA%}]'&”

«DES R BEMIS DES ,;2_ = NI 1 VS I h-_, St e e

<REL R DIEHL REL 'O 5. e duncutandt 75174 R V@ R A

: D WITH CHANGES

LITEM: Tahk ASSY, PROPELLANT See Section 13.0

. INCLUDING PROPELLANT ACQUISITION OEVICE AND COMPARTMENT RARISR,  {TK
103} .

FUNCTION:

- TO STORE/SUPPLY PROPELLAMT TO REACTION CONTROL ENGIMNE MAMIFILESS . MIMIMAL
STORAGE PRESSURE 245 PSIG +°CR —-15 (1.5 SAFETY FACTOR}.

« FAILURE MODE: STRUCTURAL FAILURE - {s1}

« TANYK WALL CRACK OR RUPTUREZ WHICH PROPGGATES ARCUND TANK

«LAUSE(S):

« VIBRATIONy QVERPRESSURIZATION, MECHAMICAL SHOCK; STRESS CORPROSIC
FATIGUE

SEFFECTI{S): ON {AISUBSYSTEM (BYINTERFACES (CIMISSICH (DICREW/VEHICLE:

- (4) LOSS UF PROPCLLANT SUPPLY FOR MUODULE THRUSTERS. {3} POTEMTI L
FIRE/EXPLOSTON AND CERTAIN COMNTAKINATION OF SUBSYSTEMS IM RCS
COMPARTHENTS {C} LOSS OF MISSIONS (DY POTENTIAL LOSS GF CREW/YEHICLE
FROM EXPLOSION AND/OR LACK (OF PROPELLANT.

..DISPOSITIUN & RATIONALE [AJDESIGMN (BITEST {CHINSPECTION (D)FAILURE HISTORY:

« (A) DESIGHN F&CTR QF SAFETY IS l.5 MIN. DEVELOPMEMT TESTS IKNCLUDE wELD

- CYCLE LIFE (800 CYCLES)}s FRACTURE MECHANICUCS, FORGING EVALUATICN: AND
TUBE SWAGING. {B) TANKS SUBJECTED TO RADIGGRAPHIC, FLUGRESCENT
PERETRAMT s PRODF PRESSURE {1.33 MAX OPER PRESSURE}, AND EXTERNAL LEAK
TESTS DURING ACCEPTANCE TESTING., TAMKS SUBJECTED TC 90 DAY PROPFELLAMT
EXPOSURE, BCQO PRESSURE CYCLES: 48 MIMUTES PER AXIS OF 3.9 GRMS RANDOM
VIBRATION AND BURST PRESSURE DURING QUAL PROGRAM. {C} TUBRNARCUND
INSPECTION INCLUDES MONLITOR ING FUNCTIONAL TEST DURING PRESSURIZATION

"CYCLE FOR EVIDENCE OF LEAKS. VISUAL TNSPECT WHERE ACCESSASLE FOR
DAMAGE. AUDIT COMNDUCTED 11-1-78 VERITIED SUPPLIER INSPECTEION CONTROL OF
HATL IDENTIFICATION PARTS PROTECTION HFG PROCESSES s CORROSION PROTECTIOM
PROVISIGONS ¢ NDE EXAM OF WELDS AHD STORAGE ENVIRCNMENTS. (D) HONE {NEYM
DEVELOPHENT ITEM}.

SD7T5-5E~-0003



-HARDWARE/SOFTWARE ANALYSTS CHECKLIST (3-2F-111110-2

SUBSYSTEM  Fwd Reaction Control FMEA NUBIBER "~ SD75-SH-0016A
ITEM Tank Essgmh]y and E[:!!pE! lant Aﬁqul.SitiomlLURE FODE _Small Crack - External leakage
Neard oo

1. DDES THE FLIGHT SOFTWARE CETECT THIS FAILURE MODE {i.e., AUTOMATICALLY ves K1 wo O

- ANNUNCIATE OR TAKE ACTION 11 RESPONSE)?-

Ta. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTUARE COULD *YES [ ] o D
USE TO DETECT THE FAILURE?

2. ARE THE AUSWERS TO GUESTIOHS 1 AND la CONSISTENT WITH THE FMEA EVALUATIOH OF ves [I=no
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGHT SCFTUARE TAKE ACTION TOQ MEGATE THE EFFECTS OF THE FAILURE YES [] v {X]
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMEWTING ALTERNATE PROGRAM LOGIC)? )

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTHARE TO COWMPENSATE FOR THIS *ves [ uo
FATLURE MODE {EITHER BY COMMANDING HARDUARE ACTION OR IMPLEIS/ITING ALTERNATE .
PROGRA!Y LOGIC)? .

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE QVERSTRESS THE KARDWARE OR *YES [:] HO
INDUCE AHOTHER FAILURE? . . )

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *YES (:I o {X]
OTHER FUNCTIONS?

6.  HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COMSIBER CREW "xg [y} wi[] 20

ACTION AND HARDWARE/SOFTWARE OPERATION}? HOTE CHANGE TGO FMEA CRITICALITY.

7. IF CREW ACTION IS REQUIRED TO RESPOIID TO THIS FAILURE MODE, ARE CUES PROVIDED N/A DYESNOG
TO SIGNAL THE MEED FOR INTERVENTIGH AWD THE REQUIRED CORRECTIVE ACTIOH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES: ]
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ves g0 ]
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREMW/VEHICLE? . ves [Clwo [
- *EXPLANATION REQUIRED (SEE BELOW)

W e m om m om o oW wm owm oew moe oW ow o om’em m o om oW S W M S W S M B oW dm oW T T W TR W SR M W e W e e w wm am

CHANGE /RETERTION RATIOMALE SUMMARY
1.EOI M0 H/S ISSUES - . _ . 3.[3 NO SOFTWARE DETECTION 5. [J ACCEPTANCE RATIONALE BELCH
2.[X] HARDHARE ACCEPTS RISK 4. [ DETECTION DURING CHECKOUT 6. [T} RECOMENDED CHANGES BELOW

-Fiight Detectability
FMEA CHANGE RECOMMENDED

MR R A E R W R o B m ol @ A S W N S A e W W W W M M sk oW W W a W M M B W A s m W @ m w e e e ws m w

EXPLANAT 10N/ COMMENTS

1. V42P1115C, 1116C will give a class 2 caution and warning alert.

Gross leak indication will detect failure.

If an internal ruputre occurs and helium reaches the thursters you will get a "fail off" 1ight
from redundancy management,

6. There are no, redundant tanks.

8b. Backup flight system same as primary.
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SHUTTLE FATILURE MODE AND EFFELCTS ANALYSIS

>

SUSSYSTEM :rWD — REACTICN CONTRGL FMEA N 03-2F
LASSTMBLY  SPROPELLANT FEED ASURT:
LN R tmC282—-0061-GCC1/GO062

AN VEADODRIEDE(CZ520000-Cu9/C1C MISS510NST  hF
SSUANTITY =2 PHASE(S): PL
. «IONE REQ'D NUMB ER GF SUCC

tPER PROPELLANT AFTER FIRST rA

«FATLURE DETECTABLE IN FLIGHT?. YES

“”NITFR TANK PRESSURE VazP~1310C,1312C #1316C,
e L1160
olst }U'\I‘ TURNAROUND T o n e --..o-.oo'YES

Atz AS FLIGHT AND vISUAL OBSERVATION

*

. PREPARED PY: APP

. DES R BEMIS

. REL R DIEHL

LITEM: TANK ASSY. PROPELLANT

. INCLUCING PROPELLANT ACQUISITION DEVICE AND COMPA
103),

SEUNCTTONS

IO STORE/ZSUFPLY PROPELLANT TO REACTION
NOoMiNaL STCRAGE PRESSURE 245 PSIG + GR —15
SFATLURE MODE: EXTERNAL LEAKAGE -

{15 5
{s)

REDUNCANCY SCREEN:

CONTROL ¥NG

—-111i11i¢C~
CrIT.
cRif.

VF X FF

X L0 X G5

ESS PAaThs

1LURE:

A=N/A B-iN/A

TIimMe TO £FFECT:

TAYS

REFERLMNCE DGUUMENT S

MJSTC~CCT1-C01E

$OT72=3H=-01035-2

V370-421001

REVEIIZ/IE/ST
FUNC:
kaus
CF S
A PO X LS
REMAINING

2

2

L—NM/A

-

ROVEY BY:
s
ReL
RTMENT ZAKKIER. {Tr

INE MaNIFGLOS.
AFETY FALICR) .

» TANK CRACK 7R FLAW #HICH ALLOWS A LIMITED AMOUNT OF PRIPELLANT 10 Lopve
THE TANK.

o BUEE(S) e

. VIEBRATION, STRSS5S CORRSIUN: PRESSURE CYCLES, FaTioup OB FLANGE Szav
FaTLURE.

LEFFZET(S): v (A SUESYSTEM (B)IINTERFACES {C)MISSION (DICREW/VorlCics

« (A} LUSS CGF & QUANTITY OF PROPELLANT AND HELIUM TO Ah SXTENT UsPENLENT

» (N SIZEAND LCCATION OF L2k, (3) CONTAMIMATION OF SURARCUNMILING AREA AMDL
SUBSYSTEMS. (C) LUSS GF MISSION. (D) POTENTIAL EXPLOSICN AND (0SS OF
CREW/VERICLE IF IGNITION SOURCE PRESENT (SECOND FATILUR:).

CORMECTING ACTIONZ

. CLOSE HELIUM PRESSURIZATICN 1S0LATION VaALVE 7O MINIMIZE AMUUNT OF
PROPELLANT/HELIUM LCST.

SREMARKS/HAZARDS

» FPUTENTIAL HAZARD FROM FKREE PROPELLANT IN MODULE., NU REDUNDANCY PRUVIDCD

FOR THIS ITEM. REFERENCE HAZARD 1YXX-0202-05.

@RMHM@L BA
" POOR QUAL

83

GE 8
i



SHUTTLE CRITICAL ITEMS LIST — ORSBITER 102

SUBSYSTEH :FWD — REACTION CONTROL FMEA NO 03-2F —-111110-2 REV:1I1/13/7¢

LASSEMBLY :PROPELLANT FEED ABORT: CRIT. FUNC: 2

.P/N RI $MC282-0C51~0001/0002 : CRIT. HDwW: 2

~P/N VENDOR:8S5C3320000-005/010 MISSIONS: HF YF X FF SF  SHM

SOQUANTITY 32 PHASE(S}: PL X LO X 0O X OO X LS

. $OME REQTD

. :PER PROPELLANT :

. REDUNDANCY SCREEN: A—NIA R=N/4  C-N/A

.PREPARED BY: APPRDjZ%;HY. nppagwja EJ/(MA<ﬁi;¢&“é?

+DES R BEMIS DES Deeers . S8M (M R F72

+REL R DIEHL REL C-¢ éT%4AMng(A%W¢?-P }?6 Akl

: ROVED WITH CHANGES

.ITEM: TANK ASSY, PROPELLANT See Section 13.0

. INCLUDING PROPELLANT ACQUISITION DEVICE AND COMPARTHENT SABRIER.  ({TK
103} .

<FUNCTION:

- TO STORE/SUPPLY PROPELLANT TO REACTION CONTROL ENGINE MAMIFALOS. NOMINA
STORAGE PRESSURE 245 PSIG + OR ~15 (L.5 SAFETY FACTOR).

-FAILURE MODE: EXTERNAL LEAKAGE - (s}

« TANK CRALK OR FL&k WHICH ALLOWS A LIMITED AMCUNT OF ORIPELLANT TN LEAVE
THE TANKa

~CAUSE{S}: .

- VIBRATIOY, STRESS CORROSIGH, PRESSURE CYCLES. FATIGUE 0% FLANGE SEAL
FAILURE ,

-EFFECT(S}: OW (A)SUBSYSTEN (BYINTERFACES {(CIMISSION (D}CREW/VEHICLE:

» {4) LOSS OF A QUANTITY OF PROPELLANT AND HELIUM TO &N EXTENT DEPENDENT
ON SIZEAMD LOCATION OF LEAK. (B) CONTAMINATION DF SURRDUNDING AREA AMD
SUBSYSTEMS. (L) LOSS OF HISSION. (D} PGTENTIAL EXPLOSICON 4AND LOSS OF
CREW/VEHICLE IF IGNITION SOURCE PRESENT {SECCND FAILURE]).

=DISPOSITION & RATIONALE (AMDESIGN (BYTEST (C)INSPECTION (D)FAILURE HISTORY:

- A} DESIGN FACTR OF SAFETY IS L.5 MIN. DEVELOPHERT TESTS INCLUDE HELD
CYCLE LIFE {8300 CYCLES), FRACTURE MESHANICS, FORGING EVALUATION, AWD
TUBE SWABING. (B) TANKS SUBJECTED TD RADIOGRAPHIC,. FLUGRESCENT
PENETRANT, PROOF PRESSURE (1.33 HAX OPER PRESSURE), AND EXTERMAL LEAK
TESTS DURING ACCEPTANCE TESTING. TANKS SUBJECTED TO 90 DAY PRCPELLANT
EXPOSURE: GOO PRESSURE CYCLES, 48 MINUTES PER AXIS OF 2.9 GRMS RAMNDON
VIBRATIO!: AND BURST PRESSURE DURING QUAL PROGRAM. (C! TURNAROUND
INSPECTION IMCLUDES MONITCORING FUNCTIONAL TEST DURING PRESSUR IZATION
LYCLE FOR EVIDENGE OF LEAKS. VISUAL INSPECT WHERE ACCESSABLE FOR
DAHAGE. AUDIT CONDUCTED l1-1-7& VERIFIED SUPPLIER INSPECTIGN CONTROL OF
MATL IDENT IFICATIBN PARTS PROTECTION MFG PROCESSES, CORROSION PROTECT [ON

PROVISIONS . NDE EXAM OF WELDS AND STDRAGE ENVIRONMENTS. (D) NONE {NEW
DEVELOPHENT ITEM).

i rd D
__Osif;a_ gp75~-SH=0003



HARDWARE /SOFTWARE ANALYSIS CHECKLIST 03-2F-111110-3

¥y

SUBSYSTEM _Fwd. Reaction Control FMEA NUMBER SD075-SH-0016A
ITEM Tank_Assembly and Propellant FAILURE MODE __ Restricted Flow
flraticitinn Deavdsas
fequisition-Device . -
1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MCDE (i.e., AUTOMATICALLY YES Ea HO []
- ANNUHCIATE OR TAKE ACTION I RESPONSE)?

la. IF NOT, DOES THE HARDWARE PROVIDE THFORMATION THAT THE FLIGHT SOFTWARE COULD *YES || MO |:]
USE TO DETECT THE FAILURE?

2. ARE THE AHSWERS TO OUESTIOMS 1 AND la CONSISTENT WITH THE FHEA EVALUATION OF YES [:]*NO EZ]
IN-FLIGHT DETECTABILITY? ~

3. DOES THE FLIGHT SOFTL.ARE TAKE ACTION TO NEGATE THE EFFECTS OF THE FAILURE - YES [:] KO EE]
{EITHER BY COMHAMDING HARDWARE ACTION OR IMPLEMEWTING ALTERHATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPALILITY EXIST FOR ThHE SOFTUARE TO COMPEKSATE FOR THIS *YES I:I NO
FAILURE MODE (EITHER GY COMMANDIMG HARDWARE ACTION OR IMPLEIEHTING ALTERNATE
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE KODE, CAN THE SOFTWARE OVERSTRESS THE hARDWARE OR *YES [:] HO E{]
INDUCE AHQTHER FAILURE?

5.  CAN THIS FATLYURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT FYES [:] wo  fX]
QTHER FUNCTIONMS?

6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COMSIDER CREYW *OI:E =[] 2]

ACTION AND HARDWARE/SOFTUARE OPERATION)? [IOTE CHAMGE TO FHMEA CRITICALITY.

7. IF CREW ACTIOI IS REQUIRED TQ RESPOMD TO THIS FAILURE MODE, ARE CUES PROVIDED H/A [:]YES[E]NO{:]
TC SIGNAL THE HEED FOR INTERVENTION AfD THE REQUIRED CORRECTIVE ACTICH?

8. IF THE AMSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? YES [X]*HO {:]
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? ) YES [:]*HO E}B
*EXPLANATION REQUIRED (SEE,BELOW) ‘

 m m m m m m o m m om ow W m e W M W M el M E e e o o wW W WM M W o e o e W e ek E e em oy m o = e = m m

CHANGE /RETEHTION RATIONALE SUMMARY
1.1 0 H/S ISSUES 3. (] N0 SOFTWARE DETECTION 5. [ ] ACCEPTANCE RATIONALE BELOW
2. A HARDWARE ACCEPTS RISK 4. [TJ DETECTION DURING CHECKOUT 6. [ RECOMMENDED CHANGES BELOY

[:]FMEA CHARGE RECOMMENDED

R m Em A mm e m ommm oW M oE m d - mom W o M om B R s e e m w e o m e m m m wr om e e e o o e e e s

EXPLAHATION/COMMENTS:

1. "Fail Off" detection in RCS RM

6. No redundant tanks.
Je-—No.correcting_action._ abort, _.

8b, Same as primary,
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SHUTTLE FAILURE MODE AND EFFECTS ANALYSIS - GR2I3cR 1CZ

SUBSYSTEM :FwWDh — REACTION CONTROL FMEA NO 03—2zF —11il11¢-2 Rivsil2/sis/ 4
JASSEMBLY  :PROPELLANT FEED AEQORT: Cwlf. FUNCE 1
/N RI smC282-0C81—00Ll/ 00 CRIT. HWC: 1
P/ VENDODREIEEE C33ZCCbC-UC9/C1L MISSIONS:  hF VF X FF uF 5
SAUANTITY 2z PHASE(S): Pi LT A v8 x LG X LS
. SONE REQ*D NUMBER GF SUCCESS PATRS REMAINING
- tPER PROPELLANT AFTER FIRST FAlLURE: &

. REDUNDANCY SCREEN: aA-N/g E—0/K L—N/A
«EFAILURE DETECTABLE IN FLIGHT?. YES 9 TIme TC EFFECT:
.%“fl\p PEQFLR ANCE @“ SECONGS TU DAYS

. REFERENLT LOCUMEN
- MICTO=-C00I-Cle
SR OUND TURNARBUNE?- P L 18 SU?E“‘SH_CIG:;—

. VETI-4210C01
. FREPARED BY: APPROVED £Yy:

. CES Kk BEMIS pizs

. REL R DIEHL REL

SITEML TANK ASSYs FRUPELLANRT

INCLUDING PRUOPELLANT ACQUISITION DEVICE AND COMPARTHMENT SASKIER. {TK
1G3).

« FUNCTION:

TC STORE/SUPPLY PROPELLANT TO REACTION CONTROL ENGINE MaMIFCGLES.
NOMINAL STLRAGE PREZSSURE 245 PSIG + CGR -1 (1.5 SAFETY FACTIUR).

LFATLURE MODE: RESTRICTED FLOW — {s)

STRUCTURAL FAILURL UF PROPELLANT ACQUISITION DEVICE WhiIlhk BLSCKSES UK
RETARDS RATE GF FLOW UF PRUOPELLANT INTO TANK OUTLET.

+CAUSELS )

VISRATIONy MECHANICAL SHUOCKy EXCESSIVE FLOW RATES OQUE TU caCE3IS1IVE LAD
Is THRUSTER MANIFOLD,., (SEE FATLURKE MOJE NGO. 4 0N NEXT PAG.).

LEFFECT(S): O (A)SUBSYSTEM (BIINTLKRFACES (CIMISSION (D)CREW/vidILLE:

L} LOSS OF FULL PROPELLANT FLOW CAPABILITY/HELIUM INGESTIGHN. ibj NONz,
{C) L0SS OF MISSION CUE TO LOSS OF PROPELLANT.  {L) NOxE UNLESI FaltUne
GCLURS WHEN MODULE REWUIRED FGR ET SEPARATION.

SCCRFECTING alTIENS

NLHNE AVAILABLE — CLOSE DOWN FRCS AND ABORT MISSILN.

“ATMARKS/HAZARDS:

COMPLETE LOSS OF FRCS USAGE THEREFORE ALL ATTITUUE CONTRUL JUSY of
ACCOMPLISHED BY ARCS.,

GRIGINAL PAGE IS
OF POOR QUALITY
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SHUTTLE CRITICAL ITEMS L1ST ~ ORBITER 102

SUBSYSTEK =FWD —~ REACTION CONTROL FHEA NO 03-2F —111110-3 REV:11/10/78

JASSEMBLY :PROPELLANT FEED ABORT: CRIT. FUNC: 1
_P/N RI $MC282—0061-0001 /0002 CRIT. HDWz 1
_P/N VENDOR:855C332 0000-009/010 MISSIONS: HE VF X FF OF  SH
JQUANTITY :2 PHASE(S): PL LO X MO X DO X LS

. <ONE REQ'D

. :PER PROPELLANT

. REDUNDANCY SCREEN: A=N/A  B=N/A  C=N/4
PREPARED BY: AP PROV APPRDV:E}J @;ﬂn\ )ﬂ
.DES R BEMIS  DES o SSM retharer N
-REL R DIEHL REL @.8: Trnane JHET0 R F}_m@_ _______
* PROVED WITH CHANGES
SITEM: TANK ASSY, PROPELLANT See Section 13.0

« INCLUDING PROPELLANT ACQUISITION DEVICE AND CUOMPARTHMENT BARFIFR. [TK
103}.

« FUNCTION:

« TO STORE/SUPPLY PROPELLANT TO REACTION COMTRCL ENSTINE HAKNIFGLOS. NOMIMA
STORAGE PRESSURE 245 PSIG + OR =15 (1.5 SAFETY FACTOR}.

~FATLURE MODE: RESTRICTED FLOW — (s}

.  STRUCTURAL FATLURE OF PROUPELLANT ACQUISITION DEVICE WHICH ALOCKS OR
RETARDGS RATE OF FLOW OF PROPELLANT INTG TAMK QUTLET.

«CAUSE(S!:

. VIBRAYIOM, MECHAMICAL SHOCK, EXCTESSIVE FLOW RATES DUE TO EXCESSIVE GL&S
IN THRUSTER MANIFOLD. ({SEE FAILURE MODE NO. 4 ON NEXT PAGE).

-EFFECT(S)2 ON (AYSUBSYSTEM (B} INTERFACES {CIMISSICON (DICREW/VEHILLE:

. (A} LOSS 5F FULL PROPELLANT FLOW CAPABILITY/HELIUM INGESTION. {B) NOME.
{C} LDSS OF MISSICN DUE TO LCSS OF PROPELLANT. (D) NONE UKLESS FAILURE
OCCURS WHEN MODULE REQUIRSD FOR ET SEPARATION.

SUISPOSITIGN & RATIONALE {A)DESIGN (8)TEST {CYINSPECTION (DJ)FAILURE HISTORY:

. (A} 1.5 DESIGN SAFETY FACTOR. DEVELOPHMENT TESTS VERIFY WELD CYCLE LIFE.
SCREEN REPAIR METHUD. SCREEN CYCLE LIFE AND SCREEN FLOs. (81 PROPELLANT
ACQUISITION DEVICE COMPONENTS.. SUBASSEMBLIES AND TANK ASSY IMTEGRITY
VERIFIED B8Y PERFORMING BUBBLE POINT TEST. TANKS SUBJECTED 70 PROPELLANT
EXPOSURE, 200 EXPULSION CYCLES: 48 MIMUTES PER AXIS OF 3.9 GRS RANDDM
VIBRATION AND BURSY PRESSURE DURING QUAL PROGRAM., (L} TURNAROUND
INSPECT INCLUDES MONITOR FLOW DURING FUMCTIONAL TESTS. AUDIT CONDUCTER
11-1-76 VERIFIED SUPPLIER IMSPECTICHM CONTROL OF MATL IDENTIFICATION
PARTS PROTECTION MFG PROCESSES, CORROSIOM PROTECTION PROVISIONS, NDE
EXAM DOF HELDS AND, STORAGE ENVIRONHENTS. -

[0} NDNE {(NEW DEV%LDPHENT 1TEMI.-

SDY5~58~-0003



-HARDWARE/SOFTWARE ANALYSIS CHECKLIST (3-2F-111110-4
SUBSYSTEM _Fwd Reaction Contro] FHEA $IUMBER __SD75-SH-0016A
ITed Tank Assembly and Propellant Acquisition FAILURE 1ODE Loss of Gas in Propellant

Nevice Acquisition Nevice
1. BOES THE FLIGHT SOFTMARE OETECT THIS FAILURE MODE .(i.e., AUTOMATICALLY ves X} o )
. ANNUNCIATE OR TAKE ACTION Il RESPONSE)?.
1a. IF NOT, DOES THE MARDWARE PROVIDE INFORHATION THAT THE FLIGHT SOFTWARE COULD xes [] wo [F
. USE TO DETECT TRE FAILURE?
2. ARE THE AUSWERS TO OUESTIONS 1 AND Ja CONSISTENT WITH THE FMEA.EVALUATION OF Yes [j=o [
IN-FLIGHT DETECTABILITY?
3. DOES THE FLIGHT SGFTUARE TAKE ACTION TQ NEGATE TEE EFFECTS OF THE FATLURE ves [ no
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMEITING ALTERMATE PROGEAM LOGIC)?
3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPEHSATE FOR THIS *es [ no [A
FAILURE I'ODE (EITHER BY COMMANDING HARGUARE ACTION OR IMPLEIIGHTING ALTERHATE
PROGRAM LOGIC)?
4. AS A RESULT OF THIS FAILURE HODE, CAN THE SOFTHARE OVERSTRESS THE HARDWARE OR  *VES [1no X
: INDUCE AHOTHER FAILURE? .
5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT s [ 1w [
OTHER FUNCTIONS?
6. HOW MAMY OF THESE KARDWARE FAILURES CAN THE SHUTTLE TOLERATE (CONSIDER CREM =0 [ =1 200
ACTION AND HARDWARE/SOFTWARE OPERATION)? HOTE CHAHGE TO FMEA CRITICALITY.
7. IF CREW ACTION IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PROVIDED  #/A [ Jves[ JiofK]
. TO SIGNAL THE MEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTICH?
8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
~A. CAN THE BFS BE EMGAGED AFTER OCCURRENCE? ves K=o ]
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? Yes (=0 (X

*EXPLANATION REQUIRED (SEE BELOA)

- e m m m W e m o e om oS @ m m e Em o S R W S E M W B e B A M S e R M A am W am Em e MR e R AL M Ak W A o

CHANGE/RETENTION RATIONALE SUMMARY
1.1 N8 H/S ISSUES
2. [X] HARDWARE ACCEPTS RISK

5. [ ACCEPTANCE RATIONALE BELOY
6. [ RECOMMENDED CHANGES BELOW

3.{] HO SOFTWARE DETECTION
4.7 DETECTION DURING CHECKOUT

(XIFHEA  CHANGE RECORMENDED

R W e e E o R R M OB MW S S S e e W Em W W S S B o M e W W s B e v e M ke e @ W A W we @ me w w

EXPLANATION/COMMENTS:
1. "Fail Off" detection in RCS RM,
6. No redundant tanks,
7. No correcting action - abort.
8. Same as primary.
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SHUTTLE FAILURE MOCE AND EFFECTS ANALYSIS — URBITER 102

SUBSYSTEM tFWD — REACTICN CONTROL FMEA NC 03-2F ~111110C-4 REVIYIZ/LIE/ T
LASEEMELY  :PROPEL LANT FEED ABCRT: CaiT. FUNL: z
PN ORI tWCZEZ—CLel—COoCL/Go02 Crlle  Haws 2
PN VENDCR:E5EC33 L0000/ 016 MISSIONS: HFE VF X Fr or S
SIRATITY 2 FHASE(S) 2 PL X LD g0 X BOD X LS
. SGNE REG'D a‘:NUHBb' OF SULCESS PATRS REMAINING )
- SPER PROPELLANT f’ AFTER FIRST FAILURE: c
. S P REDUNDANCY SCREENT A=N/A  E-N/A  L=N/A&
SEATLURE DETECTABLE IN FLIGHT?. ¥YES TIME TGO EFFECT:
«SMGEINE FPERFGRMANCE AND C HAMBER PRESSURE.V4ZP1541 SECONLES
. RZFeRenNCE DUOUUMeNMT &
. MIGTC—-L001-C1E
woSOUND TURKNAROUMND P ece sevase avoeld S072—5k=C1C3—2
. V3TO-421C01
v PREPARED EY: APPRIVED bYs
. CES R BEMIS O s
. REL R DIEHL Rebl
«1TEM: TANK ASSY, PROPZLLANT
e INCLUDING PRUOPELLANT ACQUISITICON BEVICE aAND CUMPARTMENT BARKIEK. {TK

1¢2).
« FUNCTTION:

«  TO ESTORE/SUPPSLY
NOMINAL STORAGC
£ CeILURE MQOUES

L AUSE(S):

o MIERATICN,
. ECTLS) S
EXCESSIVE GAS rFLOW

L]
T

POSSIGLL LGSS
ARATICGN,
SCORFRECTING ACTICN:
«  SHUT DURN
REMARKS /HAZARDS :
« 1# UNDETECTELD,
UNCERTAINTY.

‘U-._-u--—

R LD Cn T fT

{
{
{
SE
R7

PRESSURE
LSS OF GAS KETE
o PROPELLANT ACQUISITIUN

FRCS AND ABORT M

DEVICE

SHOCK, PROPELLANT CONTAMINAT ION
ON (A)SUBSYSTEM (B)INTLRFACES
T2 THRUSTERS COULD CAUSE TaANK BARRIER FAjLU JL

POTENTIAL DAMAGE TO THRUSTERS 1F UNDETECT=U. it
OF CREN/VEHICLE If FAILURE

SSICN.

ThE ThRUSTERS COULD BE DAMAGED

89

PROPELLANT TO REACTICN CONTROL cNslie MANIFGLES

245 PSIG + OR ~-1%

NTIGN INM
tFAC ).

{1.5 SAFETY BEALIOR).
{5)

{eHesICAL Ok CIKT).
(CIMISSION (LICR=W/VerlCLE
{C) A2ORT L=mUIsivh,
OCCURS PRIGK Tu L7

WHICH CJULD CAULE SNIRY



SHUTTLE CRITICAL ITEMS LIST - ORBITER 102

SUBSYSTEM :fHD — REACTION CONTROL FMEA NO (03-2F ~-111110-4 REVILLI/ZLDS

JASSEMBLY :PROPELLANT FEED ABCRT = CPIT. FUMC: 2
.P/N RI 14C282-0051~0001/0002 CRIT. Honm: 2
<P/N VENDOR:855C3320000-009/0L0 HISSIONS: HF VF X EE  3F  SM
SQUANTEITY 22 PHASE{S): PL X LO X €0 X DI X LS

. :ONE REQ'D

. IPER PROFELLANT

. ) REDUNDANCY SCREENI A=N/A  B-N/A  C=M/
.PREPARED BY: APPROVEEJ&X appgolen 4 quﬁsl.ﬂ.
.0ES R BEMIS DES ‘_4____ — SSH mggfjm&ﬁyﬁnikj
+REL R OIEHL REL _C. 5 Tau wsed F57F %i/ ﬁ\\

. ROVED WITH CHANGES
LITEH: TANK 455Ys PROPELLANT See Section 13.0

« INCLUDING PROPELLANT ACQUISIVICN DEVICE AND CCMPARTMEMT RAFRIER. {TK
103).

+FUNCTIGN:

- TO STORE/SUPPLY PRCPELLA“T TO REACTICM CONTRIL EMGINE “AﬂIF“LD:. NOMIA
STIRAGE PRESSURE 245 $SIG + CR ~15 (l.5 SAFETY FACTOR}.

+FATLURE MODE: LOSS COF GAS RETENTION IN (3}
« PRCPELLANY ACQUISITION DEVICLE (PAD).
«CAUSE{S):

« VIBRATION, SHOCK. PROUPELLANT CONTAMINATION {CHEMICAL R BIRT).

+EFFECT(S) s M {AISUBSYSTEM (BITNTERFACES (CIMISSION (DICREW/VEHICLEI:

« [A) EXCESSIVE GAS FLOW TO THRUSTERS CCULJ CAUSE TANK BARRI[EZR FAILYURE,
{3} POTEMTIAL DAMAGE TO THRUSTERS 'IF UNMDETSCTED. (C} ABCRT DCCISTONM.
{0} POSSIBLE LCSS OF CREW/VEHICLE IF FAILURE CCCURS PRIO® TC £7
SEPARATION.

+OISPOSITION E RATIONALE {AJDESIGN {SITEST (CIINSPECTION (C)FATLURE HISTORY:

« (A} DESIGN FACTR OF SAFETY IS 1.5 MIN. DEYELOPHMEMT TESTS INCLULE %ELD
CYCLE LI FE (800 CYCLES), FRACTURE MECHANILS, FDRGING EVALUATICN, AND
TUBE SWAGING. (8} PROPELLANT ACQUISITICN DEVICE CUOMPONENT 3.
SUBASSEHRLIES AMD TANK ASSY INTEGRITY VERIFIED BY PERFCRMING BUBBLE PDINT
TESTS. TANKS SUBJECTED TO PROPELLANT SXPOSURE, 2190 EXPULSIOH CYCLES: 4%
MINUTES PER AXIS OF 3.9 GRHS RANDOM VIBRATION AND BURST PRESSUR DURING
QUAL PROGRAH. (L) TURMARCUND I MSPECTICM INCLLUDES PERIGDIC BUEBLE POUNT
CHECKS OF THE.PAD. AUDIT CONDUCTED 11-1-76 VERIFIED SUPPLIER IHSPECTIP!
CONTROL OF MATL IGENTIFICATION PARTS PROTECTICM MFG PRCLCESSES, CRRROSTC
PROTECTION PROVISIOMNS. NDE EXAM OF WELDS ANS STCRAGE ENVISCNMEMTS. 77
(D} NORE (NEw DEVELOPMENT ITEHI.

()
oo
[¥3)

SD75-SE-0003
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.HARDWARE /SOFTWARE ANALYSIS CHECKLIST  g3_2F-127308-1

SUBSYSTEM _-Fwd Reaction Confrol FMEA HUMBER SN75=SH-0016A
ITEM Flex Line and Fitings FATLURE MODE External Leakage
1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOQHATICALLY ves [X wo ]
. AHNUNCIATE OR TAKE ACTIOM IH RESPONSE)?.
ja. IF NOT, BOES THE HARDWARE PROVIDE IMFORMATION THAT THE FLIGHT SOFTUARE COULD *yEs [ ] wo !
USE TO DETECT THE FAILURE? -
2. ARE THE AUSWERS TO sues;mns 1 A‘ID Ja CONSISTERT WITH THE FMEA.EVALUATION OF yes [X=v0 [
IN-FLIGHT DETECTABILITY? .
3. DOES THE FLIGHT SOFTMARE TAKE ACTION TO NSGATE THE EFFECTS OF THE FAILURE ves {1 no [
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMENTING ALTERGATE PROGRAM LOGIC)?
3a. IF HOT, COES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *ves [ ] ne [}
. FAILURE 1I0DE {EITHER GY COMMANDING HAROUARE ACTION OR IMPLEIENTING ALTERHATE -
PROGRAN LOGIC)? ) B ) ]
4., AS A RESULT OF THIS FAILURE HODE, CAN THE SOFTHARE OVERSTRESS THE HARDWARE OR #ves 7] wo &l
_ INDUCE ANOTHER FAILURE? -
5. CAN THIS FATLURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, AOVERSELY AFFECT *ves [ 1 w0 [X]
OTHER FUNCTIONS?
6. HOW MANY OF THESE HARDMARE FAILURES CAN THE SHUTTLE TOLERATE (CONSIDER CREW Coxg ] W] 2[X]

ACTION AND HARDWARE/SOFTWARE OPERATIOW)? HNOTE CHANGE TO FMEA CRITICALITY.

7. IF CREX ACTIOH IS REQUIRED TO RESPOWD TO THIS FAILURE MODE, ARE cUEs provioep /A [Jves[Riof |
TO SIGNAL THE NEED FOR INTERVENTION AND THE REQUIRED CORRECTIVE ACTIGH? :

8. 1F THE ANSUER TO EITHER 1 OR 3 IS YES: )
A. CAN THE BFS BE EMGAGED AFTER OCCURRENCE? . YES m*;:o D
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? ' YES *NO D
*EXPLANATION REQUIRED {SEE, BELON) .

CHANGE /RETENTIOH RATIONALE SUMMARY . . 5 : - = .
1.0 00 s 1ssues 3.[1°NO SOFTHARE DETECTION 5. [TJ ACCEPTANCE RATIONALE BELCH

2. [X] HARDWARE ACCEPTS RISK 4.3 DETECTION DURING CHECKQUT 6. 1 RECOMMENDED CHANGES BELQH

{C]FMEA CHANGE RECOMMENDED

- e w W E S om g M W W @ W o W W e W W W W M e W e o W W B o M om @ W m M ok om om o oW W M W = = m

EXPLAMATION/COMMENTS:

1. V42P1115C, 1116C will give class 2 alarm,

Gross leak detection applies.

N




SHUTTLE FAILURE MOLCE AND EFFECTS ANALYSIS - OREITER 102

SULSYSTEM :FWD - REACTIUN CONTRJIL FMEA NO 03-2F —-i21308-1 KeVili/Z10/7t
fASSEMPLY  THRUSTER ABORT: CX11. FunC: 1
PN R PC2T1-008B4 CRIT. Hwl: 1

SP/N VENDORITAT713-THRY 74717 MISSTIONS: HF  VF X FF  GF X S
SDUANTIFY  :3C PHASE(S): FL X LO X UG X OC X LS «
. :ONE FUEL AND ONE OXIDIZ. NUMBER UF SUCLESS PATHS RCMAINING

. :PER THRUSTER AFTER FIRST FAILUKE: 2
. REDUNDANCY SCREEN: A-N/A  B-NJA  C—N/A
-FALLURE DETECTABLE IN FLIGHTZ. YES : TIME TO LFFECT:
SYANIFOLD PRESSURE 07 : SECONDS 10 DAYS

. = ~ REFERENCE DOCUMENTS:
. ‘ MJ70-COC1-418

CGROUND TURNAP.OUND 2« ev oo nn e ve oaYES $072-8h—01C3—2
.YISUAL INSPECTIGN VST0-=21CC1

. PREPARED BY: APPROVID HY:

. DES Jo TAGGART DES

. REL R GIEHL e

L]

LITEMI LINE ASSEM., FLEXIBLE

- ARD FITTINGS.

« FUNCT ION:

» TU PROVIDE COUPLING BETWESN PROPELLANT SUBSYSTEM AnD FUKWARD RCS
PRIMARY AND VERNIER THRUSTER.

«FATLURE MODE: EXTERNAL LEAKAGE - {$)

«  ROURPTUKE OF LINE GR COUPLING.

~CAUSELS):

« F2TIGUEZ, SHOCK, VIBRATIGN, HANDLING.

YEFFECT(S): ON (A} SUBSYSTEM (E)INTERFACES (TIMISSION {CICKEW/VENMICL S

- (&) LOSSE OF PROPELLANTS TO EXTENT OF LEAK SIZE. (B} INCREASHD.GMLC

. CONTROL & USE OF ALTERNATE THRUSTERS, {C) POTENTIAL MISHIGN TehAMINATILN
PRIGR TG PLANNED TImME. (L) NO EFFECT AFTER ASCENT UMNLCESS LAk 1S
EXCESSIVE & RESULTS IN IGNITION WITH REACIANT (zND URD=R FaAILULR:D) TUKRING
A RTLS ABORT THE LUSS UF A MANLFULD RESULTS IN THE LOSS UF [Iwd DUwx
FIRING THRUSTERS WH1CH RESULTS IN CRIT 1. ©DURING ASCENT TrE FATLUKE
CANNDT BE JETECTED AND ISOLATcD WHICH RESULTS IN POSSISLE LUSS GF
VEHICLE,

SCLRRECTING ACTION:

« ISDLATE THRUSTER AT MANIFCLO.

«REMARKS/HAZIARDS:

+ POTENTIAL HAZARL FROM FREE FUEL IN MODULE.

ORIGINAL PAGE Is
OF POOR QUALITY

92


http:CONTR.JL

SHUTTLE CRITICAL ITEMS LISY — CRBITER 102

SUBSYSTEM :FWD — REACTION CONTROL FMEA NO 03-2F -121308-1 REV:LL/13/
<ASSEMBLY :sTHRUSTER ABIRT: CrRIT. FUMC: L
-P/N RS tMCZ2TL-0084 CRIT. HDw: 1
«P/N VENDGOR:T74T13-THRU T&717 MISSIONS: HF VF X FF JE X SH
« QUANTITY 30 PHASE{S): PL X LO X 00 X 60 X LS X
. SONE FUEL AND CME OXIDIZa.

. SPER THRUSTER
- : REDUNDANCY SCREEN: A-N/A —MN/A C-ﬂ/

-PREPARED BY: D 8V4¢;¥f} APPRULED Sh INAgA):
.0ES J. TAGGART &ﬁrg A* S S s .@QeulzL
o

JREL R OIEHL g %

2N 2 R%ggpﬁ .:?Emaga Hg

X PROVED WITH CHANGES

JITEM: LIME ASSEM., FLEXI3LE See Section 13.0

. AND FITTINGS.

SFUNCTIONS ‘ .

. TD PROVIDE COUCLING SETWEEN PROPELLAMT SUBSYSTEM AND FORWARD RCS
PRIMARY AND VERNIER THRUSTER.

LFAILURE MCOE: EXTERNAL LEAKAGE — {s)
« RUPTURE OF LINE OR COUPLIMG.
«LAUSELS):

- FATIGUE, SHOCK: VISRATIOCN, HAMDLING.

»EFFECTES): ON (A}SUBSYSTEM (3)INTERFACES (CIMISSION (D)JCREW/VERICLE:

« (A LOUSS OF PROPELLANTS TO EXTENT OF LEAK SIZE. ({81 IMCREASED GN&C
CONTROL & USE OF ALTERNATE THRUSTERS. ({C} POTENTIAL MISSION TERQMINATION
PRIOR TO PLANNED TIME., (D} NO EFFECT AFTER ASCENT UNLESS LELXK IS
EXCESSIVE & RESULTS IN IGHITION WITH REACTANT (2ZNO CRDER FAILJURE} DURING
A RTLS ABCRT THE LOSS OF A MANIFOLD RESULTS IN THE LOSS CF TwGO OCkN
FIRING THRUSTERS WHICH RESULTS IN CRIT L. QURING ASCENT THE FAILURE
CANMOT BE DETECTED ANO ISCGLATED WHICH RESULTS IN POSSIBLE LGSS GF
VEHICLE. -~

«DISPOSITICN & RATIONALE (AYDESICGM (B)TEST (CIINSPECTION (DIFAILURE HIS

» (A} DESIGN BURST PRESSURE IS UP TQ 3 TIMES Tht HMAX OPER PRESSURE OF 7
PSIZ-. PROOF PRESSURE IS UP TO 1.5 TIMES THE MAX OPER PRESSURE. THE
DESIGN ALLOWS SUFFICIENT MOVEMENT TO PRECLUDE EXCESSIVE STRESSES DURING
INSTALLATION AND GPERATION. LINES CAN BE TSCLATED AT THE HANIFOLOD IM
CASE OF LEAKAGE. (B) POST INSTALLATION TEST AND OPERATICNAL CHECXOUTS
WILL VERIFY SYSTEXR INTEGRITY. ALt LINES SUBJECTED TO PRCOF PRESSURE
DURIHG ATP AHND RAMDOM VIBRATION AT AMTICIRATED HISSION LEVELS CURINC
QUAL TESTING. LINES ARE ALSO TESTED DURIMG SYSTEM EVALUATION AT wRITE
SANDS TEST FACILITY. (C} SEE FMEA/CIL 102136—1. (D} NOQ HISTCRY GF
FAILURE IN FLIGHT. {NEW DEVELOPHENY ITEM FOR MANMED FLIGHT APPLICATION.

TORY
23
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HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-121311-1

o v

e T T et b AR AENUGHT TR h M ST T

sugsysTey Fwd. Reaction Control FMEA {UMBER SD75-SH-0016A
ITEM _Injector Plate FAILURE MODE _Improper Mixture Ratio

1.  DOES. THE FLIGHT SOFTWARE DETECT THIS FAILURE HMODE (i.e., AUTOMATICALLY YES it} E_]

- AHMUNCIATE OR TAKE ACTIOM Y| RESPONSL)?

la. IF NOT, DOES THE NARDWARE PRCVIDE IHFORMATION THAT THE FLIGHT SOFTWARE COULD *vEs [ ] o E{]
USE TO DETECT THE FAILURE?

2. ARE THE AVISHERS TO OQUESTIONS 1 AMD Ta CONSISTEST WITH THE FMEA EVALUATION OF ves [Xl*wo [}
IN-FLIGHT DETECTABILITY? ~

3. DOES THE FLIGHT SGFTWARL TALE ACTIOM TO MEGATE THE EFFECTS OF THE FAILURC ' YES [:| kO IZI
{EITHER BY COi'MANDING HARDWARE ACTION OR IMPLEMENTING ALTERGATE PROGRAHM LOGIC)?

3a. IF MOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *ves [ ] w0 [¥]

FAILURE I'ODE (EITHER GY COMMANDING HARDWARE ACTION OR IMPLEIIEHTING ALTERHATE
PROGRAN LOGIC)?

4. AS A RESULT OF THIS FAILURE KODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR *YES D it0 [ZI
INDUCE ANOTHER FAILURE?

5. CAN THIS FAILURE MODE, IN COMBINATION MITH SCFTWARE l'.OGIC, ADVERSELY AFFECT *YES EI 10 m
OTHER FUNCTIONS?
6.  HOW MANY OF THESE HARDUARE FATLURES CAN THE SHUTTLE TOLERATE {COiSIDER CREW *§ D *]D 2&-_}

ACTION AND HARDWARE/SOFTWARE OPERATION)? [OTE CHANGE TO FHEA CRITICALITY.

7. IF CREW ACTIO: IS REQUIRED TO RESPOHD TO THIS FAILURE MODE, ARE CUES PROVIDED H/A DYESDJEO@
TO SIGHAL THE HEED FOR INTERVENTION AHD THE REQUIRED CORRECTIVE ACTICH? :

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? YES [:I*I-!O D
8. WILL BFS TOLERATE FAIEURE WITHOUT LOSS OF CREWM/VERICLE? YES D*NO '_]
*EYPLANATION REQUIRED (SEE BELOMW)

M M o m m m om m e s m e E o W m L W e e M M S M e e M = e M T o w W e e wm m m e W m m o m e o m =

CHANGE/RETELTION RATIONALE SHAV Y

1.0 Ho H/S ISSUES 3.{_] NO SOFTWARE DETECTION 5. [J ACCEPTANCE RATIOHALE BELGH
2. [X] HARDWARE ACCEPTS RISK 4.7 DETECTIOH DURING CHECKQUT 6. [1RECOMMENDED CHA'GES BELCY
. DFMEA CHANGE RECOMMERDED

EXPLANATION/COMMENTS :

T e e m w w m A R e W M e e o e o e om e m e M e d = e o e om owm m

1. "Fail Off" 4n RCS RM if suffjcieptlxmplocged. N
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SHUTTLE

FALLURE MUDE AND

EFFECTS ANALYSIS - Cra3ITER 102

SYSTEM :FWL — REACTIOGN CONTROL FMmeA NO QZ-2F ~121311-1 REV:zLl/s1ia/7.
.AcczNFLY STHRUSTER s FRIMARY ASCORT: ABORT CRIT. FunC: 1R
«P/N R1 SMC4ET-CGCZE RTLS CR1Fa hwl: 3
PN VENDORIX5(883 MISSIONS: RF VF X rF LF S
AUANTITY 114 PHASE{(S): PL LG X Gu X L8 X LS
. 0Nz INJECTOR PROVIDED FO RUMBER OF SUCCESS PA RS RoMalINING
. TR OEACH PRIMARY THRUSTER AFTER FIRST FAILURE: i
. REDUNDANCY SCREEN:T a—-FFalL B—-FAIL (~FAII
SFATLURE DETECTABLE IN FLIGHT?. NO TIiME 14 EFFELT:

. SECONDS

-

SRIUME TURNARCUND Te oo snes
. PREPARED £Y
. DES

. REL
1784 INJELCTGR, PLATE
.FUNCTIDN=

« TG

EOUSLET

CONTROL CHAMBER
SFATLURE M{GLE:
AT PROPER MIATURE RATIG
COM3USTOR WALL.
LAULE(S):
o UONTAMINATION,

SFrECT{S):
{A} LCSS
. REQUIRED.

GF ONE
{C:D)

SEPARATION,.
CORRECTING ACTICM:

« LIRRE

« SWLTCRH TC REDUDNDANT THRUSTER IN AFFECTED AXIS.

RECE1IVE FUEL AND OXIDIZER FAROM
MIXING AT l.00 OX TO FUEL (WEIGHT) RATII FOR A RYPLRGULLD
ReACTION WHICH PRODUCES 8253 POUNCS OQF THRUST AT 7C,000 Fiid.
Wwal L COOLING.

FAILS TG JELIVER PROPS

THRUSTEZR IN
NO EFFcCT.
JCCURS BEFORE ET SEPARATION,

REFERENCE LULLMENTSZ
MJCTO~CTCS1~01A
S272-8H~-1Ul~
vET0-42130

«e o t.NO

: APPROLVED LY:
W SEARCY BES
R DIEHL ReL

THAUS TER InNnLeT VALVES ANL PROVIL:

ALSU

{F)

AND FAILS TG PROVIDE aDRE2QUATe COCLING OF Ins

BLCOKED GRIFICES.
O (A} SUESYSTEM

IBYINTERFACES (CIMISSION (DICREWAVenmlI{Lc:

A GIVEN AXIS. {3) GN&C CONTRULE SHLTURING
{E) POSSTBLE LUSS OF VEWMICLE IF Falilkt
COWN FIRING THRUSTERS REwUIREU FOR BT

ISCLATE MarIFGLL

CONTAINING FAILED THRUSTER.

REMARKS/HAZARGS :
« POSSICLE LOCAL
THROUGH,.

HOT SPGT

SLSULTING IN COATING DARAAGE OR COMSUSTULF LuRN

ORIGINAL PAGE
QF POOR QUALI‘T'??
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SHUTTLE CRITICAL ITEMS LIST — ORSITER 102

SUBSYSTEM :FWNI — REACTION CONTROL EMEA NO 03~2F —121311-1 REV:1L/14/78
LASSEMBLY :THRUSTER, PRIMARY ABCGRT: ABORT CRIT. EUNC: 1P
.P/N RI MCLET-0028 RTLS CRIT. HDs: 3
.P/N VENDOR:X30888 MISSIONS: HF VE X FE  OF | sd
LQUANTITY :14 PHASE(3): PL LC X OD X PO X LS

. :0ONE INJECTOR PROVIDED FO

. :R EACH PRIMARY THRUSTER _

. REDUNDANCY SCREEM: A—FAIL B-FAIL C-FAIL
, PREPARED BY: APPROVE i}: APPROVED {NASil;LJgigl
LDES W SEARCY DES (19Ul e SSM g ,m__ JL
. REL R DIEHL REL L& .t A7 RE%F] -

y ' ' DELETE

CITEM: INJECTOR, PLATE : See Section 13.0
EUNCTION:

» TO RECEIVE FUEL AND OXIDIZER FROH THRUSTER INLET VALVES AND PROVIDE
DOUBSLET MIXING AT 1.60 OX TO FUEL (WEIGHT) RATIO FCR A HYPERGOLIC
REACTION WHICH PRODULCES 825 POUNDS OF THRUST AT 70,000 FFET. ALS3
CONTROL CHAMBER WALL COOLING.

»FAILURE MODE: FAILS TO DELIVER PROPS (Fi

« AT PROPER MIXTURE RATIO AND FAILS TO PROVIDE ADEQUATE CCOCLING OF THE
COMBUSTOR WALL.

+CAUSE(S):

= CONTAMYMATION, DLOCKED ORIFICES. . )

,EFFECTI{S)I: ON (A}SUBSYSTEM {B)INTERFACES (CIMISSION (DICREW VEHICLE:

= * {A)} LOSS DF ONE THRUSTER IN A GIVEN AXIS. {B) GNEC CONTRCL SWITCHIANG
REQUIRED, {C,0) NO EFFECT. {(E} POSSIBLE LCSS OF VEHICLE IF FAILURE
OCCURS BEFORE ET SEPARATION. DOWN FIRING THRUSTERS REQUIRED FOR €T
SEPARATIONS

+DISPOSITION & RATIONALE (A}DESIGN {(BITEST (CIINSPECTION {DIFAILURE HISTORY:

= (A} 75 MICRON FILTER PROVIDED UPSTREAH TD PRECLUOE CONTAFINATIGN
FUEL HAS BEEN FILTERED TO 25 HICRONS PRIOR TO ENTERING TANK. ACQUSTIC
CAVITIES PRECLUDE OCCURRENCE OF COMBUSTIOM INSTABILITY IN THE EVENT GF
POOR DISTRIBUTION. (B} TOTAL FLOW & FLOw DISTRIBUTION CHECKED BY WATER
FLOW TEST ARD VERIFIED BY BURN TEST DURING THRUSTER ACCEPTANCE TESTS.
{C) FIBER QOPTICS USED TO VISUALLY INSPECT INJECTOR HOLES FOR EVIDENCE
OF BURRS AND CONTAMINATION PRICOR TO ASSEMBLY AUDIT CONDUCTED ON 9~2-76
YERIFIED THAT SUPPLIER INSPCCTION CONTROLS RAWw MATL VERIFICATICN, PARTS
PROTECTION, HFG FAB AND ASSY UPERATIONS, CONTAMINATION CONTRLS COKROS ION
CONTROL PROVISIONS AND STORAGE ERVIRONMENTS. TURN ARCGUND INSPECTIOM TO
INCLUDE USE OF OPTICS IMSPECTION WHERE ACCESSABLE FOR EVIDENCE OF DAMAGE
& SYSTEM FLUID SAHPLINGS FOR DETECTION OF CDNTAHINAT[ON. (D} NO
FAILURES DF THIS TYPE ON APCLLO.

SDY5-5H=-00083



. T RARUWAKE 7SUF TWARE ANALYSLY UHEULKLIST — 03-2F-121312-1
sussysTeM _ Fwd. Reaction Control FMEA {UMBER . SD75-SH~0076A

M T ATEREETIR ORI AT, 2

TAPYWNARL TV Y T

_t

ITEM Thrust Chamber FAILURE MODE _ Burn Throuah

1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES E} 8o [

- ANMNUMCIATE OR TAKE ACTION IH RESPONSE)?

la. IF NOT, DOES THE HARDWARE PROVIDL INFORMATION THAT THE FLIGHT SOFTWARE COULD *YES [_'] N0 [:I
USE TO DETECT THE FAILURE?

2. ARE THE AHSWERS TO QUESTIOHS T AND 1la cousrsma WITH THE FMEA EVALUATION OF YES *NO []
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGHT SOFTUARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE YES D o ]
(EITHER BY COMHMANDING HARDWARE ACTIOM OR IMPLEMENTING.ALTER:ATE PROGRAM LOGIC)? .

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR ThE SOFTWARE TO COMPENSATE FOR THIS *YES | ] wo

FAILLR'-' NODE (EIThER BY COMMANDING HARDUARE ACTION OR IMPLEIENTING ALTERNATE
PROGRAH! LOGIC)?

4. A5 A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR *YES L—_' "o X
INDUCE AWOTHER FAILURE?

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT syes (1 wo [X]
OTHER FUMCTIONS?
6. HOW MANY OF THESE KARDWARE FAILURES CAN THE SHUTTLE TOLERATE (CONSIDER CREM + ] 1] 2[xJ

ACTION AND HARDWARE/SOFTMARE OPERATION)? HOTE CHAHGE TO FMEA ERITICALITY.

7. IF CREW ACTIOH IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PROVIDED A DYES:‘.’OD
TO SIGNAL THE NEED FOR INTERVENTION AMD THE REQUIRED CORRECTIVE ACTICH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:
A. CAN THE BFS BE ENGAGED AFTER OCCURREHCE? ves (Kxo [
B. - WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? vEs fd*=wo 7]
*EXPLANATION REQUIRED (SEE RELGH)

CHANGE /RETEHTION RATIOMALF SUs*idpy
1.0 uo H/S ISSUES 3. {] NO SOFTWARE DETECTION 5. [_L] ACCEPTANCE RATIOHALE BELOY
2. [ HERDWARE ACCEPTS RISK 4.3 DETECTION DURING CHECKOUT 6. [l RECOMMENDED CHAHGES BELOU

X |FMEA CHANGE RECOMMENDED

| R m M am m R EEm e s m m e m m e m s w kW W W e e M m w 9n am v w am e sa m o bk me v e m m e m m m ae

EXPLANATION/COMMENTS

FMEA change - Measurement numbers V42X}54]X through V42X1556X should be Tisted as V42P1541A
through V42P]556A

1. RM uses thurst chamber pressure transducers to sense the 1ow pressure in question and
give a "fail off" in RCS RM.

‘ 7.” The thrust chamber measurements are down]inkeu,

97
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SHUTTLE FAILURE MGDE AND EFFECTS ANALYSIS — CORBITER 1CZ

SUESYSTEM rky — REACTION CONTROL FMEA NO £3—-2F -121312-1 REVSLIYI/ALIL/T
LASSEMELY ITERUSTERe PRIMARY ABORT: CrRITe FUMT: i
L eP /N RT iMCas6T-0028 CRIT. nWD2 I
P /M VENDOR: X2U9ZE MISSIONS:t HF VE X FF GoF SM
JHUANTITY tls PHASE(S): PL LG X 00 X Cu X LS

M :ONT PER THRUSTER NUMBER OF SUCCESS PATHS REMAINING )
- : AFTER FIRST FAILURE: Z

. REDUNDANCY SCREEN:T A-N/A E-N/A C—=n/A
«r ATLURE DETECTAZLE IN FLIGHT?. YES TIME TU EFFECT:
SINCIPIENT BURN~THRU DETE CLTCORS V42X1541X THROUGH SECONES

NaZX1556 PC TRANS DUCER IF LEAKAGE REFERENCC CUCUMENTSE:
LIS GROSS % MIOTO-GCDL~C1B

«OROUND TURNARUOUMD T ees eossssasnaYES SET2-SH-0103-2

SVISUAL EXAMINATION ViTO0-421801

. PRZPARED BY: APPRGYED BY:

. DES W SEARCY CES

. . REL R ODIEHL REL

HITEM: THRUST (CHAMEBER

. FROM INJECTOR TOU NOZZLE EXTENSION (CCATED COLUMBluUM).

+FUNCYION:

e TG CONTAIN HYPERGOLIC REACTION OF PRUPESLLANTS ANO TO EXPANL COMBUSTION
PROSUCTS TO PRECDUCE THRUST THROUGH NUZZUE cXTENSIOGN TU PRUVIDE IMPULSE
TO VohkICLE.

«FATLURE MODE: OCGVERKHEAT/B8URNTHRIUGH (5]

. »  DUE TO INADEQUATE CGOLING.

LLAUSE(S):

« DLCCKED (CONTAMINATED) COGLANT (FUZL) INJECTOR HOULES, PUOGK LUUNUARY
FLOW CONDITIONS COMBUSTIGN INSTABILITY, SEPARATION OR FRACTURE UF
PROTECTIVE UISLICIDE COATING.

SEFFECT(S): ON (A)SUBSYSTEM (BIINTERFACES (C)MISSION (DICREW/VERICLE:

« (&) LOSS OF A PRIMARY THRUSTER IN A GIVEN AX1S. (3) INCReASED LNGC

. CONTROL AUTHURITY REQUIRED, (L) POTENTIAL LOSS OF MISS10N AsORT
DECISION. (0) PQTENTIAL LOSS OF VERICLE. CRITICAL 3aMAace COuLD GLCUR
BEFORE FAILURE IS DETECTED.

LLOGRRECTING ACTION:

« ISOLATE THRUSTER AND UTILIZE REDUNDANT ThRUSTER IN AFFcCTZOU AXIS.
(AUTOMATIC FUNCTION]).

REMARKS /HAZARDS S

« POTENTIAL HAZRRD FROM ESCAPING HOT GASES IN MODULE AND PUTENTIAL
PROPAGATICN OF FAILURE IF NOT ISOLATED IN A TIMcLY MANNER.
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SHUTTLE CRITICAL ITEMS LIST -~ ORBITER 102

SUBSYSTEM sFwD — REACTION CONTROL FME4A MO (Q3-2F -121312-1 REV21L1/10/7TE
JASSEMBLY :THRUSTER, PRIMARY ABDRT: CRIT. FUNC: 1
-P/N RT ML &6T~0028 CRIT. HDW: | 1
.P/N VENOOR:X30958 MISSIONS: HF VF X FF  OF  SM
SQUANTITY :l4 PHASE(S)]: PL LO X 07 X DO X LS
- :ONE PER THRUSTER
. : REDUNDANCY SCREEN: A~N/A  B=N/A  C=N/A
-PREPARED BY: APPROVE Qi;é;/y Appoov evLﬁmbsah: 5323
<DES . W SEARCY DES _Zaplerzzatore, Loy [Qfemnpeetl
.REL R DIEHL REL &ng_- 2k RW éé' Uity
! PROVED WITH CHANGES
o« ITEM:T THRUST CHAMBER See Section 13.0 :
. FROM INJESCTOR TO NOZZLE EXTENSION (COATED COLUMBIUM).

» FUNCTIONS -

« TO CONTAIN HYPERGOLIC REACTION OF PROPELLANTS AND TO EXPAND CCUBUSTICH
PRODUCTS TO PRODUCE THRUST THROUGH NDZZILE EXTENSION TO PRCVIDE IMPULSE
70 VEHICLE.

+FAILURE MODE: QOVERHEAT/BURNTHRDUGH {33

« DUE TO INADEQUATE COOLING.

~CAUSE(S):

« BLOCKED {(CONTAMINATED) COOLANT {FUEL) IMJECTCR HOLES, POCR BCUMDARY
FLOY CONDITIONS COMBUSTION INSTABILITY. SEPARATION 0OR FRACTURE GF
PROTECTIVE DISLICIDE COATING.

SEFFECT{S): ON (A}SUBSYSTEM {BYINTERFACES (CIHISSION (DICREV/VEHICLE:

o (&) LOSS JF A PRIMARY THRUSTER IN A GIVEN AXIS. {8) IMCREASED GN&C
"COHTROL. AUTHORITY REQUIRED. (C) POTENTIAL LOSS OF MISSICN ABORT
DECISION. (D) POTENTIAL L0OSS OF VEHICLE. CRITICAL DAMAGE COULD CCCUR
BEFORE FAILURE 1S DETECTED.

«DISPOSITION & RATIONALE [AJOESIGN (BITESY {(C)INSPECTION {(DIFAILURE HISTORY:

» INTERMETAL IC DIFFUSSION LAYER FORMS AN INTEGRAL BOND BETWEENM THE
DISILICIDE COATING AND THE PARENT COLUMBIUM MATERIAL AND TENDS TO RESIST
SHOCK LOADIMGe. 75 NICRON FILTER IN VALVE INLET UPSTREAM CF INJECTOR
HOLES WILL PRECLUDE ENTRY OF CONTAMINANTS. ACOSTIC CAVITISS DAMPEN THE
FREQUENCIES THAT EXCITE INSTABILITY. (B} SIMNULATED THRUSTERS AND

~ THRUSTER NO. 5 VIBRATION TESTS HAVE DEMONSTRATED THE ABILITY OF THE

DISILICIDE COATING TO WITHSTAND 2.0 G SQUARED PER HERTZ PANDOM VIBRATION
STRESSES. THRUSTER 15 SUBJECTED TO RANDOM VIBRATION AT ANTICIPATED
MISSION LEVELS DURING THE QUAL. PROGRAHM. (C) COATING THICKNESS AND
QUALITY WILL BF CONTROLLED BY SUPPLIER INSPECTION PROCEDURE MPS 525
WHICH RECUIRES CERTIFICATION THAT COATING PRGUESS CONFORMS TO THE
PROCESS SPEC. VISUAL INSPECTION. VERIFICATION OF COATING THICKNESS AND A
SHOKE TEST THAT VERIFIES COAT INTEGRITY. TURNAGRGUND INSPECTION TO
INCLUDE VISUAL THSPECTION FOR EVIDENCE OF BURN THRU. (D) NO FLIGHT
FAILURE HISTORY. (2} DEVELDPMENT FAILURES HAVE OCCURRED ON SHUYTLE
PROGRAM. ONE FAILURE DUE TQ DOUBLET DESIGH WHICH HAS BEEN CHAMGED AND
0:E FAXLURE DUE TO THIN COAT OF DISILICIDE COATING. THIN COAT STILL
WIVHSTOUD MORE FIRING TIME THAN IS NORMALLY SEEN BY THE THRUSTﬁR IN
NORMAL 100 MISSIOMN LIFE.

053899 SDv5-5H-0003



- ARUNARE /ST TWRKE ANHLrbib LHELRLLIST 03-2F-121313-1

- *EXPLANATION REQUIRED {SEE BELOW)

SUSSYSTEM Fwd Reaction Control FMEA NUMBER _ + SD75-SH-0016A
ITEH ___Nozzle Extension - "FAILURE NODE _ Burn=Thru

1. ' DDES THE FLIGHT SOFTWARE BETECT THIS FAILURE MODE {i.e., AUTOMATICALLY . Yes [ ] 0

*«  AHNUNCIATE OR TAKE ACTION IH RESPONSE)?.

la. [IF NOT, DOES THE HARDNARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD *ygs [ ] wo [:]
USE TO DETECT THE FAILURE?

2.  ARE THE ANSWERS TO QUESTIONS 1 AND la CONSISTENT WITH THE FHEA EVALUATION OF YES m *N0 D
IN-FLIGHT DETECTABILITY? :

3. DOES THE FLIGHT SOFTYARE TAKE ACTIOH TQ MEGATE TKE EFFECTS OF THE FAILURE YES D NO
(EITHER BY COMMAMDING HARDWARE ACTION OR IMPLEMENTING ALTERNATE PROGRAM LOGIC)? .

3a. IF NOT, DOES THE CAPABILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *YES [Z] KO D
FAILURE HORE. [ETTHER BY COMMAMDING HARDUARE ACTION OR IMPLEIENTING ALTERSATE .
PROGRAM LOGIC)? _ : -]

4. AS A RESULT OF THIS FAILURE l‘-‘ODE CAN THE SOFIHARE OVERSTRESS THE HARDWARE OR - *YES D il m

.. INDUCE AHOTHER FAILURE? . -

5.  CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT «wes [ 1w OO0
OTHER FUNCTIONS?

6. HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TCLERATE (COMSIDER CReW  ~ *0 [ ] =1[ ] 2[H

ACTION AND HARDWARE/SOFTWARE OPERATION)? HOTE CHANGE TO FMEA CRITICALITY.

7.  1F 'CREM ACTIOI IS REQUIRED TO RESPOHD TO THIS FAILURE MODE, ARE CUES PROVIDED N/A DYES[Z]HO{:]
TO SIGNAL THE NEED FOR INTERVEMTION AND THE REQUIRED CORRECTIVE ACTICH?

8. IF THE ANSUER TO EITHER 1 OR 3 IS YES: .
A. CAN THE BFS BE ENGAGED AFTER OCCURRENCE? ’ YES D*F.‘O I
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREW/VEHICLE? . YES E*NO D

" m e e o m e o m m E W S W W m e s ow o em o o 4 W ™ T W W s M ode fm W oW e W o e e o Emom o om o om

" CHANGE/RETENTION RATIONALE SUMMARY . . . _
1.1 NO H/S ISSUES . _ . .3.{3 NO SOFTWARE DETECTION 5. [J ACCEPTANCE RATIONALE BELCK
2.[X} HARDWARE ‘ACCEPTS RISK ‘4. [] DETECTION DURING CHECKOUT 6. [Z1RECOMMENDED CHANGES BELOW

[IFMEA CHANGE RECOMMENDED

EXPLANATION/COMMENTS:

3a, Instrumentatwn is avaﬂab]e for software redes1gn

[E U — . — arrramaa svrman e —_
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SHUTTLE FAILURE MOODE

SJUBSYSTEM tFWD — REACTION CONTROL
#ASSEMBLY  tTHRUSTER JPRIMARY

«2/N RI TMC4&T7~CCZ8

P /N VENDOR:IXZOETYZ

SAUANTITY 14

. 1ONE PER THRUSTER

«FAILURE DETECTABLE IN FLIGHT?. NO

DGRGL}ND TURNARCUND?..-’.....- - 8 .OYES

AMD EFFECTS AMALYSIS — CRBITER 1Gz

FMEA NT 02-2F -121213-1 ReVIIZ/LE/TH

ABURT: ARBURT, C1T. FUNC: i
RTLS CRIT. RWG: L

MISSIONS: BE VF X Fr LF S

PHASE(S): PL LG X GO X LU0 ¥ LS

NUMB ER OF SUCCESS PATHY ReMAINING

AFTER FIRST FAILURE: 2
REDUNDANCY SCREEN:D A=N/A  B-N/A  C-N/A
TiMz 1O EFFECTS
IMMEDIATE
KEFERENCE COCUMENTSE

MIOTU-CUCL-ClE
SETZ-8hK—-0103~2

~V1SUAL INSPECTION VET0-42z1C01
. PREPARED BY: APPROVED EY:

. DES W SEARCY oES

. RE L R DIEHL REL

»1TEMI NOZZILE EXTENSION,

« CUGATED COLUMBIUM (WITH INSULATION BLANKET}.

o FUNCTIONS

. TO PROVIDE FCR
REQUIRED THRUST IS PRODUCED.

LFAILURE MODE:  STRUCTURAL FAILUKE,

« BURN-THRU.

LCAUSE(S):

. HIGH TEMPEZRATURE IN LOCAL SPOT QUE

INGECTOR CODLANT HOLES) VIGBRATION, SHCCKs
LEFFECTIS): UN (A)SUSS ¥YSTEM (8)INTERFACES
« (&) LOSS UF A THRUSTER IN A GIVEN AXIS.

» AUTHORITY REQUIREL. tC)

LEVEL
JLORRECTING ACTICHN:

EXPANSION OF CUMBUSTION GASES

NG CFFECT.
PROPAGATES~CRITL FOR RTLS AEBORT 1F THRUSTER

TG M>1 SUTH THAT

Tho

{s)

TG FI1LM CBOLING
WELD OR
(CIMISS1ON
(3}
(D) NO

FALLURE{CONTAMINATED
MATZRIAL DrFELT.
{(C)CREW/VERICLLS

INUREASED GNEC CLATRUL
EFFECT UNLESS FALLULRE
IS ISULATED AT MaNIFULL

.« ISGLATE THERUSTER AT INLET VALVE OR MANIFOLD AND UTILIZE ALTZRNATE 1N

AFFECTED AXIS..
«REMARKS/HAZARDS:

. POTENTIAL FOR FAILURE PROPUGGATION TC ADJACENT THRUSTERS IF INSULATIUN

BLANKET DCES NOT PRECLUDE GAS/LIQUID ESCAPING.

I¥YXX=-C302-C1l.
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SHUTTLE CRITICAL ITEMS LIST — ORBITER 102

SUBSYSTEM :FWD — REACTION CONTPOL FMEA NO 03-2F —121313-t REVSLL/16/
JASSEMBLY :THRUSTER,PRIMARY ABORT: ABORT, CRIT. FUMC: 1
LB/N RI tHC46T—0028 RTLS CRIT. HDW:z 1
.P/N VENDOR:X30872 MISSIONS: HE VE X FF OF  SM
LQUANTETY 114 PHASE(S)}: PL LO X GO X DO X LS

. :ONE PER THRUSTER

. REDUMDANCY SCREEN: A~N/A  B-N/A  C-N/
.PREPARED BY: Appaovgp 45;222;0 Appacij jjf{NAq 3.6%
WDES % SEARCY DES A SsH .4 - uh«H
<REL R DIEHL REL G.& .4 ZTZE Ry Rgt _____
: ésxg ED WITH CHANGES
+ITEM: NOZZILE EXTENSION, “See Section 13.0

« COATED COLUMBIUM {WITH INSULATION BLAMKET).

CFUNCT ION 2

. TO PROVIDE FOR EXPANSIOM OF COMBUSTION GASES TO H>L SUCH THAT THE
REQUIRED THRUST IS PRODUCED.

LFAILURE HODE: STRUCTURAL FALLURE, (S}

« BURN-THRY .

-CAUSE(S):

. HIGH TEMPERATURE IN LOCAL SPCT DUE TO FILM CCOLING FAILUFEICONTACIMATRD
INJECTOR COGLANT HOLES) VIGRATION, SHGCK, WELD OR MATERIAL DEFECT.

.EFFECT{SI: ON {A}SUBSYSTEY (B8I1INTERFACES (CIMISSION (D)CRER/VEHICLE:

- {A) LOSS 3F & THRUSTER IN A GIVEN AXIS.  (B) INCREASED GHAC CONTROL
AUTHORITY REQUIRED,  (C) MO EFFECT. (D! NO EFFECT UNLESS FAILURE
PROPAGATES~CRITL FOR RTLS ABORT IF THRUSTER IS I[SJLATED AT MANTFOLD
LEVEL

+DISPOSITION & RATIOMALE (A)DESIGN (B}TEST (C)IMSPECTIGM {O)FAILURE HISTORY.

- (A) INTERMETALLIC DIFFUSION LAYER FORMS INTEGRAL 3OND TQ RESIST SHCOCK.
COATING PROCESS CONTROLLED. INJECTOR DESIGN IMCGRPQRATES ACOUSTIC
CAVITIES WHICH REDUCED POSSIBILITY OF INSTABILITY. ODUCTILZ PROPERTIES
OF C~103 COLUMBIUM PRECLUDES FRAGHMENTATION QR CATASTROPHIC MODE OF
FAILURE. (B} DEV VIBRATICN TESTS DENDNSTRATE ABILITY OF DISILICIDE
COATING TO WITHSTAND 2.0 G SQUARED/HZ RANDOM VIBRATICM. TEMP TESTS
DEMONSTRATE EXCELLEMT DUCTIBLE/SRITTLE QUALIFIES FOR COATED C-162
COLUMBIUM. (C] TURNAROUND INSPECTION TO INCLUDE VISUAL INMSPECTION FOR
EVIDENCE OF BURN THROUGM & WHERE ACCESSABLE, USE OF FIBER-OPTICS NDE 7O
INSPECT FOR SURFACE FLA®S. SUPPLIER INSPECTION INCLUDES FLOUPESCENT
PENETRATE INSPECTION PRIOR TO COATING TO DETECT SURFACE DEFECTS AMD
X-RAY INSPECTIUN IS REQUIRED FOR DETECTIOM OF INTERN/AL DEFECTS. AUDIT
CONDUCTED 9—2~T7& VERIFIED THAT SUPPLIER INSPECTION CGNTRCLS 2dk HMAT L,
IDENTIFICATION OF PARTS, HFEG PROCESSES, CORROSIOW PROTECTION,
CONTAMINATION COWMTROL AND ENVIRQHMENTS. (D) 4 OCCURANCES OF SELL
FAILURES CAUSED BY BRITTLE HETROGENEOUS_GRAIN STRUCTURE CUE TO VIZRATION
FATIGUE ON APOLLO LM/SY RCS ENGINES.

A

102 <« Ny
> 2058 SD75-50-0003



: VRAUWARE FOUNTWARE ARALIJLO UNREVLALLDT  O3-2F=-131310-]
SUBSYSTEM Fwd Reaction Contro?l FMEA NUMBER SD75-SH-0016A

AT AT

1Tem Vernier Thruster FAILURE Moot  Loss of Qutput

1.  DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES m HO D

- AINUNCIATE OR TAKE ACTIONM I RESPONSE)? )

la. IF NOT, DOES THE HARDWARE PROVIDL INFORMATION THAT THE FLIGHT SOFTWARE COULD «ves [ ] wo 1
USE TO DETECT THE FAILURE?

2.  ARE THE ANSHMERS TO QUESTIONS 1 AND Ta CONSISTERT WITH THE FHEA EVALUATION OF YES []*o [
IN-FLIGHT DETECTABILITY? °

3. DOES THE FLIGHT SCFTWARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURC ves Jyd o [}
(EITHER BY COMMANDING HARDWARE ACTION OR IMPLEMEHTING. ALTERNATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COMPENSATE FOR THIS *ves [ ] no [

FAILURE 1'ODE (EITHER BY COMMANDIHG HARDWARE ACTION OR IMPLENENTING ALTERIATE
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE HARDWARE OR *YES D {0 g
INDUCE ANOTHER FAILURC?

5. CAN THIS FAILURE MODE, IH COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *ves 1w [
OTHER FLIICTIOHS?
6.  HOW MANY OF THESE HARDWARE FAILURES CAH THE SHUTTLE TOLERATE (COMSIDER CREW 0 [ =10y} 2]

ACTIOI AND HARDWARE/SOFTHWARE OPERATION)? MOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTION IS REQUIRED TO RESPOND TO THIS FAILURE IODE, ARE CUES provIDeD  w/A [ Jves[xl:o[]
TO SIGNAL THE NEED FOR INTERVEHTION AND THE REQUIRED CORRECTIVE ACTICH?

. 8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:

A. CAN THE BFS BE ERGAGED AFTER OCCURREWCE? YES lZ]*no D
8. WILL BFS TOLERATE FAILURE VITHOUT LOSS QOF CREW/VEHICLE? YES &J*a’a’ ‘:l
*EXPLANATION REQUIRED (SEE EELOW)

- = = W ar m om m m m e M M W R M M e M e mr Er W M e B M W m mr m e m m am e e e a4 em ke v ke et e o me

CHANGE/RETEHTION RATIONALE SUMMARY

1.3 %8 H/S ISSUES 3. (] NO SOFTWARE DETECTION 5. [J ACCEPTAICE RATIONALE BELOH

2. {"% VARDWARE ACCEPTS RISK 4.[T] DETECTION DURING CHECKOUT 6. [_1 RECOMAERDED CHANGES BELOW

[JFMER  CHANGE RECOMMENDED

e T R e T T

EXPLANATION/COMMENTS:

1, RM uses thrust chamber pressure transducers to sense the low pressure in quest1on and
aive a "fail.offl _din RCS RM.. o o — I

3. The GN&C RM program will automatically deselect a failed Jet under certain conditions
(provided it is not inhibited). See FSSR "10" paragraph 4.1.7.1.6.3 for the conditions.

6. This failure can be tolerated since it is criticality 2.

7. The thrust chamber pressures can be downlinked,
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SHUTTLE FAILURE MODc AND EFFECTS ANALYSIS - OR3LITER 1QZ

SUBSYSTEM FWD — REACTION CONTROL FMEA NO 03-2F =-131312-1 KEVIil/la/Y
JASSEMBLY  :THRUSTCR ASSY ABORT: CRIT. FUNC: £t
PN RI] sMCa67-0029 CAIT. hkoe <
P /N VENDGR: MISSIONS: HF VF X FF CF =M
fDUANTITY 2 PHASE(ST: PL L co X Do LS
. sONE REQ''D PER SIDE NUMB ER OF SUCCESS PATES REMAINING
. : {DOWN FIRING) AFTER FIRST rFAILURE: ¢
. RESUNDANCY SCRETcN:I  A-N/A E-N/A C—N/A
LFAILURE DETECTAEBLE IN FLIGHT?. YES TIME TO BFFECT:
STHRUSTER CHAMBER FPRESS V42P—1555A, 15564 IMMEGIATE
. REFERENCE DOCUMENTS:

. MJCT0~G0G1—-315
-G:'?.OU:\:D TURNAPOUND?; e b B r e --YES SE?Z"‘SH“‘QI.C.‘S"‘L
LPOSITION INDICATION VSTO—-421001
. PREPARED BY: APPROYLED BY:

DES J TAGGART DES

REL R BIgHL Rcl

ITaMs ThRRUSTER, VEGNIER

. (BN L57/712%1).

. TO PROVIOE THRUST FOR LOW LEVEL ACCELERATICNS ASSGCIATEO wiTm FLINTING
MANEJVERS AND THRES AXIS ATTITUCDE RHGLD. THRUSTER FIRES IN +Z2 LIR=CTION
FOR + PITCH AND -7 ACCELERATIGN. INCLUGES INLET VaLvEs INJECTOK,
THRUST CHA®EER, NCZZILE EXTENSION, HEATEK, INSULATION, PReSS/TENP
XSDUCERS,

LEAILURKE MODE: LOsSS OF QUTPUT {F)

o INLET VALVES/BLGCKED INJECTCR/STANG-DFF'S.

+CAUSE(S):

. CONTAMINATION, PIECE PART STRUCTURAL FAILURE, IMPROPER SULENCIC
ACTUATION: VIBRATION

LEFEECTIS): Qv {A)SUBSYSTEM (BIINTERFACES (CIMISSION {DICREW/vVerIlitk:
{AY LOSS OF VERNIER FUNCTION. {8) NO EFFECT. {C) POTENTIAL SaRLY
MISSION TERMINATION. LOGSS COF TIGHT DEACHBAND ATTITUDE CONTRGL. (D1
NO SEFFECT .

LLORRECTING ACTION:

v UTILIZE LARGE THRUSTEKS FOR ATTITUDE CONIROL IN AFFECTEL AXI1S
{ INCREASED PROPELLANT QUANTITY UEPLETION)

+REMARKS/HALARDS

« POTENTIAL HAZARD IF FAILURE GCCURS CURING CRITICAL MANSUVERS — T1ME

CRITICAL. NG REDUNDANCY IS PROVIDED FOR THIS CUMPONENT.



SHUTTLE CRITICAL ITEMS LIST — OPBITER 102

SUBSYSTEM :FWD — REACTION CONTROL FHEA NO 03-2F ~-131310-1 PEV:L1Ll/14/7¢
~ASSEMBLY :THRUSTER ASSY ABORT: CRIT. FUNC: 2

«P/N RT TMC 4670029 . CRIT. HDW: 2

-P/N VENDOR: MISSIONS: HF VF X FF  0DF S
<QUANTITY 32 PHASE{S}: PL LO 0O X DO LS

. :ONE REQ®D PER SIDE

. :{00uN FIRING)

- REDUNDANCY SCREEN: A-N/A  B~N/A  C-N/A f
«PREPARED BY: APPROVED BY: /” 2 APPROVE Qp/xmaiﬁﬂ i
.DES J TAGGART DES ;gav J%g;m_ SSM ﬁ,ﬂ e ipdaiiiad
-REL R DIEHL REL m____ékhéégbau?ffz Rﬁé§)§ ;&é&%#%miﬁg____.

-ITEM: THRUSTER, VERMNIER

« {EN 157/158),

- FUNCT IONZ

- TO PROVIDE THRUST FOR LOW LEVEL ACCELERATIONS ASSOCIATED WITH POINTING
MANEUVERS AND THREE AXIS ATTITUDE HOLD. THRUSTEP FIRES IM +7 DIRECTION
FOR + PITCH AND —Z ACCELERATIGN. INCLUDES INLET VALVE, INJECTOR.

THRUST CHAMBER, NOZZLE EXTENSION, HEATER, INSULATION, PRESS/TEXRP
XSDUCERS.

-FATLURE MODE: LOSS OF QUTPUT {F}
« INLET VALVES/BLOCKED INJECTOR/STAND-CFF®3
«CAUSE{S}:

- CONTAHINATIGN, PIECE PART STRUCTURAL FAILURE, IMPROPER'SCLENCID
ACTUATION, VIBRATION ’

»EFFECT{S)z OM (A)SUBSYSTEM (B)IMTERFACES (CIMISSION (DICREW/VEHICLE:

- (A} LDSS OF VERNIER FUNCYION. (B} NO EEFECT. {C} POTENMNTIAL SARLY
MISSION TERHMINATION. LOSS OF TIGHT DEAD3AND ATTITUDE COMTROL. (D)
NO EFFECT.

-DISPOSITION & RATIONALE [AJDESIGN (BIVEST (CIINSPECTION (DIFAILURE HISTORY:

- (A} VALVE INCORPORATES A 25 MICRON FILTER TO PRECLUDE CONTAMIMATION.
VALVE HAS BEEM DESIGNED TO PRECLUDE SELF GEMERATED CONTAMINATES.
SPELIAL EXMPHASIS PLACED ON SOLENOID ANMD WIRING TQ PRECLUDE SHORTS. ({8}
PRE/POST FLIGHT CHECKOUT AND VALVE SIGNATURE TESTS WHEN MODULE REMOVED.
VALVE SUBJECTED TO RANDOM VIBRAVION AT ANTICIPATED MISSION LEVELS DURING
QUAL PRDGRAM. LENGTH OF TIME FOR VIBRATION TO EQUAL 100 MISSION LIFE
EXPECTANCY. (C) AUDIT CONDUCTED 9-2-76 VERIFIED THAT SUPPLIER
INSPECTION CONTROLS RAW MAT'L, IDENTIFICATION OF PARTS., MFG PROCESSES,
CORROSIOHN PROTECTION. CONTAMINATION CONTROL, AND ELECTRICAL
TERHINATIONS. TURNARDJIND INSPECTION INCLUDES MONITORIMG FUNCTIOMAL TEST
DURING PRESSURIZATION CYCLE FOR EVIDENCE OF ERRATIC DPERATIDN. (D) NO
FAILURE HISTORY APPLICABLE TO THIS FAILURE MODE.

2087
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SUBSYSTEM __ Fwd Reaction Control  FMEA NUMBER ‘ SD75-SH-0016A
ITeM __Vernier Thrustep ~ FAILURE BOOE __ Erratic Operation

1. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MCDE (i.e., AUTOMATICALLY YES D HO

. AINUNCIATE OR TAKE ACTIONM Iii RESPO! lSE)

ta. IF NOT, DOES THE HARDWARE PROVIDE INFORMATION THAT THE FLIGHT SOFTWARE COULD *YES D NO D
USE TO DETECT TRE FAILURE?

2. ARE THE AUSNERS TO OUESTIONS 1 AND 1a CONSISTENT WITH THE FMEA EVALUATION OF vEs K30 [
IN-FLIGHT DETECTABILITY?

3. DOES THE FLIGAT SOFTUWARE TAKE ACTION TO MEGATE THE EFFECTS OF THE FAILURE YES KI NO D
(EITHER BY COMMANDLIIS HARDMARE ACTION OR IMPLEMENTING ALTERNATE PROSRAN LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTWARE TO COI'IPEHSATE FQR THIS *YES D NO D

FAILLRE FODE (EITHER BY COMMANDING HARGWARE ACTION OR IhPLEilr.u NG ALTERNATE -
PROGRAM LOGIC)?

4. AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTHARE OVERSTRESS THE HARDWARE OR  *YES [] O

, INDUCE AWOTHER FAILURE? .

5. CAN THIS FAILURE MODE, IN COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT «ves [ ] no [N
OTHER FUNCTIONS

6. HOM MANY OF THESE HARDMARE FAILURES CAN THE SHUTTLE TOLERATE (CONSIDER cRew  ~ #0 [] *1[X] 2]

ACTION AND HARDWARE/SOFTWARE QPERATION)? NOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTIQU IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES PROVIDED  M/A [Jves[Xluo[]
TO SIGNAL THE NEED FOR INTERVENTION AHD THE REQUIRED CORRECTIVE ACTICH? ‘

8. IF THE ANSUER TO EITHER 1 OR 3 IS VES:
A. CAM THE BFS BE ENGAGED AFTER OCCURRENCE? yes Fj=o [
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? ves K=o [
*EXPLANATION REQUIRED (SEE BELOW)

---u----unu---an--—---.‘----—--—---w—‘-—q---n------—--——-

CHANGCZ/RETENTION RATIQNALE SUMMARY - .
I.D NO H/S ISSUES - . 3.} NO SOFTWARE DETECTION 5. [] ACCEPTANCE RATIONALE BELOW
2. [X7) HARDWARE ACCEPTS RISK 4.3 DETECTION DYRING CHECKOUT 6. 1 RECO!MENDED CHANGES BELOYW

- l ’
No In-Flight Detectability
FMEA CHANGE RECOi'.!I"'nEu"'DED

A e Em om e oeE E S S BB W & W S M S Em A W S @ R e o dr e W e dE W 4 A B S W W e o W e wm m e wm m

EXPLANATION/COMMENTS:

1. May not be detected unless 3 consecutive Tow pressures.
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SHUTTLE FAILURE WMODE AND EFFECTS ANALYSIS — ORSBITER 102

SUBSYSTEM HWbr — REACTION CONTROL FMEA NO 03-2F -13131(-3 REVILLI/1G/7
«ASSEMBLY 2 FHRUSTER ASSY ABORT CRIT. FUNC: 2
«P/N PRI iMCae7—-0CC29 CRIT. Fui: c
P /N VENDQOR: MISSIUONS: HF VF X FF CGF S#
<HUANTITY 22 PHASE(S)s PL LO Go X DO LI
. tONE REGQ'D PER SIDE NUMBER OF SUCCESS PATHS RoMAINING
. s {DOWN FIRING) AFTER FIRST FAILURE: ¥
. REDUNDANCY SCREEN: A-N/A B=N/a C—NAR
FLILURE DETECTASLE IN FLIGHT?. YES TIME TO EFFECT:

s THRUSTER (HAMEER PRESS. INDICATION V4ZP-1555A IMMEDIATE
« 15564 REFERENCE DOUUMENTSE:

- MJIOTO-LOC1~C1k
-Gf“.CU;\gD TURNAHQUNO?... l....t-..lNO 3072“‘:}}1—01‘53"2
. yST70-421C0L

. PREPARED BY: APPRGYVED BY:

. LES J TAGGART DES
. Rel R BIEHL REL

I TEHMS THRUSTER, VERNIER
{EN 15771E8}.

oTUNCTION:

. TG PROVIDE THRUST FOR LOW LEVEL ACCELERATIONS ASSGCIATIC WiTH POINTING
MANEBUVERS AND THREE AXIS aATTiTUDE HOLD. THRUSTER FIRES In +2 DIRECTIunN
FOR + PITCH AND —2 LUCELERATION. INCLUGES TNLET vVaLVI, IinJ:=CTUK,
THRUST CHAMEER, NUOZZLE eXTENSION, HEATSER, INSULATION, PRESS/TEMP
XSOUCERS.

+FETLURE MOUE: ERRATIC GPERATION (F)

LOW/HIGHE THRUST Ok INTERMITTENT OPRRATION

+LCAUsSE(S):

« CONTAMIMNATICN, IMPROPER SOLENDID ACTUATICN.

SEFEFECT{S): ON (A)SUBSYSTEM {BYINTERFACES {CIMISSION (DICREwW/VIHICLE:

. {A) LOSS OF VERNIER CONTROL E} INTERFACE SWITCHRING OF PUWSAR AND

« GCNEC CONTROL TO LARGE THRUSTERS. (C) POSSIBLZ EARLY MISSION TERMINATION
BOTH VENIER THRUSTERS WOULD HAVE TU BE ISOLATED SUCH THaT TIGnT LEADBAND
ATTITUGE CONTROL wiULD BAE LOST. {0) NONE.

SLORRECTING ACTION:

» SHUT DOWN/AISOLATE FAILED THRUSTER AND UTILIZE LARGE THRUSToR iN
AFFECTED AXIS

+REMARKE/HALZARDS:

« POTENTIAL HAZARD FROM COLLISION. NO REDUNDANCY 1S5 PROVILGES FOGR OTHIS
CCMPONENT .
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SHUTTLE CRITLCAL ITEMS LIST - CRBITER 1902

SUBSYSTEM :F&D — REACTION CONTPOL FMEA NQ 03-2Ff -131319-3 REV:L1L/1D/
~ASSEMBLY :THRUSTER ASSY ABORT : CRIT. FUNMC: 2
- PF/N RI MCasT7T—-0029 CRIT. HOw 2 Z
<P/N VENDOR: MISSIONS: HF VF X FF DF  §¢
<QUANTITY 2 PHASE{S): PL LO ©O X 03 LS

- :ONE REQ'D PER SIDE

- $¢DQWN FIRING)

- © PEDUNDAMCY SCREEM: A-N/JA  B-=N/A  C-N/
«PREPARED BY: APPRQV C%;f;47 APPACYV o B /(ﬁasé
-DES J TAGGART DES Ag%fQJ e SSM L A et L
<REL R DIEHL REL Q.7 _fff’f R?ﬁq ;Lagija- T

-

-ITEM: THRUSTER, VERNIER

. {EN 157/153).

+FUNCTION:

. TO PROVIDE THRUST FOR LGh LEVEL ACCELERATIONS ASSOrIATED wITH PCINTING
MANEUVERS AND THREE AXIS ATTITUDE HOLD. TARUSTER FIRES IN +Z DIRECTICN
FOR -+ PITCH AND ~Z ACCELERATICN. INCLUDES INLET VALVE, [NJECTCR,
THRUST CHAMBER, NQZZLE EXTENSION, HEATER, [NSULATICN, PRESS/TE4P
XSDUCERS.

«FAILURE MCDE: FERRATIC CPEPATION {F)
o LOW/HIGH THRUSY OR INTERMITTENT OPCRATION
«CAUSE{S )=

« CORTAFINATION, [MPROPER SOLEMCYD ACTUATION.

<EFFECTISY: ON (A}SUBSYSTEM () INTERFACES (CIMISSICN (DICREW/VEHICLE:

- (A} LCSS OF VERMIER CCNTROL 3) INTERFACE SWITCHING OF PUWER AMNO
GNELC CONTRGL TU LARGE THRUSTERS. (C) POSSIBLE EARLY MISSICN TERMINATICH
BOTH VENIER THRUSTERS WOULD HAVE. TU BE ISOLATED SUCH THAT 1IGHT DEADRA“"
ATTITUDE CONTRCL wOULD BE LOST. (D} NOKMNE.

SO ISPOSITION & RATIONALE (AJDESIGH (BITEST (CJ)INSPECTION {D)FAILURE HISTCRY:

e« {A) VALVE INCORPORATES A 75 MICRON FILTER TO PRECLUDE CONTAMINATION.
VALVE HMAS BEEM DESIGNED TO PRECLUDE SELF GENCRATED CONTAMINATES.
SPECIAL EYMPHASIS PLACED ON SCLEMOID AND WIRING TO PRECLUQCE SHORTS. (B}
PRE/POST FLIGHT CHECKOUT AND VALVE SIGNATURES TESTS WHEM MCDULE REAMOYED,
VALVE SUBJECTED TQ RANDOM VIBRATION AT ANT{CIPATED MISSICN LEVELS GURING
QUAL PROGRAM, LENGTH UF TIME FOR VIBRATION TO EQUAL 120 MISSIOM LIFE
EXPECTANCY . (C! AUDIT CONDUCTER 9-2-75 VERIFIED THAT SUPPLIER
INSPECTION CONTROLS RAW HMAT L. IDENTIFICATION OF PARTSs MFG PROCESSES:
CORRGSION PROTECTION: COMTAMINATION CONTROL . AND ELECTRICAL
TERMINATIONS. TURNAROUMO INSPECTICN INCLUDES HONITORING FUNCYIOMAL TEST
DURING PRESSURIZATION CYCLE FOR EVIDENCE CF ERRATIC OPERATION. (D) MO
FAILURE HISTORY CONCERNING THIS FALLURE HODE.

“ a8
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-HARDWARE/SOFTWARE ANALYSIS CHECKLIST 03-2F-131310-4

U TP TR T A

2 YL G B RCTY A T Y RN B

»t

. SUBSYSTEM Fwd. Reaction Control FMEA NUMBER SD75-SH-0016A
ITEM Vernier Thruster FAILURE MODE Burn-Thru

1.. DOES THE FLIGHT SOFTWARE DETECT THIS FAILURE MODE (i.e., AUTOMATICALLY YES o 1

- ANNUNCIATE OR TAKE ACTION Iji RESPONSE)?

la. IF NOT, DOES THE HARDUARE PROVIDE IMFORMATION THAT THE FLIGKT SOFTWARE COULD *YES D HO I:]
USE TO DETECT THE FAILURE? _

2. ARE THE AlSWERS TO QUESTIONS 1 AND la CONSISTELT WITH THE FMEA EVALUATION OF ves K=o [
IN-FLIGHT DETECTABILITY? ~ :

3. DOES THE FLIGHT SOFTWARE TAKE ACTION TO NEGATE THE EFFEGTS OF THE FAILURE ! OYES wo (-
(EITHER BY COMMAMNDING HARDUARE ACTION OR IMPLEMENTING ALTERIATE PROGRAM LOGIC)?

3a. IF NOT, DOES THE CAPAEILITY EXIST FOR THE SOFTUARE TO CONPEISATE FOR THIS *ves [} no [
FAILURE HMODE (EITHER BY COMMAIDING HARDVARE ACTION OR IMPLEIEITING ALTERIATE )
PROGRAH LOGIC)? '

&, AS A RESULT OF THIS FAILURE MODE, CAN THE SOFTWARE OVERSTRESS THE hARDWARE OR #ves [ w0 [
IHDUCE ANOTHER FAILURE?

5.  CAN THIS FAILURE MODE, IM COMBINATION WITH SOFTWARE LOGIC, ADVERSELY AFFECT *ves {1 wo [H

5 OTHER FUNCTIONS? i

6.  HOW MANY OF THESE HARDWARE FAILURES CAN THE SHUTTLE TOLERATE (COWSIDER CREW - *() *1[ ] 2]
ACTION AND HARDWARE/SOFTHARE OPERATION)? NOTE CHANGE TO FMEA CRITICALITY.

7. IF CREW ACTION IS REQUIRED TO RESPOND TO THIS FAILURE MODE, ARE CUES pROVIOCD  ti/a [ Jves{Xino[ ]
TO SIGNAL THE NEED FCR INTERVENTION AND THE REQUIRED CORRECTIVE ACTIGH?

8. IF THE ANSWER TO EITHER 1 OR 3 IS YES:

A. CAN THE BFS BE ENGAGED AFTER OCCURREICE? ves [X]*no [}
B. WILL BFS TOLERATE FAILURE WITHOUT LOSS OF CREM/VEHICLE? ves [fao Ty

*EXPLANATION REQUIRED (SEE BELCM)
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CHAMGE RETENTION RATIGMALE SUNIAR,

1.00 40 H/S ISSUES 3.[] NO SOFTWARE DETECTION 5. [T ACCEPTANCE RATIONALE BELOY
2. [X] HARDWARE ACCEPTS RISK 4.7 DETECTION DURING CHECKOUT 6. [_§ RECOMMEINDED CHANSES BELQW

[_IFMEA CHANGE RECOMMENDED

e e T I R I R I I T . T

EXPLANATION/COMMENTS:

1.

The GN&C RM Program will automatically deselect a failed jet and issue an alert.

Detectable in thrust chamber but not in nozzle.

6.
7.

This is a criticality 1 fajlure and cannot be tolerated.

The thrust chamber pressures can be downlinked,

8B. Same as primary.
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SHUTTLE FAILURE MODE AND gFFELCTS ANALYSIS -~ UR3ITER 1C

SUBSYSTEM :tFWD — REACTION CONTROL FMEA NGO O3—-2F —-131210-4 RevViiz 7ot/ 7
«ASSEMELY STHRUSTER ASSY ABORT CrRIT. FUNC:S 1
LB/ R1 tMC4ET-C029 CriT. hRWDs 1
o /N VENDDR: MISSIONS: HKF VF X FF aF M
QUANTITY :2 PHASELS): PL LO G0 X DO LS
. tONE REQ'D PER SIDE NUMBER OF SUCCESS PATHS REMAINING
. s (DOWN FIRING) AFTER FIRST FAlLURE:S z
. REDUNDANCY SCREEN:  A-N/A b=iN/R C-n/sA
«FALAILLURE DETEZCTABLE IN FLIGHT?. YES TIME To efFFECT:

. SECUNDS

+MINOR LEAKAGE DR INCIPIENT FAILURE REFERENCE DOCUMENTS:
. MICTS-0(o1-C1a
fHROUNDG TURNAKLDUND 2 eeevensaseneafES SD?Z"‘SN:"DIC:’J“Z
+VWISUAL EXAMINATION V70421001

. PREPARED BY: APPRUVED BY:

. BES J TAGGART LES

. REL . R DIEHL Qb

+ITEM: THRUSTER, VERNIER

{EN L57/158).

+FUNCT ION: .

« T PROVIDE THRUST FOR LOW LEVEL ACCELERATICNS ASSOCIATED H1TH PLINTING
MANEUVERS AND THREE AXIS ATTITUDE HOLD. THRUSTEIR FIRES In +Z DIRSLCTION
FOR + PITCH AND =2 ACCLELERATIUN. INCLUDES IMLET VALVE, INJECTUR,
THRUST CHAMEBER, NCZZLE eXTENSIONy HEATER, INSULATION, @RESS/TEMP
XSDUCERS

«FATLURE MGDE: OVERHBEAT /2URNTHROUGH (F}

«CAUSE(S):

« MpX PRESSURE SPIKES, SURFACE DEFECTS IN THE PRUTECTIVE DISILICIUE
COATING FOP CHAaMBER WALL AND VIERATION,.

LSFFECTES): CN (A)SUBSYSTEM {EIINTERFACES (C)IMISSION (DICREW/VERICLE:

« (£) LOSS UF VERNIER THRUSTER. (B} FOTENTIAL DAMAGE. {C) FOTeNTIAL

« ELRLY MISSION TERMINATION. (D) POTENTIAL LGSS OF VvERICLE. CRITICAL
DAMAGE COULL OCCUR BEFORE FAILURE IS DETECTEC.

LLURRECTING ACTION:

« ISCGLATE FAILED THRUSTER AND USE COTHER THRUSTERS.-

LREMARKS/HAZARDS =

« PUOTENTIAL HAZARD FROM ESCAPING HOGT GASES IN THE MCDULS AND POUTENTIAL
PROPAGATION OF FAILURE IF NOT ISCLATED IN A TIMELY MAMNZR.
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SHUTTLE CRITICAL ITEMS LIST - ORBITER 102

SUBSYSTEM :FWD — REACTICN CONTROL FMEA NO 03-2F -131310-~4 REV:12/08/78
_ASSEMBLY :THRUSTER ASSY ABORT: CRIT. FUNC: 1
.P/N RI :MC467—0029 CRIT. HDW: 1
.P/N VENDOR: MISSIONS: HF VE X FF OF  SM
LQUANTITY 12 PHASE(S): PL LO 00 X DO LS
) :ONE REQ'D PER SIDE ‘

. ${DOWN FIRING) :

. REDUNDANCY SCREEN: A-N/A  B=N/A  C-N/A
_PREPARED BY: APPROVE 4/¢ APPROVED

.DES J TAGGART  DES 4¢ﬂ;{§%,¢4/ ssM |

-REL R DIEHL REL -gw‘_Ez%ﬁE$th/ﬁﬁﬁeré?g,

. PROVED WITH CHANGES
+ITEM:z THRUSTER, VERNIER - See Section 13.0

. (EN 157/158}.

. FUNCT 10N:

. TO PROVIDZ THRUST FOR LOW LEVEL ACCELERATIONS ASSOCIATED WITH POINTING
MANEUVERS AND THREE AX1S ATTITUDE HOLD. THRUSTER FIRES IN +Z DIRECTIODN
FOR + PITCH AND —-Z ACCELERATION. INCLUDES INLET VALVEZ, INJECTOR,
THRUST CHAMBER; NOZZLE EXTENSIONy HEATER, INSULATICN, PRESS/TENP
XSDUCERS.

»FAILURE MOCE: OQOVYERHEAT/BURNTHROUGH {(F)

«LAUSE(S):

. MAX PRESSURE SPIKES; SURFACE DEFECTS IN THE PRGTECTIVE DISILICIDE
COATING FOR CHAMBER WALL AND VIBRATION.

LEFFECTIS): ON (AYSUBSYSTEM (BIINTERFACES {CIMISSION (DICREW/VEHICLE:Z

. (A} LOSS OF VERNIER THRUSTER. (8} POTENTIAL DAMAGE. ({C)} POTENTIAL

- EARLY MISSION TERMIMATION. (D) POTENTIAL LOSS COF VEHICLE. CRITICAL

DAMAGE COULD OCCUR BEFORE FAILURE IS DETECTED.

DISPOSITION & RATIUONALE {A)DESIGN (BITEST (CIINSPECTION (DIFAILURE HISTORY:

. {&) INTERMETALIC DIFFUSSION LAYER FORMS AN INTEGRAL BOND BETWEEN THE
DISILICIDE COATING AND THE PARENT COLUMBIUM MATERIAL (C-103) AND TENDS
TO RESIST SHOCK LOADING. ({B) PRICR TESTS CCONDUCTED ON THE R1-1 THRUSTER
HAVE DEMOMSTRATED THE ABILITY OF THE DISILICIDE COATING TO LITHSTAND
IMPACT LEVELS AND THERMAL STRESSES PRODDUCED BY TEMPERATURES IN EXCESS OF
2900 DEGREES F. TORCH TESTS HAVE DEMONSTRATED THE INSENSITIVITY DF THE
RE12ZA COATIMG TO THERMAL SHCOCK. (C) AUDIT CONDUCTED 9-2-76 VERIFIED
THAT THE SUPPLIER INSPECTION CONTROLS RAW MAT'L, IDENTIFICATION OF PARTS
MFG. PROCESSES, CORROSION PROTECTION,CONTAMINATION CONTROL, AND
FLOURESCENT PENETRANT INSPECTION PRIOR TO COATING TO DETECT SURFACE
FLAWS AND X~RAY INSPECTION IS REQUIRED FOR DETECTION OF INTERNAL
DEFECTS . COATING THICKNESS AND QUALITY IS CONTROLLED BY MPS 525 WHICH
WILL REQUIRE CERTIFICATION THAT COATING PRGOCESS CONFORMS TO THE PRCCESS
SPECIFICATION, VISUAL INSPECTION, VERIFICATICN OF COATING THICKNESS &
TEST TO VERIFY COATING INTEGRITY. TURNAROUND INSPECTION TO INCLUDE
VISUAL INSPECTION FOR EVIDENCE GOF BURN THROUGH AND WHERE ACCESSIBLE.
USE OF FIBER OPTICS NDE TO INSPECT FOR SURFACE FLAWS,
{0) NO FLIGHT FAILURE HISTORY.
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Meeting Minutes.

Review of JSC 14651, Hardware/Software Interaction Analysis Volume VIIT,
Forward Reaction Control System Part 1 of 2.

1. Meeting held at Rockwell International, Downey, 1:00PM to 2:30PM, 9/24/79.

2. " Attendees Orcanization Phone
Edward Vonusa NASA X-1470
Dave Latham J3C Reliability 527-0323
{Boeing) FT3
Rudy Kubica RI Propulsion/RCS ’ X-4720
Larry Gladu RI System Engineering X-1189
Bill Meyers RI System Engineering X-1726
Bob Diehl RI Relizbility X-2098

3. The following cﬁanges were discussed and will be incorporated in the
final release of Forward Reaction Control System Hardware/Software Inter-
action Analysis and will be reflected in next update of Fwd RCS FMEA:

03-2F-101010-1:

03-2F~101013-1:

03-2F-101020-3:

03-2F-101020-4:

03-2F-101030-1:

03-2F-101030-2;

03-2F-101060-1:

03-2F~101060-2:

03-2F-101060~3:

03-2F~101060~4:

03-2F-101060-5:

03-2F-101070-1:

03-2F-101080-1:

03-2F-101090-1:

Change "SMU" to "SM". Insert "SM Alert" before "blue light."
Same as 03-2F-101010-1,

Same as 03-2F-101010-1.

Same as 03-2F-101010-1.

Add "X" in No. Block, question la.

Add V42P1116C to Explanation 1. and 2.

Show class 3 alarm with blue light and class 2 alarm with red
Yight. Add v421116C. (Explanation 1.)

Add "X, Neo Block, question la.
Same as 03-2F-101060-1.
Same as 03-2F-101060-1.
Same as 03-2F-101060-1.

Under 1 & 2 Explanation, add V421113C, 1114C. Change class
2 to 3.

Change FMEA to show detectability method.
Under 1 & 2 Explanation, change V42P1110C, 1112C to 1113C,

1114C, Chenge class 2 to 3. Add gross leakage detectability
(see 03-2F-101080-1). .
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03-2F-101095~2: Change "X" from Yes Block to No Block, questionl. Under
Explanation, delete 1 & 2 (failure is one leg only- requires
failure of both legs to actuate C & W).

03-2F-102106-~1: Under 1 Explanation, add gross leakage detectability (see
03~-2F-101080-1}). -Under 7 Explanation and FMEA change add
V42P1115C. Change FMEA to show detectability.

03-2F-102108-1: Under 1 Explanation, add gross leakage detectability (see
03-2F-101080-1) Under 7 Explanation add V42P1115C.

03-2F-102120~1: Under 1 Explamation, add oxidizer measurement numbers, and s
add'"failed off thruster will give "failed jet on C & W".

03-2F-102150-1: Same as 03-2F-102120-1 plus retain V42P1312C and delete
1313C and 1314C.

03-2F-102170-1: Under 1 Explanation, add measurements V42X1333X, 1233X.
Change class 2 to 3.

03-2F-111110-1: Under 1 Explanation, add V42P1210C, 1212C, 1216C and add to
to FMEA detectability. Add X in FMEA change recommended
block.

03-2F-111110-2: Same as 03-2F-111110-1,

03-2F-111110-3: Under 1 Explanation, add gross leakage detectability (see
03-2F-101080-1)

03-2F-11111~4: Change X from No Block to Yes block for question 1. Under
Explanation, delete lst paragraph and 1. (White Sands Test
on vernier showed complete loss chamber pressure which is
detectable. Similar gas bubbles in propellant tests are
plamned for primary thrusters).

03-2F-121308-1: Under 1 Explanation, the class 3 alarm is doubtful. Check
and verify findings with Bill Meyers RI Systems Engineering.
Also add gross leakage detectability (see 03-2F-10108C-1).

03~2F-121311-1: Change Failure Mode to agree with failure mode in FMEA.

03-2F-121312-1: Under 1 Explanation, add "If failure is upstream of throat
it will be detected by PC; if failure is downstream of throat
it will not be detected.”

03-2F-121313-1: Change X from Yes Block to No Block, question 1. Delete 1.
under Explanation (failure is downstream of throat and will
not be detected by PC).

03-2F-131310-3: Change X from Yes Block fo No Block, question 1. Add X to
FMEA change recommended block. Under 1. Explanation, delete
entire sentence (the pressure transducers are snubbed by an ori-
fiteand will not detect the erratic operation). Change FMEA
to indicate no detectability.
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Approved by:

7 .
ﬁw _ L Yo b Ldm,vfcéf:;

rry Gladw, RI Dave Latham
System Engineering ’ JSC Reliability (Boeing)

Elornncd W Vo

Bdward Vonusa
NASA QARSO

NASA-JSC

A-3



Document Numnber: JSC 14651

Title: . HARDWARE /SOFTWARE INTERACTION ANALYSIS

Volune VIII, Forward Reaction Control System, Part 1 of 2
Prepared by: NB - Reliability Division
Distributed by: NB - SR&QA Data Center

Authorized Distribution

i
i

NASA/JSC

EH/J. F. Hanaway,-{2)
M6/ (3 )elemmmmvmridis
MG/A. D. Aldrich
NA/M. L. Raines/L. T. Spence
" SR&QA Data Center {Boeing, HS-01)
NB/J. H. Levine/H. L. Williams
W. L. Bunce (Boeing, HS-02)
J. A. Homerstad
ND/T. J. Adams
S. Costello (Boeing, HS-03)
NE3/E. Vonusa : )
NS/J. B. Hammack

Rockwel1-Downey

-

041-AD45/C. 0. Baker, Jr./V. P. Ostrander
041-FA46/G. A. Phelps:

041-FA46/L. W. Gladu

041-FA46/4. A. Harris

041-FB75/W. B. Fouts



