HOT-4

MASTER LIST OF TESTS AND ANALYSES

[Ey Event ]

Numper (H,A)

Location Title Objective - Description Status - Results - Remarks
Monitors
PANEL LOSS
A-9L(T) Mylar Combustion Observe the nature of the combustion of C - June 6, 1970. Mylar insulation blanket
LRC Tests with Super- Mylar insulation blanket with supercritical] burns completely when ignited by pyrofuse
M. Ellis crilical Oxygen in

W. Krickson

A-95(A)
LRC
R. Trimpi
W. Erickson

Simulated Shelf
Space

Analysis of Tempera-|
ture by Sensors Out-
side Shelf Space

oxygen in a simulated shelf space volume.
Measure the resulting pressure rise for
various modes of ignition and simulated
tank rupture.

Use the flight measured temperature~time
histories for sensors outside shelf space
to estimate the temperature of the gas
which flows from shelf space.

and exposed to oxygen exhausting from a
chamber at 900 psia/-190° F. Duration of
combustion process is about 2 to 4 seconds.
The pressure rise rate with combustion in
these tests is about 7 times that measured
with no combustion.

C - June 9, 1970. Examination of the tem-
perature-time histories suggests heat
addition outside of oxygen tank.

SIDE EFFECTS

15-T-32(T) Fuel Cell Valve Determine the effect of a high g load on C - April 20, 1970. This test showed that
NR Module - Reactant the fuel cell reactant shutoff valves. the reactant valves shut under lower shock
R. Johnson Valve Shock Test loads than the RCS valves. BSince a portion
R. Wells of the RCS valves closed at the time of the
incident, the reactant valves probably
closed due to the shock loading.
13-T-26(T) See Pressure Rise.
LECGEND: (T) - Test (A) - Analyses C - Completed ECD - Estimated Completion Date TBD - To Be Determined

MSC Form 345 (0OT)
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VASTER LIST OF TESTS AND ANALYSES

[By Event]

N v/
tumver (T/4)
Location
Monitors

itle

Objective - Description

Status - Results - Remarks

MISCELLANKOUS

15-T-43(T)

M
C. Propp
3. Himmel

13-T-72(T)
MSC
C. Propp
H. Mark

13-T-73(T)
MSC

sl ]
jeqige]
I
O
=]
3

-

Development of
Service Procedure
for Apollo 1k

LOX Tank Fan Motor
Examination

activity with Tef-
lon Insulatcd Wire

Reactivity of
Hydrogen Tank Ma-
terials

Spark Ignition
Threshold and Prop-
agation Rates for

Hudrogen Tank Ma-
Hyaregen lang Ma

terial In Gaseous
Hydrogen

Develop new operating procedures for groun
operailons Lo prevent stratification in btihe
oxygen tanks.

Lientify nonmetallic motor parts and pro-
vide information on their usage. Identify
surfaces containing Drilube 822 and look
for signs of corrosion.

tarmine +h

Hydrogen materials will be ignited in
gaseous hydrogen at various temperatures.
Ignition will be by a nichrome wire elec-
trically heated until failure occurs.

Determine spark Iignition thresheld and com-
bustion propagation rates for hydrogen tank

material in gaseous and supercritical hy-

temperatures.

us
us temperature

ECD - TBD.

]
.

Test has not yet been con-

C - May 12, 1970. 'lhe motor parts were
identified for the use of Panel 1. Drilube
822 was used on threaded areas of Lhe motor
housing and mounting hardware. The motor
showed evidence of corrosion at areas of
contact of dissimilar metals.

ECD - June 12, 1970. The overlcad test has
been completed and the arcing test is being

prepared. The overload test shows a maxi-
mum temperature rise of 2° F and maximum
pressure rise of 2 psi. There have been no
reactions with ecither NBOM or A-50.

ECD - June 30, 1970.
vbeen conducted.

The test has not yet

, 1970. The test has not yet
d

MSC Form 3kz (OT)

(A) - Analyses

¢ - Completed

BCD - Estimated Completion Date

TBD - To Be Determined

NASA —MSC
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MASTER LIST OF TESTS AWD ANALYSES

[By Event ]

Numter (T/A)
Location
Monitors

Title

Oujective - Description

Status - Results - Remarks

MISCELLANEOUS

13-T-7h(T)
MEC
C. Propp
H. Mark

A-89(T)
ARC
E. Winkler
., Mark

Ignition of
Specific Contigura-
tions in Hydrogen

Te flon/Aluminum
Ignition in Inert
Atmosphere

Details depend on results of 13-T-72 and
75. Will mockup hydrogen tank configura-
tion,

Determine whether it is possible to ignite
Tetflon and aluminum in an inert atmosphere,

ECD - July 1, 1970. The test has not yet
been conducted.

G - May 15, 1970. A Teflon and powdercd
aluminum mixture could be malde to burn.
High ignition energies (greater than

10 joules) were necessary and it was found
that the aluminum had to be finely divided
before it would burn.

LEGEND:  (T) - Test

MSC Form 343 (0OT)

(&) - Analyses

C - Completed

ECD - Estimated Completion Date

TBD - To Be Determined

NASA — MSC




PART F5

FAULT TREE ANALYSIS - APOLLO 15 ACCIDENT*

INTRODUCTION

This report contains a fault tree analysis of the applicable por-
tions of the electrical power and cryogenic systems involved in the
Apolleo 13 incident. It was prepared by the Boeing Company under the
direction of MSC and at the request of the Apollo 1% Review Board.

PURPOSE

The purpose of this analysis is to identify potential causes that
could lead to the loss of the SM main bus power, to show their logical
associations, and to categorize them as being true or false for the
Apollo 15 incident based upon available data, analyses, and tests. The
prime emphasis is to identify the initiating cause, and secondarily,
the sequence of events leading to the loss of SM main bus power.

SCOPE

This fault tree identified the applicable ECS/cryogenic system
hardware and potential causes, down to the component or groups of com-
ponents level, The logical association of the pctential causes is shown
graphically and is developed tracing the system functions backwards.
Each potential cause 1s categorized as being true or false where flight
data, ground tests, technical analyses, and/or engineering Jjudgment pro-
vide sufficient rationale., The main thread to determine the initiating
cause is identified in the Tfault tree. The tree does not include unre-
lated or secondary effects of the failure (i.e., quantity gage malfunc-
tion, panel blow-off, fire in the service module).

Pages F-108 through F-11L provide information on symbology, termi-
nology, abtreviations, references, and schematics for reference during
review of the fault tree. Page F-111 identifies what pages of the fault
tree are associated with the various segments of the system. Page F-115
pictorially depicts the required layout of the pages of the fault tree
to provide an overview of the complete system.

*Extracted from "Fault Tree Analysis - Apcllo 15 Incident,” dated
June 5, 1970, under Contract NAS 9-10364 - Task Item 9.0, for MSC
Apollo 13 Review Board, Action Item 35.

F-107




DESCRIPTION OF FAULT TREE DEVELOPMENT PROCESS:

BEGINNING FROM THE DEFINED UNDESIRED EVENT, "FUEL CELL POWER
NOT AVAILABLE ON SM BUSES", THE CAUSATIVE FACTORS HAVE BEEN
SHOWN BY MEANS OF LOGIC DIAGRAMMING. GIVEN THAT A SPECIFIED
EVENT CAN OCCUR, ALL POSSIBLE CAUSES FOR THAT EVENT ARE ARRAYED
UNDER IT. IT IS IMPORTANT TO NOTE THAT THIS LISTING INCLUDES ALL
POSSIBLE WAYS IN WHICH THE EVENT CAN OCCUR. NEXT, THE RELATION-
SHIP OF THESE CAUSATIVE FACTORS TO ONE ANOTHER AND TO THE
ULTIMATE EVENT IS EVALUATED AND A DETERMINATION AS TO WHETHER
THE DEFINED CAUSES ARE MUTUALLY INDEPENDENT, OR ARE REQUIRED TO
COEXIST, IS MADE. THE SYMBOLOGY EMPLOYED TO ILLUSTRATE THE
THOUGHT PROCESS IS AS FOLLOWS:

FAILURE/CAUSE STATEMENT - FAILURES ARE
SHOWN WITHIN THE LOGIC BLOCKS - TRUE AND
FALSE STATEMENTS AND RATIONALE ARE
ADJACENT TO THE APPLICABLE BLOCKS.

"OR" GATE - THOSE CAUSES WHICH ARE CAPABLE,
INDEPENDENTLY, OF BRINGING ABOUT THE
UNDESIRED EVENT ARE ARRAYED HORIZONTALLY
BELOW THE "OR" SYMBOLS.

COEXIST ARE ARRAYED HORIZONTALLY BELOW
THE "AND" SYMBOLS.

(::] "AND" GATE - THOSE CAUSES WHICH MUST

“"INHIBIT" GATE - THOSE FACTORS WHICH
INTRODUCE ELEMENTS OF CONDITIONAL
PROBABILITY, AND WHICH ARE REQUIRED TO
COEXIST WITH OTHER CAUSES, ARE DEFINED
AS “INHIBIT" FUNCTIONS.

[j::i:] "HOUSE" - THOSE CAUSATIVE FACTORS WHICH

ARE NORMALLY EXPECTED TO EXIST, OR TO
OCCUR, ARE SHOWN AS "HOUSES".

"DIAMOND" - TERMINATED FOR THIS SUB-BRANCH;
FURTHER DEVELOPMENT NOT REQUIRED FOR THIS
ANALYSIS.

"CUT CORNER" - INDICATES THIS IS A KEY OR

NODAL BLOCK. ANALYSIS OF THESE BLOCKS
<:::;;:::> WAS PERFORMED IN GREATER DEPTH SINCE

THEY "“CONTROL" SIGNIFICANT PORTIONS OF

THE FAULT TREE.

F-108




TRUTH STATEMENT CATEGORIZATION:

EACH FAILURE STATEMENT IS REVIEWED TO DETERMINE WHETHER IT IS
TRUE OR FALSE. THE TYPE DATA USED TO SUPPORT A STATEMENT BEING
TRUE OR FALSE IS IDENTIFIED. IN ADDITION, THE SUPPORTING DATA
SOURCES ARE REFERENCED.

1.

(o)}

CODE_KEY
CATEGORY DATA TYPE
F = FALSE FD = PER FLIGHT DATA
T = TRUE A = PER ANALYSIS
GD = PER GROUND DATA
EJ = PER ENGINEERING JUDGEMENT
TE = PER TEST
SI. = SUBORDINATE LOGIC
(SUPPORTED BY SUB-TIER
LOGIC.)
EXAMPLE: F - FD = FALSE PER FFLIGHT DATA
REFERENCES :

MSC APOLLO INVESTIGATION TEAM PANEL 1, PRELIMINARY REPORT,
DATED APRIL 1970

APOLLO 13 UNPUBLISHED FLIGHT DATA, AVAILABLE AT NASA/MSC
BUILDING 45, 3RD FLOOR, DATA ROOM

NASA/MSC TPS 13-T-58, IGNITION OF DESTRATIFICATION MOTOR TEST

MSC APOLLO INVESTIGATION TEAM PANEL 1, APOLLO 13 CRYOGENIC
OXYGEN TANK 2 ANOMALY REPORT (INTERIM DRAFT), DATED MAY 22, 1970

NASA/MSC TPS 13-T-53, HEATER ASSEMBLY TEMPERATURE PROFILE

NASA/MSC TPS 13-T-59, OXYGEN TANK IGNITION SIMULATION

F-109




LIST OF ABBREVIATIONS

AL. - ALUMINUM
ASSY - ASSEMBLY

CAP - CAPABILITY

CRYO - CRYDGENIC

Cu - COPPER

ECS - ENVIRONMENTAL CONTROL SYSTEM
ELEC - ELECTRICAL

EQI - EARTH ORBIT INSERTION

EPS - ELECTRICAL POWER SYSTEM

FAB - FABRICATION

FC - FUEL CELL

FIG. - FIGURE

GEN - GENERATE OR GENERATED

H2 - HYDROGEN

H20 - WATER

MECH - MECHANICAL

MSC - MANNED SPACECRAFT CENTER
NASA - NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
NEG. - NEGATIVE

NO. - NUMBER

02 - OXYGEN

0S-X - OXYGEN SUPPLY CONNECTION 1, 2 QR 3
PARA. - PARAGRAPH

PRELIM. - PRELIMINARY

PRESS - PRESSURE OR PRESSURIZED

qQry -~ QUANTITY

REF. - REFERENCE

RF - RADIO FREQUENCY

S/C - SPACECRAFT

SM - SERVICE MODULE

STRUCT -~ STRUCTURE OR STRUCTURAL

SYS - SYSTEM

TEMP - TEMPERATURE

F-110
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SIMPLIFIED SCHEMATIC OF EPS

@ OXYGEN SUPPLY CONNECT |ON

@ OXYGEN FLOWMETER

w ?S‘&&m)u%‘i ING VALVE)

B CHECK VALVE

FILTER

DG rever vawe

PRESSURE TRANSDUCER

PRESSURE SWITCH
D QUICK DISCONNECT

OXYGEN
AND CRYOGENIC OXYGEN SYSTEM TANK #2
CONNECTOR
CoNDUIT
f—F-PAG[ 1} PAGE 19 == ‘l‘" ——————————— 1 FILL
H ] LINE
M ! |
A FUEL CELL 11 D___g":_@ T L:* X
|
| B |
05-1 )
N i ] VENT
i | UINE
8 1 |
Ls’ | I::l DR
| : PAGES 3, 4,
A fm—— PacE | -t { PAGE 2 6 THRU 18, PAGES
[ 1 T
} | ZETHRY 28
! OXYGIN
R e e 00—\ —— RELtF
i
052 | LINE
i
L '
)
t
[ ] '
!
A [4PAGE | -ote PAGE 19 . - VNI
"‘ 1 STORAGE LINE
[
\ FUEL ChLL 13 3:@:6}___%‘_ 0 o
u 053 ! €S fILL
s b —— e o] LN
8 FUEL CELL VALVE MODULE
.
CONNECTOR
CoONDUIT

OXYGEN
TANK 11



ANLE]

,’ OXYGEN TANK NO. 2

CRYOGENIC PINL SUAL SIGNAL
FAN MOTOR MIR \ X 525§8R CONDITIONER
v ,’*T\ AUTO ro-fl'o_ NEUTRAL s ! 7 D -
AL2g 20~ N\ N g e " ewe b 0-5 VDC
D ON | ]T/Y\gpn “_‘ L B] l, r__ C + TREH o TLM
R ) 115V —— A +
(TYPICAL) Yl W 400~
52. 8N
— M -——-?E_z}—j(:rorAL) _0/;*\’ Aéz
A L nd [ Q -

MAIN 0o HEATER UTC{_Q——;#O__ — F UUANHI_Y1~ 0_15_,‘ xnc
B — o o oFF H - DENSITY —— o rr
28 VDC 15K t 3 }5 T. R ETER
ON P U9 +

C ’
] — ¥
HTR 1) [ HTR 2 v
CJ H
DC RETURN J i L p
6 —— N
155 WATTS N
T ] VAC-ION PUMP

VAC TON | IMA _"{\o_ MAIN 8
D> 115 VAC, 400 CPS PUMP  [RV | CONVERTER 5A 28 VbC

FROM INVERTER 2
ISk

LIV LNILN £

(CONNECTED TO MAIN B) ff’,?'
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INCONEL —

CONDUI T | = J{E**
|
4/¢¢4¢%¢ i QUANTITY PROBE LEADS
!
HEATER AND ///////” \ TEMPERATURE SENSOR LEADS
FAN HARNESS (4) % ‘“\\\\______
LEADS h : INCONEL
; HOUSING
MOTOR AL !
i
‘ PP R—Y-Y) -
FAN AL i 25% GLASS-FILLED TEFLON
'““T.\\"_ TEMPERATURE SENSOR
HEATER THERMOSTAT o
| [sXsXelp
oo —— E
HEATER g eno ALoggB
TUBE STAINLESS ————p 11 e '
;)OOO
o000
i 000
. 0000
O' r)(rmo
OO W
O b :)’V)(\O
TO LOWER 1 [°°T~ WIRE LENGTH
MOTOR \ el UNCERTAIN
N ~J

UPPER HEATER AND PROBE ASSEMBLY

vii
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HEATER

Z ASSEMBLY
STAINLESS
CONDUIT cjjgzi”'/’
CAPACITANCE
GAGING PROBE-“\\\\\
TFE GROMMET
FAN MOTOR !
LEAD
W TINNED COPPER CLIP \
A3 IMPELLER
LT ~ AL TUBE j [j C
7 <2£7 3 7032 _-\\\\\
§
[{
% _~—FAN MOTOR AL O O

S O
-

—_— e e e e T s T

<~

) S P

DETAIL OF HEATER
ASSEMBLY €

LOWER HEATER AND PROBE ASSEMBLY
viii
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FAULT TREE SHEET LAYOUT * 1
19
2
3 20
4 20 A |
° ° ’ 12
ﬂ-—— 9 10
8 11
" 21
13 14 16
1 18
17 22
24
23
25

*TO ASSEMBLE FAULT TREE, LAYOUT PAGES IN THE POSITIONS SHOWN ABOVE
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FAULT TREE ANALYSIS
June 5,1970

FUEL CELL POWER

NOT AVAILABLE 10

ON MAIN SM

BUSES CURRENT PLOTS
1-DfRer LFIC. 28

F-A
£C CURRENT PLOTS

BUS VOLTAGE PLOTS
LOAD PROFILE
REF. 1FIG 18

THRU 22

GENERATED POWER NOT
DELIVERED 10 BUSES

11 MAIN THREAD

FUEL CELL NO, 2

FAILS TO GENERATE
REQUIRED POWER
WHEN COMMANDED -

sseecs CONTRIBUTORY BRANCHES

UEL CELL FAIL
TO GENERATE
DUE TO CAUSES
INTERMAL

JO FUEL CELL

FA
FC PARAMETERS
REF. 1 FUEL CELLS

FF0
BUS VOLTAGE PLOTS
REF.LFIG 18 THRY 22

FUEL CELLS FASL
TO GENERATE

POWER
WITH COMMANDS
PRESENT 1-3

BUSES AND FUEL CELLS
PAGE 1

140
CURRENT PLOTS
REF.1FIC B

FUEL CELL NO, 3 FUEL CELL NO. |
FAILS TO GENERATE FAILS TO GENERATE
POWER POWER WHEN
T+0 WHEN COMMANDED 1 T-Fp COMMANDED 1ol 120
REF 1 FIC. 22 13) rer1ric ) NN )
SANE AS FURL
CELLNO. SEE PAGE 19
sevsesasesssssrosensasessee
FUEL CELL FAILS
TO GENERATE
DUE TO CAUSES 10
EXTERNAL T0 $S, &FLOW PLOTS
FUEL CELL 12 1FIG 59,268 28

consumasies ot [ TER

DELIVEREG 10 ?E;” - FAILURE TO MAINTAT

FUEL CELL ! Lars THERMAL REGULATION

1o REELFIG S, WITHIN ACCEPTABLE
9,26 428 LIMITS
N1 DELIVERED NORMAL 0
NOT DELIVERED
T8 FUEL CELL F£D e
HPRESS & FLOW PLOTS -
H Dy efeLecs &

SEE PAGE 2

0
PRESS & FLOW PLOTS

%

FAILURE TO
EXHAUST EXCESS

GASES & MéO
FROM FUEL CELL

[}

FA
FC PARAMETERS
REF | FUEL CELLS

BUSES AND FUEL CELLS
PAGE 1



FROM PAGE 1

FUEL CELL NO. 2 INTERCONNECT SYSTEM
- PAGE 2
NORMAL 0, NOT
DELIVERED YO 140
FUEL CELL ND.2 RESS & FLOW PLOTS
L L LFIG. 5628

STWEEN FONMETR 2O OaDELIVERY e
INTERNAL
F+D F+D TO FLOWMETER T+0 FfD
FLOW PLOTS 200 FUELCELL " o prons 23| FLOW pLOTS BLOCKAGE FLOW PLOTS
REF. LFIG. % 22 RELFIGH REF.1FIG.26 74 RELLFIC2S

RUPTUR 0 BLOCKAG NO 0, DELIVERY
TEAK BETWEEN ¢ w_ FfD REACTANT
FLONMETER AND > FRESS & BETWEEN FLOWMETER™ PRESS & VALVE £+0 10 REACTANT 140
LOW PLOTS AND REACTANT FLOW PLOTS CLOSED LOW PLOTS VALVE PRESS PLOTS
REF. 1 FIG. 5628 VALVE REF.1FIG 5 & 26 REF. 1FIG.26 24 | o 1re s
5| !
1
}.—J
1
-~
ALVES FA RUPTURE/ BLOCKAGE NO 05 DELIVERY
2 STOF BACK 2
RN MARIFCLD TOTRILED LEAK IN REACTANT F£0 BETWEEN REACTANT N FD 10 MANIFOLD ;:D
o YRR NOL MANIFOLD PRESS & VALVE AND PRESS & £SS &
~ FLOW PLOTS D FLOW PLOTS FLOW PLOTS
ot REF.VFIG 5 & 26 REF. 1FIG 54 2 212) Rer 1F16.5 & 26
0
NO O, DELIVERY NO Oy DELIVERY PRESS &
FROM STORAGE SYSTEM FRON STORAGE SYSEw | OTYPLOTS
NO. 2 TO MANIFOLD CO6S TRUE NO. 1 TO MANIFOLD S R A oL
213 AT DEPLETION 2-MJ) Rer.1F16.5
|
: RUPTUR D FFD TANK NO. 2
LA PRESS RUPTUREILEAK PRESS, F-A DOES NOT RUPTURE/LEAK FANS 1O SEE PAGE 20
i BETWEEN MANIFOLD 2 p gy tNiTiAWLY OF PURGE LINE PLOT INITIALLY AND TANK EXPLAWY PRESS INECS SYSTEM 7 €40 DELIVER O,
AND TANK GOES UP ) PLOTS £C5 PRES, 2 GOES TRUE
80257 REE. LFIG.5 REF.LFIG 5 REF. 4 REF. 2 2-19] AT DEPLETION

PAGE 2

sesssssrseesssR R iN

SEE PAGE 3
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0, TANK FAILURE
T& DELIVER Oy
TO LINES

F-A
REF, 1
PARA. 5.6

LOSS OF FLUID
PRESSURE DUE TO
STRUCTURAL

FAILURE 3-7

SEE PAGE 4

tessseescacettsnsnsassotnnnce

PA
FROM PAGE 2 02 TANK NO. 2
PAGE 3
TANK NO 2
FAILS T0
DELIVER 0p GOES TRUE
Z19] AT DEPLETION
|
1
QUALITY OF 0y IS
INADEQUATE )
GOES TRUE FC PARAMETERS
AT DEPLETION 3:2) mer
FAILURE TO INITIAL
DELIVER PROPERLY TANK NO, 2 LOAD
| OADED VOLUME CONTAMINATION
G0ES TRUE AT A
34§ oepievion 36 REF. 1
PARA, 5.6
CONTROL SYSTEM . BLOCKED FEED ot
FAILS TOGENERATE | |act peatir LINES INTERNAL
PRESSURE CYCLE EFFECTIVE TO O5TANK e pREss
38| Rer.2 391 oEra
H i
SEE PAGE 7 SEE PAGE 7

0p TANK NO. 2
PAGE 3
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FROM PAGE 3

MU=

LOSS OF FLUID
PRESSURE DUE TO
STRUCTURAL FAILURE

37

LOSS OF 0, DUE TANK STRUCTURAL STRUCTURAL FAILURE

TO FAILUR FAILURE DUETO CAUSED BY

OF ANCILLARY FAILURE TO MEET EXTERNAL

LINES DESIGN LIMITS ENVIRONMENT

41 42 43
FA 8
REF. L APPENDIX &
SEE PAGE 5

SEE PAGE 6
—

. |

i |

INTERNAL ENV |RONMENT
EXCEEDS

DESIGN LIMITS OF
TANK STRUCTURE

0, TANK 2 STRUCTURAL FATLURES

PAGE 4

STRUCTURAL FAH URE

STRUCTURAL FATLURE
CAUSED BY EXTERNAL

STRUCTURAL FAILURE
CAUSED BY EXTERNAL

TANK FAILURE CAUSED
BY STRUCTURAL

TANK DAMAGED DUE TO

OXYGEN REACTION N
CAUSED BY EXTERNAL CHEMICAL MEANS MECHANICAL MEANS DEGRADATION VACUUM CAVITY
ELECTRICAL MEANS 44 a7 48 49
FSL F-SL F-st F-A
NOT PRIME
45 L M 0 R rase

F-A REF .4

CURRENT PLOTS PA P

REF.LFIG 18 SEE PAGF 8 SEE PAGE 9 SEE PAGE K0 SEE PAGE It

THRU 22

1

TANK DAMAGFD BY

ENCLOSFD
ATMOS PHERE Fa
(OVER -PRESSURE) PRESS DATA
4101 per. g
I 1
TANK
OVER PRESSURE OVERPRESSURE |1
NOT RELIEVED 1S GENERATED PRESS
DATA
4-11 4-12) rer. 4
TANK RELIEF SEE PAGE 12
0, CONSUMPTIOR SYSTEM FAILS TO
RATES NOT INCREASED RELIEVE OVER - FoA "
SUFFICIENTLY T0 OFFSFI PRESSURE 7714 [ NO QVERPRESS
OVERPRESS URE R
4-13
T¥0
£C5 OATA
REF. 2 SEE PAGE 21
SEE PAGE 11

PAGE 4



7 AR

0, LEAKAGE
THRU CONNECTOR
CoNpUIT

5-

BLOW-
Ut PLUG
ALLOWS 0, TO
ESCAPE

HOLE OCCURS
IN CONDUIT

54

FROM PAGE 4

LOSS OF 0, 0UE TO
FAILURE OF

NC
ANCELLARY UINES "

ANCI

0y LEAKAGE THRU
TANK VENT LINE

5-2

D
PRESS PLOTS
REF.1FIG.5

LINEFITTING
DISCONNECTED

LINE RUPTURED

56

£40
PRESS PLOTS
REF.1FIG 5

F¥D
PRESS PLOTS
REF.LFIG.5

F£)

E.IJ.IJ.I.IE

INSUFFICIENT
ENERGY

CHEMICAL REACTION

DAMAGE
5-13
TO PAGE 8

F£
INSUFFIC IENT
ENERCY

SEE BLOCK 108 FOR
SIMHAR DEVELOPMENT

MECHANICAL
DAMAGE TO
DISCONNECT

LD
PRESS PLOTS
REF.1FIG.5

LLARY LINE FAILURE
PAGE 5

0y LEAKAGE THRY 50
TANK FILL LINE PRESS PLOTS
53] REFIFGS
LINETFITTING yfriviston
LINE RUPTURED DAMAGE 1O
DISCONNECTED DISCONNECT
59 5-10 5-11
FF0 FFD F40
PRESS PLOTS FRESS PLOTS PRESS PLOTS
REFLFIGS REF. LFIC.S REF.1FIG.S

ANCILLARY LINE FAILURE
PAGE 5



| B FROM PAGE 4

TANK STRUCTURAL
FAILURE DUE TO FAILURE
TO MEET DESIGN LIMITS

-A
4:2) ger L APPENDIX B

0, TANK NO. 2 DESIGN LIMITS
PAGE 6

|

MATERIALS AND PRO-
CESSES FAIL TO MEET

DESIGN LIMITS

TANK STRUCTURAL
FAILURE DUE TOPOOR | £-a
WORKMANSHIP

6-2i

Tet-d

NSPECTION
FAILED TO DETECT
LOW QUALITY
WORK
67

. B

TANK STRUCTURAL
FAILURE DUE TO DESIGN | F-4
DEFICIENCY

6-3

INDETECTED ERROR N
COMPUTING STRUCTURAL
CAPABILITY

0y TANK NO. 2 DESIGN LIMITS
PAGE 6
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COMPONENTS : 02 TANK NO. 2
PAGE7

FROM PAGE 3 FROM PAGE 3
CONTROL SYSTEM
FALSTOGENRATE [ P4
PRESSURE CYCLE EFFECTIVE
38} wer. 2

FAN FAILS TO
GENERATE
PRESSURE

NOT REQUIRED
SINCE HEATERS
T4 OPERABLE

-1

HEATER FAILS

T0 GENERATE A

PRESSURE LAST HEATER CYCLE
7-2) ERFECTIVE REF. 2

TER NO.
FAILS TQ

ATER NO.
FAILS TO GENERATE
PRESSURE %A

CONTAMINATION O

BLOCKED FEED a
LINES INTERNAL DOES NOT
10 05 TANK EXPLAIN PRESS
PLOTS
39 werd
| 1
CONTAMINATION STRUCTURAL
PREVENTS 0 F£) FAILURES
PRESS AND TEMP PLOTS, PREVENT 0, FLOW )
FLOW (BLOCKED) PHYSICAL CONSTRUCTION 1-6] PRESS AND TEMP pLOTS
) ReEF 1L PG S REE.L FIG S
ONTAMINATIO AILURE TO XPOSED 1O
GEN. INTERNAL ACHIEVE DES IGN ENVIRONMENT IN
FG0 LIMITS
REF. 1 PARA 5.6

F-A
FC PARAMETERS
REF 2

COMPONENTS : OgTANK NO. 2
PAGE?
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INITIATED BY

FROM PAGE 5

CHEMICAL REACTION
DAMAGE

5-13

RADIATION

SPONTANEOUS
COMBUSTION ("

3 15
AVAILIABLE CHEMICAL
10 SUSTAIN REACTION
INITIATED IS INITIATED
REACTION 8-t 52
| 1
REACTION REACTION INITIATED
REACTION INITIATED BY INDIRECTLY BY

MECHANICAL ENERGY

REACTION INITIATED
INDIRECTLY BY
ELECTRICAL ENERGY

8-5 8-7
P
INSUFFIC IENT
ENERGY T
o RF —
® COSMIC
®NUCLEAR SEF PAGE 13 SEE PAGE 14

INCOMPATIBLE

MATERIALS

PRESENT AT
LIFTOFF

@ SUBSTITUTION OF
TITANIUM PARTS
MICRO ORGANISMS

INCOMPATIBLE
MATERIALS
EXPOSED
DURING FLIGHT s

-12
PROTECTIVE Al OXIDE
COATING REMOVED BY:

® FAN RUBBING

® ARCING

® |MPACT

® CORROSION

® OTHER

FROM PAGE 4

STRUCTURAL FAILURE
CAUSED BY EXTERNAL
CHEMICAL MEANS

-6

F-SL

CONTAMINANT IS
EXTERNAL TO

SPACECRAFT 5 3

Fi)
BASED ON PRIOR
SIC OPERATIONS

FREE CORROSIVE
CONTAMINANT

WITHIN SM CAUSE 0y

TANK STRUCTURAL
FAILURE

84

STRUCTURAL CORROS ION
PAGE 8

Fa
NO LEAKS
REF. 1 TABLE Xt

VAILABLY
CONTAMINANTS
IMPINGE ON
0 TANK,

F-A
NO LEAKS
B0 RELTABLEX)

STRUCTURAL CORROSION
PAGE 8



weT-d

J FROM PAGE 4

STRUCTURAL FAILURE
CAUSED BY EXTERNAL

MECHANICAL MEANS
a7 fFst

EXTERNAL MECHANICAL
PAGE 9

A
STRUCTURAL FAILURE STRUCTURAL FA ILURE
CAUSED BY CAUSED BY
MECHANICAL SOURCE MECHANICAL
PRIOR TO FLIGHT F-A SOURCE DURING FLIGHT
9-1) REF. 1 APPENDIX B 9-2] F-St
STRUCTURAL NADEQUA] STRUCTURAL STRUCTURAL FAILURE A
DAMAGE DUE TO cSATngESS FIKE‘LlIS;E FAILURE DLE TO INDUCED BY SHOCK. [ METEORQID IMPACT e
PREFLIGHT aRING MECHANICAL IMPACT OF FROM EXTERNAL CAUSE TABLE X
LIGHL5 LOOSE OBJECT 4
- EXTERNAL TO )

CLOSEOUT PHOTOS .,

O {ARGE OBIECTS,

NO FORCE APPLIED

SHOCK
GENERATED FROM GENERATEQ
NORMAL BOOST FROM NEAR BY
OPERATION: EXPLOSION ~F-A A
FR; \ c&gﬂsss, r ; REF, )
. 5 ELS 14T -0
TABLE V111 9 R XI TABLES X VIN & I

EXTERNAL MECHANICAL
PAGE 9
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FROM PAGE 4
INTERNAL TANK SK&CJ,URAL DEGRADATION

TANK FAILURE
CAUSED 8Y
STRUCTURAL
DEGRADATION 4 | F-5L

0
| 1
i

TANK FAILURE AN EAILURE

CAUSED BY

CORROS ION F4) MECHANICAL

4 | owser DAMAGE P
RATE TO HIGH

ORROSH
CONTAMINANTS
INTRODUCED DURING
TANK

CORROS IVE
CONTAMINANTS
PRESENT IN TANK

SINCE
FABRICATION

MPACT BY rel ANK FAILURE
LOOSE INFERNAL > (NSUFFICIENT CAUSED BY A
OBJECTS ENERGY LAW GROWTI REF. 1FIG. 24

AVAILABLE s

SEE BLOCK

TANK
FAILURE CAUSED
8Y DIRECT EFFECTS OF
SHORT N TEMPERATURE
SENSING CIRCUIT

13-3 FOR SIMIAR
TANK FASLURE DEVELOPMENT
CAUSED BY DIRECT
EFFECTS OF ELECTRICAL
SHORTS £5L
10-8
I
TANK FAILURE é U*RDRW TANK
CAUSED BY DIRECT TANK FAILURE SLOTS \NDICATE FAILURE CAUSED B
EFFECTS OF SHORT IN CAUSED BY DIRECT VEATER OFF DIRECT EFFECTS OF SHORT
FAN CIRCUIT w0 | 5t EFFECTS OF SHORT IN REF. | F1G. IN QTY. GAUGE SYS f-e
: HEATER CIRCUIT 18thry 20 CIRCUIT INSUFFICIENT
e INSUFICIENT o4 ENERGY 7. 35 MILLUIOULES
ENERGY 4 MICROJOULE p REC.T TABLE IV PARA. 3.1.3
REF,I TABLE 1V PARA, 3,1.4
SEE PAGE 15

INTERNAL TANK STRUCTURAL DEGRADATION
PAGE 10



92T-d

| 8

FROM PAGE 4

TANK DAMAGED DUE YO
OXYGEN REACTION IN A

VACUUM CAVITY NOT PRIME
9 CAUSE
REF. 4

02 TANK NO. 2 VACUUM JACKET CAVITY
PAGE 11

CATALYTIC REACTION
OCCURS BETWEEN OXYGEN
AND SUSCEPTBLE MATE -
RIALS WITHIN THE
VACUUM CAVITY i

0, 1S PRESENT
IN VACUUM CAVITY

11-3

SEE PAGE 16

- |

TANK DAMAGE DUE 1O
COMBUSTION OF FLAM-
MABLE MATERTAL IN
VACUUM CAVITY

0y 1S PRESENT IN
VACUUM CAvITY

-5

SEE PAGE )6

-

IGNITION OF FLAMMABLE
MATERIAL WITHIN
VACUUM CavITY

i+

r

IGNITION OCCURS

-7

OTHER IGNITION
SOURCES

FLAMMABLE MATER 1AL
1S PRESENT

H8
® ADHESIVE POLYESTER
RESIN

® KAPTON

® DEXIGLAS
@ TITANIUM
® NYLON

® MYLAR

© ALUMINUM

CURRENT FAULT
OCCURS N Fricmoxiist
VAC -10N PUMP, REQUIRES
Ji40 DISABLING
PUMP aT €Ot

02 TANK NO. 2 VACUUM JACKET CAVITY
PAGE 11



yRAR

FROM PAGE 4

TANK

OVERPRESSURE | TANK OVER PRESSURE

1S GENERATED P s oAtk PAGE 12

42 rer
| B
DAMAGE CAUSED
(OVER PRESSURE) CAUSED 3
BY INCREASE IN . OVERPRESSURE
INTERNAL PRESS DATA OR DECREASE IN
TEMPERATURE 121 | oty RSN
3
. f2-2 NO SOURCE

INTERNAL
TEMPERATURE

INTERNAL
TEMPERAT URE
INCREASE CAUSED 8Y
CONVERS ION OF

1

NTERNAL TEMPERATURE
INCREASE CAUSED BY

LOSS OF INSULATION F£)
INSUFFICIENT
126 ] 1ear eax

tA
SEE PAGE 5
INSURFICIENT
ENERGY BLOCK 5-13
REF.4,F16.3-13
AND TABLE 31
LEAK CAUSED LOSS OF
VACUUM BETWEEN INNER
AND OUTER TANK WALLS
12-7
X

07 |5 PRESENT IN

ACUUM CAVITY F£)
vAcu INSUFF L€ IENT
12-9) HEAT LEAK

ﬂ SFF PAGE 16

LEAK
IN OUTER WALL
AND CAVITY PRESSURE
EQUALIZED WITH LOCAL
SM ENV IRONMENT

F-A
REF. FiG. 10

DIRECT SOLAR
RADIATION ON

OUTER TANK WALL
RESULTS IN HEAT

F£)
EAK . 12-8 INSUFFICIENT

PRESSURE
INCREASE IN SM
SECTOR 4 CAUSED L05S OF
SM PANEL AND EXPOSED

LOST BECAUSE IT
WAS NOT SECURED AFTER
REMOVAL FOR PRE FLIGHT
SERVICING

TANK OVER PRESSURE
PAGE 12
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geT

FROM PAGE 8

REACTION

INITIATED
INDIRECTLY BY
MECHANICAL E&R‘GYﬁ

MECHANICAL ENERGY CREATES HEAT IN 02 TANK 2
PAGE 13

MECHANICAL ENERGY
CONVERTED TO HEAT
FROM FRICTION

13-2

TO HEAT THROUGH YIELD,
FRACTURE OR

FE)

NO VIBRATION
MECHANICAL

ENERGY INSUFFICIENT

|

FRICTION OCCURS

WITRIN FAN MOTOR £
13-4 | MOTOR STALLS

FRICTION OCCURS BE -
TWEEN OBJECTS WITHIN
TANK

(3-5

FRICTION
OCCURS BETWEEN

OCCURS BETWEEN
FAN ROTOR AND

MOUNTING
FLANGE

HEATERIFAN ASSY. AND

FRICTION
OCCURS BETWEEN
WIRE HARNESS OR CLIP
AND FAN

ASSEMBLY

2]

3-8 INSUFFICIENT
TIME TO GEN.

REQUIRED HEAT

FRICTION OCCURS
BETWEEN FAN ANO
STRUCTURE

FE)
MOTOR STALLS

MECHANICAL ENERGY
CONVERTED TO HEAT
FROM IMPACT

SEE PAGE 17

MECHANICAL ENERGY
CREATES HEIA\JE lll‘g 0p TANK 2
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FROM PAGE 8

TR

REACTION INITIATED
iNDIRECTLY BY
ELECYRICAL ENERGY

8-7
‘ B8 }
! I E
STRAY ELECTRICAL ENERGY ELECTRICAL ENERGY 140
ELECTRICAL CONVERTED TO HEAT CONVERTED TO HEAT GLITCHES
NERG RTED o018 '”.!.’?’L:. c DUE TO CONTINUOUS | £- DUE TO POWER CIRCUIT | coimc 1oew wimy

NENT u\.Jl OPERATION INSUFFICIENT TIME ANOMALY FANS ON
INSUFF ICIENT ENERGY -5 | ReF. L FIG 10 M) Rer. 11,

~_u
AVAILABLE
* RF ENERGY /\

¢ TRIBOELECTRIC F
CHARGE SEE PAGE 22
CONTINUQUS CONTINUOUS
POWER PRESFNT POWER PRFQFM
I

sz

Al CRVO
FANS a-7 )(AIERS
A F-A
FANS WERE ON CURRENT PLOTS
BUT 2 MINUTES HEATERS OFF
INSUFFICIENT TIME

ELECTRICAL ENERGY CREATES HEAT IN 02 TANK NO. 2

T T U T YT T YT T Y YIS T ITITeeeT)
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1

SHORT OCCURS
RESULTING IN
TORCH EFFECT

159!

ENERGY RELEASED
IS SUFFICIENT TO
CAUSE DESTRUCTSON

FROM PAGE 10 I

TANK FAILURE CAUSED
BY DIRECT EFFECTS FANS MOTOR SHORT-TORCH EFFECT
OF SHORT IN FAN
CIRCUIY PAGE 15
010 g
1 1
TANK FAILURE TANK FAILURE
CAUSED BY DIRECT CAUSED BY DIRECT
EFFECT OF SHORT EFFECT OF SHORT
IN UPPER FAN CIRCU(T IN LOWER FAN circun

CONTACT OCCURS BETWEEN|

ELEMENTS RESULTING IN ELECTRICAL ENERGY T-A

IMPINGEMENT OF IS AVAILABLE TOB-1 | INTERPRETATION oF
DESTRUCTIVE ENERGY TO FAN CIRCUIT DATA AND CREW
LOCALIZED TANK AREA 3 154 goﬂfc '

N |

CONTACT OCCURS BETWEEN
CIRCUNY ELEMENTS
RESULTING IN
IMPINGEMENT ON

FANK STRUCTURE 15-6

SHORT CIRCUIT OCCURS
BETWEEN PHASES, PHASES
AND NEUTRAL, OR PHASES
AND STRUCTURE CREATING
AN IGNHTION SOURCE 15 g

B-1 FAN MOTOR
COMPONENTS
CONSTITUTE
FUEL (ALUMENUM
TEFLON, ETC.)

1541

TANK CONTENTS PROV 1DE

OXIDIZER
{ACCESS TO FUEL
UNIMPEDED)

SEE AA PAGE 24

i 1
FTE SHORT OCCURS IN FAN
SHORT OCCURS PRELIM MOTOR HARNESS CAUS ING
RESULTING IN TEST RESULTS TANK WALL OR TUBING -8
TORCH EFFECT NEGATIVE 10 MELT INSUFFIC IENT
15-7] REF.3 352 enercy
PRODUCTS OF Q
COMBUSTION ARE
RELEASED TOWARD
TANK WALL
SEE PAGE I8

FANS MOTOR SHORT-TORCH EFFECT
PAGE 15
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FROM PAGES M & 12

0y 15 PRESENT IN
VACUUM CAVITY

11-3, 11-5, 12-9

A

X

0, PRESENT
SINCE LIFTOFF

16-1

VAC 10N PUMP 0 INTRODYCED
FAILS TO PRIOR
REMOVE 0,

TO LIFTOF 164

PRESSURE VESSEL
LEAKS IN FLIGHT

CAUSATIVE DEVELOPMENT
WOULD BE SIMILAR TO THAT
UNDER BLOCKS 4-1,48 & 4-10

02 IN VACUUM CAVITY
PAGE 16

02 IN VACUUM CAVITY
PAGE 16



TAREN

FROM PAGE 13

FAN STRIKES

STRUCTURE OR TANK _J F

COMPONENT LOW STRESS
£ | onean

-1
FA

LAST HEATER
CYCLE

NOMINAL

REF.2

FAN BREAKS

IMPACT WITHIN 0y TANK CREATES HEAT
MECHANICAL ENERGY PAGE 17
CONVERTED TO HEAT
FROM IMPACT
133
v
r 1
LOOSE COMPONENTS FOREIGN DRJECTS
STRIKE FAN STRIKE FAN
12 /7/

LO0SE COMPONENT

WITHIN TANK
STRIKES FAN
77
PROBABILITY
THAT COMPONENT
WILL STRIKE
FAN
LOOSE COMPONENT
EXISTS WITHIN TANK
17-10
® RIVETS
® TEE BUSHINGS
® TINNED-CU CLIP
® SAFETY WIRE

® LOOSE SOLDER
® OTHER

(0OSE FOREIGN
OBJECT WITHIN
TANK STRIKES
FAN

178

PROBABILITY
THAT OBJECT
WILL STRIKE
FAN

LOOSE FOREIGN OBJECT
EXISTS WITHIN TANK

174

OBJECT INTRODUCED DBIECT
INTO TANK DURING INTRODUCED

WITH OXYGEN
FABRICATION OR TEST

172

FILL

w3

@ BUNA N 0" RING
@ HYDROCARBONS

@ SUBSTITUTION OF TITANIUM PARTS

® OTHER

IMPACT WITHIN Op YANK CREATES HEAT
PAGE 17
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FAN CIRCUIT - TORCH EFFECT
PAGE 18

FROM PAGE 15

SHORT OCCURS IN
FAN MOTOR HARNESS

CAUSING TANK WALL £y
oR mnmclomcy INSUFFIC IENT
28} enercy

|
SHORT OCCURS IN FREE
LEADS BETWEEN THE SHORT OCCURS 1IN LEAD
PROBE ASSY AND THE | WITHIN CONDUIT
OR CONNECTOR

LAND FAN A53 i3 .
I 1 1 |
FAN LOOSE
L0SS OR DEGRADATION
vt (ennNTTOR OF INSULATION LEAD CONTACTS
SEPARATES ‘{‘;N;‘M:E ' OR CONNECTOR CONDUIT WALL
18-3 184 18-5 e

SEE AA PAGE 24

FAN CIRCUIT - TORCH EFFECT

Anr 19
AGE 16
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FROM PAGE |

FUEL CELL NO. |
FAILS TO GENERATE
POWER WHEN
COMMANDED 0
16 ] ReF.iFIG. B

0000000000000 0000000000 )

FUEL CELL FAIL
TO GENERATE
DUE TO CAUSES

FUEL CELL NO. 1&3 POWER GENERATION
PAGE 19

.
'
FUEL CELL FAILS
TO GENERATE
F-A DUE TO CAUSES
FC PARAMETERS EXTERNAL TO
REF, | FUEL CELLS FUEL CELL NO | 19-2

TFD
07 PRESS & FLOW PLOTS
REF.1FIG.5,26

FAILURE
CONSUMABLES NOT | | 1, 0 MAINTAIN FAILURE TO
DELIVERED TO 0, PRESS & EXTERNAL THERMAL 50 EXHAUST EXCES S
FUEL CELL FLOW PLOTS REGULATION WITHIN TEMP PLOTS GASES & Hy0
B3] wr.i FIGS, 0, 2 & ACCEPTABLE LIMITS REF. F1G.4 FROM FUEL CELL
To-4
sececresescranossnonsosn s
H
NORMAL
Wy NOT DELIVERED
o o ey s, 4 0, NOT DELIVERED -
FLOW PLOTS REF. 2 TO FUEL CELL NO. 1 PRESS & FLOW PLOTS
S7Jetr. 1 FiG. 5.2,
FLOWMETER
FLOW PLOT ;T{AJRVATION N0 O, DELIVERY " HAS INTERNAL
REF. 1FIG 26 F R
SIMILARITY TO FLOWMETE How pLas BLOCKAGE
REF. L FIG. 26 1940 ker. 1 Fic. 28

F-A
FLOW PLOTS

(53]

REACTANT

STARVATION STARVATION VALVE T-A
SIMILARITY SIMILARITY CLOSED REF.1
REF.LFIG 26 REF. LFIG, 26 FUEL CELLS

F-A
FC PARAMETERS
REF, | FUEL CELLS

STARVATION
SHMILARITY
REF.1FIG. 26

FfD
FC 2 FLOW PLOT
REF.1FIG. 26

PAGE 19



GET-A

FROM PAGE 2

ss0ecvsesescesrseseees sesesee eoeacencens,
1:
FFD
NO 0, DELIVERY PRESS &
FROM STORAGE SYSTEM | QTY. PLOTS
GOES TRUE AT
NO. 110 MANIFOLD LOSS OF SIGNAL
W) e LG 5
VALVE OR OUTLET NO ? Sg:gé:(w VALVE OR OUTLET
INE RUPTURES
VALVE GOES TRUE
20-2) AT DEPLLTION 203
CHECK CHECK
P
VALVE INLET Y":)OCOHZEZL{’V:'L[VE VALVE INLET LINE
NE BLOCKED
LN BLOC INLET LINE GOES TRUE RUPTURES
20.3) a7 oepueTion 206
NG 0,SUPPLIED
FILTER BLOCKED TOFILTER
GOES TRUE
AT DEPLETION 200

FILTER INLET
LINE BIOCKED

-

ECS FEED LINE

RUPTURES

NO 04 SUPPLIED
TO FILTER INLET

LINE GOES TRUE
20-12] AT OEPLETION

ﬁ SEE PAGE 204

0o STORAGE SYSTEM NO. 1
PAGE 20

0,STORAGE SYSTEM No.1
PAGE 20



9ET-4

0,STORAGE SYSTEM No. 1
& TANK NO. 1

PAGE 20A

FROM PAGE 20

NO 05 SUPPLIED
TO FILTER INLET

LINE GOES TRUE
20-12] av pepLETION

STORAGE
VALVE MODULE
1S BLOCKED

NO O, SUPPLIED
TO STORAGE VALVE
MODULE

RELIEF VALVE OPENS
AND FAILS YO CLOSE

3| coes
AT DEPLETION

204-5

® SHOCK
® OVERPRES SURE
@ CONTAMINATION

0, FEED LINE
1S BLOCKED

NO 0y SUPPLIED
FROM 0, TANK
NO.1

05 FEED LINE
RUPTURES

_7| Goes TRUE
A7) 7 oemieTion

FAILURE OF
ANCILLARY

LINES

20A-9 OEVELOPMENT

SEE BLOCK 4-1
FOR SIMILAR

0oSTORAGE SYSTEM No. 1
& TANK NO. 1
PAGE 20A



-

LeT

FROM PAGE 4

TANK RELIEF

SYSTEM EANS TD

RELIEVE 4
OVERPRESSURE NO OVERPRESS
"F.4

1

15 CAPPED ARE BLOCKED
23 204

VALVE

SYSTEM FAILS

T0 RELIEVE

F+D PRESS PLOTS
/\ 2 INDICATE RELIEF REF L1FIG. 5
H I —1
VALVE
VENT PORT I(-)'Rmvim MECHANISM
FA{LS TO OPERATE
2i-5

VAL
FAILS TO
OPERATE DUE TO
!MPRDPER Al

ALVE FALLS TEY
OPEKATE DU TO
CONU\MINMID

<

ll\)RUDAMAG

ONSHAZRAA‘}ED INHERENT
EXCEEDS REASONABIE RELIEF CAPARINITY

VALVE SYSTEM UNABLE
T0 RELIEVE AT HIGH
ENOUGH RATE

7\

2-2

INSUFFIC HENT
a7

RELIEF CAP.

GaLve
<us 10 op>

02 TANK NO 2 PRESSURE RELIEF
PAGE 21

02 TANK NO. 2 PRESSURE RELIEF
PAGE 21
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TO HEAT DUE TO QUANTITY
PROSBE CIRCUIT

FAULT OCCURS

AT CONNECTOR
A

G | SEEPAGEZ3

FROM PAGE U

ELECTRICAL ENERGY CONVERSION TO HEAT
PAGE 22
ELECTRICAL ENERGY
CONVERTED TO HEAT 140
DUE TO POWER CIRCUIT [ 6, j1cHes CoInG 1 Den
ANOMALY WITH FANS ON
M) ger 1, FiG, 4,

LECTRICA|
ENERGY CONVERTED
TO HEAT DUE TO HEATER
CIRCUIT
FAULY

SENSING CIRCUIT

FAULT FAULT

INSUFFICIENT TEMP. SENSOR CURRENT PLOT
UFHICIENT ENERGY WORKING & INSUFFICENT ENERGY HEATERS OFF REF. 1

+ THERMAL SWITCH ARCING
« HEATER ELEMENT SHORT

TR s
OUE TO FAN
cIRCUT
FAULT 2

(1A

=

FA IN
FAULT OCCURS FAULT OCCURS FAULT OCCURS FAULT OCCURS ULT OCCURS

HEATER CONDUIT
1N CONDUIT IN FREE LEADS IN PROBE HEAD INFANS / AREA /
728 229 2210 2411 212

W | SEEPAGE D3 SEE PAGE 24 Y SEE PAGE 24 SEE PAGE 24

SHORT
FUEL IS AVAILABLE CIRCUIT
N CONDUIT OCCURS
2213 2-4
® TEFLON ® PHASE TO PHASE
@ SiLVER ® PHASE TO NEUTRAL
® COPPER ® PHASE TO GROUND

® CONTAMINATION

® PHASE TO GROUND
THROUGH ADJACENT
CIRCUITRY

SEE AA
PAGE 24

ELECTRICAL ENERGY CONVERSION TO HEAT
PAGE 22
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FROM PAGE 22

FAULT OCCURS AT

CONNECTOR
27

SHORT CIRCUIT REACTIONS

FROM PAGE 22
AG PAGE 23

FAULT OCCURS IN

FREE LEADS
2-9

| ) I | 1
SHORT
FUEL 15 AVAILABLE FUEL 1S
AT CONNECTOR %'SORT g' Reumm AVAILABLE CIRCUIT
CUR N FREE LFADS OCCURS
21 22 233 234

o TEFLON © PHASE TO PHASE © TEFLON © PHASE T0 PHASE
*SILVER ® PHASE TO NEUTRAL ® GLASS FILLED TEFLON © PHASE TO NEUTRAL
 COPPER © PHASE T0 GROUND © CONTAMINATION © PHASE TO STRUCTURE (GROUND!
© SOLDER ® PHASE 10 GROUND © PHASE TO QUANTITY PROBE

® CONTAMINATION

THROUGH ADJACENT CIRCUITRY

SEE AAON PAGE 24

OUTER TUBE
© PHASE TO GROUND THROUGH HEATER
® PHASE TO HEATER GROUND

SEE AA ON PAGE 24

SHORT CIRCUIT REACTIONS
PAGE 23



FROM PAGE 22

OhT~d

SHORT CIRCUIT REACTIONS
FROM PAGE 22 PAGE 4
FROM PAGE 22
FAULT OCCURS FAULT OCCURS fﬁ%?f;f légmun
IN PROBE HEAD IN FANS
AREA
2 242
.
[}
FUEL IS FUEL IS SHORT CIRCUIT
FUEL IS AVAILABLE
AVAILABLE SHORT CIRCUIT SHORT CIRCUIT
W proae OCCURS 7 OCCURS IN CONDUIT AREA 0CCURS
HEAD [ u2 HE %4 24-5 #6
® TEFLON © PHASE T0 PHASE ® TERLON ® PHASE TO PHASE ® TEFLON INSULATION S e PuASETOPHASE
® COPPER @ PHASE TO NEUTRAL ® ALUMINUM FAN HOUSING ® PHASE TO NEUTRAL ® TEFLON GROMMETS = ®PHASE TO NEUTRAL
® ALUMINUM ® PHASE T0 GROUND © RULON "A” BEARINGS  PHASE T0 GROUND ® CONTAMINATION = ®PHASETOGROUND
® SILVER ® PHASE T0 GROUND THROUGH ® TEFLON IMPREGNATED =
® GLASS FILIFD TEFLON ADJACENT FIBER GLASS THROUGH ADJACENT STRUCTURE SEE AA BELOW =
« CONTAMINATION CIRCUITRY ® SOLDER SEE AA BELOW =
® BRASS =
SEE AA BELOW © TINNED COPPER CLIP =
@ CONTAMINATION =
LR i i m =
SHORTS CAN OCCUR
AS A RESULT OF
INSULATION
BREAKDOWN
AA
I} I
INSULATING . .
CAPABIITY CHEMICAL SHELF LIFE MECHANICAL
V101 ATED DEGRADATION DAMAGE
248 49 210 2-11

# IMPROPER INSULATION USED

®EXCESSIVE VOITAGE APPLIED

S FAULTY MANUTACTURING
PROCESS {LATENT)

§ SEE PAGE 25

® INABILITY OF INSULATION
TO WITHSTAND NORMAL
STORAGE DUE TO AGE

® FAULTY MANUFACTUR ING
PROCESS (LATENT)

® MISHANDLING DURING FABRICATION
AND SUBSEQUENT ASSEMBLY

@ V|BRATION DURING OPERATION
AND TEST

®DAMAGED BY LOOSE 0BJECTS, OR
FAN IMPACT

@ EXTRUS ION DUE TO THERMAL
STRESSES

® CLAMP STRESS

o FAULTY MANUFACTUR ING
PROCESS {LATENT)

SHORT CIRCUIT REACTIONS
PAGE 24
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FROM PAGE 24

CHEMICAL
DEGRADATION

29

INSULATION
ATTACKED BY CORROSIVE
CONTAMINANT OR FAULTY
MANUFACTURING
PROCESS

(23]
51 NO SOURCE

ENVIRONMENT OUE TO
FANS, TEMP SENSOR,

CONDUCTIVE
PATH DUE TO
CONTAMINATION
OR P1GMENTATION

4l
253 NO SOURCE

CHEMICAL
BREAKDOWN
CAUSED BY HEAT

Z3J 151

BNORMAL THERMAL

QTY SENSOR, OR

FNERGY

Ft)
INSUFFICIENT

NORMAL
THERMAL
ENVIRONMENT
DES{GN ERROR

23]
PRIOR USAGE
25-5  SATISFACTORY

INSULATION CHEMICAL DEGRADATION
PAGE 25

ABNORMAL
THERMAL
ENVIRONMENT
DUE YO HEATERS

28] 151

THERMOSTAT
ANOMAL Y

OF THERMOSTAT

INADEQUATE
MONITORING
OPERATION

REAL TIME
MONITOR

THERMOSTYAT
SHORTED OUT
FAB ERROR

THERMOSTAT
WEL DED SHUT

25-10

T-Tk
REF.S

APPLIED
VOLTAGE
IMPROPER

Ff)

PRIOR USAGE
25-12  SATISFACTORY
® DESIGN

® CONTAMINATION

@ FAR ERROR

@ TEST ERROR

INSULATION
CHEMICAL DEGRADATION
PAGE 25
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