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Introduction

Presented herein are the resulite of the relinbility analysis conducted
on the LEAM. This ATM comprises Reliability Numerical Analysis,
Reliability Mathematical Models, Failure Modes, Effects and Criticality
Amllysi&, and Single Point Failures.
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Conclusions

Probability of success for two years wmission are ae foilows:

P, = .7854 (Total System)

.8303 (Less Housekeeping Data)

o
n

g
i

. 8068 (Less Single Sensor)
P, = 8466 (Less Singie Sensor and Lese Housekeeping Dats)

This reliability analysis was based on continuous operstion at 40°C.

The failure modes, effects and criticality analysis, has shown that
there are 19 single point failures. Most of these failures sre in the slexnents
that are in series with the whole experiment. For instsnce, the poweyr
supply subsystem, if this faile the whole experiment is lost. Tha culy way
to overcome this loes is to fabricate a redundant power supply. Howeveyr,
this is impractical since this will add to the size and weight of the system.
Also, the design goal power requirement of 3.0 watts will not be achisevad.
The discrete components which are part of the total eingle poirt fuilures
bhave very low strese lavels. The stress ratio on each of these cumponents
is less than 0.1. Redundancy on these components would heip reduce the
overall criticality of the experiment, however, the low stress: ratio weight
overrules the possibility of redundancy. All of these factors will be con-
sidered for Qual and flight unite in order to minisnisze the fuilures and
increase the overall reliability of the system.

The Reliability Analysis bas been perfozmed on the system undes
four conditions:

1. Total System, with 100% of the data being returned, snd ali
housekeeping functions being performed.

2. Total System with all housekeeping functions omitted.
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3. Total System with the single sensor omitted for an 0% return of
the date and with’ all housekeeping functions being performed.

4. Total System with all housekeeping functions and the single
sensor omitted.

A Failure Mode, Effect end Criticality Analysis (FMECA) was écr‘-
formed in order to determine those potential failure modes associated
with the design, occurrence of which could result in experiment failure.
The analysie presented herein is intended to discover critical failure
areas and present a possible means of removing the failure from the sys-
tem, either by design or operation. The analysis highlights array single
point failures, that is, a failure that could fail the experiment.

The analysis was performed at two levels, system level and block
level. : - ‘

For analysie &t eystem level & failure of a ''block'' of the system is
essumed and the effect of thie failure is related to the system.

For block level analysis, failure of & component part of the block
is assumed and the effect of this failure is related to that block. The
following four categories were used to identify the criticality of the failure.

1. Criticality 1 - A failure that results in the loss of 100% of the
expected data

2. Criticality 2 - A failure that results in the loss of more than
50% of the expected data but less than 100%

3. Criticality 3 - A failure that resulte in the loss of less than
50% of the expected data

4. Criticality 4 - A fallure that results in no data loss.

. Any fatlure that results in the loss of 50% or more of the expected
data is defined as single point failure. All single point failures fall into
the Criticality ranking 1 and 2. All failures that fall in thie category will
bé reviewed and if possible corrective action or slternate mode of opers -
tion will be insitituted to minimize the loss.
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The value of failure probability was calculated as follows:
F.P. =Qx10"°
Q=zal T

where,

Percentage of this type of failure, (Open or Short)

R
"

Failure rate (1_0-8 failures/hours)

>
L]

F.P.={ax\ xT).

Summary of Data

The single thread reliability block diagram, Figure 1l is presented
in the following manner: The number appearing in the lower left corner
is the number of times the circuit appears within the LEAM. The num-
ber in the lower right corner is the subsystem failure rate which ie the
product of the number of times the circuit is used within the LEAM
and the failure rate of the circuit. Those circuits which axe nsterisked
are the housekeeping functions which are excluded from considuratics
during the analysis. '

Table 1 is a capitulation of the major subsystems with appropriate
failure rates. The two figures at the bottom line are:

1. A\ or failure rate

2. PS probnbility of succese for 17520 Hrs of operation.

In Appendix A, are the detail reliability analysis, showing total
quantity of parts used within each subeystem, the individual failure
rates and the total subsystem failure rate which is used in the detesr-
mination of the probability of success.

Appendix B showe the defalled analysis of azsumed failure modes
of blocks of the system and its effect on the system output. Alsc, it
presents the assumed failure modes of component parts of the block
and its effect on the block output.
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The value of failure probability was calculated as follows:
F.P. =Qx 107>
Qzal T

where,

Percentags of this type of failure, (Open or Short)

R
"

Failure rate (l(}"s failures/hours)

>
o

o= F.P.={axk xT).

Summary of Dats

The single thread reliability block diagram, Fligure ! ix presensted
in the following manner: The number appearing in the lower left corner
is the number of times the circuit appears within the LEAM. The nutn-
ber in the lower right corner is the subsystem failure rate which is ths
product of the number of times the circuit is used within the LitAai
and the failure rete of the circuit. Those circuits which sre astorteked
are the housekeeping functiom which ars excluded from ceasideratiox
‘during the analyseis.

Table 1 is & ;cspiﬁuhtion of the major subsysteme with sppropriaie
Mue rates. The two figuree at the bottom line are:

1. A or failure rate
2. Ps probsbmty of success for 17520 Hre of operation.

In Appendix A, are the detail reliability analysis, showing total
quantity of parts used within each eubeystem, the individual failure
rates and the total subsystem failure rate which is used in the detmr-
mination of the probability of success.

Appendix B shows the detailed anslysis of aesumed failure inudes
of blocks of the system and ite effect on the system output. Also, it
presente the aseumed failure modes of component parts of the block
and its effect on the bleck output. _
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ATM 2013
= Total : Less Less Less Single %ﬁww &
'mit System Housekeeping Single Sansor 'Less Housekrogles
Power Supply 115,03 115.03 115,03 £15,03
Peak Detector 78,15 78, 15 62.52 62, 38
PHA Threshold . 20,76 20.76 20. 76 20,76
. l . ’
T. of F. Converter 17,14 17. 14 17. 14 17, 14
Heater Control 20,63 20,63 20,63 20,63
Clock Osc. 11.63 11.63 11.63 11,63
Temp. Multi, 16,28 16.25%
Engr. Multi, 11,03 A 11,03
Collector Ampl. 69.28 69.28 69.28 69, 28
Calibration Driver 56,64 . 37.76
Mic. BP Filter 28,32 28.32 9.44 18, &8
Main Mic TD 22,52 22.52 22,52 | 22,52
Film Ampl. 72 72 72 72
ID Threshold Det, 179.52 | 179.52 179.52 179.52
“{lm Ampl. S.S. . 8.16 8.16 | S
wollect. Ampl. S.S. . 3.70 3,70
Th. Det. S.S. 7.77 7.77
Noise Mic., T.D, 8.2l - 8,21
Cal. One-Shot 5.62 5,62
Signal Cond. " 9.26 9.26 9.26 9,26
Mic., PD 13.22 13,22 6.61 6, 61
Filt. Networks . 3.91 3.91 . 3.91 3.91
Dual Sensor ‘ . o
Filt. Networks 1.80 1. 80
Single Sensor -
Alsep Interface 32,60 32,60 30. 80 30, 80
Clock, Power On 5,13 5,13 5.13 5,13
Reset , - _ : - ‘
Logic, Film Dual 166.00 = 166.00 166,00 | 166. 00
Sensor , ;
Logie, Collector 51.00 51.00 81.00 1,00
Time of Flight = 69,00 69.00 69.00 69. 00
Logic v A

JTABLE 1
MAJOR SUBSYSTEM FAILURE RATES



Total
Mic & Data Trans- 52.30.
fer No. 1 K
Mic & Data $2.30
Transfer No. 2 :
Logic Film S, S. 24.75
S.8. Logic 54,00
Control 8. 8, 21,36
Main Mic. 4.18
Calibrate Logic 28,88
Analog Output Logic 19.31
T Totalys 1376, 36
PH s . 1&54
(T

Lseo
52. 30
2. 30
24,78
84.00

21.36
4.18

1062, 21
DO
.8303

Less

ATM 1013

Less Single Semany 7
Less Housskeanimy

Housekeeping Single Sensor

4.18
25,88
19.31

1223.63

g
« 8068

950,62
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g ATM 1013
EQUIPMENT power Supply 10121001
CUSTOMER  Bendix
GIRCUIT | pART/TYPE NO. DESCRIPTION ary | o 1o ] TOTAL
c() M39003/01 - ( ) Capacitor, Tantalum 14 0.05 0,70
c{}) M39014/( Yy -( )  [Capacitor, Ceramics 6 0. 20 1.20
R({) RCROS, 20 | Resistor, Comp. 24 0.04 GG
R() | RNC--H Resistor, Film 14 0.21 2, 06
CR( ) | SINS417 Diode 7 1,00 7. 00
CR{ ) | SIN4938 Diode 19 0.30 5,70
CR( ) | SIN753A, 759A Diode, Zener '3 .90 2.7
CR 30 | W4368A Diode, Ref. 1 .9 9
Q) S2N2907A Transistor, PNP 5 1.%0 7.50
Q() | san930 Transistor, NPN 3 1,00 3,00
Q() S2N2222A Transistor, NPN 3. 1.00 3,00
Q() S2N4150 Transistor, NPN Pwe, 2 .00 10.00
Ql4 S2N2920. Transistor, Dual NPN 1 2.00 2.00
1 T210128902 IC, Op Amp 1 1.0 1.9
.1 SM54L72F IC, JX M/S FF 1 1.00 1.00
R12 RWRSIS Resistor, W, W, ! 0.12 0.12
Tl SP30490 Power XFMR 11 wdgy 1/wdg | 11,00
T2 SP30491 Driver XFMR éwdgq 1/wdg 4,00
T3 SP30493 Current Sense 3 wég 1/wdg 3.00
L() SP30488. 89 Inductor 6 .00 6.20

13.72




| RTINS i |
- T Qscillater (. 8, §
TINMIE « ZERO corporasion gmmm sciliater { -
=y , (CUSTOMER  memaix PLA2126000 o
: ]
SARCUIT : : # 10 e
SYMBO[, PARTN E NO. DESCM?WON Q?Y FA“.U&S mk TYIAL, |
R()Y RCROSG Reesistor, Comp. 7 0.04 0n,7n
R({) RNCSSH tResistor, ¥Film 4 0.21 0,04
Cl TZ7301 /, Capacitor, Film | 2,00 e 00
c2 | M39014/05 Capacitor, Ceramic '3 0,20 0,20
Q1 82N 2920 Transistor, Dual NPN | 2.00 e A0
Q2 S2N2907A Transistor, PNP i i.50 1o 50
Q) S2N2222A Transistor, NPN 2 .00 ) "" 3




R
TP Lmem 2

o o AEM0L
TIME « ZERLE corporetion EQUIPMENT E/E Driver
CUSTOMER Jendix PL 10124001

CIRCUIT ; A 108 e
R() RCRO5G - Resistor, Comp. 8 0.04 0.2
) RNCS55H - Resistor, Film 2 0.21 0,47

Cl . M39014/02 Capacitor, Ceramic 1 0.20 0,20

CR () SIN751A Diode, Zener 2 .9 L8
CR () S1N4938 - Diode 4 0. 30 .20
Q({) 52N930 Transistor, NPN 2 1.00 * ALY
Q3 S2N2222A Transistor, NPN | 1.00 .00
Q4 SZN2907A Transietor, PNP 1 1,50 Lo BE
z1 SM54L72F ICF/F 1 1.00 .00
9.44

et



CUSTOME® __ monaix  pr. 11

il PART/TYPE NO, DESCRIPTION Qry FA’;}&% M TOTA
() RCROSG ' Resistor, Comp. - 4 0.04 0,16
R({) RNC-.<H Resistor, Film 8 0.2} 1.6%
cz - M39014/02 Capacitor, Ceramic 1 0.20 2,20
CR ()| SIN5417 Diode 2 1.00 2.00

CR () SIN75-A Diode, Zener 2 .9 1.&
CR ()] SIN4938 Diode - 4 0.30 1.20

CR9 SIN4568A Diode, Ref. 1 .9 P
Q) S2N2907A Transistor, PNP 2 1.50 2,90
Q2 S2N2905A Transistor, PNP i 1.50 1.59
Q4 S2N930A Transistor, NPN 1 1.00 2o 09
z1 TZ8902-2 IC, Op Amp 1 1.00 l.00
14, 44

4
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PREDICTION

Surge ¥ drsvii

TIANE « ZERE corporation EQUIPMENT

e e CUSTOMER Bendix

CIRCUIT ' ' o
 SYMBOL PART/TYPE NO, DESCRIPTION QTyY ; TOTHN

R() RCROSG Resistor, Comp. 2 0, Ok - 2.08

R () RNCS55- Resistor, Film 3 0. 21 0,63

cl . M39003/01 Capacitor, Tantalum 1 0, 05 D05

CR1 S1N4938 Diode 1 0. 3¢ 0, A0

Q1 §2N2102 Transistor NFN 1 3. G 1,00

Q2 S2N4150 Transistor, NPNPFPwr | L ' 5.00

POT,08




s .

Wyl P corporation |LCUTMENT Reciifier Filwe, #12V, 4247
\ ‘_&CUSTOMQQ B@Sﬁthﬁih& E};&& 252:55{)@%
ARCUIT ' 23008 .
sYMBOL ?ARTMPE No. DESCREPTBON QTY ‘gﬁsgﬁﬁﬁﬁsﬂé& TQ eﬂm
c2 M39014/02 Capacitor, Ceramic | 0.20 0. 20
c() M39003/01 Capacitor, Taatalum| 3 0.05 0,16
CR ()] SIN4938 Diode ] e 0.30 .20

1. 55




’ 2 R,
Y 2

RELY

TZ2-8901-9

| TIRE - S ERES corporation EQUIPMENT

' CUSTOMER Bendix_ P

ST PART/TYPE NO, DESCRIPTION ; A;‘s_:}ig o
PEAK [DETECTOR, FILM ' ‘
R{) RCRO5G~-~JR Resistor, Comp. 0.04

"RY - RNC55H----FR
cs HRMC705A Cap., Temp. Comp. 0.20
Cl 1M39014/02-( ) Capacitor, Ceramic 0.20
C{) M39003/01-( ) Capacitor, Tantalum 0.05
CR1 SM1IN914 Diode 0. 30
Qi) TZ1012865] Transistor, Dual PNP| 3.00
Q) SZN222ZA Transietor, NPN 1.00
Q5 TZ2N3384 FET, P-Channel 1.5
Z13 1 Gate SM541.04 Hex Inverter 1.00
Zl4 1/2 of SM54L.00 Quad Nand Gate 1.00

T2Z-8901-5

z15 SM54L73 F/F 1.00




- ]
TIME « ZERO corporation oo ]
CUSTOMER nandi
ZIRCUIT ' - LA R Ty
SYMBOL PART/TYPE NO, DESCRIPTION OTY | eanurespr| T
PHA THRESHOLD DETECTOR | PL 10126011
R() RCRO5G---J§ ~ Resistor, Comp. 5 0.04 0, 2¢
R() RNCS55H----FR Resistor, M. F, 9 0,21 2. 89
CR ()| SMIN94 Diode 3 0.30 0, 90
z() TZ10128902-4 IC, Op. Amp . 3 1,00 § B
C () M39014 Capacitor, Ceramic | I 0.20 Qe
5,10
TIME OF FLIGHT CONVERTEE PL 10126004 F
R() RCRO5G---JS Resistor, Comp. 20 0. 04 0.80
R() RNC-eH=---GS Resistor, M, F. 4 0,21 0, 84
c() M39014/05-( ) Capacitor, Ceramic 6 0,20 1,20
Cl T2Z10127301 Capacitor, Film 1 2,00 2,00
CR()| SMIN914 Diode 11 0. 30 3, 30
Q() S2N2369A " Transistor, NPN 4 1.00 4,00
Q() T2Z10128701 FET, P-Channel 2 1.8 3,09
z () TZ10128902 IC, Op. Amp. 2 1.00 _2.90

17.14

o




ATM 1013

MELIABIITY PREDICTION

At

TIME a2 ERE corporetion EQUIPMENT SQUIB DriverSection
.- . CUSTOMER Bendiz PLIOIZ600S
“IRCUIT ' " V A0 [ I
LYMBOL PART/TYPE NO. DESCRIPTION ary FAILURES/HR TOTAY,

Main Criver

R() R.CROS--_-J’S Resistor, Comp. 7 . 04 0,22

Ql S2N2484 Transistor, NPN 1 1.0 .02

Q2 ‘S2N2907A Transistor, PNP i 1.5 1. 50

CR () SMIN914 Diode é 6.3 0.502

Cc{() M.39003/01 Capacitor, Tantalum 2 0,08 0,10

2.48

Auxillary

c() M39003/01 ( ) Capacitor, Tantalum 3 . 05 .15

R () RCR05-~-J8 Resistor, Comp. 26 0.04 1.04

Q() £2N2484 Transistor, NPN 5 i.9 £.90

2() S2N2907A Transistor, PNP 3 1.5 4,50

CR () SMIN914 Diode 6 0.3 1.80

CR () TZ 8551 Diode, Ref, 5.6V 2 .9 1,60
14,29

K1, 2, 431-( ) Relay 4

3, 4

The relays are guaranteed 106 dperations at 0.5 Amps. 28 volts PC at 125°C. | 1f we

assumi the relay has been operpted 49 times prior to flight, the yeliability can =

determined for the 50 operations by

: 6. ‘
R ;o - No. E’f Opez;at_tions . 999999
‘ 10 ~




g

. . ‘ EQUIPMENT
. KJ‘F’IM& o ZEMRE) corporetion CUSTONER
vy PART/TYPE NO, DESCRIPTION ary ,A',‘,_ég | TOTAL
HEATER/CONTROL
R() RCRO--eaJ8 Resistor, Comp. 10 .04 9, 40
R(} RNC55H---F8 Resistor, Film 3 21 . 62
R() 44008 Thermistor 1 1.0 1.6
R({} Heating Element 1 3.0 5.9
CR SIN757A Zener Diode 1 .9 .9
CR SM1IN914 G.P. Diode 9 0.3 2,1
Q() SN2222A Transistor, NPN 3 1.0 3,0
Q() | S2N930 Transistor, NPN 1 1.0 1.9
24 TZ 8902-4 Op. Amp. (HA2622) 1 1.0 2.8
Z () TZ 8901-9 F.F, 2 2.0 4,0
z2 TZ 8901-5 ~ Quad NAND Gate 1 2.0 2,0
zs SM54LOOF Quad NAND Gate 1 1.0 L0
20. 63




¢ @
EQUIPMENT
CUSTOMER ,
~IRCUIT ' ' Ajo® ey
SYMBOL PART/TYPE NO., DESCRIPTION QTY | anines MR TOTAL
R() RCRO-G---J8 Reeistor, Comp. 4 0. 04 L 8.26
R() RNCS5H-«--FR | Resistor, M.F, 7 0.2t 1a47
c() HRMCT1A201F Cap., Temp. Comp. 2 0.20 0,40
c3 M39014/02-( ) Capacitor, Ceramic 1 0.20 0.20 |
c(} M39003/01=( ) I Capacitor, Tantalum 2 0. 05 2. 10
CR ()| SMIN9I4 | Diode | 5 0.3¢ 1 1,50
CR()] Tz85551 Diode, Zemer, 4.7V 2 - 1.8
Qs. 82N2369A Transistor, NPN )} , 1,00 ! le i
z1 SME4LO4F IC, Hex Inverter 1 1,00 .00
11,63




E&ngMF gxongrature M

IRCUIT | paRT/TYPE NO DESCRIPTION ary | el TOTA

sYMBOL | ’ FAILURES/HR | '~ '~
R() | RCRO5G---J8 Resistor, Comp, 16 .04 64
R() RNCS5H-~=-FR Resistor, M. F, 6 .21 126
C(}) M39003/01) Capacitor Tantalum | .05 .
cC{) M39014/( ) - ( ) Capacitor Ceramic 4 .80 » 30
Q() TZ10128701 FET, P-Channel 5 1.5 7. 50
Q () S2N2222A Transistor, NPN 5 1.0 5. 00
Zl TZB9°Z-4 IC opo Amp. l 1. 0 jﬂ%
16,25




ATM 1013 ot
RELIABILITY PREDICTION

2 “

A
TIME ~ZERQ corporation et Enginces ing Dats JEX
, CUSTOMER B. PLIOAEDLE
I ClrRCUIT ~ Moy —
SYMBOL PART/TYPE NO, DESCRIPTION QTY |panurespin| AL
R () RCROSG ' Resistor, Comp. 7 0.04 0.28
c{) M39003/01 Capacitor, Tantalum 5 0. 0% 0,25
CR ()| SMIN914 Diode | 5 0. 30 1,50
Q() TZ2N3384 FET Transistor 5 1.5 7. 50
' Transistor PNP 1 1.5 1.5

i
|

e
B
)

€
[P

© ezt




DA OV AW 6o oo iy
EQUIPMENT Collector Amplifiar o
IRCUIT : A 10 SN
R({) RCR05G=~«J8 Resistor, Comp. S 0,04 0,20
R () RNC55He=--FR Resistor, M.F. 8 0,21 1. 563
c() M39014/08-( ) { Capacitor, Ceramic 2 0. 20 0,47
C3 M39003/01-( )  Capacitor, Tantalum 1 0.05 2,005
zZ () TZ10128902 IC, Op. Amp. 2 1,00 2,00
4,33
g
B
|

FT? boren ADO (6

o




HLM AULD 2%
RELIABIITY PREDICTION

TIME « ZERD corporstion | arec] See Below

n CUSTOMER Bendix
GIRCUIT | pART/TYPE NO. DESCRIPTION QrY || ToTAL

CALIERATION DRIVER 10126015 |

R() RCRO5G =<8 Resistor, Comp, 21 0.04 0, 84
c() M3901¢/( )-( ) Capacitor, Ceramic 5 0. 20 1.00
c() M39003/01-( ) Capacitor, Tantalum 2 0.05 0,10
CR1! SM1N9l4 Diode 2 0.30 | ©.60
Q() 82N2222A Transistor, NPN 8 1.00 g e O
Q() S2NZ907A Transistor, PNP 8 1. 50 (7.5
Z} | TZ8901-5 IC, Quad NAND Gate 1 2.00 2,00
z2 SM54L04F IC, Hex Inverter 1 1.04 14 00
R() RNC--H Resistor, Film 4 0.2 0, 84:

18,88




N ;m[m 1
| EQUIPMENT Mic. Bandnass Filter
. || CUSTOMER Randix 10126016 |
<IRCUIT . ' A0S | ..
SYMBOL PART/TYPE NO DESCRIPTION QTY | pAllURESHR | O
R{Y RCROSG Resistor, Comp. 19 0.04 0. 36
R(} RNCS5H Resistor, Film . i3 0.21 273
C{) M29014/( ) Capacitor, Ceramiec 7 0.20 .40
c() M39003/01 Capacitor, Tantalum i 0. 05 0,906
ci{) MZDMe- Capacitor, Mica 4 0.10 0,40
Ql 2N930 Transistor, NPN i 1.00 .00
Q2 2N2605 Transistor, PNP i 1.50 1. 50
z{() 10128902 IC, Op. Amp. 2 1.00 .00

Q. 44




8-

TIMME o ZEFRED corporstion EQUIPMENT Mic. Threshold
CUSTOMER _Bendix 10126017
SIRCUIT | pART/TYPE NO, DESCRIPTION QTY | pami e | TOTAL

R() RCROSG Resistor, Comp. 15 0. 04 0, 60
R() RNCS55H Resistor, Film 1 0.2} 0,24
cl T210127301 Capscitor, Parylene 1 2. 00 2,00
c2 M39003/01 Capacitor, Tantalum 1 0.05 2,05
CR()| &MIN9I4 Diode 3 0. 30 0.90
Q() 2N930 Transistor, NPN 2 1.00 2, 00
Q2 2N2432A Transistor, NPN 1 1,00 .00
Q4 TZ2N3384 FET- 1 1.50 1,50
Z1 TZ10128902 IC, Op. Amp. 1 1,04 1,00
) (] i 1.00 Lo WG
Gates 2 0.5¢ 0o

11.26




; g e EQUIPMENT See beiow
£ ) gy Sarehhits
| TIMIE ~ZERO corporevon | St e beio
; . -
CIRCUIT A 10 TOTAL
FILM AMPLIFIER/INHIBIT PL10126009
R() RCRO5G~==JS Resistor, Comp. 4 0.04 n. 16
R () RNC55He=-««FR Reeistor, M. F. 9 0.21 1. 89
C() M39014/( ) =-( ) Capacitor, Ceramic 2 0.20 0,40
C(} M39003/1- ( ) Capacitor, Tantalum )| 0.05 0,05
Z () TZ10128902 IC, Op. Amp. 2 1.00 2,00
4, 50
ID THRESHOLD DETECTOR 10126010
R{) RCR05G~~-=JR Resistor, Comp. 9 0.04 .36
C() M39014/05- () - Capacitor, Ceramic 2 0. 20 0,40
CR () SMIN914 Diode 4 0. 30" 0. 60
z1 SMS54L00CF I1C, Quad 2-Input Gate /4 3,00 0,25
Q() 2NZ369A Transistor, NPN i ;.00 .00
Q) 2N3251A Transistor, PNP 2 1. 50 3,00
5,61




TIME « ZERO corporation

&AM AVE

BIITY PREDICT

EQUIPMENT See Beluw

TZ form 699 (5-70)

| CUSTOMER  Bendix W
L CreutT ' ' H s TOTAl

FliM WPMMR, SINGLE SENBOR 101 26018

R{) RCRO5G===J8 Resistor, Comp. 4 0, G4 Q.16

c() M39014/05<( ) Capacitor, Ceramic 2 9. 20 0,40

C3({}) MBQ@MML-( ) Capeitor, Tantalum i 6. 05 0. 9%

Z() TZ10128902-1 IC, Op. Amp. 2 1,00 T.00




EQUIPMENT  Collector Ampliier, Single fonscx |
CUSTOMER Bendix 10126019 ‘

SIRCUIT , : A 108 N
SvMBoL PART/TYPE NO, DESCRIPTION QTY | EAlL URES /MR TOTAL
?% )] RCROSG Resistor, Comp. ] 0. 04 0,20 N
R() RNCS55H [Resistor, Film 5 G. 21 1,08
C() M39014/05 iCapacitor, Ceramic 2 0. 20 0.6
c3 | mM39003/01 ICapacitor, Tantalum’ 1 0. 08 0.05
A T28902-1 kc, Op Amp 2 1,60 2,00

¢

Y [



EQUIPMENT Threshold Detector, Singls Henasd
/_ CUSTOMER _ Bendix 10126020 | |
CIRCUIT ' A 107 e
SYMBOL PART/TYPE NO. DESCRIPTION QrY FAILURES, HR TOTAL
®{) RCROSG Resistor, Comp. 5 0,04 {0, 20
R() RNCSSH Resistor, Film 7 0.21 1,47
CR({ ) | SMIN914 Diode | 3 0. 30 .90
Z() | T28902-4 1C, Op Amp 2 1.00 2.00
Subtotal 4.57
zs SM54L73F IC, Dual F/F 1 1.00 1.00
z6 - SM541.00 Ic 1 1.00 1,00
c9 M39014 Capacitor, Ceramic 1 0.20 0. 29
Z{) SM541.04 Gates é 0. 50 1.00
Subtotal 3,20
Total 7. 77
L]




TIPE « ZERED corporetion

EQUIPMENT see Below

| CUSTOMER 15 guudin
CIRCUIT - AT e
Thresho}d Detector, Neise Microphone 10126023
R({) RCRO5G-==J8 Resistor, Comp. il 0.04 0, s
RNC55H--=F8 Resistor, M., 2 a2l B2,
TZ10127301 Capacitor, Film 1 2,00 y Ml
c2 M39003/01-( ) Capacitor, Tantalum 1 0.05 0,08
CR () | SMIN9l4 " {Diode 13 0. 30 0 30
Q1 - §2N930 Transistor, NPN | 1.00 1.0¢
oz . SZN2432A Transistor, NPN 1 1.00 3,00
zl TZ10128902-4 IC, Op. Amp. 2 1.00 1,00
Gates Z - 0. 05 1.00
4400 Series YSI Thermistor 1 1.00 1,00
6,21




ATH 1013 -
: . EQUIPMENT  Calibrate Cue Shot
s @&@M cmmn & FaLE e SNGE
1, CUSTOMER Bendix 10126044

CIRCUIT ' » 1078 o
R({} RCRO5G ' [ Resistor, Comp. 9 0,04 0, 5if
Rl RNCSSH - : Resigtor, Film i 0.21 0,22
C() M39014/01 Capacitor, Ceramic 3 0.20 2,60
c4 . | M39003/01 Capacitor, Tentalum 1 0.05 e, 05
Cc2 HERMCT705 Capacitor, Temp. Comp, I 0.20 Q.20
CR( ) | SMIN914 | Diode 4 0. 30 L29
Q{) S2N2222A Transistor, NPN 3 1.00 3,00
5,62




: PMENT Y € eapnd
TIME - ZERO EQu! Signa] Conditioner
| i G QOrPOraLion [ESTOMER Bendix 10120025
crecun A 10°8 oA
R({) RCRO5G Resistor, Comp. 4 0,04 % 16
R({) RNC--H Resistor, Film 18 . 21 3.05
Cc() M39014/05 {Capacitor, Ceramic 2 €. 20 0,40
C3 | M39003/01 Capacitor, Tantslum 1 0. 05 0,05
CR({ ) | SMIN914¢ Diode 6 0.30 1,80
CR({ ) | TZ8551 '{Diode, Zenex, 6.2V 2 .50 1,80
zZ1 TZ8901-5 {IC (325BH) i 2.0 2,00
| 9,26
(]
|
q




. ATM 2% |
RELIABILITY PREDICTION o
TIE - ZERC . FEQUIPMENT  Peak Detectox, Microphone
1 COrpPOr8tion [eheTEMER | Bendix, 10126026
SIRCUIT ' Aags
R ( ) RCR05G===J8 Resistor, Comp. 9 0.04 0. 36
C() M39014/02<( ) Capacitor, Ceramic 2 .20 0,40
c2 M39003/01={ ) Capacitor, Tmtalum 3 8.08 0.05
CR1l - | SMIN9l4 ‘ Diode ' 1 o, 30 0,30
E( ) S2N 2920 Transistor, Dual NPN 2 2.00 4,00
3 S&NMSLA Transistor, PNP ] 1. %0 1,50




= e - corporation

EQUIPMENT  Filterimg Networks - Lual Sensor

jbCUS'?QMEﬁ 10122015 & 10122009, Bendix
SIRCUIT ' P N
$YM%0§, PAMNN NOo @ES@%P‘FEON GFY FA'L“&E%N& ] z@"/’ﬁ
iC ) M39003. Capacitor, Tantalum 15 0.05 .15
iZ () SM54L04 Gatee Hex Inverter & gatos 0.5 1.00
YS14400 Thermistor i 1.0 .00
iR RCRO Resistor, Comp. 9 0,04 « 36
cC() M39014 Capacitor, Ceramic é Y o B0

Be A




AVA AWV A £ -

PREDICTION

TIRAE o TERC ot EQUIPMENT piltering Networks - Single Sensor |

(CUSTOMER Bendix 10} 749u3

_|crcurr
1irculr PART/TYPE NO,

| . 106
DESCRIPTION QY |pminesmr | TOTAL

4400
R () RCR
C() M39003

Thermistor 1 .00 1,00
Resistor, Comp. 110 0.04 40
Capacitor, Tantalum 8 0.05 40

ARSREII ha L SR

L. 80




TZ form 699 {5~70]

EQUIPMENT  Dual Ssnsor Logic
. CUSTOMER Bendix 10121009
CIRCUIT A 1078 -
~LeymBOL PART/TYPE N(?. DESCRIPTION Qry FAILURES,/H22 TOTAL
A Film cr B Film (No. 1 or No. 2} in other words, 4 times '—‘L
Z() Amelco 52 Series IC 18,8 37.%
zZ() SM54L iC 4.5 i 4.4
@.‘3«. 5
A Collector or B Collector (No. J or.No, 2) (means 4 timey)
Z({ ) Amelco 52 Series (o 5 10.0
Z({) SM54L 1C 2 3/4 )| 2. 7%
Time of Flight (No. 1 or No. 2) (ineans 2 times)
={} Amelco 52 Series ic 16 2 32,0
. ) SM54L ic 2.5 i 4s 5
| 34.5
Micr. & Data Transfer Contfol Dual Sensor No. 1
Z() | Amelco 52 Series  |IC 20 4.52 40
Z() SM54L, IC 8.5 i 8,5
() 2N2222 Transistor, NPN 3 i 3.00
c() M39014 Cap., Ceramic 3 .2 Wb
R() RCR Resistors, Comp. 5 .04 o B
' . 52, 30
Micr. &jData Transfer Control (ﬁo. 2} ‘
Z{) Amelco 52 Series ic 20 40,90
Z { SM541, IC 8.5 1 8.5
() 2N2222 Transistor 3 1 3
) M39014 Cap., Ceramic 3 .2 .6
) RCR Resistor, Comp. 5 .04 . 20
| Bz, 80|
_—




~ ATM 1012 0
- QN?' Single Sensox
TINE - ZERE? corporation fauiem % -
‘ CUSTOMER  Bendix 10121009
—LCIRCUY | ’ A 10 i
Single S¢ngor Film Logic (Sheet 54)
Z{) Amelco 52 Series IC 10,28 2 20.8
Z() SM54L ) (o] 4.25 | 4,28
| 2. 75
Single Sensor Logic (Sheet 16)
Z({) Amelco 52 Serics ) Lod &7 2 84,
Single S¢nsor Control (Sheet 15)
Z() Amelco 52 Series ) (o 9.5 2 19,0
Z() SM54L IC | 2.0
Q7 2N22Z2ZA Transistor | 1 1.0
C7 M39014 Cap., Ceramic 1 o2 o2
R1Z RCR Resistor, Comp. é « 04 o156

21. 36




ATM 3%33 6‘?9'??
EQUIPMENT  See Below Logic
’ CUSTOMER Bendix 10120009
TIRCUIT : A 10 T
IMBOL PART/TYPE NO, | DESCRIPTION Qrty FAILURES/HR TOTAL
Main Mi¢. Control & PHA (Shcetgﬂ
Z Amelco 52 Series 1C .78 e 1.5
Z( SM541, icC 1/6 1 « 20
Q { 2N2222A Transistor, NPN 2 1 .90
c() M39014 Cap., Ceramic 2 2 o
R{(}) | RCR Resistor, Comp. 2 .04 AOR
4,18
Calibraté Logic (Sheet 17)
Z{) Amelco 52 Series iC 11.75 e 23.5
Z() SM54L ' ) { oI ) S 1 1.0
CR1 LVA Zener, 6.2 Volt i o9 )
C() M39014 Cap., Ceramic 2 2 b
) RCR Resistor, Comp. 2 <04 08
25,88
Analog Cutput Control (Sheet 18)
Z() Amelco 52 Series IC 8.25 2 16.5
Z({) SM54L icC 1/3 1l .33
Q) ZNZZZZA Transistor, NPN 2 1 2.0
c({) M39014 Cap., Ceramic 2 .2 . o 40
R () RCR Resistor, Comp. 2 « 04 .. 08
19,31




ATH 101 3 “1ey

| EQUPMENT  Logic
Tk v L | corporation g
; CUSTOMER  Bendix 10121609
emeun PE NC ' A 108
SYMBOL PART/TYPE NO. DESCRIPTION QTtY Fﬂjﬁ,URES/“R TOTAL
ALSEP Interﬁace Logic (Shost 19
Z{) Amelco 52 Seriea IC 12.8 2.00 25,00
Z() | SMS4L (o . 3.0 1.00 3.00
c() | M39014 Capacitor, Ceramic .4 .2 .80
R({) RCR Reeistor, Comp. 5.0 .04 A
CR () LVA Zener Diods 6.2V 4.0 o9 3.6
| 32. é’;-
Clock, FHower On Reset { Sheet 20} |
Z() Amelco 52 Series (o L. 25 .00 2.5
1z () SM54L, IC 2.5 1 2.5
C M39003 Capacitor, Tantalum 1 .05 .05
Resistor, Comp. 2 o 04 .08

R ‘RCR -
| 5,13

A
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ATM 1013



2 1013

«g,g‘“i Fh

SYSTEM PREPARED BY NG MA
; FAILURE MODE, EFFECT & S— | A, Lakhani 10120031) = son
g CRITICALITY ANALYSIS WORKSHEET |Leam Blocks. ;Afﬁ %i OF =«
i |ASsociated Sub-blodka. o 14 May 1971
g EFFECT OF FAILUR FAILURE
CIRCUEL OR FAILURE MODE Frecto uRE PROBABILITY] CRITIC-
FUNCTION END ITEM SYSTEM QxS | AUTY
1 _ ,
ALSEP'interface|- Ref. 10121009 Sheet 19’
Tra;nsiﬁitter Cirguit |
i. ziéﬁ-output . No output No data out Total loss of experiment. | 7.008 | 1
buffer
2. R28 . Open . " L .03504] 1
3. C19 Short " " 10512 | 1
Shift Clock Circufit
4. Z327J-Pin 3 No output Loss of Shift Register Total loss of experiment. | 7.008 i
* Shift clock ' Clocks :
and demand
pfulse -
receiver o
gate.
5. Z32 J-Pins No output Loss of Shift Register Loss of more than 50% 7.008 2
6 and 11 - “ Clocks for words ! thru & |  of the experiment. : '
-, or 5 thra 10
6, C1§, C17 Short 1oes of Shift Regivter Clodks Total loss of experiment.| 1.0512 ) |
7. CR4. CRS Short ¥ e 1.4016 1
8. R25, R26 Open " o .0350¢] 1

% AedIBL2 P00
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1013 -

T oA st udn. vt

}
t
{
{,
r

gy L e = 2t

) SYSTEM FREPARED BY - g
FAILURE MODE, EFFECT &  |____LEAM A. Lakhani T0120031™" A
. corporet i Ny
) TIRAR - ZEAC corsoretion | CRITICALITY ANALYSIS WORKSHEET [LEAM Blocks |70 ' pact o fo il
ésss;oc, Sub-’Bmckgwc ne PATE 14 May 1971
CIRCUIT OB EFFECT OF FAILURE FAILURE
FUNCTION FAILURE MOODE PROBADILITY] CRITIC~
; : END ITEM SYSTEM Qxi0°5 ALITY |
Calibration Driver - Ref. 10126015
18. Cé 5V supply will be shorted Total loss of experiment. | 1.0512 1
_ to ground. ’ ' ,
Time of Flight Cdnverter - Ref. 10126004 |
- 19. C5 5V supply will be shorted Total loss of experiment 1.0512 1
' to ground. .




- - - A 1013 N
: R ES FREPARED BY ] S T
o B FAILURE MODE, EFFECT & = | s 'TE%EAM W?;@%&%&MJM
) TIRAR - ZERO corserstion | CRITICALITY ANALYSIS WORKSHEET| 1.eam Blocks Pace  Fd3or
Associated Sub-Blodha® 0 1% May 1971
EFFECT OF FAILURE FAILURE
CIRCUIT OR FAILURE MODE OF ralty , PRORABILITY CRITIC-
- Frame Mark Pulde Circuit
9. Z317J No output No data out Total loss of experiment | 7.008
10. R24 Open " " . 03504
11, C15 Short " ’ 1.0512
12. CR3 Short v " 1.4016
Frame Counter Circuit
13, Z30K No output Loss of Frame Counter Lose of more than 50% 7.008
- data. of the experiment. ‘
14, Power No cutput loss of Power Supply Total loss of experiment.
Supply outputs
Sub-system

{Ref. 101210¢1)

i

15. Squib Drvier Squibs do not firq Loss of Squib driver |
Sub-gystem sub-system.
(Ref.1012600%) - .

16. 25KHz oscillt No output. Loss of control logic clocks.
ator (Ref.
10126008) :

17. Heater Contrpl Inoperative loss of Heater Control
Sub-system operation.
(Ref.101 2600()

&

Total logs of experiment.

Total logs of experiment.

Total loss of experiment
{(In Lunar night the foam
epoxy will shrink and will
crack boards, assembly
and plece parts, )

L7 Avtiida.2d
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: z*‘@.gr @" u‘ E

ki TV SSTE [FREPRRED b7 ‘ :
el f ANYRE MODE, BRFEC) o . iBendix LEAM A, Lakbhani - 1@12@@311
Y SR oroured: DWG NO
(&xzb’ BERE sorguraran iC‘?i’:“BC LITY ANALYSLS WGRR%&:E? ’Central Electmmgﬁb
b tx lows nNe ! ié
N i ata Mux. & Shift ! M
e Bl
Cirebii Of £41LURE MODE = ¥ ‘w'~3“~’
FUMCTION : END ITEM | SYSTEM L Qs
‘Data Mux. Ckt. { | !
i. Word 1, 2 Gate | Incorrect Output Word 1.2 Output Fails of Word 1, 2 ; 7. 008
2. Word 3,4 Gate |Incorrect Output Word 3,4 Output Fails of Word 3, 4 : 7.608
) :
3. Word 5, 6 Gate gincorrect Output Word 5, 6 Output Fails of Woxd 5,6 7.008
] .
4. Word 7,8 Gate ;Incorrect OQutput Word 7, 8 Qutput Fails i Loss of Word 7, 8 ¢ 7.008
. ¢ i
5. Wozd 9, 10 Gate :Incorrect Output Word 9, 18 Quiput Fails of Wozrd 9, 10 7. 008
Shift Clock Ckt. ’
6. Word 1, 2 Buffer ;- . :
Clock Gate {Incorrect Output Less of Wozd 1, 2, Shift Clk’ of Woxrd 1,2 g 7.008
7. Word 3,4 Buffer | |
Clock Gate : Incorrect Output Loss of Word 3,4 Shiﬁ Cik. K@css of Word 3,4 i 7. 008
i
8. Word 5,6 Buffer A i
Clock Gate jIncorrect Outpat Loss of Word 5, 6 Shift Clk. Loss of Word 5,6 i 7.008
9. Word 7,8 Buffer - ' . ‘ : ' |
Clock Gate ‘Incorrect Output Loss of Word 7, 8 Shift Clk. of Word 7, 8 ! 7.008
10.Woxd 9, 10 Buffes -
~ Clock Gate i Incorrect Cutput Loss of Word 9, 10 Shift Clk.Loss of Word 9, 10 i 7.008
H
; !
f' |
! !
: |
3 f
o |
! !
' ! ;
! i
] ¥
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AT7710 &3

‘\
AERAR- X

S {LEAM

1PREPARED BY

Y hs

S AR A it B SR TG @ KD, A e B Mep . B a S - W e g

s ;m-ﬁ wa:'m?,.,utq;
R , FAILURE }::: EFFET i" ' f{.,‘ {ﬁkh@m S h‘ O30 _A L
\opdo | EeIERE corzerssion L oaipieaiiry hN VSIS WORKSHEST Central Electronid o i X4 ﬁg ’;@5
| “Shife Register Cit] "> " 17T 1 May 1971 m§
o EFFELT OF VRE | FallyURE
G 2t © FAILURE MODE PrEIOr R f Q€33"-'Uh§ CRITIC- ¢
FUNCTION ' - END ITEM SYSTEM PoQx oS ; \Le?‘!
" _,_‘i & e emi:w:ame TR
11.Worxd 1, 2 Shife i . '
~ Register . tNo Output Word 1, 2 Cutput Fails Loes of Wozd 1,2 140.160] 3
12.Woid 3,4 Shift | | - z
Register. ‘No Output Word 3,4 Output Fails Loss of Word 3, 4 140.160} 3 |
: : _ i '
13.Wozxd 5, 6 Shife :
Register No Cutput Word 5, 6 Outplit Fails Loss of Word 5,6 140.160; 3
14.Word 7, 8 Shift . ‘ :
Register No Output Word 7, 8 Output Fails loss of Word 7,8 140.160, 3
t
15.Word 9, 10 Shift | i
Register y No Output Word 9, 10 Output Fails l.08s of Word 9, 10 | 140.260. 3 :
%
§
- i 5
] ]
- i
! L]
’ .
| : !
3 i
! % e
! H -4
H H .
¥ . i | }
! § : i
i
| i 3 !
l } ] 2
Rk L TERERE U P JRER R RSN PR -“"aﬂm—-‘-n SR L D raht PP Lo IO OGS S Aar B -y i B\ e o g i S e ? B Nn A DOE A WP R DB P GV O S - BN i : ‘,
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|

o AMLURE MODE, BFFELCT
‘u) VAR RERG comserotion | COITICALITY ANALYSIS VWORKSHEET

SHRCULT OR

g FAHURE MODE

8 Buﬁ%g Load Gated

AT 1013
Poe st ema - -s-y e ‘rc" " N-v ::.. ,,M...f_:a:,-,
CTEAM %Awwéfﬁxani 0L, 31 Wi A §
ips;;. TE = s s s
Lé%gf&awie%m&iio nos ide o 45108

WG ND

nfiier Load Gatep

i’? Front Film PHA 'Incorrect Output
Buffer Load Gates

18.Front Film Accuxp Incorrect Cutput
Buffer Load Gateg

19.Rear Film ID !Incorrect Qutput
Buffer load Gateg

20.Rear Film PHA |Incorrect Output -
Buffer Load Gates

: !
21.Rear Film Accunjincorrect Output
Buffer Load Gates

22.Front Collector iincerrect Qutput
ID Buffer Load Gis

f
23.Mic PHA Buffer iIncorrect Output
Load Gates !
2
24.Mic Accum.Buffeﬁncorrect Output
L.oad Gates

25.Rear Collector ID Incorrect Output
Buffer Load Gates '

26, TOF Buffer ‘Incorrect Output
Load Gateeg H .

i

*{1.4)is 1§ 2, 3, or 4.

:
]

B v M G e e A o gy, B DR WO F iy Tt % B

ID *ima:rmﬁ&&iﬁ@é‘ '

[FUSIPUY: SUURPPU. DN SN

14Ma.ywn .

oy, fro i A

atctes & el A

B

cc NS
FECT OF FAILURE H;J;:\c. SR —
L EME FTEM o  SYSTEm x5 ALITY §
T Froms Fiie 15 Signe " ILoss of Front Film ID{1-4% "
Incorrect Bits) 7.008 3
Front Film PHA Signal{s) ,Loss of Front Film PHA
Incorrect {163 Bits) 7.008 3 3
Front Film Accum. Signal{s)l.oss of Front Film Accum. 7.008 3
Incorrect {i-3 Bits) l ¢
Rear Film ID Signal(s) L.ose of Rear Film ID {1-4 :
Incorrect Bits) 7.008 3
Rear Film PHA Signal(s) ~|Loss of Rear Film PHA
Incorrect {1-3 Bits) 7.008 3
Rear Film Accum. Signal{s}jLoss of Réar Film Accum.
Incorrect {1-3 Bits) 7.008 3
Front Collector Signal(s) Loss of Front Collector ID
Incorrect i{1-4 Bits) 7.008 3
Mic PHA Signals) Incorrect Loss of Mic PHA {(1-3 Bits} | 7.008 3
Mic Accum. Signal{s} Loss of Mic Accum(l-3 Bits)i 7.008 3
Incorrect ‘
Rear Collector ID (8ignal{s)Loss of Rear Collector ID
Incorrect i1-4 Bits) 7.008 3
. !
TOF Signalfs} Incorrect :L.oss of TOF (1-6 Bits) i 7.008 | 3
i |
| i i
| s
! s
! !




AT 1013
me————— T : - ToVSTEm [FREZAGED 87 i T s
e § ! FAILURE MODE, EFFEC) 3 LEAM i A Lakhani e i A
( ““““ e Et . 1 o 3 1TEA. | TWG RO rm 4 s le
)T'“'*"—' FZ0HD sorpavasion | CHITICALITY AMALYSIS WCRRSHEST( Gentral Electronics o . Bl %
% S Bilfer Load Gates!°*® ™ ¥y May 1971 ,j
. - | EEFElT CF ILURE : rAILURE ) T
e ﬁ“f"u“ OR . PAILURE MCDE CF PALCRE ———  FRO3AZILITY] CRITIC
{'a@% ' END ITEM SYSTEM oS | ARY
pro— “L s, S0 8w :
‘ IDENTICAL TO 16 THRY 26 EXCEPT THAT THE FA BLUE IS RELATED TO DUAL'; SENSOR %
f33 Film ID (Sen 2) |Incorrect Qutput Film ID Simi-!ncorxe;ct Loss of Film ID (1-2 Bits} | 7.008 i 3
%Buffer Load Gates ’ : ! . 4
: ' ! :
i 39.Collector ID{Sen Incorrect On:puz Collector ID Signal .Loss of Collector ID. ' 7.008 | 3
f 3} Buffer Load Ggs Incorrect t (1-2 Bits) t -
k H .
! 3
! : 40, Film PHA (Sen3) Incorrect Output Film PHA Signal Incorrect | Loss of Film PHA {1-3 Bitsf? 7.008 | 3
; Buffer Load Gatep ’
;41 Film Accum (SenfB) Incorrect Output Film Accum. signal incorregct Loss of Film Accumi{l-3 7.008 | 3 3
g Buffer Load Gatep Bits) ! {
i : i
_42.Noise Mic Acc Incorrect Cutput Noise Mic Accum Signal iLoss' of Neoise Mic Accum .
' {Sen3) Buffer Load Incorrect 1{1-2 Bits) ! 7.008 3
! Gates : H '
i
43.Analog Data Sync|Incorrect Qutput Analog Data Sync Signal Loss of Analog Data Sync i1 7.008 3 i
{Sen3) Buffer ’ Incorrect =5 i
Load Gate ‘ | §
i 3
'44.Heater Status (Sen Incorrect Output Heater Status Signal Incortl Loss of Heater Status S:.gzm.ll 7.008 : 3 :
3 Buffer Load Gf : | | {
i ; L :
'45.Main Mic PHA ;Incorrec: Output Main Mic PHA Signal Loss of Main Mic PHA ; i
(Sen3) Buffer Load Incorrect® |{1-3 Bits) 7.008 | 3
Gates . 1
; : : §
46.Main Mic Accum Incorrect Output i Main Mic Accum Signal !Lross of Main Mic Accum : i
. (Sen3) Buffer Load Incorrect 1{1-3 Pits) 7.008 | 3 ‘

Gates

#(1-3) is 1, 2,l0r 3.
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" " - ksy;mm 1 OREPARED BY ) i.‘lf | Ei‘;“;wmw‘ «.g

e FAILUKE MODE, SFFECT _ LEAM 1A, Lakhani : i»: v@?*?’i- B
o :‘§)~;é TR i g v cre : ZLID ek i Sw R ‘?c 5 :
N LS T e meim s corpurasan TR i?éCALITY AN WLYSIS \J@??,o%bﬁ?!CEMral | Elecironics ¢ 43@0* &4 Lo

¢ !QA ’Ua £

- L Fatch/Counter Citl {14 May 1971
- | " EEFECT OF FAILURE FrALLES | 3
s FAILURE MODE — ipaoaagiuiy! CRTIC- )
y: PURCTHON | END ITEA SYSTEM L oQxiets | ARTY 2
é:‘?,.i‘ront Film ID Incorrect Output Front Film ID Signal Losge of Front Film ID {1-4 :

Latch Incorrect Bits) * 7.008 3
48.Front Film PHA| : - 3

Counter ] | : | -
(a) C401 Flip Flop !Incorrect Output . Front Film PHA Signal Incj Loss of Front Film PHA ! 7.008 3 g
(b) C402 Flip Flop ' Incorrect Output Front Film PHA Signal IncJ Loss of 2 bits of Front FilmPHA 7.008| 3 {
{c) C403 Flip Flop |Incorrect Output - ! Front Film PHA Signal Inc] Loss of 1 bit of Front FilmPHA7.008 " |. 3 ¢

| | | 3
49.Front Film Accuin ! : i
Counter : § .

{2} C404 Flip Flop gIncorrect Output t Front Film AccumSignallng.Loss of Front Film Accum. 7.008 3
{b) C405 Flip Flop |Incorrect Qutput i Front Film Accum.Sig. Inc.| Loss of 2 bits of Front Filmfc.7. 008 3 ]
{c) C406 Flip Flop !Incorrect Output | Front Film Accum. Sig.Inc.| Loss of 1 ‘bit of Front inm&c 7. 008 3

! ! ‘
50.Rear Film ID  |Incorrect Output | Rear Film ID Signal{s)inc. ; Loss of Rear Film (1-4Bits)| 7.008 3 :

Latch ! '

! 8
51.Rear Film PHA !

Counter | | , 3
{2) C411 Flip Flop ;Incorrect Output - i Rear Film PHA Sig. Inc. Loss of Rear Film PHA 7.008 f 3 ’
(t) C412 Flip Flop !Incorrect Output ! Rear Film PHA Sig.Inc. |Loss of Z bits of Rear FilmPHA 7.008; 3 H
(c) C413 Fiip Flop Incon'ect Output i Rear Film PHA Sig. Inc. Ioes of 1 bit of Rear FtImPTlA 7. 008% 3 1
52.Rear Film Accun;n ! ! I i

Counter 5 : §
{a} C4l4 Flip Flop Incorrect Qutput { Rear Film Accum.Sig.Inc., Mm of Rear Film Accum, 7.008 l 3 !
{t) C4i3 Flip Flop ;Incorrect Output ! Rear Film Accum. Sig.Inc. ; Loss of 2 bits of Rear Film#e.7.008 | 3 !
fc} G416 Flip Flop '!nco:rrect Output Rear Film Accwn. Sig. Inc. :Lose of 1 bit of Rear FilmAd. 7.008 i 3 .

: ¢
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. SYSILM {icPakTL ™Y . T, 7 T
S FAILURE MODE, EF¥ECT & 1 DEAM . Lakhani | iotz0031 A |}
s 7 ZBAL corsorasien | CRIVICALITY ANALYS!S WORKSHEET| Central Electronigs = ' (o 1IAGor o 1d]
, £3ch/Counter Cie:Z MO P 14 May 1971
Y] o ' EFFECT CF FAJLURE £2 H.LAF
by FAILURE MODE : ) » FROIALILI (7] CRITIC- |
PR EMD ITEM SYSTEM Quxip™5 | Ak
52.Front Collector !Incorrecz Qutput Front Collector Signal(s} L.oss of Fromt Film Collector; 7.008 3 ;
ID Latch Incorrect {i-4 Pita)=
54.Mic PHA Counte
{2} C433 Flip Flop {Incorrect Output Mic PHA Signal Incorrect | Loss of Mic PHA 7.008 . 3 H
(b) C434 Flip Flop |Incorrect Output Mic PHA Signal Incorrect | Loss of 2 bits of Mic PHA 7.008 Z 3 i
{c} C435 Flip Flop iincorr@ct Output Mic PHA Signal Incorrect | Loss of 1 bit of Mic PHA 7.008 3 ]
. . LY
§5.Mic Accum. Counter L’
{2) C430 Flip Flop lIncorrect Output Mic Accum. Sig.Incorrect | Loas of Mic Accum. - -7.008 3
{b) C43]1 Flip Flop Incorrect Output Mic Accum. Sig. Incorrect | Loss of 2 bits of Mic Armnm 7.008 3 5
{c} C432 Flip Flop glm:orrect Qutput . Mic Accum. Sig.Incorrect {Loss of 1 bit of Mic Accum. | 7.008 3
56.TOF Counter I . =
{2} C421 Flip Flop Incorrect Output TOF Signal Incorrect Loss of TOF 7.008 | 3
(b} C422 Flip Flop |Incorrect Cutput TOF Signal Incorzect Loss of 5 bits of TOF 7.008 | 3
{c}C423 Flip Flop :Incorrect Output TOF Signal Incorrect L.oss of 4 bite of TOF 7.008 ¢ 3 i
{d) C424 Flip Flop |Incorrect Output TOF Signal Incorrect Loss of 3 bits of TOF 7.008 | 3
{e) C425 Flip Flop |iIncorrect Output TOF Signal Incorrect "3 Loss of 2 bite of TOF 7.008 ! 3
(f) C426 Flip Flop |Incorrect Output TOF Signal Incorrect l.os8 of 1 bit of TOF 7.008 E 3
57. THRU 66 SAME: AS 47 THRU 56 EXCEP’X; THAT THE FAILURE IS RELATFD TC DUAL SENSOR 2. ! ;
. 4
! .
: i o 1
| |
|
! :
| ;
1,2,3, or 4 ; :
. ; f ; 5
! !

i e

[]

!

R R R e L O et 2 e @ G0 -

" o i ——— i1 o

4 et

[P —

- e . B P o

BB o LS e T e N 5 sr B R 4



o e gmme sy e

A"' EOI@

3

68.Collector ID
Latch {Sen. 3)
{Sen. 3}

{v) C604 Flip Flop
{c} C605 Flip Flop

- 70.Film Accum.

Counter {Sen. 3)

(a) C600 Flip Flop
' {b} C601 Flip Flop
{<) C602 Flip Flop

7i.MNoise Mic Accum
Counter (Sen. 3} |

§a} G630 Flip Flop
{b} C631 Flip Flop

&iogz

e 5 RO e

lncorrect Qutput

t €9.Film PHA Couateincormct Output

{1 {a) C603 Flip Flop ! Incorrect Output

L Inco rrect Qutput

Incorrect Oulput
! Incorrect Output
Incorrect Cutput

{ Incorrect Output
Incozrect Outpat

»

Incorrect Output -

Collector ID Signal{ s) Inc.

0

Film PHA $1gml Incorrect
Film PHA Signal Em:@m’@ca
Film PHA Signal Incorrect

Film Accum. Signal Inc,
Film Accum. Signal Inc.

Film Accum. Signal Inc. | Loss of } bit of Film Accum.

Noisze Mic Accum. Signal In

Noise Mic Accum. Signal EELF Loes of 1 bit of noise mic ad. 7.008 3

¥ -7t}

-y et Bl 5ot plmell 5P QB G gDl B W s G o W S5 Tt 2a

:

' Loss of Film PHA
Loss of 2 bits of Film PHA
Ioss of ! bit of Film PHA*

Loss of Filin Accum.
Loss of 2 bils of Film Acecu,

c.Loss of nolze mic accum,

- ———— S . e

A T i AT TS

Loss of Collector ID (1-2 bitp) 7.008. | 3

. i - ~ fsvsism i?ﬁ&%ﬁéa Y ' lx:g 2
i o FAILURE MODE, EFFEC. g&’mi%}xlm {&%ﬁkﬂmﬂmm@&mbw UL
)3 PSR ZERD coresredon | CRITICALITY ANALYSIS WORKSHEET cgﬁ_mz Elestronich P gﬁgmi;m _

: : : - . !)d\“‘} NG L‘e\

e ] ' Sen,,mw p{Counter 4 M May, 1971 ..
CISCUIT OR BT oF FasLure Falluze ]
CUNCTION T . FAILURE MODE PROBABILITY LTI~
FUNC END ITEM o SYSTEM A 5 MW“

67.Film ID Latch Ixicarm&:& Output Film ID Signalls) Incorrect| L.oss of F §ém ID {1-2 bitalke 7. 008 3

(S@n. 3) - T

7.008
7.008
7.008

G0 48 WO

7.008
7.008
7. G608

W 4 G

7.008 3

.
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. . AT @,1‘3
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: \ 3 it}Rt ZASLD BY " =Ey
‘mm '-\\ ; FAILURE zom, EEFEC, %
P EEEIS corparacion lER%ﬂCA“TY ANALYSIE WORKSHEET

:I._.,E.EKM ,_A. Lakhani ; L“&QBI' A ,‘._,
Phot VES) oF oo ing

!E~'% ral Fi@czsroniégw" o
) {@éx‘; 3 Counters  |°“¢ ™ "4 May 1971
e " EFFECT OF FAILURE FAtLURE
| cincuit o - FAILURE MODE ot ?mzss.urvf caiTIc-
FURCTION. END ITEM SYSTEM Qxig-s | AUTY |
72.Analcg Data Incorrect Output . Loss of Analog Data Sync %@m of Analog Data Sync Sig.) 7.008 4
Sync Ckt. (Sen. 3) : Signal o loss to the experiment
73.Heater Status Incorrect Qutput Loss of Heater Status Sig. | Status of the Heater Undeter] 7.008 3
Ckt. (Sen. 3) : - !
74.Main Mic PHA | | ’
Counter {Sen 3) ' '
’ ' . | {
{a) C623 FIipF lop ;Incorrect Output. Main Mic PHA Sig.Incorregt Loss of Main Mic PHA 7.008 f 3
{b) C624 Flip Flop |Incorrect Output - Main Mic PHA Sig.Incorredt Loss of 2 bits of Main Mid PHA 7.008 3 *
{c) C625 Flip Flop |Incorrect Qutput Main Mic PHA Sig.Incorredt ILoss of 1 bit of Main Mic PHA 7.008] 3
75.Main Mic Accum ' )
Counter (Sen 3) | j »
i {a) C620 Flip Flop 5 Incorrect Ouiput Main Mic. Accum. Sig.Inc. | Loss of Main Mic Accum. 7.008 3
- {b) C621 Flip Flop |Incorrect Qutput Main Mic. Accum. Sig.Inc.; Loss of 2 bits of Main Mijc Ak 7.008 3
{c} C622 Flip Flop |Incorrect Cutput Main Mic. Accum. Sig. Inc. | Loss of 1 bit of Main Mic Acép. 7.008 3
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i FAILURE MODE, E¥FECT M‘AM R .Q;M_.f:;) Lakhani | m}gm A
G 3‘3"’”:“2” ERD cursereven | CRITICALITY ANALYSIS WORKSHEET Sens, Electronics ot JBSLOF LAl
} B gﬁmghﬁermbﬁmcmﬁ s LaTs 14 May 1971
et o ! FECT OF FAILURE T I
PG FAILURE MODE - o PROSAZILITY] CRITIC
: FUNCTHICH , END ITEM SYSTEM QxS | AT
| 7€;°Front Film ID | No Output 1/4 of Front Film ID Sig. | Loss of 1/4 of Front Film 1D} 19. 4472! 3
| Pre-amplfiers | ' Missing Incorrect TOF ,
! Circuit ;
| 77.F ront Film Analbg 1/4 of Front Film ID Sig. | Loss of 1/4 of Front Film 1L} 19.4472) 3
! Inhibit Circuit ! No Cutput Missing Incorrdéct TOF | i
; .
| 78.Front Film Threls- 1/4 of Front Film ID Sig. | Loss of 1/4 of Front Film IL |
i hold Det.Ckt. | No Output Missing - Incorrect TOF 83.5704: 3
| | ) ) :
! 79.Front Film Sig. | No Output 1/4 of Front Film ID Sig. | Loss of 1/4 of Front Film II} 7.008 3
g Inverter Gate Missing incorrect TOF
! 80.Front Film Logi¢ No Output 1/4 of Front Film ID Sig. | Loss of I!é of Front Film ([ 7.008 | 3
Inbibit Gate Missing Incorrect TOF !
" 81.Front Film No Output Front Film PHA & Accum. M@% of Front Film PE%A &
Summer Amplif. Signals Missing Accum, 6.72768! 3
8Z Summer Peak No Qutput Front Film PHA & Accum.! Loss of Front Film PHA & éé. 6216; 3
Detector Signals Missing Accum,
* !
§%. Summer Threshdld . Front Fileto PHA & Aceurni,! Loss of Front Film PHA &
Detector No Output . Signals Missing Accum, 2.9959¢1 3
&4 Summer Signal | No Quiput Front Filin PHA & Accurs.| Loss.of Front Film PHA & 7.008 3
Inverter GATE Signals Miasing Ao,
’ ’ i
%, Clock Sync Flip - !
Flop No Output Frent Film PHA & Aczum. | Lose of Front Film PHA & 7.008 3 :
, Signaeiz Missing i Accum,
i
| ;
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I ATM 1013
N B v PREPASED BY NC “"?EZ’ -
— \\\ z FAILURE #AODE, EFFECT L LEAM A. Lakhani 101 é A
(L 7ok ZERD compunsien | CRITICALITY ANALYSIS WORKSHEET  Sen, Electronice s f
_ Hidplifier- Detectoy CR{l® 4 §§ M ax}?“?ﬁ
. FF Y unﬁ.‘.’
CIRCUT Ok ! FAILURE MODE ETPECT OF FaltuRe PROZAGILITY] CRITIC-
FUNCTION : | N ' END 1TEM SYSTEA Qrigs | ALY
g _ y = ' N
86.Rear Film ID f No Oukput 1/4 of Rear Film ID Sig. Loss of 1/4 of Rear Film iﬂ_? i
Preamplifier Ckt missing : Incorrect TOF ¢ 19.4472¢ 3
87.Rear Film Analof ' ’
Inhibit Circuit ! No Output_ 1/4 of Rear Film ID Sig.. : . Loss of 1/4 of Rear Film IL
' . - missing Incorrect TOF 3
88.Rear Film 'rhxéea{-m Output 1/4 of Rear Film ID Sig. .| Loes of 1/4 of Rear Film Ib P
~ hold Detector Ck‘t. missing Incorzect TOF - 5 3
59.Rear Film Sigaai ‘ -
Inverter Gate | No Output 1/4 of Rear Film ID Sig. Lose of 1/4 of Rear Film ID
. o missing Incorrect TOF 7.008 3
70.Rear Film .L@gici "
Inhibit Gate | No Output 1/4 of Rear Film ID Sig. Lozs of 1/4 of Rear Film ID
! missing Incorrect TOF 7.008 3
}1.Rear Film No Output Rear Film PHA & Accum, | Loss of Rear Film PHA &
Summer Amplifr} Signal Migsing “1 Accum, 6.727681 3
t2.Summer Peak y . i
. Detector No Output - Rear Filmm PHA & Accum. | Loss of Rear Film PHA &
- . i : Signal Missing Accum. 84.6216] 3
' ' :
3.Summer Thres- Rear film PHA & Accum. | Loss of Rear Film PHA & | 2.99592] 3
hold Detector : No Output Signal Missing Accum, !
4. Summer Signal | No Output Rear Film PHA & Accum. | Loss of Rear Film PHA & 7.008 3
Inverter Gate Signezl Missing Accum,
£.Clock Sym: Flip :
lop No Output Rear Film PHA & Accum. | Loss of Rear Filimn PHA & 7.008 3
Signal Missing Accum,
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oy ATM *%3
- ‘é i sz PEEPARED LY v M'g
= FAILURE }AODE, EFFECT & = 5. _Lakhani “iow A
(Lot ) ol HERD comorasen | CRITICALITY ANALYSIS '«wemmgﬁ'@fgsﬁm Electropics |™ o g 651D
: : Ta L ZVWS MO DAl 2
ﬁ% _phfmr Datectox iémﬁﬁ%’ 19704
| © R FEior FatLuRe EAILUPE o
. CISCUIT OR FAILURE MODE PRO2AZILITY] CRITIC-
N FUNCTICN - EMD 1TEM SYSTEM QxS ALITY '
)&Frmt Collector | No Ou&p@a& 1/4 of Fromt Filim & ED Loss of 1/4 of Front Collecihy
" ID Preamplifier Signal Missing ID.Incoxrzect TOF 19.4472; 3 i
17.Front Collector No @m@m 1/4 of Front Film & ID Loss of 1/4 of Front Collecthr :
Analog Inhibit CRe, Signal Missing - ID.Incorrect TOF 19. 44721 3
. . :
)&Fxon:(:@uectox No Qutput 1/4 of Front Film & ID Loss of 1/4 of Front Collectbr '
Threshold Det. - Signal Missing D, Incorrect TOF 83. 57041 3
Circuit -
19.F ront Collector ; No Output 1/4 of Front Film & ID Loss of 1/4 of Front Collactor
Signal Inverter ’ Signal Missing iD.Incorzect TOF 7.008 3
SQ.. Front Collector No Output 1/4 of Front Film & ID Loss of 1/4 of Front Collacthr 2
Logic Inhibit Gat ‘ Signal Misging IN.Iacorzrect TOF 7.008 1 3
01. Mic Preampl. | N@ Output Mic PHA & Accum. sigoals| Lose of “dic PHA & Accum. | 37.3176! 3
Mis sing i i
02. Band Pass Flﬁ No Output Mic PHA & Accum. signals Loss of Miz FHA & Accum. 37. 33?6;’ 3 s '
| Misaing ? ! I
i | | z
3. Mic Peak Det.} No Qutput. Mie FHA & Accum. éigugaef Iwar of Mie PHA & Accum 37. 3276' 3 i
hMis sl LR g ; ; H
' - § H
£4. Mic Threshold, - | Mic PHA & Accwm, gxgum:f ~one of Mic PHA & Accem, | 37, 31761 3 !
Datector No Output 1 Missing ; '
! ! !
: ' ; i
¢5, Mic Inverter ! Mic PHA & Accum, &zkgﬁ&l# Loss of Mic PHA & Accum. | 7.008 ; 3
Cates No Qutput Miesing i § ,
! 4
06 Tear Coilacion % ; i !
v ﬁ“'ﬁammxh&" i Mo Cuoiput i i1/% of Rear Collector ID | Less of 1/4 of Rear Collector z i
Missing I i 19. 4472, 3 t
¢ '
i, Resr Collecto \m Cutput - 1/4 of Rear Collactor ID | Loss «f 1/4 of Rear Collzeiole 2 H
Lorbg fuhibie Cke Figslng D i i ae32] 3
. 1 H
B2 D el } 4 ! WE: o, MBI O P Ths e ST EegEE S e . «Eo' A ! & L.».,.
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B AT e+ A

: ?3&"?“%‘ FREAARE D BY .. ' inc ;gf’c‘?;” S
e | FAILURE MODE, EFFECY & 5. L - AM e pkhani (1012 .1 A ¢
/( ) SEG S e PETERER corperetion CRH’GC AUTY AMALYS:S u,cq a\gﬁg @é}{é"'tlectmnics oV _NO Es 3¢ wgﬁx ﬁ“{i%%
- ﬁmphﬁeraﬂetector GG No : o ié May 1971 {
o i ireul CURE : FAILUR F
CLecint GR FAILURE MODE CHENL? parue : E*%@é’;’\gflﬁ»‘f CRITIC-
L QCUON ) EMND ITEM W&?gM Q_g o S {%ﬂ‘f’
@@ Rear «G@nectom I 1/4 of Rear Collector ID  Lbss @f iié& of Rear san@@m- '
Threshold Detector | No Output Bignal Missing iD.Loss of TOF 83.5704; 3
.09. Rear Conec&ed L |
iignal Inverter No Cutput 1/4 of Regz Lollector ID | Loas of 1/4 of Rear C@ﬂ@et@%’
' S ' Signal Missing ID.Loss of TOF 7.008 3
10. Rear Gonecto4 o 1/4 of Rear Collectos ID | Loss of 1/2 of Rear Collector
s0gic Inhibit Gate ;No Output Signal Missing ID.Loss of TOF 7.008 3
il. TOF ﬁixcmﬁt No Output Loss of TOF Signal - Lozs of the measurement of
transit lime between the
front and rear filmse

’ .
iz. THRU 147. SJTME AS 76 THRU 111 EXCEPT THAT THE FAILURE s

P AL I PG R 55 G

» RELATED TO DUAL SENSOR 2
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R _ ATN i3
- ; SYSI:A [PRiPARLD oY ey “"%
i FAILURE WODE, EFFECT & | _LEAM _A. Lakhani Corealta
( D TV TSR corperstian | CRITICALITY ANALYSIS WOSKSHRET| Sens.Electronics POt 2056 G140
Ar;a glaﬁer-» Detector owe o DML}A May 1971
- / , i U Rariune
SUNCTION | ' - END ITEM | ~ SYSiEM QxS 3 AT .
R ! - - ‘
|48. Film ID Pre- g
umplifier {Sen. 3) ‘ No Output 1/2 of Film ID Sig. Missing L.oss of 1/2 of Film ID 24.70321 3
49. Film Analog | No Output " 1/2 of Film ID Sig. Missing] Loss of 1/2 of Film ID - . 24. 7032} 3
nhibit Circuit {Sen ) _ -
.50, Film Threjsho ' : i
Jetector (Sen. 3) No Oui:ws 1/2 of Film ID Sig. Missing| Loss of 1/2 of Film ID 24.7032} 3
S1. Film Signal | | | " - L
nverter {Sen. 3) No Cutput 1/2 of Film ID Sig. Missing] Loss of 1/2 of Film ID 7. 008 3
$2. Film Logic i
nhibit Gate (Sen. 3} | No Output 1/2 of Film ID Sig. Missing| Loas of 1/2 of Film ID 7.008 3
53. Collector ID | MNo Cuiput 1/2 of Collector ID Sig. Ms| Loss of 1/2 of Collector ID 24.7032] 3
*reamplifier (Sen. 3) )
54. Collecior Anal%sg , : -
ahibit Ckt. {Sen. 3) ;No Output 1/2 of Collector ID Sig. MsgJose of 1/2 of Collector ID 24, 70321 3
§5. Collector Thrais- " _ . ‘ ) , Sy )
old Det. (Sen. 3) No Qutput - 1/2 of Collector ID Sig. Msg Loss of 1/2 of Collector ID ; 3
56. Collector Sig. | - ' . | ,
werter (Sen. 3) no Output 1/2 of Collector ID Sig. MsxiLo:_ss «f 1/2 of Collector ID 1.006 | :
. !
57. Collector Logil , ; g
thibit Gate (Sen. 3) | No Outpat 1/2 of Coliector ild §ig Msé >o8 ¢f 1/2 0f Collector ID | 7,008 | 3
58; Film Summer | § »
mplifier (Sen. 3) {No Output Film FiHA & Accum. Sig. Msg. Logs of Filem PHA & Accul i3
. . ‘
i
)
!
!
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o et g, S e ] e A TN
BATATED e - A 3 R P b

-
SYETEM

PREFANED BY iING ©iegv -
sl i FAILURE MODE, EFFECT & LEAM - Lakhani | 10120031 A :
L2y FFRA3ETIERS comperovin | CRITICALITY AMALYSIS WORKSHEET! Sens. Electronics PCE AT O e 131
% . ASSY DWG NQ - -}&
» i N Am}ghﬁer Detectoy - May 1971
-~ § . ) ‘T‘,lgn.«m\ ForAILLRE i FAILGAE i
P FAILURE MODE PROSABILITY) carric-
FUNCTION , : END ITEM . sYsTEM Qrig™s | AWY
139. Summer Peak ; t
Detector {Sen. 3} No Cutput . Film PHA & Accu. Sig. Msg. Loss of Filmn PHA & Aacum, ' I3
160. Summer ThreJ-wNo Output Filrn PHA & Accu. Sig. Mg, Loss of Film PHA & Accum. 3 L
hold Detector {Sen3) ' g;., : !
161, Summer Signa% , - !
fnvertex (Sen. 3) No Output ) Filmn PHA Accu. Sig. Msg. | Loss of Film PHA & Accum.. 7.008 3
162. Clock Sync : R
Elip Flop {Sen. 3} |No QOutput Film PHA Accu. Sig. Meg. | Loss of Film PHA & Accum.! 7.008 3
i43. Noise Mic Pret ' !
unplifier {Sen. 3) No Qutput Logs of Noise Mic Signal | Loss of Noise Mic AccumData 36.792 | 3
: ! i
&4, Band Pass |
ilter (Sen. 3) 1 No Cutput ' Loss of Noise Mic Signal | Loss of Noise Mic Accum.Daka P 3
i | | |
5. Noise Mic i 2
*eak Det, {Sen3) No Output Loss of Nelse Mic Signal | Loss of Noise Mic Accum.Data - 3
| - i
6, Noise Mic No Gutput Loss of Hoise Mic Signal | Loss of Noise Mic Accum.Dala 42. 048 3
hitshold Det. (Sen3} . i i _
i i o :
457, Noise Mic i No Output . Loss of Noige Mic Signal losg of Noise Mic Accum.Dq‘ta 7.008 . 3 ':E
W e 5 Gacea(Senﬂ ; % {
1
% Main Mic Pre ! ! %
Hifier {Sen. 3) Mo Output P Msin Mic & PUA Loeum, | g !
5 | Sig. Missing : 67.8024° 3 :
¥ Fand Pase ! Bain Mic & PHA Aceowm. | | ; %
Lo {Sen, 3) Ho Cutpus i Hignale Missin ! i 3 g
]
| ! % b
z : ! |
J‘ t o e e 3} ’ i
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SRS ﬁ FAILURE MODE, ZFFECT o | LEAM - Lakhani ovewin | AT
LD vair - 8@ sorponaon i CRITICALITY ANALY3IS WORKSHEET! BT Emc%mmw IS O AR 6410
- ' ‘ sgmphi ier-De Mcmx*wh? m 474 May 1971 :
3, FeiudR ! a-
SR o f FAILURE MODE EARRHGr ranuae pmsﬁg”h‘f CRITiC- §
z  FUNCTION - END ITEM SYSTEM Qnigns | AU}
- ; , Y Y
170. Main Mic Peal : Main Mic PHA & Accum. | Loss of Main Mic PHA & _ )
Detector {Sen, 3) No Output - Signals Missing Accwym. Ba.fta? i3
. . - 3
I71. Main Mic § No Output Main Mic PHA & Accupw. | Loss of Mam Mic PHA & 40.048 | 3 .g
Threshold ‘Mt@c&ori E Signals Missing Accum. Data |
:
172. Main Mic | | Main Mic PHA & Accum. | Loss of Main Mic PHA & 7.008 | 3 !
Inverter Gates No OQutput Signals Miesing Accum. Data



13

Y Berid .

AT
SYSTEM PREFARED BY NO REV
FAILURE MODE, EFFECT & LEAM A._Lakhani 10120030 4. .
) TIME-ZEFO cormoreven | CRITICALITY ANALYSIS WORKSHEET |HE4ker Control | 10158007 race 23 o BAlny
C%z%ponent Parts |WOMNO aMi&i May 1971
EFFECT OF FAILURE FAILURE
CIRCUIT OR FAILURE MODE PROBABILITY] CRITIC
~ FUNCTION | END ITEM SYSTEM Qg5 | AUTY
1. 21 Inoperative Loss of ON and OFF Mode | No loss to the experiment 7.008 4
{czn go to automatic mods)
1 2. Z2 Inoperative Loss of ON and OFF Mode No loss to the experiment 7.008 4
: {can go to autornati¢ mode)
3. Z3 Inoperative Loss of ON and OFF Mode | No loss to the experiment 7,008 4
: {can go to automatic mode)
4. Zé Inoperative Loss of automatic mode No loss to the experiment 7. 008 4
5. Z5 Inoperative Loss of ON and OFF Mode | No loss to the experiment 7.008 4
{can go to aulomatic mede)
6. 31 Open Healex OFF all the time Total loss of the expariment 3. 504 1.
Short Heater ON all the time Excess power drain-no 3.504 4
loss to the experiment
7. Q2 Cpen Heater OF F all the time Total loss of the experiment 3.504 1
Short Heater ON all the time Excess power drain -no
icss to the experiment 3. 504 4
8. Q3 Open Loss of OFF mode Mo lose to the experiment 3. 804 4
Short Heater on all the time Excess power drain- no 3. 504 4
loses t> the experiment
J é
|
j
!




AT 13

o $YSTEM PREPARED BY NO " LN
FAILURE MODE, EFFECT & = | LEAM mf’f}; N%&%mm 10120031 )
J) TIRAR - ZERG corporation | CRITICALITY AMALYSIS WORKSHEET| Heater Control 101256007 PAGE éﬁ%@g 1
Agg  roponent Paris ‘mm NO DAL, May 1971
. EFFECT OF FAILURE FAILURE .
| Iy FAILURE MODE PROBASILITY| CRITIC-
L UCTION END 1T2M SYSTEM Quig-$ | ALY
9. Q4 Opsn Loss of ON Mode No loas to the experiment | 3. 504 4
. Short Heater ON all the iime Excess power drain - 3.504 ~
no loss io the sxperiment
1‘0. CR1 Cpen Loes of automatic mode No loss to the experimant . 03504 4
Shozt No effect No lozs to the experiment | 1.4016 4
1i. CR2 Opsn Loss of autematic Mode Mo loss to the experiment | 1.575468 4
| Shoxt Heater ON all the time in the| Exncoss power drain in the | 2. 1024 4
automatic mode sulomatic mode, No loss
to the axpariment.
12, CR3 Open No effect Mo loss to the experiment . 03504 4
Short Loss of avtomatic mode Mo loss to the experiment | 1.4016 4
13. CR4 Open No effect No lcas o the exparimont 03504 4
Shozt Loss of automatic mode Mo loze te the expsrimant | 11,4016 4
i4. CRS, CR6 | Open Loss of automatic aode '] MNe loss to the expasiment | .03504 4
v . for survival power ,
Short - No effect No loss to the expsriment | 1.4016 4
j
i
i
TP #0070 0 BBk




No loss to the experiment

AT? 913
) SYSTEM PREPARED BY NG - . REY
— FAILURE MODE, EFFECT & ~LEAM A, Lakhani 10120031} A
) TiME-ZERO corvarecen | CRITICALITY ANALYSIS WORKSHEET| Heatex Control | 10156007 PaGt 2861 o G40t
ASSY TWG NGO | DaTE .
Comp : 14 May 3%) 71
EFFECT OF FAIL T FAILURE
‘ﬁf‘ggg@ﬁ FAILURE MODE uRe . PRO2ABILITY| CRITIC-
' END 1TEM SYSTEM QagrS | AUTY
15. CR?7,CR8| Open Loss of automatic mode No loss to the experimaent . 03504 4
for opezational max ' ‘ ' :
| Shost No sffect No loss to the experiment 1.4016 4
16. CR9 Open Might damage Q3 No lose to the experiment | .03504 4
poseible loss of OFF mode ) :
Shozt Poesibly no effect No loss to the experiment 1.4016 4
17. . CR10 Open Might damage Q4, No loss to the sxparimant . 03504 4
, posaible lose of ON mode.
Skort Posgaibly no effect No loss to the axperiment 1.4016 4
18, Ri1 Open Loss of ON and OFF mode| No loszs to the experiment . 03504 4
{can go to automatic mode) ,
19, R2 Open Heater ON all the tims Excess power drain - no 83504 4
o] loss to the experiment '
th
20. R3 Open Loes of Automatic meode No loss to the expesiwent | .03504 4
L]
25, R4 Open Loes of Automatic mode

. 03504 4

i Y ST e
ll.. fi%ad & 3»{2: 7‘._’ o

RN A




ATM "913

Loss of OFF mode

SYSTEM PREPARED BY NG [aev
FAILURE MODE, EFFECT & LEAM A, Lakhant 10120031 ) A
) TIME -ZERD corcoreson | CRITICALITY ANALYSIS WORKSHEET|Hoater Gontrol | 10158007 P2 28 o [oEF
ASSY DWG MO DAT T
Compopent Parts f4 May 1971
EFFECT OF FAILURE FALLYRE
[ CIRCE];’{OOR FAILURE MODE PRORABILITY] CRITIC-
‘iu FUNCTION END (TEM SYSTEM Grig-S | AUTY
22. RS Open Loss of automatic mode No loss to the experiment . 03504 4
23, R6 Open ' Loss of automatic mode Mo loss to the exper iment . 03504 4
24. R7 Open Loss of automatic mode No loss to the experiment . 03504 4
i 25. R8 Open Loss of automatic mode Nc loss to the experiment . 03504 4
26. . R9 Open Losges of automatic mode No loss to the experiment . 03504 4
27, RiO Open Heater OFF all the time Total loss to the experimegt .03504 i
28. R11 Cpen ‘Heater ON all the time Excess power drain - no . 03504 4
loss to the experiment
29. Ri2 Open Lozs of OFF mode No loss to the experiment . 035804 4
30. R13 Open Logg of ON mode <] Mo loss to the experiment .03504 4
31, Kl Open Loss of ON mode No loss to the experiment - 4
32. K2 Open - No loss to the experiment - 4
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ATY 033"

T Wi St wé(u D BY 1S T opdy T
— 3 | FAILURE JADDE, GFFECT | §-°L§A~M e Bakbanl 200 LA
D rmise-2m02 copernin CRITICALITY ANALYSIS WORK SHEET | 25Kz Oscillator | — _,‘rf;gi‘ FI63 or gl jo
ASSY WG NG T
: :.Component Paris ' .14 May 1971
' EFFSCT OF Fajtuvg . FAillias
if;ﬁ:;;gg - FAILURE MODE o I A FROIABNITY ‘3‘““.‘*""
0 END ITEM SYSTEM - Qg3 | AIY
il . s - - s s SONUN TR
7 Tm&%m Ql Cpen E"E@qu@n&}? accuracy d@gr&ﬂwd Accuragy.olentputidaga 3.504 3
» degraded
2. Tr@sia&or Q2 Open Loss of clock Total loss of émrﬁmem N 3. 504 | |
3. Tramsistor Q3 | Open Idss of clock Total loss of experiment 3.504 1
]
4. Transistor Q4 Open Loss of clock Total lozs of experiment 3.504 1
. . 1
5. Transistor Q5 ; Open Loss of clock Total losg of experiment i .3.506] .1
’ . . 4 .
&. Diode CR1 1 Cpen Frequency Change Inaceuracy in the output “at : 1.05121 3
7. Diode CR2 ' Open Frequency Change Eﬁmacm&ev in the ouiput da i @%Ré -3
8. Diode CR3! Open Frequency Change Inacecuracy in the oniput ﬁam io 5?63; 3
. b | !
9. Dicde CR4: Open Frequsncy Change Inaccuracy in the cutput é&t@g £.5768f 3
. - L § H
1¢. Diods CRS5 | -Open ¥ raquency Change - Insceuracy in the cutput datal ko 5?&3’; 3
. : ’
ii. Diode CR6 ! g?en " Ne effect Mo ‘effect . 1.5768! 4
| Shoxt . ¥ raoquency Accur, Degraded Accurscy of output data degrad, 2. 1024 3
1Z. BDiode- CR7 ‘ Open -~ ; o effect : i Ne effect 8 ? i.5768: 4
Shert T erquency ,Accuracy D@gm& Aeenracy of the sulput dats 2.192¢. 3
g i zg radod ;
: ' ° !
| | !
i
} §
| {
| : |
i i
3 - ;
; z
| i i
, ; |
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:
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;;;; S A ‘ei?}}‘gm ——
—sim| FAILURE MGDE, E5SECL “LEAM A Eakmant Wimom {7 A
sopzss ; : o § 5B G NO oF 2
(;J) o BRI cormerevion | CRITICALITY AMALYSIS WORKSHEET| 25 Kiz Oscillator|”¥® ™ rase Mohor 4o p
) ) . ’ : ASSY - ) DWS NGO ' 1
. , Component Parxta. 14 May 3973 ’
s { EFFECT OF FAILURE FAILURE |
o GIRCUIT CR- T FAILURE MODS PROIABILIT v; <HiTIC
% PUNCTION ‘ o END 1TEM SYSTEM Quigms | ALY
3. Resistor RI Open No cutput Total loss of exporim&m& .03504 1
4. Resistor R2 | Opsa No output Total less of axperimw .03504] ‘1 g
5. Resistor R3 | Open No output Total koss of expexim@at .03504] 1
6. Resistor R4 | Open. No output Total loss of expe riment .03504| 1
1. ERenismt RS Open No output Total loss of experiment . 03504 ) S
8. Registor R6 Open No ocutput | Total loss of experiment . 03504 |
9. Resisfor R7 ! Open No putpuet Total loss of experiment .03504 |
! ) R
0. Rezistor R8 , Open No output Total loss of experiment .03504! 1
1. Resistor . R9 | Open No output Total loss of experiment -03504; 1 {
_ . t
2. Resistor RI0 | Open No output :ﬁ_'r@m loss of experiment . 03504 | i
3. Resistor R11 | Open - No output Total loss of experiment 03504 1 |
L4 . - . ) )
4. Capacitoe Cl Short No output | Total loes of experimant 876 1
§. Capacitor C2 Short No output Totoliose of expotiﬁm. . .876 1
6. Capacitorre3 Short Degredation in performar.cs Accuracy of the cutput dats | .()"2008é 3
| Jeegredod , |
H ]
: ! :
- e b i !




e N AT} M3
| Y SYSTEmM TPXEPARED BY N0 I ””fﬁg Ty
w7 FAILURE MODE, EFFECT .. - LEAM n— 10, 31 {
(L)) 7thim-2ERE corpanation ‘ CRITICALITY AMALYSIS WORKSHEET |25 KHz Oscillator ot g or G fo]
. . o - o fassy _ OWG NO DATE H
» : : Component Pavs 14 May 1971
i . EFFECT OF FAILURE FAILYRE
. %332;700: © FAILURE MODE R PROBABILITY] CRITIC
T 10 - o END ITEM SYSTEM - Qrig-S | AMTY
#7. Capacitor C5 Short No output Total lose of sxperiment . 0438 |
28. Capacitor C6 Short No output . Total loss of expsriment .0438 | 1
29. MED 2% | Inoperative No oufput. Total loss of experiment 7.008 | 1
:
"
§
}
!
i

.‘é.ii ',T‘JA_ s




FAILURE MODE,

EFFECT &

AT M3

ST EAM

?fmﬁg%am

B120031%

A

1 ) TIME - ZERO corsorecion | CRITICALITY ANALYSIS WORKSHEET | Dual Sens, 1 Elect 10152003 race Jptor S
o Rhitm 16- “161%009 *14 May 1972
} . FAILURE
CiRCuIT OR FATLURE MODE EFFECT OF PAILURE o PROSABILI Y] CEITIC-
| FUSSETION | END ITEM SYSTEM - Q-3 | AU
R1 Open Lose Film bias Minor effect pxm@my. .03504] 3
- . E@@se eﬁﬁ.ciency
c1 ~ Short " " .07008| 3
R3 Open No D.C, path for bias " .03504] 3
current, ‘
R4, 5, 6, Open Changes the amplifi@x gain! Incorrect film sigral, .03504] 3
i2
R7, 14 Open loss of Film signal Loss of Film ID -03504] 3
C3 Short " " . 0438 3
Z, 22 - Inoperative v " 5.256 3
RS, 9, 10 Cpen Lose the ability to inhibit] Noise om hm,&l!w% .0835041 3
13 cross~-coupled signels from: 2nd sigmel,
respective film channels.
”
R11 Open - Reise the gain of cross- ¥ .03504] 3
- coupied signale to twice
as high.
8. C2 . Short Loset in-flight calibration| i =Slaet . 07008
il. Ré® Cpun " ‘ ¥ 03504} 4
4
o tbonrd




213

TP AtV .. - . .

Al )
| CRITICALITY ANALYSIS WORKSHEET (DiaiSens 1 Electron”1§122015 pod A or LT}
ik 1D Threshold| Y61 5010 “4184 May 1971
, EFFECT OF FAILURE FAILURE
1 ﬁfggg@?: . FAILURE MODE - PROBASNLITY] CRITICS
¥ T R ~ ENDITEM 1 . SVSTEM Quip-s | AUTY
TR Open ‘Q1, (32 turns off. Eroduced Lose -acceracy in Pl V1117 S
delay in detecting threshold
A aignma. . o _ |
2. R2, R3, R5, R6 Open Lose the ability to drive Loss of channel 1 of Film | .03504 | 3
- ' Q1, Q2 on. Losgsof thres-| I.D,
hold detector.
3. Cl Short " " 1,0512 | 3
1 4. cra Short Loss of channel 1 output. | 1.4016 | 3
5. Ré Open No leakage path for Q2. | ™ . 03504 3
! Q2 probably be "on" all the
time.
6. RY Open May not be abls o turn " " . 03504 3
) Q3 “en'.
7. R10 Open Lose the ebility to drive =.| " .03504 | 2
T2L gate. ,
” . i ] ’ N
& Ql, @z, Q3 Open, Short Loss of chamnmel 1 data. " 3. 504 3
| g 2. R7, CR1} Open Loss positive feedback " .035¢0¢ | 3
: may not have the ability to
dzive T2l gate long encugh) 5 o
10.R8 Open Regpond to iapute loss than | Chansel 1 Film L. D. dats . 03804 3
] 180r¥Y,. Pick up erronesus | crromsous.
dats.,
1.c2° Short 13 probe *@%g stay Mon' ali " 1.0%12 3
czom2 l Cpan EEST S



: TG TR
o | FAILURE MODE, EFFECT & . iﬂﬁm A Cakhant
) TIRAR-ZBRO corvoracen | CRITICALITY ANALYSIS WORKSHEET D2l Sen 1 Electron|”
N ' / ~1*Plea 1D Threhld. |7

14 e g

CIRCWIT OR o : EFFECT OF FAILURE
- urierion FAILURE. MODE :

CRITIC-
ALITY ¢

] END ITEM . SYSTEM

13. CRl | shert Probably no effect. No effect 4

: FMECA-QQ Film ID %rgamm Detectos for Channels 2, 3 and 4 i3 sume a8 Chann

w7

A PRTU N 1O 1Y S R B R 2T



FAILURE MODE, EFFECT &
CRITICALITY ANALYSIS WORKSHEET

AT 13

SYSTEM PREPARED BY NO ey
LEAM nggmm 10120031 A |

Bz Sang 1 Electron, - 16T22015 racHd] 34 o G400

%M £11A Theeshld” 10726011 PATE14 May 1971

f

e "y RSN g
Y2 6. 80% 69 Wil et e e

EFFECT OF FAILURE FAILURE :
o FAILURE MODE » i PRO8:310iTY] CRITIC~
R - END 1TEM SYSTEM Q=ig~5 | AUTY
bttt ey i . : cek
1. R}, R2, R3 Open Lozs of Film PHA signal Partial 1@% of Film .035C4; 3
R4 : . for the respective chaxmel experiment, o
2. Z1i, Z2 Inoperative Loss of Film PHA output Ioss of Fﬂm.m experi4 5,256 3
. ' ment,
3. R4 Open " " .03504| 3
4. CR3 Short " " ,03504| 3
5. R7 Open Amplifier operates open " 1.4016 3
loop. Erromacus dats.
6. R6, RI13 Open Saturates the amplifisr. Accuracy of Film FPHA 03524 3
Decreases the sccuracy Aegraded,
of ouiput data.
7. RS, R8 Open No effect £l Mo effset .03504] 4
8. RY9: R10, Open Threshold will change to Incorrect Film PHA level .03504 3
Ril ‘ , 0V instead of -10mV '
9.. RI2 Ogen Drive the output positive | " .03504 3
i, CR1 Open iose w&ag@%v' @@gg}m " .0%504] 3
Short " i,4016 3
i LR2 Soen Iecoryect Pilm PHA lavell  .03504] 2




AT? M3

$YSTEm PREPARED BY 3"30 B RE\? T w:az‘
FAILURE MODE, EFFECT & __LEAM A Lakhani - 112120031 A
) TItn - ZERO corporeren | CRITICALITY ANALYSIS WORKSHEET Dual Sens 1 Blectron. T0132015 Gk 2470 0f GIC]

dala degraded.

FiYie PHA Thrshad, | 16128011 %4 May 1971
" CciRcuiT o8 EAILURE MOOE EFFECT OF FAILURE | —
FUNCTION S END 1TEM SYSTEM ALITY
1. CR2 Short Alters the quiescent level.| Incorrect Film PHAlevel:| 1.4016 | 3
: Probably loge "1 2&&&@ .
. lgvel for. driving T“1. gate.
12. CR3 Open Probably lose the T°L gatd .03504] 3
| | its driving,
% 1s. Z13, Z14, Output Always Loss of PHA data Loss of Filmm PHA 7.008 3
- Zi5 gee experimant.
Output Always PHA data inaccurate. f couracy of Film PHA 7. 008 3
lil'l

1
‘ ‘ e on s o |
LI I Y Y T2 S e



AT D13

e FAILURE MODE, EFFECT & | LEAM "R Lakhani 10120031"" &
() rovie -zere corperation | CRITICALITY ANALYSIS WORKSHEET ﬁﬁ%i@ns 1 Electropitfi?£015 JraceTI 38 o
’ P Peak Detector| “15 14003 *“'g”;%v 1971
CIRCUIT OR = AILURE MO EFFECT OF FAILURE méi gfgifw pr—
 FunichioN ) | END ITEM ‘ SYSTEM Gaip3 | AWTY
1. RIl, R8 Opan Inbalance the im?m& Accuracy of Film PHA 03504 | 3
’ C experiment dograded. - -
2. R2, R4 ‘Open Q2 way turn "on" st high | Probably lose Film .03504 | 3
‘ .  temperature PHA at high temperature
3. R3 - Open Lose the Film peak lLose of Film PHA -93504 | 3
‘ ' detector ocutput - experiment
: ) :
4. RS Open Get overchoot on sutput, ‘Filmm PHA Jdota inaccurate]| .03504 | 3
would Dot turn on a2 fast
5. Rb6 Open Q3 and Q4 may turn “on” Probably 1oz Film PHA -83504 | 3
at high temperature. at bigh temperature,
! 6 Rr? Lose discharge path for Tilm PHA - 03504 | 3
i CZ - 033 may not turn oB. sxperiment
7. R9, R11 Open Loss load decay. 21 Loss of Fili PHA - 03504 | 3
' ‘ euperiment :
{ 8 =i Open Output will not be sys-hren. Film PHA data inaccurate]  .03504| 3
‘ = . . cas with clock. : : :
9. RI12 Open Lengthen the recovery time Film PHA data Insceurate] .03%04) 3
Ilavelop error v suipwt 7
10. RI13 Open Iaersesss s pale Fil:: PHA data inaccurats|  .03504| 3
11, €1 Short Probabiy hold (1A, GZA, | File P72 date erzoneous| 1.0512 | 3
“aff
iz, €2 Short Output may overehoot 2219 3
RS S Short Sows the ontput 219 2



AT )13

| ~ FAILURE MODE, EFFECT & iﬁgm K Tlkhant {20031 "4
(RD rims-zero cormerstion | CRITICALITY ANALYSIS WORKSHEET [Dual Sens 1 Electropl 0122015 __{rofiizg orgglol)
. : _ ’ £ Peak Detect,!' ﬁﬁ%’@@s Mﬂ&f@ May 1971
CIRCHAT OR - EFFECT OF FAILURE §&Hﬁéﬁ§ o
okerion | rawwne mooe e PN ctmc-
oo i | 7 , M S¥STEM . @gﬁ@ 3
13, €3 '  Short Slows the output Lose saccuracy inthe .219 3 »
o | Film FHA data. o
14. C4 |  smort. | GetD.C.leveloutput. | PHA data erroneous 219 | 3
I 15 ¢s 1 short | 024 will remain "off", Loss of Film PHA experi{ 1.0512 | 3
B A - . 7 o over drive QlA ment. ' ‘
16, NiA, QIB, C " Open, Short lose the Film peak loss of Film FHA experi~ 3,504 3
Q24, Q2B : detector output. 7 ment.
Q3
17. Q4 Open | Output data erroneous. PHA date erronecus 3. 504 3
18. Q5. Q7 Open ' Lose the Film peak Logs of Film PHA experid 3.504 3
' » detector ocutput. - ment,
Ghort Cutput will not be synchmau Flm PHA data inacecurate; 3,504 3
' ' ous with clock.
19. Q6 - . Open ‘Lose load decay lose of Film PHA experi4 3.504 3
. . - ‘ I ment.
Short -1 Output will not be synchrog- Film PHA data inaccuratel 3.504 3
F ' -} ous with cloek
20. CR1 . St lose securscy in Film Film PHA dets Insceuratel 1 4016 3
|

I Tt kT | S oS A S it



Al 313

_ [svstem PREPARLD BY ' NO !!a:v A
- FAILURE MODE, EFFECT & | __ _LEAM A. Lakhand 1012003
(ED 7mM8-2£80 corcorcsen | CRITICALITY ANALYSIS WORKSHEET [Duel Sens 1 Electrote 10122015 Pact 37'[0r G0
' ' e pra, BPF  |P96%26016 T4 May 1971
‘ IR FAILURE !
- CIRCUIT OR FAILURE MODE EFFECT OF PaILURE PROBABILITY| CRITIC-
FUNCTION | END ITEM SYSTEM Qrio5 | ALY
1. .Rl N Opcn ' No voltage applied Loss of Mic _ .03504! 3
{ 2. c3 1 short e | | B | 1.0512 | 3
3. R3, 4,5 6,/  Open | Loss of input signal IR - | .o3s04| 3
8. 99 lo! lsl . ‘
18 and 19 ,
] & o2 " Open . | e 3.504 | 3
5. R2, 7, 11, Cpen Partiallossof input signal Mic data not referenced .03504] 3
20 7 - properly
6. Rlz, 13, 21 Open Change ampl. gain Mic data erratic .03504] 3
22 :
7. R14, 17 " Open Changes BPF characteris- " . 03504
tics f
8. Cz2 Short Changes calibration sign;l Will not calibrate properly .219 3
9. R7® Open " | S ] 03504
10. €1, CS, C13 Short | Iossof input eignal - | lossof Micsignal . | .219 3
11. z1, 22 Inpperative " "o 5,256 3
12. C6, C7, C9 Short - Changes BPF characteris-~ Mic data erratic . 3504 3
cl10 tics
%  Outboard of FOIG
!~‘5‘ " $6°% £°5  wel ] o - e T B



AT’ l 3

" Tsvstem FREPARED Y Y
= ) , ; g : 5
| ((BD 7va-28RG cormoreson | cRiTiCALITY ANALYSIS WORKSHEET :‘% Sens 1 Electro °“”§a"fzzoxs_ *’Aﬁﬁ?ﬁ% or_gaiol]
a | (in Mic Thrshid. [ 16928017 Td'Mav g9 |
; . . FRECT R FAELU?E
E CIRCINT OR EAILURE MODE ’ EFFECT OF FAILURE : PROIZABILITY Cﬁﬁ%ﬁm
& FUNCTION | o | END ITEM  ssiEm ] ames | AMTY
' 14. Q3 | ~ Open /1 Mo log decay | Mic PHA data erronecus | 3.504 | 3
| . Shert | Lose accuracy Loss of accuracy in Mic | 3.504 3
s S S ' : _ PHA ezperiment.
15. Q4 Open PHA data erroneous PHA data erronecus 3.504 3
| Short | Lose accuracy Loss of accuracy in Mic 3.504 3
_ , PHA experiments.
16. CR1, CR3 Short . Probably lose Mic PHA Lose of Mic PHA experi- .03504] 3
ment, '
17. CR2 Short ' - Probably no effect. No effect, ) .03504] 4
18, Z1.  Inoperstive Lose Mic PHA Loss of Mic PHA experi- | 5,256 3
- : ’ mme ) -
19. Z13, 214 Inoperative . | Lose Mic PHA ‘2] Loss of Mic PHA esperi-| 7.008 3
' : ment,
L
|
i

B 3 el S . i i



AT} 13

: $)S ‘ s =
_- FAILURE MODE, EFFECT & EEAM R E3Rhani 18120031{"" a
(LD 7178 - ZERO corvoremon | CRITICALITY ANALYSIS WORKSHEET [Dual Bens 1 Electrofo 10122015 PaeILAE  orloiiA
: ; , , = 4
; | | . KA Peak Detec, |*10126026 14 May 1971
CIRCUIT OR ' EFFECT OF FAILURE FAILURE |
FUNCTION FATLURE MODE ~ - PROBABILITY| CRITIC-
. o EMD ITEM SYSTEM Qxig~s | ALY
1. R, R7 | Open Imbalance the input Tose accuracy in the ©.03504 3
= . . Change the gain. Mic PHA data. '
2. R2, RS Open Q2 may turn "on" at high | Possibility of losing -~ | .03504 | 3
: : , temperature., Mic PHA at high tempera-
tul’e. o )
3, R3 Open | Q3 mayturn"on" at high | Possibility of losing .03504 | 3
. temperature. Mic PHA at high tempera-
‘ ture,
4. R4 Open lose the Mic Peak Loss of Mic FHA experi- .03504 | 3
detector output. ment.
5. R6 - Open ' Lose discharge path loss of Mic PHA experi- 03504 ] 3
, o : for C2 - Q3 may not turn ment.
: A Nop' 1
6. RS Open | Get overshoot on cutput. , | Mic FFHA data inaccurate, .03504 | 3 i
7. R9 Open Lengthen the recovery Mic PHA data inaccurats. 03504} 3
o  time - develop error in the ,
g <1 L hort 1 Probadbly bold QlA, Q2A, Mic PHA data insccurate | 1,0512 3 a
off. - :
3. C2 Sheort Cutput imey overshoot Mic Pl data inaccurate . 289 3
10. C3 ghorxt Slows the cutput Mic PHA data imaccurate 1.0%12 3
11, QlA, QIB, Opes, Short Loze the Mic Pesk Toss of Mic PHA experi- | 3.504 3
Q2A, QZB, detector output rrent.
03 _
?v? A2z 8% wsd ) R : i O ? ; e



AT 13

e aswdem wes .

' v SYSTEM PREPARED 8Y 3 ' R2EV ”
OH"  FAILURE MODE, EFFECT & - mﬁm A. Lakhani 120031} " A
(&) rimer- 2870 corvereson | CRITICALITY ANALYSIS WORKSHEET fualSens 1Electrop. 10122015 ot T or 6410
' Cahbratz.on Driver 10125015 T May 1971
IRCUIT ’ . EFFECT OF FAILURE FAILURE ‘
fuNcTioN FAILURE MO0L - - PROBABILITY| CRITIC-.
L . END I_TEM SYSTEM Q0”5 ALETY
' i. ' Rl - Open C1 takes longer time to No effect .03504) 4
S ' : discharge - no effect on - o
circuit. _ 7 .
2. R2  Open LoseA Film 1,2and A,B | No major loss - A Film | .03504| 3
: collector calibxation pulses. 1,2 and A, B collector wlﬂ
- not calibrate.
3. R3, R4 Open Possibility of circuit stop | May lose calibrate pulses| .03504] 3
. functioning at high temperg- at high temperature.
ture.
4. RS Open 1lose A, B collector calibrg- A, B collector will not . 03504 3
tion pulses. calibrate.
5. Ré Lose A Film 1, 2 calibra-| A Film 1, 2 will not .03504] 3
‘ tion pulses. calibrate. .
6. R7 Open Possibility of loosing °| A, B collector may not 03504 3
A, B collector calibration calibrate at high tempera- _
_ pulses at high temperaturg. ture. ' .
7. R8 Open . Probably ze effect - may | No effect, .D3504] 3
S change timne constant oa
pulse duration.
8. R9 Mo poeitive feed back - Lose aceuracy om calibrat  ,03304] 3
AFiim I, and A, B colleg- *
tor will Ewm short calibral-
tion output pulses.
9. RIf, R1% Open lose A Film 3, 4 calibra« .D2504 3
tion pulzes.
B, R, %32 Open Possibility of ¢irouit slop . PE504 3
functioning at high temp.




AT . ‘13

SYSTEM PREPARED BY N0 S Tarw

. FAILURE MODE, EFFECT & M |A. Lokhani 10120031] A .
- . . : . . N A y 4§ o
) TIME - ZERO corcorerion | CRITICALITY ANALYSIS WORKSHEET |DualSens 1 Blectrop, (0122015 Pact GRgor Al
' | &slibration Drives| 10126015 """14 May 1971
‘ | . ‘ EFFECT OF FAILURE | FAILURE A
CIRCUIT OR . FAILURE MODE , - ; _ PROBABILITY) CRITIC=
FUNCTION o END ITEM SYSTEM QuiS | ALY |
11. R14 Open . | Lose B Film and main B Film and main Mic . .03504] 3
, Mic calibration pulses. will not calibrate. : N
32, R15 Open | Possibility of losing B Filda B Film and main Mic may| .03504| 3
o ' and main Mic calibration not calibrate at high temp.
pulses at high temperature.
13. R16 | Open Lose B Film calibration | B Film will not calibrete.| .03504] 3
pulses.
14. R17 Open Possibility of losing main | Main Mic may not calibrate .03504| 3
Mic calibration pulse at at high temperature.
high temperature.
15. R18 Open - | Lose main Mic calibration] Main Mic will not calibrate .03504]| 3
; pulse.
16. R19 Cpen Poseibility of losing B Filin B Film may not calibrate .03504] 3
' : calibration pulses at high | at high temperature. :
temperature.
i ’ .
17. R20 lose B Film @mﬁbraﬁwm B Film will not calibrats. .03504; 3
: pulze. _ :
i8. R21 Cutput pulse will be sarsow. lose callbeation accuracy] .03504; 3
on B Film a2nd mein Mie,
8. €1, €2 Ehort Mo efieet, Mo afipet. i.081z 4
20, C3 Short iogs B Film end mais Mid B Film and mein Mie w401 1, 8512 4
calibration pulses. not calibrats. .
Zi, C4 ! ' Short Clreuit would lateh u@ i, 6912 3

lose A Pilm 1,2 ¢




ATM 3

9&&?&?&?0 8y

SYSTEM &No Tarv
— FAILURE MODE, EFFECT & = nﬁMLEAM ;v Lakhani 6123@31‘ A
(@D mmE 28RO corveronen | CRITICALITY ANALYSIS WORKSHEET |Dual Sene 1 Electrop. “10T22015 1479 o 64
B ETCahbfa%mn Drivez| 10126015 mwi&% May
. o FAILYRE
CIRCUIT OR  EAILURE MODE EFFECT OF FAILURE SaaURE | iTiC-
FUNCTION | | END ITEM SYSTEM Qg5 | AUTY
22. C5 Short lose B Film and main Mic] B Film and main Mic wm. 1.8512 3
: _ : calibration pulses. not calibrate. . »
"23. Cé = Short 5V supply will be shorted Total losa of the LE.AM .219 1
: to ground. experiment.
24. Q1 Cpen, Short lcose AFilm 1,2and A,B| A Film 1,2 and A, B colled- 3. 504 3
collector calibration pulseg¢. tor will not calibrate. ‘
25. Q2 Open, Short Lose A Film 1,2 calibratiqn A Film 1,2 will not cali- | 3.504 | 3
i pulges. brate.
26. Q3, Q4 Open, Short Loze A, B collector cali- 4, B collector will m 3.504 3
, bration pulsas. ealmraée.
27. QS, Qb lose A Film 3,4 calibra-| A Film 3,4 vl not 3.504 3
tion pulses. | calibrate.
28, Q7 Lose B Film and main | B Film and main Mic will| 3.504 3
Mic mﬁbm&%ﬁ@n pulses. not calibrate,
@
2¢. Q8 Lose main Mic celibration] Main Mic mn not cali- 3.50¢ | 3
. pulses. ~ brate. '
30. Q9. Q10 Open, Short Lose B Film c&%ﬂ*& B Film will cof calibrate.| 3.504 3
m.o
31. CR1 Short Probably no effect. No effect. 1.4016 | 4
3z. CR2 : Shost lose B Filn: 222 moain B Filmw apd main Mic will | 1.4016 3
{ Mic calibration pw%wa not calibrate.
i :




ATM 3

“JsvstEm BRLPARZO BY, el
| < FAILURE MODE, EFFECT & - "EfEAM A, La To120034"" A
(LD r7mm-2ER0 corcorevien | cRiTICALITY ANALYSIS WORKSHEET | Sonnos 3 Eleciron.| 10123003 Pact@Dag OF gurfo{]
: ‘ 280 ron. ,
Film Amp, ID 16576018 ¢! May 1971
EFFECT OF FAILURE FAILURE !
| g:?ggfaif FAILURE MODE , - PROBABILITY| CRITIC-
%ﬂ N _ B END ITEM SYSTEM 7 Qxig™5 ALITY
i. Rl Open lose Film Bias Minor effect probably . 03504
: lose efficiency. ) -
2. ¢l Short " " | .07008
3. R3 Open No D,C. path for bias J . 3504
mrent. _ )
4. R4, 5, 6, Changes the smplifie Incorrect Film signa) .03504
10 : gain.,
$. RT7. R12 Open ioss of Film gignal loss of Film ID . 03504
6. C3 Short " n 219
7. Z1, Z2 nope W w | 5. 256
8. R% Raise the gain of cross- . Lose @fﬁsiéncy - 03504
coupled signals to twice <
as high. '
9. RS, R11 | Open Lose the ability to inhibit{ . 03504
: S eroses coupled signals. -
19, C2 Short Lose In-Flight calibration] No effect 1.0512
e eyt S By -



] - T sverem ' FREPARED, B 200 TP
e | | FAILURE MODE, EFFECT & e EAM _jA. Lakhani 10120031 |~ A
«» TIRAR - ZERE corporscior | CRITICALITY ANALYSIS WORKSHEET i;amx 3 Electronich 10124003

’ oise Mic Thrshid, | 10126023 PATE 14 May 1971
; ' EFFECT OF FAILURE FAILURE
ConcTIoN FAILURE MODE - PROBABILITv| CRITIC=
o . END ITEM svs?gg ) Qx5 ALITY
1. Rl o Open Possibility of not inhibiting Probably no effect .03504| 4 |
e - -Mic sigos | | | |
2. R2, R3, 'Open No Mic Inhibit | Loss of accurscy inmoise| .03504] 3
R¢ o | o Mic data.
3. RS, RS, RY, Open | Lose moise Mic threshold | Loss of noise Mic data. .03504] 3
R10, R13 ' | : .
4. B6 Open i 1 Poseibility of inhibiting loss of accuracy in nolise .03504| 3
i all the time. Mic data., -
5. R7 - Open ) No effect - slight offset No effect 03504, 4
6. RI1l, RI2 Cpen . Lose accuracy Ioss of accuracy in nolse .03504] 3
, Mic data.
7. C1 loss of noise Mic threshold ILoss of noise Mic data. 10.512 3
8 C2 loes of accuracy ioss of accuracy in nolss] .219
9. Ql, o2 NoMicinhibdt . . | Lossofaccuracyin - | 3.504 | 3
. Dolse Mic data
Shoxt Lose noise Mic thereshold loss of neige Mic data 3.504 3
6. 2% Inoperative icse noize Mic data Loss of nolse Mic data 5. 256 3
1l. Z4 | B Incperative ! fose noise Mic date. Loss of noise Mic data 7. H08 3
{Cutboard) '
P
i2. CR}, CR3 ! Short Iose noise Mic date logs of noise Mig data . 63504
j g
13, CRz Short Probably no effect Mo effect : . 03504

Poa.ee2é wel
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‘7. Resistor R27

€. Resistor RS

6. Resistor R4

turn ON at high temperatus
and fire the aquib. Mazgin
of safetly is decressed.

Squibs 1, 2 will not fire

Decrezses the margln of |
safety - otherwise no effect
on the output,

Squib 7 will not fire

g Ne effect

Same ag ltem &

¥e Wwee o the @

SYSTEM PAEPARED BY NO T Trev ’
: FAILURE MODE, EFFECT & ~LEAM A, Lakhani 10120031 A E
OWG M ; .
) TIME - ZERO corsorason | CRITICALITY ANALYSIS WORKSHEET| Sqaib Driver 10126005 PAGEBZAE or Lo
rssY - WG No Yd'May 1971
18 : EFPECT OF FAILUR FAILURE «,
gggggo‘:f FAILURE MODE RE PROBABILITY| CRITIC- |
- . . - ' END ITEM SYSTEM . Qrig™5 | AUTY |
Resgistor R29 | Open Squibs 1, 2, 3, 4 will net fire| Total loss of expex’imantr . 03504 1
Ia. ” Resistor R30  Open - - Squibe 1, 2 Mn not fire Instmment over heats. .03504 | 2
: - ' : ‘ 230°F operating or 110" F
non-operating. Degradation
in the potsntial life of the
experiment.
3. Resistor Rl Open Squibs 1, 2 will neot fize -t .03504 2
4. Resistor R2 -Open Decreases the margin of No effect . 03504 4
) safety. The sguibs will sti
fire, howaver, inadverten
because 3! may turn ON at .
higher temnperaturs.
5. Resis@r R3 Cpen Probably no effect, 32 may| Neo effect - 03504 4

. G3504
- 53504 4
. 03504 4

'S W AT £ 7T R




ATM '3

‘ SYSTEM Y 7Y F =
FAILURE MODE, EFFECT & LEAM &, Lakhani 101z0031] 4
CRITICALITY ANALYSIS WORKSHEET| Squib Driver 10126005 PAGEY or &40
N ASSY WG MO %414 May 1971
ey EFFECT OF FAILURE FAILURE N
imgoﬁ FAILURE MODE. PROBABILITY] CRITIC-
it L ’ END ITEM SYSTEM xig-3 | AMTY |
‘ i ; 7 Qx 10 i |
9. Resistor R6 | Open Squib 2 will fire incorrectly No loss to the experiment | .03504 | 4
1 10. Resistor R7 Ope;nf' - No effect No lozs to the Wri:mm « 03504 4
11 Registor R8 Open | Squib 2 will not fire No loss to the experiment . 03504 4
! 12. Reeistor R9 | Open Squib 2 will not fire No loss to the experiment | .03504 | 4
13. Resistor RI0 | Open Decreases the margin of | No loss to the experiment | .03504 | 4
safety, May fire Squib 2
incorrectly.
14, Resistor R11 | Open o No loss to the expseriment | .03504 4
i5. Resistor R12 | Open Squib 2 will not fize No lose to the experiment -03504 4
16. Resistor R13 | Open No effect - sxEpsriment - 03504 4
17. Resistor R33 | Open No effect “| Noloss to the experiment | .03504 | 4
Showt T | Squib 2 will not fize No loes to the experiment | .219 | 4
Short Place heavy load on +12v | Total loss of the experimedt . 219 1
supply. Sguibs 1,2, 3, 4 will _
not fire.
I 20. Copacitor €4 | Shoxt Zauids 1,2 will not fire Samve 2s Item 2 . 219 2
T7 Aeiia l Gorit

T T | o, T e

© ey s



ATM 13

SVSTEM PREFARED BY NO aie
= O ~ FAILURE MODE, EFFECT & If;%M A, I;éakhani 101 cvy3l .
QD 718 - ZBRO corsercron | CRTICALITY ANALYSIS WORKSHEET| Squib Driver | 16126005 Pace @448 or GA[o
: ASSY DWG NO DATE
14 May 1971
| | EFFECT OF FAILURE FAILURE
CIRCUIT OR  FANURE MODE _ PROBABILITY| CRITIC- §
-PUNCTION | END ITEM SYSTEM Q=S | AUTY ¢
121 istor Q1| Ope: Disables Squibs 1,2 ‘Same as Item 2 3.504 | 2
21. Transistor Q Sg?t Figs Sé % n“z too soon Caéﬁ@cm em!?a dust«no
) ‘ ' major logs - 3. 504 3
22. Transistor Q2| Open Disables Squibs 1, 2 Same as Item 2 3.504 2
Shoxt Fizres Squibs 1, 2 too scon Collects extra dlut.No
major loss 3.504 -3
23. Transistor Q3| Open ‘Fires Squib 2 too soon Collects extra dust, No
: v Major loes 3. 504 3
Shozt Disables Squib 2 No effect. Main squib still
operating 3. 504 4
24. Treansistor Q4| Open Disables Squib 2 o effect . 3.504 4
Short Fires Squib 2 too soon Collscts extra dust.Neo
major loss 3. 504 3
25. Transistor Q5 Open Disebles Sqguib 2 .+ | No efisct 2. 504 4
. Short Fizes Squib 2 7} Collects extra duet. MNo
, major loss 3. 504 3
26. Diode CR1 = | Short ~ Decreases the margin of | No effect 1.4006 | 4
’ - safety at high temperature, A
27. Diodes CR2 Short Disables Squibs 1,2 Same as lem 2 1. 4016 .
i
i
|
]




- ) - . . . [ R ATM “.5

] . ’ SYSTEM FAEPARED BY M% . |REV
S - FAILURE MODE, EFFECT & | LoAM 10120031 A
) TIMIE - ZERO corcoreeon | CRITICALITY ANALYSIS WORKSHEET| Squib Driver PAGE 4HZE0F G lol]
. : ASS Y . DATE
, 14 May 1971 2
- EFFECT OF FAILUR FAlLURE
CIRCUIT OR FAILURE MODE _ Of FAlluRe - PROBABHITY] CRITIC |
FUNCTION- | | END ITEM | svstem . Quigs | AUTY |
Diode CR3 Short o No effect on the output ‘No effect . ] 1.4016 | 4
29. Diode CR6 Short . No effect on the cutput. At No effect ] e - 1.4016 4
' o . high temperature decreases . - ‘
the margin of safety
30. Diode CR7 Short ' Disables Squib 2 No effect =~ 1.4016 | 4 -
31. Resistor R31 | Open ‘ Squibe 3, 4 will not fire Total lose of the experiment .03504 |
. _ : ‘ dust cover cannot be removed
32. Registor R14 | Open - Squibs 3, 4 will not fire " . 03504 1
33,, Resgistor R15 | Open » ‘Decreases the margin of No effect . .03504 4
safety. The squibs will sti
fire, however. inadverten
because Q6 may turn ON at
higher temperature. ) _
34, Resistor R16 | Open | Probably no effect. 06 may| No effect | | .03504 | &

- ' turn ON at high temperature
' ' and fire the sguib. Margin
of safety is decreasged.

AV YNTL L V) PSS U sttt U



ATM 3

a FAILURE MODE. EFFECT & | LEAM A. Takhani gﬁ%um)sa A
(@D 71m8-2ERO corooresin | CRITICALITY ANALYSIS WORKSHEET| Squih Driver | °T0195005 8¢ o
} | sy w6 MO 244 May 1971
. - EFFECT OF FAILURE FATLURE
CIRCUIT OR FAILURE MODE - ~ v PROBABILITY] CRITIC- {
FUNCTION END ITEM SYSTEM Qxio-5 | AMTY |
35. Resistor R17 | Open Squibs 3, 4 will not fire Total loss of the experiment .03504 | 1
' 1 : dust cover will not be ‘ ' :
_ removed
36. Resistor R18 Open Decreases the margin of No effect . 03504 4
‘ , : - safety - otherwise no
effect on the output.
37. Resistor R19 | Open ‘Squib 4 will not fire No effect . 03504 4
38. Resistor R20 | Open Squib 4 will not fire No effect . 03504 4
39. Resistor R_zl Open No effect No effect - 03504 4
40. Resistor R2Z | Open Squib 4 will not fire No effect . 03504 4
41. Resistor R23 | Open Squib 4 will not fire No effect . 03504 4
42. Resistor R24 | Open Decreases the margin of No effsct . 03504 4
' . safety, May fire Sqnib 4
L incorrectly. _
43, Resistor R25 | Open "o | ‘ No sm - 03504 4
44. Resistor R26 | Open Squib 4 will not fire Ne effect . 03504 4 .
|
§
4

€. 2

toe. Fow  amad
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013

A
A, SYSTE PaEPa ‘ REV
— FAILURE MODE, EFFECT & : }EAM f‘; :ﬁ‘ 2khant 0120031 A
(LD 712850 corooreson | CRITICALITY ANALYSIS WORKSHEET| Dquib Driver 126005 PAGE M 81l
2SS Y DWG NO 2
~ CIRCUIT OR FAILURE MODE PROBABILITY| CRITIC-
» gr FUNCTION END ITEM SYSTEM Qxip~5 | ALTY
45. Resistor R28 | Open No effect No effect .03504 | 4
46. Resistor R32 | Open - No effect No effect - .03504 | 4
§ 47. Capacitor C2 | Short Squib 4 will not fire No effect . 219 4
48, Capacitor C5 | Short Squibs 3, 4 will not five Total loss of the experimernt .219 1
. dust cover will not be '
removed,
49. Transistor Q6| Open Disables Squibs 3,4 1" 3.504 1
Short Fires sq;figs 3,4 Collects extra dust, no
major loss.
50. Transistor Q7 | Open Disables Squibs 3,4 Total loss of the experiment 3.504 i
' dust cover will not ize
_ removed,
Short Fires Squibs 3,4 too scon Collects extra dust. No
21 major loss 3. 504 3
51. Transistor Q8| Open i Fires Squibs 4 Collects extra dust. No o
o major loss 3. 504 3
L Short ks Dizables Squibe 4 Total loss of the experimeﬂ 3.504 1
52. Tramsistor Q9 | Open Disables Squib 4 No effect ) 3. 504 4
| Short Firee Squib 4 Collects extra dust-no
, major loss 3. 504 3
£3. Transistor 14 Open Disables Sguik No effect 3.504 4
Shorxt Fizes S»qm&% 4 Collects extra dust. No 3.504 3
major loss,

ET. A apaln wab
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TP Acts2 [ w8}

) ) Y Y@ﬁ M FREPARED BY MO : REVY
- FAILURE MODE, EFFECT & - i’ m’; iué"mer 10120031 | 4
J TIME -ZERO coreoresen | CRITICALITY ANALYSIS WORKSHEET| Power Supply | 10121001 race A0 or phjog
“Pre-Reg. 10128002-1 OATE "} 4 May 1971
' EFFECT OF FAILURE ' FAILURE
cchggdo : FAILURE MODE ' - PROBABILITY| CRITIC-
FUNCTION END ITEM SYSTEM ‘QrigS | AUTY

s 4

Qi Shoxt Keep start volts applied Minor power loss 3. 504 4

R3 Open - " " | 03504 | 4

CR4 ' Short " " 1.4006| 4

R2, 5, 6, 8 Open Shifts operating point of Q} Nomne . 03504 4

CR1, 2 Opsn No reverse voltage pro- None . 876 4

: tection :
CRI1, 2 Shozt None, the other dicde
' blocks None 8.76 4
2
.®
|
|




AT M3

SYSTEM PREPARED BY !INO e A
e FAILURE MODE, EFFECT & EN%%QM 1;\; Lakhani 0120031 ..
(LD 7imE- 28RO corporsson | CRITICALITY ANALYSIS WORKSHEET| Squib Driver  |TOT20005 ract 52880 4f wiﬁ
ASSY BwWG NO baTE §4 May 1971
‘ ’ EFFECT OF FAILURE ' FAILURE
i:fgg;f&? FAILURE MODE e ; .| PROBABILITY| CRITIC= |
- END ITEM o . SYSTEM Qnio™S | AUTY
54. Diode CR4 | Short No effect on the output No effect ‘ 11,4016 4
55. Diode CRS5 Short - " | No effect on the output, | No effect . 1 1.4006] 4
: s at high temperature - ' ‘
decreases the margin of
‘ safety. ‘
56. Dicde CRS Short Decreases the margin of No effect : 1.4016 4
’ ' safety at high temperature]
57. Diode CR9 Short Disables Squibs 3,4 , Total loss of the experiments 1. 40616 i
: B - dust cover will not be
removed,
58. Diode CRI0 | Short . | Disables Squib 4 A No loss to the experiment| 1.4016] 4
. g
q -
Y 4 s34 =tV .



AT ;‘;!)33

J : SYSTEM G No [aev
: ~ FAILURE MODE, EFFECT & . %Enﬁ%M ._Comer 1020031, A
) TINB - ZERO corsoretion | CRITICALITY ANALYSIS WORKSHEET [Power Supply 10121001 race 5889 0r GAlof
%%'»Re§ | 1128802-1 4 May 1971
‘ : EFFECT OF FAILURE FAILURE
ﬁgfgggoo: - FAILURE MODE PROBABILITY| CRITIC-
END ITEM SYSTEM Q=x10-5 ALITY
Rl, 4, 9, 10, 14, | ,
11 Open _ Power supply wm not tum Total lose of experiment .03504 | 1 -
_ ON or turn OFF R ' ' :
CR4, 8, 9 Open " " 1.0512 | 1
Ql, 2 3 4 Open " " 3.504 1
Jors Short " " 1.4016 | 1
CR3 Short o 4 1.4016 | 1
Q2, 3, 4 Short All voltages are unregulatefi Almost complete loss of 3.504 2
. experiment '
CR7 Short Change current of referench "
diode o 1.4016 | 2
@12 | Open No sync, elgnal may =] Increases losses, . 03504 2
2 Shorxt go into series regulation. regulation power 2

1.0512

7 At {7



AT 013

SYSTF;;M PREPARED 8Y NO / REY
5 , FAILURE MODE, EFFECT & _LEAM J. Comer 10120031 | A
) - o i LY : s M
TIMB-ZERE corperssion | CRITICALITY ANALYSIS WORKSHEET| Power Supply 110121001 ProiFl sy o psio
AS8Y ) -
Surge Limiter | 16132027 PATE 4 May 1971
EEFECT OF FAILURE
ﬁgsggé‘:: FAILURE MODE OF FAILURE PROBABILITY] CRITIC-
. END ITEM SY:%?EM Q=03 ALITY .
1, Q2 Open No voltage applied Complete loss of experi- Q1=3.504 | 1
| ment o N2=157. 68
RI, 2, § Open | o " .03504 | 1
cl - Shozxt g " .219 1
CR1 Open " " .03504 1
Ql, Q2 Shozt Surges Not Limited Nil 1=3. 504 3
| 2=8.76
cl Open " . .0438 3
CR1 Short Increases losees " 1.4016 3
R2, RS Open NoI_ . path Noane 03504 | 4
S
[

v r sam fer met




AT 13

I 2 2 asplD et

SYSTEM PREPARED BV NG - gEY
i . . D ITEM W N P R
CRITICALITY ANALYSIS WORKSHEET |Power Supoly - 10121001 :As:mw of G4l
k4 A
Surge Limiter  |10138027 14 May 1971
‘ FEECT OF FAILUR FAILURE
CIRCUIT OR FAILURE MODE EFFECT OF FAILURE : : PROBABILITY] CRITIC-
FUNCTION END ITEM SYSTEM Q= §@°5 ALITY
r —— ,
1 0Qla, 1b,2,3, 4 Open or Short No cutput of oscillator Complete loss of experi- 3. 504 i
. - men

R1,2,4,5,6,8,10 | Open " " . 03504 1

Cl,3 ' Open & " 1=1.752 1

» 3=, 0438 1

cl, 3 Short " " 1=10512
3=, 219
89 £

Open .03504 1

R2, 3 Open Shifts Freq. May cause some interfererce . 03504 3

R9, 11 ‘open No path for I, - None . 03504 4




1

AT 13

PYSTEM PREPARED BY M, " %
o FAILURE MODE, EFFECT & eu%%?m J. Cgmer 10120031
v. - . L ITEM - DWG M 2
((QD 11mE-ZBAO corvoreron | CRITICALITY ANALYSIS WORKSHEET| Boar Supply 10121001 Pace 93 g or o
ASSY ’ Dkig
F. F. Dgiver. | 1012600] May 1971
\ : EFFECT OF FAILUR FAILURE
CIRCUIT OR FAILURE MODE CTOF FAILURE PROBABILITY| CRITIC-
FURCTION END ITEM SYSTEM Qxio"S ALITY
Rl Open No voltage applied to T2 Totalbes of experiment . 03504 1
RS, 4 o Open No voltage applied to Z1 " | . 03504 1
CR1 Short " " 1. 4016 1
R2, 3 Open Ql, 2 inoperative - " .03504 | 1
T2 Cpen Winding " " 52.56 1
T2 Shorted Winding " " 52.56 i
Ql, 2 Open or short No drive signal " 3. 504 i
CR3, 4, 5, 6 Open Raises current limited Minor - . 03504 4
point ‘
Shoxt No current limiting L " 1. 4016 4
cl Short No current limiting | 1.0512| 4
H R10 Open " No current Mmiting "o .03504 | 4
|

DT TR OWMBREE T .

e SYMSTISRR SR T N




AT "‘*013

; SYSTEM PREPARED BY REV !
s | FAILURE MODE, EFFECT & ~LEA J. Comer 19120033 A
(&) 718 - 2ERG corcorecin | CRITICALITY ANALYSIS WORKSHEET Povex Supply 1612%001 ract 56or b1ic]
S F. Driver 116158001 BATE 14 May 1971
EFFECT OF FMM)RE : FAILURE
?ugéfggo? FAILURE MODE , PROBABILITY| CRITIC-
o END ITEM SYSTEM Qx5 ALITY
!4, 3 Open No current limiting Minor 3.504 4
CR2 Open " " 1.0512| 4
RS, 6 Open " " 03504 | 4
R9, 7 Open_ Nol_,  path Nil . 03504 4
Q3, 4 Shozt No power supply output Total loss of experiment 3.504 1
”

& e
T7 4. 54w 09w
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SYSTEM PREPARED 8Y Nf S Trev
—g FAILURE MODE, EFFECT a e AM J. Comer 012003}
(D 11148 - ZERO corsoresen | CRITICALITY ANALYSIS WORKSHEET ‘
. ASSY BWG NO
EFFECT OF FAILURE
CIRCUIT OR FAILURE MODE : v PROBABILITY] CRITIC-
FUNCTION END 1TEM SYSTEM o Qrig-S | ALITY

ﬁ CR1 o Short | Causes Q2 to fail Totalbss of expex’imsnft 1. 4016 i
LS ' Open : No output voltagea i o 31.536 ,~ 1
c1, 2, 12, 13 Short mo " | 219 1
R3 | Open " " : | .o3s04| 1
RS Open Shifts freq. of operation Minor : : A . 03504 3
Rl Shifts current limit Nil 03504 | 4
T3 No current Hmiting “ 22.77 4
Ql, 2 Open or Shozxt Converter Inoperative Total loss of s@crlmcnt 157, 68 1
T3, T1 Open Primary ‘ " - " 87.6 i
CR4, 5. Open - 1 Increase Losses 21 Major degradation . 03504 2
CS Shozxt . Increase losses and curren Total loss of experiment . 219 . i

~ -] limits ' I _ ' '

T ‘ Short Secondary " : Total loes of experiment 61.32 ] 1

TP & s 7 med [ SO S - N X o e+ ot et et o ove Ry 3 g, e S A g SO S
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LR W P

SYSTEM PREPARED 8Y N0 REY .
FAILURE MODE, EFFECT & ‘ﬁ%_ Dwi.Ng;omer 10120031 %W,
§)) TIME -ZERO corsreson | CRITICALITY ANALYSIS WORKSHEET ) Pacifosd  or IO
ﬁé&er Sl}_ggly wpdfz1001 QME@ May 1971
EFFECT OF FAILURE FAILURE
i:fgg;:o‘:f FAILURE MODE - . PROBABILITY| CRITIC-
EMD ITEM SYSTEM Qx5 ALITY
C4 Open Increases losses in pre-~ Major change in voltages . 0438 2
’ regulator : * ‘
R4 Open " " . 03504
CRZ, 3 Short " " . 03504 1
c3 Short P. S. Current Limit Total lose of experiment . 219 1 H
Ti Open Secondary 4-5, 516 Shifts regulation Minor 35.08 -3
CR 2.3 Open Shifts regulation Minor .03504 | 3
T1 Open 7-8, 8-9 Lowers +24v Minoz 35.08 3
Open 15-16 Will not fire squib Total loss of expériment 35.08 1
Open 10-11, 13-14 Lower -7.5 volts Minor 35.08 3 |
a2
Open 11-12, 12-13 Lower 5 volts Erratic operation of axp. 35.08 2




AT) 013

SYSTEM PREPARED BY A REV A ‘

FAILURE MODE, EFFEC, < —LEAM J. Comer 10.<0031 .

TIME - ZERO consorerion | CRITICALITY ANALYSIS WORKSHEET ’ Pacef]6L  or GAc]
__"Power Supply > 01%1001 PATE) 4 May 1971

EFFECT OF FAILURE FAILURE
C'm’;m FAFURE MODE PROBABILITY| CRITIC-
vm;gﬁ_}’_} » END ITEM SYSTEM Qxig™5 | AUTY
; Lo .“. 5 > . 2y & % 2
fcre,7 Short ‘No.t 5 volts Total loss of exp. 1. 4016 1
L2 Open r 31.536

C.6,8 Short u n .2191 1
CR 6,7 Open Lowers 5 volt output Partial loss of exp. . 03504 2
CR 8,9 Open Lower -5 volt cutput 1 . 03504 2
CR 8,9 Short No -5 volt output Total loss of exp. 1.4016 | 1
L3 Open e " 31.536 | 1
C7. 9 Short " " .219 1
L4 Open No -7.5 volt cutput Partial loss of exp, 31.536 2
CR 10,11 Open Lower -7.5 volt output u .03504 2
clo, Cl1i Short P. S. Current limits Total loss of exp. .219 1
CR10-11 Short -~ " " 1. 4016 i

$F ¢ 2173487 s
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A
SYSTEM PREPARED BY N -
FAILURE MODE, EFFECT & " LEAM A. Lakhani 10120031""A
) TIME - ZERQ corsoreson | CRITICALITY ANALYSIS WORKSHEET[FOF Converter | 161%%b004 PaGEAALE oOF (L 1
ASS Y DWG NO DATE 14 May 19?1

CIRCUIT OR
FUNCTION

FAILURE MODE

EFFECT OF FAILURE

FAILURE o
PROBABILITY] CRITIC

END ITEM SYSTEM Qxip-5 | A
1. R1, 13, Ri4 Open Ql will be not conduct loss of TOF experiment. . 03504 3
2. R2 Open Q2 will be turnéd "off" no Loss of TOF exper‘iment.‘ .03504 | 3 |
. girre_nt flow to the imput of )
3. R3 Open Changes the input offset Lose accuracy in TOF . 03504 3
to 21, data. -
4. K4 Open Changes the input charactes- Probably lose TOF experi} .03504 | 3
istic to Z1 - ment,
5. RS, R10 Open WwWill hold Q3, Q4 off. Loss of TOF experiment. . 03504 3
6. Rb6 Open Q3 may turn "on" at high TOF data erromeous. .03504 | 3
temperature. . »
7. R7 Cpen Q4 may turn '‘on'" at high": TOF data erroneous. . 03504 3
_ temperature. _
8. RS, RY Open Lose FET drivers. Loss of TOF experiment. | .03504 | 3
9. RIl Open Lose . -5V to Z1 and Z2 Loss of TOF experiment. | .03504 | 3
10. R12, 15 Open May change offset condi- lose  accuracy in TOF .03504 | 3
tions. data,
11. R16, R17 Open Lose Z2 offset null Lose accuracy in TOF .03504 | 3
' data.
12. R18 Open Losge the threshold Losg of TOF experiment, | .035041 3

detector input,

Y7 At i.‘la!j\
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SYSTEM PREPARED BY ] REV A
FAILURE MODE, EFFECT & LEAM A, Lakhani 10120031
) TIME - ZERD corsorson | CRITICALITY ANALYSIS WORKSHEET| TOF Converter 10128804 mosIE or GAlon
ASS Y PWG NO DATE
14 May 1971
EFFECT OF FAILURE : FAILURE o
FUNCTION fND ITEM SYSTEM Qxio-5 ALITY
13. R19 Open 7 lose D,C. Current Path No effect .} .03504| 4
14. R20, R21 Open : Lose Z1 offset null | Lose accuracy in TOF . 03504 3
‘ . ) 7 data.
15. R22 : Open Changee offset conditions Lose . accuracy in TOF . 03504 3
to Z1. ] -data. '
16. R23 Open Lose TOF output. Loss of TOF experiment. .03504 | 3
17. R24 Cpern Lose TOF output. 1oss of TOF experiment. . 03504 3
18. C1 Short Changes input character- Probably lose TOF exper -10.512 3
istics to Z1 iment,
19. C2, C3 Short Q3, Q4, will have extra Minor loss in the accuracy, 1.0512 3
base charge when the input
is low, :
20. C4, C6, C7 Short Lose capacitive coupling. | Probably pick up erroneocug 1.0512 3
* data.
21, C5 , Short .| S5V supply will be shorted | Total loss of the LEAM 1,0512 | 1
- - v to ground (through 12 ochm | experiment.
resistor)
22. 21, z2 Inoperative Lose TOF output loss of TOF experiment 5.256 3
23. Ql, Q2, Open, Short Lose TOF output Loss of TOF experiment 3.504 3
Q3, Q4 : , :
!
24, Q5, Q6 ‘ Open l.ose high current Pull - Probably lose TOF data, 32,504 3
up probably !oose FET
driv@-
Short Lose TOF oubpuf loss v LUF mapsrunest, ) 3. 504 3
I ——— , ‘ S A —— T
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‘ SYSTEM PREPARED BY . NO REV 4. :
FAILURE MODE, EFFECT & _oEAM A. Lakhani A
TIME - ZERO corcorezon | CRITICALITY ANALYSIS WORKSHEET| TOF Converter 10186004 race &% Jopor EXfo,
ASS Y DWG NO DA714 May 1971 |
EFFECT OF FAILURE FAILURE
i:f:ggooNR FAILURE MODE o PROBABILITY] CRITIC-
: END ITEM SYSTEM Qx10-5 ALITY
25. CR1, CR8 Short No effect No ef fect : 1.4016 | 4
26. CR2, CR3 Short Q3, will not turn "on" Loss of TOF experiment. | 1.4016 3
- 27. CR4, CR11 Short Q4 will not turn '"on" Loss of TOF experiment. 1.4016 | 3
28. CR5, CRé6 Short Lose high current Probably lose TOF data 1.4016 3

Pull-up capability
Probably loose FET drive.

29. CR7 Short | Lose TOF output Loss of TOF experiment 1.4016 3
30. CR9 | Short Pick up erroneous signal TOF data erroneous 1.4016 3

31. CRI10O Short Lose clamp to threshold No effect. 1.4016 4
: detector.
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