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Conclumioxus 

P S = • 7854 (Total System) 

The failue modes, effecta aDd criticality analysb, hae ehowa tlaat 
there are 19 smsle point failurei!B. Most of these f&Uurea are m tlu. e1emeau 
that are in series with the whole experiment. For inatance, the ~r 
supply w.bsystem. if thb fails the whole experiment b l~Jat. T~ omy way 
to overcome thi111 loss hl to fabricate a redundant power 1upply. How•ve~, 

this is impractical •ince thh will add to the sise and weiaht of th• •yljtem. 
Abo, the design seal power requirement of 3. 0 watts wUl not iHrl acbi•ved. 
The discrete components which are part of the total einsle point f&Uul'ea 
have very low stress levels. The stress ratio on each of th••• compc-ellt• 
is less than 0.1. ltedtmdancy on these compounts would help i'..OQce the 
overall criticality of the experiment, however, the low etre•• ratio weilbt 
overruJ.,e the posldbiU.ty of redundancy. All of the111e factor .. will be coa
sidered for Qual &Dei flight W'lih in order to :nb:Um!se the f!Ulurea aDd 
increase the overall reUabUity of the lll)"llltem. 

The lleliabiU.ty Aulytd• has been perlorm•d on tn. ayatem 'GDde.r 
four conc.Uticms: 

1. Total System, with 100% of the data being returned, aDd aU 
housekeepbil function• being performed. 

2. Total Syetem -.,itb aU houaekeepms functtona omitted. 
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3. Total Syatem with the «dn1le 1enaor omitted for u 80~ l'etu'D of 
the data aDd with all houe ekeepmc functions bema perfOI'me4. 

4. Total Syltem with all hou1ekeepin1 f\mctiona awl the •lDil• 
1enaor omitted. 

A Failure M~e, Effect aDd Criticality Au.lyell (I'MECA) waa ~r .. 
formed in order to determine those potential !allue mode• aaaoclatecl 
with the design, occurrence of which could reeul.t in experiment .faUu•· 
The analysis presented herein h intended to dbcover critical fallur_e 
areas and present a poaaiblf: means of removing the failure from the •J•• 
tem, either by d.etdgn or operation. The analysis highliahts a.rray atnal• 
point failures, that b, a failure that could fail the experiment. 

~,. 

The aMlyeie was pe.dormed at two levela, ayatem level aDd block 
level. r' 

l"or analyaie at ayetem level a failure of a "block" of tM IJatem le 
a111aumed. and the effect of We failure i• related. to the ayatem. 

For block level analy111il, failure of a com.poD•Ilt ~l't of tM Mock 
ill aaan.uned and the effect of tbilll failue 11 rolatod to tbat block. The 
followinl four eate1ories were u•ed to identify the crit!calitJ of the fall\lzoe. 

1. Criticality 1 - A f&Uve that reaulta ill the 101111 of 1 00~ of the 
expected data 

2. CriticaUty 2 .. A faUve that rellmlu ill tho loaa of more tllaa 
50" of the expected dab. but lea a than 100,. 

3. C.riticality 3 -A failure that results m the 101111 of le1111 thaD. 
50fo o4 the expected data 

Any fa!k\re tbat reault& in the loa111 of 50% or more o4 the upected 
data b defined as single point faUure. AU aingle point failure• fall iDto 
the Criticality ranking 1 and 2. AU failures that fall in thia cateaory wiU 
bcb reviewed and if poaaible corrective action or alternate mod• o4 opezoa.. .. 
tion will be maitituted to mbdmize the loa a. 
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The value of failure probability was calculated aMJ follow•: 

-5 
F.P. = QxlO 

Q =a);. T 

where, 

a = Percentage of thb type of failure, (Open or Short) 

);. = Failu.re rate (10 -S failures/hours) 

••·• = F. P. = (ax );. x T). 

Summary of Data 

The single thread .reliability block diagram, Figure l ia preaented 
in the following rnasmer: The number appearing in the lower left corner 
is the number of times the circuit appears within the LEAM. l'h® num
ber in the lower right corner ie the subeyatem failure rat•;~ which is th(l 
product of the number of times the circuit is used within the L~.\ 
and the failure rate of the circuit. Thoee circulta which a.re atJ~te.lrieked 
are the houaekeeping function• which are excluded from ·conaiihu ... ~tio.>:1 
~uring the analysis. 

Table 1 i1 a 'capitulation of the major 1ubeyetun1 with. app~:opriate 
failure rates. The two figures at the bottom line are: 

1. );. or failw:e rate 

z. P S probability of success for 17520 HI's of operatioD. 

In Appendix A, are the detail reliability analysle, ehowma total 
quantity of parts used within each subsyetem. the individual faUurtt 
rates and the total subsystem failure rate wld.eh is used in the deter
mination of the probability of success. 

Appe!ldix B •howe the ftetaUetl aaalyeis of AiJSumetc:! failure modes 
of blocks of the eystem aDd lte effect on the ay~tem output. Al•o. it 
presents the acununed failure aodee of component parte of the block 
and ita effect on the block output. 
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The value of &.Uve probability wae c&leulated. ae follow•: 

-5 
F.P. = Qx 10 

where, 

a = Percentage of thie type of failure, (Open or Short) 

>. = Failure rate (10 "' 8 faUvee/bo,u·~) 

:·. = F. P. = (a x "' x '1'). 

The eiqle thread reliability block tti&lram.. Ftpre 1 b pre•.-.d 
in the follcnri.Dg rnauner: The number appear me m the lowor left. coi'Dtir 
is the number of ti.rnee the circW.t appear• within the L.EAM. TM INhl.~ 
ber in the lower rilht comer itll the eubeystem fallure l'ate wbicll ia ttv.l 
product of the number of .timelil the circuit b uescu:i witbin tbe LE.~Wlrt 
aDd the failure l'&te of the circuit. Tboee circuit• wbidl are a•w.rl•ll'ed. 
are the hou•ekeurpmg fwu:tions which •u·e exclw:led. lrom·cc;wakluatiolll& 
. ~uring the awyeb. 

Table 1 ie a 1capitW&tion of tho snajor eubeyet.me wltb app.roprWe 
failure ratee. The two figure• at the bottom llD.e &l"e; 

1. >. or faUve rate 

2. P S pl"ObabW.ty of ••~c••• for 17520 &a of opera~• 

In Appendix A, i.re the. d.et&U rell&bw.t, ualyall, •Jaowia& total 
quantity of pa.rt-' uaeci w!thlD each eubsystem_ the IDcUvldual fallve 
rates and the total aubeyatem failure rate wldeh ie uaecl in the detelr .. 
mination of the probability of suecea s. 

Appe~iz B ehowe dw d~e4 ualyeie of aeaumed fallve moctee 
of block• of the eyetem aDd it1 effect on the ey~tem outpat. Alao, tt 
preeenta tbe asaumecl failure modes of component pane of the block 
and its effect on the block ov.tJNt. 
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ATM :UU3 

Total 1Au wt~~e Lea• SlAJlca Se'A~f.:'r & 
~au ·sxem Houekeef!nA ~J!e.S!!~~.!!. 1 !Aiht Hotttf.~l!rf.'~r.~~¥):~r'r:~!JZ - ll'!~~~lWbc"'.AwrA~--;;1~Y,l,.'""'i':i>!~~ 

Power Supply 115.03 115.03 .u~4o:s P15,.0J 
Peak Detector 78.15 78.15 6Z.5Z 6~.5! 

PHA Threeho14 20.76 Z0.76 20.76 Z0.16 
Det. 

T. ofF. Cc:anrtu 11.14 17.14 !1. h\ 11.14 
Heater Control 20.6! 20.63 20.63 Z0.63 

Clock Osc. 11.63 11.63 11.63 11.63 

Temp. Multi. '16. 25 16.25 
Engr. Multi. 11.0! 11.03 
Collector Ampl. 69.28 69.28 69.28 69.~3 

Calibration Driver 56.64 37.76 
Mic. BP FUter Z8.3Z Z8.3Z 9.44 18.88 

Main Mic TD 22.52 Z2.52 22.52 z~.sz 

Film Amp!. 72 7Z 12. 12. 

ID Threshold Det. 179.52 179.52 179.52 179.52 

~um Ampl. s. s. 8.16 8.16 
.Jollect. Ampl. s. s. !.70 3.70 
Th. Det. S. s. 1.11 1.1'1 

Noiee Mic., T.D. 8.21 8.21 
Cal. One-Shot 5.62 5.62 
Signal Cond. . 9.26 9.26 9.26 .CJ.Z6 
Mic., PO 13.22 13.22 6.61 6.61 
Filt. Networks 3.91 3.91 3. 91 3. 91 

Dual Sensor 

Filt. Networks 1.80 1. 80 
Single Sensor 

Alsep Interface 32.60 32.60 so. so !0.80 
Clock, Power OD. 5.13 . 5.13 5.13 s.ll 

Reset 

Logic, Film DuJ 16~.00 166.00 166.00 166.00 
Sensor 

Logic, Collector 51.00 51.00 51.00 51.00 
Time of Flipt 69.00 69.00 69.00 69 .. 00 

Logic 

.TABLE 1 
MAJOR I~SYSTEM FAILURE RATES -



Total 
um.t §.n!!m -
Mie & Data TI'US• 52.30. 

fer No. 1 

Mlc & Data sa. so 
Trusfel' No •. 2 

Lope FUm s. S. M.75 
s.s. Lope N.OO 
Ccmt:rol s.s. Z1.36 
Ma.iD We. 4.11 
Calibrate Lope U.ll 
A!W.o1 Output Lope 19~31 

-~---

Totml y • 

·,·~· p • 
e 

I I . 

1316.36 
. .,...__:,I U 1• 

.7854 

IAIIII W88 
Howtekee2!!1 Sh\gl' Sensor 

53.!0 

5Z.SO 

14.75 
M.OO 
11.36 
4.11 4.11 

1062.21 
.111 ££ 
.1303 

15.18 
19.31 

J.ZZ3. 63 

.11' II 

.8061 

• 

950.62 
.. z lDI~ 

·"'" 
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_ TINIIlr •ZSift:l ~·'*"' 
EQUIPMENT er .... -• .10121001 ~ 

._, 
CUSTOMESt end!x =I 

CIRCUIT PART/IYPI NO. DESCRIPTION QTY " 10 .. 8 
TO~~ ~~ ~ 

SYMBOL FAALURES/HR ------1 
C( ) )439003/01 - ( ) Capacitor, T&Dt&lum 14 ' o.os 0 .. '1'0 li 

C( ) M39014/( ~ . ( ) Capacitor, Cer&~mcll 6 o. 20 l.2t) ~ 
~~ 

R( RCR05,20 aemto,.-, Comp. M o .. (IN~ !;i 

) 0.04 I 
R( )· RNC··H Beeleto:r, Film 14 O.Zl ~. q-.~ I CR ( ) S1N5417 Diode 1 1.00 ,. • ()It' 

CR ( ) S1N4938 Diode 19 0.30 5. ,.,, I CR ( ) SlN753A, 759A Diode, Zaer 3 • 90 ?..70 
1J : 

CR 30 W4568A Diode, Ref. l I 
~ : 

.9 ~ i.~ 

~ ' 

I Q( ) S2N2907A Traaalltor, PNP 5 1.50 ?.51) 

Q( ) SZN930 Tranef.eto!', NPN , 3 1.00 3a0t) 
~ ' . 

Q( ) SZNZZZZA Trualstor, NPN 3· 1.oo 3.0tl 

Q( ) SZN4150 Transistor, NPN PwS". z s.oo 10.01) 

Ql4 SZN2920. Tr&Dtdator, DaalNPN 1 z.oo z.oo 
1 TZ101Z8902 IC, Op Amp 1 1.0 l.O 

Al SM54L7ZF IC, J'K M/S FF 1 1.00 1.00 

RlZ RWR81S Realator, w.w. 1 O.IZ o.lte 

Tl SP30490 Powel' XFMI\ 11 .... 1 1/wq 11.00 

T2 SP3M91 Drivel' XFMR 4 ,.,. 1/wda 4.00 

T3 SP30493 Currellt Sene • ,..,. 1/wdg 3.00 

L( ) SP30488.89 !Dductor 6 1.00 6.00 
e ; ~ 

• 73.72 

. • I 
' '<··l 

~ 
\', 

~ t' 
~ 
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! TINII!I•Z•IIft:l ~t~~on 
EQUIPMENT Oedl!ator (P ..,I, ) 

.~ 
....-..-........................... ~')1;~ 

CUSTOMER Badlx PL! 0126000 

~IRCUIT PAR1'/I'YPE NO. DISCIIPnON QTV 
A 104 

,.,::~··; 

SYMBOL FAILURES/Hl 
-~*'~' 
" ' 

R( ) acaoso 'aeeletol', Comp. ., 0.04 ~ ~ 

I 
;,,,.~ 

R( ) RMCSSH · Reelatol', FUm 4 0.11 ~. 

CJ TZ?301 Capaeitol', Fllm I z.oo *RI IM 

' 
.~ .. ~ l.~· 

I 

C2 W9014/05 Capultol', Cezoudo ·I o.ao o. ~·~ 
.Ql SIN2920 'fi'&Daiatol', Dual NPN 1 a.oo 2 .. ~ 

' 
;1 

Q2 SZN2907A 'I'I'&D.8latol'. PMP I 1.50 I ;! 1)1 ';,; 

Q( ) S2NZZ2ZA TI'Ul&latol', NPN 2 1.00 "!! 

' I 
,. ... , 

•. ct-tr•"\ll\c.'·· 

I 

~.~t; ~ 
"} ,, 

' 

; 

' 

• 

. 
. .. 

. • 
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EQUIPMENT Tf' I"R" n,.t., .. u. 

~ TIIVI IE • ZSI/It:l oof"pof"llt:Jion CUSTOMER J ::t. ...... ,:u .... PT 1n1~6QQJ 

:IRCUtT PART/rYPE NO. " 1o·• ~ 
SYMBOl 

DESCRIPTION QTY 'FAILURES/HR: 
,,~: 

~ 
, I 

--·-· 

·-t • 
' R( ) RCROSQ · Reale tor, Comp, 8 0.04 I "" .... 

R( ) RNC55H Reabtor, FUm z O.Zl ('\ 
·'. 

Cl M39014/0Z Capacitor, Ceramic 1 o.zo o. 
CR () SlN751A Diode, Zener z .9 , ... 
CR () SlN4938 Dlo4e 4 0.30 I l. 

I 0( ) I S2NCJJO T rarudetor, NPN z 1.00 " 

' 
1..1. 

03 SZNZZZZA Translator, NPN 1 1. 00 ~ # ..... 

Q4 SZNZ907A Transistor, PNP 1 1.50 
, .-,. 

Zl SM54L7ZF IC F/F 1 1. 00 "· .... 

'· .. 
~ 
f'. 

. l . 
I 

I I 
f1 

i 
'··! 

w 

I ,j 

. 
- ..... . 

I 
¥ 
1 
;1 
!f 

~ 
(] 
; 

,. . . . ' . . . !'t " " ~ 
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~ 
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:tRCUIT PART/IYPE NO. 
,1SYM80l 

R ( ) KCROSG 

R ( ) RNC-·H 
...... cz . M39014/0Z 

CR () SlN541T 

CR () S!NT5-A 

CR () S1N4938 

Resf.stor, Comp. ., 0.04 
Resistor, FUm 8 0.21 
Capacitor, Ceramic 1 0.20 
Dlode 2 1. 00 

Diode, Zener z ·' Diode 4 0.30 

'll 1~!: 
~n 
II ..... 
f;, 

f,), ;1',, i 
~.~~~ ~ 

~ 
l ~ I • (\:,:1 

J..~.o 

CR9 SlN4568A 

Q () SZNZ90TA 
QZ SZNZ90SA 
Q4 SZN930A 

Zl TZ890Z-2 

Dlocle, Ref. 1 .9 
Transistor, PNP 2 1.50 

Transistor, PNP 1 1.50 

Traulator, NPN 1· 1.00 

!C, Op Amp 1 1.00 

.~ I Z?· .. ':!·Q ' 

:'1.5~ ,: 
l.~·) I 

I !.00 -
I 14.44 
<j 

~ w 

I 
• 

I I 
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TIIVIE •ZI!ERQ cOI"PC,.,tlon EQUIPMENT Surge X:.::~ 
CUSTOMER Bendix 

L~~t·~er 
,<,·.t,;" .. ~ .,, .......... -,,__,.o.~.,_.,...,.~~""-_,__.______...1 

t·"""-"'~ 

CIRCUIT PART/TYPE NO. DESCRIPTION QTY 
/'Sf 

·sYMBOL FA& 

R () RCROSO · Re1lator, Comp. 2 

a () RNCSS· .Rcusietor • FUm l 

CJ. M39003/01 Capacitor, Tam.talum I 
~ ClU S1N4938 Diode 1 
~ 

I Ql SZNZlOZ Transistor NPN 1 

QZ SZN41SO Tl'auiato:r, NPN~r. 1 

0.30 

« 

I 
. 

. 
-· ···-

~ 
.-~~>';'!,..F""'V'" 

,...,. r _ __ 11. <M'I! 1 e """' 
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EQUIPMENT Ret~tUle:t.I~~!'.J.JE.\t5 'I 
~ CUSTOME~ B(:l>~<U.~ PJ=...A uJ &.M->06 

·'k«! ,:;.; '..-.~.~~t-~.·~<1:':> 
\ 

.IRCUIT PART/IYPE NO. DESCRIPTION QTY 
f\\ ur1 

~SYMBOL ~tAU .. URfS/H 
·-· 

l cz 
I 

M39014/02 Capacitor. Ceramic 1 0.20 

! c () ,, M39003/0l Capacitor • Tutalum 3 o.os 
I 

l CR () SlN4938 Diode .4 0.30 

!) 

I i 

' ~ .,1 !j ! 

J 
li 
I 

I 
ij 

l 

I 

I 
' 

I 
I 

• 

I ~ 1 /.. ~ 

~ 

o.ao 
0 .. J.S 

l. ZIJ 



i 
I TIME•ZSRD corpot"lllllon 

PEAK 
R () 

R9 · 
cs 
Cl 

c () 
CRl 

Q () 

Q () 

05 

Zl3 

Zl4 

Zl5 

ETECTOR,. FILM 

RCROSG---JR 

RNC55H····FR 
HRMC705A 

I M39014/0Z-( ) 

M39003/01-( ) 

SMlN914 

TZ1012~651 

SZN222ZA 

TZZN3384 

1 Gate SM54L04 

1/ Z of SM54LOO 
TZ-8901·5 

SM54L73 

\ 
\ 

' 

TZ-8901-9 

Reebtor, Comp. 

Cap. , Temp. Comp. 

Capacitor. Ceramic 

Capacitor, Tantalum 

Diode 

Tran1istor, Dual 

Transistor. NPN 

FET, P-Cbarwel 

Hex Inverter 

Quad Nand Gate 

F/F 

12 

1 

1 

3 

l 

2 

3 

z. 
1 gate 

o.s 

1 

0.04 

o.zo 
o.zo 
0.05 

0 • .30 

l.oo 
1. 00 

1.5 

le 00 

1.00 

1.00 

I 
I 
f 
i 

I 
I 

.?·ft {){! 

3. !.)(.. 

1. oc 
• 5 

1. 0(1 
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PHAT ESHO.LD DETECTOR PL 10126011 

R () RCROSO·•-JS Reu•l•tor, Comp. 

R () RNC55H·· ··I'R .Realetor, M. J'. 

CR () SM1N914 J)tode 

z () I TZ101Z890Z·4 IC, Op. Amp . 

c () M39014 Capacitor, Ceramic 

I· 

TIME F J'UOHT CONVERTE PL 10126004 

R () RCROSO··-JS Reaiator, Comp. 

R () RNC-·H·-··OS Real1tor, M. F. 

c () M39014/05·( ) C-.pac:itor, Ceramic 

Cl TZ10127301 Capacitor, FUm 

CR () SM1N914 Diode 

Q () S2NZ369A Tran•ietor, NPN 

Q () TZ101Z8701 FET, P-Cbazm.el 

z () TZ101Z890Z IC, Op. Amp. 

• 

5 

' 3 

3 

1 

20 

" 6 

1 
11 

4 
z 
2 

o.M 
0,21 
0.30 
a •. oo 
o.zo 

0.04 
o.z1 
o.zo 
z.oo 
o.so 
1.00 
1.5 
1.00 

i o .. ao ,, 
,j 

I ~ .. ~As 
! 

!. £!0" 

2.,(l0 

3.30 
4.00 
3,00 
~.oc 

' .......... ~ ...... ,l 

( ,; 

1'1" 14 



J Matnr~ 
I R ( ) RCROS---JS 

Ql 

oz 
CR (). 

c () ' 

AuxUlar 

c () 
R () 

Q () 

'l ( ) 
CR () 

CR () 

SZNZ484 

·szN2907A 

SM1N914 

M39003/01 

M39003/0l ( 

RCROS---JS 

SZN2484 

SZN2907A 

SM1N914 

TZ 8551 

) 

' ~ 
:, 

.Resistor • Comp. 

Tranaietor, NPN 

TraMiator, PNP 

Diode 

Capacitor, Tantalum 

Capacitor, Tantalum 

Reebtor, Comp. 

Transistor, NPN 

Tranabtor, PNP 

Diode 

Diode, Ref. 5.6V 

Kl, 2, 431-( ) Relay 
3, 4 
The re aya are guaranteed 106 peratione at 0. 5 Amps. 
ae sum the relay baa been oper ted 49 times prior to fli 
deter · ed for the 50 operation by 

10
6
·- No. a • • 

10 

l 

Z6 
5 

3 

6 

2 

I 

1
1

'7 ' :1 

I 
• 05 I .. lS 

o.M 1 .. 04 

J.,O 
'I 

.5.,00 ' ! 
LS :l ~:~. so j 

O.l .!. 80 

.9 l.SO -·-
l4~Z9 

at 125°C. :U' we 
ellabUlty ca f:;;;.;"! 

) 

~ 



RIUABIUTY PR'· 

PART/fYPE NO. ~IRCUfT 
SYMBOL: ,_ __ ......,. _______ _., _________ ......,. __ -t-------+1"1~1411-• 

HEAT R/OONTROL 

R () RCRO··•·.TS Resistor, Comp. 10 • 04 0.40 

R () RNC55H···I'S aesbtor, rum 3 .21 "(,l 

R () 44008 Thermietc.u.• 1 1. 0 1.0 

l R () Heatms Eleme~&t 1 3.0 2>. 0 

C.R SlN157A Zeur Diode 1 .9 t\ 
@ < 

~ C.R' SM1N914 O.P •. Diode 9 0.3 -2., 7 

' Q () SNZZZZA Trauiator, NPN 3 1.0 3 .. 0 

Q () SZN930 Trauietor, NPN 1 1.0 1 .. i) 

Z4 TZ 890Z·4 Op. Amp. (HAZ6ZZ). 1 1.0 
, ,<~\\ ;;.., v 

Z() TZ 8901-9 F. F. 2 z.o 4 .. 0 
~i 

zz TZ 890~-5 Quad NAND Oat:e 1 z.o 
~ 

z (1 •"' 
u. 

zs sMS4LOOF Quad NAND Oate 1 1. 0 1. 0 
~ -
" ~ 

20.63 

• 

&1 
~ 
~ 

I 
I 

I 
r 

'.\ 

I 
t'' i 



.l 
» 
>l 

J . TIM IS •ZSPID _._,.,.., I EQUIPMENT 
·cuSTOMER rl 

~Det<:UIT PART,ITYP£ NO. DESCRIPTI~N 
SYMBOl . 

i 

R () ac.ao-o-'--1s Rcudator, Camp. 

R () RNCSSH·····FR B.tudstor, M.F. 

c () HR.MC71A201 F Cap., Temp. com;. 
C3 M39014/01·( ) Capacitor • Ceramic: 

c () M39003/01·( ) Capacitor, Tantalum 

CR. () SM1N914 :Diode 
! 

CR (). TZ85551 Dioc!e, Zem.er, 4. "'V 

QS. SZNZ369A Translator, NPN 
I 

Z.l SM54L04F IC, Hex Inverter 

I 
. 

\ 

. 
. 

- ·-· 

~ 

·---------·.....,..,....~ 
Z5 KHI, OuUJatn• - -·--.. {t 
a-

QTY 

.4 
7 

z 
I 

z 
5 
2 

1 

1 

a- D1r .. lQJ ~faQQ9 

1\ 1()•1 l 
FAILUHI~f!S/H It ( . • - ·fr· 

0.04 I 0.,21 

o .. a.o ~ 
~ o.,zo J 

o.os ~ 
il 

o. $.0 t 
' !) 

.9 ~ 
J; 

1. oc:.~ il 
;j 

lo 00 
., 
i ~ 

j! ' 
,, 
i 

~ 
n 
~ 

i 
?, 
I 

~ 

' I I 
•1 
iii 

~ 
j{ 
/, 

~ 
·' t1 
" , 
I ., 

l 

t 
' 

" 

~! 

ij 

I 
I 
I 
~ 

l 
I 



I 

.IRCUIT 
.;)YMBOI. 

R () 
. R () 

c ( )· 
c () 
Q () 

Q () 

Zl 

PART/NP£ NO. 

It C!t050-.:. ·18 
RNC55H····FR 
M39003/01 

M39014/( ) .. ( ) 

TZ101Z8701 

SZNZZZZA 

TZ890Z·4 

i 

EOU~!NT 

O~JSTOMER 

DESCRIPTION 

.Reailtol", Comp. 

.R.ee!a~tor, M. !'. 

Capacitor Taratalum 
Capacitor Ceramic 

FET, P·Chazmel 
Taoauiator, NPN 

IC Op. Amp. 

• 

16 .M 
6 • Zl 

1 .05 
4 .zo 
5 l.S 
5 1. 0 
1 I 1. 0 

i.j 

~,., .... ~~ 

.,64 

1 .. :u) 

7. !)() 

s.oo 
f Jt .. 00 
~---

~ J6., ~!i 
r 
u 
H 
(, 

I 

t 
' ! 

I 
~ 
f 

' ' 
'· ') 

~ 
a 
~ 
~ 
i 
a 
!~ 
~ 

I 
I 
i , 

~ 

I 
,. 

I 
' 

I 

I 
~ 
~~ 
~ 



I ' 

~ 
J ' 

ATM 1013 

I ' RELIABILBTY PREDRCfao, ,'!' 

"'"'--~----...--~ 

T/NIS•Z/S/Rt:J c:~poratlon EQUIPMENT 'F.'I'\ .,{ '1'\"" .. ttt l.ng.. D..iJ'ua_JJ 
'·CUSTOMER 

R•n•'lv P~ 

CIRCUIT PART/TYPE NO. DESCRIPTION QTY 
;, u.r·•' 

~SYMBOl FAILURtS/HR I TOTAL 

I R () RCROSO Reaiator, Comp. 7 0.04 

l c () M39003/01 Capacitor, Tantalum 5 0., OS 

CR () SM1N914 Diode 5 0.30 

I Q () TZZN3384r JrET Tranailtor 5 1.5 

I ~ Tranaiator PNP 1 1.5 

O.l.S 

o. 2.5 

7.50 

1.5 

t; 
' ~~ 
i .. 
;· 
c 
'~ 

~ ~~ 
'} 
,i 
fl 
iJ 

~ 
1 

! ff 
' ~ 

' I 
~ 
! 
~ 
11 

. j 
~ 
;,~ 

il 

I 
\. 

,. 

¥! 

l 
f 
t 
h 
~ 
'I 

- .. - I 
I 
I' 

~ 
'I 
;~ 

f 
"4 
t' 
~ 

f 
(! 

' 
l 

I ,J i 

- .. 
T7 t ..... _ A-00 1&;-'M\ 



..... v. ....... .., . "' IILtA.IIJIY PllEDICnON . 
' 

TINIS•:ZSift:l ~dlcn EQUIPMENT ~n11ettor AmplWu --· 
CUSTOMER 

.. 
6
_,_ ""11611J. ' 

:&RCUfT 
.. ' 

PART/fYP! NO. DESCRIPTION 1\ 10 ""tf"'-~' \ 
,YMBOl QTY ·fAILURES/Hit · "'w/'

1' 

I ' 

,-.,,~ lillli':WI~ 

. 

I . 
: 

R () RC.ROSG··..JS Re•l•tor, Comp. 5 o.H 0.,?.0 

R () 

~ 
RNCSSH .. ···FR Reeiltor, M.F'. 8 

~ 
o. 21 l.,63 

c () M39014/05·( ) Capacitor, Ceramic 2 0.20 o .. 
C3 M39003/0l·( ) Capacitor, Tantalum I o.os (~ .. (I) 51 

' 

z () TZ101Z8902 IC, Op. Amp. 2 1. 00 ~ .. ('{l .. ft~iM-:'$Ut 
1., 

'· ~ 4.33 li 

~ 

I 

~ ! 
·1 

! 
. 

ij 
i i ' 

~ " ' 

i 
~ 

'· 
,1 ,. 
1 

. 1 

I 
~ 

r 

' . I 
- I 

I . ~ 

I 
~ 

(: 

I 
J{ 

~ 
j 

- .UO..VW~J?$'J:.ru"~f.O".t~i%l<l ~-



I IELIABWTY 

~NT Tll\1/E•ZIEPIO c~•t;Jon ii ~411A 'R..at.._.. ---·-

i I CUSTOMER Bendov 

~IRCUIT . PART/TYPE NO. DESCRIPTION l " 1o·• I 
SYMBOL QTY I FAILURES/HR! 

' 

CALI! RATION DlUVER 10126 15 

R () RCROSG-·-JS Re11lator, Comp. 21 0.04 

c () M39014/( ) . ( ) Capacitor, Ceramic 5 0 • .20 

c () M39003/01·( ) Capacitor, TaDt&lum 2 o.os 
C!U 

I 

SM!N914 Diode 2 0.30 I 

ll ~ i 

Q () SZNZZ22A Traaeietor, NPN 5 1.00 t 

\ 
Q () S2N.2907A Tl'aueistor, PNP 5 1. so ' I 

Zl TZ8901-5 IC, Quad NAND Oate 1 z.oo (, 
~ 
i 

zz SM54L04F IC, Hex Invencu• 1 1. Oti i 

' R () RNC-·H Reelator, FUm " 0 .. ZJt 

r 
,j 
g 

i 
~ 
~ . ~ 
~ 
I 

I l i •t 

ti 

I 

j 

l 
i 
,, 
D 
f4 
( 

~ 

• ~ 

i 
;-
~ 
I' 

~ 
\ 

' -~ 

__ _j 
, .. , , __ ~-- lit.-"M\ 



PART/I'YPE NO • 

. 
R () RCROSG 

R () RNCSSH 

' 
c () M39014/( ) 

c () M39003/01 

c () MZDM·· 

Ql 2N930 

QZ 2NZ605 

z () !0!2890i 

R.eaiator, Comp. 

.Rcudstor, rom 
Capacitor, Ceramic 

Capacitor, Tantalum 

Capacitor, Mica 

Transistor, NPN 

Trauiato&-, PNP 

IC, Op. Amp. 

13 

7 

1 

4 

! 

1 

2 

0.04 
0.21 
0.20 
0.05 
0.10 
1.00 
1.50 

1. 00 

I 



. ' 
~----------------------------------~EQ_U_I_PM_E_N_T ___ --.&ulll.MOttt"-...-.....u '~"''-r..e sbold . ----

-CUSTOMER Bendix 101 Z6017 

PART/I'YPE NO. DESCRIPTION CIRCUIT 
SYMBOL 
~----4-----------------~----------------4-----+---------~~~·~ 

f' 

R () 

R () 

Cl 

cz 
: CR () 

Q () 

QZ 

Q4 

Zl 

RCR050 

RNC55H 
TZ10127.301 

M39003/01 

SM:1N914 

ZN930 

ZNZ431A 

TZZN33M 

TZ101Z890Z 

.R.eelator • Comp. 

Rcudetor, .FUm 

Capacitor. P&ryl•u 

Capacitor. TaDtalu.m 

Diode 

Tranebtor, NPN 

Tranaistor, NPN 

.FET· 

IC, Op. Amp. 

IC 
Oates 

• 

15 0.04 
1 O.ll 

1 z. 00 

1 ' o. 05 

3 0.30 
z 1.00 

1 1. 00 

1 1. so 
1 ' 1. 00 

~ 1M 00 

z o .. so 



' ' ~ .~; ~ ~~ i>' ,;J :!~ ;,• j 
~ ' . "• ft ' i~ ·~;;.,;;)!:. 

' fl ~ 

l l 
---·~,.···""'' ~~----~ 

~ Til/tilE •ZERO COfT.'O~•fllcn EQU~PMENT See below _ __j 

I. ·---·-............ 

CUSTOMER ~ 

Bend1x ll!llllll'l~:~ 
' " ,o:.,··· · ·" r I :rRCUIT PART/IYPE NO. DESCRIPTION QTY FAILURES/HR t TOT At. 
SYMBOL 

FILM. .i"MPLIFIE.R/lNHIBIT Pl 10126009 

I 
R () RCROSO·--JS R.eeiator, Comp. 4 0.04 0 .. 16 

R () RNCSSH·-··I'R Resistor, M.F. 9 o. 21 ~. H9 I c () M39014/( ) - ( ) Capacitor, Ceramic 2 o.zo O.l5i0 ;i 
~ 

c () M39003/1· ( ) Capacitor, Tantalum 1 o.os l o.os I 
z () TZ10128902 lC, Op. Amp. I l i J. 00 ' 2. (.10 ~ -- ~ •'!i 

4.50 I f$ 
~ 
~~ 

·r ~ 

I 
~ 

IDTHF ESHOLD DETECTOR 11 126010 
~ 

R () RCROSG···JR Reeietor, Comp. ~ 9 
I 0.04 i .36 l 

I ' J c () M39014/0S- ( ) Capacitor, Ceramic z l t~.lO 0.40 ,, ~ ~ 
CR () SM1N914 Diode ~ ~ O.lO· I o.6o 

~ 
Zl SM54LOOJ' IC, Quad 2-Input Oate l/4 I J •. (;J(;! o.zs 
Q () ZNZ369A Translator, NPN 1 LOO i :t.,roo i 

! 

Q () 2N3251A Trautstor, PNP 2 1.so ~ .3.00 
~ --
i 
~ 

I S.6l 
I 

' 
l 

i I .j 

I 
~ 
~; 

~ 

I 
~ ,, 
\; 
' 
I 
:\ 
~ 

I 
• I 

I I 
•. ,.,._ , . .,1>'17"'''' •• f ..,_ .... 

"'""' (?_ ·~-- ,_ 
~IF. "''Il?\\ 



A.II.M .I • 
·I 1' Rau:\IIJTY ~•m~~' . ~. 1,., •• b ' i;;'l''~ ,. 0"' 

. ' :~ 

~ 
t>~~i~Sf.l!AIQII:~~~~·m.>~~JM 5 !e.!-AGil 

' .. ! 

·!QU,.~MENT See DeJ.o·~· 
f·l .TIIVIIS•ZSRt:l ~·t:lon ···~;;.,f<!i.'."-l!M<'\~~~~_,..~~-

CUSTOMER Bendb 

··CIRCUIT 
~·~~;o:-;--~1.m 

PART/fYPE NO. DESCRIPTION QTY ~ t TO 
SYMBOL F.i\U.URES/HR : s 

. \~-,"(~~ll>a1~'-

FlLMAl ·~LinER, SINGLE SEN !OR 10126018 
~ 
~~ 

I! 
'l 

R( ) RCl\050-··38 . Jtoe!etor, Comp. ' o.o.f i 
ll 

o .... 
R ( ) RNC55H•···FR Retd.A~toxe, M.F. 1 o.;u ~ l • .b 

c ( ) I M39014/05·( ) Capacltozo, Cera.m!e I o.zo ~ o .. l 

C3 ( ) M:39003/0l- ( ) Capcitor, Tantalum 1 o.os (}'.,:, 

z ( ) TZHUZ890Z·1 IC, Op. Amp. 2 1.00 z. ~: 
~'?.'M.llo~ 

'. 
: ~ 4. :' 

~ ;ii 

" § 
' 

.; 

ii 
' ll 

r• 
il 
H 

,l '' 11 ,. 
~; 

11 
~ 
!~ 
•. ! 

~; ,, 
i 
i! 
'· . '\~ 
!t 
~ 

I 
~ 
·~ 

I 
' " J 

' I 
" 

. 
. -· ·- .. 

' . 
~ 

I 1., • 
TZ form 6-99 (S-70) 



A.l."-ll 

.I 'SJABWTY PR!Oil 
tl ,. :.w~t}¥ ~i 

~ 
il ~9t-~-.< 

ri 

. TIIVIE •ZSRt:l eofYXNWt;/cn 
EQUIPM.eNT Collector Amplif!.e_~~~ 
CUSTOMER Bendix 10126019 

:rRCUIT PART/IYPE NO. DESCRIPTION QTY " 10 .. 1 

f1.SYMBOL FAUURES 
-

~( ) RCR050 11\ealnor, Comp. 5 CJ.04 

r< ) RNC55H laealetor, FUm. 5 O.ll 
. 

~c < ) M39014/05 !Capacitor, Ce:ramie 2 0.2!0 

C3 M39003/01 ICapadtor, Ta.Dtalum 1 0.,05 

Z( ) TZ8902-1 lC, Op Amp 2 1.00 

' 

• ' 

. 
" 

• . 
~ 

~~· , __ ._ ..... :'-~-:-~!«".;;.' 

'!!'"'§' It-- A. ba~l (If. __ "W\\ 



.. 

:rRCUIT PART,IrYPE NO. DESCRIPTION 
.>YMIOL 

' c --· 
R ( ) RCROS(i ReuaiG~tor, Comp. 5 0.04 Q., ~t) 

l:a I I RNCSSH Resistor, FUm 

'CR ( ) I SM1N91. J)lode 

z ( ) . TZ8902-4 IC, Op Amp 

"' 
O.Zl !.4,7 

3 0.30 0 .. 90 
L 

z 1.00 I 2. {',H) I r 
~'l'llli!IU· 

Subtotal I' 4!., 5'? 
:1. 

zs SMML73F IC, Dual F/F 1 1.00 1. Otl 

~Z6 SM54LOO IC 
C9 M390.14 Capacitor, Ceramic 

l 

1 1.00 ] .. ()() 
1 o.zo o. ~',) 

z ( ) SMS4L04 .Oatee 2 o.so l.OO 
I 

Subtotal 3.20 
'• 
j "**'"a 

' Total 7.,77 

I 
.. 

I I 



' . 
·I ~ ~ N·· ~ 

I TIMIE•ZIERD --Cion 

Threeho d Detectozo, Nolle Mlczo 

R ( ) RCI\050··-JS Bellstol", Comp. 

R( ) . RNC55H·-~FS 1\eliltOI', M.lr. 
TZ!Ol2?301 Capacitor, lrU.m 1 1.00 ~" ~)(! 

cz M39003/01-( ) Capacitor, Tamalum 

CR ( ) SM1N914 Dlode 

1 o.os 
t 

0.,0!: 

13 0.30 o. ~~() 
01 · SZN930 Tzomelstozo. NPN 1 1.00 l .. 0(1 

~QZ SZNU32A. . Transl•tor, NPN 1 1.00 l. ()(! 

Z.l. TZ10128902-4 . IC, Op. Amp. 

Oatea 

4400 Serle• YSl The:mdsto:r 

1 1.00 

' 
! • (l'! 

z 0.05 '-· {)0 ' 
1 1 .. 00 

' 
1&0~ 

,. 
~ ~JI.'a11W 

~ s.z! 
:i 
ij 

i 
~ 
~ 
~ ,, 
j 

I 



. . 

9 0.04 

1 0.21 O.Zl 
s 0.10 o~ ~.o 

1 o.os 
1 0.20 

4 0.30 I 
0.05 
o. ~.o 
1 .. :'l!O. 

3 1.00 ' ' 3.00 
l ...., 

s.r,z 



~----·---------------------------m••~ 

PART/TYPf NO. DESCRtPTION 
,. 

1\ 1o·• I ' 
TOT!:~'• QTY FAILURES/HR , I ----

R ( ) RCROSO Reei~ator, Comp. 

R ( ) RNC--H Resiator, FUm 

c ( ) M39014/05 Capacitor, Ceru:W.c 

C3 M39003/0l Capacitor, T&Atalu.m. 

CR ( ) SM!N914 Diode 

CR ( ) TZ8551 Diode, Zem.er, 6.ZV 

Zl TZ8901-5 · IC (SZSBH} 

4 I 0.04 i Clel6 

I !5 

I 
0 .. 21 3 .. ~.'5 

2 o .. zo 0 .. (~(1) 

1 o.os I 0$ CHS 
·I ~-

6 Oo30 '· l.SO ~I 

I z .90 1. 18·0 

I 1 z.oo z.oo (; 
f~ 
~~~rae;'llf» 

I 0 2)1 ~ f? J-'e rl·o 

~ 
' I 

I I ~ 

I 
I] 
~ 

• 

I 

~ 
~~-~II'IIIII!!IIRI~Ijllllllllll'll----~--------~---------] -~~~--'!l.i".....,j~~ 



I 
' 

ATM 1013 
REUABIUfY PR!DIC110N ·, ,, '.l :[j ·~ 

~ ....... ~ ....... -.• -,. ·--
J 
'l 

TIIVIE •ZERO CO,.pDI"ISt;/011 
EQUIPMENT Peak ~c:to_~:!..._~cr~lJ:~!0.e 
CUSTOMER Bendix, 101~6026 

-~--·· .-. :-=:-j 

:&RCU!T I 
SYMBOL PART/TYPE NO. DESCRIPTION 

[R( ) RCROSO···lS Reliltor, Comp. 

C( ) M39014/0Z~( ) Capacitor. Cel'amic 

cz M39003/01-( ) Capacitor, TattLlwn 

CRl SM1N9!4 D!ocle 

~( ) I S1.N29ZO TrPiitstor, Du.lNPN 

Ql ' SZN3251A Tr&Deiltol', PNP 

, 

-
·• 

. 
I 
' 
'!1'"7 t-..;.,.; 4. .. 6eJ Itt _ .. "'ltl'\\ 

QTY 

9 

z ~ 

1 

1 
l i ,, 
1 ~ 

I 
' i • i 

j 

l 
ij 
il 

~ 
I 
~ 

I 

I 

• 

. 

.~."-10:;--r-

FAilURES/HR I '!1':::1·~, : ! \..r,l:,f-" r.- -

...... ..u.-.......... ~ 

t 
--· 

0.04 

0$20 

o.os 
0.30 
2.00 

1.50 

' 

o. 3b i· 

0.40 ~ 
o. OS I 
0.30 

4 

I 1 I .... , 

•• 00 

~ 6 
~ 
~$ 

• 

~ 
~ 
I 
~ 
' 

I ;t 

~ 
~ 
~ 

i 
l 
~ 

~ 
~ 
~ 

I 
I 

I 
~ 

I 
~ 
~ 

I ) .. ; 
I 
I 

l 



. . l· . 
t . ~ : ;8 ~ 

,.,~-·-~~···~~ 

~ !> TINIS•ZSPID e~•t31r:ln EQUIPMENT J'Uteri.Dg Network.!_::._ fCh~. 
'l 
!J CUSTOMER 10122015 & 1012Z009. B~!! 
·~ 

:rRCUfT PART/fYPE NO. DESCRIPTION QTY " 1o·• 
11
SYMSOl FAILURfS/HR 

~ 
) M39003. Capacitor, Tut&J.um 15 0.05 'lC ( 

·' 

z ( ) SM54IA4 Oatee Hu:blvemr I phi o.s 
YSI4400 Thexomi1tor 1 1.0 

,) RCRO Resietor, Comp. ' 0.04 
~R 
C( ) M39014 Capacitor, Ceramic 4 .2 

~-~·--

~ 
~ 

I 
~ 
~ 
1 

I 

' 

. 

I '· 

I 

I 
I 
I 
I 
~ . ! 

I 
I 

e ' I t 
~ ; l . .,. ,. , ... ~lilt""'"'' 



' . 
((~!)) -

PART/iYPE NO. 

4400 

RCR 

M39003 

DESCRIPTION 

Thermistor 
.Resbtor, Comp. 
Capacitor, Tantalum 

1 
10 

I 

1 .. 00 

0.04 
0,.05 ....... 



IC 

A Collec or or B Collector (No. l o:r .No. Z) (m.eaxus 4 time ) 

Z( ) 
z ( ) 

~ Amelco 52 Series 

SMS4L 

' 

IC 

IC 

Time of light (No9 1 or No. Z) ( neus Z timee) 
j 

.. ( ) 

\ ) 
Amelco 52 Series 

SM54L 

IC 
IC 

Micr. & Data Tranefer Control D ul Sensor No.. 1 

z ( ) 
z ( ) 
Q ( ) 

c ( ) 
R ( ) 

Amelco 52 Series 

SM54L 

2N2Z22 

M39014 

RCR 

IC 
IC 
Translator, NPN 
Cap. , Ceramic 

Reabtora, Comp. 

Micr. & Data Transfer Control (J o. 2) 

z ( ) 
z ( ) 
Q ( ) 

) 
) 

Amelco 52 Serie• 
SM54L 

2NZZ22 
M39014 
RCR 

IC 

IC 

Trmudetor 
• 

Cap. , Ceramic 
.Reai&tor, Comp. 

us.s 
4.5 

20' 

1.5 

3 

3 

5 

20 

8.5 

3 
3 
5 

~ 

I 

1 

4 .. 52! 

A 

1 

.. z 

.,04 

z 
1 

1 

.z 

.04 



. I 
' . 

TIIVIS•:ZISRD ~~~fJkm 

Single S IUlOI" FUm J.,ope (Sheet 4) 

Z ( ) ,, Amelc:o 52 Se~>iea !C 

Z ( ) SM54L !C 

Single S<; uor Lope (Slwet 16) 

Z ( ) ' Amelco 52 Series IC 

Single st' ruor Ccm.trol (Sheet 15) 
Z ( ) Amelco 52 Series IC 

Z ( ) ~ SMS4L !C 

07 
C7 

RlZ 

I 
M 2NZZZZA 

M39014 

RCR 

Tramslstor 

Cap. , Co:ramlc 

.. 

10.15 
4.15 

27 

9.5 
1 

1 

1 

" 

I 

l 

1 
.2 
.M 

--



- ··TM MU3 ., 
REUAIIJTY PRED~~~ 

,·, 
', I ,. ·:. 4 

- ' ~ V-

A 

' 

TIIVIE •ZSPit:l ODf"PPN}fJion 
EQUIPMENT See Below Lofic __ -CUSTOMER Bendix 10120009 

~IRCUIT PART/rVPE NO. DESCRIPTION QTY 
"10 .. TOTAL 

/MBOl FAILURES/Hit -·-
Main Mit. Ccmt:rol & PHA (Sheet ~1) 

' . . 

z ( ) Amelco 52 Series IC • 75 z 1.5 

z ( ) ' SM54L IC 1/6 1 • ?.() 

Q( ) ZNZZZ2A Traruabtor, NPN z 1 2.00 

c ( ) I M39014 Cap. , Ceramic 2 .z .41 
l 

R ( ) RC.R Reuieto:r, Com.p. z .04 .tiS ' -- -·---4.lB 

Ca.libra.t ~ Logic (Sheet. 17) 

z ( ) Amelco SZ Serieu IC 11.75 z 23.5 

z ( ) SM54L IC 1 
' 

1 l.O 

CRl LVA Zener, 6. Z Volt 1 .9 I .9 

c ( ) M39014 Cap. , Ceramic 2 .z ! .4 
( ) RCR Reeletor, Comp. z .M .08 

Z5.88 

Analog C ~tput Control (Sheet 18) 

z ( ) Amelco SZ Series IC a.zs z 16.5 

z ( ) SM54L !C 1/3 1 .33 

P< ) ZNZZZ2A Traneiator, NPN z 1 z.o 
c ( ) M39014 Cap. , Ceramic z .z •• 40 

R( ) RCR Reaistor, Comp. 2 ·" .• os 
19.31 

' 

. 

' 

• 

,...,. t- -- l. (t,ttj' f'fl' ·'»\\· 
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ATM 1013 
REUABIUTY PREDICTION 

· CIRCUIT 
SYMBOL PART/rYP£ NO. 

A,J:.,SEP l nterface Lope (Shest 19) 
i • 
! 

DESCRIPTION 

z ( ) 
z ( ) 
c ( ) 

Amelco 52 Series IC 
•, 

SM54L 
i 

~.39014 

R ( ) RCR 

CR ( ) LVA 

IC 

1\eabtor, Comp. 

Zener Diode 6. 'l.V 

Clock, J: ower On Relet ( Sheet ZC) 

z ( ) 
z ( ) 
c 
R 

Amelco 52 Series 

SM54L 

M39003 

RCR 

IC 

IC 
Capacitor, Tantalum 

Resbtor, Comp. 

12.5 

3.0 
.. 4 

I 
5.0 
4.0 

~ 
~ 

l.iS 
2. 5 

1 

2 

• 

2..00 

1 .. 00 

.2 

.04 

I .9 

I 
l 

I 
~ 

a.oo 
1 

I 
.05 
.04 

~ 
t 

i 
·j 

~i 

r 
~ 

t 

I 
~ 

I 
I ., 

-
25.00 

3.00 

.so 

3. 6 --3Z. 6 

2. 5 

2.5 
.os 
.08 

5.13 

• '1 
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TIMI!!•ZI!!Ri::J COFI)01'151Ciorf 

" 

; il013 
SYm;;==~~""'=·=,-a..-=. ii>ifPARED IV ---=-

fAILURE MODE, EffECT & ~-----L~~~-~-_ ~~LaJ.dla~~-
JNo ITEM OWG NO 

CRITICALITY ANALYSIS WORKSHEET Leam Blocks. 
~~,-----~~~ ow~-

~ssocia~q§~ud~~~~l-o~k~--------=m--~~~~~~~~ 
EFFECT Of fAilURE 

\~ 

- CRfUC-CIRCU#t OR 
fu

NctioN I ,, 1 1 .--~ 
fAilURE MODE 

END ITEM 
. ~-·~· ~ ~ ~t-- f ---- ·- .~-

SYSTEM AlrfY 
~ .i!BS&M 4 E ii I _--t.- . ..-

~ 

AI.-SEP !interface 1- Ref. 10 lZ 1009 Sheet 

Transrmtter Clrduit 
.... 

1. Z 34H-output 
buaer 

.... ;-. 

~ 2. R~l 
~i: 

3. C19 

Shift Clock Cir,t 

4. Z32 .T-Pin 3 . SJ\ift clock 
and demand 
pUlse 
r~ceiver 
g~te .. 

s. Z32 .T·Pme 
6 .. an.d 11 

.:'.. ~ . 
6. Cl~, Cl7 

1. CR4~ CRS 

8. !tis, IU6 

I 
I 

l - I I 
~ .• 

No output 

. Ope. 

Sheri 

No outpat 

!lo output ... 
.. 

Short 

Short 

OpeD 

I 

No data out 

" 
" 

Los11 of Shift Register 
Clocb 

.. 
. rV 

Loae of Shift Repster 
Clocb for 'WOrds 1 thru 6 
or 5 tbru 10 

I 

Total loa• of experiment. I 

.. 
I " 

Totallo .. of experliDeat.l 

Loss of more thaa ~ 
of the apertmnt • 

l£llee of Shift: Regiililte:r Clt)~b Total loee of a,erbneDt. 

Cf ft 

II u 
~ 

1.008 I 

• 035041 

1..0512 I 
. 

1.008 I 

7.001 

1.0512 I 

1.4016 

.OSSM 

I 

I 
t t~ . ... J . ; I i 1· '1!C J\ifJ.J'\J' "·-'tlL_ .. _ ... _ . ___ ·---- _ ___ . -~ "" _ _ • - -'~'""'""'-~"' _________ ......, ____ ....L 

1 

1 

1 

l 

z 

1 

1 

1 



d 

A l013 

0 --~= -- FAILUR;MO;~-;,~CT & svsn"M~~~ ~-" ~~Ef!";ani --=-1?ui~~;·;r:v-··;_"·'·~ 
I ({lJ)nMI!floZIIJRO co,._,..~ CRBTICAUTY ANAlVS;S WORKSHEET t:tm Blocks 'DWG~ PAGE -;;~t4~~~-

ASSY ..., DWG NO DA~--~-~-···~ 

a _ 1 Assoc. ~ub-Blocke 14 May 1971 
1 I 1 EffECT Of fAU.UR! _.., fA8UJiU .. CIRCUIT OR 

fUNCTION 
fAilURE MODE ~ ~--r-" NOeAilH.n'V (fUT!C-

fND ITEM SYSTEM Q • JO~.s AUTY 
1 

Calibration Driv$ - Ref. UU26015 

18. C6 Short 

Time of Flight Converter ... Ref. 101Z60<M 

19. cs 
I 
I 

1 

j 
t 

I 

Short 

It 

.. 

5V supply wW be shorted 
to ground. 

5V supply will be shorted 
to gro'Wlds 

.:,;;. 

i I I I 

Total lose of experimeut. 

Total loss of experimeDt. 

L.. -· ~I _ .. I _ j 
f) .A- lt.~J..J.r.t~ .. 'tt* I . - iC ~ I & WCU:Z~~D;!.;~~\,'Z.w;.>W-~::<"~~-.ift'!> ~:a~ 

·--~-- -- ---·~ -.·-~ --~·- ,_......,... 

l.O!H2 1 

1.0512 1 



A' HH3 ... 
==--IF"'=""='-,~~~= ~ -· ,,...~~o:.<i.·,;~:c.:::~cl"2l:t>~~ ~- ~~~' --~~,-:I..~~-"' 

SYS'fi:M P~~PilJ~fO 6\' ~"- ="Ji!fv ' ~· 

TIMflle:Zfl!RD cc~t~on 
fAilURE MODE, EfFECT & · \ e 0 tre!·~~»~-ow~oLa.~.himi }_QJ2.2QJJJ~ .. ~-~-

CRITICAUTY ANALYSIS WORKSHEET , lf~am Blocks P,<~,GE ?"430F 
ss ·-·--· . - ··=·· -~«·-~···-... 

I . n= I - I f """'=· ...... xAs;2£!!ted Sub-Blo ~G NO 
0t~ Mav 19?1 _.,,, 

CIRCUIT OR 
FUNCTION 

fAilURE MODE 
END na;a. 

EFFECT Of FAILURE FAIUJ~E 
· f~OSA.&IUTY CRITIC-

§V§TfM .. -··· I -· .. ·-··· I n .. ..... -5 AUTY I iiifJ''777 I --- I rt'OU?..... J ~~ .. ~ . 'i!ftl'ti--rmr: --~~;Q~ l %?"?"6t 

Frame Mark Pul e Circuit 

9. Zll J No output No data out Total lose of experiment I 7. 008 I 1 

10. R24 Open 11 11 • 03504 I 1 

11. C 15 I Short 11 
" 1. 0512 I 1 

12. CIU l Short II II 1.4016 I 1 

Frame Counter C rc:uit 

13. Z30K No output I 

14. Power 
Supply 

No output I 
Sub--system 
(Ref. 10121011) 

15. Squib Drvier 
Sub-system 

~quibe do DOt fir~ 
(Ref.101Z600f) I • 

16. 25KHz osciU 

ator (Ref. + 101Z6008) 

17. Heater CoDt 1 
Sub-system . 

No cmtpv;t. I 

!Doperatlft 

(Ref. JO I 2600r) 

J 

Loss of Frame Counter Lose of more than 5~ I 1 .. oos 
data. of the uperbnerd:. 

Loss of Power Supply 
outputs 

Total loss of experiment. I 

·~.:J 

Loss of Squib driver 
nb-syetem. 

:t Tot&llosa of experiment. I 

Loee of coDtrollcJlc dock •• Total loss of experiment. I 

Loee of Heater CoDb-ol 
operatloD. 

Totallcee of experlmellt 
(In .LuDar nlpt tbe foam 
epoxy wUl shrink and wW 
crack boarde. •••embly 

• and piece ~arts.) 

I 2 

I 1 

I 1 

I 1 

l 

I 

tJ ._,.,..._,.. - l___l_~, 
< ~ ..... ,...... - ·-------,..-••¥-.- '>"••••-c••.~.;: ·-~-.:• -·.- :'••• •••• ·~·~~·· • -·~·•<••·-~ •• - ---...- -...,- • •-• ·----····-
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' - J 1013 
--"41.;.~_, ...... _...._._.-:::n:~~~·.~ • .-.-. ""'~~---·~--~-~--·----- -~.--;.•:-;,.~-.... =~~..,._,=·~T':"-';..,""i:;"*te;.~-v,-;;..._,~:;r.rxo~.-~---;":. ..,.., . ._~--: :.·~--c::.;...a-:--_,.;;;.,.-o...<;.~c:""'.r; 

I !S\:>,h .. ~ f'.,_,:f.-.fi.Oof I'''- . ,·,r-\; ! 

~-"·';~~:::.:., f rA!t'JRE MOOr:, '=:~:=tCl -.."It .. j]3_~ndi.?£ l~.EA.M .. ~-.k~~-~~~DL.__=-+!,Q~_?QQl!J ___ ~--0 _j 
,. ( ~ •• " ~ ., ·~ ~,... :. f • :ON.) iT!i,.,.•, OWG NO t • A A OP _ ~·~ • 
\.~i,.. 1 

• ··•·-~ ·.&;...:.; Sf;o ::o.··;:wN:ar.t:Jr. ! C~ITICAlHY A"AtY.;;I$ WC~KSHE!':T tc;~ntr_al ~l!S!.r_oni&_$._ _!!'A· .... .:_~ ~---~~:l:fiij~--~--~ • . t • ·<y II"'I•'C a·• ~J.t>" . 
• "~"' • 

1 ~" ;~v 1,.14'M · 1971 ~ 
~--~---... ·-·--·- ., . ~·-- ~ _:_1 __ a -·· ··----............ ~--0 ,...--~~a~M!.!~.t);~~~-ey~hill=! ___ -·-...-..--L.._. "'.-.· ~:t ...... ~ -·····-··-~--~ . I .. -~~.... . ;-;,::.: .. ,.;: . , 

•.• "I"T oe I .. ·'·' ...... • RF. I ' C..1~'-~•• t\ t • •• ,.. j,..,r.-·.;· ·•--v·Cf!ilJC-· 
I :-A. •• .'Jiic .;.1\COf ---- .. ---·--- ----· •<'-"~.-.311..! ·t ·• if ~ .... -.... o·-· I . • ...... 

~'""'" '- •' '"' . i i:Nv tTfM 1 . SfST&:M l ax ,,r:. : r.t. 1 • . 
! I . · ' t _j 

~;~;.-·C'k;~-~~~r~MU....... . ... - ... ·---r"" -----, ... -:----· .... -i~-~-· .. --1'---·--·-r="=-·'·~-l 
1. Word l, z Gate II: Incorrect Output I! Word 1. 2 .Output Faile I Loss of Word l. 2 ~- I 1. 008 : z ~ i . I I . 

. . t ' 

2. Word 3.4 Gate Incorrect Output Word 3,4 O$!tput .Fails I Loss of Word 3,4 : 7.Ci08 : ;t -- ! 
' . • l • ; 

3. Words. 6 Gate ; Incorrect Output ,. Word.5, 6 Output Fails I Loss of Word 5. 6 ! 7. 008 : Y .. !. J 
I ' j • 

4. Word 7. 8 Gate !Incorrect Output I' Word 7, 8 Output Faile ! Loss of Word 7, 8 l 7 .. 008 : ~ }. 

5. Word 9, I 0 Gate ! lncorrect Outpoat , Word 9, I 0 Output Fails ! Loss of Word 9, 10 i 7. 008 ; J" "- I 
i l I 1

1 
! ~ I f I I ~ 

6. Word l. 2 B ufie r 1 
• ! t . i · ! 

Clock Gate !Incorrect Output :

1
· Lose ofWord l,Z.Shift Clk!Lo~t~s of Word 1,2 

1 
7.008 1 3 t 

: I . . I i 
1. Wordl.4Bufferj. · I J l f 

Clock Gate :Incorrect Output I Loss of Word 3, 4 Shift Clk.: Lo1u of Word 3, 4 1 7. 008 1 3 i 
I I I. ; i l I I ·1 . I 8. Word 5, 6 Buffer 
1 

• . , i • f 
Clock Gate i Incorrect "Output 1

1 
Lose of Word 5, 6 Shift Clk.j Lo~e of Word 5, 6 ~ 7. 008 I 3 t 

I . I I I I 1 

9. Word 7,8 Buffer .. . f S ' 
Clock Gate ! lncorrect Output I Los • of Word 7, 8 Shift CIJt.l Loss of Word 7, 8 ; 1. 008 I 3 

1 I . . f 
• t • I 

10. \'lord 9, 10 BuUeJ! I · i : i t 
Clock Cate !Incorrect Output 1 Lo•• of vlori 9,10 Shift Clk.Los• of Word 9, 10 'I 7a 008 ! l ·' 

• I I 

I ! I I 

I ! ' i f I I t • I 

I
I f ~ ~ • 

I I I i i 

I . ! ; . , 

: .,. . I i I 
I I ' t 

I !! I ! , 
I I ! t 

1 I ; j f 
I I I ~ ; f . ~ ~ I • 

o>4••'" ,' .. _ ... _ > _,...,......_..,. ____ .. ·c ... ...,..·---~···-····~-..~-· ~-·;>--. .. ~---........... _.,.PI>Iol!!r. .................... -jOI$4 .... fliO;I$ .... ~-~- ....... ~-... ,..__ ... _ ol!\-.~- .0 .. •-"'(1>,- ·-·~ o-.<0-· ~ ............. ~~~:~~a~~_.,.... ............ ..,J -- ... (i*¢6)0\ol'la -- ·-·.__! 

II u ' ....... tL 

Shift Clock Ckt. 



r' 
·-·· ---~ - --- --., ·-~ • • u. • .. -~----- -. _,.~--~·-~·~--, l -~-----=~~=·=·,..._.~. .~~"'C.SUO ..... =.:!:1,;::::, .. ,-~o--.• (,.,._·"""'<~~~ 

• ;;~·:::rc4\l\ ?t~c;a~;i.:!l r~ _ ':·; ; ."':E:l .-.. ~ , 
~;:~:--:.-_, f FA flU~!: !',·\Ot;!E, E:-:ft:'.:, h L~~~-------~-~--~a~-~~- ~-~-~~"_jJb. ~.;_O.s_:«,_j ~~- ,, J 

A'JP- :lOt}-

" i . ' ,, ,.. ~ •. _,.,.. .-. ! ~··:' ii:C;,• ~ :;.·,•:~ 1'4•) ' . :A~ • !I'~ ' 
'·~.tJ .--..... :....;.l ..... ...:or,;.-c""<:>&~<><• CR&nCAUfY ANA1Y51S WG'J.!(SHF.:::·rt_f~~tral E~ctro!li _ -=~:_:.-._. .£.~:~~~---_: .. _~f.~:_g 

----- -·- ~-· L ··-.- ... __ .. __:_j]hl!~~~-~s;~::_H~ -t:~aY.l2?Jj 
I ,, . --fc-- .., r.: 'II' E I CAlli'~.-:. r· . ''f"·-us·r oo I l::t ·,;.-... o.- ,-A •• ,,~ I • . ~".. I ' '- _,._ . . ·' I fAilURE MOD~ r·- ---w·----·- - -!i-~03Ac:un, CRITIC- i ~:••~•CT'0"' l I I "' 'iY · ... ,., · • · • eNo rn:M svsn:M ! ax ,.,-.s . ..,~,., 
f I! • ' .. .. ----.............. -·r .. ·-~ i"' ... _.__ •• ---~--...,...--~~--"'------..... - ., ........ "'"..,"'1-..... --..... ..,«.---·"'-~ ..... ; 

ll~Word l, 2 Shift ! · .,. : I 
Register. i No Output Word 1. 2 Output Fails Lose of Word 1. 2 140 .. 160 I 3 l 

I I .., 

ll.Woi-d 3, 4 Shift I t ~~ 
Register 'No OutP>t Word 3, 4 Output Fails Loao of Word 3, 4 l 140.160 

1 
3 I 

13.Word s. 6 Shift 
Register 

14.Word 7. 8 Shift 
Register 

lS.Word 9'. 10 Shift 
Register 

!No Output 

i 
'i 
!No Output 

I 
!No Output 
I 

I 

! • 
! 
I 
i 

.. 
• 

j 
f 

I • 

Word s. 6 Outp8t Fails 

Word 7. 8 Output Fails 

Word 9. 10 Output Fails 

Loss of W ~rd 5, 6 

Loss ol. Wo3rd 7. 8 

j Loss· of W:,ord 9. 10 

I 
I 

·A~i 
I 

I 
I 

I 
I 

i 
I 
I 

I I I 

I t l 
: 140. 160 , 3 I 
I 1 
I I ~ : 140. t6o I l ! 
f : . 

I B 

1140. 160 i 3 l 
I I I 
I i i 

f I 
i 
I , ___ 

I 
' I 
; 
I 

I ! 
I 
t 

t I 
• • t . 

. ' 
t • 

i 
t 

' ~ 
i 

I 
j 
j 
t 

I 
I 
I 
I 

~ .... .._ 1o .,_ -..~ JJ .,... •h~~ .• .,._. .. ,..w.t........,.t:to~u--~•··U~.-•....,..,...,.., ... ~,.~:~-....~ •--.,.-•~.&~•c. •-•.w.-... e -~.,.. _.~·-e .. ..,.... .. ..,...,,e•·"'•,; .-o•-
-:, J.j~~'-/'"!~ 

I I 
, ... >'),, .... ::. .... ~~="'"'"· ....... ''C..-~ ......... -.!~-~~,.--.... --~---. - -·-



., A7'' '1013·' 
- ·-----, ....... ~~ ·-------·----.... ~<;..._ __ 

~ ;·~EM~~~.~~-~fy~~~tan~ ... · ~· fi~1:.~l!~-r~~ ~~~-
4

~.J 
--;:,r·-:~··_,......., ~- .·,~- ...... -: . - ~ .. fAilliRE MODE 1 Effi:C1 

CRrOCAUTY ANAlYSIS \i/O!<KSHF.ET 
~~.-~ .. ~~~'-· -~ .. -~"'"T()W(;_N_0~-~"-----1 f'AG~ 1f64t,. vf ~ £o

4

g 
\. , ' "'

1 
} • h "' .... .1!-AC.s::/0 c-"="Dt.un 

~~-':¥ 

f AtlU!U MODE 

,--
1 
$liP 4P 

L-_ ---~~·- -- --··-~·---·"--··----·-~··~--

Hf~CT Of fA!lURi 

SVS'fEM. o ;/( &o-5 
~"'~?:s:·~~\tl~~:l'W~~ 

.... "_ ID ifnt:o!' 
.Bt.JUei' Load Gate!s 

..•... . I 
" f 

J? • .Front Film PHA !Incorrect Output 
Buffer Load Gatee 

l 
l 

l8 . .Front Film Ace~ Incorrect Output 
Buffer Load Gate, 

• 
19.Re~u· Film ID !Incorrect Output 

Buffer Load Gat, 

ZO.Rear Film PHA jl.ncorrect Output . 
Buffer Load Gates 

i -

I 

2l.Rear Film Accuniincorrect Output 
Buffer Load Gate$ . 

I 

• 
Z2.Front Cvllector !Incorrect Output 

ID Buffer Load Gts 
I 

~3.Mic PHA Buffer (Incorrect Output 
Loa d Gates ! ' 

i 
. I • 

~4.Mic Accum.Bulfell:ncorrect Out}iut 
Load Gates · 

~S.Rear ·Collector ID Incorrect Output 
Buffer Load Gate • 

~6.TQF Buffer ;Incorrect Output 
Load Gates 

• 

Front Film PHA Signal(a) 
Incorrect 

Loss o1 Fr911t' Film ID{l-4Cr 
Bits) 

I ... os s of Front FUm P.HA 
(lb3 Bits) ' 

Front Film Accum. Signal(s~Loss of Front Film Accwn. 
IncorJ;ect 10-3 Bits) 

Rear Film ID Signal( a) 
Incorrect 

Loss of Rear Film ID (1 ... 4 
Bits) 

Rear Film PHA Signal(s) ~·I Loss of Rear Film PHA 
Incorrect j{l-3 Bits) 

--i Rear Film Accum. Signal(s),Loss of R;ar Film. Accum. J 

t Incorrect 

1 

(1-3 Bits) I 
1 Frant Collector Sig~al{s) Loss of Front Collector ID ·I 

Incorrect ·j (l-4 Bits) 

Mic PHA Signal(•) Incorrect Loss of Mic PHA (1-3 Bits) 

Mic Accum.Signal(s) !Loss of Mic Accum(l-3 Bits)l 
Incorrect I 

I 

Rear CollectoJ: ID ~Signal(s~Loss o_f Rear Collector m I 
Incorrect j(l-4 B1ts) ! 

TOF Signal(s) Incorrect ~Loss of TOF (1-6 Bits) 1 

7.008 

7.008 

7.008 

1.008 

7.008 

7.008 

7.008 

7.008 

7.008 

7.008 

7.008 

: 3 

! l 

' 3 

3 

I 3 

3 

3 

3 

3 

3 

3 

t 

I . 
! 
{ 

I 

I 

l 
I 
f 

' I 
• i ! • I I I 
~ I : f i I * (1 .. 4) h J,.i z. 3. or 4. I I ; j I i ' I 

' · I I I 

~~~~----·.1 _____ ...... , ..... -·-·-··-J····~~----~- ... -· .. ----·-·.J·-------~-····· ... ---~·-----~--·~·~·------J 
~ I I; .. 
~· .~< .... ._." - ·-". ----- -
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' •. .. •. ~ .. - •~ :. r,. I TEl\·. v·.v~ NO : _ ... • -40' ." \.ii;))Tw'I/Z·Z-<:~?a .:orp;:r-,:;,_, : C~:rr:CAtiTY ANAl\'~fS V./C~ti·:Sii.::~7t Central Electroni~s : 1'/>f_-..;.. }1[4? v.- 9(Jq 

. ' .--·-·-- --------~-~----- --.---- -----------~ 
---~----------L--·----· ______ ..:_L!~~!_.~_?.a<!_9~-~!~l:"G No _ .... !J~i~}Aax.J.17l ___ k ..... ! 

· ,. ~ ! I f''fS:T C·f fAiLURE ! rc;,JU,O;,:: l i ·· ~..-;-..u~ 1 0~ f~!tUKE' MCDf_ --- -. . . . . : FROS~~:UTYI CR!T!C- ~ 
-~"'--~~- E,..o tT£M ==~=:C. _ : S!YSfEM ; •:J,. urs f A:.HY 1 . ..... ~ . t' ,QI!I. ·"·. ~ ~\ti:.lt-~ 

IDENTICAL TO 16 THR Z6 EXCEPT THAT THE FA tORE IS RELATED TO DUA~ SENSOR~ I 
, 38.FUm ID (Sen 2) .. I In. correct Output I FUm lD Sipal·Incorr~ct I Loss of Film ID (l-2 Bits) I 7. 008 i_ l I 
t Buffer Load Gates I - , I . • 
f I 1 
!- . .. ! I 

i 39>.oc0Uector ID(Se-n I Incorrect 0\atput l cone.cto.r m Signa! :Loss o( Coll~dor m. t' 7. 008 t J I r 3J Duffer Load at• . ~t ! (1-2 Bite) . I . I 
t I . I I • . • t . • 

: 40.Film PHA (Sen3) i Incorrect OUtput l Film PHA Signal Incorrect I Loss of Film PHA ( l- 3 Bits,-, 7. 008 i 3 · I 
1 B"ffer Load Ga, · · I · I i . . 
j 4l.Film Accum (Sen3} Incorrect Output I Film Accum. signal incorr+t Loss of FUm Accum(l-3 1. 008 l .3 : 
· Buffer Load Gatep Bits) ~ f 
. i t 1 
; 42.Noise Mic Ace~ Incorrect Output Nois~_Mic Accum Signal 1 Loss· of Noise Mic Accum . ! 
' (Sen3) B"ffer Lo~d · 1 Incorrect ! (l-2 Bits) i 1. 008 
! Gates j· 
43.Analog Data Syncjlncorrect Output 

(Sen3) Buffer 1 · 

Load Gate I ~ 

44.Heater Status (Sen Incorrect Output 
3) Buffer Load G. . 

: 45.Main Mic PHA ~Incorrect Output 
: (Sen3) Buffer Loa¥! . 
i Gates I 
, I 
; 46.Main Mic Accum I Incorrect Output 
; (Sen3) Buffer Lo~ 
· Gates I 

I 
I 

+(1.3) b 1, ~. ;ol' 3. 
I 

I 

t 
Analog Data Sync Signal J Loss of Analog Data Sync 1 
Incorrect · i.! · t 

I - I 
Heater Status Signal Incortt Loss of Heater Status Signal~ 

Main Mic PHA Signal 
In cor rect• 

Main Mic Ac<:um. Signal 
Inc o :r re<: t 

i t 
! Loss of Main Mic PHA 
~(1-3 Bits) 

' Loss of Main Mic Accum 
; ( 1-3 Pits) 

7.008 

1.008 

7.008 

1.008 

3 

3 

3 

3 

. 3 

t 
i 
~ 
J 
' 
f 

' I 
i 
J , 
i 
" 
t 

. t 
I 

J 
t 

I 
I 
! 

I ' ! ' I . I ' . . 
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CRiTICALITY ANAl YS!S \'10~ KSHEf! }.ke.q_traL~.~!f9.nJ.!~----·- .. ·-·----1~::~~~-':~~,.g!J!~!£ 

_ ___l_ . . . . ...., . ,. ... n~----..:_~Z1rwhL~-21\!ltU~---~·-~-"~__j_~~~J.!~zJ1!! .. ~J 
--~·'·C-.-~·:---- ,. HfECT OF fAttURf : t·h.il.t,r1: ' .•• 3 

CUCUIT Q:'{ fAILURE MODE = . --- ·- -~~~Pi<·:>aAIH~,;·iv-! Cit., ~c-) 
ftiNCT!ON I END JTE,'o'\ J S'\'SUM ! Q X IC-5 I Ai.;T\' l 
~--............... -~,.,. ... . ... - ..... ~:--~"'~~- """ rmm-·"'-""'·"~==·~·.... • ~ ""'"""'"""""'~~.,.-""'"'-~-r---·"'··-----~ 
41.Front Film ID l Incorrect Output l Front Ftlm ID SJ.gr.ud I Loss of Front Fllrn m (1-4 i l 

Latch I 1 Incorrect Bits)* I '7.008 j 3 

48.Front Film PHA 
Counter ! 

I . 
(a) C40 1 Flip Flop • Incorrect Output 
(b) C402 Flip Flop I Incorrect Output 
(c) C403 Flip Flop I Incorrect Output 

49.Front Film Accum 
Counter l 

(a} C404 Flip Flop ! Incorrect Output · 
(b) C405 Flip Flop f Incorrect Output 
(c) C406 Flip Flop :Incorrect Output 

SO.Rear FUm ID 
Latch 

I 
I Incorrect Output 
I 
I 
I 

5l.Rear FUm PHA I 
Counter 

•: 

(a) C411 Flip Flop j Incorrect Output 
(t) C412 F1ip Flop i Inc~rrect Output 
(c) C413 Flip Flop l Incorrect Output 

52.Rear Film Ace~. 
Counter 

{a} C414 Flip Flop 
{b) C415 Flip Flop 
!c} C416 Flip Flop 

I 
. Incorrect Output 
; Incorrect Output 
i Incorrect Output 
I 
i 
! 

. I 3 

I ; 
Front Film PHA Signal Incj1 Loss of Front Film PHA f 7 .. 008 I 3 
Front Film PHA Signal Inc Loss of 2 bits of Front FUrn A 1. 008 3 
Front Fihn PHA Signal Inc~ Loss of I bit of Front FilmPf:.!7. 008 · :. 3 

I ! I ! 
I I i l 
I - I I I 
I I ' l Front Film AccwnSignalinA.LoaJs of Front Film Accum. j 7. 008 
, Front Film AccwnJ$ig.ln.c~ Loss· of Z .. bits of Front FilmA.c.7 .. 008 
l Front Film Accum.Sig.Inc.J Loss of l bit of Front Film.Af.7.008 
I . . 

i Rear Film ID Si.gnal(s)Inc. ! Lo.,s of Rear Film U-4Bits) I 7. 008 
. I I ' I . 
I . • I ... , 
I I 

3 
' 3 
I 3 
i 
I 3 

l 
l Rear Film PHA Sig.lnc. i Loss of R.ear Film PHA I 7., 008 l 3 
' Rear Film PHA Sig. Inc. 1 Loss of l bUs of Rear FU.mf1HA 7 .. 008 i 3 

I 
I 
; 

I 
l • 
~ 

I 
9 
j 
~ 

! 
0 

Rear Film PHA Sig. Inc. j l..oE.s of 1 bit of Rear FilmPfiA 7 .. 008l 3 

I t I i 
f t : 4 

l 
I . J 

Rear Film Accum. Sig. !nco~ Lo~s of Rear Film Aecum. I 7. OOS : 3 f 
Rear Film Accum. Si.g. Inc. l Loss of 2 bits of Rear FilmAc. 7. 008 ; 3 f 
.Rear Film Accun-1. Sig. Inc. ! Lose of 1 bit of Rear FUm Act 7. 008 ; 3 ! 

! ! ' ' 

I · f l i 
I I . i 4 

:~--~~-0-"~--l···-· ·-· . __ l _______ ... __ L_. -· _ _I _j _ __l 
'I I! ~, \ I~ '/f • 
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53oFront Collector 'I· Incorrect Output j' Front Collector Signal(s) Loss of Fr.ont Film Colee tor} 7 e 008 I 3 1: 
ID Latch Incorrect ( 1-4 B its):~~z . 1 

54.Mlc PHA Countet I I ; 
{a) C433 Flip Flop l Incorrect Qutput Mic PHA Signal Incorrect Loss of Mic: PHA I 7 a 008 I 3 ~ 
(b) C434 Flip Flop i Incorrect Output Mic PHA Signal Incorrect 1 Loss of 2 bits of Mic PHA I 7., 008 ! 3 ! 
(c) C435 Flip Flop I Incorrect Output M.ic PHA Signal Incorrect 1 Loss of 1 bit of Mic PHA 7. 008 '1!. i 3 I 
S5.Mi.c Accum. Counter I !- I 
(a) C430 Flip Flop j Incorrect Output Mic Accum. Sig. Incorrect Loss of Mic Accum. -7 .. 008 ~ ·3 I 
(b) C43l Flip Flop 1 Incorrect Output Mic Accum~ Sig. Incorrect Loss of 2 bits of Mic Accwn 7. OOS I 3 
(c) C432 Flip Flop ! Incorrect Output. Mic Accum. Sig. Incorrect Loss of 1 bit of Mic Accwn.. 7 .. 008 l 3 

56. TOF Counter i . I I · • I 
(a) C421 Flip Flop i Incorrect Output TOF Signal Incorrect Loss o! TOF 7. 008 3 
(b) C422 Flip Flop i Incorrect Output TOF Signal Incorrect I Loss of 5 bits of TOF I 7. 008 l 3 
(c) C423 Flip Flop ! Incorrect Output TOF Signal Incorrect I Loss of 4 bits of TOF 7. 008 ; 3 
(d) C424 Flip Flop I Incorrect Output TOF Signal Incorrect I Loss of 3 bits of TOF t 7. 008 l 3. ~ 
(e) C425 Flip Flop Incorrect Output TOF Signal Incorrect · ·.1 Loss of Z bits of TOF 7. 008 ! 3 f 
(f) C4Z6 Flip Flop I Incorrect Output TOF Signal Incorrect ! Loss of l bit of TOF : 1 e 008 i 3 i 
57. THRU 66 SAMEi AS 47 THRU 56 EXCEP~ THAT THE FAILURE tS REtATED TO DUP~L SENSOR Z. l ! i 

I I ' I . . 

1, Z- 3, or 4 

. I I f . j 

I 
. i I 1 l 

. I ' I ·! · ~ 
I I l ; ~ t 

! ' ; l : f l l ! , ; I 
I ' • • I 

! 
I 

j 

I 
' I 

I i • • • ' t • I 

' l I 

I 
I 

I ! 
• 
' t • 
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. fUNCTION j fND ITEM . .:£YS!~M 0 "lt 10-5 j AUTY 

6~D'!"'atch '! I~correct Output -;ru:!n si;;~(~~~-~~;:;f Lo8;·;{-;{'!;;~ID(i:;-;;;;-r·;~.~-ooa-·--=~. 3 ···"'·"'~· 
; (Sen. 3) · . 

1 
i .. , 

ll 68.CoU.ector m Incorrect Output Collector ID Stgnal( a) Inc.! Loss of Collector ID (1-2 bit ) 7.008. I 3 
Late h (Sen. 3) • · • 

; I . .. I f 
t 69.Film PHA. Co~t.,hcorrect Outpct J i 
1 (Sen. 3) i · ; , . I · ; I 

I 
l 

r (a) C603 Flip Flop lhu::orrect Output I Film PHA Signal Incorrect I Loss of Film PHA I 1 e 008 i 3 ! (b) C604 Flip Flop l Incorrect Output Film PHA Signal Incorrect I Los& of Z bits of FUm PHA 7* 008 ; J 
i (c) C605 Flip Flop I Incorrect Ou~t Film PHA Signallncor.:rect Loss of 1 bit of Film PHA 1 .. 008 I l 
l I ' I ' . I 

--l 
: 70.Film .1\ccum. ! I 1 

. ,. , 
Counter (Sen. 3) I I i 

:(a) C600 Flip Flop 1Inco:rrect Output Film AccumG Signal me. Loss' of F!ij~ Accwn. I 7. 008 i 3 
' (b) C60 1 Flip Flop j Incorrect Output : Film Accume Signal me. Loss of 2 b~.~s of 1:"'ilm Acct~..l 7. 008 : 3 
'~~} C6~2 } .. 1: Flop j Inc~rEect Output Film Accum. Signal Inc. fLoss of J; bit of FUm Accuml' 7o 008 f 3 

• ., .Noue Mu: Accum . l I 
Counter (Sen. 3) ! · :.' 

(a)C630 Flip Flop I; Incorrect Output Nobe Mic Accum. Signal In @Los8 of noil!!.e mi~ a.ccum.. I 1.008 3 
{b) C631 Flip Flop lncorrec:t,putput • , Noise Mic: Acc:wn. Signal lnf.Lolls of I bU of aoin mic: '"t· 7. 008 • ! 3 

I . I I . . . I 

I . I * 1 or 2 

I 
l 

I . , 
I I I j I I . I . 

I I l I ' I : . ·,; I 
j I . 

. I f f 1 i I . , ! 
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Sync Ckt. (Sen. 3) · Signal o loss to the expedme11t 
! 1l.Analcg Data l Incorrect Output I Loss of Analog Data Sync ~~!fils of Analog Data Sync Sig$ 7. 008 I 4 

73.Heater Status l Incorrect Output I Looa of Heater Statue Sig. Statue of the Heater Undeter 7. 008 I 3 I 
Ckt. (Sen. 3) 1 I 

, I 
I 
j 74.Main Mic PHA ~ 

Counter (Sen 3) 

I (a) C6Z3 Flip Flop 
(b) C6Z4 Flip Flop 

l (c) C625 Flip Flop 
I . 

: Incorrect .Output 
i Incorrect Output 
Incorrect Output 

I. 75.Ma.in Mic Accum 
I Counter (Sen 3) ! 
: (a) C620 Flip Flop j Incorrect Output 

(b) C621 Flip Flop I Incorrect Output 
(c) C622 Flip Flop Incorrect Output 

I 
I 

I 
"f 

I 

I 
I 
I 

-

; 
I 

i 

I • 
I ~ 

Main Mic PHA Sig. mcorreft 
Main Mic PH.A Sig. Incorrett 

I ' • Loss of Main Mic PHA. I 1 e 008 I 3 I 
Main Mic PHA Sig. rncor .... r Loss of 2 bits of Main Mid PHA 1.00$ 3 

Loss of I bit of Main Mie :l>HA 7. 0081 3 I 

I 
.. 

Main Mic .. Accum. Sig. Inc. I Lo~s of Main Mic Accum. 1 7. 008 
Main Mic. Accum. Sig. Inc. '·LotuJ of 2 bits of Main Mic A~ 7. 008 
Main Mic. Accum. Sig. Inc. . Loss of l bit of Maln Mic Acf. 1. 008 

.. ·J . ., ' 

I 

I 
i 

. i I . • J 
I 3 I 

3 ' 
3 I 

i 
I 
I 
' l • . 
I 

I t I I I 
I ! r 
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76.Front Film ID I No Output 1/4 of Front Film ID Sig. i.oas of 1/'4 of Front ltilm ~ 19.44721 3 ' 
Pre-ampifiers i Missing !nco.:rrect TOF I 

1 Circuit I • 1 . 

f 77.Front Film Analig . l/4 of Front Film ID Sig. Lo~Js of 1/4 of Front Film 1119.44721 l 
t Inhibit .Circuit I No Output Missina Incorrttct TOF I i ! e I 

! 78.Front Film Thre~- I 1/4 of Front Film ID Si.g. Loss of 1/4 of Front Film rq I I hold Det. Ckt. I No Output I Missing · 
11 Incorrect TOF . ~ ~3. 5704f . l 

I 
I 

I : 79.Front Film Sig.l No Output II 1/4 of Front Film m Sig. I Los's o:f 1/4 of Front Film 7 .. 008 1: 3 
! Inverter Gate 1 Missing Incorrect TOF 
: j 

I 
.I 

1 so.Front Fnm LogirNo output 
Inhibit Gate 

' 8LFront Film 1 No Output 
Summer Amplifo 

32 Summer Peak I No Output 
Detector j' 

6 .Summer Thresh ld ~ 
Detector ! No Outp~t' 

I 
,.Summer Signal I No putput 
Inverter GATE ~ 

Clock Sync Flip 
Flop No Output 

I 
I 

7.008 I 
I 

!/4 of FEont Film ID Sig. I Loss of 1/4 of Front Film r 
Missing I Incorrect"TOF I 

3 

Front FUm. PHA • Accu.m.f Loss of Front Film P.HA It I 
1 

Signals Missing .! Accum. · 1 ~· 72768~ 3 

Front FUm PHA &: Accum,! Loss of Front FUm PHA It 84. 6Z16j 3 
Sig ng,b Mha'Jing j A cc um. I I 

i I j 

_ ;:ront .. FH~:a.l! ~HA &: Ace:un>..! Ls:.1ss of Ji'ront Film PHA It . -~~ I 
I ..'!itgn&!5 M~~S'lllg i Accum. z$ 995CJt; l 

! FTord:: Fi PHA It Acc~.n:n.l Lcn1s,of }~:•·ont Film PHA & 7.008 ' 3~ ,' 
I S" •,. i ·" '!tJi'.;' •l I -~, .,, • ' .,.., ' 

I :J.g:r.a,.<~~ ~..-.u.~"' ng 1. ,t,_,t,.~_.u!J.L.:' 

I I i 

I ' ' I F'l"<CH'lt !'llm 'PHA & .A%';,i;;;,:tm ! l.G.£H! of F':A\"'011\t FUm PHA It 1 7. 008 j 3 f I Signals Mioo~ I Accum. . I I I 
. I I ! I f 

; . :· 7!YIT~7if~ .. ~:-"J_____ ..... ---~f=~-=-:~·-~ ~:~~-~~-~~~---~-$-~~-· ··-·M_J-··--=·····~=--"·-··,."~~·"'"·~,~-~=- .. -l:-----=L~--·~ ... ~J 
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i~plifier .. Detect;:L_at!O lc:.lf4 ~1&Ll911 ~ 

A'l'M \01~:. 

~~~;:;-;- "i • fA;:R-;M~ ~= ·==--~-·-""'-~"-f-;~~~~=-~- .. : '1~~~~;£·:;11'[ ~;;;C~-~ 
.,...~::.._1_ -- _.2_ ~ ~::~--·"-______!!~-· ·--!-~.:;:::~, 
8"9Rear FUm m t No Output I 1/4 of Rear FUm m Sig. .1 Loss of 1/4 of Rear FUm u~ i . I 

Preamplifier Cl I mi.Seing . Incorrect TOF ! 19. 4412~ 3 ~ 
81.Rear. Film Anal . J ,! f 

Inhibit Circuit j No Output 1 ~ 4 ~f Rear FUm ID Sig.. •

1

. Loa a of 1/4 of Rear Film 
i - - muunng Incorrect TOF 3· 

88.Rear FUm Thre1-No Output 1/4 of Rear nlm m Sig. .' Lose of 1/4 of Re~r FUm tb i 
·· hold Detector Ciljt. . mieolng Incorrect TOF I : . . -; I 3 

S9.Rea.r .Film Signal . _l I 
Inverter Gate I No Output I' l/4 of R~·u· Film m Sig. ~ Loss of l/4 of Rear FUm 1p · · i missing I Inco~Nct TOF ! 1. 008 ! 3 

10.Rear Film Logic· . 1 " f l 
Inhibit Gate I No Output i 1/'fo of R~~i' FUm m Sig. ~~$8 of 1/4 of R'i&r FU.rn Ii I 

· I mJ.iil~mg IncoJt·rect TOF 7 e Oi18 l 

ll.Rear Film I No Outpat ·l Rear Film PH.A a. .Accum, · Looo of Rear FUm Piu a. I 
Summer Amplifr~ Signal Mhud.ug .~ Accum.. 6. 7Z768r 3 

Jl,Swnmer Peak I " I . i 
Detector No Output .. R-ear Film PHA tt Accum., Loee of .Rear FUm PHA II j 

~ · Signal ~lilii&WJ Aecum. 84 .. 6Zl6f 3 

'],Summer Threa- J .Rear film PHA It Accmn. ~-Loss of Rear Film PHA lr 2. CJ9592j 3 
hold Detector i No Output SignaJ Mt&lliDs Accw:n.. r 

. I . 

•4')5wnmer S!gnal I No Output Rear Film PHA • Ac:cum. ! Loss of Re-.r Film PHA • 
Inverter Gate I Signal Missing I Accum. 

~.Clock Sync: Flip I f 
Flop 1 No Output Rear Film PHA • Accum. I Loss of Rto:ar Film PHA It 

f Signal Mhetna j A<ecum. • 

I 

7.008 

I 1. oo8 

I 
I 

3 

3 

I 
' 

, 
l 

i • 
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f lf.Y.jT':.M I i'f:E?ARt:O cv NO 1j ~!":\I • ' 
-;::;. -..;_ 1 fAiU.HU: UtOD:, EHEC1 & l.r~~~-~~ J':· .~a~~ ...J..Q.l .. t. ..~L_A_..{ 
, , -·. • -·-..... . N .. ) I.e • OW., NO I •• _ , 

"-..d) • ····~ '/·"'~"' ·~- • CRITICALITY ANA~ YSIS WORKSHEET [§:e~!c ~!ec!_rop1c~ '··-~ I ~G~ .... ~~~~-~~t j · ! .~SY • • """"1 :w:::; NO ~Al~ 
--·-- - -~- a -· • ""-r-" =• • ~~!}::.2.~!.~1?.~~1.?21-. • oc· • --------1~ _}d~yJJ!lM~•c=-~ 

. \: . I I p • c.·~H.!J:.>f~ It c.~r;,.<.un OR ! I . ffe::¥br FA.i.!.!R.:: I, .. " . ·,- ! CR!nc- « 
; FAilURE MODE I---· --=~----------.~-~--~-~. --~-.JIRC.iA:si .. lfYI ' 

,. ,.u_ .. :cnc·N I · · ·· END l''fEM i svsn:M I a~ ~~-5 -:"U"iV 1 
~~ .. --~-----$--·--~·-·,-.~, .. ,_,,t.,,_ .... . . -- ~~"''"~""·- , =-==~~'"'"'"'"'"""''"'"'"''"-"'"''=···,·······l·l-ll,,0"""'"'~- ....... =---~"""""'-·"~-'·..1 
~lFrcnt Collector i No Output l/4 of Front FUm L m Lolil!~ 1/4 of Front CoUect~•r I lp 

ID Pr~amplifier l Signal Misaing ID.Incorl'ect TOF 19 .. 44&121 3 

n .. Front Collector J' No O~tput 1/4 of Front Film &: ID Loss of 1/4 of Front Coll~ct r I ~-
Analoglnhibit C t. Signal Missing ID .. Incorrect TOF 19.44721 3 

~ 9 
I • I 

J8.Front Collector j No Output J 1/4 of Front FUm It ID ' Loss of 1/4 of Front Collect r i • 
Threshold Det. j .. Signal Missing I ID.,Incorrect TOF _ 83. 51041 3 
Circuit I 

P9~Front Collector ! No Output 1/4. of Front Film.. m I Loss of 1/4 of Front Colll!$ttt r I 
Signal Inverter I · Signal Missing ! ID.,Incor:lf~ct TOF 1 .. 008 I 3 . I I -

oo. Front CoUectok No Output l/4 of Front Film It ID 1 Lcuu ~··f 1./l~ ot FroDt CoU'!.'h;t-r1 r ! I· 
Logic Inhibit Gat~ Signal Missing I ID.. '~ \\: ii·~e~ 1. 008 i 3 

I I I ' 
en. Mic Preampl. ~No Output ! Mie PHA • Accurn. liigJtlal~ I ;>},ID • Aec~J.m~ I 37. 3176: 3 ! 

I M. . . . I . . t-~ :ang , 1 • 

02& Band Pase Flt1• No Output ~7~ ~'H}i, J!i~ AccWTte ~igu~i:~ ~- & Accum~ 31. 3116f 3 1 · 
' MctH'l-mg ·t . I I r 
i I I ~ 

03. Mlc Peak Det.l No Output: i . FHA & A~;cwn. iliignab 1 rt~if!' PHA & Accum., 37. 3176! 3 i 
i I l; ,p . I ~ 
• i JV& u;, . ' I • 

<"\)~ ltl.t:• Tb hol) ~ II 11.Af• -, ·-q:_j;'A !!,·. '" .,_ ; . ._,- j , .. -. ,• PHA • A ; '»"" '!1117 c f 3 I v~. "'"'.o.iC rea ""f D£1 ~.. r •.r..n ~' .nc<e u .. n~ # ll.&.-~"'*'1 "'"'""' .Qit c:cWD. 1 01; .. .., c J J 
Ih1lt~dor . 1 No Output i Missing ; i ; 

Ol;~ Mic Inverter f . I Mi.c PHA lr Ace~,, n.gnal~l Loaa o£ Mie PHA It Accum. f 7. 008 ! 3 -~! 
G~t~. e r No Output ,. Mieallla i i • 

' 1 ' t . ' 
'":f ' ,. .;. - ' ! i 06 , ~~r Co!l,.,c.o~ , . f 

U $,:;-P:am~:;.lUier j No Otv.!:put l 1/1 of l\:1'!-ar Co-UectoJr ID t Lc·•• of 1/4 of Rear Collecto!r . i l 
1 1 Mi•siog lD _ ll 19. 4472; 3 l 
• t t . . t •· .... ·~• I l. f 

'1. l~ti#io r f.. •• vh!!:ld{ll~ No Output - r l/4 of RE:ar CoU~-ctor ID 1..-:nst; •rf 1/1. o! .R.:;;€:,1' C4JH~·::~·1!J. 'a : 
II ~ I,.,, ... ~ ... II "~~- • il> !I"' .. I !! ", l I "'D . t I 
,. :- : J"'~ uu~;.u!~. ""' !:,. .!'¥\'!.UiH~ '"I ! f li ~ : ~ •• ~ 1 ·:t 

~ ~'"' Ia "", ,.._.~ ~ 

• ; I I 
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:_~:::-:-~ ~Q··-- ;- M-·-----~--~---~::--- ~-r~trf.A.;;;--=--~·~r%~;t~v~a:u-·~-r;~~;~ 4 It[:~----~-~ -· l fA l-URE MOCE .. Ef, a.:Cl & i- LE·----~-~---~---1--~---"'"- . ~-- -·-·--------.~---. ; /", •, ·, _ • . ~'='· • • ov • .:» NO _ • , _ . ~ \J~:'i:h t: .. ~~-=· . .?!i:!no r:a~wek>n C~BTICAUTY ANALYSi~ \4i'CfH\SHE~T ~e_!:s· Electr~~-J--~- . ···~ -·~ --:-::__]!~(S§<;;, tj,~)_1~1 C 
. f ~S Y l li#G NO t;A ~ E 11 • 

---...,_-.----_--· ---~- -.. - -- ..... ____ .....,.,r~~x:.:.D~ ___ !!_~y-r~-1 
. , . . j y~~f .. ~1br: fAlL~RE 1 f"lll.l;{c .. 1 
cu.:<.UI r OR fAilURE MODE ~ - -- ··=~-·~---~ w7" f>g03-\1llUiY o~tdC~ 

~·· -- o -~~~~![~•u----=tc~!!?:.:.)~::. 
;.. Rear CoUecto~ . 1/4 of Rear Coll~etor ID . LOss of 1/4 of Rear Collacror l g 

rhreshold Detector I No Output Signal .Missing i ID .. Lo~u of TO.F 83 .. 57041 3 

.09. Rear Collec:to1 · · I t 
iig.nal Inverter No Output 1/4 of hal'!Collector m Loss of 1/4 of Rear Collecto 
. · · Signal Missing I ID.,Loss of TOF 1. 008 I 3 

.10. Rear Collec:to4 _ . . . j 1/4 of Rear Collee~ m Loss of 1/4 of Rear CoUectot
1 

.:egic: Inhibit Gate j No Output I Signal Missing ID,.Loss of TOF 1. 008 I 3 

11. TOF .Circuit I No Output - - Loss of TOF Signal I Lo-llis of the measurement ofl 1 

I 1 transit thne between the 
1 ' front and rear films 1 3 

12. THRU 141. 

I . ; 
I l I 

I 
' I . I 

I . . I I I 
! . I . ' f 
• I i I 
r . ' ~ r , 
I f ft I 

" 

I 

I 
I 
{ 
I 
i 

j I I' .• I 
• l l 

t 
L • 1 ~ ~ 

i i ! 1 f 

t j i ~ j I • . I 
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------,...,....----~------· -.. o::a::!1'¥iii:lllV=~ --..:--- ~-.- ·~\"'~--~~ -"'""""- - I t SYSI ::M I P?.i?t.Rl:D ~y I 1''0 / I!<!. v . ' 
-~--- I FAilURE MODE, EffEC1 t.. '-.,_.LEA~ · A. Lakhani 

1 
lOl&,.. ... ~_A_ _ ____ 1 

([ji_J)·nN:F. .. :zERa corpor:Je.:v. i CRITICALITY ANI~lVSIS WO~K5HE&.:Tt§:d~:MEledJ:"..2~ic_~- 0_:~-~---r! ::"~_:. __ 'UJS(,J)r -~t~J0 l . I A$~''( i.)WG NIJ OAll'; , 

___ """""' • ""
8

_ 1 .. ._ . ....~., ~au , "t-'._.,~ = .. A-. ·-··--~i}~~6~r::~,7.~!~Et~ -;-·f±~-;j~~&J:1t2IL~ .. i C!RCUJ'~~' '-~R I • r: ~~L ,- ..-..... 1.\,l:o;. ' ••• - t C!\i'f!C= . . f f.AH.UR£ MOD_ =·=~ .• -------r~--~~~-· . = -*'""'l'~OoAiihJtY · · f 
~UNCTION I END lUM t . SYSTEM ..:)x ro-.5 . ~t.rtf I 

~~--~-!"" ... $ -=·'. •c=--= .. --~"''""""""''"'~-==~-,;,='•""'·;~~"'·"""'"'"'"'"'"''"''''"'"''''""""'''''""'"'"" ... '''"-'t~•'R.==•~t-<e.;""--'"£-~ 
l48. Film ID Pre- 1 · I I f 
lmpUfie~ (Sen • .3) I No Output 1/1. of FUm ID. Sig. Missing Lo~Js of 1/2. of FUm m I 24.10321 3 

49. FUm Analog ~No Output . 1/2. of FUm m Sig. Missm Loss of 1/2. of Film m . I 24. 7032. 3 
nhibit Circuit (Seni . I , I 
~so. Film Thresholfl I 
:>etector (Sen. 3) f No Output 1/2 of Film ID Sig. Mbtdng Lose of 1/2. of FUm m I 24. 70321 3 

.SI. FUm Signal } . 
nverter (Sen. 3) j No Out~ 

sz. Film IAgic 1
1 nhibit Gate (Sen. 3) No Output 

530 'Collector m I No Output 
'r~ampU.fi.er (Sen.~ 

I 
54: .Collector Analfg 
nhdnt Ckt. (Sen. 3) , No Output 

I 
I 

55. Collector Threis ... .. 
old Det. (Sen. 3) I No Output 

• J • 

' I 

56. Collector Sig.l 
we l"ter (Sen. 3) · no Output 

57. C:Jllecto:r Lop~ 
1hibit Gate (Sen. 3) ~No Output 

58. Film Summel' 
.mpli!ier (Sen. 3) No Output 

.... 

-~--- _ ........ ____ ·-.. -·-· '- ....... -..... ,_ ~" '·" 

1/Z of FUm~ Sig .. Missingl Loss of l/1. of FUm m 

1/Z of Collector ID Sig. Ma Lou oi 1~2 of Collector ID 

1/2 of Film ID Sig. Missing]' Lotus of 1/2 of Film m 

. . .f 
1/2 of Collector ID Siga MsgLoes of 1/2 o! Collector lD 

! 

1/2 of ~ollector ID Sig. MsgLoes of 1/2 of Collectol' 18 J 

' 1/2 ol CoJ.leetor ID Sig. Ma.g.Lor.os cf 1 n. of Collector lD t 
r 
I 

1/2 I ,._ •. ·· " ... ,s·-~ M f,., · -~'1/~ .,.,..,,_to ID o ~HJ-~(.:tc.:~ ~.t.t' ;s;, sff·"-···::;~a c;;. .. Oii • .... o....,..c r · ; 

Film PHA l Aecum. Slg. M~@• Lou of Film PHA It Aeca! 

' I 
I 

I 

1.oos 1 3 
i 
l 

1. 008 j 3 

U.103ZI 3 

I 
U. 703Zi 3 

I 
; 3 

7.008 3 

7.008 l 

, 
f 
t 
• I 
I 

--- ··- ,,A, •• ,...,. ,,~.,.,0.,-- ~--~- ..... , 
J<llo.-- • -- ........... ~ .... _§;~ ....... -- --· •• - •. •. ... ,. 

I 

i 

I 
't{ 
ii 

f 
I 

l 
I 
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--~:r~·- .. I rAflU~E MODE Erft:Cl & 'r· _b_!:_~_M ___ ~w~--·--~-~!_Lak!J.ani 1 lOl_:tQ.Q1l~ ___ A ·- --~~ 
r .... ~,. I • ):-...' • -~ ---~ ' ' £N;) : r;:.v. ' )'iiiG NO • . = . , ./ f • 
~;.J../ 't:.::.-; .. ,;• .... ..::;r:a c.:Jrp<:;n•&llf2."1 f CRii&CAUTV ANAtYSIS \VORKSHEE't A.....§~!l.~!_Eleclt9J1ics I ·--··~~ ---1~~:::_:_U5~-~0.:~---Q4_J..i ~ 

. I ASS y J DWG NO . D'l ~ 1 • 
-~ _ .... ·--- ... ··- ·~-·- • ·- ~-·---............,-~~---.....-Jll!AruJ?JJ .. ~~~ .. ~_tt~J~£!.9..,_.~,=-=·-~=-·~=---l--.--M~I~I;!?.~-··--·~ 

I . . - }. .. .'J;.,!.. ~ •. -~ll"">~ ! fA!lUr:f. I I 
CI!;~U!T OR j '= ;-~ ..... '-·r r,. v.-.:: I -· · · ·- · C:trnc~ I 

•·'- ' FAilURE .MODE -- ~~~------· ---··~7·-~~~~-·"·----PROoAI:illl Ill · · · 
rusci&ON 1 END anM I · SYSTEM I a lt m-s 

1
. ~lilY r 

~~-·" .... ,-... ; ........... ,.. '' - "'""''''"'"'-'"'"'" ...... '"'~---~f~"""----~-"'"'"''l'-"~ 
lS9. Summer Peak I I 1 I I 
Detecto~ (Sen. 3) No Output . Film PHA S. Accu. Sig. Ms1 Loss of FUm PHA l!o Aa:um. I 3 l 
160. Slmlmer ThreJ-No Output Film PHA S. Accu. Sig. M•&- Loss of Film PHA & Accum. j 3 
bold Detector (Sen3l · 1 · I j ! 
161. Summer SignaJ 't! I I 
tnverter. (Sen. 3) 1 No Output 1 F"llm PHA Accn. Sig. Meg. 

1 
Lose of Film PHA & Accum.! 7. 008 I 3 

I 62. Clock S ync I . . I 1 
~-lip Flop (Sen. 3) I No Output Film PHA Accu.. Sig. Mag. Loss of Film PHA It Accwn .. , 1 .. 008 I 3 

· L r • i6J. Noise Mic Pre1 ! 1 
Hll'llplifier (Sen. 3) J No Output 1 Lo!is of Noise Mic Signal Loss of :tioi.ee Mic Accu.mDa~a 36. 79Z l 3 

I I I 
64, Band Pasa ! I' 1 i 
;'Hte:r (Sen. 3) ! No Output Loss of Nobe Mic Signal Jt§-':.lDe of Noise Mic Accum.Dt 

I ~ . 65, Noise Mic 1 I 
1 

: 
l~ak Det. (Sen3) i No Outpu.t • Loaa of Nolse Mic Signal -~ r .. oas o! Nob~ Mi.c Accwn.D~ta 

6(,. Noise Mic l No Output" • Lo•s of Noise Mic Signal I Loea of Noise Mic Accum.Da~ 42.048 
}Ut:$hOld., Det. (Sen~) . i 

i 
~'? ~ Noise Mic ! No Output 
.. v"'' xte r Gate e(Sen3) 

l 
' ~;A • t<.e: p I 

t A-cU.;;\ "'"""<' l~""'i 

r;;pl'iiltt;'l" (Sen. 3) l No Output 
I 

Lose of No!Be Mic Signal 
I . . ' l Ltill!l$ of Noise Mic Accum.D~ta 7. 008 

1 I 
t i 
t ~ .' .. , 

3 

3 

.3 

3 

~· 

M~b~ Mk t: PiiA J,.ce: ~<str;" 
g)1,g ,. J.l..~.:•'iifiin!; 

~ ~(.-f,t:l!l ~~'- M..nn Mic PHA fa I 
~<:.c•.ITr'., i 67. 80Z4. 3 

I "'·" '''· ,.,, II. "''1i~ ~ ••.. l"l"""' ! ~ ·"''' J. ... , , ... ·~-I 
: L 

1 r,~t.fi rr~~c "' :t:':r.~.A r•-e ......... ("'··· ; '·''-"·" o,~ .~.Jt.tn rnlt,. rH.A 1r 

1 
No Oiilpl! I SigMl§ M\••ing I 

! • • 

''<:'''' ,O'·"''''~"~""J>.'r•'•'~""""'''''_L__ ""----... ,l,,~'"'*""'"""'~""""""--""'"'""-----J .. J ........ ,,,._,""""~4------"w• (J.~;o~~ 

I 
I 
• ' ~ 
j 

f 
I 

i 
I 

' 3 r 
·t 

I 

I 
t 
f • 

I . ,. 
, 
! 

' I 
' l 
i 
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"" 

1~0. Main Mic:: Pea~ 
Deteeto~ (Sen. 3) I No Output Signals Missing . J Accunn. Data ! ~ 3 • 

171. Main Mie 1

1

. No Output Main Mic PHA & Acc;,1~n. Loss of lt~am Mi.c PHA It 40 .. 048 ; 3 .. l' 
~a bold Detector 

1 
Signals ~asmg Accu;n. Data I' 

172.. Main Mic:: j Main Mic PHA & Accum. Loss of Main Mic PHA It 1. 008 3 I 
lnverter Gates 1 No Output . Signals Missing Accum. Data I I I 

I , . I . · 
. I I 
r 
I 
I 
I 
I 
i 
I 

f 

" 
"' .. 

l 
I 
i 

I ~ I :. 

I I l 
t • 

l I 
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• ! 
i 
f 

i 
l 
i I 

I I . I 
· t I 
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AT: ;13 
SYSTEM PREf'ARHlSY - ---- NO ~-~-...-,c 

HEET~1~~~~ ~~i~a:-·~---- ;~:-~~~~.-~~-
( »• 

FAilURE MODE. EffECT & -~ <I TIMI!!!•ZIERD r::orpOret:iOn CRIJICAUTY ANAlYSIS WORKS 

CIRCUIT OR FAI LUlU MODE ~~~ 

fUNCTION EN I: 
.< 

,, ~ -

1. Zl Inoperative 

z. zz Inoperative 

3& Z3 Inoperative 

_. -
--·-

4. Z4 Inoperative 

5. zs Inoperative 

6 .. Ol Open 
Short 

7~ QZ Open 
Short <f 

.. 
8~ Q3 Open 

I ! Short 
' I t 

I i 

t I 
I 

f I 

! ~ 

I 

j t 
! I 

·ss Y · OWG NO DAT\ "-·-.;;;:;~~!·- -~- FA;l~T(21L 
~-EM -,----~·----· SYST~ ~=~"··- PR~B:~~~~TY '!~!~~_, 
. 

.dOFF Mode 

OFF Mode 

and OFF Mode 

atic mode 

dOFF Mode 

the time 
the time 

all the time 
the time 

mode 
the time 

. : 
_,.'.~ 

No loss to the experime.ut I 
(can go to automatic mode) 

No loss to the experiment I 
(can go to automatic mode) 

No loss to the expe ~iment I 
(can go to automatic mode) 

No loss to the experiment I 

No loss to the experiment 
(can go to auromatic mode} 

7.008 

7. 008 

7.008 

7.008 

7.008 

Total loss of the experime1t 3. 504 
Excess powex· drain-no 3. 504 

loss to the expe .riment 

Total loss of the experiment 3. 504 
Excess power drain -no 
l.os s to the experiment 

NG loss to the experiment 
Excess power drain- no 
lo e f!' t:..' the experh:nent 

I 

3. 504 

3. 50-4 
3;,504 

I 
t 

4 

4 

4 

4 

4 

l. 
4 

l 

4 

4 
4 

"'"""-""'''"""•'-"" ..,. I • 1 I :.1 A~ J 11 '1.- -~~ t. ""' • '"'"'·"""'"""---· .._,,.,,. __ ""',."___ _ __ _ 
-,.. ... - ,~. - ""~". --·-· ~·-- .. ·-·. 
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T'IMS•ZBRO eo~~ 
fAU.URE MODE, EffECT & 

CRITICAliTY ANALYStS WORK$HEET 

AT1 13 
- --- PR~PA!U:D 3'\' NO 

-----"-- A. Lakhani _ _}0_~}1 ·~---------
- _.., ntrol ~~Wfoi~6007 MGI: ~~~' &o~i! 
.• iii~.. . ¥~-- -- - ·>·--~-~--~--~-~---""~·-'·~-

__ • CWG NO 'OA lfii Jvi l 

A 

,__ - ~- • uuu•-~IlL""-~,...--~·'"""'~'~'-·"·-'·"~ 

~------~~ ·~ 
C.IRC:Uif OR 
fUNCTION 

9 .. Q4 

10. CR1 

J I. CRZ 

1%. CRl 

13 .. CR4 

OpGn 
Short 

Ope a 
Short 

Open 
Sbon· 

I Open 
Short 

-~ Open 
Sheri 

Loem of ON Mode 
Heater ON all the Ume 

Lof!U!j of automatic mode 
No effect 

Loss of automati-c Mode 
ater ON aU the time in the 

automatic mode 

No effect 
Loas of automatic mode 

No effect 
Losa o:f automatic mode 

No lc ~~~ to the e~rbli.M~·nt 
Exe~~~ er dram .. 
no lc.Hilil to the experiment 

No loee to the expedm~nt 
No los8 to the experlmllmt 

No lol\J$ to the expe:.dment 
Ex~-:::::~ l!Jluw~r dram in the 

inod.ee No loe~ 
ri~.il'l~nt. 

No lo~u~ to the ~xp~rim®.nt 
No to the e~p~l':irllteftt 

3 .. 504 
3.504 

.03504 
1 .. 4016 

1 .. 5768 
2 .. 1024. 

.. 03504 
1$4016 

No lc'iJ!1§ to th~ 
No loi;;$ F;o th~ 

}n:t~nt I ~ 0 3504 
nm""nt 1* 4016 

141> CRS, CR6 I Open 

Short -. 

Leas of ~u!ltomuic mode ·.~': 
for survival power 
No effect 

No l(HfS to th~ e~p~rim~nt 

No loss to the ~riment 

.. 035041' 

1.4016 ; 
... 

... 

I 
i 
~ 

. 

1 
I I l I 

~-..,,-._,,.. _L .. l 1 
''; A~»t."l: f.'J..,._1!'Jl . _ __ '"""""""· """"'""-"--"""""""'·-····----- ~ 

I 
i 

I 
t 

I 
I 
t 

4 

4 
4 

4 
4· 

4 
4 

4 
4 

4 

" 
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FAilURE MODE EFFECT 6 ISYti~M Pf!EPA~~~::-i --- ;glZ00~-.1. 
' . lEND ITEM OWG NO • j 

~"'""~ TIMS•Zif!IROco~ttortl CRITICAUTY ANAlYSIS WORKSHEET ~~1.~~ ContrQl ... ___ JQ12~01 -~- ~AG~~J.~~j_£"f,l 

<:IRCUBT OR 
FUNCTION 

FAILURE MODE 

• __ ·-· __._ . __ --~~ ::: ::~~aP1~I 197} 

·------~"""""'-~~-~-.. --~~"~--~ ~~OaASU.ITY 
END ITI!M :C'f:if~M I a za g0-s lz 7 "li¥~~ w~ w;;n;;;;:::;;;;;~i\!W>'ij'E w:;;g..-w~ 

---=-r=~-=-=r-
15.. • C.R7. CR8 I Open 

Shon 

16. CR9 OpeD 

Shol"t 

11. .. ClUO OpeD 

Short 

18. lU Ope 

19.. RZ OpeD 

ZOe ItS OpeD 

21. R4 Open 
.. 
.. 

i 
I 

Loea of au.tomatlc m~e No lo~ua to ~he ~xpe:d.meat .. 03504 I 
for operatlcmal power 
No effect 

I 
No loaa to the experiment I 1. 4016 I 

Might damage Q3 No lose to the experiment I .03504 I 
poaeible lose of OFF mode 
Poesibly no effeet I No loss to the experiment I 1 .. 4016 I 

Mi~ht damage 04, No loss to the exp•im~Dt I • 03504 I 
po~sible lose of ON mode .. 
Poeaibly DO eUect I . No l<>aa to !he experimmd I 1. 4016 I 

Lo11s of ON and OFF mode No l0$8 to the experp:neDt I .. 03504 I 
(can go to attlomaUc mode) 

Heil~r ON aU the time I Exe,~HuJ pow\{jr dram ... no I • OlS04 I 

Loaa of Automatic modo:~-~ 
loss to the ~lt~?bl<aeat 

No lose to the experiment I .03504 I 

Loae of Automatic mode I No leas to the experimeat J .035M I 

. t i 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

'·: t! .II I 
~ ~ I 

b:MJ~_,_ ___ b:._.__-__l___L,__J___ 
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$YSTfM I'IUPARED !IV NO . REV 

. END iUM DWG N • • 

-~~-== IF'. ·---~=·~ ~0-"~·~-~--=-:·=.w,=~""·~-~-. ··=·~~""·=~=·~~-··.--.. 1~. . ~···r··-----"~==-.· 
FAILURE MODE, EFfECT"' LEAM ---' !;. Lakhani r20_0_~_L_h ___ _ 

~ ~II-ZERO~~~: CRITICALITY A:~YSIS WOR~:~0:7 -== i.:~-~f!J: 
CIRCUIT OR 
fUNCTION 

FAILURE MODE 
EffECT Of fAilURE fAilURE 

i--··· ·-·-· . .. .,;·= ·~-~-~ f'R03AIUUTY 
END ITEM SYSTEM I Q )tao-S 

ICMi:i ;"?..., 

----~-- I 
22. RS I Open I Lo~ s of aatomatic mode 4 No loss to the experiment • 03504 I 

23. R6 Open Loss of automatic mode No loss to the expe;r inlent I .. 03504 I 4 

Z4. R7 Open Loss of automatic mode No loss to the experiment I • 03504 I 4 

zs. R8 Open Loss of automatic mode No loss to the experiment I • 03504 I 4 
''•- I 

26. .. RCJ Open Loss of automatic mode No loss to the experiment I • 03504 I 4 

27. RlO Open Heater OFF all the time Total loss to the e:x:per imexit • 0 3504 I t 

28. RH Open ·Heater ON all the time Excess power drain .- no I • 03504 I 4 
loss to the ex~rim.ent 

29. Rl2 I Open I Loss of OFF mode No loss to tl':<e experiment I .. 03504 1 4 

30. Rl3 Open Loss of ON mode 
.. 

No loss to the experiment I • 03504 I 4 _: . .: 

31. Kl Open " Lose of ON mode No loss to the experiment I ... I 4 

32. K2 Open ... Loss of OFF mode No loss to the experiment I - t 4 

I 
t 
I 

I I I I I ' 

L ____ ' '""·"''-"~ "' I ·~·· " t!S j _____ ~ .. _ .... ~_, __ l_,.,, __ """"'"""'""""""'"" ,~ ... J~~-"~ 
~~'\..Jf1;'# zan M:;~··t:~_,;<..-rc .• @-._,;.,..-~~~..;ili:;.,~;:.,;,:;:f',;f,.<..;,..._~.;JL~.:U"~~~O:<-~"a,."'".~:;-.~.~E'= 
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~~--.- II! fAilURE /AOOE~ l::ffECl ... !--~.A¥ .. =~~~-'~--~· .. la:kh~.!\L-.:.. __ JJJll,~ ,.-_;11._L_=i\.~ -_; 

• ••, ' . ~ '""" ' £NO , 'i".:.lo\ I i:JW;:. MQ I 
0 

• -. ~ § ,} 

C!-.:. .. ;:)T:;,.; .. ~·~.-:~'~0 cur-pr:.r ... iun CRlTGCAUTY ANALYSiS V/0!\K~HEET ~_?.?KJ.I .. ~-2!£ill~.t~~------·------i-::_:~:_~~:!_~:_.U~::1"·£ 
Jl,!::$ Y I~·,....-,::; i'IO ,!: .• ~~ 

~~,. ____ ___:,_. ... .. b I ........ ...,.:_~-~..,.-...........:j;: .. Q!!U~Q~J!LP.A;t.t.f-l~=-·~--~:..... _____ 1;.i..k!~YJ.'-tt_{ 
. - I · fff'::CT Of rAH.U!tf r-;._,n_;~~: 1 -~ · Ct~CiJl' Qit .. .,..... · • CP.HH .. -- · I - fAILURe MODC: I .. ---------..----~---~~~~· 2 .... •- r .. ~viLA~ll.aTYl 

·_ .. ~·~~t~ . f . !:NO rtt:M f . SYSi~t>A · , Q )( tt}•·S . Ai H'! t 
~"'~r-.-- . --~~-~ .... ~~"-~~- . . '""-"''""'"""f"""""-""-··t· 
tf Tfta~~ Ql i op.i,. j T:requeney ac~uracy dqrtd ::;~a:x~of.,o!>/.pa&;data i 3. 504 I 3 · 

2. T"""•iator QZ I Open Loss of <:lock Totalloaa of ""P"rlm•at 1 l. 5041 1 I 
3. TrUUJiator Q3 i Ope11 l:bss of clock Total loss of experiment f 3, 504 i 1 ~~ 

! f I .t. Truaietor Q4 I Ope11 Loss of clock ' Total loss of experiment 3. 504 1 . 
; I t 

5., Tr~ietor Q5 i Open Loss of deck Totallo!!a of experiment i . 3 .. 504 
1 

• 1

1 

i 
: ' ! 6 .. Diode CIU I Open Frequency Change Inaccuracy in the outpm dat ' 1 .. 0512! 3 · 
f ! 

7. Diode cazl Opea Frequ...,cy Change L'llace•aracy !n !he oulpat da~ 1. 05JZI . 3 
I " . I . 

' I ~ 8~ Diode CR3 ; open · 1 Fnquen!l!y Change I-uacclu·aey in the <Hl~Jmt data! 1 .. 5768
9 

3 .. 
. ! ! ! • 

9 .. mode . CR4 t OpeD Frequency Chana• I maecu!'l!C'f in the Ot~~put datal 1 .. 5'168i l I 
t . ~ f • 
1 . r ; 

10~ Diode CR5 i -Open I'l'llllqueney Chama• > L~accu:tacy ln th~ Olllput dc~ta! l., 5768i 3 I 
t I t , 

U., Diocle CR6 I Open ., f ~~· effect . No ·®ffect f " ~. 5768: 4 ' 
Short ... j I !"~queacy Aeeur~ Degraded: .A<cc.ur;~ey of ~utrm.t deg;r~;.G, .. ~· 10Z4: 3 

~i!. Diode· CR7 l Open ... i ~~;. ~aeet · · .· ; N~ ~fit1ct ! &~ S168: 4 
Short • I t'~q~e., Aeeuney Jle&i'~. Puee~ra.;;.y @l the outp111t f!atai ~- HlZ4; 3 

e ~ r~~ I • 
~ I i 
I I I . 

i I -- f I I 
' I J I I 

I I I . I i I 
I I : ; I I 

.• ··"' .,._ .. ,._, .. ,~.,......,.,l~,~.,,_,-~ .. ...,-.--~-.. ~~---""··~-,.,.....:.....-~ .. ----·" ... "' .... ~ ... - _......:..~""'-·-~~--... --... ·---... L .......... _l . ·- .f ; ~ l ; ,.t- ~ ""'<' ]' 

. .; . -~ .. - ··- ...,. -·· - ·--
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fAH.U;~E MCDE f~i':fCl ~v!)Ti:•_-\LEAM "~~Rft!ikbani ll~UOO:U ~;il;--=·:~--~ 

-rr;·,~D· .• t "' '-.:::i;J-.:(. • ' .!!! -za;.:o oor-pcrt~~~tltm CRITICAUT'l ANALYsiz ~Ot<KSHftT ~-vfi1z 0~~ ::~-~0°-----~---·~~~~--~~~M)~ "'>NI . "'. " , .... ...,"' l!)A .. £ • 

""'~.._,._ ..... • ,-- I - .. ··• ........ """" ~-Q.n..e~--~ ......... ,.,.. ..... --..!.~~Y_,_~! .. ~-~-
~fRC\.HT c~-

1
. __ fA.ILURf MODe } . EffECT oF FAIW~e l fAtt.u.<: f _ 

t UI·!CTtON . . - I ?R03A8H.I"iYt ~ttlHC-
.. - . fNO ~Ti:M SYSTeM t Q li 50-s l AUT'f · 

»li..">oJ~~-~~.a..«;tG; 

l t ~ ~' {"J " 

j 
I 

1 8i' .q~'Wr r + 1 lal!<'l!OI~~~m?& n; ~~~ "'"""f'oPI ____ """ 
· · ~ a lil~~- t i 'Ul!k_e-.s:t.z..,+'!t.~~.~ 

No ou.tp'lt Total lose of experiment 

Nooutpat Total leau11 of. experimeat 
~ 

Nojoutput f Total ieee of experiment 

No o\ltplt Total loa~~ a of expe dmeat 

No ou.tpct Total loss of eJJtperimeat 

No ou.tput f Total ~oae of experimoat 

Nojoutput · I Total loe e of experiment 

No output I Total losi of expei'lment 

No output l Total loea ol experlmeat 

No output . : Tota.l loss of experiment 

• i 

Nooeatpat J Totd loss of experiment 

• I No output I Total loe!l of experimeu 

No oatpat I T.,.tolloea oloxperimeal ' 1. 
! f 
I • Doar&datloa ia pel'lo~.~,.~ .Accwraey of. &he output data ~ 
cieanded ! 

f 

. I I I 
1 

. ~ 
I l • ! 

.03504 i 

.. 03504 ·t 

.03504 l 

.03504 . l 

::::1 : I 
• 035041 I _ 

• I 

. o3s04; 1 1 
I S 

.. 03504i J. t 

' ' • 035041 I I 
.. 03504. 11 t ..1, I 1 

.8?6 1 
• • 

.07008, I 

t 

I 
! 

i 
i I 

~ ' 
-•m• -·--..-.... ~...,...-,~- .. --~ e.j·· ....... ..,--...."·;·•~• ..oo~-...«.,.,__,_._. . ..._ ... _.,..P"'_.,. _ _l_ -"·"· I i 
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@)-ruv::s·Zi'!RC c~orat~ CRITICAU_ TV ANALYSIS V/ORKSIIEET ~'5"~~-cill~~ N~ __ :: f-~.·~~-or-J:!l.~~ 

. . . . . ASS 'I ...,;,. I I:IWG NO Ci.\ lf • 

-·· w,·, .. ·- . · ··=--=~ G.runpJn~n.tJ?~~-.. "·~=~ . ·-···=!·:t!~~Y.-J.2.!L~~·J ·.·. I EffECT Of FAU.URE fAHURE I 
CIRCUIT OR FAILURE MOO£ . _ • • . . .. - -- . PftOBAB!ltTV . CRITIC· 

. ~ 

29. MED · · ZJ: Inoperative No output Total loss of experiment I 7~ 008 1 1 

• 

.. 

"' 
J 

i 
.. 

' '·~ .,. """""""~· 

~J i 

I I 
I . II 

f ~ . l 

I I I 
.. . __ , _____ __t __ ._..._ ......... "'--·--=L,.,_ ..... _.""'"""""'··-"~···-· ...... ~,.,J . ....,.~·--··<···"4. 

.<· .. f .. ~· 

• • 

• 

l 
. i 

I I 
____ L_ __ j 
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• . - FAILUf(E MODE,-EFF~CT & •~iM~-=~~~'",.m. -%Ia~~~ 
TfNIIINrlliRD ..........- I CRITfCAliTY ANALYSIS WORKSHEET ~~en!! ~-=lect~003 PAG!._!d .. "-... ~.~~. ¥.· '"J.~.-.·· 

j..w .. I ..L =="""""" . '"""~~-·-..llc~:~~UJIE o~ OA!~.:::tf!L. 
t- , =- -~ ~~~~-~=~,·~-~-. ~Ra!l.~!surv Ct[rnc-c•acun oa 

f~fON 
fAilURE-MODE 

END rt'EM SYSTEM · 0 Ill 10-s 1 All'i"f 
w-a __ :-. rt ;q fn ~&:;iC I 5~~2 A4 ti-'t'e$))."-.L'£~.E~ ~~m~, .. w ~-· 

·,\·~~~ 

10. cz 
u.. R.6* 

.feOcrtboard 

Sho.n 

Opm 

Loae FUm. biaa 

It 

No D. c. path for bl&s 
current. 

Cbamaee the amplifier ga 

Loaae of FUm elpal 

.. 
" 
Lon the abWty to imU»it 
croca-coupled adpals fro 
respedlve fUm ch~ela .. 

bi!l4'; th.ii ~~in of cross
coupled ri!lpde · kt· twice 
uhlP., 

Minor effect pr~y . 
loose elf!cie:Xley · 

n 

.. 
Incorrect fUm ai;Dal. 

LoaaofFUmm 

n 

u 

N'obe OD !me~~ 
~~~pd. 

~~ 

Lo.e m-Oi&ht eallk-a~, l ~~«~ 

II I ~~ 

.03504 3 

.07001 ,. 

.03504 3 

• 03504 3 

.03504 3 

.0438 3 

s.zs6 3 

.. 03504 3 

.O!SfNI 3 

.0?0081 4 

.. OSSM .f 

I 
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fAILURE MODE, EFFECT & £~1\4 _ _- _ ~~A~_ifhani _-.~, J~t1l~I~~~~~-~ 

CRITICAlnY ANAlYSIS WORKSHEET Btia'f~~-lEl_!.=t~_? _ ~1~5 PA'!!'_ria1)1{ OF jrf;i£7: T'IMIIII•Zii!I!JU:I ~'*"' 

~~mur~ i "ifl""'.~: 
. _ _ _ r ----- ID ThrellJhol~!itacno b"At~'~·~;~:·---~-·~71···"""'····--·· 

-----"ll""'"""""""""""""""·.,...w ~~A ....., ~rr.;~A\;c;c,~~~~ '··zmz~"-- A"'W .l~ 7 

CIICViT OR 
FUHCTDON. 

EffECT Of FAilURE . -- fMlVaf, ""'"'"" . ""~-~~-·=·--~~J~- ~==····--:,_- PiCll~'\ltun c~rue:.. f~JU.tle MODE 

open-Q t or.~~~i'Drum ~;~. ~-

z. u. R3, as, a6 ~ 

delay m detecting threshold 
el~!a. 

Lose the abillty to drive 
Ql, QZ oD. Loaa :of thres
hold detector. 

Loee of ehaD"Del 1 of FUm I .03504 I 
I. D. 

3. Cl Short 

Shon 

.. " I 1.0512 I 

4. CU• 

So· R4 OpeD 

Loss of duw.uell output. 

No leakage path for QZ. . 
QZ probably be "on'~ all the 

.. 
" 

I 1. ol016 I 
I • 03504 

6 .. R9 

7 .. RIO 

~~ Ql, ·aa. Q3 . 

9 .. R7, CRl 

. l0$R.I 

n.cz-

I OpeD 

I 0,. 

If 

I OpeD, Short .. 
OpeD 

tim.e. 

M&y ltlOt be able to tm>n 
Q3 "oD ... 

~ ~ .... 
.Lo*e the abUlty to dd.we .. %,. • 

TZL pte. 

Lo113 of -chamsel l data. 

wee positive feedback 

I 
may Dot h&ve th4i ~bUitr to 

.. 

.. 

.. 
tt 

1 

dl'lve TZL aata loq enowd 

0,. I Re&f"'BCl to inpute le•s than I Os.mael 1 FUm L D~< data 
. f lOmV. Pielr up erroneou Ol'i'O_.... 

' I 4~Uk 

J Short f tl! P'!r'~~babl}l· &ltay "(7n~r. ~oil a 1 
!! 

£:~ ;..t<UI!\~~ 

I

; It ~~~ tiiiiil.*; ~J'ter fi hit is :;1.@... I 
1 

l'l '. ·';/' <! .... D, """ -- =- ,_. • • . • . ... .., ! I ;; :,,, .. ,..,~..._... l v~u j_"" .,,t~"~ ~l:tM~ .RH}'l'Mlt ~g ":'" ~ 'I 
. th.~. c;,lgh R 10. 

L-w....,.,-._.."""""''Mtr .,.,_ -.. ,.-n_.. ,__,""'"-' "'~'• """"""' d 

11 A-U"lt .. .,-.nl .. ___ ··-~ .. -·------- ............. -~------· .. -·-- ,. 

.035M 

.03504 

3.506 

.03504 

"0!504 

1~ 0512 i 

I 
I 
I 

t 

3 

3 

3 

3 

3 

3 

J , 

J 

3 

j 
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J.~'i'l~·:. ~~ t4Cfr·;rtr··~;,r~·-"'"'-"'M~~. · 

. . Lru..m 1
-'""' Jl,u.rsEL~:.L:!!tiz,;;OlO . . .. ~4 "'\1~ ... 12]1 

.

=w·"'"' "'" * ···m~ 
1 
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"'''"'i"' ., '·•· 'I P'V CRil'(>= . . . . . . . ~ - a;;~~···==·=···~"""C~- · ;·is;fP4=~--~·----~'"t>~ '*~ ;~=;· ¥ · Auiv "· 
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Clft~T OR 
fUN( liON fA I lUI£ MODE 

13., CRl Short 

FMECA·on m Threshold Detectoi for Cham1els 2, 3 ~~md 4 13 !i~e aa ~humel 1. 

• 

'J.: 

" 
... 

I 
~ 
i' < 
t 
1 
~; 

I 
~ ~ 
' i 

I I 
! • ' . 

I I I I I 
,,;;;~~ I ·£- L~~~-~L.-....~, ""-~-L~,--J 

i 
~ 

I 
I 
I 
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TIMM·Zfi!JRD ~t~~tien 

FAILURE MODE, EffECT & -~-~-..... ~to-~L4~H"V=~A 1 

CRrfiCAlnY ANALYSIS WORKSHEET P~>.cr{Jf 34 Of ~{Of 
~ ~~~~~g.- j =~-~ 

- ~ - DATE 14'''~ y I9il ==·· 
~~. !i -= s:ts Fa ~"W'""':r .. ~ - .-:.t····· 

FAIIJJIE MODE 
EffECT Of fAIUJRE 

~-----------.=---- -----------·-----
fAIIJJ~f 

PiQ~,~,-~iUfV CRITIC~ 

•. .. ... ,, •. , . & ..: . I. =-L- I Qx ao-5 AUJV 
ijt?!S .nv "_gtwll!IL# ~li:' i .W 2Va!SI r ~~ - '" ~ :; ~~~&~ Aa ji iSill 1!iJ;~;~~-........ ..il 

fND ITEM SYSTEM 

cuu:un OR 
·-fl~NC.TION 

• l , 
* I . 
e 

1 .. 1\1, 1\!, R31 Open 
ll-4 . 

2 .. Z1 11 ZZ ' Inoperative 

3. B.l4 I Open 

"" <;R3 

I 
Short 

5. B.7 Open 

6 .. R6, R13 I Open 

7* RS, Rl I Opea 

8. R9r RlO, Op-. 
lUl 

~ 

9., < B.l2 ~ .... 
10., C!U I 0,. 

8tw.k't 

, 1. : ... ~? Or>en 

I Los• of FUm PHA sipal 
. fo-r the respective ehannel 

I 
I 

~~ 

Loss of FUm PHA output 

18 

It 

AmplW.(ll)r op$r•• o~ 
loop. Erro::moou data., 

Satur~'U.:i!i the a.mpUfi0r., 
Dee:i•ea~~~ ·the ~ec~lF&cy 
of output data .. 

No effect .. 
1.-

Thr~~hold will chang~ to 
OV inatead of ·lOmV 

Drive the output pooltive 

l~G&c n~g~.tJv::· o~ut 
r-;;:t et: ~· :?;" 1t f!T(~~~ .,ne ~ ,; tt 
y,r". . L ..;1,; ••• :. $:'" o:-,-,,.,,_.i<·e 

.fii~.&.&~. ,;-t,.··,~;· 1-

~~* JW .. ·n'\¥ ~-hold . 

~.Jl qlti~ ~7( ... ~yJ 
ie>bd:e,. zo~!'~ to I 

l 
• " A! f _tJ.: alh".te :?~to:rv:;·;;.l)~ .. 

Par&llot~AJ_of FUm PBA 
experi~:Bt .. 

Lose of Film PHA ezperi 
m.ent. 

" 

" 
tS 

A~eur&cr of FUm. PHA 
~~g:f'aded .. 

No e.ff~et 

:tv.eo?reet FUm PHA level 

" 
" 

t 

I 
H I 
~o::o::·:reet Film PHA l~vel. 

I 
I 

l 
I I I 

~-···-""" """""' ____ ,_.:_-L_""""" __ _L""'" ___ "'"""''j_""'"'"""""""' L -~·-··-----~-
• t •· • r '; i '} "Ill I _ __ __ -~~- ----- .. __ 

.OlSO<i 

5. ZS6 

.03504 

.03504 

1.4016 

.,@3!:i04 

.. 03504 

.. 03504; 

.035· 

.. 0'50~ 

1.<SOI61 
• 01504, 

I 
t 

3 

3 

3 

3 

3 

3 

4 

3 

3 

J 

) 

3 



AT'1 "'13 

TIMS•ZfU:IC c~ 
fAI~R£ MOD~_Eff~T & ~.~Ol~ 

CIITICAUTV ANAlYSIS WORKSHEET ~~~~~~ledxo~ .~:~~~.2015 -~.s• .J~~~-.:~:fl£"'e>fJ:!IC~. 

I C:IIOJITO' ' ~~~~~~~!},~11 [~P,~~- 19:1 • 
fU"~TiON fAilUR~ MOD! ~---. .~~~·-·:I··£·--·--· ~~·"-···~. ·-·J~'"I'h,.¥>1.·<·'"11'1 C.!TIC 

,,qAL · END ITEM SVSffM tl 1<1, ~o·Th5 AU'ff 
· ·~ - · t71FiSl? nmw" f wa·~a'i'iiffi"""W,:;~_.,,; ~·'<~ -... -S"~~~~-.:;..;;:;;,ur~:zw:c 1 C3LZ22-~¥~...::_;_;.;{l*";~~J.~ ....... ---

11. CRZ 

lZ. CR3 

1!. z 13. z 14, 
Z15 

. 
j 

I I 

Shori 

Open 

~Alway• 
"t" 

Output Always 
"1" 

., 

.. 

Alters the quiescent l.evel. 
Probably lose "l" !tate 
level for. driving T .1 .. gate. 
. 2 
Probably lose the T L ga: 
its driving. 

Lolls of PHA dat& · 

PHA data iu.c.curate. 

. I 

.. ~-

I I I L . ..., _ _..,__.,.,.. • 1 • "' •· .1 ---- · .. •t•u •*'"'-~"' • ~ r,; ,.t_.t.:t. _., ,_........,._.;_,_ ••••• :_:..__ • • • '• • -- ' ._. .. ,., ...... c~ .. •• •••-•'"--- --- --

Incorrect FUm PHA leyel: 

n 

Lo$.ie of Film PHA 
expe.rim<t~nt .. 

J!! ~.:curacy of Film PHA 
di!ll.U.. degraded • 

l. -~016 3 

.03504 3 

7.008 ! 

7 .. 001 3 

I I . 
.• .,.,, .1. AI"",.,...,,.,, . . •. l .._· '",., l """". 
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"nM!S·%fi!!1:80 ~~ 
FAU.Uif MODE, EffECT & 

CRI'fiCAUtY ANALYSIS WORKSHEET 

(!ICUIT 01 I fAHJJRE MODE 
fU~020N 

A~ :lHl 

svf}!AM --=--=-=-T.:X~i~hant-=-- ~·- <'=~~o.c-~~-"''·'·.-·•• 

~tJ12003l ~EVA 
--------;;:;;';7-- ----" 
I'AGE11 :W "" ~~'~; I VV" JT••· 

Poak~D;;;~to~ffF£6~~~Pl1f;·~-~-~--- 7~----
:<i;~~-~~;:<,:..~ ~,•.;r~'.'.£.::'!-~~~<Ai:'<.:Li!.wll~~.f$i):;J;;;~;;~ 

f.@,! ~,JJ2f efFECT Of fAU.UR! '·"'~ -A ~ " 
~~=-=-,=·-~-··t' '"0-<wA'l.>II.ITY 

~, .... ,,_.~... _ + _,"' -~"'- ~'"'~ .. -~~~"'"='-'~~'"'''"'!!.,~!_~"''''··""!'~=5 At~rr :-a- fNO ITEM 
<:':: 
·T 

I 1. IU, Rl Open ~balance the input I Accuracy of Film PHA 
expe:d.llfM,2!ilt d~gra.decl. · 

I 

z .. Rl. Rft I ·apea 
. 

Q2 may tw:a ~·oa" at Mjll I Probably l.oee FUm I 
temperature PHA at high temperature 

3. R3 I Ope Lose the FUm peak Lo&ut of FUm PHA I 
detector output ~Kp~lfift"'dJit 

"" as OpeD Get over~hoot 011 output, . Film FHA d~ta maecurate I 
would uot: t"W!'n on all f;gust 

5. B.6 OpeD Ql aM Q4 .u:mr turn "tliEl99 Prt1lt.~bly !(}~~ FUm PHA I 

6. B.1 OpG 
i 

1 .. ll9,. IUl Cpa 

8. RIO I 
, 
()pea 

... 

9 .. IUZ I OpeD 

IO .. B.lJ OpeD i 

at high terlt!perature .. 

Loii!e di®tt:huge path for 
CZ ... Ql u--ta y not tw:'n ~n.. 

Lose load decay .. ~.:;: 

at hiih te.rn;,:2<8Jrtdr~ue. 

7,l'Jfj t}. ~f'UmPHA ... 

~~ lB ~~ 1!,11i i'"Ulin PHA -
~p~l'~~-

~put wUl twt " ll}"'l''-~~Fod'· Film PHA data ~CU'&te 
ou with dodte 

JAF.igthe~ th~ l"I&~!OV~i"J t• 
DeYelop orro:r m. @~ 
, __ .. ""_ ,.,.., .. ~?;1;;~ .. ,. illt .. ,,'!,. 
~.e ~)iAe~~ll!;Jf·&'' -~u f,:,.f,~,~:.!hi:•4, 

F~ PHA &ata.!Dac:evate 

FU~x PHA data lrtaceurate 

,, ~ 1 1 f n-, ... - 11- . ,. . _ ,.t "''~ • ·':" -~ i ·_. 

I 
,<~,. Cl . Short , -. ro~,~!~. ~!.,.,,(~; .. A~ {J""'"'"• FilL"' data erroneous 

1 ~ Hefti 

J J 
1'"-· ,.i't; ' ,.-;'>1L .,. ; f""" ..__ -~ .. - .,. • ··~- L _, "'- ~ 'I;-·--" ~ .• ·-·· ,. i- "'h 

l -~-~~ ~t!lio I ~ii"'J._')~~ I _ .. .F'th-~.l'Vl!> i:liUtf uversn•~?~.h- ! ~-4!!>i'J. .-.;.•.;'1.;~-_,~aey JJI " e 
I ' I " ·" i I I ·}-:.';:.,. 
f _L h .I .... ":- '· · •. ¢.':•~ ~ .,. """"" "'1<-·~Y ""1'. <I'J> « '1'$1'\'f<"~ "- }.·z, :. ·'"l'i. ~ i .. ~, L] Bh<!)!'t .:;.:tOW!! f-=~ '!'.h!i:tyUt f ,!__,~,~ < •• (;.{., .•. u.",C'f .. ,l ··""e 

i L 
., . 

• : --··:<>"""" .,_,~~-··~A 

~;.;J'!'''>:~;r;'t;_,•:~··-o-! ~-;p:r::if!.!Nif:~-·rn- ··• ·~ -~-"' -~.- -~._ ~'~------

I 

• 03504 i 3 

~ 03504 I 3 

.. 03504 I 3 

.. 03504 I 3 

.. 93504 I 3 

.. 03504 I 3 

.03\SM , 

..Cl5M , 

.. 03504 , 
• 0350-4 I 3 

1. 051Z I , 
,.zl9 I 3 I 

~ ~l9· 
1 
I l 

I I 



A'I .H3 
........ ..,...ty_:m~r _""_........., __ ~""",tt"""'~e,=At-a>_er_ .-----.;;;.NO. ~~v""'"'"""'"G 

fAILURE MODE, EffECT & . . ~/(f":.c~ -~ ':• LaKnani ·':~00~-~"-~···=: 
TIMI!l•ZEFIO e~elon I CIITS(AUTY ANAlYStS WORKSHEET lB'uaYsens 1 Electro :8Tf1f£ol5 . PAGif(i,~ Of64 fft\l 

~~;;....;............_, ___ "'"" ~ .. ~,.,~~- =:..-,;=~"""'"'':."~~'~'·"-..,.,=""' 

• • ~vm Peak Detect.~ !ll~i~003 DAUl4 May 19'71 
~WWL Jll. i AM Q 5l a :::Z mtrr!: ,_ -~~ - . --=-,__,...,. __ ~------~ 

Ci~TOI 
. fUi«:T~ON 

~ 

13. C3 

14. C4 · 

15. cs 

16 .. QIA. QlB, 

QZA, QD 
Q3 . 

17. CM 

11. as. Q7 

19. Q6 

20 .. CIU 

f"-tt.-- MODE 1-=--~ 
EFfECT Of FAILURE 

"- -~==~""""'"~·~ ~-

!ND ff!M SYSTfM 
~~~CV'"'?? ~- "'£~ ~~~16~/f.a 

Shon I Slows the output Lose accuracy in tile I • Z19 I 
FUm FHA data. 

"Shod- I Get D.C. levefoutpat. · PHA data erro:aeou t .219 I 

Short I QZA will rernam "oft'~ Loau!l of FUm PHA ex:perl-1 1. 051Z I 

· o,.. Short 

Opea 

Opea 

Short 

Cpa· 

Short 

Shori 

• 

I 

over drive Ql.A 

Loae the FUm peak 
de~dor output. 

OAtput data erroMOue. 

Lo•e th~ Film peak 
detector output .. 

I 
ment .. 

Loa• of FUm PRA expea-i-1 3.504 
m6 •• 

PHA data erroneowa I 3. 504 
. 

LoiUil of Film PHA experi~ 3., 504 
mente 

Output will DOt be !iyDchrQi .. Fllm.PHA data inaeeurateL 3 .. 504 
ous with clock. ~~-

·Los• load decay 

Output ""'ill Mt be 5~ehr· 
· oua wif~ c:lcek 

!~C&C aeeuF'it4:J ia J'Um 
1l~HA data. 

l.ol!.ls of FUm PHA ~ri~ 3e 504 
~nt.. · 
Film PHA data maceuratel 3. 504 

F~ PHA clata U...cc:ull. 40 !6 

i t I 
I I I 
I ; • 

I 

f
: I i . 

. I I J 

~__j_______L__ ··-____j___· .. I__ I 
Lr A~~!~~ 1..-~J . __ . . .... . -~ 

3 

"3 

3 

3 

3 

3 

! 

3 

J 

3 



A1. .lH3 
~- . ·-. ~~~--~~--·-·· $YSTfM PREPARH) IDV NO REV 

h~ I FAILURE MOOE, EffECT &. · _: · E LEAM _ A. Lakhani 10120~3 _____ , __ ~ 
\.W,)TIMII•ZI!RO cor~tien CRITICAUtY ANALYSIS WORKSHEET ~a11;~ns 1 Elec~~o il~w~dfzzols PAGE 'Yf7?pF ~4"i4:~~~ 

ASSY ----·--·--"~-,~ 

• • Mic P/A. BPF ow~O'fz6o16 0111
\"4 Mav 1971 

1r 1 1 EffECT Of fAilURE -~ - FAilU~E """"··• 
CIRCUIT OR 
fUt-iCTeON 

fAilURE MOO! t PROBABILITY C~!TI(> I 
' a • ao-s ALnv , 

~·· Jt "'' .. , "' ·=I -- ·+~---- 1. -·-
END ITEM SYSTEM 

1. IU 

2. C3 

3. R3, 4, 5, 6, 
8, 9, 10, 15 
18 and 19 

4.. Ql, 2 

·s. RZ, 7, 11, 
~0 . 

6. RlZ, 13, Zl 
zz 

7.. 1U4, 17 

1 .. cz 

9. R?* . 
10. Cl, CS, Cl~ 

11. Zl, Z2 I 
! 

12 .. C6, C7, C91 
ClO 

• Outboard of ro 16 

I 
I 
I 

OpeD 

Short 

Open 

. ()pea 

Opea 

Open 

Open 

Short 

Opa 

Short 
-

!Dpperatlft 

Short 

No voltage applied Loss of We: 

It .. 
Lose of lDput slpal •• 

.. " 
Pari1&110ssof Wpv.t sipal Mic: uta DOt referenced 

properly 

Change ampl. gain Mic: data erratic . 

Chansee BPF ch.araeteria; .. .. 
ties · . ·"' .. 

.!.· 

Chaagea eallbratioa elpall WW. not calibrate properl 

.. .. 
Loss of input elplal I Loss of M1c elpal 

II I II 

I i · Chana•• BP.r c:haraetel'b-1 Mic data erratic 
I tic:e 
I 

t 
I 

I 
I 

B 

• 03504:1 3 

1. 051Z 3 

• 03504 I 3 

'· 504 I 
.03504 

• 035041 

..03504 

.219 

.03504 

3 

3 

3 

3 

• Z19 I 3 

5.256 I 3 

• 3504 3 

I I ! 



·-.~::::a "'': ~~~~-=~--~~~~--~~~~~-.~~~~~~~~ ~~-~~~'""'""·~·~=·"~'""""""--:t;""~~· .... ~.:;;cw.;;;J n=v-~-

'nMII•ZIIRt:l c~t~en 

S\'STI!M PllEPARfO IV 

FAILURE MODE EFFECT & ~ LEAM A. Lakhani 
. ' NO 'ffM ow--

(itiJICAUJY ANALYSIS WORKSHEET a~Sens lEleetro o ~o"fz2tH5 
• . -J__ "'-·~·- -- - ---

17 

ce~eun OR 
fUN('f~N 

FAilUfti MODE ---,;;::_~ 

1". Q3 

15. Q4 

16. Cltl, ClU 

17. CRZ 

18. ZL 

19. Z13. Zl4 

--'~ f"!;~~ .'&~ L~ ~_j__ ·~------:·: ·- ·~~ ·-. ·- ~ ~ 

Open 

Short 

Open 

Short 

Short 

Short 

Inoperative 

~erative 

f!' 

... 

ENO ITEM 

No toe decay 

Lose accuracy 

PHA data erroD.eO'WI 

Loae accuracy 

Probably 13se We PHA 

. Probably no effect. 

Lose Mic PHA 

.Lese Mie PHA 

StS'ffM 

---> ~-~ 
.Mic: PHA data &r~• 3. 504 I 
Loss of accuracy in Mlc 3. 504 
PHA experiment. 
PHA data erroneou I 3.504 

I Loss of accuracy iD M1c 3.504 
PHA experimeDte. 

L<HUJ of Mic PHA expert .. I .. 035041 
mem. 

No effect. I 
Loss of Mic PHA experi-

.035041 
s.~s6 

l'n9Dt~ 

.).)I 
;..'.,... LosiB of M!c PBA experi- I "1 .. 008 I 

ment .. 

~ 

3 

3 

3 

3 

3 

4 

3 

3 



AT' 113 
... ~""""""w•o:uo:: 'i :::aza:aow:::w ....,~ ,.,~ ~F-':~O>Z<::-1:_;~.,;~~ """"~~-::·'"""""'~'~""'· .....-: = ~ 

FAILURE MODE,. EffECT & SfflM 1E!'A~lbani Y&120031[R£V A 

CRniCAUlY ANAlYStS WORKSHEET Bti~i1~ns 1 Electro ~~10fiz015 PAGiJ/sfqf/ oFI@!fJ4"" 

~J Peak Det~c. 0"1'0 r26o~ DAT£14 Ma~~iii.L 

,.. .. ~ 

~TIM.ti'•ZEAO ~c;on 

EFFECT Of fAHJJRE FAI UJRf 
J ·~ ~,, "'~--·- PR06A81UTY C1%rnc-

Q 1% 10-s .~UTY 
~1 CIRCUI'f OR 
-· 
~:< fUNCTION 

FAII,.URE MODE 
SYSTEM END ITEM "l 

··~..-
!.w AI l~io::t I .!Jo ·~ . ~ g' ....,..,.. .,;,,,_.,. I" w l-'"l;<:cw.~--·-' Tf'f!Zli'l?" o/P'=i'Wi'j 

: ... · 

1. IUs R7 

2. RZ, R5 

3, . 1\3 

• 

4. R4 

5 .. R6 

6o 8.8 

1. R9 

Cl 

'· cz 
:Ul¢ C3 

f 

t 

Open 

0,.. 

OpeD 

Open 

Opa. 

Open 

OpeD 
'1 

• 
-Short 

Short 

Sbon 

Im.balancethe i~t 
Change the lain. 

Q2 may turn "on11 at high 
temperature. 

Q3 may turn "on" at hlgh 
temperature • 

Lose the Mie Peak 
detector outputs 

Los• discharge path 
for CZ ... Q3 nv.y not turn 
110D11 

Get overshoot on output ... ·~ ,._ 

Lengthen the recovery 
time .. de~ error in the 
output. 

Probably hold QlA, QZA., 
off .. 

0\1.-wid raay overahoot 

· IAO~e accuracy in the I . 03504 
l.fic PHA data. 

Pof5sibUity of losing I .. 03504 
Mic PHA at hlgh tempera-
ture. 

Po~sibillty of losmg I • 03504 
Mic PHA at high teropera· 
txu.·e$ 

Lo$~ of Mk P.HA experi- I • 03504 I 
r-.nem. 

Loss of Mic PHA exP~i- I • 03504 I 
m,.~nt .. 

Mic FHA data IDac:c:uata.l .. 03504 I 

Mic PHA data inaccurate. .03504 I 

Mie PHA data U.eeut'ate 1 .. 0512 

Mi~~~· data iD&e~rate .:U9 

PHA data maccurate l~ O!H2 

0! 

I Slc·w~ the ~ 

~e!\1 .• Short 1 Lo~e th.lf} Mic Peak 1 :L-osll:J of 1vti.c PHA t".:~peri- J 3~ 504 
w~. w-, J i det~th:';t.or ou.tput 1 ment& ! • 

I Q3 1 ! ! ~ 

~~'"oi":i!t~ 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

I 1 I I I I 
~~ -~~ -· '>!"l __ o ,..., . .._,_-._._.__ ::w.l $ """"""'''"'''"" t >.-<,%;''"-l"M',__JI!~"<~--'t"-'-'~""'' l t_ 
.. ¥A .. I$'io? 110 



AT ~f3-- -- --
-----~--- .. ~ -

TIM!Il•ZSRC eo~~ 
FAILURE MODE, EffECT & _ :::~:~EAM. _ :~R~:ldl~~------iiiz~~il~~:~="~~-, 

CIUTICAUTY ANAlYSIS WORKSHEET ualSens 1 Ele_c!!~ _,! __ 1Q12zolS _ PAGETf~ Of §4;ft>f) 
C~ibration Drive '1'0~~&015 9~--~c)·ii~<·--=' 

CIRCUIT 01 
FUNCTiON 

fAIUJIE _MQ)E 
END ITEM SYSTEM 

j fAILURE 
EffECT Of fAILURE fiOBA~H.ITYI CfUT!C=-L.,.;_ _______ __:~-~--~=-';;;:;;;;---- AlHV 

a • ao-5 

1. Rl Opa 

-z. R2 ope 

3. R3. B.4 ()pea 

4 .. R5 0,. 

5. R.6 Opa. 

6. '8.1 Open 

" 

1. It I OpeD 

8., 1\9 Cpa 

C 1 h.kes longer tbne to 
dbc:hal"p - no eflect oa 
circuiL 

No efff!lct 

Lose A FUm_ 1, 2 and A, B I No major lose - A Film 
collector calibration puls·e~. 1, 2 and .A, B collector 

not calibrate. 

PoasibWty of circuit stop I May lose calibrate pul#ea 
functioniug at high temper4- at high temperature. 
ture. 

Lose A. B collector calibr 
tion pulses. 

.Lose A Film 1, 2 calibra
tion pulses. 

- ·, 

A, B coll~ctor will Dot 
calibrate. 

A Film 1, 2 will not 
calibrate. 

Possibility of loosing -:...]· Ao B collector may not 
A, B collector calibration calibrate at high tempera 
pulses at hip temperatur $ tureG 

-Probably M effect ... n:llaJ · 
cllange till.'llle eonstam oa 
pul~e mu~tion. 

Nc po~Jiti'lii'G feed back ... 
A FUm 1~2 ~ A.B eolleq
to:r will have ahort caltbrftl-
tion output pulsea. 

No effect .. -

~se ~£eevaey em ealika 
tlon. 

9.. B.JOi B.IS : Open I Lcs~ A Film 3# 4 f;:aHbraJ A FUm 3r, 4 'Will !'..Ot i 
_ Hon pult!!eSe I C<iHbK'c:&t~~ f 

~" ~~~ 'fjll! ... I -.---- I ... t--r-q--.t . .,.,;::"'"''"' 
·'"""'" _, 10 8 -"'"' f V,;-- I "" ...,!!;. ! - ~"-'''-1:3"'-''"'! L._ ___ _ _j ~o• • ., , l fu.nctioning at high:~~:, _ L.. iill,t hilgb ~ 

1 ~ lit ~~. ...... ~ -.Ji:t •• :--'•' ---.~- • ~.r~ , • - ~-,- ,. ~~-:-?--:;-• • • • =• --~-- --

.03504 

.03504 

.03504 

.. 03504 

.03504 

.03504 

.. 035M 

.. 03504 

$ 03504i 

5041 
i 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 l 



cutcun oa 
.FUNCTION 

11. 1\14 

12. R15 

13., R16 

14. Rl7 

15 .. IU8 

16 .. Rl' 

17, RZO 

18 .. R21 

l Cl"' C2 

20 .. cs 

21e C.f 

fAilUI! MODE 

Open 

OpeD 

Open 

~ 

()pea 

0,. 

., 
~ 

()pe1!t 

A'rM ''3 

EffECT Of fAIUJR'E 
~ =-.-"" .. ~ ; ' ~''''"'~·-·"""=~==~~t"~; 

fND ITEM 

Loae B FUm ~d main 
We callbratbn. pulses. 

Possibility of losing B F 
and main Mic calibration 
puls•s at high temperatur 

Lose B Film callbratioa 
pulses. 

Possibility of losing main 
Mic calibration pulse at 
high temperature. 

Lose main We eaUbration 
pulse. 

Possibility of losing B F. 
calibration pulses at high·· 
temperature .. 

LotiDe B Film ealibratioD 
puliie., 

SYSTEM 

.B FUni and mam -Mic 
will not calibrate. 

B Film ~ mam Mie ma 
not calibrate at high temp 

B Film wUl not calibrate. 

Main Mic may DOt callbr~ 
at high te~rature. 

Main Mic wU1 oot calibra"'' 

B Film may not calibrate 
at high temperamre. 

B FUm will not calibrate. 

Output ~e will bo ~!'roy~ 1:!0se ~CUlbra.tlcin accurac 
~ B FUm~ mam Mie. 

I 
effect,. ' 

! 

• 03504 

.03504 

.03504 

.03504 

.. 03504 

.. 03504 

.03504 

a035Q4 

051& &'bon .... --. 
l'n I l..o~Je B FUm.!!,~ mem 11411 nrw.iu Mie 'Will I 1 • .,512 

3 

3 

3 

3 

3 

3 

3 

3 

.f 

4 I I emUbJratioll p<W.~e~.. . ~t caUbrate.. . 
"I 3 • ll 

f Short ~ i<tr;.tch up_ 11 
'1 l,OSi! ~~ ) 

-~ --~ - -I A. 
! kl'"''4 ~~,;w:"' I I 

1.. t l ~ I 
~· . . . ··--~--~ . . ·:~ ~.i\\'.<i , ___ )?>~~~~-0)f<i'i,\'S~~~..,'\'11'i!~~~ ·~" ;:,;~;{<..g,~~,:,.~~ .. ~~··:·>h-.·· 

fl" p- J G i ~ ' .. fiL. :M..) - _ -· ••. 4 - --··-- . 



'-'-~1...' TIIMI6•ZIIIFIO corpareeion 

FAilURE MODE., EFFECT & 
CltTICAUTY ANALYSIS WORKSHEET 

ATM ·-~ 

NO_., ~~!v ""'-" 
. LEAM ~. Lakllani !lO 12003~ A~ . 

0 ITEM . OWG !'!£) . 'ltl 
LlSena l Electro~ .. !,_9122015 _f'AGf __ _:~LL~ ~~~ 
• !JWG NO DAilE 

Dr i v~3'_._t0__.! ~t'!O 15 _. ti.J41.; 
CIRCUIT OR 
FUNCTiON 

FAU.UR£ MOO! J fAiUJ~f EffECT Of FAJLUREPfiOiASH.n'VI CRntc-
1 -------:------· 1 m -{If; AUT'f 
t- Q x tO .P 

22. cs 

. ~3. C6 

24 .. Ql 

zs .. QZ 

26 .. Q3. Q4 

21 .. as. Q6 

Z8. Q7 

29., Ql 

30. Q9, QlO 

31 .. CR.l 

32;. cu 

Short 

ShOrt 

Open, Short 

OpeD, Shon 

Open. Short 

OpeD, Short 

Ope. Short 

"' 
~··ft • 

Open. Shori 

Short 

Sheri 

fNO n!M 

Lose B Film and mam Mic 
ealibration pulses. 

5V ~Npply will be shorted 
to ground. 

SYSTEM 

B Fllm aDd maiD We wW. 
not calibrate • 

Total loss of the LEAM 
experiment. · 

1. 0512 

• 219' 

Lose A Film. 1. 2 ,nd A._B 1 A FUm l. Z .and A. B colled· 3. 504 
collector calibration pulse ., tor will not ealikate. 

Lose A Film 1. 2 ealibratkfn A FUm 1. 2 will not call- I 3 .. 504 
~ses. · I brate. 

Lose A. B collector cali .. -~ A;; B collector wU1 DOt I 3. 504 
brat!on pul~es. calibrate .. 

Lo&~~ A FUm 3, 4 c::alibra-~ A Film 3, 4 ~ DOt I 3. 504 
tUm. pmtUUie calibr~te .. 

. • t. 

Lose .B Film and main .~., B FUm ~ .mam Mk wW.I 3. 504 
Mic callbra:Uon pulsea. not calibrate .. 

Lose mam·Mic ea!ibratioBI Ma~ Mk.will DOt eaU,.. -1 3. 504 
pulses. brat.. 

Lose B Film e&Ubratkm I B Film wW. GOt c&Ulwate. I l. 504 
paleea. 

Probably :ao effect. 

IA:>se B FUn:1 
Mic ealtbration 

No e!fed.., r· t. 4016 

B am ffl&inMk will_ 1 .. 4016 
'ff~t calibrate~ 

I . 
I I 

'"''''"-''~~""'"""""'""'"'"""""..i""·"""""-L-., I 1 "'""'-~,L_==--~rt~=" • ~ ip__._.( > t,~\ fi.A-l> .0.-* t --·· . ...,.._. •--~ 

i 

I 
I 

I 

l 

1 

s 

3 

3 

3 

, 
3 

3 

.4 

3 

i 

I 



ATM ·~ 

··:;s.~: 

~ fAILURE MODE, EffECT & M 

TIMIII•ZIERO<:~~ I CIITICAUTY ANAlYSIS WORKSHEET 

~:n~~ 
C Ut<;.l.H 1 01 I EffECT Of fAilURE fAilUitE 

fUNCTION 
fAU.UR£ MOO£ 

T 
PROBAiiUTYJ CRITIC-

END ITEM SYSTfM Q x JO-S AUTY 

1. !U I OpeD I Lose Film Bias J Minor effect probably • 03504 I 3 
lose. efficiency. 

2~ Cl I Short I .. I .. I .07008 I 3 

3. R3 1 Opes I No D.c. path for 'bhu•· I .. I .3504 I 3 

I current. 

R4, 5, 6, I Chaqes the ampllfier I ~Dcorreet FUm alpal I 4 .. 1 
SpeD .03504 I· 3 

10 gala. 

5. R"l, RlZ I Ope Loas of FUm sipal lcaaofFUmlD .. O~SM I. 3 

6 .. C3 

.I 
Short " .. ..219 • 3 . 

1. Zl, Z2 l:Doperative .. 11 5.,256 I 3 

8 .. R9 I Ope Rai•e the gam of erose- . Lose efficiency I .. 03504 I 3 
coupled 11ignals to twice· t.~ 
as high. 

" I 9 .. asJ a:u I Open Lose the ability to inhibit t tl I • 03504 I 3 
ero s·s coupled t~lplals. 

10. cz ' Short ' Lose In-Flight'caltbrationl No effect . I 1. os1z I 4 

1 

! 
~ 

I 



ATM .3 .. 

TIMII .. ZJIRO ~~ 
FAU.URE MODE, EffECT & 

(llUTICAUTY ANAl. YSI$ WORKSf:IEET 

iiiM~~ -~~~~------·"''.,YW\iooi7]RfvA·~~c"~G 

5 
:~~ 3 Jt!ectronic 

01?~4003 . -~8fY-~~~~] 
oise Mic 'Thrshld.. ortf1'Z%oz3 DAn 14 May 1971 

CUlQall 01 fAU.Uttf MODE 
#UNCTION 

J fAilUiE EffECT_O~ ~AllURE=·= -- •. "PROSA&i~rn't c:!~~-
J • SYST~M I Q ~ tO S fND ITEM 

1. Rl 0,. Pcuu1ibU1ty of not mhibitq Probably DO effect I 
·Mic s~pal. 

2 .. u. JU. I OpeD 
R4 

No Mlc mhiblt I Lose of accuracy m nobel 
We data. 

3. RS, ~•- R9J Ope Lose BOise We threshold Loss of noise Mte data .. 
RlO. R.ll 

"" 
., I 0,. Possiblllty of mhibitm1 Loss of accuracy in Deise 

all the time. Mic data. 

5. R7 - I Open No effect - slight offset No effect I 
onPHA 

6e Rlls RlZ Opel\ Lose aceuraey t Loss of aceur&~J ~ Mbel 
Mic data. 

1 .. Cl Sheri 

8 .. C2 Short 

Loa• o1. moiae Mic *••hor Lo .. ol. noise Mic data. I 
Loss of accuracy Lose of aeeuraey in ube 

Mic data. 
9 

'" Ql.Q2 Ope· MoMic~lt .. I Losa of &CC1U"UJ' b1 1 
noi11e We data 

&aori 
10 .. Zl 

J laopentlft ,. 
' 

11. Z4 I !Doperatiq i 

Lo~e nolee Mic threshold J Loss of mise Mic data 

I Loil\le aobe Mk tata Lo,t~ of Deiase We ~ 

J...ose noise Mic 4ea., I Lei>~ (•f BOttle Mic data 
(Outboanl) 

! 

12. CIU" CR3 ' Shori l.oii~e noise Mk &..ta Lo~~~ moiee Mic data 
I 

13.. CR2 . Short ~ Probably :uo effect ~ effect _ 

f I I l 

~ .J . ·-··· I .. :-:-• --~- I 

.035041 

.. 035041 

.035041 

.035041 

.. 035041 

.. 035041 

lQ, 51~ 

..219 

3.504 

3 .. 504 
5 .. 256 

7.,008 

4 

3 

3 

l 

4 

3 

3 

3 

3 
3 

s 

3 

:J 

I 



AT). 3 - . 
~- -

-" """" SYST~M ~~;;A'L~~ani ~,·~~ - fAU.i.JJU: MODE, EffECT & LEAM 
((f)) TIMIJI•ZSRO ~-CiOn "iNo ITEM~ 0i1>~~6005 I'AG:e2_i!~~~ - CiUTICAUTY ANALYSIS WORKSHEET Sauib Driv~r 

ASSY 
OWG NO f'4EMay 1971 -~-

CIRCUIT OR EfFECT Of fAILYRf fAU.U~E 

f~tiON 
fAU.URI MODE -- PROBAilltTY C:RttfC ... 

END ITEM SYSTEM. ax so-5 AUTV h. I .. ~ 

1. Regbtor RZ9 Open Sqv.ibe 1, 2, 3. 4 wW DGt fire Total loss of experimeat • 03504 1 

2. Resbto_r R30 Open . Squib• .I. Z wUl ~ot fire Ins\fu.ment over heat&.\'- .03504 2 
230 F operating or 110 F 
non-ope rating. Degradation 
ill the potentialllfe of the 
experiment. 

3 .. Realstoza JU ()ph Squibs 1, 2 will not fin . .. .03504 2 

4. Realt~tor RZ -OpeD Decreases tl1e mugm of No effect . .03504 4 . 
safety. The ~quibs will a til 
fire. however. inad~~~ntl , 
because Ql may turn ON at . 
hipeli' ter.nperature= 

5 .. Reai11tor lt! Optm Probably no efi~ct. 02: may No effect ..03504 4 
tum ON at hi.gt•, temperat~ .. .. 
and. fire th® ilqwb. Margin 
of safety is decreased. , 

6 .. Reeistor ll4 Opaa • Squibs 1, 2 will not fire Sa~ u !Mm2 .03504 3 . · ... 
·. 

1~ Reslator BZ1 0,. Decreasea the margw of: Nc effeet ,.035o.t 4 
safety "" othel!f~?i~e no ~ft'ecl 
011 the outpt~t, . 

8 .. Resistor B.5 Open Squib J: will DOt fin to the .. ~ .. 035M 4 

I • ' i . 
I I I i I I 

~ 

~ ~~- ... 1 ,.,.,.. I .. , ._. .. , .. ~,··u · ..-_L 
rt:.A-U'~- "J7'!W _ ... - ---- .. q- · ·· - - eMii ~ -

~\11;l~;l;!Al!l!:il I -- t 



ATM '3 
--- SYSUM 

"""""""" ;c:;:;;:u: =*ill -·=-.z~~' 

fAilURE MODE, EffECT • -~~ 

TDMIII•ZIZRO COt"~ I (IUiiCAUTY .ANAl. YS.iS WOIKSHE~l 
END ITEM 

..Dz!Y~-
ASS 

' ~; 

CiRCUIT OR ffffCT··of fAilURE fAU.UIE 
MilUM MODE PROIAiuunJ Cl'(ttu::-fUNCtiON 

END tUM SYSTEM ax ao-s Au tv 

9 .. Resistor R6 Open Squib 2 will fire bu:or:reetl) No loss to the e~rj.meat • 03504 I 4 

10. Resistor Jl1 Open· No effect No losa to the. exparim-.t I .03504 I 4 

11. · Resistor R8 I Open Squib 2 will not Ba No loaa to the experiment I • 03504 I 4 

1 Z.. R.edutor R9 1 Open Squib Z will not fin No loss to the experimeat I .03504 I 4 

ll$ Re.;lator IUO I .Open. Decreases the marp of J No loms to the experiment I .03504 I 4 
safety. May fire Sq\llb Z 
mcornctly. 

14.. Refietor lU 1 Open I .. No loam~ to the experi.meDt I • 03504 I 4 

!5.. Resistor JUZ ~ Squib z will not fin No los• to the exprimeat I .. 03504 I 4 

16.. R4UJlstor lU 3 I ()pea No effect No kusa to the ~dment I • 03504 I 4 ... 
17.. Re11iator R33 I Opn. No effect 

;/..-

No loss to the experiment I .03504 I 4 

18., Capaeitor Cl Short " Sqmb z will aot fin No loss to the experimea ·1 .219 I 4 .. 
19., ~ltorCl 

.. 
Shore I Place JaeaVy lou em. +lzY j TotalloH of the aperime$ • 219 I 1 

suppl,-.. Sqalbe 1. Z, 3, 4 
not fin ... 

20~ C~ttoz- Ct I Shon i Squib• 1. 2 wW not fin -~ uttem a ·• 219 2 

j 
t 
~ 

t • 

~ 
I I I I 
- I I I 

~= £.._. ~=-·- ,._,.,,_..... I .. ---· . . ..... --mm I ·n''""" __ _L,._""L, ___ "'""~ .. · 
~-r,c-~ 7""'"'1'"-~---··..-··---,;::----. ~--::--,-----..,_....-~~-~..,.·~""·_,....,.---:-=-...-"'-' --·-·· _,,_ --- - ---·---------~--



ATM ~.3 
~~~__,.,..""""-"" """'~: 

SYSTEM P;(EfAR£0 BY 

fAIUJIU! MODE, EfFECT & LEAM A. Lakhani 

TIMIB·ZBRCJc~t~an I CRiTK:AUJY ANAlYStS ·wORKSHEET ENB 1~ DriVer '!O<i~&>os 
ASSY DWGNO I DAte !.f.. Ma 

""""" %"lF&&lF' 

CIRCUIT OR i 
EFFECT Of fAILURE fAU.URE 

fA&lUU MOO£ PROBABlurtl c~rnc-
fUNCTiON END ITEM SYSTEM a sc io-5 Atnv 

· !1 .. Truu~istor Qll OC s ft 
Disables Sglllibs 1~ 
Fine Sqm6e 1, 2 soon 

Same u Item Z 
Colle eta· extra dust-DO · 

3 .. 504 I 2 

major loss· .I 3. 504 I 3 

22. Transistor Q21 Open . I Dlaablea Squlbto 1, Z I Same as Item z I 3.504 I z 
Short Fires Squibs 1. 2 too soon Collects extra dW5t. No 

major loss I 3o504 I 3 
I 

23., Transumr Ol1 OpeD I ·Fine Squib 2 too SOOD I Collects extra dueL No 
Major loss I 3. 504 I 3 

Shon I Disables Squib Z I No effect... Mala eqalb ed.U. 
operatiq I 3.504 I 4 

24. Trueistcn· Q4J Open I Dlnblea Squlb 2 I No effect I 3 .. 504 I 4 
Short Fires SqW.b Z too 8008 Collects extra dut .. No 

major lo&uJ I 3 .. 504 I l 

zs.. Truala_tol' as I Opea 1 Disable• Squlb 2 . ; l No effect I 3 .. 504 I " Sbon Fires Squib Z ~~.: Collects extra duet. No 
major loaua I 3 .. 504 I , 

l6. Diode CJ.U j. Short • I I Dec.nue• the marsm of No effect 1. 4016 I 4 ' safety at Mah temperature .. .. 
z15 Diodes caz I 

Disables Squibs 1. 2 I I Shon Same as Item I I 1 .. 4CU6 I 4 

i 
j • • i 

_ I I I I I 
L* . l .. J.~ ---~-~ 



-- ATM '~ 

~·' 

~%1zuo ~TBM.~:ZIIIRD ~Cioft 
~ ~~""-""'""' --""".m~~-= 

S"fS'i'jf.\ ~ffilfi"Alil.ll:O fll 
fAIU.UU!: MODE EffECT & LEAM A. Lakhani 

CRfriCAUtY ANAlYS;S WORKSHEET e~Qru.~ Driver f~~~os I PAGE if&s;;·-w·ac' 
ASS'Ir OWG NO IDtUE ~- I • 

14 Mav 1971 

'.~ii~~.;:.,:,.;:~.o;j';;.~'"X; 

A 

cutcun 01 
FUNCTION" 

fAtUJRE MODE 
j fA!UJf(E I EFfECT OF fAnueePRO!A!n.nvl c~~tlruc.,. 

• - _g MDIY 
I • a~w 4 

Short 28. Diode CR3 

29.. Diode Clt6 Short;~ 

30., Dlode CR1 Short 

31 .. R4Uiietor Rll I ()pea 
• 

32. Readetor JU4 I Open 

33., Reaiator Rl5 OpeD 

34.. Resistor 1U6 I Open 

" 
... 

' I 
I 

fiNO n'EM 

No effect on the output No effect 

No effect on the output. At I No effect 
high temperature decnaaea 
the margin of safety 

Dieable s Squib Z I No effect 

SYSTEM 

1 .. 4016 

1.4016 

le 4016 

Squib a 3, 4 will not fin Totalloas of the experime. • 03504 
dust cover eazmot be remo.d 

Squib a 3, 4 wlll not fin .. 
Decreases the margin of I No effect 
safety. The squibs wW. still 
fire. however. inadvertentllr 
because Q6 may tum ON at 
higher temperature. 

Probably no effect. 06 mayl No effect 
turn ON at high temperatu%'4 
and fire the squib~ Margin 
of safety i& decreased. 

..03504 

.03504 

.03504 

I I I I 
I I I I ! 

4 

4 

4 II 

l 

l 

4 

4 

-~·--n ~ o,,,._ .. Mil<£~ I ~~ , J I ~J J 1 A •. ii~~~~ ...... J~ it I l-ip~f 51Ml*fi01i'i& ms;g&ij ;>f$&it'i4M~a.~= -----~-



ATM '3 
- _,--~~-'= E ___ , 

SI1!1M if'ltEPAiifD I.W 
'rblt:.v03l REV A - fAilURE MODE, EffECT & A. Lakhani 

((I,)) "'nMIII•:ZERD c_,_e~on E~U& Dr.iver 
--

or81'Roos 
------ ~~--=~lOo---.,... 

CRITICAliTY ANAlYSIS WORKSHEET MG~- .0!.~~~ - AMY DWGNO ~.\May 1911 

CIRCtHT 01 EffECT Of fAU.UIE fAIU.UU: 
~ fAU.UftE MOO! f~O~AlUllfY CRiTIC-

-fUMCT10N 
ENO fTEM SYSTEM Qx ao-5 AUTV 

~} 
., -~ 

' . 

35. Resbtor lU-7 Opea Squibs 3. 4 will aot fin Total, loa• of the ~xptn:t.meJ ~ .. 03504 i 
dust cover -will not be 
removed 

. 
36. Reabtor IUS Open Decreases the margi.D of No effect .03504 4 

-- safety- othe:nvlae DO 
effect on the outp& . -- -

37 .. Resistor 1U9 Open Squib 4 will not fin No effect .03504 4 

38Q .Resistor RZO Open Squib 4 will not fin No effect .03504 4 

39 • .Resistor RZl Open No effect No effect .03504 4 . 
40. Resistor· RU . Open Squib 4 will not fin No effect .03504 4 

41. Resiator R23 OpeD Squib 4 will not fire No effect .03504 4 ... ,, ... 
4Z.. Retibtor RM Open Decreuea the margm of No effect .03504 4 

~ 
safety. May fin Squib 4 

. incorrectly • .. 
43. Resistor R25 OpeD II No effect .03504 4 . 

44. Retdstor RZ6 Open Squib 4 win ~aot fin No effect .03504 4. 

' . 
t 

f 
I . I • • I ' I J 

I I I I I I 
i i i i I 

'r.'"Ol it. ~ rf"'o.I.A --.t -·- ~ 
.. ~ 

~·- . ~'7?. -- ~ • .,- -~·- ~ .......... --·~.---~- _.:.. -- - • ·,.-;-J•. ~- _,... ______ . ~ -



A )013 

r:::::.?l'~~ fAilURE Mooe .. e~;ecr & svsre~~;M ~x:"t~~ant · 01 ~;T:=~~ 
((f,))nMIS•ZEFID c~tion CRntCAUTY ANAlYSIS WORKSHEET ~qJl'lr Driver !)WGl'lfil600S PAGE .i161 Of "'t 

___... ASS Y OWG NO DA
1
T! ,. 

1 
, 

1 1"?> .~.v1av 191-.A 
EfffC'f Of fAilURE fAILlHiE 

CIRCUIT OR FAilURE MODE __ • - A PRO~MHUTY CRntC· 
FUNCTION END ITfM SYSTEM Q x ao-5 AUTY 

45. Resistor R28 Open No olfeet No effect • 03504 4 

46. Resistor R32 Open · No effect No effect • 03504 4 

47. Capacitor CZ Short Squib 4 will not fire No effect • 219 4 

48. Capacitor CS Short Squibs 3. 4 will not fin Total loss of the experime! ~ • 219 1 
dust cover will not be 
removed. 

49. Transistor Q6 Open Disables Squibs 3., 4 " 3. 504 1 
· Short Fires Squibs 3. 4 Collects extra dust.. no 

major loss. 
50. Transistor Q1 Open Disables Squibs 3 .. 4 Total loss of the experime3 ft 3. 504 1 

dust cover will not be 
removed. 

Short Fires Squibs 3,4 too soon Collects extra dust.No 
·2: major loss 3. 504 3 

51. Tnasistor 08 Open Fires Squibs 4 Collects extra dust. No 
" major loss 3. 504 3 

. Short ... ·· ... Diaabl~s Squibs 4 Total loss· of the experimcn t 3~ 504 1 

5Z. Tran1.1i11t3r Q9 OpeD Disables Squib 4 No effect . 3. 504 4 
Short Fires Squib 4 Collects extra dust-no 

maj~r loss 3. 504 3 

T'r~1lli$istor 014 Open I Disable4!! Squib 4 ,.jff~ .... t, 3. 504 4 
I Short I Fins Squ!J, 4 et~ extra dustG No J. 504 3 
j ! loss. 

I f . 

I 
1
1 . 

L_ l _L_~ 
- ..3'~1'-.!L ~ ____ ,_ ,_ . ---- - .... 



A'J )13 
= 

· SVf~ 
~ fAILURE MODE, EffECT & tN;;;;-;;;;:A:;:;M-----+:::::;;;:-';:';A"----....f-=..;:.::;.;::..::..::.;:-...t--:-
1 <..W}'f'1MB·ZIIRO eo~f:iOn CRITICALITY ANALYSIS WORKSHEET 

CI~CYI.T OR 
fUNCTION 

Ql 

R3 

CR4 

R2, 5, 6, 8 

CRI, 2 

C.Rl, 2 

t, I ,._ 

f1..A .. U"'! I 'Jt.;. .,, t 

~~~~~~~--~~;~~~------~~------~. 

EffECT Of fAILURE fAILURE 
t------------......-------"'------1PR08ABH.ITV Cl'UfiC-fAU.UU MOOf 

I Short 

Opcm. 

Short 

Open 

I 
I 

Open 

Short 

" ... .. 

I 

I 
I 
j 
! 

I I 

END ITEM SYSTeM 
""SMlli .. 

Keep atart volta applied. Minor power loea 

" II 

" " 
Shifts operat~D& point of Q N.cme 
No lebo path 

No reverse voltqe pro- None 
tecticm 

None. the other diode 
blocks None 

. ·-.t..;. 

! ! 

·=•.J n - .l u _j____ _____ _ 

Qa to-s AUTV 

3.504 

.. 03504 

1. 4016 

.. 03504 

.876 

8.76 

4 

4 

4 

4 

4 

4 



\13 

SYSTEM I"~EPA!ti:D 8Y 
• Lakhani 

-· "nMII!l•ZI/IJ$;0 e~~ · . END ITEM 
FAILURE MODE, EFFECT & t LEAM j 

CRIJBCAliTY ANALYSIS WORKSHEET ~uib Driver _ = 2~~05 

CIRCUIT Oft 
FUNCTION 

54. Diode CR4 

55. Diode CRS 

56.. Diode Cl\8 

57. Diode C.R9 

58 .. Diode CillO 

fAU.UH MODE 

Short 

ShOrt· 

Shon 

NO 

EffECT Of fAilURE 

fNO ITEM SYSTEM 

No effect on the output 

No effect on the o~ 
at high temperature 
decreas-es the margin of 
safety. 

No effect 

No effect 

Decreases the maqm of I No effect 
safety at high temperature 

DATE 

-fAILURE 
PROiAtW.ITVI CRITIC-

Qx 10-s ALHV -
1. 40161 4 

1. 40161 4 

1. 4016 4 

Short Disables Squibs 3, 4 Totalloaa of the aperim•ta 1. 4016 
dust cover will n~ be 

1 

removed.. 

Sb.olt Di8ablea Sqaib 4 No losa to the experiment l. 4016 4 

. ' 
• >;i .. 
-~ 

" ... .. 

' f l 
I i 
I j -
I I I 

= I I _ 
t ... ":;'i".' "'' ~ "J ... ~-.' - I ··-- =· -·- I --..... _ __.__.. . I • -' 



AT' ?13 

'"""""'"='"_' __ """'a I ' """""""'""~ I'Rfi"~" = "T'NO ...,._, J~t!v""'"""=='"''"'"' 

.. Comer 1020031 · A 
'TIM1!6·:ZERD c~f;lor> OWG NO · ----·~ 

cRnrcAa.nv ANALYSIS IOIZ100I PAGE ~f!Bo' ~·~eo( 

CIRCUIT 01 
FUNCTiON 

lU, 4. 9. 10-. 14, 

fAilURE MOO! 

ll I Open 

CR 4, 8, 9 

Ql, z. 3, 4 

.cas· 

CR3 
. 

oz. 3, 4 

CR. 1 

~~2 

. 

OpeD 

0p6D 

!Short 
Sb.o,rt 

Short " 

Short 

I~ 
• 

i 
l 

., 
• -

• 

'irfl~OZ-1 °A'if4 Mav 1971 ---

J 
fAtlY~! 

EffECT Of fAflURf PROBABH.nVI CSU'UC= 
~~~~~~~~---~.--~~~~~--~-!-!_M_E_M~~~~-:·1 Qxs~S I AU~ END ITEM 

Power eupply.·wtn not tum I Totallo~• of experlmeat 
. ON or tum OFF 

.. " 
n II 

.. .. 

.. If 

AU voltaps are 11DJ'G&.ulate4i Almost complete loess of 
experiment 

C~ eurNDt 0~ referene~ 11 

cHo4e 

No ape, al.pal may ·.!~' · 
• IDto aenea nauJ.attoa. 

-~ 

IDereues losses. 
reaWation power 

.. 03504 

1.0512 

3.504 

1.4016 

1. 4016 

3.504 

1. 4016 

.03504 
1.0512 

1 

1 

J 

I 

1 

2 

z 
2 
2 

t.:.:., ..... , 0 I I . - I -·--- --· _j l 



~~~--~.i:i;~r--'-"...:~ 

SYSif:M W>ltf 
,..~ 

~l'ii)"' 

fAilURE MODE., EffECT & E .1 Comer 

CfUTICAUiY ANAlYSIS WORKSHEET ~0 TIMIII•ZIJIRO c:o~e10n NO 
HOOl 

~"01: ~~021 
CIRCUIT OR 

I fAilURE MOOE 
FUNCTION • END BUM 

~~ ~; 

Ql, Q2 Open No voltage applied 

IU, 2, 5 ·o.,.n 91 

Cl Short .. 
CIU Open .. 
Ql, Q1. Short Suqea Not Limited 

Cl Open .. 
CIU Short laGreuea losee11 

RZ, Rl Open No lebo path 

" 
... 

~ ftl!&- SNm'! L t _&AW:C::Z:..._ll iii! 1 ' ---- I ±Ia ..,..,..,. \'.!_..,,.,¢ •• , ---~-- ·-- --·- ·~-- ---

. :.;;, 

;-II 

SY 

Complete l 
meat 

.. 

.. 
It 

NU 

.. 

.. 
None 

~ 

SUM 
.. .• 

uut of experi-

... 

. 

. 

A" 013 

.. ~~~·-' 
nfl200~l !lEV A ~-· 
I'AGE9f ~ Of 64/0 
OATfl4 May 1971 

fAilURE 
PRO~A8U.UY CRITIC· 

Q:;c ao-s At.nv 
., 

~1:3. 504 1 
R2=Is7 .. 68 

.03504 1 

• 219 1 

.03504 1 

lol=3 .. 504 3 
!QZ=8. 76 

.0438 3 

1.4016 3 

.03504 4 

-

I 
I I 
I I 



AT' H3 

- """"""" ===~=~-" .J.. SYSTEM P~EPAAEO i\' NO· iii:V 

FAU.UR.f MODE, EffECT & . LEAM J. Comer 10129031 ~--
((f))11MB•ZIERO ~tcon ~0 ITEM nwr. W') 

CRITICAUTY ANALYSIS WORKSHEfT ower Supply_ ·10121001 PAGE9:JZ.~ Of ~$~)~ ............... 
IlSSY 
Stu::ge Limiter ~~~~oi1 I>Alf 14 Ma,y 197J .. -
EffECT Of fAIUJRE fAilURE CIRCUIT OR FAIUJRE MODE PRO!A!U.IJY CRITIC-

FUNCTION fND ITEM SYSTEM Qa;o-S AUTY 

Qla. lb, Z, 3. 4 Open or Short No output of oeclUallor Complete loss of experi- 3.504 1 . ment . 

1u. z. -t, s, 6. a. 10 Open " .. 
.03504 1 ---- . 

(:1,3 Open " .. 
~l•l.75Z 1 
~3=. 0438 1 

Cl, 3 Short .. .. 
iCl=losiz .. 
~3=. Z19 

RS(o~ Open .. " .. 03504 1 

RZ. 3 Open Shifbl Fnq •. May eaae some intedeNJ ~e .. 03504 3 

R9, 11 open No path lor lebo Nou .03504 4 
'-f, 

-...~· 

. ., 
.. 

. 
l 

I I 
I 
I 

I 
I I 
~~~- i l ' ' l$~o/ ----~-·· I t 



I 

AT" 113 
~~ --;;¥;-

--~~ $YSTEM PIUPA~!EO IY 

j:Q12oo31 X -~ -.1:. fAILURE MODE~ EfFECt & LEAM J. Comer --
, . ...,. 

((f,))TiMS•ZifiRO eorpo,..,gtton CRITBCAUTY ANAlYSIS WORKSHEET 
END ITfM OWG NO 

I" AGE n ifl Of ioG Power S.J!P~ 10121001 - ASSY 'i8lit_oru OAf% ,!vla'l_',= 1971 .... _E I.. Driv~J: . 

CIRCUIT 01 EffECT Of FAilURE fAilUitE 
fAILURE MOOE PROBABILITY eRn 

fUNCTION 
lEND ITEM SYSTEM ox ao-5 All 

- ~..m 

lU Opera No voltage applied to TZ Total baa of experiment • 03504 

RS. 4 Open No.voltage applied to Zl u • 03504 

ClU Short " II 1.4016 

R2, 3 Open Ql, 2 moperatl-n . .. .03504 

T2 Open WincUng II II 52.56 

T2 Shorted Wmdlq .. n 52.56 

Ql. 2 Open or abort No drive signal .. 3.504 . 
CR3, 4, 5. 6 Open Raleee current Umlted Minor .03504 • 

point 
Soon No current limiting u 1. 4016 • : .·.;. 

:.J.;. 

Cl Short No carrem Umitmg " 1 .. 0512 ' 
Of 

RIO Open No carrem ltmidng n .03504 ... 

I 
l 
I. 

i 
, . 
I 

1 

I I 

i 
I t \ ! 
j ' . 

I I . . I I I I I 

...._,___ 

c
v 
~ 

L__,.,w - uaa:s.,. '""om1" I ""_"' ___ · · l t L 
•, , ,, .-1.-<t ..... -~ ·--- __ __ -~ ~~ ~"~:su s ~*!i ~:aswz 1 :2~ m~~""ll.'· ,_ ~· 

--· -~ ~~m:-·r :-:-;:..:~-~ ~---.-~- -"" -~,...- · -



AT:h '013 

~ TIMIJJ •ZBRO t:Ot"Qoi-tl.tion 

fAilURE MODE, EffECT.& sv~~~AM . . I;:EPARCo~er .. !filZOO;~~= '""""~<~:.\] 
. END ITEM G ·-- ~'"~ 

CRITICAliTY ANAlYSIS WORKSHEET P~ower S~b: ~'th:rf'ool PAGE ~~ ~1[~'l!m 

CIRCUiT OR 
FUNCTJON 

Q4. 3 

CR2 

R8,6 

R9, 1 

Q3, 4 

. 

.. 

A.i:..-L.._D.riv~r f'OjECool DAn 14 May 197i=·oj 
fAilURe· MODe 

EffECT Of fAilURE 
t-------~------,.------~----------1 

fAILURE 
PROBABILITY cRn~c-~ 

END ITEM I SYSTEM a • ao-s A.U,TY 
"'·"'~~ 

Open No current Umitmg Minor 3.504 4 

. Open " " 1. 0512 4' 

f Open .. II .03504 4 

I OpeD No lebo path NU .03504 4 

I Short No power supply outpnt Total loss of a;peri.meat 3. 504 1 

.. ./ .. !: 

" .. 
~ 

I 
; I 
I I I 
' I ' 

l . I I I I 1 

.. ~ ..L .. 0 -·· ..l - 0- ·-0 1._ 0 0 I I _J 
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FAIU.UU: MODE, EffECT & svr_~AM ---- P~~'~0o~er Nfo,~.m~:~;:-·~~"'' 
CRUiCAUlY ANALYSIS WORKSHEET END ITEM owr. ~ PAG; ~ Ofj;i-.. 

~OG~=-~=--=~~~~mD~~~uwuw~~ ~ ~ 

~nMa•ZBRO c,..,.,..._ 
DATIE 

~~.L.&;:wlJ!Wt ........ .....J.....utWJm.L---~!!14LM~. ~ 
EffECT Of FAIUJR£ fA I UJ~E 

PR06ABU.U'Y CRHIC-
Q" 10-s AUTY 

CIRCUIT OR 
fUNCTION 

fAilURE MOD£ 
fND ITEM I SYSTEM 

'" f?fiiSW 

CRl 

LS 

Cl, 2, 12. 13 

Short I Causes Q2 to fail Total hse of experlm.fmt 

Open I No output voltalee u 

Shon " .. 
1. 40161· 1 

31.5~. 1 

• Zl9 I 1 

R3 Open I .. I .. .03504 1 

RS I Open I ShUte fnq. of openti.cm I Mmor .03504 3 
.. I 

I 

Rl Open· I Shifts current limit 1 NU .03504 4 

T3 

Ql, z 
Open Seccmduy I No curnnt llmltlDc I .. 
Open or Short Converter moperati:ve I TotalloseJ of ~rlmeDt 

U.1"1 4 

_157. 68 1 

T3, Tl Open Primary It I .. 87.6 1 

CR4e 5. 

C5 

Open laczeue Loa••• j MaJor dewrada!loa 

Short ., Increase los•ea aDd cu- . Total loss of e:xparl.meDt 
llmlta 

.. 03504 2 

• 219 1 

Tl Shonhc:OIIJAiary j .. . I Total los• of experiment 61.32 ..• 1 

i I 
1 I I I I 

I t "'""' """' 1 I ,._,_u •Oi 1 _. "" I _.,.._,.... __ ,, . """""·.1,.,.,_~ 
.,.. , ,i'i~ ~~ ..... ----·----·-- ·-- ..,__ --...~---- ~--..... -- ... _ •..•• , ... ---~ ~- ·--. _.,-----• -·-~------~------~ 



ATl .3 
-~~~-.. ~..,..--\":"";'·-·. __ ,.,,""""" ~ $YSTEM -- ==-·PREPARED 8"1 - T6!2003J.IftEV ~ I .. - . - I ~EAM J Comer -::J 

- FAILURE MODE. EFFECT & ,N~ ... M . owG"" •AGI$~ ~og ~nMe·z•Ro ·~- CRITICALITY ANALYSIS WORKSHEET ~er S~l'PlY ~1001 °"f4 Ma'/ 197L_ 

. - _l fAilURE I 
, ' 1 EFFECT OF fAilURE PROIABILITYJ CRITIC· 
I I r t Q a IO"S I AUTV 

C4 

CIRCUIT OR 
fUNCTION 

lt4 

CRZ. 3 

Cl 

FA I lURE MODE 

Open 

Open 

Short 

Short 

fNO ITeM 

Increases losses m pre
regulator .. 
.. 
P. S. Current Llmlt 

Tl 

ca·z.l 
Tl 

Open SecODdary 4-5. 5-J6Shifte repl.ation 

I 

OpeD 

Open 7 -s. 8-9 

Open 15-16 

Open 10-11. 1.3-14 

Open :U-12. 12-1.3 
-: 

.. 

Shifts regulation 

Lowers +24v 

Will not fire squib 

Lower -7.5 volta 

Lower 5 volts 

L !1 r- I -= ~~\\~7<'i"t>II1'MiP"FWDiffii'iWB IIliiS ;u 
• ..,. .,. * ,....._.... ~ ·-

SYSTeM 

Major chanse m VQJ.tases 

.. 
IS 

Total loss of ezperimexat 

Minor 

Minor 

Minor 

Total loss of experiment 

lAinor 
·;:. 

Erratic operation of exp. 

I 
I 

• 04.38 

.03504 

.03504 

.. 219 

35.08 

.03504 

.35 .. 08 

35.08 

35.08 

35.08 

2 

1 

1 

.3 

.3 

.3 

1 

.3 

2 



AT~ i0l3 

SVSTE>• rjPAR(O 0, """'"]} -·-· REV-· .'''' 
FAilURE MODE, EffEC ... 6 LEAM . Comer (J.u .. 003l A 

"nMI!!I•:ZERO co~ticm CfUT ICAU TY ANALYSIS WORKSHEET ~o ITEM owe No PAceT7/Jif oF ~Joj 
1-· 

1 
~ 

1 
~ ~:uw~{ :;:;u~.a.x ,~'NIOOI oAnM~n-· 

CIIK:U!T OR fAttUft MOO£ 
f~CttON END ITEM 

CR 6, 7 Short No .. + 5 volts 

LZ I Open 
fl 

c 6,8 Short I " 
CR 6, 7 I Open Lowers S volt output 

CR 8,9 ·j Open Lower-s volt output 
• I Short CR 8,9 I No -5 volt output 

L3 I Open n 

C7. 9 Short I II 

L4 Open I No -7. S volt ou.tput 

CR 10, 11 I Open I Lower -7. S volt ou.tpu.t 

ClO, CU. Short " j P. S. Current limits 

CR10-11 Short .. " 

f7'. ~;.,.., 

I 

I 
I 
I 

.. I .. 
~-· 

I 

fAH.U~f 
·- -tPIO&ABIUTY CRITIC-

SYSTEM 

Total lof!ls of exp. 

" 
" 
Partial loss of exp. 

It 

Total loss of exp. 

II 

" 
Partial loss of exp. 

u 

Total loss of exp. 

t1 

ax 10- 5 I AUTY 

1. 4016 I 1 

31.536 

.2191 I 1 

• 03504 2 

.03504 2 

1.4016 1 

31.536 1 

• 219 1 

31.536 z 

• 035041 2 

• Zl9 1 

1.4016 I 1 
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~ T'IMI!i! •ZiilRt:l COf"j!!INDCiOn 

FAILURE MODE, Efffl.f & b ~;:~--.-T."~A=-=E~:-:An:":::'E~a~k-h-am-. --~~Nr~~';E~~·=, 
CRITICALITY ANALYSIS WORKSHfETI!§i1~onve:r!e! Df8fa004 PAGE~gt OF -~]t 

ASSY DWG NO DAH14 May 1971 
fAILU~E 

fAilURE MODE 
END IUM • _ . -::: : rROBABIUTV

1 
CRitiC +- ,_, I 1 ,,_ ... ""'""" Zf . "' a x 10-5 AU n• 

;<r-..,~ 

CIRCUIT 01 
FUNCltON 

EfFECT OF FAILURE 

SYSTEM 

1. Rl, 13, R14 

2. lU 

3. Rl 

4. 1(4 

5. RS, RIO 

6. R6 

7. R7 

8. R8, R9 

9. Rll. 

10. lUZ, 15 

11. Rl6, R17 

lZ. Rl8 

j 1 A .. ,U-, I. "l ~ 111 \ 

1 

I 

i 

I 
I 

I 
' I 

Open 

Open 

Open 

Open 

Open 

OpeD 

Open 

~ 

Qpen 

()pea 

Open 

Open 

Open 

-, 



A'J H3 

~ TIMil·ZIERD corpofVIeion CRITIC~~:~~R~:~~:;Sf~;~K~HEET~~er ;!;,Jao~ru-.--"·~-r-:~:=~~ ~-'·~, 

CIRCUIT OR 
FUNCTION 

FAILURE MODE 
END ITEM 

~' -OWG NO DATE l4: May l ~?l 

l fAilURE EFFECT OF fAilUREPROBABIUTYI CRITIC-
- - 1 -S AUTY 

Q X 10 SYSTEM ......... - -
13. Rl9 

14. RZO, R21 

15. R22 

16. R23 

17. R24 

18. Cl 

19. C2, C3 

20. C4, C6, C7 

21. cs 

22. Zl, ZZ 

23. Ql, oz. 
Ql, Q4 

24. Q5., Q6 

. . ' .. - ~ ~· -... 

. 
I 
I 
I 

I 
J 

Open 

Open 

Open 

Open 

Open 

Short 

Short 

Short 
~ 

ShDrt 

Inoperative 

Open, ShOrt 

Open 

Short 

Lose D. c. Current Path I No effect 

Lose Z 1 offset null I Lose accuracy in TOF 
data. 

Changes offset conditions I Lose. accuracy in TO.F 
to Zl. ·data. 

Lose TOF output. 

Lose TOF output. 

Loss of TOF experiment. 

Loss of TOF experiment. 

.03504 

.03504 

.03504 

.03504 

.03504 

Changes input character
istics to Zl 

Probably lou TOF exper~lO. 512 
iment. 

Q3, Q4, will have extra 1 Minor loss bl the accurac-,1. 1. 0512 
base charge when the input 
ia low. . 

.~ 

Lose capacitive coupling. I Probably pick up ~rroneou~ 1. 0512 
data. 

SV supply wUl be shorted 
to ground (through 12 ohm 
resistor) 

Lose TOF output 

Lose TOF output 

Lose high current Pull -
up prohably loose FET 
ddvo. 

Lose J:OF Otlt'put 

Total loss of the LEAM 
experiment. 

Loss of TOF experiment 

Loss of TOF experiment 

Probably lose TOF data. 

l...oJ:Js oi. TO.F ~"'~e&:ux;tl@l1.i. 

1.0512 

S.Z56 

3. 504 

3.504 

I. --. I :>e JiV"91 

4 

3 

3 

3 

3 

3 

3 

3 

1 

3 

3 

3 

I ... 
.l ~ 
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sY';re~L~A~ - = -- reA~e~~khani 
fAilURE MODE, EfffCT & ({lj) TIME •ZERO COf'J:)ONitiOrt CRITICAliTY ANAlYSIS WORKSHEET 17~~MConverter :o~~ft6004 

ASS Y I OWG NO 

CIRCUIT OR EFFECT Of FAILURE 
fAILURE MODE 

FUNCTION 
ENO ITEM SYSTEM 

-

zs. CRl, CR8 Short No effect No effect 
--- ~ 

-

Z6. CR2., CR3 
I 

Short Q3, will not turn "on" Loss of TOF egperiment. 

2.7. CR4, CRll I Short Q4 will not turn "on" Loss of TOF experiment. 

I 
Z8. CRS, CR6 Short Lose high current Probably lose TOF data 

Pull-up capability 
Probably loose FET drive. 

29. CR7 Short I Loso TOF out.put Loss of TOF experiment . 
30. CR9 Short Pick up erroneous signal TOF data e:r roneous 

' 
31. CRlO Short Lose clamp to threshold. No effect. 

' detector. 
'! 

• 

. 
I • '• I 
I 

i 
.• 

' I I 
t 

1 L -

I • • •• •• I ·• 

~.,,~=- ~""' 

NO IREV /(_ 

PA<>E Ufoo~f {;t~ 01 

OAT14 May 1971 
~·~ 

FAaU::tE 
PROBABiliTY CRIT 

ax ao-s ALr 
·-· 

1. 4016 4 

1.4016 3 

1. 4016 3 

1.4016 3 

1.4016 3 

1.4016 3 

1. 4016 4 

l 

c
v 


