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This AT~! documents the Failure Modes, Effects and Criticality 
Analysis on the Lunar Seismic Profiling Experiment for the Array E 
ALSEP System. The report reflects analysis on those parts which are 
presently planned to be used in the final flight configuration. 

This document is prepared in accordance with the requirements of 
Section 5. 2 of The Reliability Program Plan for Array E, ALSEP-RA- 08, 

· Bendix document number BSR 3024, 11/30/70. 

Reliability prediction data are also documented herein in accor
dance with Section 5. 5 of The Array E Reliability Program Plan. 

Contained within this A TM are the following appendices: 

Appendix A: 

I . 
Append1x B. 

Appendix C: 

Teledyne Geotech FMECA, Single Point Failure 
Summary, and prediction. 

Bulova Watch Company FMECA and reliability 
analysis. 

FMECA sheets for the Bendix built portion 
of the LSPE. 
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1. 0 INTRODUCTION 

The results o:! The Reliability Prediction and The Failure Mode, 
Effects, and Criticality Analysis for the ALSEP Array E LSPE are documented 
in this report. 

The reliability prediction for this assembly is 0. 98449 which exceeds. 
the specified goal of 0. 920. This is based upon a life of 200 hours. 

2. 0 CIRCUIT DESCRIPTION 

Figure 1 is a block diagram of the assembly. This diagram is included 
to clarify the terms and descriptions given in the Failure Mode, Effects, and 
Criticality Analyuis portion of this report (Table II). 

The signal flow is as follows: a trigger pulse is generated in the Digital 
Processor. This trigger causes a CW signal to be generated in the Transmitter. 
This pulse burst is picked up by the Receiver, where it is filtered and detected. 
The detected pulse is counted in the Signal Processor. When a count of 3 is 
reached, a pulse is sent to the Firing Pulse Generator. This circuit then sends 
power to the explosives. 

2. 1 Digital Processor 

The Digital Processor consists of circuitry required to perform interface 
functions between the input commands and the LSPE central electronics. 

2. 2 MUX-A/D Converter 
For the detailed FMECA and prediction of the 16 channel multiplexer 

see ATM 912, dated 8/20/70. 

2 o 3 SDS Amplifier 
Se-e Appendix A for .the FMECA, prediction and SPFS as supplied by amplifier 

subcontractor, Teledyne Geotech. 

2. 4 DC-DC Converter 

The DC-D€ Converter converts input 29 volts DC to 28 volts DC, +12 volts 
DC, +5 volts DC, -12 volts DC and reference voltages used by the LSP tempera
ture sensor and the A/D Converter. 

The input 29 Yolts is regulated and applied to a free running oscillator 
circuit. The output of the oscillator is coupled through a transformer to recti
fiPr and filt:er drcttits 1:o produce the otttput DC levels. 
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The output 12V DC is connected to a zener diode-voltage divider network 
which supplies reference voltages to the LSP temperature sensor ancl the analog 
to digital converter. 

2. 5 Transmitter 

The Transmitter receives a trigger signal from the Digital Processor. 
This signal is used to modulate a CW signal. The CW is then amplified and 
fed to an antenna. A portion of the CW is rectified and filtered. This voltage 
is then fed into the Digital Processor for monitoring purposes. 

2. 6 Receiver 

The receiver consists of an r-f amplifier, a filter, an output amplifier, 
and an AGC amplifier. 

The filter is e. two-pole, crystal filter. The narrow bandwidth of the 
filter reduces the possibility of noise getting through the receiver. The output 
amplifier is usee to feed the Signal Processor with a signal of proper amplitude. 
The output also drives the AGC amplifier. The AGC amplifier provides a signal 
to ARl and AR2 which will maintain the receiver output at a fairly constant level. 

2. 7 Signal Processor 

The output of the Receiver is amplified and counted. When the proper 
count is reached, a pulse is sent to the Firing Pulse Generator. A gate signal 
is also transmitted to the Firing Pulse Generator when the Battery Timer turns 
on the battery. 

2. 8 Firing Pulae Generator 

The Pulse Generator provides the power to the detonators after the Gen
erator is armed and pulse appears at the input. The input stage is a buffer which 
drives the gate of a controlled rectifier. The load to the controlled rectifier is a 
detonator. The ene~gy in the output pulse is insufficient to fire the detonators 
unless the Firing Gate appears at its proper input. 

2. 9 Thermal Ba~:tery Timer 

See Appendix B for the FMECA and prediction as supplied by the timer 
subcontra.<'tor, Hulova Watch Company. 

See Appendix B for the FMECA and prediction as supplied by tho timtjr 
subcontractor, Bulova Watch Company. 
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Upon time-out of the thermal battery timer, the timer firing pin is released 
and impacts the thermal battery primer which activates the battery. The resultant 
output voltages power t.he receiver, signal processor, and the firing pulse generator. 

3. 0 CRITICALITY RANKING 
' 

The criticality ranking shown on the FMECA sheets is consistent with 
the rest of the ALSEP FMECA' s in that the rank reflects the failure effect on 
experiment success: 

Ranking 

·r Loss of ALSEP 
.£1 Loss of System Control 
m Loss of One Experiment 
IV Loss of Housekeeping 
V Loss of a Redundant Element 
VI Degradation of a Redundant Element 

4. 0 SINGLE POINT FAILURE SUMMARY 

From the Array E system standpoint there are no single point failures 
in the LSPE. A system SPF would be one which causes an ALSEP abort. There 
are also no experiment level single point failures in the Expolsive Packag·.e 
Assembly (EPA) 11.s there are eight EPA's, each a separate, isolated unit. 

The Failure Mode, Effect, and Criticality Analysis does show 40 modes 
of failure of the 367 EEE pilece parts which perform approximately 770 func
tions within the Bendix disigned portion of the LSPE which could become ex
periment level single point failures. These are failures which could cause 
the loss of all science data. 

As noted on page 2 of this ATM, the 16 channel mux - A/D converter 
FMECA is detailed in ATM ?12. Page 6 of that ATM discusses the one single 
point failure in a second tier fet which if failed would cause the mux-A/D 
to totally fail. 



Failure Mode, Effects and 
Criticality Analysis 
LSPE 
ALSEP Array E 

ATM 976 I 
PAGI 

5 
Of 

DATE 7-Z6-71 

Appendix A of this A TM is the subcontractor input for the SDS amplifier 
and Geophones. The FMECA, SPFS, and prediction worksheets were prepared 
by Teledyne Geotech and have established 9 SPF's for their equipment, none of 
these failures will propagate into the C/S E and cause failures of other equipment. 

Appendix B -:>f this A TM is the subcontractor input for the two mechanical 
timers used in each EPA. The FMECA am prediction work was prepared by the 
Bulova Watch Company, Systems and Instruments Division. The criticalities noted 
as 1, Z, or 3 on the FMECA worksheets are those which constitute single point 
failures for the timers. 

The obvious solution to single point failures of adding redundant elements 
has been reviewed for the thermal batteries, timers, and electronics, but in 
all cases the envelope, weight, and power limitations have precluded redundancy. 
Additionally, all EEE parts are highly screened and quite adequately derated; 
the batteries and timers are undergoing an extensive acceptance and qualifica
tion test program to assure reliable operation. 

5. 0 RELIABILITY PREDICTION 

The reliability prediction for the LSPE is calculated. to 0. 98449 This 
probability of succeBs figure includes launch, deployment, and ZOO hours 
of lunar operation. The overall reliability goal for the LSPE is established 
in AL 900131 as 0. 92.0 for two years of lunar operation. However, it has been 
established in conversations with the Principle Investigator, Dr. Kovach, 
that approximately ZOO hours is the total operational time the LSPE will be 
activated in either the active or passive listening modes. The ZOO hour opera
tioanllife is also specified in the Exhibit B (AL900431) of subcontract SC-853 
with Teledyne Geotech for the SDS Amplifier and. Geophones. 

Figure Z defines the ReliabUity Block Diagram and mathmatical model 
for the LSPE. The failure probabilities (Q' 8 ) for ~ach functional component 
are shown with eac:n block and are presented. in Table 1 as probabilities of suc
cess {P8 ) for the :;entral electronics and any one explosive package. To arrive 
at the LSPE total for Ps it is necessary to multiply the C/SE times the EPA 
to the eighth p·:>wer as there are eight EPA's in the flight model LSPE. 

For purposes of this prediction, total success is defined as all eight 
EPA's exploding and the C/SE receiving, formatting, and returning ZOO hours 
of science data including the seismic waves generated by the exploding EPA's, as 
all functional elements are seriesed by reliabUity definition, the P s :d.: e-"' t for
mula has been used to compute the 0. 98449 Ps figure where ~ t is the experiment 
total. The failure probabilities have been derived from the experiment Parts 
Application Analysis, ATM 975. 
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6. 0 CONCLUSION 

Based on th~ calculations in the report, the probability of successful 
operation of the LS:P equipment is quite high. 
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. 99984 . 

. -5* 
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-5 
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-5* • 0 19 3 7 x 10 < 1 hr. Q=~ • 99999 

- < 1 hr. Q=100 X 10-5 
• 99900* 

.018 X 10 -5* 
90 Q=l. 6 X 10-S • 99998 

NO. aev ~o. 

ATM 976 

PAGE 9 OP. 

DATI 7/26/71 

Remarks 
"----·- ---"-"',....._~-----

*See ATM 912 

*See App. A ATM 976 

*See ATM 975 Summary 

*ATM 975 Summary 

*ATM 975 Summary 

*ATM 975 Summary 

*Estimate 

*ATM 975 Sununary 

*ATM 975 Summary 

*MSC Input 

*Subcontractor Input 



UNIT 

5. S. Timer ( 1) 

H. E. Block (I) 

Failure Mode, Effects an 
Analysis - LSPE - AL~.;c 

iticality 
Array E 

TABLE 1 

SUCCESS PROBABILITY SUMMARY 

A 
,.. 

Q p 
~ - ,....a_. 

. 014 X 10 -5* 90 0=1. 3 x 1o··5 .99999 

< 1 hr. Q=Z. 0 X 10 -5 
. 99998* 

LSPE p =e-At= e -(At1·Atz. At3 •••••• X.t ) 
s(total) n 

8 
or = C/S EP x EPA P 

8 s 

= • 99774 x • 9867Z 

= o. 98449 

NOTE(t) A is for 1 EPA. All8 EPA'smustfunctionthereforetotalEPA (P8 ) is 
(Ps1)8. 

NO. 

ATM 976 

PAGE 10' (W, 

DATe 7/26/71 

Remarks 

*Subcontractor Input 

*NOL input 



.-.mapaoe 
'8tanW Dlvtelon 

Failure Mode, Effects&: Criticality 
Analysis - LSPE - ALSEP Array E 

APPENDIX A 

NO. REV. MO. 

ATM 976 

PAGI I OF ..:)j 

DATI 7 I 26/71 



SDS RELL'\BT LTTY PH.EniCTION 

ATM 976 
Appendix A 
/'A6G :Z OF 5~ 

A rel iaLli 1i ty p1·edil:tion has been completed for the i-f()uel 34110 Seismic Detection 
Sy:;~·em. 1110 pNdiction indicates the system to have a worst case probability for 
100"-.; mission success lllilich exceeds 0. 99HT7. Although the p1·edicted reliability falls 
somewhat short of the system design goal of 0.9996, it nevertheless reflects strict 
adherence to reliability di~ciplines in the design of a complex system. 

The assumptions and conditions 1..rhich served as ground rules for this preuiction .s.re 
as follow:.: 

1. The system configuration, for the purpose. of this prediction, is assu."Tied to 
be: such that eve1·y assembly is in series with every other assembly. Like,dse, e\·ery 
part ,.,i thin each assembly is assumed to be in series with every other pa:>:t. The:-e
fore, the failure of any single part is assumed sufficient to cause failure of the 
entire system. 

2. 1be failm··3 rate of each part is based on the thermal profile described in 
Bendix ATl\!605A with an additional l0°C temperature rise. generated within the SDS 
hcplifier package. 

3. All parts are z.ssumed to have a lOO~'o operating duty cycle with the exception 
of c.alibrator relays '~hich are assumed to operate one ·time every 10 hours of system 
op•;;ration. 

4. Ko consideration was given to parts failure mode apportionment (i.e., any 
part failure mode was considered svfficient to cause system failure), 

5. Failure rate sources used for this prediction (in o1·der of preference) "'ere 
(a) ATM 6JSA, (b) ~UL-HDBK-217A, and (c) other. 

is 
6. 'I11e :reliability equation used fo1· this prediction comes fr('ffi ATN 60SA and 

where: R = probability of 100% mission success 

e 

'-EQ 

=base of natural log (i.e.~ 2.71828 ---) 

= equiv2.1ent total parts failure rate defined by the 
equation AEQ = .SAL + .SAH 

where: AL = parts failure rate at 0°C 

AH = parts failure rate at 70°C 

t = i:'lission operating time interval of 200 hours 

FB .. a term which equates pre-deployment stresses to units of 
operating time totaling 57.73 hou1·s. 

The assembly and part failure rates are given in the attached reliability prediction 
wo:;~kshccts (Foim 614) and are summarized in table 1. 



Unit A Quan per AX Quan 
Unit Descriptio11 ··--~--~r 108hL~ ___ -~----sxste!Jl._ ____ (p_er l08~)_ ____ R~J_ial?ilJ..!Y_~ 

Seismic Det. System 474.070 1 474.070 0.998778 
SDS Amplifier 436.750 1 436.750 0.998874 
Geophcr.c-Cable Assy. 37.320 1 37.320 0.939904 

Dual Regulator 33.234 1 33.234 0.999914 
Cal, knp~ Filter, 100.879 4 403.516 0.99~960 

Log Ccmp. 

Table 1. Relia.bility Prediction Suw"''llary 

Ref. Worksheet 
Pazes 

1 
2 
3 

4,5 
6-11 

'-l>> 
~ >c 1-3 
0\ "& ~ 
~&--o 
r .• .,... -J 
ur X 0' 

«:)> 
l't 

"• ...0 
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The SDS single failure points (SFP's) are summarized in table 1. Data inputs 
to this summary and the data sources are as follows: 

1. Critical Parts. Critical parts are defined as those which could 
(a) render the entire SDS inoperative, (b) result in a personnel 
hazard~ or (c) propagate to external equipment. The SDS contains 
no parts having faflure modes which could result in a hazard to 
personnel. The source of critical parts is the FMECA. 

2. Mode. 'fhis is the failure mode which causes the part to be defined 
as critical. 

3. Part Failure Rates. The part failure rates listed are taken from 
the SDS reliability prediction and are stated in failures per 
108 hO"A'S • • 

4. Probability of Occurrence. The probability of failure mode occurrences 
ar~ given in ATM605A. 

5. Product. The product of the failure rate and probability of occurrence. 

Specific revisions made to this issue are the removals of six previously reported 
critical failure modes. One removal was due to a design change and the remaining 
five were removed because ATM605A gives a zero probab.ility of occurrence for those 
modes. The list of critical failure modes is now shortened from 21 to 15. 

The remaining critical failure modes are inherent in the design due to·the use of 
a common voltage regulator for all four channels. There are no practical means 
to eliminate these failure modes and redundancy is not feasible. 



Table 1. Si.ngle Failure Point Summary 

Failure 
Rank Ref. Design Mode Rate Probability 

1 Q502 B-E short 6.580 .125 

2 CR504 · Short 2.425 .30 

3 R509 Open 1.525 .20 

4 QSOl B-E open 2.300 .. 125 

5 CR504 Open 2.425 .10 

6 CR502 Open .885 .20 

7 R510 Short 1.525 .10 

8 C508 Short .050 .90 

9 R501 Open .177 .10 

10 RS04 Open .177 .10 

11 RS13 Open .177 .10 

12 CS02 Short .0107 .20 

13 CS03 Short .0107 .20 

14 C509 Short .0107 .20 

15 C510 ·Short .0107 .20 

.. 
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Product 

... 8225 

• 7275 

.305 

.2875 

.2425 

.177 

.1525 

.045 

.0177 

.0177 

.0177 

.0021 

.0021 

.0021 

.0021 
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.= i.::;.a1 Assembly 
----~------------

DRAWING NO. 34100-01-0l REV. PREDICTION DATE 1/ 1S/?l REV. _____ _ 

~ I 
·---

1 'f--, ?A?.T DESCRIPTION 
MIL..SPEC. tl..;iL C.ESIGNATION :\ TEMP. STRESS :\g 

OR VENDOR CR VENDOR PART NO. SOURCE oc RATIO 
K lf/lo\u_l ' 

I ..::.;~-::-.cr:e Cable Assy. Geotech 34120-01-01 Page 3 -73 & 12 NA 37.320 

I ::::::~ :''.::r?lifier Assy. Geotech 34110-01-01 Page 2 0 & 70 436.750 

·~ 
~ -- ,__ 

I -
I 
I 

!-----~--.;~----· 

!-------;-------------~---·· ·----~-· 

l 
1 

! .. 
1---· -
i 

i 

. 
I ., 
I 
1 

~ 
I 

' \ 
t- : 

! : 

)-- ----+-·---
l 
i 
! l 

j . 

FCRM ;;· . ..:; SUBTOTAL 474.07/1081 
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REV. PREPARED BY R. p. Cheatham 

34110-01-01 1/18/71 

DF_L~ 

SUBASSEMBLY--------------------·------------- DRAWING NO. REV. PREDICTION DATE REV. ___ _ 

r-~-
REF. 

PART DESCRIPTION 
MIL-SPEC. MIL DES!GNATION }.. TEMP. STRESS }..g }..f 

DiOSlG. I OR VENDOR OR VENuOR PART NO. SOURCE oc RATIO 
K 

f!InRh) 
Dual Regulator !)eo tech 34686-01-01 pp. 4-5 0 & 70 NA .)3.2342 

I C.A.F./Log Compressor Geotech 34687-01-01 I PP. 6-11 " " 100.879 t= C.A.F./Log Comp!'essor Geotech 34687-01-01 PP. 6-11 " " 100.879 . 
! C.A.F./Log Conpressor Geotech 34687-01-01 pp, 6-11 " II 100.87Q 

I 
C.A.F./Log Compressor Geotech 34687-01-01 pp. 6-11 II It 100.879 . 

-

H -

L 
I ! 
I -I r-
I r··· ---- r------·--· - -- r--- ·-

I 
i 

l I 
!._ ____ ( 

1-- .. 

t-
l i 

l I 

l 

~ 
I 

I 
I r---· r-· 

I 

H ·----~L 
i'O?.M Sl4 

SUBTOTAL436.7502/l( 
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DRAWING NO. 34100--01-01 ~/ff:;E. 8 dr ~'""9 REV. PREPAREDBVR.P.Chcatham 

3 , __ _ 11 or-__ 

-'~~phone Cal> le Assy. 
;u::.--.:::;;;r-.'la:.. ¥ --------------

34120-01-·01 
DRAWING NO. REV. PREDICTION DATE 

1/lS/7l REV·------

::.:,:,-:, ! MIL-SPEC. MIL DESIGNATION >.. TEMP. STRESS 
Hr.7 ~ESCRIPTION OR VENDOR OR VENDOR PART NO. SOURCE oc RATIO 

Ag K (/10~~) :-·;;;~;i._ ! 
-

' Ceo~~:~~ Cable Assy. Geotech 34120-01-01 MIL-217A -73 & 1 7 NA 37.320 I 

l 
i 
' 

I 

i 
; 
' ' -
I 
I 

' ' ! 

I I 
--~ j 

1 ! 
i 

' 
i 
i 
i 

--·------r- ------·--·----- ~---.--- ;....-. 1---· 

j 
! 
! 

i 
l 

' -i 

! 
I 

' 
j 

• ! 
i 
I 
! 

- -

~~:~1<il S14 
SUBTOTAL 37 · :520/ 10~ 
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DRAWlNGNO._-'>~~lJ.0-01-01 Pl't4€9 C!=- .,;-q --- REV. PREF>.~RED BY R. p. Cheatham 

d_·_+- c.,:: ll ·--

SUf:'./lSSEMf!!... '. 
..... ~ ;:2~Ul2tOr DRAWING NO. 34 oSG-Ol-Ol REV. PREDICTION DATE _l..:../_1_8..:../_7_! REV. __________ __ 

P.CF. I , :-,- ,.-,-. ·p j MIL·SPEC. I MiL DESIGNATION - X TEMP. STRESS A. K x~ 
·· , '•. 0-..:.-~<P .ION on VENDOR OP. VENDOR PART NO SOURCE °C RATIO II 8 (11. O~~h) 

DESIG.-+--:- i "' · _ ' . Per 10 1 ·' 

R501 ! ::..-:: .• : .·.r' :-!el: film, lOOJ I MIL-R-55 182 m~RSO-H-lOOOfS ATM-605A 0 & 70 0.1 .177 .177 

HSU.: I .-·-·- " " ,l.SK I " RNRSO-H-l801Fs " " " .177 .177 

;~S03 I " II ,2K T " I Rl\!RSO-H-2001FS II - II " .177 .177 

.. !<50~ ! __ '_1 
__ II ,28K I ~· RNRSO-H-2802FS " " " .J./7 .17i 

R32S T \'.\II j34734-01··00 34734-Selected 11 
;: 0.1 1.375 1.375 ----t- . ·-----1 

- a::.~;6 ! !·let film :.nL-R-55182 R."!R-Selected-FS " " II .177 .177 

?S07 1 \IJW MIL-R-39007 RWR-Selected-FS " " " .064 .064 1 

--RS(l~ 1 ' " 6 .63K 34734-01-00 34734-01-06 II tl II 1. 375 1. 375 l 
H5(:9 i " ,10K II 34734-01-07 II II 0.2 1.525 1.525 

I 

_ R3l0 r !OK 34734-01-00 34734-01-07 II " 0.2 1.525 1.525 

!{.;;}! l l·~et film, 2K MIL-R-55182 Rl~R50-H-200lfS " " 0.1 .177 .177 

-r~:-.12 T " " .,LBK II Rt.jRSO-H-180lFS " " 0.1 .177 .177 

~1{513----r-----. II II ,lO()Q II RNRSO-H-1000FS " II 0.1 .177 .177 

i 
c::: ~~--C-. ..r-p-a..-··:_-::_.J_r-.-So_l_T_a_n_,-4-.-7-ll-f~.-r..:-I L---C---3-9_0_0_3 __ ---ii-C-,S-'l<_l_3_6 ___ 4_7_5_K_S ___ -I---"---+---,-, ---1-0-.-2--1--. 0_1_0_7--1---+--. 0_1_0_7 __ 

C3l12 ! ,. Sol Tan 4.7;.;F 11 CSR13G-47SKS " " 0.2 .0107 .0107 

c;o3 , · " 4.7].JF MIL-C-39003 csRl3G-47SKs " " o.2 .0101 .tH07 
I -----------------------+----------------~---------------~-------+-----~~---~---~~--~~---------·c3o-:f-~ • II 4.7J.!F MIL-c-39oo3 csR13G-47sKs II II o.2 .a1o7 .0101 

c:~os j .. • Ceramic lOOpF 34661-01-00 34661-01-04 
1 

" " 0.1 .os · .oso 

CSG\:' ! .. II lOOpF 34661-01-0J 34661-01-04 II II 0.1 .os .050 

~.-.}'7-;--- . ,. lOOpF 34661-01-00 34(i61-01-04 " II 0.1 .05 .050 

c::us T · " lOOpF 34661-0l-OO 34661-01-04 II " 0.1 .as .oso 
_ __. .. , ~··~·-~- -~' ·~~~- ··-·""--"'' ....... ··--·-··~---· .... f--"'' -----
C.-~9 ! 1 Sol Tan 4.'7J.JF ~HL-C-39003 CSR13G-475KS " " 0.2 .0107 .0107 

::.~~~;:; l ,, II 4.7)..F MIL-C-39003 CSR13G-475KS II " 0.2 .0107 .0107 

j 
I 

:of!M514 
SU!'!'!'OTAI. i .5442/l08h 
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FINAL ASSEMBLY -·.:: .-ill1p1~f1er DRAWING NO. 34110-01-01 REV. ____ PREPARED BY R. p · Cheatham 
----~~~----------· 

SU6ASSEM3LV "-:,.:_,_: Regulator DRAWING NO. 34686-0l-01 REV. PREDICTIONDATE 1/18/71 REV·------

RE~'. ~ _ , •. , MI!..-SPEC. MiL DESIGNATION A TEMP. STRESS ~ 
-~ ,... FJ.. ... T ;:>;SC~.p,,QN OR VENDOR OR VENDOR PART NO SOURCE °C - RATIO AJ!8 K - ~ ' 

-~·~;;:.:...-. · ln (/lu h) (/tO hJ 

\~SOl Trans:s~·:-r, Sl. ~PN 8SM02699 S2N2219A ATM605A 0 & 70 p.0/0.4 2.300 2.,300 

i~.)~/2 I ll PNP MIL-S-19500 J.l\NTX2N2905A II II 05/.45 6.580 6.580 
----i 

' 

i CR501 DioJt':, ::'::ner, Si MIL-S-19500 ~rANTXIN752A " " :L0/0.4 3.200 3.200 

! CR502 Di.oae, C.en Purp, Si 50~160197 SmN914A " " p.0/0.3 .885 .885 

r CRS03I P.:i.cde, ?ener, Si MIL-S-19500 .J.I\..~TX1N752A II 
11 p.0/0.4 3.200 3.200 

; CR504 " , Ref, Si PCl-104 FCT-1121 " " ).0/0.3 2.425 2.425 
L------r------------------------+-------------------+-------------------+---------~-------~------1------+-----~------~ 
I 
! ZSOl Op P~'llp .• IC 34651-01-00 LM108A " 11 3.550 3.550 

r :5u2 -II ., • IC 34651-01-00 LMl08A II II 3.550 3.550 

r 
L __ 
I ~----------------------+--------------+---------------+--------r-------r-----r----~--~------~ 

l 
~·--~----------------------~------------------r-----------------+--------4-------~-----+------+-----+------~ 
f 

~ I 
! 

L----~-------------------+--------------r--------------~r-----~-----+----~----~--~-----~ I 
l ! 
; 

j-- l 
,------------------~----------+-------------~-----4----~----~----~--~----~ 

I 

FORM€~4 
SUBTOTAL 25.690/ lQ"'] 
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.34110-0l-Ol f71fqe '' .,;:; S"''=? 
REV. PRE~AREDBV R. P. Cheatham INAl.ASSEMBLY :~:.· . . \:r:pli.fier DRAWING NO. 

U3ASSEMBL Y ---
l.c g CoL1pre s so:- DRAWING NO. :~ 4 GS?-CJ-Ol REV. PREDICTION DATE l/ 18/ 71 REV.------

MIL·SPEC. -R-- I 
i:t". I 

~~SIG. L <>.;.A·.::: ;:cRIPTION 

i<.l L Re<.~;-_n- ·k~t Film~ lSOK 

OR VENDOR 

f-.fiL-R-55182 

MIL DESIGNATION 
OR VENDOR PART NO. 

mm60-H-1503FS 

A. 
SOURCE 

AT!'-1605A 

TEMP. 
oc 

0 & 70 

STRESS 
RATIO c;xfo8hl K lc;1o~h) 
o.1 .177 1 .1n 

l :·:c.s>"".J:·_ :.~et Film. 28K I " II II o.1 .1n 1 .1n 

:;.) R·--.s···-.-,. ·: - -~1-~-~ 
.... I . - II 249~)! I! 

~~RSO-Il-2802FS 

R.~R50-H-2490FS II II 0.1 .177 I .177 

!) 'i .. -
RS 

-\r... 
1\v 

n
i': 

R~ 

}~0 

RlO 

Rll 

R!2 

R.l3 

Rl4 

R15 

I . II " 28K " f-~"·JR50-H-2802FS ,, II 0.1 .177 I ... 177 

i ' " II ISO!< " RNR60-H-1503FS ,, It 0.1 .177 .177 

i . " .. 95.3~ " R~Rso-H-9532Fs " " 0.1 .177 .1n e 
II II 13K I II I It"'R50-H-1302FS I " I " I 0.1 I .177 .177 .. 
" II 13K I II I RNRSO-H-1302FS I " I " I 0.1 I .177 .177 

Deleted 

'' " 60.4K ~HL-R-55182 RNRSO-H-6042FS I II I " I 0.1 .177 .177 
11 " 59K " R:'iR5li-n-5902FS I " I " I 0.1 .177 .177 
n ,, 150K II lli~R60-H-1503FS I II I " I 0.1 I .177 .177 

,, 
II II 2K " R:~RSO-H-2001FS I " I " I 0.1 I .177 .177 

,. ,, 
" lSK II RNR50-H-1502FS I II I " I 0.1 I .177 .177 

1' II II 3.01K II RNRSO-H-3011FS 11 .177 

i Rl6 1 • ,, " 422n " RNRSO-H-4220FS " .177 
! , 

Rl7 ..--- l ' !I II l.OM I II I RNR6S-H-1004FS " " 0.1 .177 . .177 I 

; ;us 1 ' " " LOM 11 j RNRcs-H-l004FS 11 
" 0.1 .177 ._177 1 

i Rl9 I ,. " " 499K t: I R.'JR60-H-4993FS II II 0.1 .177 .177 . 

" 178K II I RNR60-H-1783FS " II 0.1 .177 .177 l R20 
' 

!I 
I 

I 
.i\21 l ,. " " 309K " RNR60-H-3093FS " .177 

R22 j ,. II " l.OM II HNR65-H-1004FS " .177 
! 

l R23 

1 R24 I 

1-
~:::-=-·~1 
~ !'\-=· I 

FORM614 

,, 
,. 
.. 

" "68.1K I " ! PJ'lR50-H-6812FS I II I ,, I 0.1 I .177 I I .177 

" "lOK I r: I P ... ~RSO-l:f-1002FS I II I " I 0.1 I .177 I I .177 

!I 11 l37K II RI~R60-H-1373FS I II I II I 0.1 I .177 I I .177 

SUBTOTAL 
4.248/10~ 
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Hi U!\ltlL' ·!~U HC! !t)N I Ul- I : ----
!';l'JA;. ,•s:;H.titlLY SI:'S i\:npli ficr 34 11 D R P C'h • tl" OP.AWINGNO. -----------------REV. PREPAREOBV __ :_ __ • .: .. ~~-- '._.l_m ______ _ 

34(,:~ 7-0 l-U1 
$~2AS.SP.1BL Y -------------------

'-· .\. r. I Log Compressor 1/ 18/'l 1 DRAWING NO. REV. ___ PREDICTION DATE REV. _____ _ 

HH.I . . ,. , MIL·SPEC. MIL DESIGNATION A TEMP. STRESS X K Xt 
I ht.'-tr Of.>CfliiTION OR VE••oOR OR VENDOR PART NO SOURCE °C RATIO g8 8 

OC.::>!G. ·~ • (/10 h (/10 h I 

;_;z2(, _ _! !~t:s1:-::c. \l0t Film 1~7K MIL-R-55182 RN!Z(,Q-ll--1373J:S ATM605A 0 & 70 0.1 .177 .17~ 
! i~.27 I !• " II 137K " RNR60-H-1373FS ATM605A u ft 70 0.1 .177 .177 

-.,..---.,- I' II II 1.01>1 " RNR65-·H-10U4FS 11 It 0.1 .177 .177 :.-~S- ! 

i ~----4-
;, "~ ., I 
!'\_:, ______ l 

•. --

!- :<30 i 
j L.-31 ! ..... 

" II " 
I! II II 

" II II 

732K II R..\JR65 -H-7323FS " II 0.1 .177 .177 

137K II RNR60-H-1373FS iII I II I 0.1 I .177 .177 

l37K " R~R60-H-1373FS I II I II I 0.1 I .177 .!77 

! 8 . .:-l " II II 137K II • R.~R60-H-1373FS I II I tl I 0.1 I .177 I I .177 
I 

l R33 ~· II II l.OM It RNR65-H-1004FS I It I II I 0.1 I .177 l I .177 

i R34. " 11 11 732K " R.li..JR65-H-7323FS 11 
" 0.1 .177 .177 

r-::--:: " 11 11 ""9 9K " n"~RSO-'l-49°2!:'5 " " 0 1 • 7~ • 77 i ; :<~....,.~ ~ . [\.;.,.... r.. ..., - • • J. 1 • i 
;.. 

: ;.,.):j .. II II 49.9K II R."JR50-H-4992FS II II 0.1 .177 .177 
' -
r ' i K:l7 I ft II " 49.9K It RNR50-H-4992FS II II 0.1 .177 .177 
i 

R38 

R39 . 
! R40 

I R-i 1 
II "') '-~ 

!\.-t .... 

~ -----. 
! D43 
I " 

!r>.;• T 
J .... --~ "-4 f 

R-l-.3 

., 

" 
N 

" 
,, 

r• 

,, 

" II 8 .06K I Jl I RNRSO-H-8061FS I " I II I 0.1 I .177 

II II 4.75K I II I R.~R50-H-475lFS I II I II I 0.1 I .177 
11 II 4.75K I II I RNR50-H-4751FS 1 11 I II I 0.1 I .177 

WW 10K I 34 734-01-00 ! :~4 734-01-07 I '' I " I 0.1 I 1. 375 

II lOK I II 134734-01-07 I" I II I 0.1 11.375 
34734-01-07 II II 0.1 1.375 II lOK II 

Met film MIL-R-55182 HNR-Selcctcd-FS II II 0.1 I .177 
II II 11 Rt~R-Selected-FS I'' I 11 I 0.1 I .177 

} R46 j " \\~~ ~4734-01-00 134734 Selected 1 11 I 11 I 0.1 I 1.375 

.177 

.177 

.177 

1.375 

1.375 

1.375 

.177 

.177 

1.375 

1.375 r R.1i ; •. ww 10.25K ~4734-01-00 34734-01-08 II " 0.1 1 1.375 

f?.1s j ~· r.bt film v!IL-R-55182 Ri'-IR-Selected-FS 11 
" 0.1 1-m .177 

r-49 i .. ww v!IL-R-39007 RWR-Selected-FS " II 0.1 .• 064 . 064 I 
i_::o j " ww 10.2sr< p4734-01-oo 134734-0l-08 " " o.1 1.375 1.375 j 

FOHM614 
SUBTOTAL _11. 500j10 
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FINAL ASSf:M!:L' ·------ DRAWING NO. ., ... llO-O~-Ol REV. ___ PREPAREDBY R. P. Choa;..::t:.:;h:.::am:::.:.... _______ . 

·, ;: ; i ~· ,., 

SUGASSEMBl'l .. "1 'oJ);: LC.H:prc::>SOr 

.. I 
REF. i 

DEStG. ! f>ART DESCRIPTIOI"J 

DRAWINGNO. .3 4()RJ-Ol-t}l REV. PREDICTIONDATE l/18/71 

MIL-SPEC. 
OR VENDOR 

MIL DESIGNATION 
OR VENDOR PART NO. 

X 
SOURCE 

TEMP. 
oc 

STRESS 
RATIO A.g8 

LLl:L'h'l 

REV. __________ __ 

K 1f (/10 hi 

!bL ~ :~<~: _.:-:ar, ~let film 1 NIL-R-55182 RNR-Sclccted-FS I ATM605A I 0 & 70 I 0.1 l .177 .177 

i R~2 
I 

i ' lVW r.HL-R-39007 RI'VR-Se1ected-FS I n I " I 0.1 I .064 I I .064 

\ RS3 ! ' ~~1~ 34734-01-00 34734-Se1ected 11 
" 0.1 1.375 1.375 

\ RS-1 j ' _ Met film MIL-R-55182 RNR-Selected-FS 11 11 0.1 .177 .177 

RSS II " RNR-Selected-FS 11 
, " 0.1 .177 .177 

r-· 
! R36 IV1'1 4K I 34734-01-00 134734~01-05 II I II 0.1 1.375 1.375 

i R57 l . II 4K II 34734-01-05 II II 0.1 1.375 1.375 

l P.SS l l II l5.2K II . 34734-01-09 II " 0.1 1.375 1.375 

lRS9-1 ., Met film 1.22~ MIL-R-55182 RNRSO-H--1221FS " " 0.1 .177 .177 
I I 

h(~J 1.375 
! 
l 

\%1 41! 
h 34734-01-00 34734-01-05 I II I II I 0.1 I 1.375 

! H61 ~1et film 2200 ~fiL-R-55182 RI\JR50-H-2200FS I II I II I 0.1 I .177 I I .177 

R62 i ' " I 11 R'l'R-Selected-FS " .177 

[R6s_1_ c' II " RNR-Selected-FS " .177 

, R64 

R65 

Rt6 

RTl 
'!"'"f'., n. • ..:. 

RT3 

,, 
.,. 

l Tn:r-::-r:istor, 
I " 
i 

n 

" 

It 60.4K " 
II 28K II 

II lK II 

h1i, L OK 34689-01-01 
II II II 

II " " 
II " It 

RNRSO-H-6042FS " II 0.1 I .177 I I .177 

RNRSO-H-2802FS " II o .1 I .177 I I .177 

RNRSO-H-1001FS II " 0 . 1 I . 1 77 I ! .177 

34689 MIL-217A tl 0.1 3.000 3.000 

" II II 0.1 3.000 3.000 
II II II 0.1 3.000 3.000 
II " " RT4 - 0.1 3.000 3.000 

-----·~·--r- -1-------+---------r---t---+--+-..:....:..::~---+~=:_J 

Kl R:: "Y ~ DPDT, Sealed · 34655-01-01 432-7094 II It 1.00 1.00 

! 
!< 

FORM €14 SUBTOTAL 21.645 /10"" 
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StJOASSEPJ'SLV '-~- >...:.: ./Lo~ Compressor 

REF. "'A."\T Cl:SCRlPTION 
D::SIG. 

DRAWING NC. 
3-+ll0-01-01 

DRAWINGNO. 34687-0l-01 

MIL-sPEC. 
OR VENDOR 1 

MIL OES!GNATION 
OR VENDOR PART NO. 

REV.---- PRE?AREO av R. P. Cheatham 

REV.. PREDICYION DATE l/ 1S/7l REV. 

II. 
SOURCE 

TEMP. 
oc sTREss I .Ans 

RATIO (/ 10 h) K {/1~-Sh) ----1 r.,n··.-'- ~~ n,"leted I j ----+! ~'"'r.,-- · -- > ~- i • _ I 
C2 1 CaF<'i-::..i:.::-, C•;;ora::J.ic, 33 pf j 34661-0J.-00 34661-01-83 ATM-605A 0 & 70 0.1 .050 .OSO 

• "1 ..., .. 

c3 __ ] ___ . ,. " 100 pF n 134661-0l-04 " 11 
-0.1 .oso .u~u 

c~ l .. " .12JJF " '!34661-0l-os " · " 0 . 1 .oso .oso 1 
Cs 1 . " II .068)..1F II 34661-01-07 " " 0.1 .050- .050 
___ __L_ I . J 

CG I 11 II 33pP II 34661-01-03 II " 0.1 .QSO .050 .. ! 

~-] " " .068"f .. 34661-01-07 .. .. 0.1 .050 .050 -I 
-~~:$ ____ ! __ " li .039f.i-t II 34661-01-06 II II 0,1 ,050 ,050 

C:J " II .022)1 II 34661-01-0S II I .050 

:2lo 1 •· " 33pF " 34661-01-03 '' .o5o 

,:::11.· r- '' " .068U! " I 34661-01-07 " I " 0.1 .050 .050 I 

Cl2 II " .039JJI " 34661-01-06 " " 0.1 .050 .. 050 
-Cli----1----.. ---- 11 ,022JJ.f 11 34661-01-05 11 11 0.1 ,050 { .050 

__ Cl4 I " tl 33pF " 34661-01-03 " " 0.1 .050 .050 I 
1 "~ ::D:lid Tan 15J;F MIL-C-39003 CSR13-E-156KS " " 0.1 .008 .008 ' 

Ch• l n " 15uF 11 I CSR13-E-156KS " 11 0.1- .008 t .008 
1 CiS 

Cl? ::.;ramie lOpF I 34661-01-00 I 34661-01-01 I II I " I 0.1 I .050 I I .050 

-~=-~L -- ... -- 1' 22pF II I 34661-0l-02 I II I II 0.1 .050 . - ~05l} 

r:H 1 ,. :l lOOpF " 34661-0l-04 " '' 0.1 .oso .oso 
---+-- . 
L~..:o._L " " 1oopF " ' 34661-01-04 " " 0.1 .oso .oso 
c.:::I I ,. " 22pF " 34661-01-0~ " ". 0.1 .oso .oso 

.050 

-----:-
c:2 

1 
., " lOOpF 11 37661-0l-04 11 

" 0.1 .oso 
------ ·--- r··----- -
C.23 l " ,, 100pF II 34661-01-04 I II I " I 0.1 I .050 

.050 
---+------1 

C2-+ j " " 22pF I " 134661-01-02 I " I " I 0.1 I .0501 I .050 

~2:: I ,, II lOOpF I II - i 34661-01-04 I ,, i II I 0.1 I .050 I I .050 I 
1.166/1081' 

ORV &~4 
SUBTOTAL 
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REV. PR;oPARED sv R. P. Chc:.tthum 34110-01-01 ------
34687-01-0l 

! ! I UF ___ 1_1 

SUSASSEM3l Y 
C.A.F./Log Compressor 

DRAWING NO. 
1/18/71 

REV. PREDICTIONDATE REV. ____ _ 

I REF. 
! OESlG. 
I 

PART DESCRiPTION 
MIL ..SPEC. 

OR VENDOR 
MIL DESIGNATION 

OR VENDOR PART NO. 
;\. TEMP. STRESS 

SOURCE oc RATIO 

0.1 
1 

I 1 I 
I 

i C6 I Capacitor. Ceramict 10 pFI34661-0l-OO I 34661-01-01 I ATM605A I 0 & 70 I 

t~~:_t· - ll - II 10 pFl 34661-01-00 134661-01-01 I " I II I o .... I 

l c.:s " " 10 nFI 3:1661-01-00 I " I 11 I 11 I 0.... , 
1 . 

I 1 

I II I 0.1 

L --~·1------------· 

" 

l C.:.9 r " " __ 22 p~ " 

1
34661-01-02 

1 
" 

1 
II 

1 
o.... • 

r c~o I " It 10 p II 34661-01-01 " " o.... I 

l 

! ~.:-l ; " 22 pF " 34661-01-02 
II II I 

ultf8h) 
K C/lO~h) 

.050 

.050 

.050 

.050 

.050 

.050 .050 

.050 0.1 I .050 r:-.z. 1 " " 100 p·T: .. • 34661-01-04 
; ~~- IC I I j_ I I I I 

i_ __ ~ ___ j______ .. . T I I I I I I 
; I T I I 

Tn J, -· 
II 

" 

{"\1 Transistor Si Nohl 0.0/0.j 1.775 I I 1. 775 

o .o;o .as 3. sooi 3.800 
" 
" -

It " 0.0/0.1 1.775 1.775 

" " 0.0/0. 1.775 1. 775 
II " o.o;o.~s 3.eoo 3.800 

0.0/0.:15 3.8001 I 3.800 
-

II " 0.0/0. .885 .885 

" SMlN914A " " O.OiO. .885 .885 

II SM1N914A II " 0.0/0. .885 .885 

" SM1N914A II " 0.0/0.~ .885 .885 
II S~HN914A II " 0.0/0. .885 .sas-

-
" " ----I " " 

0.0/0~j . 8851 , . .885 

.885 0.0/0. .885 

II 

" 

t _ _ · ~~--r---------- --~ 

::0:?M St.& 
~USTOTAL 23.270/~ 
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SDS Amplifier 
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C.A.F./Log Compressor 

REF. J 
DESIG. i 

?AllT OESCRIPTIOf~ 

' ---
:1 \ ,_ '~'"' IC l ._: __ ""i,Ui.i-', 

.. 
7') ,., " j 

7.3 I " II 

--t 
' .1.-'"'f l 

!I 

:s l !I II 

! :o i " II 

' 
I -- ' " " i L/ j 

j 

' ! Z8 ~ 
u II .• 

I ·;o ! fl. 

" ; -._; 

! "7. 0 ·j 
II II i .<.ol j 

I Zll ! " II 

l l 1- ------r--
! l 

t 
t 
' ) 

I 1 
! 

l 
l 

I ' l t 
I 

j 

i 
i 

1 
I ! l ________ l 
i t 
! I 
i I I 

' I ! 

FORM Sl-4 
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·.; L~ l 1 0 -'H - u l. 
--- DRAWING NO._-__ ... __ '-: 

DRAWING NO. 34687-01-01 

MIL-SPEC. MIL DESIGNATION 
OR VENDOR OR VENDOR PART NO. 

34651-01-00 U1108A -
II LM108A 
II LM108A 
II J,HlOSA 

II LM108A 
II LM108A 
II LMlOSA 
II LM108A 
II LM108A 
II L\1108A 

34659-01-01 LM108A · 

_: 

REV. 

f',qti€ /'- cP 5'1 
---PREPARED BY R. P · Cheatham 

i_u_ uF_ll 

REV. --- PREDICTIONDATE 1/18/71 REV·------

>.. TEMP. STRESS 

(!1>o'sh) 
K 

(/lOtfh SOURCE oc RATIO 

ATM605A 0 & 70 0.1 3.550 3.550 -
II II 0.1 3.550 3.550 
II II 0.1 3.550 3.550 
II II 0.1 3.550 -3.550 
ll II 0.1 3.550 3.550 I 

~-

II II 0.1 3.550 3.550 
II II 0.1 3.550 3.550 I 
II II 0.1 3.550 3.550 
II II 0.1 ~.550 3.550 
II II 0.1 3.550 3.550 
II II 0.1 3.550 3.550 

SUBTOTI.L 39.05 /10~} 
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ATM 976 
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The SDS single failure points (SFP's) are summarized in table 1. Data inputs 
to this su.nunary and the data sources are as follows: 

.. 
1. Critical Parts. Critical parts are defined as those which could. 

(a) render the entire SDS inoperative, (b) result in a personnel 
hazard, or (c) propagate to external equipment. The SDS contains 
no parts having faflure modes which could result in a hazard to 
personnel. The source of critical parts is the FMECA. 

2. Mode. This is the failure mode which causes the part to be defined 
as critical. 

3. Part Failure Rates. The part failure rates listed are taken from 
the SDS reliability prediction and are stated in failures per 
108 hours. . 

4. Probability of Occurrence. The probability of failure mode occurrences 
are. given in ATM60SA. 

5. Product. The product of the failure rate and probability of occurrence. 

Specific revisions ~ade to this issue are the removals of six previously reported 
critical failure modes. One removal was due to a design change and the remaining 
five were removed bP-"cause A1'M60SA gives a zero probability of occurrence for those 
modes. The list of critical failure modes is now shortened from 21 to 15. 

The remaining critical failure modes are inherent in the design due to the use of 
a conunon vo.ltage regulator for all four channels. There are no practical means 
to eliminate these failure modes and redundancy is not feasible. 



·, 

Table 1. Si.ngle Failure Point Summary 

Failure 
Rank Ref. Desi@_ Mode Rate Probability 

1 Q502 B-E short 6.580 .125 

2 CR504 Short 2.425 .30 

3 R509 Open 1.525 .20 

4 Q501 B-E open. 2.300 - .125 

5 CR504 Open 2.425 .10 

6 CRS02 Open .885 .20 

7 R510 Short 1.525' .10 

8 csos Short .050 .90 

9 RS01 Open .177 .10 

10 R504 Open .177 .10 

11 R513 Open .177 .10 

12 csoa· Short .0107 .20 

13 CS03 Short .0107 .20 

14 C509 Short .0107 .20 

15 CS10 · Short .0107 .20 

ATM 976 
Appendix A 
f~€ 18 IF$"' 

Product 

.8225 

. 7275 

.305 

.2875 

.2425 

.177 

.1525 

.045 

.0177 

."0177 

.0177 

.0021 

.0021 

.0021 

.0021 
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REVISION A 

SDS FMECA 

22 January 1971 

The Failure }!ode Effects and Criticality Analysis has been revised to 
include the parts added during a recent design change and to eliminate 
some typographical errors found in the original issue. 

As described in TR i0-33, SDS Reliability Program Plan, the criticality 
ranges from 0 to 1.0 such that the degree of criticality increases with 
the degree of performance dt.'gradation. A failure mode which renders the 
syst~m inoperative is considered to be a critical failure and would have a 
an en try in the criticality column of 1. 0. Likewise, an entry of zero would 
relate to a pa~t failure mode having a negligible effect on system performance. 

All critical part failure modes are also listed in a separate Si?gle Failure 
Point (SFP) summary. 

I 
1 

I 
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"'J~TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier DATE 1-22-71 
A...<:SEMBLY NAME Ca1-Amp-Fil/Log Compressor PREPARED BY R. F. McMurray 
O:JANTITY OF ASSY. 4 
~Y.OWG.NO. 34~6~8~7~-~0~1--0---1-----------------

APPROVED BY R. p. Cheatham 
FMECA REV. NO. A, 2-16-71 

SCl->E:\~ATIC REF. NO 90-34687-21-01 PAGE_l ___ oF 31 

--
REMARKS ! I NAME 81 REF. DESIG. FUNCTION ASSUMED MODE FAILURE EfFECT CAIT. 

I 

Resistor, Rl Calibration si~tlal Open No cal function .OS No effect on normal I 
voitage divider. operation or other data 

1 

! channels 
! 
I Drift Cal signal error .01 Error proportional to ' t 
i drift L_ - - .. 

\ R:sistor. R2 Ql, Input resistance Open No cal function .OS See remarks Rl open 

! Drift No effect 0 
~ l Resistor, R3 Cal. voltage divider Open Cal. abnormally high .OS Calibration useless,· 
! normal operation not 
! affected ' ,, 
I 
' Drift Cal. signal error .01 Error proportional to 
~ 
' drift 
" 
: Resistor, R4 Ql, Collector res. Open . Cal. relay held on . 1 Gain reduced (~10) 
' ,. Drift No effect 0 u ,. . 
" -
, Resistor, RS Cal. current res. Open No cal. fw1ction .OS See remarks Rl open 
~ 

~ Drift Varies Zl offset .01 See remarks Rl drift' 
!. during cal h 

. 
:: R~sistor> R6 Cal. current res. Open No cal. function .OS See remarks Rl open 

il Drift Varies Zl offset .01 See remarks Rl drift " ;t 
during cal l --;; 

·~--- --- ----···---

"iJFM 613 



I 
! • 

I· 
( 
! 
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_.,~TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

DATE 22 January 1971 
SYSTEM NAME SDS Amplifier 
ASSEMBLY NAME Cal-Amp-Fil/Log Compressor 

QUANTITY OF ASSY.;:-:-::-:4:--:~-::----------
ASSY. DWG. NO. 34687-01-01 

Sl,;Ht:.MA I 1"-"' n1:r. I"U· 90-34687-21-01 

NAME • REF. DESIG. FUNCTION 

Resistor, R7 Zl input res. 

I 

Resistor, R8 Zl input res. 

.. 
Resistor~ R9 Deleted 

Resistor, RlO Zl offset coefficient 
shunt 

Resistor, Rll Zl feedback resistor 

. 

Resistor, Rl2 Q3~ Drain resistor 

. 

Resistor, Rl3 Zl feedback resistor 

---

ASSUMED MODE 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 
--

Open 

Drift 
------· -- ------------ - -------~---------1......--

l'OiUof 6tJ 

FAILURE EFFECT 

Renders one ~~onnel 
inoperative 

~ gain with drift 

Renders one channel 
inoperative 

~ gain with drift 

Increase de offset 
coefficient 

Varies de offset 
coefficient 

Renders one channel 
inoperative 

A gain with drift 

PREPARED BY R. F. McMurray 
APPROVED BY R. p. Cheatham 
FMECAREV.NO. A, 2-16-71 
PAGE_l_OF 31 

CRIT. REMARKS 

.25 

.02 

.25 

.02 

.1 Reduces dynamic range 

0 Negligible effect 

.25 
. 

.02 

Stays in low gain mode . 1 Channel gain, reduced 
by 20 dB 

None 0 
- ~...--~------~- --

Zl gain reduced .1 

A gain with drift . 02 

I 
I 
i 
I 

l 
I 
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.,~TELEDYNE 
GEOlECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier DATE 22 January 1971 
ASSEMBLY NAME Cal-Amp-Fil/Log Compressor PREPARED BY R. F. McMurray 

QUANTITY OF ASSY. -:4;-:-:::::-::-:---:-:---------
ASSY. ov;G.. NO. 34687-01-01 

APPROVED BY R. p. Cheatham 
FMECA REV. NO . ...,A...,,--=.2.::.-~1~6.::.-.!..7.:!:.1 _____ _ 

90~8.2-21~01 
"""""''1""''-~""'' ·- ··-·. ---· . PAGE_3_oF 31 

NAME. REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS 
-

! I Resistor, R14 Feedback resistor Open One chruL~el inoperativ .25 
~-

Drift ~gain with_drift • 02 

Resistor, R15 Feedback resistor Open One channel inoperativ ~ .25 

Drift A gain with drift .02 
.. 

Res-istor, Rl6 Gain change isolation Open Stays in low gain .1 
resistor mode 

Drift Gain change error .01 Cal will give true 
channel gain 

Resistor, Rl7 Z2 input res. Open One channel .25 
inoperative 

Drift A gain with drift .02 

Resistor, Rl8 Z2 feedback res. Open One channel .25 
I inoperative 

I Drift A gain with drift .02 
' 

Resistor, R19 Z2 input resistor Open Large drop in .2 Large signals will still 

I . channel gain feed through 

Drift A gain with drift 0 .02 

. --
1 
L 

;;.oFv. '5!:3 

I 

I 
I 

I 



~lEL.EDYhE 
GEOTEC!.H FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

S""STEM ~AME 
SDS Amplifier 

ASSE~.i,6L Y r""At.1E 
Cal-Amp-Fil/Log Compressor 

GiJ;..,TiTY OF~· _.:!. ____________ _ 

ASSY. OWG. NC.. 54687-Ql-Ql 
90-34687-21-01 ~ -

l !tlA.!\Iii & RE~ I!Sl.G.. FUNCTION ASSUMED MODE FAILURe EFFECT 
; 

f ! Resistc:!". 1,;.0 Filter resistor Open Changes bass boost 
i 

' Drift Varies bass boost ! 
l . 
l 

i Q .; t. ~~1 ! .:es~s or' s,_ Filter resistor Open Changes bass boost 
I 

! 
l .. Drift Varies bass boost 
I 

! 
f - ?·~-~ 
l ReSJ.StO:!", .t-· . Z2 input resistor Open Severe data 

degradation 

Drift Varies CMR of Z2 
i 
I 

Resistor, 1~.5 Z2 feedback res. Open One channel 
inoperative 

! 
' Drift ~ gain with drift 

p . + .... ~.l Z2 feedback res. Open Approx. 20 dB loss of I ~ . .es:1s ~.or,,-_. 
gain 

Drift ~ gain with drift 

l ' 
FOFIM 613 
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DATE 22 January 1971 
PREPARED BY R. F. McMurray 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A, 2-16-71 
PAGE_A_OF 31 

CRIT. REMARKS 

.OS 

0 Little noticeable 
effect 

.05 

0 Little noticeable 
effect 

.2 

0 Little noticeable 
effect 

.25 

.02 

.1 

.02 

. 

' 

I 



...,f"'lELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANAL VSIS 

SYSTEM NAME SDS Amplifier 

ASSEMBLY NAME Ca1-Amp-Fil/Log Compressor 
QUANTITY OF ASSY. __ 4,__ ___________ _ 

ASSY. C\\G. NO. 34687-01-01 
EF. NO 90-34687-21-01 

NAME & REF. DESIG. FUNCTION ASSUMED MODE FAILURE EC:FECT 

Resistor, k2S Z3 input res. Open One channel 
inoperative 

Drift ~ frequency response 
with drift 

Resistor, R26 Z3 ·input res. Open One channel 
inoperative 

I 
.. 

I 
Drift ~ frequency response I 

I with drift 

Resistor, R27 Z3 input res. Open One channel 
inoperative 

Drift ~ frequency response 
with drift 

Resi$tor~ R28 Z3 input res. Open One channel 
inoperative 

Drift ~ gain with drift 

Resis~or, R29 Z3 feedback res. Open One channel 
inoperative 

Drift ~gain with.drift 

I 
I 
' l. 
FORW t- .< 
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DATE 22 January 1971 

PREPARED BY R. F. McMurray 

APPROVED BY R, P. Cheatham 
FMECA REV. NO.!..!A:.~-.::2.::.-.=.1~6.::.-!...7~1 _____ _ 

PAGES OF 31 

CRIT. REMARKS 

.25 

.OS 

. 
. 25 

. OS 

.25 

.OS 

.25 

I 
.02 l 

I 

I 

' .2S 
~ 

• 02 I 
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...,..A"TE ... ffiVNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANAlYSIS 

i'f'S7EM 'IIAtJJE SDS Amplifier DATE 22 January 1971 
,1,SSEMSi...•ll.J..'!4E Cal-Amp-Fil/Log Compressor PREPARED BY R. F. HcMurray 
GU;I.r<TITY OF ,t.;;sy __ 4 ____________ _ APPROVED BY R. p, Cheatham 
. .1SSY. OWG..I\C.. 34687-01-01 FMECAREV.No.~AL-~2_-~1~6_-~7~1 _____ __ 

:::i-Mt::MA i ,- .... .-;,:.;-. ~'1-U. 90-34687-21-01 PAGE.Q__OF 31 
; 

Ai.A~ ~ Ul'. OUIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS 
·' 

!: .. 
1 ~ .. ~ s ... o,.. R30 Z4 input resistor Open One channel .25 
~ -- .... .. .. 
i 

inoperative 
~ 
<· Drift ~ frequency response .OS Little noticeable effect i 
i with drift 

ll 

One channel ,. Resistc.~ .. R31 Z4 input resistor Open .25 
!. 
~~ .. inoperative 
i 
' Drift ~ frequency response .05 Little noticeable effect 
' 
;. with drift 
!· . ----------·--·~-------- -----· ; 
1· ResistW-.. R.32 Z4 input resistor Open One channel .25 

f inoperative 

r Drift ~ frequency response • OS Little noticeable effect 
i with drift 
' 
l 
[ Res is to:- 2 R33 Z4 input Open One channel .25 

' 
inoperative 

' ' -
r. 

~ Drift ~ gain with drift .02 
r ,. 

f Res is tor.. R34 Z4 feedback Open One channel • 25 ' 

c inoperative 
' '· i 

~ gain with drift f Drift .02 
' 1 
i 
' f 
i 
l 

' ' I_----------~--

FO~~ 61:3 

I 
I 

I 

I 
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GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier 
ASSEM3LY NAME Cal-Amp-Fil/Log Compressor 

OUANTITY OF ASSY._4'------------~--
ASSY. OWG. NO. 34687-01-01 

F. NO 90-34687-21-01 

NAME & REF. DESIG. FUNCTION ASSUMED MODE 
. 

Resistor, R35 Input resistor for ZS Open 

Drift 

Resistor, R36 Input resistor for Open 
- reference log 

Amplifier Z6 Drift 

R~istor, R37 Input resistor for Open 
+ reference log 

Amplifier Z7 Drift 

Resistor, R38 Main log amplifier Open 
frequency compensa-
tion resistor Drift 

Resistor, R39 - Reference log amp- Open 
lifier frequency 
compensation Drift 

I resistor 

Resistor, R40 + Reference log amp- Open 
lifier frequency 
compensation 
resistor Drift 

Resistor') R41 Signal splitter amp Open 
(Z8) input resistor 

i Drift 

·l . -

FCR~cH3 

FAILURE EFFECT 

One channel inoperative 

~ gain with drift 

One channel inoperative 
~~ ~~~ ~ .. -~~ ~~~ -~ ~ 

~ gain with drift 

One channel inoperative 

~ gain with drift 

OATE 22 January 1971 
PREPARED BY R. F. McMurray 
APPROVED BY R. p. Oleatham 
FMECAREV.NO. A, 2-16-71 
PAGE_7_oF 31 

CRIT. REMARKS 

.25 
. 

.02 

.25 

.02 

.25 

.02 

One channel inoperative .25 

No significant effect 0 

One ch~~el inoperative .25 

No significant effect 0 

Loss of + signals .2 Partial output still. 
useful 

No significant effect 0 ' 

One channel inoperative .25 

a gain with drift .02 

~~----~- ~-------- ---- --------------------~---- -

I 

' 
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~~TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM 1\:AME SDS Amplifier 
ASSEMBLY NAME Cal-Arnp-Fil/Log Compressor 
QUANTiTY OF ASSY._..;;,;_ ___________ _ 

ASSY. CWG. NO. 34687-01-01 
SCHEMATIC REF. NO, 90-34687-21-01 

NAME & REF. OESIG. FUNCTION ASSUMED MOOE 

! 
I Resistor, R42 + Feedback resistor Open 

on splitter 
amplifier 

Drift 

Resistor, R43 - Feedback resistor Open 
.. on splitter 

amplifier (Z8) 
Drift 

Resistor, R44 Bias .resistor Open 
+ signal 
compensation ampli-
fier 

Drift 

. 

Resistor~ R45 Bias resistor Open 
+ signal compensa- · 
tion amplifier 

Drift 

I 
i 
I 

l . 
·~--~--------

FORM 513 

FAILURE EFFECT 

Loss of + signals 

~ + amplitude with 
drift 

Loss of - signals 

~ Amplitude with 
drift 

De shift in output 
which would possibly 
cause loss of one 
channel 

De level shift in out-
put proportional to 
drift 

De shift in output 
which would possibly 
cause loss of one 
channel 

De level shift in 
output proportional to 
drift 

-----

DATE 22 January 1971 

PREPARED BY S. F. Correll 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A, 2-16-71 
PAGE-L OF~ 

CRIT. REMARKS 

.2 Partial output still 
useful 

.02 

.2 Partial output still 
useful 

.02 

.25 

.01 Slight degradation of 
dynamic range 

.25 

\ 

.02 Slight degradation of 
dynamic range 

. 

I 
I 
i 
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1lf'"TB.EDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANAL VSJS 

sYsTEM NAME SDS Amplifier DATE 22 January 1971 
ASSEMBLY NAME Ca1-Amp-Fil/Log Compressor PREPARED BY S. F . Corre 11 
OUANTIT" OF J..SSY __ 4 _____________ _ APPROVED BY R. p. Cheatham 
ASSY. OWG. NO. 34687-01-01 FMECA REV. NO • .;;..A;..t.._..::2_-..::1...::;6_-..:..7..:::1 _____ _ 

SCHI!MATIC REF. NO 90-34687-21-01 - - - - - - - PAGE ....2._ OF. _ .3.1. 

NAME 6 REF. DESlG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS 

Resistor, R46 Bias resistor Open De shift in output .25 
+ signal compensa- which would possibly 
tion amplifier cause loss of one 

' channel 
I 

Drift De level shift in out- .1 Considerable loss of • 
put proportional to ~ynamic range 
drift .. .. 

Resistor., R47 Feedback resistor + Open One channel inoperative .25 
signal compensation -

amplifier Drift + Signal amplitude will .02 
change proportional to 
drift 

Resistor, R48 Feedback resistor + Open One channel inoperative .25 
signal compensation 
amplifier Drift + Signal amplitude will .02 

change proportional to 
drift 

- ' 

Resistor.. R49 Feedback resistor + Open One channel inoperative .25 
signal compensation 
amplifier Drift + Signal amplitude will .02 

change proportional to \ 

drift 

Res is tor.. RSO Feedback resistor - Open One channel inoperative .25 
signal compensation 
amplifier Drift - Signal amplitude will • 02 

change proportional to 
'------- -~--

drift 
-------------~~----- ----~-~---------~---- -~--------------- ------~------ ---------------- ---------------- ----- - - --~---------

FORM 613 
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~~TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANAL VSIS 

SYSTEM NAME SDS Amplifier 
ASSEMBLY NAME Ca1-Amp-Fil/Log Compressor 

QUANTITY OF ASSY. 4 
ASSY. OWG. NO. ---;;3:-:;4-;6;:8:;-7_-:0;:.-::1;---;0~1-------

REF. NO 90-3468J-2l~0~ 

NAME So REF. DESIG. FUNCTION ASSUMED MODE 

Resistor, RSl Feedback resistor - Open 
signal compensation 
amplifier Drift 

I 
I . 

Resistor, R52 Feedback resistor - Open 
... signal compensation 

amplifier Drift 

Resistor, R53 Bias ;resistor - Open 
signal compensation 
amplifier Drift 

Resistor, R54 Bias resistor - Open 
signal compensation 
amplifier Drift 

Resistor, RSS Bias resistor - Open 
signal compensation 
amplifier Drift 

I 
! 
I L_____ ____ 

FOAM &13 

FAILURE EFFECT 

One channel inope~ative 

- Signal amplitude will 
change proportional to 
drift 

One channel inoperative 

- Signal amplitude will 
c.~ange proportional to 
drift 

DATE 22 January 1971 
PREPARED BY S. F. Correll 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A, 2-16-71 
PAGE..!Q__OF 31 

CRIT. REMARKS 

• 25 

• 02 

.25 

.02 

One channel inoperative .25 

De shift in output .1 Considerable loss of 
proportional to drift dynanlic range 

One channel inoperative .25 

De shift in output . 02 Slight loss of dynamic 
proportional to drift range 

One channel inoperative .25 

De shift in output .01 Slight loss of dynamic 
proportional to drift range 

~----~~--- ~ 

I 
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GEO> ·~~:H ... ~ ' FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAMi: SDS Amplifier 
ASSEMBLY NAill'.: Cal-Amp-Fil/Log Compressor 
QUANTITY 0: ~\&I" _4:__ ___________ _ 

ASSY. DWG. NC. 34687-01-01 

~HtMA I II.. n:- ~U. 
90-34687-21-01 

NAME & RE- ::ISJG. FUNCTION 

Res is tc.r , 156 Input sununing 
i resistor~ output 

amplifier 

-- ---

Resistor, :1"57 Input summing .. 
resistor~ output 
amplifier 

------
Resisto.:-, asa Output amplifier de 

offset level set 

" 

ResistD!'" 159 ~utput amplifier 
bias resistor 

Resistor_ iitiO Output amplifier 
feedback resistor 

I 

f'OR!v. 613 

ASSUMED MODE 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

Open 

Drift 

FAILURE EFFECT 

Lose + signal from one 
channel 

Error in + signal amp-
litude proportional to 
drift 

DATE 22 January 1971 

PREPARED sv S. F. Correll 
APPROVED BY R. p. Cheatham 
FMECA REV. NO • .:._:A~.:2_-,;:;.1~6_-.!..7,:.1 _____ _ 

PAGE _lL OF 31 

CAIT. REMARKS 

.2 Partial output still 
useful 

.02 

One channel inoperative .25 

Error in - signal .02 
amplitude proportional 
to drift 

Output de level will .15 - 6 dB reduction in one· 
shift from 2.5 V to channel dynamic range 
zero 

_, .. -

De level shift propor- .02 
tional to drift 

One channel inoperative .25 

No effect 0 
' 

One channel inoperative .25 

Amplitude change pro- • 02 
portional to drift 

-------- -~- ~ 

I 



ATM 976 
Appendix A 
f'M~ 31 cv 5"~ 

_,f"'TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier 
ASSEMBLY NAME Ca1-Amp-Fil/Log Compressor 
QUANTITY OF ASSY._4 ____________ _ 

ASSY. DWG. NO. 34687-01-01 

C REF. NO 90-34687-21-01 

NAME & REF. OESIG. FUNCTION ASSUMED MODE 

Resistor, R61 Output amplifier Open 
frequency compensa-
tion resistor Drift 

Resistor, R62 Cal current resistor Open 

I . 
... Drift 

Resistor~ R63 Cal current resistor Open 

Drift · 

Resistor~ R64 Ql Collector Open 
Resistor 

Drift 
. 

Resistor, R65 Biases Ql with R66 Open 

Drift 
. 

--
FORM 613 

FAILURE EFFECT 

One channel inoperative 

No effect 

No cal function 

Cal error 

No cal function 

Cal error 

Unable to calibrate . 

No effect 

May cause cal relay to 
be held on 

No effect 

DATE 22 January 1971 

PREPARED BY S. F. Correll 
APPROVED BY R. P. Cheatham 
FMECA REV. NO. ""A._..__.2.:::-~1~6c-"..1.7....&1~----
PAGEll_oF 31 

... 
CRIT. REMARKS 

• 2S 

0 

• OS No effect on normal 
operation 

.03 No effect on normal 
operation 

-----

• OS No effect on normal 
operation 

.03 No effect on normal 
operation 

"·---- -------
.OS No effect on normal 

operation 

0 

.1 Gain reduced (710) 

0 

I 

i 

i 

i 

i 
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GEe--.. ""-',-,~ ... ~ .. FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

svsTEM !'IIAMF SDS A.11plifier 
ASSEMBLY fiiAf,E. Ca1-Amp-Fil/Log Compressor 

QUANTITY~ ~-. 4 -------------------------
ASSY. DWG. N:. 34687-01-01 . 
SCHEM"-Tli:: fE:- -~,.. 90-34687-21-01 

NAM£ lo ~ :l£SIG. FUNCTION ASSUMED MODE 

Res is t.o:: ~ 166 Biases Ql with R65 Open 

Drift 

Resist: c.::, ii6 7 Part ·of voitage Open 
divider with R71 

... Drift 

Re sist.o:- l68 Part of current Open 
limiter with R69 and 
R70 

Drift 

Resis-z:n=,. R69 Part of current Open 
limiter with R68 
and R70 

Drift 

Resist."X,. R70 Part of current Open 
limiter with R68 .and 
R69 

Drift 

Re.si£-::.;::: r R7l Part of voltage Open 
divider with R67 

..L. 

i 

·Drift 

' I 
L__ 

;::o~;.." s~.:: 

FAILURE EFFECT 

Unable to operate cal 
relay 

No effect 

DATE 22 January 1971 
PREPARED ev S. F. ·Correll 
APPROVEDBY R. P. Cheatham 
FMECA REV. NO. A. 2-16-71 
PAGE .lJ_ OF _J_L 

CRIT. REMARKS 

.05 ~ormal operation not 
effected 

0 
- _, 

I 
Degrades log compresso1 .01 < 2% degradation i 

accuracy ! 

~egligible effect 0 

Degrades log .02 < 4% degradation 
compressor accuracy 

Negligible effect 0 

pegrades log compresso .02 < 4% degr~dation 
accuracy 

Negligible effect 0 

Degrades log .02 < 4% degradation 
compressor accuracy 

Negligible effect 0 

Causes large offsetat .25 One channel inoperative 
log compressor output 

Negligible effect 0 

----------------------- ----- - --······------



"'W"TELEO'flE 

ATM 976 
Appendix A 
f'Mt 33 aF .. r<J 

GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

s·/F::M NAME SDS Amplifier 
AmE:\~BLY !'I<AME Cal-.Amp-Fil/Log Compressor 

Q;;;l;N71TY OF ASS'""~-::4:.-:-::-:-::----------
Am't. i)WG. NO. 34687-01-01 

s.;;-trw~ , !~ 1"1:cr-- ~ 'l.l...J. 90-34687-21-01 

i 
'\lAME • R£1'. CBJG. FUNCTION ASSUMED MODE I 

\ 1:Itennistor, R.Tl Temperature Short 
'. compensator I 
! 
' 
! Open 

i 
i 

Drift 
i 
i "" 

: ::~rm.istv.r, RT2 Temperature. Short 
compensator 

' 
Open 

' Drift 

::1.er.nis-cor RT3 Temperature Short 
compensator 

' < 

Open 
' 

Drift 

·-·. 

~..:.!=¥ ::;~ z 

FAILURE EFFECT 

Degrades log · · · 
compressor .accuracy 

Opens + signal path 

Compressor error 
proportional to drift 

Degrades log . 
compressor accuracy 

Opens + signal path 

Compressor error 
proportional to drift 

Degrades log 
compressor accuracy 

Opens + signal path 

Compressor error 
proportional to drift 

DATE 22 January 1971 

PREPARED BY S. F. Correll 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. _A...:•_..:.:2_-..::1~6_-..:..7.=1 _____ _ 

PAGE~OF 31 

CRIT. REMARKS 

.1 

.2 Causes severe data 
degradation . 

.1 

.1 

.2 Causes severe data 
degradation 

.1 

.1 

.2 Causes severe data 
degradation . 

. 1 

. 

I 



""7~TELEOf"'NE 
GEO'TECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier 
ASSEMBLY NAME Cal-Amp-Fil/Log Compressor 

QUANTITY OF .1.\ffiV. _4::-:-~-----------
ASSY. D'NG. NO. 34687-01-01 

.TIC REt'.'IIO 90-34687-21-01 

NAME & RE-F !D'E51G. FUNCTION ASSUMED MODE FAILURE EFFECT 

' 

I 

I Thermist.~r" RT4 Temperature Short Degrades log 
compensator compressor accuracy 

Open Opens + signal path 

... 
Drift Compressor error 

proportional to drift 

.· 

. 

I 
l 

FORM 613 

ATM 976 
Appendix A 
P A d, e 3 <t- c 1:: ~'"9 

DATE 22 January 1971 
PREPARED BY S. F . Corre 11 
APPROVED BY R. p • Cheatham 
FMECA REV. NO. -:A:-:'~2:....-..=1:..:6_-.:..7.::1 _____ _ 
PAGE~OF 31 

CRIT. REMARKS 

.1 

.2 Causes severe data 
. 

degradation 

.l 

' 



ATM 976 
Appendix A 
f'A-ei€ 3S or S""' -""TEi:Eb·NE 

GEOft.CH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier 
------------~~~--~--------Cal-Amp-Fil/Log Compressor 

ASSEMBLY NAI't~ 

DATE 22 January 1971 
PREPARED BY R. F. McMurray 

QUANTITY 0" ~SV. 4 
ASSY. DWG. t\C -;;3 4:;,6~8~7:;-_-;0~1:-_-;::0:-:1-------------

APPROVED BY R. p. Cheatham 
FMECA REV. NO. ~,._2_-....:;1::_6_-...... 7..=1:...._ ___ _ 

SCHEMATtC R"'c "' 90-34687-21-01 - ·~· 
PAGEJ§_OF31 

NAME & R~ JESJG. FUNCTION ASSUMED MODE fAILURE EffECT CRIT. REMARKS 

Capaci :.u:, Cl DELETED 

Capaci tn: . C2 Zl compensation Short Zl INOP, output .2S One channel inoperative 
+ + 9.S v 

Drift Varies compensation 0 Negligible effect 

Capacit..o:, C3 Zl compensation Short Zl INOP» out+ 0 V .2S Pne channel inoperative .. 
Drift None 0 

Capacit.re.., C4 Z2 filter cap Short Reduces LF boost .OS Affects freuqency 
response 

Drift· A Frequency response 0 ~fects frequency 
with drift !response . 

Capacit.u:. CS Z2 fi 1 ter cap Short Reduces LF boost .OS Affects frequency 
response 

Drift A Frequency response 0 ~fects frequency 
with drift f?-esponse 

Capacit..m~ C6 Z2 compensation Short Z2 INOP~ output .2S bne channel inopera~ive 
+ + 9.S v 

Drift Varies compensation 0 

I 
FORM 613 



ATM 976 
Appendix A 
Pf'&E 3'- {Jr=sq 

~'"TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier 
ASSEMBLY NAME Cal-Amp-Fil/Log Compressor 

QUANTITY OF ASSY. --:4:-:-::-:-:~:----------
ASSY. DtJVG. NO. 34687-01-01 

...0. 90-34687-21-01 

NAME & REF. OESIG. FUNCTION ASSUMED MODE 

I Capacitor, C7 Z3 filter cap Short 
I 

I Drift 

Capacitor" C8 Z3 filter cap_ Short 

Drift 

J Capacitor, C9 Z3 filter cap Short I 
i Drift 
I 
~--Capacitor .. ClO Z3 compensation Short 

! 
i 
I Drift 
I 
I 
Capacitor~ Cll Z4 filter cap Short 

Drift 

Capacit-or,. C12 Z4 filter cap Short 

Drift 

Capacitor, Cl3 Z4 filter cap Short 
I 

Drift 

I "'----

F~l.t Sll 

FAILURE EFFECT 

Shorts signal path 

Varies HF attenuation 

Shorts signal path 

Varies HF attenuation 

Shorts signal patch 

Varies HF attenuation 

Z3 INOP, output 
-r + 9.5 v 

Varies compensation 

Shorts signal path 

Varies HF attenuation 

Shorts signal path 

Varies HF attenuation 

Shorts signal path 

Varies HF attenuation 

----

DATE 22 January 1971 
PREPARED BY R. F. McMurray 
APPROVED BY R. p • Cheatham 
FMECA REV. NO. A, 2-16-71 

~----~~---------
PAGE ...!1__ OF 31 

CRIT. REMARKS 

.25 One channel inoperative 
-

0 Negligible effect 

.25 One channel inoperative 

0 Negligible effect 

.25 One channel inoperative 

0 Negligible effect 

.25 One channel inoperative 

0 Negligible effect 

.25 One channel inoperative 

0 

.25 One channel inoperative 

0 . 
• 25 One channel inoperative 

0 

' 



ATM 976 
Appendix A 
fPrG,E 37 ~F S9 "'1f"TELEDYNE 

GEOTECH FA!LURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

svsrEM NAME SDS Amplifier 
ASSEMBL v NAME Cal-Amp-Fil/Log Compressor 

QUANTITY OF .e..§v ---;4:;:-::-;::::-:-:-::----:-:--------
ASSY. DWG. NO 34687-01-01 

SI..;Ht:MA Ill.. •H::c. ·""'-'· 
90-34687-21-01 

NAME & REf. !OESIG. FUNCTION ASSUMED MODE 

Capacitor., Cl4 Z4 cempensation Short 
I 

Drift 

Capacitcr.., CIS Input ·coupling·- Short 
high pass filter 
capacitor 

k 

Drift 

Capacito-r ... Cl6 Input coupling - Short 
high pass filter 
capacitor 

Drift 

Capaci'Uir,. Cl7 High frequency roll- Short 
off capacitor on Z5 
(input amplifier) 

Drift 

Capaciuz,. Cl8 Frequency compensa- Short 
tion on Z5 (input 
amplifier) 

Drift 

I 
FORMol::l 

FAILURE EFFECT 

Z4 INOP, output 
-++9.5 v 

Varies compensation 

De offset at output 
proportional to offset 
of Z4 

No effect 

De offset at output 
proportional to off-
set 

No effect 

DATE 22 January 1971 
PREPARED BY R. F. McMurray 

APPROVED BY R. p. Cheatham 
FMECA REV. NO . ...,A~f--"'2..:-.... 1..,.6.::.-..... Z...~..l _____ _ 

PAGEJJL_OF 31 

CRIT. REMARKS 

.25 Channel inoperative 

0 

0 Degradation proportional 
to to Z4 output offset 
.15 

0 

0 Degradation proportional 
to to Z4 output offset 

.15 

0 

One channel inoperatiVE .25 

No effect 0 

Output goes to + supply .25 One channel inopera~ive 

No effect 



ATM 976 
Appendix A 
pA-t:,~ 3 ~ (!) 1:::: .:,__, _.,~TELEDYNE 

GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANAL VSIS 
SDS A1nplifier 

svsTEM NAME Cal-Amp-Fil/Log Compressor 
ASSEMSL Y NAME 

QUANTITY OF ASSY. 
4 

ASSY. DWG. NO. 34687-01-01 

CRE~NO 90-34687-21-01 

NAME & REF. OESIG. I FUNCTION ASSUMED MODE 

Capacitor, Cl9 Power supply rejectio Short 
I capacitor on ZS 

(input amplifier) 

Drift 

Capacitor, C20 - Reference Short .. amplifier (Z6) high 
frequency rolloff 
capacitor 

Drift 

Capacitor~ C21 - Reference amplifier Short 
(Z6) frequency com-
pensation 

Drift 

Capacitor~ C22 Power supply rejectio Short 
capacitor - reference 
an:plifier {Z6) 

Drift 

l 
. 

-

f'OHM 513 

FAILURE EFFECT 

Outpttt goes to zero 

No effect 

Output of reference 
amplifier would go to 
0 volts 

No effect 

Output of Z6 goes to 
+ supply 

No effect 

Outpu~ of Z6 will 
go to zero 

No effect 

DATE 22 January 1971 
PREPARED BY S. F. Correll 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A. 2-16-71 
PAGE~OF31 

CRIT. REMARKS 

.25 One channel inoperative 
~ 

0 

.25 One channel inoperative 

0 

.25 One channel inoperative 

0 

• 25 One channel inoperative 

0 • 

I 

! 



'1'~TELED'NE 
GEO:u£CH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

sYsTEM NAM£ SDS Amplifier 
ASSEMBLY NAAE Cal-Amp-Fil/Log Compressor 
QUANTITY Q:O.:,),SY. __ 4.:_ ___________ _ 

ASSY. DWG. N~ 34687-01-01 

REf :-.:o 90-34687-21-01 
~ 

NAME & mF. OESSG. FUNCTION ASSUMED MODE FAILURE EFFECT 

Capacit:m-, C23 High frequency roll- Short Output of Z7 will go 
off capacitor + to zero 
reference amplifier 
(Z7) 

Drift No effect 

Capacit.:c:, C24 Frequency compensa- Short Output of Z7 will go 
tion + reference to + supply voltage 
amplifier (Z7) 

Drift No effect 

Capacit.Jr,. C25 Power supply Short Output of Z7 will go 
rejection capacitor to 0 V 
+ reference 
amplifier (Z7) 

Drift No effect 

Capaci:t;;.m,. C26 Frequency Short Output of ZS will go 
compensation to + supply 
splitter amplifier 
(Z8) 

Drift No effect 
' 

i· i 
FORM c•.:; 

ATM 976 
Appendix A 
PAtf,E 3~ cF 5") 

DATE 22 January 1971 

PREPARED BY S. F. Correll 
APPROVED BY R. p. Cheatham 
FMECA REV. No.~A:.:~•'--=2:....-:.::1:.::6:....-.:..7_:1 _____ _ 
PAGE.lQ_OF 31 

CRIT. REMARKS 

.25 One channel inoperative 

0 

.25 One channel inoperative I 

0 

• 25 One chann~l inoperative 

0 

.25 One channel inopera~ive 

0 



ATM 976 
Appendix A 
p ~e 4c (),; s""9 -,f'TELP.'tNE 

GEOT:!:;H FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAr.r.:: SDS Amplifier DATE 22 January 1971 

ASSEMSL v I,;AN:: Cal-Amp-Fil/Log Compressor PREPARED BY S. F. Correll 
QUANTI!'> ;.:;o ,F,:;iY __ 4,;__ __________ _ APPROVED BY R. p, Cheatham 

ASSY. D\">C. r-:.-. 34687-01-01 FMECAREV.NO. A, 2-16-71 
T., .. " ._. n--- • .o~v. 90-34687-21-01 PAGE .l!.._ OF 31 

NAME & RQ:' JEStG. FUNCTION ASSUMED MODE fAILURE EFFECT CRIT. REMARKS 

Capaci-:U", C27 Power supply Short Output of ZB will go tc .25 One channel inoperative 
rejection capacitor~ ov 
splitter amplifier 
(Z8) 

Drift· No effect 0 

~apacitJ:r G28 Frequency compensa- Short Output of Z9 will go .25 One channel inoperative 
tion + compensation to + supply 
amplifier (Z9) 

Drift No effect 0 

Capaci '4r'·,. C29 Power supply Shor't Output of Z9 will-go to .25 One channel inoperative 
rejection capacitor ov 
+ compensation 
amplifier (Z9) 

I 
Drift No effect 0 

Capacitre, C30 Frequency compensa- Short Output of ZlO will go .25 One channel inoperative 
tion - compensation to + supply· 
amplifier (ZlO) 

Drift No effect 0 
I 

.• 

--~------------------ I ~-------------

FOR~~ 0~3. 



A:~~~'E "~~~·'A 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

S"'STEM NAME SDS Amplifier 
~EM9LY ~AME Cal-Amp-Fil/Log Compressor 

:J.;J,N7~TY OF AS;_',•. 4 
.,loSSY. Cli"~G. lli;:i --:;3-;4-;6-;::-8:;7--0;::-:l~---:Q:-:l:--------

SChEMATIC R0:1'.110 90-34687-21-01 

~ 
!IUI.ME t!r litEr ~G. FUNCTION ASSUMED MODE FAILURE EFFECT 

:\--
;, r · C31 Power supply Short Output of ZlO will go l .....apac~ tor" . 

rejection capacitor - to 0 V 
~ 

1 

compensation amplifie I 
:1 (ZlO) 
:; 
' ~ Drift No effect 
ff 
~ 

! Cqp 't C32 n acl. or Jl • High frequency cut- Short Causes large offset 
' off on output in output 
' 
l amplifier (Zll) 
~ 
~ Drift No effect ~ 
i. 
i-

~ 
1 

. 

. 

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

"'CF<M S13 

ATM 976 
Appendix A 
,1)/-h$£41 e~;:; S') 

DATE 22 January 1971 

PREPARED BY S. F. Correll 

APPROVED BY R. P , Cheatham 
FMECA REV. NO. A, 2-16-71 

PAGE1LOF 31 

CRIT. REMARKS 

.25 One <;hannel inoperative 

0 

.25 One channel inoperative 

.. • 

' 

0 

. 

I 



~"Tl=-LEDVNE 

ATM 976 
Appendix A 
P~e 4-2. l~F s" 

G;::r-'·-7::t"H -Vlt:-'-1 FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

sYSTEM NAMt. SDS Amplifier 
ASSEMS"-v N.ll:AE 

Cal-Amp-Fil/Log Compressor 

OUANT!TY .:Y:· ~----4-----------
ASSY. DWC. t.::.. 34687-01-01 

~tit:MA tIL.. r..:.... 'H..I~ 
90-34687-21-01 

NAME t. ru:~ ::lES!G. FUNCTION ASSUMED MODE 

Transi!>...::r, Ql Relay Amplifier hFE Drift 
2N2222 

C-B Short 

C-B Open .. 
B-E Short 

B-E Open 
........ -.--~-

Transis!..tt' » Q2 Analog Switch Drift, D-S Res. 
2N444S 

D-G Short 

D-G Open 

G-S Short 

G-S Open 

' 

FORM613 

FAILURE EFFECT 

May not calibrate 

Cal relay always 
closed 

Cal relay inoperative 

Cal relay inoperative 

Cal relay inoperative 
---

Small ~ gain with 
drift 

Would cause large 
de offset 

Switch open (low gain 
mode) 

Switch on {high gain 
mode) 

Switch open (LG mode) 

DATE 22 January 1971 
PREPARED BY R. F. McMurrar 
APPROVED BY R. p · Cheatham 
FMECA REV. NO. A, 2-16-71 
PAGEll_OF 31 

CRIT. REMARKS 

.OS Norm~l operation not 
affected 

.1 Reduces gain 20 dB 

• OS No cal function 

• OS No cal ftmction 

• OS No cal function 

.02 

.2S Channel inoperative 

.1 No gain change function 
. I 

• I 

.OS No gain change function 

.1 No gain change function 



ATM 976 
Appendix A 
p~4-3 0~ ~ 

~~'TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier 

ASSEMBLY r.:At.f:E Cal-Amp-Fil/Log Compressor 

QUANTITY OF ~.-4.:--------------
ASSY. DWG.. ku. 34687-01-01 
SCHEMATIC REF. NO 90-34687-21-01 

NAME & REF. OESlG. FUNCTION 

Transistor11 Q3 Analog Switch 
2.~2609 

... 
I 

Transistor 11 Q4A Positive signal log 
function feedback 
transistor 

-rortar.o:13 

ASSUMED MODE 

Drift. Pinch Off 

D-G' Short 

D-G Open 

G-S Short 

G-S Open 

C-B ~ort 

C-B Open 

B-E Short 

B-E Open 

' 

FAILURE EFFECT 

Switch on (HG mode) 

Switch on (HG mode) 

Switch off (LG mode) 

Short gain change 
command switch on 
(HG mode) 

Switch off (LG mode) 

Short signal path to 
ground 

Large loss of dynamic 
range 

Shorts signal path to 
ground 

Large loss of dynamic 
range 

DATE 22 January 1971 
PREPARED BY R. F. McMurray 

APPROVED BY R. P, Cheatham 
FMECA REV. NO. A 7-16-71 
PAGE~OF 31 

CRIT. REMARKS 

.OS No gain change ftmction 

.OS No gain change function 

.1 No gain change function 

.2 Unable to change gain 
of any channel. All 
stay in HG mode. 

.1 No gain change function 

.25 One channel inoperative 

.2 Output may still be 
useful 

.25 One channel inoperative 

.2 Output may still be 
useful ; 

.. 

---- L......_ ----------------------- - ---

1 

' 

' 

j 



~--::: =-'V'·'E ~ "~~·~ ~'1 

ATM 976 
Appendix A 
P~e#c?P~~ 

""'.---_r.H ~ .... -.:_...... FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

s•-:::::=t. ,..,-~ SDS Amplifier 
~-ML .• -..... \!:' Cal-Amp-Fi1/Log Compressor 
C,;.;..;.:::---~ :~:. ~ .. .,.,. 4 

--~----------------------
,:.;ss, .llrlC.. ~:.... 34687-01-01 
s-:::~;:::-,c ~=· \J v. 90-34687-21-01 - - - - - - -

~;;. ltF ::lESS G. FUNCTION ASSUMED MODE 

...-~-.m.-~ · ·:-;x: Q4B . -·-· __ ._. ) Positive reference C-B Short 
signal feedback 
transistors 

' ' 
C-B Open 

- B-E Short 

B-E Open 
I 

, .,. ·-- .- Q5A l _:::;;:n ... _ ... ::.:rr .J Negative signal C-B Sh_ort 
log function 

: feedback transistor 
C-B Open 

B-E Short 

~ 

B-E Open 

' 

;..::~\';.c.~:.: 

FAILURE EfFECT 

Lose + log compensa-
tion 

Lose + log compensatio 

Lose + log compensa-
tion 

Lose + log compensa-
tion 

Short signal path to 
ground 

Large loss of dynamic 
range 

Short signal path to 
ground 

Large loss of dynamic 
range 

DATE 22 January 1971 

PREPARED BY S • F . Corre 11 
APPROVED BY R. p • Cheatham 
FMECA REV. NO. A, 2-16-71 
PAGEl.LOF 31 

CRIT. REMARKS 

.2 Causes severe data 
degradation 

.2 Causes severe data 
degradation 

.2 Causes severe data 
degradation 

.2 Causes severe data 
degradation 

.25 One channel 
inoperative 

.2 Output may still be 
useful 

.25 One channel inoperative 

.2 Output may still be 
useful : 

I 



""'TE! 81~'NE 
GEOlECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

::YSTEM '~AME SDS Amplifier 

.ASSEMS ~ Y i\O.t~E Cal-Amp-Fil/Log Compressor 
C!...;.J.NT!TY :J=' ~Y. ___ 4 __________ _ 

ASS'"t. o"!.::.. ec. 34687-01-01 

SCHEMATIC il?." 'liD. 90-34687-21-01 

f liiAAI1E & llv OESIG. FUNCTION ASSUMED MODE FAILURE EFFECT 

r 
j 
J• 

I 
t 
l 
!, 

! TransisT""• QSA Negative reference C-B short Lose-log compensation 
signal feedback 

! 
! .. transistor 
i 
I 
i C-B open Lose-log compensation 
l 
I 
I 
L 

I· 
Lose-log compensation I B-E short 

i 
! 
! 
l 

I 

I B-E open Lose-log compensation I 
~ 

t 
! 
i 
; 

f 
l 

! 
! 

-

~--------

;:cRt"'r6i.J 

ATM 976 
Appendix A 
P~€ 4-s- 0 F 5""9 

DATE 22 January 1971 
PREPARED BY S. F • Corre 11 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A. 2-16-71 
PAGE 26...._ OF _..3.1_ 

CRIT. REMARKS 

.2 Causes severe data 
degradation 

.2 Causes severe data 
degradation 

.2 Causes severe data 
degradation 

.2 Causes severe data 
degradation 

' 

• 

' 

~ 



Atilll>~ ~:4r ,., t~~~ 

·Gro'rd:H FAILURE MODES, EFFECTS, AND CRITICALITY ANAL VSIS 

SYST£t.t1>A:IIl1E SDS Amplifier 
ASSE~-" 'lt;l:,~ Ca1-Amp-Fi1/Log Compressor 
OUAb.'7-,., :S::: ~Y. 4 ----------------------
ASSlf.~'l.C 34687-01-01 
SCHHl.~cC: ~ .. NO 90-34687-21-01 

~&~ O.ES!G. FUNCTION ASSUMED MODE FAILURE EFFECT 

~ - Q6 Relay Driver hFE Drift May not calibrate ; r.a::s =-s-:.~~r :s 
21~:;.-c--

C-B Short Cal relay always 
closed 

C-B Open Cal relay inoperative ... 

B-E Short Cal relay inoperative 

B-E Open Cal relay inoperative 

V1..ode .. tRI Transient protection Short No cal function 
11\:924 

Open May damage Q6 

I 

1 l 

' 

>-G~v !::a 

ATM 976 
Appendix A 
P~€ 4'- or- 5~ 

DATE 22 January 1971 

PREPARED BV R. F. McMurray 
APPROVED BV R. p. Cheatham 
FMECA REV. NO. A, 2-16-71 
PAGE~OF 31 

CRIT. REMARKS 

.OS Nor1nal operation n~t 
affected 

.1 Reduces gain 20 dB 

.OS Normal operation not 
affected 

.OS Normal operation not 
affected 

.OS Normal operation not 
affected 

.OS No effect on normal 
operation 

• 05 No effect on normal 
operation 

; 



ATM 976 
Appendix A 
fAGt:! 47 et:: .. Fj 

"'"TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS Amplifier 
ASSEMBLY NAME Cal-Amp-Fil/Log Compressor 
QUANTlTY OF ASSV. __ 4 ___________ _ 

ASSY. DWG. NO. 34687-01-01 
0 90-34687-21-01 - -

NAME & REF. DESIG. FUNCTION ASSUMED MOOE 

1 Diode, CR2 Positive signal Short 
I 1N914 splitter 

Open 

Uiode, CR3 Negative signal Short 
m914 splitter 

Open 

Diode, CR4 Reverse zeroing diode Short 
L'J914 for Z9 

Open 

Diode, CRS Reverse zeroing diode Short 
W914 for ZlO 

Open 

j 

- . 

' 
--~-

FORtv~o13 

FAILURE EFFECT 

Would cause severe 
signal distortion 

Would reduce dynamic 
range and cause 
distortion 

Would cause severe 
signal distortion 

Would reduce dynamic 
range and cause 
distortion 

Cause loss of + 
signals 

Effect could range 
from slight offset to 
channel inoperative 

DATE 22 January 1971 
PREPARED BY S · F. Correll 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A, 2-16-71 
P.AGe.:.l.B._oF~ 

CRIT. REMARKS 

.2 Output may still be 
useful 

.2 Output may still be 
useful 

.2 Output may still be 
useful 

-
.2 Output may still be 

useful 

.2 Output may still be 
useful 

.OS 
to 

.25 

Cause loss of -signals .2 

: 

Same as CR4 open .OS 
to 

.25 

. 

! 
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_.,f"TELECYr'J iE 
,.... ,....0--:-;::'~""CH '-"'t: i ,_} ' . FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM !'lAME 
SDS Amplifier 

~EMBLYNAME Cal-Amp-Fil/Log Compressor 
QUANTITY Of ASE'' .:J. ______________ _ 

ASSY. DWG. NO. 34687-01-01 

CHEMATIC R"-i' ur 90-34687-21-01 .. 

NAME & RE~ ::E$G. FUNCTION ASSUMED MODE 

I n· d ~~ · · 10 e: t..K~ + threshold limiting Short 
1N914 diode 

Open 

Diode. CID" -threshold limiting Short 
1N914 diode 

.. Open 

. Relay. K:. Cal relay Coil open 

Contacts stuck 
closed · 

OP Ar.::p, :~ Signal preamplifier Output inopera-
LMlOSA tive 

Offset drift 

OP .Ar.:p • - 22 LF boost, filter OUtput inopera-
l.j,\110&~ tive 

Offset drift 

. 

l· 
f-ORM t13 

t 

DATE 22 January 1971 

FAILURE EFFECT 

Cause output ambiguity 

Channel inoperative 

Cause output ambiguity 

Channel inoperative 

No cal function 

PREPARED BY S. F. Correll 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A, 2-16-71 

PAGE.£2_0F_lL_ 

CRIT. REMARKS 

.15 

.25 

.15 

• 25 

.05 No effect on normal 
operation 

-- --··-·~---· ----------··--
Signal attenuated and .1 Output still useful 
geophone undamped 

Channel inoperative .25 

Decrease dynamic range .1 

Channel inoperative • 25 

Decrease dynamic range .1 

·I 

! 

; 
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1 A'I Ef EOfl.dE 
GEV'TECri FAILURE MODES. EFFECTS, AND CRITICALITY A~AL YSIS 

SYSTEM fi!AME SDS Amplifier DATE 22 January 1971 
ASSEMs~v~ Cal-Amp-Fil/Log Compressor PREPARED BY R. F. McMurray 

QUANTITY l:F ~----'-4--:------------
ASSY. OW'C..lll:. 34687-01-01 

APPROVED BY R. p. Cheatham 
FMECA REV. NO. A. 2-16-71 

~NO 90-34687-21-01 ~ ~ ~ PAGE~OF 31 

I NAill£ & ~- OESIG. FUNCTION ASSUMED MODE FAILUtiE EFFECT CRIT. IIEMAIUCS 

OP Amp .. ::3 Low pass filter Output inopera- Olannel inoperative .25 
LMlOS.!.. tive 

. 
Offset clrift Decrease dynamic range .1 

OP Amp. Z4 Low pass filter Output inopera- Olannel inoperative .25 
1 oooa.' tive 

I - Offset drift Decrease dynamic range .1 
t 
1 Or~ :s Main log amplifier Output inopera- Channel inoperative .25 • » 
• DUO&h. tive 
I 
I Offset drift Decrease dynamic .1 
I 

I 
. range 

I OP Art.p » !6 -Reference amplifier Output inopera- Channel inoperative .25 
I Il.UOBA tive 
I 
j 
I 

Offset clrift Decrease dynamic .1 ! 

l range 
! 
! ();- knp '7 + Reference amplifier Output inopera- Channel inoperative .25 i &!oBA .. - tive 

Offset drift Decrease dynamic .1 

t 
. range . -

i 

.I 
i . 
FOrld6~3 
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.-,~ Ta..E.':'if!E 
GEOB:H FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM N+..~ SDS Amplifier DATE 22 January 1971 
ASSEMBLY t..l<dl.""'. Cal-Amp-Fil/Log Compressor PREPARED BY R. F. McMurray 

OUANTlT" ;)= ~~ --:4:-:-::-::-:-----------
ASSY, :>W<:c hi~ 34687-01-01 

APPROVED BY R. p • Cheatham 
FMECAREV.NO. A, 2-16-71 

~ ........ _ 90-34687-21-01 PAGEJL_OF 31 

I NAME & IG=' ::ESJG. I FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS 

I 
OP .!uz:J: • ::! Signal splitter Output inopera- Channel inoperative .25 
IM108!. tive 

Offset drift Decrease dynamic .1 
range . 

0_!' Amp • :.; + Summation amplifier Output inopera- + signals would be .15 Output still useful 
I.MlOEi.Z.. tive lost 

Offset drift Decrease dynamic .1 
range 

-· 
OP Am; -··' . , _ _.... - Srimmation amplifier Output inopera- - signals would ~e .15 Output still U·Seful 
IMlOBJ.. tive lost 

Offset drift Decrease dynamic range .1 
j 

OP Am}:, :.:.1 Output amplifier Output Channel inoperative • 25 
LM741 inoperative 

Offset drift Slight decrease in .02 
dynamic range 

; 

J -~-- - ------·- ------~ 
~-----~----~--' 

FOFH.t =:-: 
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" i t:.u--V i r·K::. 

GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME 50S -;:~~-----
ASSEMBLY NAME JUal Regulator 
QUANTITY OF t..SSY __ ~l,__ __________ _ 

ASSY. DWG. NO. 34686-01-01 

SC:Ht:t\~A 1 i~ Mt:1"". n.;wt, 
90-34686-21-01 

NAME&REF.~ FUNCTION ASSUMED MOOE FAILURE EFFECT 

Resistor, 1501, Filter/QSOl Base Biasl Open +12 lost to ZSOl 
1 Met Fil:rt. Resistor 

I Dri.ft None I 
Res is tor, i'Si}2 QSOl Base Bias · Open + bias on QSOl lost 
Z..1et film 

I .. Drift None 

Resistor, ~3 Coupling resistor Open Regulation lost 
~let film ±9 .SV -+ ±llV 

I Drift None 

' Resistor, l'G(t4 Reference Bias ·Open ±9.5V goes to zero 
Met film Resistor 

Drift Slight variation in 
I output voltage 

' R · + -.-o-es1s ... or, ~, .:. Voltage Divider, Short Output reduced to ±7V 
Wirewound Error Signal 

Open Output increased to 
±llV,regulation lost 

Drift ±outputs vary with 
I drift 
l - -,~.~~--·--~- --l-----------

Res is tor, ?.5C6 Error Sig. Trim Res. Open Output -+ ±llV, 
Met film regulation lost 

Drift None 
i ' 

FOR~lil3 

ATM 976 
Appendix A 
PM€ 5"1 tJ,= S9 

DATE 1-21-71 

PREPARED BY R. F. McMurray 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A, 2/16/71 .-..!--~-----

PAGE_l __ OF 7 

CRIT. REMARKS 

1.0 Regulator output goes to 
zero 

0 

.4 Regulator output ~ ±8.5V 
data accuracy lost 

0 

.4 Data accuracy lost 

0 

1.0 Complete power loss 

0 

.4 Data accuracy lost 

.4 Data accuracy lost 
~ 

0 

I 
I 
l 
I 

: 

I 
-----

.4 Data accuracy lost 

0 
I 
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ATM 976 
Appendix A 
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.-,~TELEOfNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS 
--~~------------

~EMBLYNAME Dual Regulator 
DATE 1-21-71 

PREPARED BY R • f. McMurray 
QUANTITY Of ASSY.. 1 
~v. owG. No. --.;3476::-:8::-:6:-_-:o-=-1---=-o-l ______ _ 

APPROVED BY R • p • Cheatham 
FMECA REV. NO. A, 2/16/71 

HEMATIC REf.:h.C 90-34686-21-01 PAGE_2_oF 7 

NAME & REF .. OESJG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS 

Resistor, RS07 Error Sig.Trim Res. Short Slight change in ±9 .SV 0 
• Wirewound 

Open Output -+- 11 V, .4 Data accuracy lost 
regulation lost 

Drift None 0 

Re~istor, l508 Error Sig. Voltage Short Output -+- ±llV, .4 Data accuracy lost 
Divider Regulation lost 

Open Output -+- ± 7V .4 Data accuracy lost 

Drift None 0 Negligible error 

Resistor. !509 Error Sig. Voltage Short· -9.5V output -+- -llV .4 Data accuracy lost 
Wirew01.m.d divider (neg.) regulation lost 

<?pen -9.5V output -+- 0 1.0 Complete data loss . 
Drift -9.5V varies with drift 0 Negligible error 

Resistor. R.SlO Error Sig. Voltage Short -9.5V output-+- 0 1.0 Complete data loss 
l~irtnwund Divider (Neg.) 

Open -9.5V output-+- -llV .4 Data accuracy lost 
regulation lost 

Drift -9.5V varies with drift 0 Negligible error 
r-·--· 

Resistor, R.Sll Coupling Resistor Open -9.5V-+ -llV .4 Data accuracy lost 
Met Film 

Drift None 0 Negligible error 

' 

FORM 613 

! 

I 
I 

·• 
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"''"TEl.EDY)E GEarbCH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME 3DS 
ASSEMBLYNAh_E __ -rQhua~l;-RO:e~gu~l~a~.~ to=r-----------------

DATE 1-21-71 

PREPARED BY R. F. McMurray 

QUANTITY OF ~"i',. .-.:l=------------------ APPROVED BY R. p • Cheatham 
ASSY. DWG. NC. 34686-01-01 FMECA REV. NO. A, 2/16/71 

SCHEMATIC REF. '11<.: 90-34686-21-01 PAGE_3_0F 7 

NAME & tiH :::eiiG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS 

Res is tor • lS 12 · QS02 Base Bias Open -9.5V-+- -8.5V .4 Data accuracy lost 
Met film 

Drift None 0 Negligible error 

Resistor; 1$13 Filter/Q502 Base Open -9.5V + OV 1.0 Complete data loss 
1 Met Filn:. Bias resistor· . 

Drift None 0 

lfesis'tor, i£14 Isolates gain change Open All channels always in .4 Gain .;. 10 
command logic lm~ gain mode 

Drift No effect 0 
---
Resistor~ !515 Sets bias of Q503 Open Would cause an error in .15 Most noticeable for 

with R517 log accuracy of all very small signals 
channels 

Drift No effect 0 

Resistor~ El6 Collector load Open Would cause small error .1 <3% error 
for Q503 in log accuracy of al~ 

channels 

Drift Negligible effect 0 

Resistor o i517 Sets bias of Q503 Open Would cause an error .15 Most noticeable for~ 
with R515 in log accuracy of all very small signals 

channels 

Drift No effect 0 

FORM 613 

. ' 
I 

I 



..,~TELEDYNE 
GEOTECH FAILURE MODES. EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS 
ASSEMBLYNAM_E __ nDua~,l~R~e~gu=:l~a~t~O-r---------------

OUANTITY OF ASSY. 1 
~~~--------------

ASSY. DWG. NO. 34686-01-01 
SCHEMATIC REF. NO 90-34686-21-01 

NAME 1i REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT 

Capacitor~ CSOl H.F. Boost, and Reg. Short ±9 .SV decreases 

i 
Drift None 

I 

Capacitor, C502 Ripple filter Short ±9.5V ~ OV, RSOl fuzes 

Drift None 

Capaci -cor, C503 Ripple filter Short -9.5V ~ OV, R503 fuzes 

·orift None 

Capacitor, CS04 H.F. Boost, - Reg. Short -9.5V ~ Low, Temp. 
dependent 

Drift. None 

Capacitor, CSOS ZSOl Compensation Short ±9.5V ~ ±llV 

Drift None 
' 

Capacitor C506 ZSOl Compensation Short ±9.SV ~ ±SV, 
. regulation lost 

-
Drift None 

Capacitor, CS07 ZS02 Compensation Short -9.5V ~ -SV 

Drift None 
--~.~--·~·· 

Capacitor, CSOS Z502 Compensation Short ':"9.SV ~ OV 

Drift None 
------- --· L_____..__ - ------ ------~~------ -- L_____ 

FOAM 613 

ATM 976 
Appendix A 
p~€ 5"4 t!> F S"~ 

DATE 1-21-71 
PREPARED BV R. F • McMurray 
APPROVED BY R. p • Cheatham 
FMECA REV. NO. A, 2/16/71 
PAGe_4 __ oF 7 

CAIT. REMARKS 

.4 Data accuracy lost 

0 

1.0 Complete data loss 

0 

1.0 Complete data loss 

0 

.4 Data accuracy lost 

0 

.4 Data accuracy lost 

0 

.4 Data accuracy lost 

0 Negligible effect 

.4 Data accuracy lost 

0 

1.0 Complete data loss 

0 

I 
i 

I 

i 

I 

~ 
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"'"'TELEDYNE 
GEOTECH FAILURE MODES. EFFECTS. AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS 
~EMBLYNAM~:-E-oDmu~a~l~R~e~gu~l~a~t~o=r~-------------
QUANTITY OF ASSY._l ______________ _ 
ASS', DWG. NO. 34686-01-01 

REF. NO 90-34686-21-01 

NAME & REF. DESIG. FUNCTION 

Capacitor~ C509 Output Filter 

I 
: 

Capacitor, CSlO Output Filter 

Tr~sistor, QSOl Series Regulator 

Transistor, Q502 Series Regulator 

. 

. 

--

FORM 613 

·ASSUMED MODE 

Short 

Drift 

Short 

Drift 

hFE Drift 

C-B short 

C-B open 

B-E short 

B-E open 

hFE Drift 

C-B short 

C-B open 

B-E short 

B-E ·open 

FAILURE EFFECT 

-9.5V -+ OV 

None 

ft9 .sv -+ ov 

None 

Regulation lost at low 
temp. 

±9.5V-+ ±11.4V 

±9.5V-+ ±lV 

±9.5V-+ ±IV 

±9.5V-+ ±OV 

Regulation lost at low 
temp -9.5 only 

-9.5V -+ -11.4V 

-9.5V-+ -lV 

-9.sv -. -iv 

-9.5V-+ ov 

DATE 1-21-71 
PREPARED aY R. F · McMurray 
APPROVED BY R. p • Cheatham 
FMECA REV. NO. A, 2/16/71 
PAGE_S_ OF --=-::7_:_.;::..:.!..:..=------

CRIT. REMARKS 

1.0 Complete data loss 

0 

1.0 Complete data loss 

0 

.4 Data accuracy lost 

.4 Data accuracy lost 

1.0 Complete data loss 

1.0 Complete data loss 

1.0 Complete data loss 

.4 Data accuracy lost 

.4 Data accuracy lost · 

1.0 Complete data loss 

1.0 Complete data loss ~ 

1.0 Complete data loss 

---·--·--~- ----·- J 
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~~TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME SDS 
--~~~----------

ASSEMBLY NAME Dual Regulator 

QUANTITY OF ASSY.-::1::-:-::-:-------------
ASSY. DWG. NO. 34686-01-01 

F. NO 90-34686-21-01 

NAME. REF. OESIG. FUNCTION ASSUMED MODE 

Transistor. Q503 Compensates for log hFE Drift 
compressor op-amp 

I 
input bias current 

C-B Short 

C-B Open 

E-B Short 
.. 

E-B Open 

Diode. CRSOl Coupling Drift 
Zener 

Open 

Short-

Diode. CRS02. Anti-Negative Open 
General Purpose Lockup 

Short 

Diode. CRS03. Coupling Drift 
Zener·· 

Open 

Short 

Diode • -CRS04 Reference Drift 
Zener Open 

Short· 
' -- . 

-- .. ---- ·--- -- 1....-.----·-- -------- -·----·----

FORM 613 

FAILURE EFFECT 

Would reduce small 
signal log accuracy 

Impairs log accuracy 

Impairs log accuracy 

Impairs log accuracy 

Impairs log accuracy 

. None 

±9.SV + ±11.4V 

None 

Possible Neg. Lockup 

±9.5V + ±SV 

None 

-9V + -11.4V 

None 

DATE 1-21-71 
PREPARED BY R. F • McMurray 
APPROVED BY R. p. Cheatham 
FMECA REV. NO. A. 2/16/71 
PAGE_6_oF 7 

CRIT. REMARKS 

.1 Would effect all 
channels 

.15 

.15 

.15 

.15 

0 

.4 Data accuracy lost 

0 

1.0 Complete data loss 

.4 Data accuracy lost 

0 

.4 Data accuracy lost 

0 

±9.5V varies with drift .1 Some accuracy loss 
Regulators oscillate 1.0 Complete data loss 

±9.5V + OV 1.0 Complete data loss 

~ 



~f'"TELEDYNE 
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

SYSTEM NAME 
SDS 

ASSEMBLY NAME Dual Regulator 

QUANTITY OF ASSY -::1;-;:;-::~-:::--:----------
ASSY. DWG. NO. 34686-01-01 

SCHEMATIC REF. NO. 90-34686-21-01 

NAME. REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT 

Op-Amp~ ZSOl, 
i LM108A 

Error Sig. Amplifier Output Open ±9.SV + ±llV 

I Parameter drift None 

Op-Amp1 ZS02 Error Sig. Amplifier Output open -9.SV + -llV 
LM108A 

Parameter drift None .. 

.• ,· 

-

'· 

--

. .. 
I 

' -- -
~~ L_------------~-------- ----- --

FORM 613 

ATM 976 
Appendix A 
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DATE 1-21-71 
PREPARED BY R. F • McMurray 
APPROVED BY R. p • Cheatham 
FMECA REV. NO. A, 2/16/71 
PAGE~OF_7 __ 

CRIT. REMARKS 

.4 Data accuracy lost 

0 

.• 4 Data accuracy lost 

0 

. 

~ 
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G
·~;'-. ...,...--.' t:U t -::_.__,-:-: FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS 

=~ .. 1 NAt\.1E :. :;~-:< DATE 25 January 1971 

··~3LY NAr.~= : ;·:'~;-.cne - Cable Assembly PREPARED BY Unruh 

'TITY o;: .:..S~· APPROVED BY Cheatham 

. o~·:G. i.:O. : ~ ~ ~:J-01-01 FMECAREV.NO. ________________________ _ 

!·.1..;T:C RE"'. •: :.l~:W-21-01 PAGE __ l_oF_l_ 

i 
~ME ~ F. EF. = ;..:::::._ ; FUNCTION ASSUMED MODE FA!<..URE EFFECT Cit IT. REMARKS 

.1 Asser..b::· · Generates a voltage Open t\Tould render the .25 One channel inoperative 
. proportional to the geophone inoperative 

I · ~elative velo.city be-
::.:~;;:;;n the coil and Short Would degrade t:he .01 The degree of dc~radation} 

. ~agnet assemblies generator constant and to would depend on the 1 . damping characteristics .25 number of turns shorted i 

pensio~ S~~~~ i Controls mass position Broken spring Geophone inoperative · .25 One channel inoperative 

- · and free period of 
t.!1e geophone Bent spring Would change the free .01 The degree of degrcdation 

period and damping to lv-ould depend on the 
of the geophone .25 amount of spring deformi-

I ty 

ulator G~~~=·-: : Electrically isolates Short Geophone inoperative .25 One channel inoperative 
' ~nd p7essure seals 
1 the magnet shells Pressure leak Epoxy parts may outgas .0 Negligable effect 

(case) in lunar environment 

net Ass~::::.:.f ~!aintains constant Change in magnet Would change the .01 The degree of degradation 
. =~gT.e~ic field in the charge . generator constant and \Wuld depend on the 

-- - ; vicinity of the coil damping characteristics amount of change in the 

l state of charge. Hand-
ling and storage 

i methods are sufficient. 
i Thermally induced cbmges 

• J are m1nor. 
* •· 

. , 
a1- Forms a redundant Open No effect 0 Pigtails have double and 

electrical connection triple redundancy and are 
spring and coil and across spring termina-
s~ring and ma~net I tions l¥hich are also 

! I I i conductive 
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FAILURE MODES, EFFECTS, AND CRITICALITY ANAL VSIS 

SYSTEM NAME SDS 

ASSEMBLY !\AME 

QUANTITY Or ASSY. 

Geonhone - Cable Assembly 
1 

ASSY. DWG. NO. 34120-01-01 

SCHE~t..~ TIC REF. r\0. _ _;3:::..4.:..;1::.:2::.:0::..-...:.2::..;1:_-;_;0::_:1!:__ _______ _ 

NAME & REF. DESIG. 

Cabl~s 

FU~!CTION 

Connects geophones to 
electronics package 
and determines rela-

ASSUMED MODE 

Open in any one 
of the 8 signal 
conductors 

DATE 25 January 1971 
PREPAREDBY ____ ~U~n~r~·u~h ______________ ___ 

APPROVEDBY Cheatham 
FMECAREV.NO. ______________________ ___ 

PAGE_2_CF_2 __ 

FAILURE EFFECT I CRIT. 

One channel inoperative I .25 

REMARKS 

No effect en other 
channels 

tive distances between 1 
each unit Short between any 

tldsted pair 

Short between any 
conductor and a 
shield 

Open shield 

Failure to lay in 
a uniform straight 
line when deployed 

One channel inoperative I 

Could cause slight 
inGrease in crosstalk 
but this is doubtful 

Probably not be noticed 

Would ·reduce accuracy 
of travel time 
correlation 

I 

.25 

0 

0 

.01 
to 

.OS 

_ No effect on other I channels 

This assumes that shield 
"ground" is isolated from 
"common" line of the 
calibration source volt
age. See note below ... 

This failure mode may 
not exist if the cable 
spool is designed to pay 
out cable \d thout h·ist-
ing it (i.e., a casting -
reel versus a_sp,inning I 
reel) 

······-···· ·------~----~ ·------ 1 • - I I KOTE: If the shield I 
ground point and the I 
common line of the cali
bration voltage source I 
are not isolated, the cali 
ibration signal for the 
affected channel would 

-
i 

be lost. Normal opera-
tion would probably not 
be affected enough to 
notice 
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1 • R ELIABilJTY. 

Document No. 891-012 
ATM 976 
Appendix B 
p /)r'f4 e' 4-. lJ F 4-'-) 

The Mechanical Timers are herein treated as two basic sections; the control 

or hack watch section, and the timer or all other components, and fall under 

the category of Non-Time Dependent Reliability. 

1. 1 The Watch Section 

Failure of the watch can be caused by several factors; overstress on parts, 

possible under severe shock or vibration conditions, or excessive pivot or 

bearing friction resulting from gumming, oxidation or solidification of the 

lubricant at low temperatures. 

The specification stress levels to which the watch will be e-Xposed under the 

shock and yibration on the subject program are well within the capability of 

the chosen hack watch, which will be confirmed by the results of impending 

prequalif~cation and qualification tests • 

The watch oil, Moebius-Synta- Vi:sco-Lube, has been chosen based upon 

Bulova experience with it' for approximately 15 years. It is a synthetic 

oil noted for its low oxidation and gumming rate, and for its thick viscosity 

for high temperature operation. 

Neither of the above failure mechanisms (part stress or lubrication) is 

cycle sensitive. The failures are stress or time sensitive. The watch 

oil in particular depends mainly on the time since cleaning and oiling, 

unless stored at -40°F. 

1. 2 Parts External to the Watch 

The parts external to the watch do not undergo a large number of cycles, 

MO r~UJ.;t1111. h twl l\ prohlcnn \'vith thC!IHI pnrt~S. Tho fnilure modoa involve the 

actual t~b.'e1u in a part exceeding ~ome cr'ltical value and not cycles of opurat:ion. 

-1-
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The only cycle sensitive c;:omponent in the timer by definition is the switch, 

in that it falls under the category of possibly being susceptible to random 

openings. The failure rate for these switches is taken as 1 x 1 o- 4 each. 

f'·-

The failure rate that can be calculated from various sources is approximately 

. 25 x 10-6, but these failure rates do not apply to the space environment 

actually seen in use. The above failure rate is estimated. 

1. 4 Non-Cycle Dependent Reliability 

All failure rates used were considered non-cycle dependent. 

There were several considerations in selecting failure rates, i.e. friction, 
-

safety factor (design factor), AQL, variation in strength of material, and 

tolerance "build-up". These effects were considered to be non-time dependent, 

although they are environment sensitive. The analytical methods of A. Bulfinch 

were used, as described in Laboratory Methods for determining Non- Time 

Dependent Reliability. Friction effects, safety factor, and tolerance "build

up" are considered separately. See Appendix C for Reliability Block Diagrams. 

1. 4. 1 System Friction Effects 

The system friction effects failure rate takes into account the overall 

frictional losses of the system. This frictional loss represents the torque 

as seen by the watch or mainsprings. 

The frictional torque can be represented by a one sided probability distri

bution, i.e. friction can only be a loss and cannot supply energy to a system. 
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In the above figure probability is plotted vs torque. This figure would apply 

for any one point in the alignment of the gears and other parts which :r:nake 

up the mechanism. The figure would change gradually as the alignment of 

the various parts change during the operation of the timer. 

The design point is that point at which the system is designed to operate. 

The torque can,however, be at any point on the curve within the probabilities 

outlined on the curve. Those points to the right of the design point have a high 

chance of failure, i.e. the frictional torque might be sufficient to stop the 

watch. The peak on the curve represent.s the most probably value the 

frictional torque might have. 

Although the actual torque probability curve is unknown, frictional torques 

usually exhibit large variations. The distance of the design point from the 

most probable value for the frictional torque is also unknown. Due to the 

large variation which is exhibited by frictional torque the propability of the 

watch being stopped by this torque is estimated at .13%. 

1. 4. 2 Inspection Effects 

If parts are inspected on a sampling basis, there is always some probability 

of parts being out of tolerance. This being out of tolerance can have several 
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effects (increased friction, le.ss cross section area to support a given fo1·~e ·. 

or torque, or misaligned parts). If the parts are sufficiently out of tolerance 

they cannot be assen1bled and are, therefore, no problem reliability wise 

although they may be a serious assembly problem. The following analyses 

were performed in order to determine the magnitude of the out of tolerance 

situation, using Mil-Std-105 as a ba~is. 

1. O% AQL (Safety Factor of 1. 15) 

Using code letter E, 16% of the pieces will exhibit the characteristic out of 

the tolerance interval within 90o/o confidence limit. If the distribution is 

centered, the worst condition would be a lot with 8% under the !ow limit 

and 8% over the high limit. The upper and lower tolernace limits for this 

condition and assuming a normal distribution would be at + 1. 41 sigma. 

Z. 5%·AQL (Safety Factor of 1. 15) 

Using code letter F, 18% of the pieces will exhibit the characteristic out of 

tolerance interval within a 90% confidence limit. If the distribution is 

centered, the worst condition would be a lot with 9% under the low limit 

and 9% over the high limit. The upper and lower tolerance limits for this 

condition and assuming a normal distribution would be at + 1. 34 sigma. 

1. 4. 2. 1 Increased Friction 

Due to the large variation in frictional torques as explained in section 

1. 4. 1, it is estimated that the inspection AQL effect can be included 

in the • 13% failure rate. 

1. 4. 2. 2 Less Cross Sectional Area 

The variation in cross sectional area in a lot of material which was 

inspected and accepted is .calculated as shown below. 

-4-
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Per section 1. 4. Z above, the upper and lower tolerance limits would be at 

+ 1. 34 sigma. 

If the tolerance interval is So/a of a dimension, the sigma would be 1. 9o/.o. 
5% = z. 68 C'-1 

Therefore, ~ = 1. 9%. 

In order to have a sigma based upon area instead of a linear dimension, the 

above sigma was doubled. Therefore, sigma based on area is 3. 8%. · It was 

not known if the variation of a dimension on a piece part is independent or 

dependent upon another dimension of the same piece part. The sigma was 

simply doubled in order to consider the worse possible case. 

This variation in cross sectional area would have the same effect as variation 

in the maximum stress which a piece part is capable of without breakage. A 

sigma of ZO% for the material.is indicated based on a study for Hughes Air

craft Company. Being as both sigmas are unitless quantities they may be 

added in the same fashion as any root mean square quantity. 

resultant = + fY' . z 
stress 

= resultant 

.resultant = ZO. 4o/o 

This sigma is used in section 1. 4. 3 and the failure rate is given there. 
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Having piece parts_,with dimensions outside the tolerance range specified on 

a drawing would mean that it would be possible to have a problem due to the 

"stacking up" of out of tolerance dimensions. The layout draftsman in the 

Design Engineering Department has checked to be sure that there is no 

problem with piece part dimensions in tolerance. If the parts are sufficiently 

out of tolerance, the parts will not be capable of being assembled. The case 

under consideration reduces to the case of those out of tolerance dimensions 

accepted by inspection due to a sampling .plan being used. From section 

1. 4. 2, 9% of the piece parts would exhibit dimensions out of tolerance on 

the upper tolerance limit, and 9% on the lower tolerance limit. If there are 

seven dimension additives to obtain an unacceptable condition and all dimensions 

are statistically independent the probability would be 4. 8 x 1 o-8 for this 

condition. · 

(. 09) 7 = 4. 8 X 1 o-8 (one way build-up) 

The failure rate for tolerance build up conditions was taken as less than 

lxlo-7. 

1. 4. 3 Stress Effects 

If a stressin a part exceeds some critical value the part becomes a failure. 

The ratio of this critical value to the design stress in a part is greater than 

2/1. A typical stress strain curve is shown below. 

tf) 
(() 

LJJ 
oc 
r
tf) 

PO\t~T OF' r:<UPTURE:-

ELA~TIC LIMIT. 
(YfE-l.O POINT) 

ST~A.IN 
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Upon exceeding the elastic limit and with the removal of stress the curve 

does. not return to ;he origin but has some residual strain. Design safety 

factors based on this point would ensure that the piece part would operate 

in a manor that would eliminate permanent distortion. Safety factors 

based on the ultimate are greater than those based on yield due to the 

greater stress at the ultimate point, however, if the ultimate stress is 

exceeded the part will fail. 

The stress strain curve is not constant throughout the piece part due to 

several factors such as heat treating, cold working and the previous 

history not being uniformly the same for every grain of material in the part. 

The sigma representing this variation has been determined for similar parts 

on another program for Hughes Aircraft Co. and it is estimated that the same 

sigtna can be used here as modified in paragraph 4. 2. 2. The following is a 

normal curve representing this variation • 

. STRESS 

MEAN CRITICAL SIRE'5S 
AT F"AlLUR& 

The area under the normal curve below the design poiD.t represent failures. 

The sigma from paragraph 4. 2. 2 is 20. 4%. The ratio of the mean critical 

stress at failure to the design point is greater than 2 to 1. The area under 

the normal curve represents a failure rate of less than 1 o-6 because the 

design point is 4. 9 sigmas away from the mean critical stress at failure. 
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1. 4. 4 "0" Rings 
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Data for determincltion of failure rates for the 110 11 rings was obtained from 

the Igniter Program for Thiokol. Every lot of 110 units has 10 units with

drawn from the lot by DCASR for destructive testing. Over sixty such 

destructive tests have been performed without a leak failure. The testing 

consists of sealing the unit and leak testing, followed by various functional 

acceptance tests including vibration. The data obtained is variable in 

nature i.e. the actual leak rate obtained is recorded. Upon examination of 

the last two lots, the actual increase and· variation was found to be small. 

The leak rate used for final acceptance was similar to that specified for 

the Mechanical Timers. 

Using 600 units without a. failure and a 90 percent confidence, the failure 

rate calculated would be • 4 percent. Using the variation obtained and the 

much larger factors of safety for the Mechanical Timers the failure rate 

obtained is extremely small much less than 1 x 1 o-7. The failure rate was 

set at 1 x 1 o-6 for each "0" ring used. In addition, each unit, as part of 

the acceptance test procedure, is checked for a leak rate of 1 o-6 Std. cc/ sec. 

1. 5 Hack Watch Movernent 

The test was performed to determine, grossly, the breaking point of the 

Hack Watch. An overload was applied to the watch stem. First the main

spring was wound up tight, then the overload was applied to the stem until 

the stem broke. The mainspring is capable of delivering approximately 

75 gm-cm.; the stem broke at approximately 1600 gm .. cm., a better than 

20:1 safety factor from actual test results. The watch is designed to with

stand a shock of greater than one foot onto a hard wood surface. The 

failure rate for the Hack Watch movement was estimated at 48 x 1o-7. 
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Overbanking will bl controlled by severaL factors. A hermetic seal which 

will maintain the interval pressure in the control or watch housing to within 

5 or 6 pounds differential throughout the life of the timers will eliminate a 

major portion of the overbanking causes. High temperature and 1 I 6 g can 

only be compensated for by decreasing the balance wheel amplitude on earth 

to approximately 1 turn so that it will not exceed 1 3 I 4 turns on the moon. 

However, preliminary indications of the overbanking tests which have been 

conducted, are that under the worst conditions of increased amplitude or 

overbanking on the moon, the timer actuation time may be decreased approxi

mately 5 or 6 hours. 

Factors on· the lunar surface which affect the watch amplitude are: 

Low gravity 

High vacuum 

- increases amplitude 1 I 4 turn 

- increases amplitude 318 turn 

High temperature - increases amplitude 118 turn 

In order to provide safe operation on earth during outdoor testing with 

possible low temperatures at no less than 1 I Z turn amplitude, the nominal 

balance wheel amplitude at the watch will be set at one turn. This will 

provide operating amplitude of 1 318 turns nominal on the moon, when the 

vacuum affect is eliminated by sealing the watch unit in dry Nitrogen at 

. atmospheric pressure. 

1. 7 Fail Safe 

The timers have been designed so that in the event of inadvertant failure, 

a "dud" will result rather than a premature. The timer pull pins have 

been arranged so that if the timer has advanced from its safe or zero 
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position, a hangup will occur. which will prevent removal of the pull pin. A 

shear wire has been incorporated into each pull pin assembly to shear at 

approximately 18 lbs. 

The firing pin pull pin is similarly designed. ·If the firing pin has been 

released, the pull pin cannot be rem.oved and the firing pin is hung up. 

The design has eliminated the possibility of physical harm or injury from 

the hazardous effects of sharp edges and corners, or the discharge of 

energy stored in springs. A shipping or handling plate has been incorporated 

on the output end of the Thermal Battery Timer, as a preca1Jtion in the un

likely event the spring loaded firing pin fails in shear. 

1.8 Conclusions 

The S/A Slider Timer and the Thermal Battery Timer are capable of 

performing with an overall reliability of 0. 996 each. 

1. 9 Failure Rates 

The failure rate for each piece part is included in Appendix A. The total 

failure rate for each timer was obtained by adding the piece part failure 

rates. 

Most piece part failure rates are obtained from paragraphs 1. 4. 3, 1. 4. 2. 2 

and 1. 4. 2. 3. The failure rate for these piece parts is 1 X 1 o-6. The 

frictional failure rate is identified as a separate item. The remaining 

failure rates were estimated. 
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1. 10 Failure Modes 
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A summary of failure modes is included in the Failure Mode, Effect and 

Criticality Analysis Worksheets included in Appendix B. 

1. 11 Criticali!I_ 

The criticality of the various failure modes was arranged ii?- accordance with 

the effect that the failure has. The number one (1) mode is the most critical 

followed by number two (Z), etc. l'he criticality is listed on the Failure 

Mode, Effect and Criticality Worksheets in Appendix B. 
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not unlock 

ControJ. Drum does 
not allow J ... ock to 
move 

Jammed Drum 

Bushing, Control J 
Shaft galls 
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Thermal Batt:erv Timer 

I Switch does not 
activate 

1 
I 

I Switch trouble I 

I . 
I "H:~;: Up" I 
. 

. I 
Condition undetected 
during accepta.nce 
test 

l 
Pull Pin does not ! Pawl does not I 

. permit Drum. to move 1 move Drum 

r Follower does not' 
move Pawl 

-
J I 

Control Arm too l Roller 
Brittle & Breaks Crushes 

J Control disk does l . 
not operate . 

I_ I 
Watch han insufficient Conh•ol lllsiJ w.\tch doos 
torque Slips not opc.rate 
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Lock does not I 
unlock 

Control Drum does 
not allow Lock to 
move 

Pawl does not 
move Drum 

Faller does not 
t" 

move Pawl 

Bushing, Control! 
Shaft Galls I 

Control Disk 
Does not operate 

S/A Timer 

I Arming Pin docs I 
not activate 

Lock I 
"Hangs up" 

Condibon undetected 
during acceptance 
test 

Jammed Dr urn l 

l 

l Control Arm too I 
Brittle & Breaks 
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I Spring does not I 
move Arming Pin. 

Pull Pin does not 
permit Drum to move 

l 
I Roller Crushes J 
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Lock does 
not unlock 

Control Dr\].m does 
not allow Lock to 
move 

Jammed Drum I 
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Bushing, Control 
Shaft galls 
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Thermal Battery Timer 

! Firing Pin does 
not activate 

l 
I 

Spring does not 
move Firing Pin 

- ! 
·lfl:a~;: Up" I 

' 

I 
Condition undetected 
during acceptance. 
test .. 

, I 
r Pull Pin does not 

· permit Drum to move 
I P~wl does not., 
! move Drum 

~ 

I Follower does not 
I move Pawl 

I l 
Control Arm too Roller 
Brittle. & Breaks Crushes 

. 

J Control disk does I 
not operate 
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Mainspring Friction 
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l I Mainspring ~J Watch 
fails (tension} Breaks 
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I 
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.. 'l 
Mainspring Watch never 
not fully wound activated 

I 
l 

Hairspring fails 
(shock, vib. ) 

Rocker Yoke does 
not start watch 

, 

I I 
Clip does not Pin Shear Sleeve does not 
release pull pin Shears permit pin release 

, I 

excess1ve Galled pin 1· 
force 
requil·ed 



Lock Rod Failure 

I 
Inadver~ant Loss 
of Starter Pin 

. 
• 

Timer Constraint 
Removed fro1n Safe I 
Arm Slide 

I Timer Re.ins down 
to Arm Position 

. 
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rA.rm Lever F al-"Ure 
I 

1 
Astronaut Removes 
Starter Pin 

I 
tWatch Stem Moves I 

to Start 
I Pl11l Pin Releases I 

Drum . 

I Pull Pin moves allowing 1 
clearance for Rocker Arm !Retaining Clip I 

Release Pull Pin 
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Astronaut Removes 

Slide Safety Pin 

Watch Stem Moves 

To Start 

Safe Arm Slide 

Moves to Arm 
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Timer Runs Down 

To Release Arming Pin 

Astronaut Removes 

Starter Pin 

Pull Pin 

Releases Drum 

Retaining Clip 

Releases Pull Pin 

... 



·Firing Pin 

Strikes Primer 

~s 

Astronaut Removes 

Battery Safety Pin 

+ 

Watch Stem Moves 

To Start 

~ 
-

Pull Pin Moves 

Allowing Clearance 

for Rocker Arm 

- $ 
~ 

I 

1 Shock I 
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I l Timer Runs Down 

1 To Release Firing Pin 

}[ 
Astronaut Removes I 

Starter Pin 

rPull Pin Releases Drum! 

Retaining Clip 

Releases Pull Pin 

·x 
~ 

I 

I Vibration I 
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Watch Stem Moves 
to Start 

Pull Pin Mov.es 
Allowing Cleat·ance 
for Rocker Arm 

Starter Pin Removal 
Starts Timer 

Firing Pin Strikes 
Battery Primer 
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Timer Constraint Removed 
From Firin Pin 

Astronaut Removes 
Safety Pin 

Pull Pin 
Releases Drum 

Firing Pin Restraint 
Mechanism Failure 

Timer Runs DoWn. to Release Firing Pi~ 

Watch Stem 
Moves to Start 

Pull Pin 
Releases Drum 

Astronaut 
Removes 

Starter Pin 

Pull Pin Moves Allowing 
Clearance for Rocker Arm 
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Arming Pin Released 
By Safe/ Arm Slide 

Timer RLms 
Down to Arm 
Position 

Astronaut Removes 
Starter Pin 

Watch Stem Moves 
to Start 

Pull Pin Moves 

Allo~ng Clearance ~-----------------------< 
for Rocker Arm 

, " 

Pull Pin R eleascs 
Drum 
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D81207 Base Mounting Assy 

I F87203 Control Assy 

I D812.05 Timer Assy 

1\1551 C39-13 Screw-Flat Head (#4-40 X l I 4 lg.' CRES) 

:vfS3l959-12 Screw- Flat Head {ft4-40 X 3Ll6 lg. I CRES} 
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I 
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D87175 Base Mounting 1 Zero 
-

I B871 71 Bodv- Firing Pin l l X 10-6 
~-b 

BB7172 Tin-Firinf! Pin 1 1 X 10 , 

D87174 Lock- Firing Pin 1 1 X 10-6 

Esna 79-022-099-0187 Pin-Roll 1 1 X 10-b 

A87186 Switch ,(SCD) 2 2 X 10- 4 

BR7219 Screw Modi{. 4 4 X 10-0 

Loctile "C" Sealing Compound A/R Zero 

B87201 Snrinl! 1 2 X 10-4 
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B87231 Latch 1 11 X 10-6 

Pin Dowel 3/32 Dia. x 5/16 lg. .1 J. X 10-6 
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l/32 Dia. x 3/16 Soirol Pin (Stainless Steel Type 302) 1 1 X 10-6 

C872 :;q_ Ol Actuator. Switch 1 1 X 10- 6 
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NOMENCLATURE -DE SCRIP 110N PER 
PART NO. UNIT Failure Rate 

vrS35650-314 Nut-Hex . l#0-80) 1 J _j X 10-- '6 
087204 Watch Movement Assv 1 1. 13 X 10 

-5 

B87157 Cover-Housing 1 I~ X 10-'7,(.. 

~1:;:;1 G59- L3 Screw-Flat Hearl H::> 0 (:IJ4_4() v 1 /Lila rP.l<"'~\ 4 ~- ~ ~ X 10-i.G 
. ..... 

/~xlo-""''-F87158 Housing- Cont~ol 1 

C87143 Pawl 1 1 ~ x·;o-~G 
. - ll X 10_:7; t; B87l-10 Cover-Control Arm 1 

~..-1551959-2 Screw-Flat Head 82° (#0-80 x 1/8 le- .. CRES) 2 J 
x10_,,. 

B87141 Can-Housin!!-Seal 1 J i -7/ X 10 ,lo) 

B87131 Bushing- Control 1 I ~ X 1~- ~' 
B8714-8 Spacer- Control Shaft 1 \ I ~xlo-\'-

D87132 Shaft- Control 1 I>~ 1o-
1 ' 

P,~7133 Arm- Control 1 I X 10-'( 0 

DoYLel Pin (. 062 X. 3/8.C.RE.SL ___ . 1 /axlo-~ 0 ... 
·-- -···-·--· 

I387136 Ring-Movement Retaining 1 J i X 10-'7,~ 

:387138 Adapter-Stem Seal 1 I X 10-~, 

A87190-0l 11 0 11 Ring (SCD) 1 1 X 10- 6 

B87182 ' Stem- Control l 17- X 10-'1'\G' 

D87142 Retainer-Pull Pin 1 ~X 10-~(; I ~ 

B87137 Adapter: Locating 1 I ~ x 1o-'\a 
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NOMENCLATURE -OESCRL .JN 
i . PART NO . 
I 
\ 

, '"'" -~ I Set Screw Co.ne .. PL{#.Z-5{LX. ".1,/ l 6 lg. , CB ES) I ~ I 1 
"0" Ring (SCD) 

! MSSlO'<.Q ? 

r\87190- 02 

~-fSSl 023-1 Set Screw. Cu__12 Pt .. (#0-80 x 1 I 8 lg .• CRES) 

J\87190-03 ''0'' Ring_ lSCD) 

A~718g-oz Ball Bearine: (SCD) 

I B87191 Nut (Adapterj 

B87212. 'Window -
Loctite 11 C" Sealant 

I AS 7 ?f..? .-, ~~-~ 1 Epoxy '(Sty~ast __ ?_l~.!l___ (SCD) !--· -- 1 --- 1 

1~812~3 CounHnfl' Drive 

B87222 Pin Drive 

_]3872?.4 Sleeve Snr_in_e: 
i 
! P.R722 5 Bushina 

CR72211 Link 

1 i 1 X 10_ 0-
-

BR7221 

----------+---G_r_e_a_s_e~, _I_1_i::!.g_h_~~cuum (Kr-:r-tox, DuPont) 

Bushing. Drive 

: __ l).<'li?dlL~--

1_1387252. 

---~--__,____l>ctuator~ Clock _ I 1 I L x 10--
6
- I 

Release Pull Pin 1 1 x 10_- 6 

r---~-----~----------+-------------------------------~----------------------~---+--------------~ 

TlT!.E 
. ~ ; \ DATE .S-6-71 ~-: ISSUE ;_----~---~ 

ll'..lX. F87200 
__________________ L__ 

·:T~vfER, THERMA~ BATTERY LSPE ASSEMBLY 

'"'~'''''''''''''''===:======= ........ 

~>> 
i~ .._:j 

«< ~ ~ ... 
\JS.-..o 
~ ..... ~ 

P< 0' 
~O:l 
1\ 

.i 



i 
! 

L -~'!' 

" 

?~RT 

CS7.::.:1:B 

C87ll3 

r:~~::c; 

~ no~;no ...._ "- . - .... ' 

D8~l~·6 

BS?l ~a 

BS7l'S3 

:ss~;\~3 

.... .') c--'}~""'7 
~::...1~---1 

ivf53~ 233-1 
I 

t· -
.,.-.,r.--1~ .!)t'.£L J 

I 
I 

~;8':"230 I 
! 
) .:~372 I4 

' r~.~-;;1j7 • 
LB8'216 
l 
L ES7254 

I :s~7239 
l ---:-7~-• !"""').:. ~ -; 

I 
f Pq77')6 

I 72,.;-;,7?=7 

l 
! 
j 

l 
~ t~:;q?{,Lt £---·"_,;: __ ..:.:.:.. . 
l 
.: .!.-:J7?A 1 

TtTLE 

JF 

NO. 

.,.._......_,, ____ 

- ME ISS ~72 1 1 

NOMENCLATURE -DESCRir- 1ION 

Control Drum 

Gear- Timing 

Mainsnri.nrr- Timer 

Pi n-Sprina Reta1nin2' 

Frame-Sunnort 

Bushinrr . 
Screw-Modified 

Pin-Sprin2' Anchor 

Washer--· . 
Screw, Pan Hd. (#2-56 x 1/8 lg., CRES) 

•. 

... ..• 

Flc:tnrre Mounting-

Screw (#0-80 x 1/8 lg.) Pan Head 

Slnm-Spt_~ne: Windina (Hub) 

Mainspring: Windine: Shaft 

Bnshinf! (Fir. Pin :Putt Pin) 

Bearing Plate 

Bearinrr Flanrred (SCD} 

PLate, Drum Locating 

f::Hn. Snrin.cr 

Shaft Snacer 

Shaft Snacer 

s (' r P'\.V p ::\ rt H n { :;.l!c ()- R () "lr ~ I?, 7 I 0' l."R F.S) 

Screw Flat Hd .. 100° (#2-56 x 3/16 1"'. CRES) 

-r--~£J~L~i. ____ ~------·-··-···~·--··--,-------··-----· 
Fl ::'l n O'P.n "SF·~ ri n"' 

.1.vTAL s-·, wV::.1 -·-- ~ -

DATE 8-6-71 

TIMER, THERMAL BATTERY LSPE ASSEMBLY NX F87200 
hcl:cle.J.\\1•"-"""''Illi\O!:;::c,.,,=~"""'-=""'"''""'"'""''""~-u."'""=""'"~-'- -·- ·""'·~··-o-~.·----=--·····-· 

I QTY. I 
PER 

UNIT 

l 

1 

1 

1 

1 

1 

4 

1 

1 

3 
··--

l 

3 

.3 

1 

1 

1 

2 

1 

1 

1 

1 

2 

1 

1 

2. 

I 

Failure Rate 

1x 10- 6 

1 X 10- 6 

1 X 10-0 

1 X 10-6 

1 ~ 10- 6 

1 X 10~-6 

8x 10- 8 . .lxl'Oq 
6 1 X 10- · 

3 X 10-0 

I .1 X 10~6 ! 

~·x 10-£> I 
3 X 10-6 

1 X 10-Q 

' -6 I } X 10 
I 

1 x 10-b I 2 ~ 10-6 

i 1 X 10-b 

1x 1o-<> l 

b~>> 'l:l 1-1 
~] ~ 

l X 10-6 

.t -6 .. X 10 

2 X 10-6 

1. X l () -6 
1· X 10 

-6 

'8. ..0 
~ ~· -.] 
J) il'l 0' 

!I 

I 
C:.IJj ,, . 

a· 
I 2. X 10- 6 

- 1 s sui· ;-x 1 0- !> 

j 



J:ET JF- L 1 1 P .. '}' p· . j\SS" 'jH7~ '' 102 
f i 

\ 
NOMENCLATURE -DES~-. flON 

PART NO. 

B87151 Pin-Pull 

B87153 Sleeve- Pull Pin 

#24Awg. Buss Wire Per QQ-W-3431/?."lg. 

I 

TOTAL 87146-02 
·- --· ·- ~ --- -· 

T!TLE DATE 8-6-71 

TIMER, THERMAL BATTERY, LSPE ASSEMBLY NX F87200 

-- --~----- ------------ -----~~ ~-------------------- -------- -- - --

OTY. 
PER 

UNIT Failure Rate 

1 1 X 10- 6 

1 1 X 10-6 

A/R 2 X 10-6 

. 
. . 

.. 

4x 10 -6 

ISSUE A 
... 

I -\1 

J 

I 

~~>> 'lJ~-i 
'1j 

<t.CD~ 
[-.o 

\II t!• -.J 
e x 0' 

t}b:l 
ll 

~ 



JEr . f_ l ] 1 JLJ N 1 r 1 j · -.· ~~ 6- - , 1 1 1 -·- ~-··· 

I t 
t 
\ NOMENCLATURE -DES!.. dON \\\\\\'<•>•> 

P.ART NO. 

T'\~'71:S2 Pin-Pull (Firing Pin) 

RRI).:;.J Sleeve- Pull Pin 

#24Awf!. Buss Wire Per QO-W-3431/2"lf!• 
I 

l 

! 

i 
I --[ TOTAL 87146-03 

- - . - --· 
IiTLE OAT~ 8-6-71 

TDA:ER. THERMAL BATTERY, LSPE ASSEMBLY NX . F07200 

1 
QTY. 
PER 

Failure Rate 
UNIT 

1 1 X 10- O 

1 1 X 10-b 
--

A./R 2 X 10- 6 

-
4 X 10_:6 

ISSUE A 

' i 

l ; 

I 

----

-r::>>> 
~ "d 1-1 
li', '"g ~ 

&...a fJI .... -.l 
... ~ 0' 

0tJj 
11 

_t 



._ ,- ·r 
S:.--

..------

:F-372.08 

t ___ l 

PART NO. 

t 1 1 l 

NOMENCLATURE -DES<..,.,f'TION 

Base Mounting Assy 

··-aTY.~---------~ 

PER 
UNIT • Failure Rate 

-5 1 l L8:xl0 

Centro 1 Assy I 1 I 5. 3 x 10- 5 
. ---s 

J 
~ 

! DS7l 99 Timer Assv 11 I 3. 3 :x 10 

I - . I :s 1387146-01 Pull Pin Assy 1 4 x 10 b 
'M$35275-13 I Screw-Fil. Hdo (#4-40 x 1/4 lg. CRES) 1 1 x 10-- ----i 

1:\1551957-12 1 Screw-Pan Hd. (#4-40 x 3/16 lg. CRES) I 2 I 1 x 10-6 

Loctite 11 C 11 Sealant A/R Zero' 

Screw. Pan Hd. ( 2-56 x 3/16. CH.ES) 4 4 :X 10-6 

B87235 Post 1 1 :x Io-6 

1Bs72.36 Post 1 1 X 10-6 

~ . "Dowel ~i~d··;/1-~-~~~~--~ 3/32 lg •• CRES) i 2 I 2 x 10-b l 
~~~2~~ Sh1m- VVi_~ding Hub I AIR 
! ;::,8 r 2 :Jo Shaft, . Spacer 1 

Zero 

I 

!:-:!S-35275-ll I Screw. Fil._Hd. (#4-40 x l/3 lr! .. CRES) . I 1 

lv1S-3 3233-13 Screw,_ Pan Hd. (#4-40 x 1/4 lg., CRES) I 1 

A87l87 

!-A.87267 

! B87266 

I ·' . 

TtTLE 

Low Friction Plating 

Block Jack (Slider Reset) 

Screw Jack (Slide-x Reset) 

·System Friction 

S/A SLlP:E;:jl TIMER ASSEMBLY 

A/R I Zero 

1 I 1 X 10-6 

1 I 1 X 10-6 

- ' 1. 3 X 10- 3 

DATE 8-6-7L. 

NX F87100 

"j 

"Q>>j "'d i-i 
* -g ~ .,, :;f 

\)ie:~ 
t" X 0' 

ob:l 
'tl 

~ 
.P 



te:·r _(. IF . ' 
- - .. .L J }E. 11 "'~ . '1. /'. 

t-' l '\ ,...1 ~ ' }M i .l~'~ I ., 0 
r------", -I ,, 

NOMENCLATURE -DESCh .. liON 

I PART NO. 

F87154 Base-Mounting 

B87161 Shaft-Lock 

I R~71A4 Retainer . 
l 

MS51959-3 Screw-Flat Head, 82°, (#2-56 x 1/4lg.! CRES) 1 
I 

B87166 Spacer 

B87165 Spacer 

B87163 Pin-Arming_ & Safing 

A87127 Spr1ng- Compression 
! C87167 Lock-Arming Pin 

CS-7168 Lock-Saf1ng Pin 

C87169 Lever-Arm Lock. 

MS51923-112 Pin-Spring (1/32 Dia. x 3/16 lg., CRES) 

Loctite 11 C" Sealing Compound 

B87249 Latch 

:tvfS 51056-2 Screw, Set {#2-56 x 3/16 lg., CRES) 

..... ..,..,~ ... ~·--- .-.~~.,._,..,-...___...,_..,..,.......,.,_..,. ____ ""' ............. 
TOTAL 87208 

.. - --~ ~ 

TITL£ DATE 8-6-71 

S/A SLIDER TIMER ASSEMBLY NX F87100 

~"'"'~"•~>..~~'""""~'""=·•=-<:c~--==-~.w=-~.=-"'"·"·~·..,.........·-·-.o.~.,·--~ .. -.-.. -----..... --·• -c•- - - . ·- ··-·---- ------~---~------ I 

-
QIY. 
PER 

UNIT 

1 

1 

l 

1 

1 

1 

2 

2 

l 

1 

1 

2 

A/R 

.. 2 

2 

I . 

Failure Rate 

Zero 

1 X 10- 6 

1 X 10-6> 

1 X 10- 6 

l X 10-6 

1 X 10- 6 

2 X 10-b 
6 

2 X 10- · 

I X 10 -6 

1 X 10-6 

lx 10- 6 

2 X 10-b 

Zero 

2 X 10- 6 

2xl0-b 

1. 8 X 10-~ 

ISSUE: A 

' .l ' 

\\ 

/ 

f 

~>> 
~'"d t..:.l 
~ "g ~ 
(JI 8. ..0 
I)J ~· -J 
9 jlC; C7' 

-ub:! 

j. 

1 



J:ET J f_ t l CC _ .JRO __ )SS'· .. E71 
( 

~ - ~ -- - -
, I 

i \, QTY. 
I I. NOMENCLATURE -DESC. .ON PER I \~ 

I PAR''i NO. UNIT Failure Rate 

l 1\~S35650-314 Nut-Hex (# 0 - 80} 1 1 X 10 -6 
i 1. 13 X 10-!:> 'D87204 Watch Movement Assv 1 

B87130 Cover- Housinf! 1 1 X 10-6 
\ 4 X lO:.f> l\.iS5lq50-13 Sc:r~w-FJat ~~ R? o Uf47 40 Y 1 /4 IP' l:R F.S) 4 

F81129 Housing- Control 1 r x 1o-6 

C87143 Pawl 1 1 X 10-6 

B87140 Cover- Control Arm 1 1 X 10-·b 

M$51959-2 Screw-Flat Head, 82° (#0-80 x 1/8 lg .• CRES) 4 4 X 10- 6 

B87141 Can-Hons1ng Seal l 1 X 10 -6 

B87131 Bushing- Control 1 -6 1 X 10 . 
-6 

1387148 Suacer-Control Shaft 1 1 X 10 

B87132 Shaft- Control 1 1. X 10 -6 

B87133 Arm-Control 1 -6 1 X 10 · 

I 
.. .. Dowel Pin J.:._Q(>_2_}?!~· x 1/2 lg., CRES} 1 1 X 10- 6 

BR7136 Ring-Movement Reta)ninrr , l X 10-6 
l 

B87138 Adapter-Stem Seal l 1 X 10- 6 

IA87190-0l ''On Ring {SCD) l 1 X 10-6 

!B87181 Stem- Control 1 lx 10- 0 

t;87142 Reta1ner- Pull Pin (Suring Clip) l .1 X 10 .. 6 

B87137 Adapter, Locating 1 .1 X 10-6 

.1387258 Wave Washer 1 .1 X 10_6. 

! MS 51023-1 Screw, Set, Cup Pt. (#0-80 x 1/8 lg., CRES) 1 1 X 10- b 
! i I 
i - . ! .. ... 

I 
~---, 

,. ·' 
-1 -·· 

i. ~ -- -~ .................. ·-
I ' 

' .. 
TITL~ DATE· 8-6.,11: ,. ISSUE A ... 

: 
~. " .. ·,. 

S I A s:r,.~DER. TIMER ASSEMBLY ;_ NX · · F87100 
(. · .. 

- --- ~:--.. -·_. ··-~-- ---------~-·--.-~ .. - ··--~--

""'t:)>> 
~"' ., 
tt, "g ~ 

8.-.o UJ .... -.J 
~ X 0' 

t>b:l 
\1 

t· 



l:t:l IF __ _____L })N'. JL '" . . h" } . JB S i l 

I \ I QTY. I '" NOME~CLATURE -DESCh •.• ION PER I PART NO. UNIT Failure Rate 

~038-2 Set Screw Cone Pt~ .. (#_2=-56 x 3/16 lrr. CRES) l lX 10- b 

I 
L"-87190-03 ''O'' Ring (SCD) 1 1 x 10-

6 

l Set Screw, Cup Pt. (#0-80 x 1/8 h!., CRES) 1 1 x 10- 6 

IA87190-02 "0'' Ring (SCD) 2 1 x 10-6 

A87189-02 Ball-Bearing (SCD) 1 1x 10-b 

BS7191 Nut (Adapter) 1 -l x 10-b -----+ 
B872.12 Window 1 l x 10-6 

.Loc::.t~ "C" Seala.-1t A/R Zero 

.:\87262 Sealant-Epoxy (Stycast 2741) SCD AIR Zero 

jn87223 Coupling Drive 1 1x 10- 6 

:387222 Pin Drive 1 ix 10-6--'--------t 

les7224 Sleeve-Snring 1 1x 10-6 

~~R7225 Bushinrr . 1 lx 10-b-----1 
I , . -t> 
lCB722 6 Link · · 4 1 x 10 

I Gre_ase,.ffi_gh__y_~~uum (I<rvtox. DuPont) A/...:;R~~Z_;e_r_o_..,.._ ___ ~ 
l:s87221 Bushintr. Drive ~ lx 10-6 
.---- ---~---....{ 

jBS7248 Actuator, Clock : 1 1 x 10-6 

IB87252 Release, Pull Pin 1 ·1X 10-6 
I 

I 
1 

C87260 Housing~ Detent (Replace 87263) 1 -1 x 10-0 

387263 Det~_gt SEring _ ______(B_~lace 81.?63)_ _ 1 1 x 10-o 

TOTAL 87185 - 5. 3 x 10-!> 
- . 

TITLE DATE 8-6-71. ISSUE A . 

S/A SLIDER TIMER ASSEMBLY NX F87100 
~ •! . I 

'\\\\'.\\1''1%1\\11"1"' 1\1\\'1'<1\ll\1'\m"'"'"\' 1\\11'\1'1\\VI>\\\\ '1\\\\\\1\'!,;\\\111'\1\• 1\\\'<IW'\\\1\I>··Iml>\\1 1\,;;:;;;:'ll.\~~~~~~='=''"""',."'··•''··=;=c 

-

~.6" > 
"' 't:l 1-1 «\\ CD j( 
\Jig.~ 
V' .... -.J 

\ X o-

• ~ tJj 

j 



iET t ___ _j uJU.:n .. J3SL, .. .\L'.t ._,J7l' 
---~- -

NOMENCLATURE -DESCh . uN 
PART NO. 

C87217 Control Drum 

C87123 Gear- Timing 

C87188 Mainspring- Tin"ler 

1387109 Pin-Spring Re_tainina 

DR7121 Frame-Sunnort 

1 B8712.5 Bushing ... 
I 

I B87183 Screw-Modified 
I 

i R872.39 P la t~r uri}_ I,._o ca ting 
i f'8..,2".., ~ 2; \, ' -:t l Washer 
r .. 

Screw, Pan Hd. (#0-80 x 3/32 lg., CRES) i 

Loctite 11 C 11 Sealing Compound 

B87215 Flange Mountlng 
J 

Screw (#o~so x 1/8 1g.) Pan Head 

B87230 Shim-Spring Windina-Hub 

387214 Mainspring Winding Shaft 

I rs7z43 Pin-Snrine- Anchor 

I D87216 Bearing- Plate 

I R87254 Bcar1ng, Flanged 

I_ P.X?Z >:;ft Snacer Shaft 
I u~..,?-7 Spacer, Shaft ~.;;-s I- j 

B87264 Spacer, Shaft 

. A37261 Fla:qged Bearing 
i 

I 
l 

I 
i 
I 
--,.,.~-'..--""-

' 

-- -- - -·- ~ -. 
TITLE . DATE 

S/A SLIDER TIMER ASS EM BL Y NX, 

-

QTY . 
PER 

UNIT Failure Rate 
I 1xl0-b l I 

1 1 X 10.:-6 

1 1 X 10-t> 

1 .lx 10-b 

1 .1 X 10- 6 

1 1 X 10- 6 

4 4 X 10- 6 

1 lx 10-6 

3 3 x 10-6 

2 z.x 10- 6 

AIR Zero 

1 1 X 10- 6 

3 3x 10-6 

3 3x 1i6 

.. 1 ~X 10_6. 

1 1 X 10- 6 

1 1 X 10-b 

(SCD) 2 ~X 10-b-

1 l X 10- 6 

I 1 x 10-o 

1 1 X 10- 6 

2 2 X 10-6 

TOTAL 87199 - 3. 3 X 10-S 

8-6-71 ISSUE A 

F87100 

-... ___ 

·I 

I 

I 

I 
I 

I 
! 

---

~> 
.ct "d 1-3 
«',CD ~ 
w&.'-" 6' .... -J 

~ 0" 

() b:f ,., 
,t· 



-·lET _1: PUJ Pli'< l'-'E 1 'y ·p-! .. l 
''i< 

~~\v.,, 

I 
NOMENCLATURE- DESCRwTJON 

PArtT NO. 
·-

i 
Sleeve- Pull Pin I B87l-44 

B87145 Pin Pull 

#?A Awg. Buss wire ner QQ- Vl-343 1/2 11 lQ". 

.. 

I 

! 

j 

I 
I ·--· 
j 

TO'l' Al 87146-01 
. --- - ------ . 

TITLE DATE 8-6-71 

S/A SLIDER TIMER ASSEMBLY 
NX F87100 

1 

OTY I --R 
:.1\Jt.l T Failure Rate 

1 1 X 10- 6 

1 1 X 10- 6 

1 2 X 10- 6 

" 

4 X 10- 6 

ISSUE A 

-I 

( 

I 
I 
I 
l 
l 

: 

' 

: 
; 

i 

l 
i 

I 
i 
I 

I 

I 
i 
I 

I 

~>> 
~ :g ., 
~~ CD ~ 

B...o 
\ij ~· -...J 
-..lXO' 

C) b:l 

" -t 



Ap?endix 5 /At:r•' 3 3 c t 4 cl 

r .~~ !L L_ i ,~. t-~ •A9_~:E,_EFFECT &. CR;-;-1( A._lT'Y t\~~AL YSIS ,v0R~-<SH:.i: T 

...,~ ... ..n---- - --·---+·r.:.!"71"' -~ -- ---- --t •• t-.""'1 J~,_. :-... ~ :~ 

~ 
LSPE ouis N. Allen. 

:f'.'!TI;Isa"fe --- wrqc~----

Arm Shde Timer ------1;..-r,p;;. 
~~.,. - ~w:·~o ·c. 
... _ ----- _____ 1 . -··· -~ ___ .. . May.~ 197~--

·.-tt.~":' 1/. ·--:,..-p. ""'£~"'!" 

S~"'8i:· 

----·--·---------------''";.-·· ~' •'/1 ~.JRt 
r---------t----------------J_(;:_OC~) +1------ ~bi..Y - ----··r-------£-N_D_IT-£-M-------~ • A•L .~t M•)DE 

-6 
4. Z X 10 A Hack Watch 

:.;·,·•ement iDtliiOH) 

:•.. · 0' Rings 
.·":.. ~-;-1 OO-x) 

1·'·2. Position of Timer 

I I A3 Low Gravity 

l L------------· 

Ovcrbctnl ing duf" to cittn~r low grc.tvity, 

low pressure, or po5ition o{ the ·wa.tcn 
moven1ent with rPspt"'ct to ~ravity. 0\.·er
banking: is a tern1 which refers to exces
sive an1plitude of the balance wheel. This 
condition causes the balance wheel jewel 
to hit the back of the lever and boun<'e 
bark thrreby causing a faster beat rate. 

Los~ of Seal du<' to leakage around the 
"0'' rings. Coul<l be caused hy undetected 
forei!(n matter or an undetected defect 
in the ''0'' ring. 

If the pos1tion ol the t1mer c-hanges so as 
to change the axis of the balance wheel 
the fri'- tivn of li,e !J~lan{ c \vhccl changes.. 

The fridion in the <>scapcmcnt esp('dally 
on the balance wheel pivotS"'decreases 
with r<>spect to gra,·ity due to th<' smaller 
n,,-mal force involved. This decreased 
friction in turn nH~rtns g-reater an1plitudc 
with the possibility of overbanking and 
increased beat rate. 

-----·--------------· 

Fast time ba!i\·. The o\·crhankin~ causes 

a f; ... ster beat ;ate thereby causin.: the 
tin-.in~ drun': Lo rutatt~ faster then rlesi)!_n<~d 
through the connecting mechanisnu .• 

The CSl.apenH"nt tnay overbank because 
of lower frict1nn. The h)\.vcr friction 

is due to tiH' reduced air drag on the 
b:ilancc wht!l~l at ]d\V<"r pressure. 

Thi~ ea(•\..l \..\.HJ.\..1 l .. t \.-\.Hltril:hltury ~· ... i\I,;Ur<! 

an overbanking failure. The lower 
friction \Vill i~1cre~ ~~ • 11~ amp1itndfS 

condition and under the worst conditions 
of temperature and severe leakage 
"·onld cause o\·erbanking. 

This effect is con1i>cnsat"d for in the 
design of the timer, a .clight lowering 
oi lht..~ arnp1itude. lf incorrC";c·tly 
compensat~d this condition could ._,·ansc 
overhanhing. The ovcrhanking condition 
causes the bPat rate to increase. 

The timer tnay run fast("r than normal 
causing premature operation. This is 
due to the tin1ing: drun1 rotating faster 
than nortnal. As a result, the arming 
pin and safin~: pin retract earlier'\han 
planned. 

The t1mcr may run faster than normal 
t.~ausin~ prcn1aturc operation. This is 
due to the timing drum rotating faster 
than normal. causing the arming and 
safing pin lo be r<rtracted earlier. 

The !.h:::.cr may r'..ln faster than normal 
c-ausing premature operation. This is 
<),,., to the timing drum rotatifll! faster 
than normal, causing the arming pin 
and safing pin to be retracted earlier. 

The timer may run faster than normal 
causing premature operation. This is 
due to the timing drmn rotating faster 
than nurmal, causing the arming pin 
and safing pin to be r<>tracted earlier. 

-6 
4 X 10 

7~r....,!' ~cause 

this effect by 
tseli will not 
:ause failure. 
~owever, in 
fOnjunc-tion with 
eakage and 
emperature it 
an. 

-7 
I X 10 

la 

lb 

lc 

·--- I~ 



''"'"'"'" -" .-:---.... .., .. -
;,~MiLe 

A4 Temperature 

J; Watch Movement 
Assembly (087204) 

Hl First Pinion 
fC87103) 

R2 Wheel Crown 
:C8il07) 

f33 First Wh<>cl 
B87110) 

B.J :\1aiMpring 
tC87lll) 

·-r 

... ~ J. _,,... • ' : 

... 'i'"l"l;f' __ _ 

f . LS'FE 

Appendix B _ 
f~E' 3~ "'F' Jf<J'-_ ___,_ 

_f~~~~p ~~~;~_~]~1-.Q.lL.F~-~~] 
I·"'- •.; I ·J.,-,i 2 r (, I 
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The friction in the escapement especially 
on tht> balane<' wheel pivots decrease 
inversely with respect to an increase in 
temperature. This dPcreased friction 
in turn means greater amplitude. 

Slow functionin!! of the Watch Movement 
Assembly 

Tooth shears thereby preventing trans
mission of energy through the gear train 
to the mainspring. 

Tooth shears th<'reby preventin!!, trans
mission of energy through the gear train 
to the mainspring. 

Tr,..,th shP.:>.rs th.-rf'hy pr"'v"nting tran~
mission of energy through ll><' gear 
train to the mainspring. 

The mainspring fractures duf' to sh~_,c\, 
vibration, or overwinding and theretorc 
cannot store energy. 

,. 
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This ~ffect is compensated for in the 
design of the timer by ~lightly lowenn;.: 
the amplitude. If incorr('ctly compensat<'d 
this condition could cause overhank;ng. 
This excessive amplitude causes the ht"at 
rate to increase. 

Slrl\v or no tinH~ basi'". 

Gear train cannot supply energy to 
mainspring aml therefore no energy is 
avaiiahle to pl1wer ""•atcn tnecnanism. 
There \\-iJJ th~n be no tilnc hase. 

Gear train cannot supply <'nergy to main
spring and therefore no energy is 
a\·aila hl<" to p'>wer wat<·h mechanil!m. 
Tl:cr-.:.- 1V.ll t;:C'r: h*C" !ln dn;p ha~e. 

~car train C;t.nnot snpply t:--n$rgy to main
spri.ng and therefore no cnt.:rg.r is av-ail
able to power watch mechanism. There 
will tbc-n be no time base. 

The tnrt!nspring cannot store energy rtnd 
therefore no energy is available to pc\\er 
\\"atch rncchanism,. Ther~ vv~ill b~ n:) ti~~'e 
base. 

The timer n1ay run fash~r than normal 
causing premature oper:1tion. This is 
due to the timing drum rotating {aster 
than normal, causing the arn1ing pin 
and safing pin to be retracted earlier. 

Timer may run slower than designed 
causJn_c a ··dud··. 

Timer c-annot operate due to no time 
base from the watch. The tin1er fails 
tn a saie condttion. 

Timer <'annat operate dae to no time 
base from the watch. The timer fails 
in a safe condition. 

Tin1er cannot op('Jrate .due to no time 
:,asc from the watch. The timer fails 
in a safe condition. 

·r"in1er cannot operate due to no time 
base from the watc'h. The timer fails 
in a sale condition. 
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Tooth shears therclry preventing trans
mission of energy through the gear 
train to the tnainspring. 

The "0 1 rings lose their seal due to 
an undetected condition. The oil, 
Synla-Visco- Lube, evaporate!! thereby 
creating more friction in the escapen1en 
This higher friction reduces the 
amplitude of the escapement, 

A pawl tooth shea.rs thereby either 
.. locl<ing up" the timing drurn or allowing 
the drum to quickly mov<> past th.- h•vers 

The link breaks due to flexure or 
fahgue, This isolates the watch from 
the n•mainder of the timer. 

Breakage in bending due to vibration, 
shock or operation. 

Gl.'"ar tr<u:a ~·~tnnot supply Pncr~y tn 

n1dinspr1ng ;Lnd therefor<"' no cnc-r,c.~· 1..:-;. 

a\ailab]c rv power \\·at"~h rnc-chanis:::. 
Thl'r<:> wiil then be no time base. 

Sl 1\\" n!' no ti..-.1C h<t~r-. 

Th<" {":;.;c-apen~f·nt has lo\V("r a1np!ituQe 
due to higher friction. Thi:< lower 
amplitude increases the probability of 
th<> escapement stopping or not st;, rti ng. 
If the friction is sufficiently high, the 
escapcn"lent will not run. 

:-

The drum either '"locks up" or quicidy 
moves past the levers. If the drum 
"ir•cks up1

· the thncr cannot operatt" d~:e 
tv ti-.(: le-..-~r .... net opcrat•n~. If the C.:-:::-: 
nwvcs quickly, the levers allow the 
armin!! pin and safing pin to retrad '" 
qu;.,k ~ucccssio...,_. 

The pawl st,,ps oscillating due to the 
connection to the wat<"h through the 
link being br·>ken. 

The pawl ceases to oscillate due to the 
lack of e<>upling from watd1. There is 
n0 effective time base. 

Tin1cr <'annot uperatc due to no time 

base irt\111 the watch4 rtH' till1Cr fat]s 

in a ~af(' condition. 

TlnH"r rnay run ~ln\vf"r than def'iQ:n~d or 
not at all thereby <·ausing a "dud ... · 

T1nwr will not advan<:e ii the eO<cape
ment stops, thereby resultinfZ in a 
·dud·'. 

If the drum ''locks up" there is no timer 
operation ancl. the tmit is a Hdud11

• If 
th<' drum moves quickly, the armin!l: 
::nC ~afin~ pin~ retr=tf"! ~,qui'~ 
succession. ':he slide then qui<·k!y 
moves through the armed position to 
the safe positirm. 

Tin1er cannot advance because there 
is nn osc-illation of the pawl, thereby 
resulting in a "dud". 

Timer cannot advance because there 
is no oscillation of the pawl; thereby 
resulting in a .. dud''• 
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Tll{; actuator fails in cithi"r shE-ar or 
bC'nding. · 

The sten1 J1ay fail from torque. tension 
nr hc-nrling. 

lf the system friction is greater than the 
output torque of the watch, the watch 
will stop. 

Misalignment of Parts 

Gear teeth shear thereby allowin!! the 
gear to advance one tooth or the loose 
tooth jams the gear, timing, 

Fracture due to shock. vibra~ion, or 
operation. 

The spring fails in fatigue due to 
repeated insertions and withdrn\Vd .. ls of 
the pull pin. 

The \vat.._ h cann.lt b(' started due to the 
broken artu.1.tor. 

Without a stem the watch cannot be 
started and therefore th£' tin'1er cannot 
operate. 

1\u time base Oue to exccbs!,·e frlcttCJn 

slopping 1 he wa!ch. 

no('<> not (~onnt "hnHrs" gf"nPratflf'i hy 
the watch, 

The gear either moves ahc;;d one tooth 
and thereby activates the levers pre
maturely or creates a condition where
by the tir.:-:Pr d("CS not nperate. 

Without an intact mainspring there is 
no eneqzy with which the timer can 
operate. 

Tht' spring eli p on<'e broken does 1\ot 
retain the pull pin and could possibly 
allow the tlmer to start pre•naturely 
under environmental test conditions, 

Tin>er .:annot operate because timer 
cannot bo started. The result is a ''dud'·. 

The timer .:annot be started and there
fore th.- unit is a "dud''. 

The timer cannot operate due to no 

time base therefore the unit is a "dud'' 
1 .. t~. "falls safe'·. 

Xo opt"-ra.tion. 

The timer either operates one hour 
early or docs not operate creating a 
.. dud". 

The timer fails to advance and is 
therefore a "dud'', 

It is com'civable that the timer could 
start prematurely, although it is under 
load. Other system restraints on the 
pull pins would preclude such an 
occurrence. 
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FAILURE 

Unit. is a "dud''. TUne wbidow is not 
available at proper~me. 

-'J,'he:lack of, an arm _fn all9Ws ttie · · - . :·~ 
illlder to move to the armed pos~Uon. 
~::-~/ " • ~ ' •' < 

Th! l.<lck ot ~ 's~e ~p 
to -mov4i;'-m.oriie.itari,lt throucl:r 

_ •itm ~·ltio.i. t-q th.iaafe poBlti()'i\)' 

,.., 
TWa~~~. ;pin ret~~ta therebY • 
.Uowinf,pjremanu~'¥miDg of ~ ~-: · 

·~~>i~~}z.;~:.:L _-_-. :.~~~ -. :~>- ;~=~~~~";. 
~ uftAa pin retracts thereby 

. alli!Vrii.g' premature :4afing of tQ ~ . 
. !'he ~t woulcl, therefore become-~- · 
# •'dud''-• ~ ~ .. · . . . • .. ~,.• .. -

: .t~~~~#i. ~;i-..d:~·.:: .. <· -·~: 
. ~~a:~~aUow~ tfl#'slide to.~~~ .. -·" 

the ~d. poBition. Premai:a-•• · 
Aitnini • 

. Tbe arming pin is rtlleased aDd. · ·1 ~( 
-~.et,.ding' .Ilow.a -~ slide to u;l~···

.. tO the ~r'med poaitiot\ Prem&tur(r~ .. · 
Arming~ - ' .·,. 

-:Slid~ gO&B thT®gh:¥m Jtf18lti~~·;,:.::-
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fNO ITEM 

FAILURE 
PROBAS~TY 

CRJTIC
A.LITY 

The pull pin fails in tension. 

Local Bending 

The bus wire is used as a "shear f>in" 
in the pull pin assy. I! the bus wire ,so 

shears at a very low st~ess value the 
pull pin assy canno! start the timer. 

Cannot activate timer because the pull 
pin assembly separates under approx. 
18 1 b. load, and the pull pin remaina 
in place "lockint up" the timing drum 
and the watch is never started. 

Cannot activate timer. 

If the bus wire ehears the assembly 
cannot compleh{its function and start 
the watch. 

No operation because the watch is 
never started. 

No operation °dud". 

If the bus wire shears the pull pin. 
remains in the timer hanj!ing up the 
drum. The watch also is not started. 
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A Hack Watc-h Move
ment 1087108) 

Al "o·· Rings 
,AI:!. 71 90-xl 

(~) 

Q,·erbanldng due to eithe~ lnw gravity, low 
pressure, or pos1tion of the watch mov~
ment with respect to gravity. Overbanl ing 
is a term which refers to exl'essivo> 
amplitude of the balance wheel. This 
condition causes the balance wheel jewel 
to hit the back of the lever and bounce 
back th<'lreby caut~ing a fast<'r heat rate. 

Loss of Seal due to leakage around the 
"0" rings. Could be c-aused by undl"t,ctl'd 
foreign matter or an undetected defect in 
the 1'0" ring. 

ASSEM8L'T 

Fast time base. The overbanking causes 
a faster heat rate thereb)i rausing the 
timing dntm to rotate faster then designed 
through the connerting mechanisms. 

The escapement may overbank because 
of lower fndion. The lower fri<-tion is 
due to the reduced air drag on the balance 
wheel at lower pressure. 

AZ. Position of Timf'r Uf the position a! the timer changes sn as 
to change the axis of the balance wheel, 
the friction of the balance wheel changes. 

Ihia effect could be contributory toward 
an o·~erbanking f&ilure. The lower 
friction ,.,-ill increase the amplitude con
dition and could become part of the ca\l$e 
of O'\"erbanking .. 

A 3 Low Gravity 

A4 Temperature 

The friction in the escapement especially o 
the balance wheel ph·ots,decreases with 
respect to gravity due to the smaller nor
'mal force involved. This decreased 
friction in turn means greater amplitude 
.>ith the possibility of overbanklng and 
increased beat rate. 

This effect is c-ompensated fur in tr .. , 
de,;l,!!l of the timer by slightly lowering 
the an•plitudc. If inc-orrectly compensated 
this condition <·ould cause overbanking. 
This excessive amplitude causes the beat 
rate to increase~ 

The friction in the escapement especially This effect is compensated for in the 
on the balance wheel pivots decreases design of the timer by slightly lowerin~r 
i•w<'rsel~· with r,•sped to an iu~reasc in the amplitude. ii incorrectly compensated 
emperature. This decreased friction in this c::ondition could cause overbanking. 

:tnrn means greater amplitude. This excessi\'C amplihtde cause11 the beat 

END l'tEM 

The timer may run faster than normal 
causing premature operation. This is 
due to the timing drum rotating faster 
than normal. As a result, the firing pin 
and switches are activated earlier than 
planned. 

The timer may run faster than normal 
causing premat~re operation. Thla is 
due to the timiltg drum rotating faster 
than normal, causing the firing pin 
3.!1d z~··.:iti."'h,cs l\l be «\.:livcs.Le<i. 

The timer may run !aster than normal 
causing premature operation. This is 
due to the timing drum. rotating faster 
than normal. When the slot in the drum 
is in the c::orrect position, the fio:ing pin 
and switches are actjvated. 

The time~ may run f~er then normal. 
causing premature. operation. This is 
due to the timing drum rotating faster th
normal, causing the firing pin and 
switches to be activated. 

The timer may run faster then no·rmal 
causinR premature operation. This is du 
to the timing drum rotating faster than 
normal, causing the fil'ing pin ~nd 
switches to be activat\!d. 
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B Watch Movem<"nt 
Assembly 1087204) 

Bl First Pinion 

(C87103) 

Bl Wheel Crown 
{C87107t 

B3 First Wheel 
( R~711 0) 

84 Mainspring 
(C87111) 

ns Wheel W'l-J\ding 
(C87114) 

C Control Assembly 
IF87203) 
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Slow functionin~ of th., Watch Movcm.,nt 
Assembly. 

Tooth shears thereby preventing trans
mission of energy through the gear train 
to the mainspring. 

Tooth shears thereby prevt-nHng trans
mission of energy through the gear train 
to the mainspring. 

Tooth shear.s thereby preventing trans
miasiun of energy through the gear train 
to the mainspring. 

The mainspl'ing fraclures due to shock, 
vibration, or overwinding and therefore 
cannot store energy. 

Tooth shear!< thereby preventing trans
mission of energy through the gear train 
to the mainspring. 

--------

I 

Slow or no tim(> bas<'. 

Gear train cannot supply en.-rgy to main
spring and therefore no energy is 
available to power watch mechanism. 
Thet·e \\ill then oe no tune base. 

Gear train can"ot supply en.,rgy to main
spring and thcr<'for-e n<>'-en~rgy is availa
ble to pow.-,r w:.tch m<"< hanisJn. !'here will 
then be no time base. 

Gear train <'annat supplv PnPrgy to,.,..,.;.,. 
spring and therefore no energy ie avail
able to power watch mechanism. There 
will then be no time base. 

'The mainspring cannot stor<" ener~?y and 
therefore no energy is a\·ailable to puwer 
watch meehanism. There will be no t1me 
base. 

Gear train cannot supply energy to 
mainspring and therefore no energy is 
ava,ilable to power watch mechanisn>. 
There will then be no time base. 

Slow or no time base. 

Timer may run slower than design 
causing a ·dud''· 

Timer cannot operate due to no time base 
from the watch. The timer fait. in a 
safe condition. 

Timer cann<>t operate due to no time 
base from the watch. The timer fails in 
a safe condition. 

Timer cannot operato: d<te to no nme 
base from the watch. 'fhe timer fails in 
a safe condition. 

Timer cannot operate due to no lime 
base {rom the watch. The limer fails 
in a S'lfto cond!tion. 

Timer cannot operate due to no time base 
from the watch. The tim.,l' fails in a 
safe condition. 

Timer may run slower than designed or 
not at all thereby causing a ''dud". 
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Moc.r) EFFEcT &. r. r.::i ·'·-A·_!- y 

C: 0 Rings 
· .. t.~-:'1~0-x) 

C2 Pa"·l (C871431 

I 
O· Link IC87lZ6) 

I c_ 4 Coupling Drive 
·BC,7223) 

c:; Actuator Clock 
•E572481 

C~ Stem Control 
IB8718Z) 

C7 Svstem Friction 

····- ·-··- -·------- --·-- -·- - -r 

··;..,._v•k MVOE 
(0:.) 

The "0" rings los.- their seal dul." to an 
undetected condition. The oil, Synta-
Vi sco- Lube, ·evaporates thereby creating 
more fr•ction in the escapement. This 
hi~her friction reduces the amplitude of 
the escapement. 

A pawl tooth shears thereby either "lockin 
up'' the timing drum or allowing the drum 
to quirkly move past the levers. 

The link breaks due to flexure or fatigue. 
This isolate~• t!te watch from the remain
der of the timer. 

Breakage ill bending due to vibration, 
shock or operation. 

The actuator fails in either shear or. 

bending. 

The stem may fail from torque. tension 
or bending. 

If the system friction is greater than the 
output torque of the watch, the watch will 
stop. 

The escapement has lower amplitude due 
to higher friction. This lower amplitude 
increa,;es the probability of the escape
rnent stopping or not starting. If the 
friction is sulficiently high, the escape
ment will nol rUD. 

The dru.m ei1her ''locks up" or quickly 
moves past the levers. If the drum ''lockd 
np" the timer cannot operate due to the 
1e·.·P.rs not operating. lf the drum rr.o''"" 
quickly, the levers allow the release of 
the firing pin. 

The pawl stops oscillating due to the 
connection to the watch through the link 
being broken. 

The pawl ceases to oscillate due to the 
lack of coupling from watch. There is 
no effective time baae. 

The watch cannot be s'tarted due to the 
broken actuator. 

Without a-stem the watch cannot be 
started and therefore the timer cannot 
operate. 

No time base due to excessive friction 
stopping the wat<:h. 

Timer will not advance if the escapement 
stops. thereby reonlting in a "dud". 

If the drum "loc.ks up'' there is no timer 
"P''r••tion and the unit is a "dud". If the 
drum moves quickly allowing th'e lever 
to release the firing pin, the firing pin 
will ''lock up" on its pull pin. If the pull 
pin is removed, the firing pin will fire 
outside the available time window. 

Timer caDDot advance because there is 
no oscillation of the pawl, thereby 
resulting in a "dud". 

Timer cannot advance because there 
is no oscillation of the pawl; thereby 
resulting in a "dud".~:. 

Timer cannot operate because timer can 
not be started. The resUlt is a "dud". 

The timer cannot be -started and there
fore the unit is a "dud". 

The timer cannot operate due to no time 
base therefore the unit is a "dud" i.e. 
Hfails safe". 
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F.A!LURE MODE, EFFECT & CRI-:-ICAUTY ANALYSIS WORKSHEET ...... . ----- I ··- --] ····---------- ---·------ --------------·--·-··--·-----·----- ·- -- ----· 
"lo\RT/~W f ~->E:T OF FAILURE 

~"AIURE MODE 
!>'rMS( .... _ • ( Ot.) AS5EM8L.Y I END ITEM 

.... --~.--

P Timer Assembly 
(P87Z05) 

Dl Gear, Timing 
(C87123) 

D2 Mainspring 
Timing (C87188) 

D3 Sprtng Clip 
(B87Z45) 

. E Base Mta. ·Ass:y. 
(1:>87207) • I • 

Gear teeth shear thereby allowing the 
gear to advance one tooth or the loose 
tooth jams the gear, timing. 

Fracture due to shock, vibration or 
operation. 

The spring fails in fat.igue du" Lo repe .. lud 
insertions and withdraws of the pull pin. 

El Body, Firing Pin I The body, firing pin fails in tension. 
(B87171) 

EZ Tip. Firing Pin 
(B87172) 

E3 Spring, Firing 
Pin (B87Z~l) 

Compression crushing the tip so that 
it cannot "set off" the slider explosing 
charge. 

. 
The spring fails in shear but being a 
compression spring·it catches the next 
turn and functions-hut probably not 'w«h 

Does not count "hours" generated by 
the watch. 

The gear either moves ahead one tooth 
and thereby activated the levers pre
maturely or cr-ates a condition in which 
t.he titncr docs not operah•. 

No operation 

The timer either operates· one hour 
early or does not operate creating.a 
Hdud''• 

Wjthout an intact mainspring there i• no ; The timer fails to advance and is 
e'Dergy with whieh tb.e timer can operate. i therefore a "dud". 

"l'he &}H"ing clip unc~ brc.kcn docs no! 
retain the pull pin and could posaible 
allow thf' timel"'tn start ?r"matul'ely 
under environnlental test conditions. 

Firing pin does not activate. 

_ .. 
The fizing pin may or may not operate 
depending upon.the spring action on the 
head of the firing pin. The firing pin 
may dig into the containing walls stoppinE 
its action. · • 

Firing pin does .not initiate thermal 
battery timer. 

The spring fails thereby decreasing 
t}le force on thl\.firing pift. 

?" .. ~ .~ -

T!le timer starts prematurely thereby 
allowing premature operation of the 
firing pin. The fir~ pin would then 
"lock-up" on ita pull pin creating a 
"dud". lf the pun·pin' for the .firin& pin 
b withdrawn the ti'!ler ~~till opera.te 
prematurely. · 

Unit is a "dud". 

The unit is a possible "dud". 

The experiment becomes a "dud" due 
to the thermal battery primer not being 
initiated • 

, , the same force t' 

The e:>..-perirnent may become· a "dud" 
due to the lack of s'll{ficient impact 
fo~·te' to' initiate the'i-mal hil.ttery pruner. 

-~~~~1Y·-·-r~~~~~-=-
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_ ~- ~:..!LURE MCDE, EFFECT & C_R:7'~~~UTY __ A0J~LYSlS WORK~HEET es'Y__ 10' 1971 

=;t.pT /~~fliT l F . E~"FE.CT (;F FAILURE CRITIC-
I' -- - FAIL.uRE MODE -- I · 

SYMBC:>'._ ( (t.) ASSEMBLY .END 11'EM ALITY 

E4 Switch (A87186) 

ES Actuator Switch 
iC87259) 

E6 Pin (Switch 
Actuator) 

£7 Locl<, F\ring Pin 
1087174) 

E8 Latch IB87i!3ll 

E9 Dowel (Latch 
Shaft) 

F P_\111 Pin A say 
{Timer) (B87146-0Z) 

Random opening of contacts. 

The actuator fails in beinding. The 
actuator bends and does not cOilt~u:t the 
switch. 

Thtt pin fails in ahear or is missing. 

Thtr loc:k, firing pin faih in shear thereby 
releasing the firing pin in advance. 

The Lat<'h fails in shear thereby releasing 
the firing pin in j1dvance. 

The Latch fails in shear thereby 
releaaing the firing pin in advanc&. 

_ .... 

--------

Fl Pull Pi~ (B87151) I The pull pin snaps i.e. fails in ten:;iun. 

-'h 

No continuity at random intervals. 

T:Hl bending of U.e act~~&tor out of the 
switch creates • condition whereby the 
switch does nof-~tuate. 

If the (actuating) pin is sheared off, the 
switches will not be actuated. 

Firing pin is relk11ed. The lock. 
firing pin fails ln s!.car th('reby allowing 
the li ring pin to be releaaecl. 

Firing pin is released. The latch fails 
in ah .. ar thurel..y .. llo1011ing U>e firing pin 
to be released. 

Firing pin is rcl.-sed. The latch falls 
in shear thereby allowing the firing pin 
to be released. 

A failure in the pull pin assembly would 
.prevent activation of the timer. 

Tl!c t.inler ...:aniJ.ot he acth.-ated. Part o£ 
the pull pin rem•ins in the timing drum 
preve~ng ~:otaf-On. This aame part of 
the pulJ pin by ~~aining in the Timing · 

Unknown. 

Unknown 

• 
Switches will not be •ctuated. _ 

J 
Firing pin is releas~ aDd "locltt1 uy' 
on the Firing Pin .Puil Pin. If the 
pull pin baa already been removed tbe 
Firing Pin would iDitlate the Thennal 
&ttery Primer p&'eip&tw-ely; lollJ before 
set time. resultifti tJl a ''dud". 

•'"!: 

Firing pin ·~a re1_.64 and "locks up" 
un lhe pull pin for the- firing pin. 

Firing pin is released and ··locks up•· 
on the pull pin for the' firing pin. 

A failure in the pull pin assembly would 
prevent activation of lhe timer and tile 
unit would become a "dud" i. e. The 
unit fails in the safe condition. 

'!'h!' timt-r cannot b<' at-"'·"ted. See 
Assembly. 

t 
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PART-'r(M>(qW __ f.FFECT CtF FAILURE F"ILIJRE CRITIC::-

. 
1 

- · • FAILuRE MODE 1 PROB"8~'TY ALIT'!' 
~YMBOL ( OC) · A~5EM8LY END ITEM A ... 

F2 Sleeve (B87153) Local Bending. 

F3f24 AWG Buss Wird The buss wire is used as a "shear pin" 
in the pull pin assy, If the buss wire 
shears at a very low stress value the 
pull pfn cannot start tht' timer. 

G 6;'11 Pin Assy 
(Fding Pin) · 
(887146-03) 

G 1 Pull Pin 
(B87152) 

GZ Sleeve ( B8715 3) 

G3 f24AWG Bus-s Wir< 

... 

---·---------

The pull pin snaps i.e. fails in tension. 

Local bending. 

The buss }Vire is used as a "shear pin" in 
the pull pin. If the buss wire shears 
at a very low stress value the pull pin 
cannot be completely removed. 

.... 

Cannot activate timer. 

The buss wire shears thereby preventing 
the removal of the lower piece of the 
pull pin assy. 

A failure of the pull pin would prevent 
the operation of the firing pin. 4 

A ptece oi the Pull Pin remains in 
place blocking the firing pin. The rest 
of the pull pir: !las been removed from 
the timer. 

Firing pin cannot activate detona~or 
due to the pull pin remaming in posi~on. 

The bus& wire shears thereby preventing 
activation of pull pin assy. 

"Dud'' 

The lower piece of the pull pin by 
remaining in place locks up the firing 
pin. 

, 
The firing pin would not operate due 
to the restraining action of the pull 
pin. 

Tloe p~e.:e vf the pull pin remaining 
in the timer blocks t~ firing pin. 
On('e the firing pin i-&acti vated ·it 
"locks up" onto the :Piece of the pull 
pin. The unit "Faila Safe" becauae 
the firing pin can rto.:longer activate 
the battery primer. 

Pull pin cannot activate watch aQCI 
remains in place "locking up" tinliag 
drum. 

-\ 

• .;:t.;,·.:..... 

1 X 10"
6 

-6 
2 X 10 

4 x 1 o·6 

I x 1 n" 
0 

.6 
1 X 1'0 

.• 6 . 
l x 10 ;. 

28 

29 

30 

I 
_,_ ~ 

. 31
1 --~I 
-I . . 

; I 

33·' 

...... -' t 
, I 

.,.t·'·" · .. · . . .. 
·--· .. j 

..,~ 

.-·· 
~ ~--- :;~·-

f 
t 

'F ·J .. 
.;.:, 

'---------l------ .. . > l 



~; 
I'\ •}.. 

' t~ ' ~ 

FaUure ModE; Effects &t Criticality 
Analysis - LSPE - ALSEP Array E 

APPENDIX C 

""· 
[ATM 976 

~AGI I or !CJ 

OATI 7/26/71 



p~li:MA.LSE.E_ 
J. Staat!" ~TM<:m r-_v. 

pv III:MLSPE ~1'11.1· 
~1 off1! 1 > 

FAILURE MODE:, EFFECT & CRITICALITY ANALYSIS E~'irermal Battery ~16 r~:-30-71 
.• 

fMT/~ EFfECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
PROBA~~TY ALITY SYMBOL («J ASSEM81.Y END ITEM Qx I 

1. 0 Primer 1. 0 FaUs as shown: 1. 0 Failure of Component: 1. 0 EPA Affected as Shown: 

1. 1 No ;'ire 1.1 No Battery Output 1. 1 No Explosive Detonation o. 1 v 
1. 2 Punctures 1. 2 White Noise on the Output 1. 2 Potential False Trigger 0.05 VI 

~ .--.X. 

2. 0 Battery 2. 0 Fails as Shown: 2. 0 Failure of Component: 2.. 9. EPA ~ed as Shown: 

2. 1 No 5 Volt output 2. 1 Loss of Signal Processor Function 2. 1 No Explosive Detonation O.l v 
.. -

-l. 2 No 13 Volt Output 2. 2 Loss of Receiver and Signal -z. 2 No Explosive Detonation o. 1 -. v 
Prcx:easor Functions 

2. 3 No 24 Volt Output z. 3 Lose of FiriDg Pulse Generator and 2. 3 No Explosive Detonation o. 1 v 
Signal Processor Functions. 

2. 4 Noise on the Output 2.4 2. 4 Potential False Trigger o. 05 VI 

¥-

' 

..., 
-



.c. 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS 
FMT /COMP<:'lt£NT EFFECT OF FAILURE FAILURE MODE 

SYMBOL { «.) ASSEMBLY 

1.0 Pre-amp 1.0 Failure as shown = • 319 1.0 Component failures as shown 1.0 Output affected as shown 

l.l No output 1. 1 Ql short 1.1 No output I o =. o6ss I v 
L2. short No firing pulse 
C3, 4 short 
Cl4 short 
LS, Ll open 
Cl open 

1.2. Incorrect Output =. 678 1. 2. Ll, L2., Ql, CZ drift p.z Attenuated output I o = • 1390 I VI 
Drift 

2..0 Amp #1 lz. o Failure as shown = • 656 z.o Component failures as shown 

r·o 
Output affected as shown 

2..1 No outpttt 2..1 C5 open 2.. 1 No firing pulse 1 o = 1. ~~ I ·v 
CS short 
ARl short 

2.. 2. Incorrect output =. 349 L~.2. ARl drifts 12. 2. Possibility of no firing pulse I a= • 635 I v 
C8 opens 
CS, C7 shorts 
R2 drift 

3.0 Amp#Z ko Failure as shown I ,_, Com.ponent failure as shown 

r·o 
Output affected as shown 

3.1 No output ".433 3.1 C9, open 3. 1 No firing pulse I I v 
Cll open 
L'/8 open 
Yl opens 
L6, Cl2., RS, ClS, AR2. short 

3. 2 Incorrect output = . 567 L.z Yl drift r·z Possibility of no firing pulse I o = 2..92. I v 
AR2. AR2. oscillates -- .·. 
C12. R4 drift 
L6 
L8 
ClO short 
Cl3 

4.0 Final Amp 14. 0 Failure as shown I . , Con1poncr:.t failure as shown 

1:.: 
C'·.:tput aff .. ctE>d a~ shown 

4.1 No output =. 633 4.1 Cl6 open No firing pulse I Q = .~~,~_s_ I v Cl8 open . . . ! RlO open 
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pll!>rtM ALSEP ·-·-BY ~-™ 976 r:v· 
FJ'V ITEM LSPE DWGNO. 

PAGE 3 of ·,, 
FAILURE MODE:, EFFECT & CRITICALITY ANALYSIS !ASS'Y Receiver pw6 1\10. 2348351 ~fE 7/20/71 

FMT/COMPOt£NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
PR8BxA~~TY ALITY SYMBOL ( 0!.) ASSEMBLY END ITEM 

4. 1 AR3 short R? short 
Rll open 

4.2 Incorrect output = • 367 4. 2 L4 open or short 4, 2 Possibility of no firing pulse Q = • 685 v R8 
RTl open or short 

AR3 drift 
RIO, R7drift 

Rll drift 

5.0 AGC 5.0 Failure as shown 5. 0 Component failur .. 5. 0 Output affected as shown 

5.1 No AGC =. 707 5.1 CR1 open 5. 1 Possible no firing pulse Q = 2. 96 :v 
AR4 short or open 

5.2 Incorrect AGC = 2. 94 5. 2 Cl7 short 5.2 Possible no firing pulse Q = 1. 23 v Rl2 open 
AR4 drift 

--
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F>~TLSEP _ Cl 
~TM 976Fv. 

~ lltMLSPE ~ I'IU. 
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of' it 
FAILURE MODE:, EFFECT & CRITICALITY ANALYSIS ~i~"Jn.,. Pulse__G_•m r-='z~ ~n:. 

:lUJJJ'l 
IMT/CXM'OfENT EFFECT OF FAILURE FAILURE CRITIC-FA I LURE MODE 

PROBA_~TY ALITY SYMBOL (OC~ ASSEMBLY END ITEM J}x 

1.0 Trigger I. 0 Failure as shown 1. 0 Component failures as shown 1. 0 Failure as shown 

l. 1 No output a= l l. 1 Ql open 1. 1 No firing pulse 0 = 32.4 X 10 v 
C2, 4 short 
R4 short 

1. 2 Erroneous output 1.2 Ql short 1.2 Output on leading edge of firing 
gate 

2.0 Amplifier 2. 0 Failure as shown 2. 0 Component failure as shown 2.0 Failure as shown 

2 • 1 No output a= • 9975 2.1 CRZ open 
Cl, 3 short 

2. 1 No firing pulse Q=20.4x u;4 v 
R 1 open 
CR 1 open 
R3 short 
R2 short 

2.2 Constant output a=.0025 2.2 CRI short 2. 2 Firing at incorrect time Q = 5.36xl0~ VI 

-



RW/C014'0foENT 
SYMBOL 

1. 0 Oscillator 

Z. 0 Regulator 

3,0 +Z8V DC 
rect. & filter 

4.0 +12VDC 

IS'YSTEM ~PARI'Tl BV 
r- ALSEP r ·-··-
~l'fEJf LSPE . pwG!il{J, 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS 

~M976_E 
.• 

!PAGE s of A 
p.li\TE7/20/71 ~UDc Converter ~-~809 

FAILURE MODE 
EFFECT OF FAILURE FAILURE 

PROBABIL.ITY 
Q X lef!l 

CRITIC
ALITY ( tX.) 

1. 0 Fails as shown 

1. 1 Frequency drift a= .225 I 
1 • 2 No output a= • 775 I 

2. 0 Failure as shown 

2 • l No output a= .632 I 

2. Z Constant output a = • 183 

2. 3 Oscillating output = .183 

3.0 Fails as shown 

3. l No output a= .9838 

3.2 Ripple a= .0162 

4.0 Fails as shown 

4. 1 No output a= .909 

ASSEMBLY 

1.0 Component failures 

1. 1 c 13, 9, 6, drift 
AR 1 regulator drift 

1.2 T 1, T2 open or short 
CR5, CR9, CR7 short 
Q 1, 2 open or short 
AR 1 regu.lator open or short 

2.0 Component failures 

2.1 Q3 open 
Q4 
AR 1 no output, open or short 
No feedback CR12, 13 open or short 

2.2 Q3, 4 short 
AR l loses control 

2.3 ARJ oscillates 

3.0 Component failure 

3. 1 Shorts: C2, Cl, TZ secondary 
Opens: Ll, CRl, 2. 
DC return P7 on TZ 
R 1 Short 

3. 2 CR l OR CR2. opens or shorts 
Ll sb;;"ts 
Rl opens 
Cl, C2 opens 

4. 0 Component faihue 

4.1 Shorts: C4, 5 
TZ secondary 

ENO ITEM 

J 1. 0 
DC levels affected as shown 

I Q = .2$22 
I III 

1.1 Possible amplitude drift 

I l.Z No de I o = .s68 I ill 

12 . 0 DC levels affected as shown 

2. l No de I 9_= ·.!!...~. I ill 

2. 2. No regulation with load Q = .252.2 Ill 

2.. 3 Noise in B+ to other circuitry Q = .252.2. ll1 

3.0 +28 volt bus is affected as shown 

3.1 No +2.8V Q = .10~· III 

3.2. Noise in +28 VDC bus Q = .0112.88 III 

4.0 +12. affected as shown 

4. 1 No + 12 VDC 2. 54 Q = .111408 III 
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FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ~l:YDC Converter ~2.~809 P"lt. 7/20/71 

FAAT/~ EFFECT OF FAILURE FAILURE CRITIC- i FAILURE MODE 
PRr:~:HTY ALITY j SYMBOL ((X.) ASSEMBLY END ITEM 

4.1 Opens: L2 CRl, CRZ Ill l DC Return 

4.2 Ripple a= ,091 4.2. CR 3 ~ CR4 opens or shorts 4.2 Noise in +12 VDC bus Q = .011768 Ill 
L2 short 
C4, 5 opent1 

5.0 +5V DC 5.0 Fails as shown 5.0 Component failure 5. 0 +5 affected as shown 

5. 1 No output a = .477 5.1 Shorts C7, 8 5.1 No +5V DC Q= .011470 lii 
T2 secondary 
Open L3, CR6, CR8 DC Return 

5.2 Ripple a= .477 5.2 CR 6 ~ CR8 opens or shorts 5. 2 Noise in +V DC bus Q = .QJ046 lll 
L3 shorts 
C7, C8 open 

6.0 -12VDC 6.0 Fails as shown 6. 0 Component failure 6.0 -12 V DC affected as shown 

6. 1 No output a= .909 6, 1 Shorts Cll, C12. 6.1 No -12V DC Q = 0.112.708 Ill 
T2. secondary 

l Open L4, CR 10, CR 11 

6.2 Ripple a = .091 6.2. CR 10 or CR 11 but no both 
Opens Or shorts 

6.l Noise on -12V DC bus Q = .0114 lii 

L4 shorts 
Cll, Cl2. open 

7.0 Boarc 12 7. 0 Fails as shown 7. 0 Component failure 7. 0 Reference voltages affected 
as shown 

7. l No outputs a= • 76 7. l VR 1, 2 short 7. l No LSP Temp sens. supply Q = .2.5600 lli 
R1, 3 open 

No Mu-A/D col ref 112. 
No Mu-A/D col ref 11 
Pin fl opens 
lose El, 3, 4 

7 .z Incorrect output a= .24 7.2 VRI, 2 open 7.2 References are at improper level Q = .081000 III 
R8 opens 
R9, R6, R7 
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FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ~~~al Processor ,.._, ~-348356 ~lt. 7/Z0/7I 

FMT /C().POI£NT EFFECT OF f'AILURE FAILURE CRITIC-FAILURE MODE 
PR8BxA~~TY ALITY SI'MOOL ((X.) ASSEMBLY END ITEM 

J, 0 Pre-Amp 1.0 Failure as shown I, 0 Component failure 1.0 Output affected as shown 

1.1 No output a= • 999733 1. I ARl, ARZ output shorts l.I No firing pulse Q = l. I4Z III 
R6 No firing gate 
R4 
R13 shorts-R14, opens 

1. z Incorrect output a =. Z67x1ii
3 

1. 2. Drift of components 1. z No firing pulse Q = 39 X 15-4 
III 

R1, RZ, R4, R8, Rll, R7, RIO, No firing gate 
RS, R6, Cpl, Rl3, Rl4 

z.o Pulse Counter z.o Failure as shown z. 0 Component failure as shown z. 0 Output affected as shown Q=39x10-4 
III 

z. 1 No output a= .60 2..1 R12. opens, Ql opens or Z.1 No firing pulse Q = 1. z 
03 shorts to ground No firing gate 
Ul or UZ short to ground 
Rg opens or R3 shorts 

z. 2. Constant output a= .40 z. 2. Q1 shorts 2.. z No firing pulse Q = .004 m 
03 shorts to B+ No firing gate 
02. shorts to B+ 

3.0 One shot 3.0 Failure as shown 3.0 Component failure 3. 0 Output affected as shown 

3.1 No output a =. 99653 3.1 U4 hangs up 3. 1 No firing pulse Q = .4 m 
No pulse out (short to B+ No firing gate 
short to ground, no output) 

3. 2 Incorrect output a=.00347 3.2. CZ or R5 drifts 3. 2. Incorrect firing pulse Q = 13.90 m 
CZ shorts or open Incorrect firing gate 
RS shorts or open 

4.0 Firing Gate 4.0 Failure as shown 
Amplifier 

4.0 Component failure 4.0 Output affected as shown 

4. 1 No output 4.1 Q3 shorts or opens 4.1 No firing gate Q =. Z28 Ill 
Q2. shorts or opens 
VRl shorts 
RZO opens 
Rl9 opens 
Rl8 opens 



~RT/C(M>OIIENT 
SYMBOL 

1. 0 R£ oscillator 

2. 0 Trigger amp 

3.0 R-f Amp 

4.0 Line 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS 

FA !LURE MODE 

1. 0 Fails as shown 

1. 1 No output a = 1 

1. 2 Oscillator drifts 

2. 0 Fails as shown 

2. 1 Loss of output a = 1 

2. 2 Noise on input 

2. 3 Continuous output 

3. 0 Fails as shown 

3. 1 Loss of input a=. 37 

(«) ASSEMBLY 
1. 0 Failure of components 

1. l Short or open of Q6 

1. 2 X-ta1 drift 1. 

2. 0 Component failure 

2. 1 Short or open 

2. 2 Open C10, R3, R4 

2. 3 Q1 short 
Q2 open 

3. 0 Component failure 

3.1 CR2 CZ3 

F5>'fSTI:Jf ALSEP 

~ITEM LSPE 

~ X-Mitter 

EFFECT OF F'AILURE 

END ITEM 

1. 0 Rf affected as shown 

1. 1 No r -f to antenna 

1. 2 r-f amplitude decreases 

Z. 0 R-f affected as shown 

2. l Nor-£ out 

2. Z Spurious output 

2. 3 Continuous output 

3. 0 R-f affec-ted as shown 

3. 1 No r-f to antenna 
R12 open Lll short 

3. 2 Loss of output 

3. 3 Loss of B+ a = • 37 

4. 0 Failure as shown a = .135 

4. 1 No output 

C10 R18 

3.2 Q3 Cll 
Q4 
Q4 
QS 

short C12 open 
C13 
C14 

3. 3 Cl, 2, 3, 4, 5 short 
Rl open 

4. 0 Failure of components 

4.1 CIS, 16, 17. Short 
LlO short 
LS, 6 open 
R9, 14 short 

4. 2 Output amplitude incorrect a = .8651 4. 2 Parameter drift 
LlO, 5, 6 
CIS, 16, 17 
R9, 14 
LS, L6, short 
CIS, 16, 17 open. 

3. 2 No r-f to antenna 

3. 3 No r-f to antenna 

4. 0 R-f affected as shown 

4. 1 No detonation 

4. 2 R -£ amplitude incorrect 

.:..pt;t·l,Ul:•, l 

-er PIYATM97tf'N. 
pwG 1«), 

PAGE 8 ;of " '' 

pwo 1«).2347821 ~7/20/71 
FAILURE 

PROBABIUTY 
Ox I~ 

Q = • 0232 

Q = 45. 2x 10-4 

Q = 64 X 10-4 

Q = 37 X 10-4 

Q: 132 X 10-4 

Q - 840 X 10-

CRITIC
ALITY 

III 

III 

III 

III 

~ .~·----------------------~-----------------------L--------L---__J 
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SYSTEM ALSEP ·- -tiT ~M976 F'• 
~ llt.M LSPE pwC;i NO. PAGE 9 -,of' 19 1

' 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ~:;,·y X-Mitter pw6 I'V-234 782I l.l"<l t. 7/20/71 

FMT/CXlK'CtoENT EFFECT OF FAILURE FAILURE CRITIC-
FAILURE MODE PR~:~~TY ALITY 

SYMBOL ( tX.) ASSEMBLY END ITEM 

s.o Detector 5. 0 Failure as shown a = I 5.0 Component failure 5. 0 No effect Q- 2. }6 X III 
Io-4 

5. I No output 5.1 CR3 
LI3 

open 

Rl7 
C24 short 
C25 

5.2 R-f output 5.2 CR3 short 

I 

! 

-- - -



.>._!;-'lit L'-i.•\. 

p~lt:.PI ALSEP ·-·-- DT "'tTM976 F'• 
~ llEM LSPE ~ I'IU. 

PAGE 1 o of' Jot 
/ 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ll':i'J:iJita1 Processor ~_lt47S26 ~lt. 7/20/71 

FMT /CCMlOI€NT • EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
PROBAB~TY ALITY SYMBOL (~) ASSEHf!L.Y ENO ITEM Qx 1 

1.0 Increment 1. 0 Failure as shown a- 1 1. 0 Component failure 1.0 Output affected as shown u- 1 • .: III 
Clock Ckt 

1.1 No output a= 1 1. 1 No input U-SC, 4SD, 4100 1.1 No increment clock A or B Q = 1. 2 III 
Short or open . 

2.0 Calibration 2. 0 Failure as shown 2.0 Component~ure 2.0 Output affected as shown 
and Data Clock 
Circuit 

2. 1 No output a = • 332 z. 1 No input (power off) z. 1 No increment clock puhe Q = 2.6 III 
(data stops.) 
U14 fails lock up 
B+ or gnd. 
C'l opens, shorts 
Ul2S or USF short or open, 
ClO shorts 

a = • 358 Z.l.l No output data select circuits Z.l.l No data select outputs Q = z. s Ill 
Ul4 fails (lock up) 
B+ or gnd 
Cg opens or sheets 
Ul 2E or USF short or open, 
ClO shorts. 
47B and UlOE short or open 

a = • 309 2.1. 2 Output calibration pulse Q = 2.42 III 
Short or open R 7, R6, 
Q B, Vel, RS, U30, R4, 
C7, CS, Ul3, Ul2B, Ul2C, 
C6 

,. 

3.0 CAL Pulse 3. 0 Failure as shown a= 1 3.0 Component failure 3.- Output affected as shown Q =.015 III 
Monitor 

3.1 No output a = 1 3. 1 USB, U9B, Ul3, Ul2B, Ul2C, 3. 1 No calibration pulse monitor Q = 3. 0 III 
C6 Short or open 

4.0 SDS Amp 4.0 Failure as shown a = 1 4.0 Component failure as shown 4.0 Output affected as shown Q = 2.6 III 



FMT/~ 
SYMBOL 

S. 0 SDS G;,.ir_ 
Monitor 

6.0 Line 
Filter 

7, 0 X-mit <:t!l'de 

9,0 MUX 
I, 6, 12, 16 

F,~TEM -~ 
r ALSEP r ·-~- -· 

pl) I~PE pwG NO, 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ~~·y IJW6 NO. 
Digital Processor I 2347826 

FAILURE MODE 
((X.) 

4.1 No output response a = 1 

S.O Failure as shown 

S.1 No output response a =I 

6.0 Failure as shown a= 1 

6. 1 No output " - .s 

6.2 Noise a = .S 

7. 0 Failure as shown 

7. 1 Output does not change state 
a= 1 

8. 0 Failures as shown 

8, 1 No output (does not change a = . 76E 
state) 

8.2 Incorrect output a =.232 

No clear 

EFFECT OF FAILURE 

ASSEMBLY 

4. 1 C5 Short 
C4 short 
U4C 
usc 

No input 

Opens, shorts 

S.O Component failure as shown 

q,l CS, 4 short 
U4C, USC, USB, U lZD 
Open, short, .No input 

6.0 Component failure as shown 

6. 1 C3 iihOl't 

6.2 C3 open 

7. 0 Component failure as shown 

7.1UIA,B, 
UZA, B, 
U3A, D, 
U4D 
U6D, A, 
U4A 

~ ~ 
C J open or short 

B, 

U5A ..) 
Cl, Z short 

8. 0 Component failures as shown 

8.1 U7C, UZOA, B, C short or open 
UZ2, A, B short or open 
UllC, D,Ul2F, U21 
Short or open 

8.2 U IOC EOhorts 
U2ZA, B shorts or opens 

END ITEM 

4. 1 No SDS Amp gain signal 
Gain remains high 

S.O Output affected as shown 

S. 1 SDS gain monitor does not 
change state 

6.0 Output affected as shown 

O.l :~v 15 VDC 

6.2 Noise in +5V line 

7. 0 Output affected as shown 

7. 1 No X-mit code or X-mit AGC 

8. 0 Output affected as shown 

8. 1 No channel select command for 
for 1, 6, 11, 16 

8. 2 IncorrE'ct cycling of information 
channels 

,,,,_., 

rNM976 F· 
IPAGE I I of l9 

~TE 7/20/71 

FAILURE 
PROBABI~TY 

Q X 10 
Q- 3.6 

Q = 3.4 

Q = 0.9 

Q- 0.9 

Q = 8.2 

Q- 4.0 

Q - 1.2 

CRITIC
ALITY 

III 

Ill 

Ill 

lll 

III 

III 

IJJ 



FAAT/~NT 
SYMOOL 

>,0 OR Invert 

lO.O MUX 
2,3,4,5,6 
7. 8, 9 12, 14, 
15, 13 

ISYSTEliLSEP ....... ~~til 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS 

fiWG NO. f:I'V IT~PE 

~ilital Processor po'6~7826 

FAILURE MODE 
EFFECT OF FAILURE 

((X.) 

9. 0 F ilures as shown 

9. 1 No output a= .66 

9. 2 Incorrect output a =. 333 

10.0 Failures as shown 

10. 1 Output incorrect Q =.857 

Q =. 103 

ASSEM8LY 

9.0 Component failure as shown 

9.1 U 19, USE Short or open 

9. 2 U 19 input ckts fail 

10.0 Component failures as shown 

10,1 U15ABC 
UI6 ABC open or short 
Ul7 ABC 
Ul8 ABC 

U6f, F open or short 

END ITEM 

9. 0 Output affected as shown 

9. 1 Ouj:put U C 3 + 7 + 11 + 5 

9. 2 One output signal could be 
missing 

10.0 Output affected as shown 

10.1 No channge1 command for 
particular failure output does 
not change state. 

Output does not change state 

~~M976 ____E"-

!PAGE 12. ~Q9 
~n7/Z0/7I 

FAILURE 
PROBABII,JTY 
...Q.x I~ 

Q = .4 

0 = 4.8 

0 = .8 

CRITIC
ALITY 

lll 

Ill 

_____ ....._ ___________ • _.J 



.\ppendix C 

pYSTEM 
ALSEP 

BY ~:,AT~ re:v• 
~ITEM T .<:OJ<' 

[UM:I MQ, 
PAGE 13 of ~ 

FAILURE MODE, EFFECT&. CRITICALITY ANALYSIS iASS'Y Board II l 
pwb MU. ?"47R~r, ~TE7_ \IL71 ln;~lfol. PTr. .• · ·• 

FMT /CXM>Ot£NT EFFECT OF FAILURE FAILURE CRITic-· FAILURE MODE 
PRgs:~~TY ALITY SYMBOL (a.) ASSEMBLY END ITEM 

l. 0 Reset Circui.t 

1.1 Rl l. 1 R 1 fails 1.1 1.1 . 1 = • 44 
A. Open A. No RC time constant A. No science data III 
B. Drift B. No effect , B. No effect 

1.2 RZ l. 2 R2 fails 1.2 1.2 .z = .44 
A. Open A. No RC time constant A. No science data Ill 
B. Drift B. No effect B. No effect 

1.3 Cl 1. 3 C1 fails 1.3 1.3 • 3 = .10 
A. Short A. No master clear A. No science data m 

1.4 C4 1. 4 C4 fails 1.4 1.4 .4 = .10 I A. Short A. No +5 VDC filter A. Some data unintelligible 

1. s cs 1. S CS fails l.S 1.5 .s = .10 
A. Short A. No RC time constant A. No science data In 

1.6 Ul 1.6 1. 6 1.6 .6 = 90 us A. Ul.A Al No effect - self clearing AI No effect 
U6 UlC 1. high AZ No master clear and no counts A2 No science data In 
U7 UlD 
U46 USA 

£ails 
U6 
U7D z. low 
U46A 

2. 0 Clock Control 
Circuit 

z.1 u1 2.1 12.1 2.1 fl.l = 64 uz A. UlB AI No effect - self clearing Al No effect us UIF 
1. high AZ No cl~k p11be, no master clear AZ No science data rn 

U7 USB and no counts 
U46 U7B 

Fails 
U7C 
U46C 

2. low 
U~6D 



·;_)l->' '!l'· 

f>ThTfM 
ALSEP ·-~- Br ATM Nll,j_f6J.M re-v• 

~ITEM 
LSPE 

pwG !«), 
PAGE 14 .of' 19 

FAILURE MOOt, EFFECT & CRITICALITY ANALYSIS jASS'Y Board # I 
pw6 !«). ? 347816 1..1'\IC. 7-30-71 fn{,.itaCP~ocessor 

FMT/~NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
P'bOBABI~TY SYMBOL ( 0!.} ASSEMBI.Y END ITEM ALITY 

X 10 

2. 1 (cont.) 2. 1 2. 1 2. 1 2.1 = . 1 
B. U2B fails 1. high Bl. Bad format for a few frames Bl. No effect III 

2. low B2. No BINC clear B2. No science data 

3. 0 BING Counter 

3.1 C2 3. 1 C2 fails 3.1 3. 1 3. 1 = . 1 
A. Short A. No {rame counter preset .'\. No transmittE"r pulse 

3.2 U2 3. 2 U2A 3.2 3.2 3.2 = 234 
U3 U3A,B I. Improper Binc counting 1. Unintelligible data 
U4 U4 1. high 2. No BINC counting z. No data III 
U7 U7A 
U9 U9A,B 

fails 
UlO UlOA 
Ul5 Ul4A-D 
Ul7 Ul5 A, C, E 

Ul7A 2. low ' 

4. 0 Bit, Word, Sub 
frame counter 
and decoder 

4. 1 U1S 4.1 UlSA, B 4. 1 Improper formatting 4. 1 No science data 4.1 = 250 
Ul9 Ul9A, B 
uzo UZOA, B 
UZl Ul1A, B fails high or low Ill 
UZZ UZZA, B 
UZ3 U23A, B 
U24 U24A" 

5. 0 Decoder 

5.1 us 5.1 us 5. 1 Improper formatting 5. 1 No science data 5. 1 = 778 
Ull Ull fails high or low III 
U25 thru U42 UZ5 thru U42 



·;·'!' _.(,• 

PQitl'l ALSEP _l:ft' 
f«J· ~1~ f6' 

P"' 111:1'1 
LSPE 

fJWb ...,, 
~ IS Qfojt ·% 

FALURE MODE, EFFECT & CRITICALITY ANALYSIS ~:-·;r. Board ~ 1 ~ N). 2347816 Jl"TE Dil!ita1 Processor 1- ~0-71 
FMT/COMPOIENT EFFECT OF F•ILURE FAILURE CRITIC-FAILURE MODE 

(4} ~~TY ALITY SYMBOL ASS~Y END ITEM 

6. 0 Frame Counter 

6.1 U43 6.1 U43A, B 6.1 6.1 !b·1 = 212 U44 U44A,B 
1. hlsh Al. Contiauou p~~bes to the tr-s- 1. No transmitter control 

U45 U45A, B mitter z. No science data In U46 U46E,F fails AZ. No p!llses to the transmitter 
U47 U47 2. low 
UlZ Ul2 
C3 

. - -·-- . ·--- . - ---
C3 faib short B. Improper preset Cor U43A aDd Erratic gating of the transmitter = .1 m 

U44B. 



F>ThlfM 
ALSEP ...... ·-tfl' r«Jq~lM FV· 

t:KJ ITtM LSPE ~NO. PAGE 16 of ,. · · 
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS fit?.'.:>''! Board # 3 pMi P«). ~TE 

n; ai tAl r>;-0., e,." nr 7-30-,J_l_ 

FMT /CCll4'0t£NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
p~:~~TY ALITY SYMBOL ( Ot:) ASSE..a.Y ENO ITEM 

l. 0 Engineering 
Data Formatter 

1. 1 C1 1. 1 C 1 fails short 1. 1 +5 VDC shorts to ground 1. 1 No data forrnating - No data 1.1 = .44 III 

1. Z Ul thru U8 l.Z U1A, B 1.2 1.2 1. z = 236 UlO U2A,B 1. high 1. bnproper formating for a few frame 1. no effect 
U3A-D self clearing 
U4A 

fails z. No formating 2. no engineering data IV us 
U6A-F 

2. low U7A-C 
U8A,B 
UlOC 

2. 0 Shift Pulse 
Generator 

2.1 U3 z.1 A. U3F 2.1 z. 1 2. 1 A = 86 U4 U4B A. No engineering shift register A. No engineering data and no data IV U9-U14 UlOD-F function in WCO 
Ul8 Ul4 
U30 
U44 B. U9B-F B. No shift data register output B. No science data B = 148 III UlOA, B 

UllA 
Ul2A, B 
Ul3A fails high or low 
U14 
U18A 
U30A 
U44A 

-' 
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p~rU'I 
AlSEP 

BT ~A™ Fv. 
~ITEM 

LSPE 
pW6 I'IU. 

PAGE 17 ~f 11J .· 
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ~::>·_~ Board II 3 

pw6 NO • .l.. fl1!_3_t'. PA~7- .n_7t IDi~>ital-P~ocessor 

FAAT j(X)Iofi(H:NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
p~:~J!ITY ALITY SYMBOL ( «.) ASSE-Y END ITEM 

3. 0 Data Shift 
Register 

3.1 Rl 3.1 Rl fails 3.1 3.1 3.1 = .44 A. short A. Buffer F-F output too high A. Data unintelligible Ill B. drift B. No effect B. No effect 

3. Z C2 3. 2 CZ fails short 3. 2 No buffer F -F output 3.2. No data 3.2 = • 1 Ill 

3. 3 Ull 3.3 3.3 3.3 3. 3 = 634 uu A. UllB A. Output data improperly formatted A. Unintelligible data m Ul3 Ull.D-F 
UlS - U30 Ul3B 

UlSA-C 
\!16A-D 
Ul7A-F 
Ul8B, D-F 
Ul9A, B 
Ul.O 
UllA, B 

falls high or low Ul.l.A,B 
U2.3A,B 
U2.4A,B 
U26A, B 
U27A, B 
U2.8A, B 
U2.9A, B 
U30B-F 

B. U25B fails high or low B. No data output B. No science data B = 20 m 
4.0 EDgbaeering 

Data Control 

4.1 U31 4.1 U31A-F 4.1 4.1 4.1 = 200 U32 U32A,B 1. high 1. Engineering data output erratic L Unintelligible engineering data IV U33 U33A-C 
fails 2. No engineering data output 2. No engineering data IV U34 U34A-C 

U36 U36A, B 
U37 U37A-F 2. low 

. 



. ~ i~ }'''; 'f ~ ..... 

~ Al.SEP BY ~·Q~~M F'• 
~ITEM l.SPE p..IWb NO, 

PAGE ·IS ~f' te 
. < 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ~~1 ~~ard # 3 !JWb NO. 
'~"-]R~t. ~TE 7_~n 7 • • •A"n,. 

FMT/~NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
PRge:~~TY ALITY SYMBOL ((X.) ASSEMSLY END ITEM 

7. 2 ull 4.2 UllC, D 4. 2 Erratic engineering data output 4. 2 Unintelligible engineering data 4. 2 = 716 IV 
U32 U32C 
U35 U35A-C 
U36 U36C-E 
U38 - U53 U38A-F 

U39A-C 
U40A, B 
U41 
U42 
U43 
U44B-F 
U45A-F 
U46A, B ' U47A, B 
U48A, B 
U49A, B 
U50A, B 
USIA, B 
U52A, B 
U53A, B 




