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This ATM 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 ATM are the following appendices:‘

Appendix A: Teledyne Geotech FMECA, Single Point Failure
Summary, and prediction.

Appendix B. Bulova Watch Company FMECA and reliability
analysis. '

Appendix C: FMECA sheets for the Bendix built portion
of the LSPE. :

Prepared by M

" J. T. Staats
PN M ALSEP Reliability

wfbes A

S.J. Ellison, Manager
‘ ALSEP Reliability Department
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1.0 INTRODUCTION

The results of 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 Analysis portion of this report (Table II).

The signal ilow is as follows: a trigger pulse is generatecd 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.

2.3 SDS Amplifier '
See Appendix A for the FMECA, prediction and SPFS as supplied by amplifier

subcontractor, Teledyne Geotech.
2.4 DC-DC Counverter

The DC-DE 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 volts is regulated and applied to a free running oscillator
circuit. The output of the oscillator is coupled through a transformer to recti-
fier and filter circuits to produce the output 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 and 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 z two-pole, crystal filter. The narrow bandwidth of the
filter reduces the possibility of noise getting through the receiver. The output
amplifier is usec 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 AR1 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 Pulse 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 enexrgy in the output pulse is insufficient to fire the detonators
unless the Firing Gate appears at its proper input.

2.9 Thermal Baitery Timer

See Appendix B for the FMECA and prediction as supplied by the timer
subcontractor, Bulova Watch Company.
&. 10 Bate bBlide tiomer

See Appendix B for the FMECA und prediction as supplied by the timer
subcontractor, Bulova Watch Company.
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2.11 Thermal Battery

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 the 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:

' Rankin

Loss of ALSEP

Loss of System Control

Loss of One Experiment

Loss of Housekeeping

Loss of a Redundant Element

VI Degradation of 2 Redundant Element

<ZgR"

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 Package
Assembly (EPA) as 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 piece 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 912. 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.
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Appendix A of this ATM 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 of this ATM is the subcontractor input for the two mechanical
timers used in each EPA. The FMECA ard prediction work was prepared by the
Bulova Watch Company, Systems and Instruments Division. The criticalities noted
as 1, 2, 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 success figure includes launch, deployment, and 200 hours
of lunar operation. The overall reliability goal for the LSPE is established
in AL 900131 as 0. 920 for two years of lunar operation. However, it has been
established in conversations with the Principle Investigator, Dr. Kovach,
that approximately 200 hours is the total operational time the LSPE will be
activated in either the active or passive listening modes. The 200 hour opera-
tioanl life is also specified in the Exhibit B (AL900431) of subcontract SC-853
with Teledyne Geotech for the SDS Amplifier and Geophones.

Figure 2 defines the Reliability Block Diagram and mathmatical model
for the LSPE. The failure probabilities (Q'g) for each functional component
are shown with eacn block and are presented in Table 1 as probabilities of suc-
cess (Pg) for the central electronics and any one explosive package. To arrive
at the LSPE total for Pg it is necessary to multiply the C/SE times the EPA
to the eighth power 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 200 hours
of science data including the seismic waves generated by the exploding EPA's, as
all functional elements are seriesed by reliability definition, the Py = eMfor-
mula has been used to compute the 0. 98449 Pg figure where At 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 the calculations in the report, the probability of successful
operation of the LEP equipment is quite high.
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Figure 2 LSPE Reliability Block Diagram
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A/D-MUX
SDS Amp.
DC/DC

Big. Proc.
Xmtr

Rc;r (1)

Th. Batt. (1)
Sig. Proc, (1)
F.P.G.(1)
E.D.C. (1)

T.B., Timer (1)
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TABLE 1

SUCCESS PROBABILITY SUMMARY
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Q=100 x 10"

Q

12x 10>

122 x 10‘5

15.243 x 10’5

67.24 x 10>

9.4x107°
Q=)
Q=X
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Q=1
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Q=1.6 x 10™°>

P

——

. 99988+
. 99878
. 99984 -
. 99933
- 99991
. 99999
- 99940
. 99999
. 99999
. 99900%*

. 99998

Remarks
* See ATM 912

*See App. A ATM 576

*See ATM 975 Summary

*ATM 975 Summary
*ATM 975 Summary
*ATM 975 Summary
*Estimate

*ATM 975 Suminary
*ATM 975 Summary
*MSC Input

*Subcontractor Input
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5.S. Timer (1)

H, E. Block (1)

NOTELWD \ is for 1 EPA. All 8 EPA's mustfunctionthereforetotal EPA (PS) is

(Pgy)8.

TABLE 1

SUCCESS PROBABILITY SUMMARY

A I Q | P
5% , -5
.014 x 10 90 - Q=1.3x10 . 99999
- < 1hr. Q=2.0 x 10™> . 99998
g Y SR (U U JED § JIR S R
LSPE Ps(total)‘ e =e 172 3 n

8

or = C/S EP_x EPA P

=.99774 x .98672

= 0.98449

Remarks
*Subcontractor Input

*NOL input
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A reliability prediction has been completed for  the Model 3418C Seismic Detecticn
System. The prediction indicates the system to have a worst case probability for
100% mission success which exceeds 0.99877. Although the predicted reliability falls
somewhat short of the system design goal of €.9996, it nevertheless reflects strict
adhcrence to reliability disciplines in the design of a complex system.

The assumptions and conditions which served as ground rules for this prediction sare
as rollows:

1. The system configuration, for the purpose. of this prediction, is assumed to
be such that every assembly is in series with every other assembly. Likewise, every
part within each assembly is assumed to be in series with every other part. There-
fore, the failure of any single part is assumed sufficient to cause failure of thre

entire system,

2. The failur: rate of each part is based on the thermal profile described in
Bendix ATM60SA with an additional 10°C temperature rise generated within the SDS
Armplifier package.

3. All parts are assumed to have a 100% operating duty cycle with the excertion
of calibrator relays which are assumed te operatc ome -time every 10 hours of system

operation.

4, No consideration was given to parts failurc mode apportionment (i.e., auny
part failure mode was considered sufficient to cause system failure), -

5. Failure rate scurces used for this prediction (in order of preference) were
(a) ATM 6054, (b) MIL-HDBK-217A, and (c) other.

6. The reliability equation used for this prediction comes from ATM GOSA and

R = e."}‘EQ(t + Fp)
where: R = probability of 100% mission success
e = base’of natural log (i.e., 2.7182§8 -~--)
AEQ = equivalent total parts failure rate defined by the
equation AEQ = 5AL + .5M4
where: AL = parts failure rate at 0°C
A4 = parts failure rate at 70°C
t = mission operating time interval of 200 hours
Fg = a term which equates pre-deployment stresses to units of .

operating time totaling 57.73 hours.

The assembly and part failure rates are given in the attached reliability prediction
worksheets (Form 63i4) and are summarized in table 1.




Unit X Quan per Ax Quan Ref. Worksheet

Unit Description (per 103h) System (per 108h) Reliability Pages
Seismic Det. System 474.070 1 474 .070 0.998778 1

SDS Amplifier 436.750C 1 436.750 0.998874 2

Geophone-Cable Assy. 37.320 1 37.320 0.939904 3
Dual Regulatox 33.234 1 ‘ 35.234 0.999914 4,5
Cal, Amp, Filter, 1¢0.879 4 403.516 0.998960 6-11

L.og Ccmp. _
Table 1.

Reliability Prediction Summary

~o € 79U
v x1pueddy

6S

9,6 WLV
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SDS SINGLE FAILURE POINT SUMMARY

February 19, 1971-

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.

5.

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 failure modes which could result in a hazard to
personnel. The source of critical parts is the FMECA.

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

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

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

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 ATM60SA gives a zero probability of occurrence Zor 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, S
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: l;ai lure
Rank Ref. Design Mode Rate Probability Product
1 Q502 B-E short 6.580 .125 - .8225
2 CR504 Short 2.425 .30 . .7275
30 R509 Open 1.525 .20 .305
4 Q501 B-E open 2.300 - ..125 .2875
5 CR504 Open 2.425 .10 .2425
6 CR502 Open .885 .20 177
7 R510 ' Short 1.525 .10 .1525
8 C508 Short .050 .90 .045
9 R501 Open 177 : .10 .0177
10 R504 Open 177 .10 .0177
11 R513 Open .177 .10 .0177
12 €502 Short .0107 .20 .0021
13 C503 Short .0107 .20 .0021
14 €509 Short .0107 .20 .0021

15 C510 * Short .0107 .20 ’ .0021
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FINAL ASGIRELY Pet. System DRAWING NO. 54100-01-vl REV. PREPARED BY . P. Cheatham
SUSASTEME. * final Assembly DRAWING NO. .__23100-01-01 REV. PREDICTION DATE 1/ 18/71 REV.
REE. o e MIL-SPEC. AilL GESIGNATION A TEMP. | STRESS )
DESIS. PART DESCRIFTION OR VEHDOR GAR VENDOR PART NO. SOURCE °¢ RATIO Ao K /1 oS )
zorncne Cable Assy. Geotech 34120-01-01 Page 3 -73 § 12T NA '37.320
2% implifier Assy. Geotech 34110-01-01 Page 2 0§70 436.750

FORw 5.4

sustotay 474.07/1




IELIARYY  CPREDICTION

ATM 976

Appendix A Gl ve_ !
o o S p};gg 2 0F 39
FiNaL AssEmsLY_ b0 Awplifier DRAWING NO, __53110-01-01 REV. preearep sy _R.P. Cheatham N
Final Assembly 34110-01-01 1/18/71
SUBASSEMELY DRAWING NO. REV. PREDICTION DATE REV. —
REF. B M!L-SPEC. AL DESIGNATION A TEMP, STRESS
BESIG. PART DESCRIPYION OR VENDOR OR VENDOR PART NO. SOURCE °c RATIO Ae K (A ﬂ)‘\;}ﬂ
Dual Regulator Geotech 34686-01-01 pp. 4-51 0 & 70 | NA 33.2342
C.A.F./log Compressor Geotech 34687-01-01 pp. 6-11 " " 100.879
C.A.F./Log Compressor Geotech 34687-01-01 pp. 6-11 " " 100.879
C.A.F./Log Compressor Geotech 34687-01-01 pp. 6-11 " " 100.879
C.A.F./Log Compressor Geotech 34687-01-01 pp. 6-il " " -1100.879
436.7502/1(
FORMEIS P i

SUBTOTAL
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i ACTEWIBLY -smic Det. System pRAWING No, 571 00-01-01 REV.___ paepamep py R-P-Cheatham .
.z2phone Cable Assy. 34120-01-01 1/18/71

S5 LIFTEMBLY : : DRAWING NO. REV.______ PREDICTION DATE REV.

! - . MIL-SPEC. MIL DESIGNATION A TEMP. STRESS

‘ PART CESCRIPTION OR VENDOR OR VENDOR PART NO. SOURCE o¢ RATIO Ag K ¢/ 10)81 )

§ Ceorrzne Cable Assy. Geotech 34120-01-01 MIL-217A {-73 & 137 NA 37.320

i

i

’

;

?

i

;

1

7

i

'

37.32 g

LA 514 SUBTOTAL 7.3 -Oi 8)
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VAL NSEMELY S Aaplifierx oRAWING NO. _ 03110-01-01 REV. PREPARED BY R. P. Cheathanm
SURASSEMALS <1 negulator DRAWING NO. $34580-01-01 REV. prepicrion pare 1/18/71 REV.

PEF AT BESCRPTION riL-SPEC. Mil;DESiGNATlON A TEONE?. STRESS Ae 3 K ) )g
DESIG OR VENCOR OR VENDOR PART NO. SOURCE C RATIO 5. 7108, (11G°kR)
R501 Resoior, et film, 1002 | MIL-R-55182 RNRS50-H-10008S ATM-605A 10 § 70 | 0.1 | .177 177
R302 moom1.8K " RNRSO-H-1801Fs " " " .177 177
R503 T " RNRS0-H-2001FS " " " 177 177
R504 mooon 2K " RNRS0-H-2802FS " " " 177 177
R305 W 34734-01-00 34734-Selected " ' 0.1 11.375 1.375
RV Met film MIL-R-55182 RNR-Selected-FS v " " 177 177

SG7 W MIL-R-39007 RWR-Selected-FS " " " .064 .064
R502 " 6.63K | 34734-01-00 34734-01-06 n " w 1,375 1.375
R530 " “10K " 34734-01-07 " " 0.2 |1.525 1.525
R510 10K 34734-01-00 34734-01-07 " " 0.2 f1.525 1.525
Ri3L Met film, 2K |MIL-R-55182 RNRS0-H-2001FS " " 0.1 .177 177
RI12 "moow 1.8K " RNR50-H-1801FS " " 0.1 177 177

k513 : nooom 100R " RNRS0-H-1000FS " " 0.1 177 177

C30: ) Capasizor, Sol Tan, 4.7uH MIL-C-39003 CSR136-475KS " " 0.2 .0107 .0107

T502 v Sol Tan 4.7uF i CSR13G-475KS " " 0.2 .0167 .0107

o303 } i 4. 7uF| MIL-C-39003 CSRI3G-475KS i " 0.2 .0107 .0107

ST i " 4.7vF| MIL-C-39003 CSR13G-475KS T " 0.2 .0107 .0107
0a03 ' Ceramic 100pF} 34661-01-00 34661-01-04 ‘ " " 0.1 .05 ©.050
0300 " 100pF| 34661-01-00 54661-01-04 " " 0.1 .05 .050
esad " 100pr} 34661-01-00 34661-01-04 " "o 0.1 .05 .056
' " 100p¥| 34661-01-00 34661-01-04 " " 0.1 .05 .059

S 501 Tan 4.7upF MIL-C-39003 CSR13G-475KS " " 0.2 | .o107 .0107

RSN v " 4.7.F| MIL-C-39003 CSR13G-475KS " " 0.2 .0107 .0107

T
- 8
oRME14 susrovaL 7.5442/107h
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FINAL ASSEMBLY DAAWING NO. REV. pREPARED By N L - Cheatham
SUBASSEMBLY vizl Regulator DRAWING NO, __>1086-0i-01 REV. PREDICTION DATE __1/18/7 REV.
AET FAET DESCRIPTION MIL-SPEC. Mil DESIGNATICN A TEMP. STRESS A K
0I51G OR VENDOR GR VENCOR PART NO. SOURCE og maTio |/ 1885 ) (/1 O>gh)
Q501 TransisTar 85M02699 S2N2219A ATMGOSA 0 &§70 D.0/0.43 2.300 2.300
;502 MIL-S-19500 JANTX2N2905A " " L 05/.45 6.580 6.580
; CR30Y fiiode, I=ner, Si MIL-5-19500 JANTXIN752A n " .0/6.4] 3.200 3,200
i CR502 Nicae, Gen Purp, Si 50M60197 SMING14A " " 5.0/0.3 .885 .885
CR503 Picde, Tener, Si MIL-S-19500 JANTXIN752A " " N.0/0.41 3.200 3.200
; CR504 " , Ref, Si PCl1-104 FCT-1121 " " D.0/0.3] 2.425% 2.425
i
2501 Op Amp., IC 34651-01-00 LM108A " " 3.550 2.550
2302 B v, IC 34651-01-00 LMi08A " it 3.550 3.550

|

FOARMEL4

25 .6 B
suaToTAL 25.690/107]
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NAL ASSEMBLY mplifier DRAWING NO. 54110-01-04 REV. preraneppy_ R+ . Cheatham
UBASSEMBLY 10y Compressor praminG no, o870 04 REV. preDICTION DATE -/ 18/71 REV.
giz;:c; TART JELCRIPTION o?:!t:rzgga 0:‘ 3&32%'?;2&030. sou};%ca TEJ:P' s;:re'%s ( /Af08h K ( /10)8-“)
Ri Resizlir, Met Film, 130K MIL-R-55182 RNRGO-H-1503FS ATM605A 0 § 70 0.1 177 .177
RZ HoEL. Vet Film, 28X " RNR50-11-2802FS " " 0.1 177 177
R3 Resisto, " 249¢} " RNR5S0-H-2490FS " " 0.1 177 177
23 B " " 28K " RNR50-H-2802FS " " 0.1 177 177
RS ! " " 150K " RNR60O-H-1503FS v " 0.1 177 177
) ' ' 't 95.3X " ANRS0-H-9532¥FS n " 0.1 177 2AT7,
i v " " 13K " RNR50-H-1302FS " " 0.1 177 .177
RS ' " " 13K n RHRS0-H-1302FS " " 0.1 177 177
k2 Deleted
R10 ! " 60.4K| MIL-R-55182 RNRS0-H-€042FS " " 0.1 177 177
Kli " 59K " RNRSG-H-5802F " " 0.1 177 177
Rt v " " 150K " RNR6O-H~1503FS " " 0.1 177 177
R13 v " "o 2K " RNR50-H-2001FS " " 0.1 177 177
R14 v " " 15K " RNR50-H-1502F8 " " 0.1 177 77
~ R15 b " " 3.01K " RNRS0-H-3G11FS " n 0.1 177 177
i Rig ! " " 4220 " RNRS50-H-4220FS " " 0.1 177 177
Ri7 v " " 1.0M " RNROS5-H-1004FS " " 0.1 .177 177
! RS ! " " 1.0M " RNRE5-H-1004FS " " 0.1 177 2177
PR " " 459K t RNRGD-11-49093FS n " 0.1 177 177
! R20 ! " " 178K " RNR60-H-1783FS n " 0.1 177 .177
RZ1 v " " 309K " RNR6D-H-3093FS " " 0.1 .177 177
{ k22 v " "1.0M " RNR65-H-1004FS " B 0.1 177 177
i RZ3 " t "68.1K n RNR50-H-6812FS n y 0.1 177 177
R24 v " "10K 0 RNR50-H-1002FS " " 0.1 L1177 177
;PEZE v " "137K " RNR60-H-1373FS " " 0.1 177 177
FORM 614 .._—_____4'248/105

SUBTOTAL
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£:MAL ASSEMALY . pDRAawtngNO. _ 2T REV. prepareoay 1. P. Cheatham
CaacsERBLY o A FL/Log Compressor DRAWING NO. 34687-01-01 REV. PREDICTION DATE 1/718/71 REV.
e | e [ AT e o T [
i oG b Resis1lr. Met Film 137K MIL-R-55182 RNRGO-H-13731S ATMG0SA 0§ 70 0.1 177 177
E rl7 v A " 137K " RNRGO-H-1373FS ATM605A U & 70 0. 177 177
.5 ! " " To1L0M " RNR65-H-10G4FS n " 0. 177 L177
COR2S % " n " 732K " RNR65 -H-7323FS " " 0.1 177 177
; R30 " " 137K " RNR60-H-1373FS " " 0.1 .177 177
31 M " " 157K " RNR60-H~-1373FS " " 0.1 177 177
L RI2 Z " "o 137K " RNR60-H-1373FS " n 0.1 177 177
' R33 T " " O1.0M n RNR65-H-1004FS " n 0.1 177 .177
R34 v " "o 732K n RNR65-H-7323FS n n 0.1 177 177
f 233 " " 49.9K " RNR50-}1-4692FS " " 0.1 177 .177
§a3, n " 49 .9K n RNRSQ-H-4992FS " " 0.1 177 177
{ w37 | o n "o 49,9K " RNR50-H-4992FS n " 0.1 177 A77
R38 i " " 8.06K " RNRS50-H-8061FS " " 0.1 177 177
R39 " " " 4.75K " RNR50-H-4751FS " " 0.1 .177 .177
RiG i " " 4.75K n RNR50-H-4751FS " " 0.1 177 177
I k31 " WW 10K 34734-01-00 34734-01-07 " n 0.1 1.375 1.375
RI2 v " 10K " 34734-01-07 " " 0.1 1.375 1.375
233 T " 10K " 34734-01-07 " " 0.1 1.375 1.375
Ri4 - Met film MIL-R-55182 RNR-Selectad-FS " " 0.1 177 177
R4S " " " RNR-Selected-FS " " 0.1 177 177
R4 * Wy p4734~01*00 34734 Selected " " 0.1 1.375 1.375
R47 WW 10.25K B4734-01-00 34734-01-08 " " 0.1 1.375 1.375
LA * Met film WIL—R—55182 RNR~Selected-FS " n 0.1 177 177
245& ¥ Ww MIL-R-39007 RWR-Selected-FS " n 0.1 064 064 |
R0 = W 10.25K ?4734—01-00 34734-01-08 n " 0.1 1.375 1.375
conm 6 susroTaL _+i-500/10
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o _ o3 oF 5 e
FINAL ASSEME.* SDS Amplifier DRAWING NO. 54110-G4-01 REV. __ preranepey_ R. P. Checatham
UBASSEMELY L/ 0g Compressor CRAWING NO. 34687-01-01 REV. prepicTion pate 1/18/71 REV.

Df:;gfg PART DESCRIPTION o?\';;:g:gga o: \'/Lezgiig lﬁ:;';}ga. sou)\ace TE’?:P' s:::ﬁis ¢/ ,A,‘;gm X (o ({gk )
RSL Lers=or, Met film MIL-R-55182 RNR-Selected-FS ATM6OSA |0 & 70 | 0.1 | .177 .t
R Wiy MIL-R-39007 RWR-Selected-FS " X 0.1 064 064
| RS3 * W 34734-01-00 34734-Selected " : 0.1 | 1.375 1.375
| Rsd © Met film MIL-R-55182 RNR-Selected-FS " g 0.1 177 177
? RES 1 " " RNR-Selected-FS " " 0.1 .177 177
| Rss T W aX | 34734-01-00 34734-01-05 " " 0.1 | 1.375 1.375
| R57 ' " ax | 34734-01-05 " " 0.1 |1.375 1.375
e L " 15.2K | " 34734-01-09 " " 0.1 |1.375 1.375
B ' Met film 1.22H MIL-R-55182 RNRS0-H-1221FS " g 0.1 177 177
I ¥l ax | 34734-01-00 34734-01-05 L L 0.1 |1.375 1.375
| per | Met film 220Q | MIL-R-55182 RNR56 ~H-2200FS I " 0.1 177 177

R62 ’ " " RNR-Selected-FS " " 0.1 177 177
. R63 " " RNR-Selected-FS " " 0.1 177 177
| RG4 : " 604K | RNR50-H-6042ES . " 0.1 .177 177
| Res : no 28K " RNRS0-H-2802FS . . 0.1 177 .177

REG : " 1K . RNR50-H-1001FS . 0| 0.1 177 177

RT1 | Theemistor, WW, 1.0K 34689-01-01 34689 MIL-217A | 0.1 | 3.000 3.000

RT2 " moon " " z " 0.1 | 3.000 3.000

O n oo " z " " 0.1 |3.000 3.000

RTE D oo " " " " 0.1 |3.000 3.000

}
KI | Re_zr, DPDT, Sealed 34655-01-01 432-7094 " " -~ |1.00 1.00
i

FORM €14

SUBTOTAL

9
21.645 /10"
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FINSL ASSEMELY 23 Amplifier oRawing o, s t9-01-01 REV. ___ prEsarED By R+ [ Cheatham
SUBASSEMBLY --%.2./log Compressor DRAWING NO. o 1037701-01 REV.. paesicrion pate 1/ 18/71 REV.
REF. e MIL-SPEC. MIL DESIGNATION ) i .
D.Ei::c. SAST DESCRIPTION OR VENDOR CR VENDOR PART NO. SOURCE Ti“ép sf:':;zs ¢/ f\ash)' K ¢/ 1’53%1)
Cl Capacizar, Deleted
{z Capzcitor, Ceramic, 33 pf | 34661-01-00 34661-01-C3 ATM-605A | 0 § 70 0.1 .050 .050
3 o 100 prF i 34661-01-04 n T 0.1 050 050
Ct " .12uF " 34661-01-08 " " 0.1 .050 030
3 ; T 068F " 34661-01-07 " D 0.1 | .050 050
s " " 33plF " 34661-01-03 " " 0.1 .350 .C5C
o " x 068 4F " 34661-01-07 " " 0.1 | .050 050
3 H t .0394H n 34661-01-06 " " 0.1 .050 .050
Qo | n 022, ™ 34661-01-05 n " 0.1 | .050 1050
SRV ' " 33pF " 34661-01-03 " " 0.1 050 .050
i - " [068uE " 32661-01-07 T T 0.1 | .050 7050
Cie " " .039uH " 34661-01-06 " " 0.1 .050 RIEYS
C1l3 " " .022uH " 24061-01-05 " " 0.1 .050 .050
14 " " 33pF " 34661-01-03 " " 0.1 .050 .050
”ClS " Zalid Tan 15uF MIL-C-39003 CSR13-E-156KS " " 0.1 .008 .008
1o " " 15yF " CSR13-E-156KS " " 0.1 .008 .008
J17 o Zsramic 10pF 34661-01-00 | 34661-01-C1 " " 0.1 .050 .050
oo " 22pF " 34661-01-02 " " 0.1 .050 2050
B ? 100pF " 34661-01-04 T " 0.1 | .050 7050
cie H " 100pF " 34661-01-04 " " 0.1 .050 050
{21 " 22nF " 24661-01-02 " " 0.1 .050 L0350
‘C;E " 100pF " 34661—01-04 " " 0.1 .050 .050
EZSWW " 100pF i 34661-01-04 " " >0.l .050 .350
C24 " n 22pF n 34661-01-02 " " 0.1 .050 .050
225 " 100pF " 34661-01-04 " " 0.1 .050 .050
oRw 514 sustoraL __1:166/108
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FINAL ASSEMBL SPS Amplifier DRAWING No. >+ 1100 1-01 REV. pnsp'::::a:;- p.Ch thham
SUBASSEMBLY C.A.F./log Compressor DRAWING NO. 34687-01-01 REV. PREDICTION DATE 1/18/71 REV.
| e | e | o e [l % oid
b cze Capacitor, Ceramic, 10 pF 34661-01-00 34661-01-01 ATMG60SA {0 § 70 0.1 | .050 .050
P27 . " 10 pF, 34661-01-00 34661-01-01 " " 0.1 .050 LG50
E_élc " " 10 p¥| 34661-01-00 " " " 0.1 .050 L0390
C25 " n 22 pH " 34661-01-02 " " 0.1 .QSO .050
30 " v 10 pF " 34661-01-01 n " 0.1 .050 .050
L3l " 22 pF " 34661-01-02 " " 0.1 .050 .050
—ESZ " " 100 pH " 34661-01-04 " " 0.1 .050 .050
r | Thl
FENS Transistor Si, NPN 85M02699 SM2N2222A i " 0.0/0.3 1.775 1.775
§‘Q- " N-Chan, FET 34664-01-01 2N4445 " " 0.0/0.35 3.80C 3.800
; 23 " P-Chan, FET MIL-S-19500 JAN2N2609 " " 0.0/0.3 1.775 1.775
Q4 " Dual NPN MIL-S-19500 JANTX2N2920 " " 0.0/0.3 1.775 1.775
T a3 " Dual PNP MIL-S-19500 JAN2N3811 " " 0.070.45 3.800 ~3.800
% 35 " Si, PNP S0M50198 SM2N2907A " " 0.0/0.45 3.800 3.800
CR1 Oiode, Gen Purpose, Si S0MG60197 SMIN914A " " 0.0/0.3 .885 .885
CR2 " n " " SMIN914A " " 6.0/0.3 .885 .885
{R3 " " " " SMING14A " " 0.0/0.73 .885 . 885
Cas " " r " SMINS14A " " 0.0/0.3 .885 .885
CR3 " " " " SMINS14A " " 0.0/0.3 .885 .885
ond : " " " SMIN914A " " 0.0/0.3  .885 .885
caroop " g " SMIN914A " " 0.0/0.3  .885 .885
FORM SIS

SUEBTQTAL

23.270/1
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FINAL ASLEWELY SLS Amplificr pRAwING NO. o 12070T-uL REV. paeparep gy R. P. Cheatham ‘
SUBASSEMELY C.A.F./Log Compressor DRAWING No. _34687-CG1-01 REV. PREDICTION DATE __1/18/71 REV.
| ot | e | o | nee | dpen| € o
21 leroamp, IC 34651-01-00 LM1G8A ATM6OSA 10 § 70 |0.1  [3.550 3.550
2z ;o " LM108A " " 0.1 [3.550 3.550
I " LM108A " " 0.1 [3.550 3.550
= " TM10SA " " 0.1 [3.550 3.550
i3 P " " LM10U8A n " 0.1 3.550 3.550
e Lot " LMLOSA " " 0.1  [3.550 3.550
bz7 o " LM108A " " 0.1  [3.550 3.550
| 28 wo e " LM108A " " 0.1 |3.550 3.550
| 29 o " LM108A " " 0.1 [5.550 3.550
710 nooow " LM108A " " 0.1  |[3.550 3.550
211 moom 34659-01-01 LM108A - " " 0.1 [3.550 3.550
; i
i |
|
|
FORM 534

sustoTaL _39.05/1071
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REVISION'A

SDS SINGLE FAILURE POINT SUMMARY

February 19, 1971

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 failure 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 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 ATMOOSA 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 common voltage regulator for all four channels. There are no practical means
to eliminate these failure modes and redundancy is not feasible.




- ATM 976
Appendix A
prae /18 ¢ 59

Table 1. Single Failure Point Summary

Failure

Rank Ref. Desigh Mode Rate Probability Product
1 Q502 B-E short 6.580 .125 .8225
2 CR504 Short 2.425 .30 .7275
3 R509 Open 1.525 .20 .305
4 Q501 B-E open. 2.300 125 2875
5 CRS504 Open 2.425 .10 .2425
6 CRS02 Open .885 20 177
7 R510 Short 1.525 .10 .1525
8 €508 " Short .050 .90 .045
9 R501 Open 177 . .10 .0177

10 R504 Open 177 .10 0177

11 R513 Open 177 .10 .0177

12 C508 Short .0107 .20 .0021

13 €503 Short ©.0107 . .20 .0021

14 | €509 " Short 0107 .20 .0021

15 : C510 " Short .0107 .20 ' .0021




PAGE 19 oF 59

REVISION A

SDS FMECA

22 January 1971

The Failure Mode Effects and Criticality Analysis has been revised to
include the parts added during a recent design change and to eliminate
sonme typographical errors found in the original issue,

As described in TR 70-33, SDS Reliability Program Plan, the criticality

ranges from 0 to 1.0 such that the degree of criticality increases with

the degree of performance degradation. A failure mode which renders the
system inoperative is considered to be a critical failure and would have a

an entry in the criticality column of 1.0, Likewise, an entry of zero would
relate tc a part failure mode having a negligible effect on system performance.

All critical part failure modes are also listed in a separate Single Failure
Point (SFP) summary.
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAME

Cal-Amp-Fil/Log Compressor

CQUANTITY OF ASSY.

4

assy. owG. No,_34687-01-01

DATE

oF §9

1-22-71

PREPARED BY
apPrOVEDBY ___R. P. Cheatham

R. F. McMurray

FMECA REV. NO, _A, 2-16-71

scuemaTic Rer, NG, 90-34687-21-01 pacel __or_31
I nawe & REF. DESIG, FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resistor, Rl Calibration sigaal Open No cal function .05 |No effect on normal
voltage divider. operation or other data
channels
Drift Cal signal error .01 |Error proportional to
. drift
Resistor, R2 Ql, Input resistance | Open No cal function .05 |See remarks R1 open

§ Drift No effect 0

% Resistor, R3 Cal. voltage divider | Open Cal. abnormally high .05 |Calibration useless, -
normal operation not
affected

t Drift Cal. signal error .01 |Error proportional to

; drift

g Resistor, R4 Q1, Collector res. Open - Cal. relay held on .1 |Gain reduced (£10)

; Drift No effect 0

: Resistor, RS Cal. curreat res. Open No cal. function .05 | See remarks Rl open

&

; Drift Varies Z1 offset .01 |See remarks Rl drift

' during cal

% Resistor, R6 Cal. current res. Open No cal. function .05 | See remarks Rl open

§ Drift Varies Z1 offset .01 | See remarks R1 drift

% . during cal

FORM 813
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GEOTECH
SDS Amplifier

SYSTEM NAME
ASSEMBLY NAME
QUANTITY OF ASSY.
ASSY. DWG. NO.

Cal-Amp-Fil/Log Compressor

34687-01-01

SCHEMATIC REF. No._90-34687-21-01

ATM 976

Appendix A
Page 20 8F 59

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

DATE

22 January 1971

prepaARED gy R+ F. McMurray

arprOvep BY R. _P. Cheatham

FMECA ReV. NO._A, 2-16-71
PAGE .2 __ OF _51

FUNCTION

A gain with drift

NAME & REF. DESIG. ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
-t '
Resistor, R7 Z1 input res. Open Renders one channel .25
inoperative
Drift A gain with drift .02
Resistor, RS Z1 input res. -Open Renders one channel .25
inoperative ’
N Drift A gain with drift .02
Resistor, R9 Deleted
Resistor, R10 Z1 offset coefficient] Open Increase dc offset .1 {Reduces dynamic range
shunt coefficient
Drift Varies dc offset 0 Negligible effect
coefficient
Resistor, Rl11 Z1 feedback resistor | Open Renders one channel .25
inoperative
Drift A gain with drift .02
Resistor, R12 Q3, Drain resistor Open Stays in low gain mode] .1 |Channel gain, reduced
by 20 dB
Drift None 0
Resistor, R13 Z1 feedback resistor | Open Z1 gain reduced .1
- Drift .02

FORM 813
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“¢$TELEDYNE
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SYSTEM NAME SDS Amplif-:'ier DATE 22 January 1971
ASSEMBLY NAME Cal-Amp-Fil/Log Compressor preparep gy R. F. McMurray
QUANTITY OF ASSY. 4 apPrOVED 8Y __R. P. Cheatham
ASSY. DWG. NO. 34687-01-01 : FMECA REV.NO. A, 2-16-71
scHEmATIC REF, N0, 90-34687-21-01 _ pace.3 __or 31 _
NAME & REF. DESIG. FUNCTION - ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resistor, R14 Feedback resistor Open One channel inoperative .25
Drift A gain with drift .02
Resistor, R1S Feedback resistor Open One channel inoperativg .25
Drift A gain with drift .02
Resfistor, R16 Gain change isolation| Open Stays in low gain .1
resistor mode
Drift Gain change error .01 {Cal will give true
channel gain
Resistor, R17 Z2 input res. Open ' Cne channel .25
inoperative
Drift 4 gain with drift .02
Resistor, R18 Z2 feedback res. : Open : One channel .25
. inoperative
Drift A gain with drift .02
Resistor, R19 Z2 input resistor Open Large drop in .2 |[Large signals will still
channel gain feed through
brift A gain with drift . .02




GUTELEDYHE
GEOTECH

SY/STEN NAME

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

3DS Amplifier

ASSEMELY NARE

Cal-Amp-Fil/Log Compressor

1

TUANTITY OF ASZS

AS3Y. SwWG. N,

34687-01-01

scHEMATIC asF, o _20-34687-21-01

ATM 976
Appendix A
PAGE 33 0 5T

DATE

22 January 1971

PREPARED BY
APPROVED BY

R. F. McMurray

R. P. Cheathanm

FMECA REV. no, _ D 2-16-71
pace_4__oF_S1

RANME & REF DEXG.

FUNCTION

ASSUMED MODE

FAILURE EFFECY

CRIT. REMARKS
Resister, XD Filter resistor Open Changes bass boost .05
Drift Varies bass boost 0 |Little noticeable
effect
| Resistor, EIL Filter resistor Open Changes bass boost .05
. Drift Varies bass boost 0 |Little noticeable
effect
! Resistor, ¥ Z2 input resistor Open Severe data .2
degradation
Drift Varies CMR of Z2 0 {Little noticeable
effect
Resistor, i3 Z2 feedback res. Open One channel .25
inoperative
Drift A gain with drift - .02
Pesistor,7IL Z2 feedback res. Open Approx. 20 dB loss of .1
gain
Drift A gain with drift .02

FORM 523
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GEOTECH

SYSTEM NAME

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAME

Cal-Amp-Fil/Log Compressor

QUANTITY OF ASSY.

4

ASSY. CWG. NO.

34687-01-01

SCHEMATIC REF. NO.

890-34687-21-01

ATM 976

Appendix A
paGe 2¢ 0~ 59

DATE 22 January 1971

preparep By __R. F. McMurray

APPROVED BY _ R. P, Cheatham

FMECA REV.NO, A, 2-16-71

PAGES ___oF __31_

NAME & REF. DESIG. FUNCTION ASSUNED MODE FAILURE EFFECT CRIT. ) REMARKS
Resistor, K2$ Z3 input res. Open One channel .25
inoperative
Drift A frequency response .05
with drift
Resistor, R26 Z3 input res. Open One channel .25
inoperative
Drift A frequency response .05
with drift
Resistor, R27 Z3 input res. Open One channel .25
) inoperative
Drift A frequency response .05
with drift
Resistor, R28 Z3 input res. Open One channel .25
inoperative
Drift A gain with drift .02
Resistor, R29 Z3 feedback res. Open One channel .25
inoperative
Drift A gain with drift .02
| .,
i

FORW £73
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“TTELECYMNE

GzOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SYSTEM NAME SDS Amplifier DATE 22 January 1971
ASSEMELY NAME Cal-Amp-Fil/Log Compressor prepArReD BY R, F. McMurray
4

THLANTITY OF 233Y.

approvep By __R. P. Cheatham

ST, OWG. NS, 34687-01-01 FMECA ReV, NO. A, 2-16-71

scrEmaTic res, no, _90-34687-21-01 4 pacef ___or_31
NAME B REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT ’ CRIT. REMARKS
? resistor, R30 Z4 input resistor Open One channel .25
: inoperative
i Drift A frequency response .05 |Little noticeable effect
g : . with drift
; Resistor, R31 Z4 input resistor Open One channel .25
P inoperative
; Drift A frequency response .05 jLittle noticeable effect
: with drift
. Resistor, R32 Z4 input resistor Open One channel .25
§ - inoperative
i Drift A frequency response .05 |Little noticeable effect
: with drift
. Resistor, R33 Z4 input Open One channel .25
: ) inoperative
Drift A gain with drift .02
' Resistor, R34 Z4 feedback Open One channel .25 .
inoperative
f Drift A gain with drift .02
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAME

Cal-Amp-Fil/Log Compressor

QUANTITY OF Assy. 4
34687-01-01

ASSY, DWG. NO.

scHEMATIC Rek. No, _90-34687-21-01

DATE

22 January 1971

PREPARED BY
APPROVED BY

R. F. McMurrav

R. P. Cheathan

FMECA REV.NO._A, 2-16-71
pace_7__oF_31

NAME & REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resistor, R3S Input resistor for Z5| Open One channel inoperativej .25
Drift A gain with drift .02
Resistor, R36 Input resistor for Open One channel inoperative| .25
- reference log
Amplifier Z6 Drift A gain with drift .02
Resistor, R37 Input resistor for Open One channel inoperative| .25
+ reference log
Amplifier Z7 Drift A gain with drift .02
Resistor, R38 Main log amplifier Open One channel inoperative] .25
frequency compensa-
tion resistor Drift No significant effect 0
Resistor, R39 - Reference log amp- | Cpen One channel inoperative| .25
lifier frequency
compensation Drift No significant effect 0
resistor
Resistor, R40 + Reference log amp- | Open Loss of + signals .2 |Partial output still
lifier frequency useful
compensation
resistor Drift No significant effect 0 '
Resistor, R4l Signal splitter amp Open One channel inoperative| .25
(Z8) input resistor
Drift A gain with drift .02

FORM 813




4T TELEDYNE
GECTECH

SYSTEM NAWE

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAME

Cal-Amp-Fil/Log Compressor

QUANTITY CF ASSY.

4

ASSY. DWG, NO.

34687-01-01

SCHEMATIC REF. NO,

90-34687-21-01

ATM 976
Appendix A
pAaGe 27 o< ST

DATE 22 January 1971

PREPARED BY S. F. Correll

apprOvED BY ___R. P. Cheatham

FMECA REV. NO._A, 2-16-71

paGe.8 _oF_31

MAME & REF. DESIG.

FUNCYTION

ASSUMED MODE

Drift

output proportional to
drift

FAILURE EFFECT CRIT. .  REMARKS
Resistor, R42 + Feedback resistor Open Loss of + signals .2 |Partial output still
on splitter useful
amplifier
Drift & + amplitude with .02
drift
Resistor, R43 - Feedback resistor Open Loss of - signals .2 |Partial output still
- . on splitter useful
amplifier (Z8)
Drift A Amplitude with .02
drift
1 Resistor, R44 Bias resistor Open Dc shift in output .25
: + signal which would possibly
compensation ampli- cause loss of one
fier channel
Drift Dc level shift in out- .01 | Slight degradation of
put proportional to dynamic range
drift
Resistdi, R45 Bias resistor Open Dc shift in output .25
+ signal compensa-- which would possibly
tion amplifier cause loss of one :
channel
Dc level shift in

.02 | Slight degradation of
dynamic range

L

FORM B3
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S TELEDYNE
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYS!S
SYSTEM NAME SbS Amp11f1er DATE 22 January 1971
assemeLy nawg__Cal-Amp-Fil/Log Compressor preparen gy S. F.Correll
QUANTITY OF assy._4 ' approvep py R. _P. Cheatham
ASSY. DWG. NC. 34687-01-01 _ FMECA REV. NO. A, 2-16-71
SCHEMATIC Res_ o, _90-34687-21-01 . pace_Q__or. .31
NAME & REF. DESIG. FUNCTION . ASSUMED MODE FAILURE EFFECT cair. | REMARKS
Resistor, R46 Bias resistor Open Dc shift in output .25
+ signal compensa- which would possibly
tion amplifier : cause loss of one
channel
Drift Dc level shift in out- .1 |Considerable loss of -
put proportional to dynamic 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 K
amplifier Drift + Signal amplitude will} .02
change proportional to
drift
Resistor, R4S Feedback resistor + Open  |One channel inoperative| .25
signal compensation
amplifier Drift + Signal amplitude will] .02
change proportional to )
drift
Resistor, R50 Feedback resistor - Open One channel inoperative| .25
signal compensation \
amplifier Drift - Signal amplitude will|j .02
change proportional to
drift

FORM 613



4 TELEDYNE
GEOTECH

SYSTEM NAME

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SDS Amplifier
Cal-Amp-Fil/Log Compressor
4
34687-01-01

ASSEMBLY NAME

QUANTITY OF ASSY.

ASSY. DWG. NO.

ATM 976
. Appendix A
pPAGE 2G oF 39

OATE 22 January 1971

- pPREPARED BY S._ F. Correll

aprroveDp 8y _R. _P. Cheatham

_FMECAREV.NO._A, 2-16-71

SCHEMATIC REF, NO,_90-34687-21-01 pacel0 o 31
NAME & REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resistor, RS1 Feedback resistor - Open One channel incperative| .25
signal compensation
amplifier Drift - Signal amplitude will] .02
change proportional to
drift
Resistor, R52 Feedback resistor - Open One channel inoperative| .25
. . signal compensation
amplifier Drift - Signal amplitude will] .02
change proportional to
drift
Resistor, R53 Bias resistor - Open One channel inoperative| .25
signal compensation
amplifier Drift Dc shift in output .1 |Considerable loss of
proportional to drift dynamic range
Resistor, R54 Bias resistor - Open One channel inoperative| .25
signal compensation -
amplifier Drift Dc shift in ocutput .02 1Slight loss of dynamic
proportional to drift range
Resistor, R55 Bias resistor - Open One channel inoperativej .25
' signal compensation
amplifier Drift Dc shift in output .01 |Slight loss of dynamic
proportional to drift range

FORMNB13




4 TELEDDIE

SYSTEM NAME

ATM 976
Appendix A
pPAage 30 oF 59

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAREZ

Cal-Amp-Fil/Log Compressor

QUANTITY OF astr _ 4

ASSY. DWG. L.

34687-01-01

SCHEMAT!IC 8E= IC. 90-34687-21-01

DATE

22 January 1971

PREPAREDBY __S. F. Correll
ApPROVED 8Y __R. _P. Cheatham

eMmeca Rev. NO. A, 2-16-71
pace_ 1l or 31 _

NAME & REF JESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resistor, 356 Input summing Open Lose + signal from one .2 |Partial 6utput still
resistor, output channel useful
amplifier
Drift Error in + signal amp- .02
litude proportional to
drift
Resistor, %57 Input summing Open One channel inoperative| .25
h resistor, output
amplifier Drift Error in - signal .02
amplitude proportional
to drift
Resistor, 358 Output amplifier dc Open Output dc level will .15 |~ 6 dB reduction in one
offset level set shift from 2.5 V to channel dynamic range
zero
Drift Dc level shift propor- .02
tional to drift
Resistor,. 59 Output amplifier Open One channel inoperativé .25
' bias resistor
Drift No effect 0 .
Resistor. a60 Output amplifier Open One channel inoperative| .25
feedback resistor '
Drift Amplitude change pro- .02
portional to drift

FORM 613




“F¢TELEDYNE
GEOTECH

SYSTEM NAME

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAME

Cal-Amp-Fil/Log Compressor

QUANTITY OF ASSY.
ASSY. DWG. NO.

4

34687-01-01

SCHEMATIC REF. N0, 90-34687-21-01

ATM 976

Appendix A
pAsE 31 of 39

DATE

22 January 1971

PREPARED BY S. F.Correll

approveo By __R._P.Cheatham
FMECA REV.NO. A, 2-16-71
pacel2 or_31

NAME & REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resistor, R6l Output amplifier Open One channel inoperative| .25
frequency compensa-
tion resistor Drift No effect 0
Resistor, R62 Cal current resistor | Open No cal function .05 |No effect on normal
operation
b Drift Cal error .03 |No effect on normal
operation
| Resistor, R63 Cal current resistor | Open No cal function .05 |No effect on normal
operation
Drift - Cal error .03 {No effect on normal
operation
Resistor, R64 Q1 Collector Open Unable to calibrate .05 {No effect on normal
Resistor : operation
Drift No effect 0
Resistor, ROS Biases Ql with R66 Open May cause cal relay to .1 {Gain reduced (+10)
be held on
Drift No effect 0

FORM 513




T TELEDYNE
GECT=CH

SYSTEM NAME

. ATM 976

Appendix A
PAGE 2 07 59

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY N&rE

Cal-Amp-Fil/Log Compressor

DATE

22 January 1971

PREPARED BY S.

F. Correll

QUANTITY OF &%, 4 approvep ey R. P. Cheatham
ASSY, DWG. NI 34687-01-01 FMECA REV. NO, A, 2-16-71
SCHEMATIC RE= ... 90-34687-21-01 pAGEL3 __oF _31
NAME & RE® JESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resistor. 166 Biases Ql with R65 Open | Unable to operate cal .05 Normal operation not
relay effected
Drift No effect 0
Resistor, 367 Part of voltage ‘Open Degrades log compressod .01 | < 2% degradation
divider with R71 accuracy
~ Drift Negligible effect 0
Resistor 368 Part of current Open Degrades log .02 | < 4% degradation
limiter with R69 and compressor accuracy
R70
Drift Negligible effect 0
Resistor,. R69 Part of current Opén Degrades log compressoyj .02 |< 4% degradation
limiter with R68 accuracy
and R70
Drift Negligible effect 0
Resistz, R70 Part of current Open Degrades log .02 |< 4% degradation
‘ limiter with R68 .and compressor accuracy :
R69
Drift Negligible effect 0
Resiztr>, R71 Part of voltage Open Causes large offsetadt .25 |One channel inoperafive
divider with Ré67 log compressor output
" prift Negligible effect 0




STELEDYNE
SEOTECH

SYETEM NAME

SDS Amplifier

AITEMBLY NAME

Cal-Amp-Fil/Log Compressor

QUHYTITY OF ABEY 4

REF, QWG N

34687-01-01

so-EmaTic R, wa,_90-34687-21-01

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

ATM 976
Appendix A
prAce 33 0F 39

DATE 22 January 1971

prReparep By __S. F.Correll

APPROVED BY R. P. Cheatham

Fmica rev. no, A, 2-16-71

paceld _or_ 31 _

RAME & REF DIWG.

proportional to drift

FUNCTION ASSUMED MODE FAILURE EFFECT- CRIT. ‘ REMARKS
| Thermistor, RT1 | Temperature Short Degrades log - - .1
P compensator compressor .accuracy
| Open Opens + signal path .2 |Causes severe data
: degradation
; Drift Compressor error 1
- proportional to drift
E Thermistor, RT2 | Temperature. Short Degrades log .1
: compensator compressor accuracy
Z Open Opens + signal path .2 |Causes severe data
% degradation
Drift Compressor erroxr .1
proportional to drift
- Thermistor RT3 Temperature Short Degrades log .1
compensator compressor accuracy
Open Opens + signal path .2 |Causes severe data
. degradation
Drift Compressor error .1




ATM 976

Appendix A
T TELEDINE PAGe 3¢ 0~ 39
GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SYSTEM NAME SDS Amplifier DATE 22 January 1971
ASSEMBLY NANE Cal-Amp-Fil/Log Compressor . ereparen sy S: F. Correll
QUANTITY OF asev. 4 : ‘ approvep gy Re P. Cheatham

ASSY. DWG. NO. 34687-01-01 FmecA REV. NO, A, 2-16-71

SCHEMATIC REF wo, _20-34687-21-01 pace 1S __or_31

NAME & REF TESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Thermistzr, RT4 | Temperature Short Degrades log .1
compensator compressor accuracy
Open Opens + signal path .2 Causes severe data
degradation
Drift Compressor error : .1

proportional to drift

FORME13
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GECTESH

SYSTEM NAME

ATM 976

Appendix A
pPAGge 35 07 59

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAME

Cal-Amp-Fil/Log Compressor

QUANTITY OF A8¥,

4

ASSY, DWG. KT,

34687-01-01

SCHEMATIC RE® !0,

90-34687-21-01

DATE 22 January 1971

prepanep By R. F. McMurray

APPROVED BY R. P. Cheatham

FMECA REV. NO. _ A, 2-16-71

pace 16 _or31l

Varies compensation

NAME & REF JESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Capacito, C1 DELETED
Capacitor. C2 Z1 compensation Short Z1 INOP, output .25 Dne channel inoperative
. ++ 9.5V
Drift Varies compensation 0 | Negligible effect
Capacitor, C3 Z1 compensation Short Z1 INOP, out ~ 0 V .25 pne channel inoperative
Drift None 0
Capacitor, C4 Z2 filter cap Short Reduces LF boost .05 | Affects freuqency
response
Drift - A Frequency response 0 %ffects frequency
with drift response
Capacitm, (5 22 filter cap Short Reduces LF boost .05 | Affects frequency
: - Tresponse
Drift & Frequency re5ponse' 0 fects frequency
with drift response
Capacitm, C6 Z2 compensation Short Z2 INOP, output .25 Dne channel inoperative
++ 9.5V '
Drift 0

FORM 813




STTELEDYNE
GEOTECH

ATM 976

Appendix A
PAGE 36 ©F 59

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SYSTEM NAME SDS Amplifier CATE 22 January 1971
ASSEMBLY NAME Cal-Amp-Fil/Log Compressoxr preparen gy R. F. McMurray
QUANTITY OF ASSY. 4 ’ APPROVED BY R. P. Cheatham
ASSY. DWG. NO. 34687-01-01 : FMECA REV. NO.3A’ 2-16-71
scHEmATIC ReF. . 90-34687-21-01 - pace 17 _of31
NAME & REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. " REMARKS
Capacitor, C7 Z3 filter cap Short Shorts signal path .25 |One channel inoperative
Drift Varies HF attenuation 0 |Negligible effect
Capacitor, C8 Z3 filter cap Short Shorts signal path .25 |One channel inoperative
Drift Varies HF attenuation 0 |Negligible effect
Capacitor, C9 Z3 filter cap Short Shorts signal patch .25 |One channel inoperative
Drift Varies HF attenuation 0 |Negligible effect
Capacitor, C10 Z3 compensation Short Z3 INOP, output .25 |One channel inoperative
+>+ 9.5V
t Drift Varies compensation 0 |Negligible effect
Capacitor, Cl1l Z4 filter cap Short Shorts signal path .25 |One channel inoperative
Drift - Varies HF attenuation 0
Capacitor, C12 Z4 filter cap ’ Short Shorts signal path .25 |One channel inoperative
Drift Varies HF attenuation 0
Capacitor, C13 Z4 filter cap Short Shorts signal path .25 |One channel inoperative
Drift Varies HF attenuation 0

FGRM™ 533




4 TELEDYNE
GEOTECH

SYSTEM NAME

ATM 976

Appendix A
pAaGE 37 oF 39

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAME

QUANTITY OF ASTY. 4

Cal-Amp-Fil/Log Compressor

34687-01-01

ASSY. DWG. NG

SCHEMATIC RES. na. _30-34687-21-01

DATE

22 January 1971

PREPARED BY

R. F. McMurray

apprOovep By __R. P. Cheatham
FMECA REV.NO. A, 2-16-71
pace 18 or31

NAME & REF DESIG.

FUNCTION

ASSUMED MODE

FAILURE EFFECT CRiT. REMARKS
Capacitor, Cl4 Z4 cempénsation Short Z4 INOP, output .25 |Channel inoperative
»+9.5V
Drift Varies compensation 0
Capaciter, C15 Input ‘coupling - Short Dc offset at output 0 |Degradation proportional
high pass filter proportional to offset | to to Z4 output offset
capacitor of Z4 .15
Drift No effect 0
Capaciter, Cl6 Input coupling - Short Dc offset at output 0 |Degradation proportional
high pass filter proportional to off- to |to Z4 output offset
capacitor set .15
Drift No effect 0
Capacitaz, C17 High frequency roll- | Short One channel inoperative] .25
off capacitor on Z5
(input amplifier)
Drift No effect 0
Capacizer, C18 Frequency compensa- Short Output goes to + supply] .25 |One channel inoperative
tion on Z5 (input )
amplifier)
Drift No effect

FORM 612




5P TELEDYNE
GEOTECH

SYSTEM NAME

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSEMBLY NAME

Cal-Amp-Fil/Log Compressor

QUANTITY OF ASSY.

4

AS3Y. DWG. NO.

34687-01-01

SCHEMATIC REF. NO.

90-34687-21-01

ATM 976

Appendix A
PHaee 3% ©F 39

DATE

22 January 1971

PREPARED BY
APPROVED BY

S. F. Correll

R. P. Cheatham

FMECA REV. NO, A, 2-16-71

pace 19 or31

NAME & REF. DESIG.

FUNCTION

ASSUMED MODE

FAILURE EFFECT

CRIT. REMARKS
Capacitor, C19 Power supply rejectio& Short Output goes to zero .25 | One channel inoperative
capacitor on IS ' N
(input amplifier)
Drift No effect 0
Capacitor, C20 - Reference Short Output of reference .25 | One channel inoperative
> amplifier (Z6) high amplifier would go to
frequency rolloff 0 volts
capacitor
Drift No effect 0
Capacitor, Q21 - Reference amplifier| Short Output of Z6 goes to .25 | One channel inoperative
(Z6) frequency com- + supply
pensation
Drift No effect 0
Capacitor, €22 Power supply rejectiond Short Output of Z6 will .25 | One channel inoperative
capacitor - reference go to zero :
arplifier (Z6)
Drift No effect 0 )

FORM G113




4 TELED'NE
GECTECH

SYSTEM NAME

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SDS Amplifier

ASSEMBLY NAME

Cal-Amp-Fil/Log Compressor

QUANTITY GF W83y,

4

ASSY. DWG. NU

34687-01-01

SCHEMATIC REF NG,

90-34687-21-01

ATM 976

Appendix A
PAGE 39 oF 39

DATE

22 January 1971

PREPARED BY
APPROVED BY

S. F. Correll

R. P. Cheatham

FMECA REV. NO, A, 2-16-71

pace 20 oF__31

NAME & HiF* DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Capacitmr, C23 High frequency roll- | Short Output of Z7 will go .25 | One channel inoperative
off capacitor + to zero
reference amplifier
z7).
Drift No effect 0
Capacitnw, C24 | Frequency compensa- Short Output of 27 will go .25 | One channel inoperative
tion + reference to + supply voltage
amplifier (Z7)
Drift No effect 0
Capacitrr, C25 Power supply Short Output of Z7 will go . .25 | One channel inoperative
rejection capacitor to 0V :
+ reference
amplifier (27)
Drift No effect 0
Capaciizr, €26 Frequency Short Output of Z8 will go .25 | One channel inoperative
compensation to + supply )
splitter amplifier
(z8)
Drift No effect 0

FORM E°3




“FETELEDYNE
GECECH

SYSTEM NAME

SDS Amplifier

ASSEMBLY AR

Cal-Amp-Fil/Log Compressor

CUANTITY &7 /YY,

4

ASSY. DWC. NU

34687-01-01

ATM 976

Appendix A

DATE

‘ PAee do oF 59
FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

22 January 1971

PREPARED BY
arprOvEDBY___R. P, Cheatham

S. F, Correll

FMECA REV.NO. _A, 2-16-71

SCHEMATC Re- o, 90-34687-21-01 pace 2l _oF3l
NAME & RE" JESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Capacizoe, C27 Power supply ~ Short tput of Z8 will go to] .25 |One channel inoperative
rejection capacitor, oV '
splitter amplifier
(z8)
Drift’ No effect 0
Capacityr 28 Frequency compensa- Short Output of Z9 will go .25 | One channel inoperative
: tion + compensation to + supply
amplifier (Z9)
Drift No effect 0
Capacizoy, C29 Power supply ‘Short Output of Z9 will.go toy .25 |One channel inoperative
rejection capacitor ) Y
+ compensation
amplifier (Z9)
Drift No effect 0
Capacitrr, €30 Frequency compensa- Short Output of Z10 will go .25 | One channel inopérative
tion - compensation to + supply - .
amplifier (Z10)
Drift No effect 0

bl
o
kY
o
(A}




FUTELEDRNE
GECTECH

SWITEM NAME

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASTEMBLY NANE

Cal-Amp-Fil/Log Compressor

DANTITY OF A80F.

4

A3V, DWGOND

34687-01-01

SCHEMATIC REF, W0,

90-34687-21-01

ATM 976
Appendix A
PAsE 41 oF 59

22 January 1971

DATE
preparep Y o. F. Correll
arpROVEDBY__ R, P, Cheatham

FMEcA REv. o, _A, 2-16-71

paceE22 __or 31

1
1 MAME & RET TESIG.

FUNCTION

ASSUMED MODE

CRIT.

FAILURE EFFECT REMARKS
i Capacitor, C31 Power supply Short Output of Z10 will go .25 | One channel inoperative
» rejection capacitor - to 0V :
compensation amplifief

i (210)
' Drift No effect 0

Capacitor, €32 High frequency cut- Short Causes large offset .25 | One channel inoperative
i off on output in output
i amplifier (Z11)
: Drift No effect 0

NTATTSRCY T AT

vzt

FORM 513
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G it @WH

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SYSTEM NAME

SDS Amplifier

22 January 1971

DATE
EMELY NEME Cal-Amp-Fil/Log Compressor oneraren sy R. F. McMurray
QUANTITY OF WGY. 4 APPROVED BY R. P. Cheathanm
ASSY. DWT, 8C 34687-01-01 FMECA REV. NO, _A, 2-16-71
SCHEMATIC RET VQ. 90-34687-21-01 pace23__orF 31
NAME & RE" 2ESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Transistzr, Ql Relay Amplifier hFE Drift May not calibrate .05 | Normal operatlon not
nN2222 affected
C-B Short Cal relay always .1 Reduces gain 20 dB
closed
C-B Open Cal relay inoperative .05 | No cal function
: B-E Short Cal relay inoperative .05 | No cal function
B-E Open Cal relay inoperative .05 { No cal function
Transistee, Q2 Analog Switch Drift, D-S Res. | Small A gain with .02
2N4445 drift
D-G Short Would cause large .25 { Channel inoperative
dc offset
D-G Open Switch open (low gain .1 No gain change function
- mode) .
G-S Short Switch on (high gain .05 | No gain change function
mode)
G-S Open Switch open (LG mode) 1 No gain change function

FORM 613
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ATM 976

Appendix A
prse 43 oF SO

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

assEMBLY naue _ Cal-Amp-Fil/Log Compressor

QUANTITY OF ASSY. 4

ASSY. DWG. kG

34687-01-01

SCHEMATIC REF. 80, 90-34687-21-01

22 January 1971

DATE
PREPARED BY ___R» F. McMurray
APPROVED BY eat

FMECA REV. No,_A, 7-16-71
page24 __ofF_ 31

FUNCTION

ASSUMED RODE

range

NAME & REF. DESIG. FAILURE EFFECY CRIT. REMARKS
Transistor, Q3 Analog Switch Drift, Pinch Off| Switch on (HG mode) .05 | No gain change function
2N2609
D-G $hort Switch on (HG mode) .05 | No gain change function
D-G Open Switch off (LG mode) .1 No gain change function
~ G-S Short Short gain change .2 Unable to change gain
command switch on of any channel. All
{HG mode) stay in HG mode.
G-S Open Switch off (LG mode) .1 No gain change function
Transistor, Q4A | Positive signal log C-B Short Short signal path to .25 | One channel inoperative
function feedback ground
transistor -
C-B Open Large loss of dynamic .2 Output may still be
range useful ‘
B-E Short Shorts signal path to .25 | One channel inoperative
ground :
B-E Open Large loss of dynamic .2 Output may still be

useful .
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ZETTECH

SWITES wanth

ATM 976

Appendix A
PAge 44 0F 3T

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

AETEARLT e AR

Cal-Amp-Fil/Log Compressor

A
TuAIT T gy, S

AR5 WT. N,

34687-01-01

Sormas.c amr o, _90-34687-21-01

DATE
PREPARED BY
APPROVED BY

22 January 1971

S. F. Correll

R. P. Cheathan

FMECA REV.NO._A, 2-16-71

PAGE ____25 OF ..__.3 1

WRWE & TEF DESIG.

FUNCTION

ASSUMED MODE

; FAILURE EFFECT CRIT. REMARKS
- ToansZsmiy, Q4B | Positive reference C-B Short Lose + log compensa- .2 Causes severe data
; signal feedback tion degradation
; transistors :
f C-B Open Lose + log compensatiofp .2 Causes severe data
' degradation
- B-E Short Lose + log compensa- .2 Causes severe data
tion degradation
; B-E Open Lose + log compensa- .2 Causes severe data
1 ticn degradation
i Tmmnzostyr, QS5A | Negative signal C-B Short Short signal path to .25 | One channel
log function ground inoperative
feedback transistor : :
C-B Open Large loss of dynamic .2 Output may still be
range useful
B-E Short Short signal path to - .25 } One channel inoperative
ground
B-E Open Large loss of dynamic .2 Output may still be

range

useful .
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BTTELERME

GECTECH ' ~ FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SYSTEM SAME SDS Amplifier DATE 22 January 1971
ASSEMBLY NAWE Cal-Amp-Fil/Log Compressor PREPARED BY S. F. Correll
QUANTITY OF £35Y. 4 APPROVED BY R. P. Cheatham
ABTY, DWIT. NI 34687-01-01 , FMECA REV.NO. _ A, 2-16-71
SCHEMATIC RES N, 90-34687-21-01 PAGE26 __oF 31
NAME & REF DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
- Transistor, Q5A | Negative reference C-B short Lose~log compensation .2 Causes severe data
. signal feedback . degradation
Lo transistor
E C-B open Lose-log compensation | .2 Causes severe data
i degradation
B-E short Lose-log compensation .2 Causes severe data
degradation
B-E open Lose-log compensation .2 Causes severe data
degradation
|
|
|
|
i
;

FOAM 613



SYSTEW HANE

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SDS Amplifier

ASSENZL Y WNWE

Cal-Amp-Fil/Log Compressor

QUANT T OF x88Y, 4

34687-01-01

SCHEWMET T SEF, MO,

90-34687-21-01

ATM 976
Appendix A
PAGE 4¢ oF 59

22 January 1971

DATE

PREPARED BY R. F. McMurray
APPROVED BY R. P. Cheatham
FMECA REV. NO, __ A, 2-16-71

PAGE__..27 OF__S 1

NAME 3 FEF DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT caiT. REMARKS
Tramsisztor, Q6 Relay Driver hpp Drift May not calibrate .05 | Normal operation not
ATLTT affected '
C-B Short Cal relay always .1 Reduces gain 20 dB
closed
C-B Open Cal relay inoperative .05 | Normal operation not
~ affected
B-E Short Cal relay inoperative .05 | Normal operation not
affected
B-E Open Cal relay inoperative .05 | Normal operation not
: affected
Liode, (RI Transient protection | Short No cal function .05 | No effect on normal
kg4 operation
Open May damage Q6 .05 | No effect on normal

operation

FOPM E73
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P"‘é 47 e J’?
“GeTELEDYNE

GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SYSTEM NAME SDS Amplifier DATE . 22 January 1971
ASSEMELY NAME Cal-Amp-Fil/Log Compressor prREPAREDBY 9. F. Correll
4

QUANTITY OF ASSY.

APPROVED ay' R. P. Cheatham

ASSY. DWG. NO. 34687-01-01 FMECA REV, NO,_A, 2-16-71

scHEMATIC REF. No, __90-34687-21-01

pAGE=28 of 31
NAME & REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT cair. | REMARKS
Diode, CR2 Positive signal Short Would cause severe .2 Output may still be
INS14 splitter i signal distortion useful
Open Would reduce dynamic .2 Output may still be
' range and cause useful
distortion
Diode, CR3 . Negative signal Short Would cause severe .2 Output may still be
iN914 splitter signal distortion useful
Open Would reduce dynamic .2 Output may still be
range and cause useful
distortion
Dicde, CR4 Reverse zeroing diode Short Cause loss of + .2 Output may still be
iN914 for Z9 signals useful
Open Effect could range .05
from slight offset to to
channel inoperative .25
Diede; CRS Reverse zeroing dicde| Short Cause less of -signals| .2
ING14 for 7210
Open Same as CR4 open .05
to
.25

FGRN 613
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22 January 1971

DATE
ASSEMBLY NAME Cal-Amp-Fil/Log Compressor preparen By 9. F. Correll
QUANTITY OF assr = approveo sy __R. P. Cheatham
ASSY. DWG. NO. 34687-01-01 FmecA REV. NO, _A, 2-16-71
scHEMATIC ReF. wix, __ 90-34687-21-01 pace2d __or_ 31 _
NAME & REF ZESiG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Diode, CRS + threshold limiting | Short Cause output ambiguity| .15
IN914 diode
Open Channel inoperative .25
Diode, CRT -threshold limiting | Short Cause output ambiguity| .15
iIN914 diode
~ Open Channel inoperative .25
Relay, K Cal relay Coil open No cal function .05 | No effect on normal
operation :
Contacts stuck Signal attenuated and .1 Output still useful
closed - geophone undamped
OP Amp, I Signal preamplifier OQutput inopera- | Channel inoperative .25
IM10sA tive
Offset drift - Decrease dynamic range| .1
OP Amp, 22 LF boost, filter Output inopera- | Channel inoperative .25
wWMitsa tive '
Offset drift Decrease dynamic range| .1

FORM €13
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GECTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SYSTEM NANE SDS Amplifier DATE 22 Januﬂ ! 1971
ASSEMELY WAWE Cal-Amp-Fil/Log COmpreSSOI . . PREPARED BY R. F. McMurray
QUANTITY OF 335Y. 4 arprOVeDsy____R. P. Cheatham
ASSY. DWG. NI 34687-01-01 FMECAREV.NO, __A, 2-16-71

SCHEMATIC R2° NGO, 90-34687-21-01 PAGE.;._s.g_OF-sl—

NAME & RSF DESIG. _FUNCTION - | ASSUMED MODE - FAILURE EFFECT CRIT. REMARKS
OP Amp, 23 Low pass filter Output inopera- | Channel inoperative .25
IM1Css tive

Offset drift Decrease dynamic rangej .1
0P Axp, 4 Low pass filter Output inoperi- Channel inoperative .25
IM1088 tive

- Offset drift Decrease dynamic range| .1
0?7 Amp, I3 Main log amplifier Output inopera- | Channel inoperative .25
IM10BA tive

Offset drift Decrease dynamic .1
) range '
P Amp, 26 -Reference amplifier | Output inopera- | Channel inoperative .25
iM10s4a -] tive
Offset drift Decrease dynamic ) .1
range :
Cp Amp, Z7 + Reference amplifier Output inopera- ! Channel inoperative .25
IM1084 : tive -
Offset drift Decrease dynamic .1
. range '
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

DATE 22 January 1971

PREPARED BY R. F. McMurray

apprOvepsy__R. P. Cheatham

ASSY. DWE. NI FmECA REV.NO, A, 2-16-71
scHEmaTiC @== wc._90-34687-21-01 pace 3l _or 31 _
NAME & RS JESIG. | - FUNCTION ASSUMED MODE ~ FAILURE EFFECT CRIT. REMARKS
0P Amp, Z% Signal splitter Output inopera- | Channel inoperative .25
IM1082 tive ‘
Offset drift Decrease dynamic .1
range
OP Amp, 2= + Summation amplifier| Output inopera~ | + signals would be .15 | Output still useful
IM108~ tive lost
Offset drift Decrease dynamic .1
: range
OP Amp, Z12 - Summation amplifier| Output inopera- | - signals would be .15 | Output still useful
IM1082 tive lost '
Offset drift Decrease dynamic range| .1
OP Amr, ZI1 Output amplifier Output Channel inoperative .25
IM741 inoperative
Offset drift Slight decrease in .02

dynamic range

W
2]
X
-
&
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GEOTECH FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
SYSTEM NAME S0S ' DATE 1-21-71
AssemsLy name 221 Regulator preparen sy Re F. McMurray
QUANTITY OF ASS¥. 1 - APPROVED BY R. P. Cheatham
ASSY. DWG. NO. 34686-01-01 emeca rev. o, A, 2/16/71
SCHEMATIC REF. ne. __20-34686-21-01 pacel___oF__ 7
NAME & REF. DESG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resistor, %301, | Filter/Q501 Base Bias Open +12 lost to Z501 1.0 |Regulator output goes to
Met Film Resistor : zero
Drift None 0
Resistor, ®342 Q501 Base Bias - Open + bias on Q501 lost .4 [Regulator output - #8,5V
Met film data accuracy lost
- Drift None 0
Resistor, R303 Coupling resistor Open Regulation lost .4 |Data accuracy lost
Met film , 9,5V » 11V
Drift None 0
Resistor, 2R304 Reference Bias -Open t9.5V goes to zero 1.0 {Complete powexr loss
Met film Resistor
Drift Slight variation in 0
output voltage
Resistor, 2305 Voltage Divider, ' Short Output reduced to *7V | .4 |{Data accuracy lost
Wirewound Error Signal
Open Output increased to .4 |} Data accuracy lost
' +11V,regulation lost
Drift toutputs vary with 0
drift .
Méesistor, 386 Error Sig. Trim Res. Open Output -+ #11V, .4 |Data accuracy lost
Met film regulation lost '
Drift None ’ 0

FORM 613

—g



T TELEDYNE
GEOTECH
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

ASSEMBLY NAME

Dual Regulator

QUANTITY OF ASSY. 1

ASSY. DWG. NO.

34686-01-01

SCHEMATIC REF. »._20-34686-21-01

ATM 976
Appendix A
porge ST oF 59

oare 1-21-71
PREPARED BY R. F. McMurray
approvep sy R P. Cheatham

FMECA REV. NO, __ D\ 2/16/71

PAGE_2__OF___/

NAME & REF. DESIG.

FUNCTION

ASSUMED MODE

FAILURE EFFECT CRIT. REMARKS
Resistor, X507 Error Sig.Trim Res. Short Slight change in ¥#3.5V | 0
Wirewound
Open HOutput +> 11V, .4 |Data accuracy lost
regulation lost
Drift None 0
Resistor, #3508 Error Sig. Voltage Short Qutput + %11V, .4 {Data accuracy lost
Divider Regulation lost
Open Output > 7V .4 |Data accuracy lost
Drift None 0 Negligible error
Resistor, R509 Error Sig. Voltage Short- -9.5V output + -11V .4 |Data accuracy lost
Wirewound divider (neg.) regulation lost .
Open -9.5V output » 0 1.0 |Complete data loss
Drift -9.5V varies with drift| O Negligible error
Resistor, X510 Error Sig. Voltage Short -9.5V output + 0 1.0 j{Complete data loss
Wirewound Divider (Neg.) ‘
Open -9.5V output > -11V .4 {Data accuracy lost
regulation lost
Drift -9.5V varies with drift| 0 Negligible error
Resistor, #511 Coupling Resistor Open -9.5V » -11V .4 |Data accuracy lost
Met Film ' _
Drift None

0 Negligible error

FORM 613
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

ASSEMBLY NAME

Dual Regulator

-

QUANTITY OF %8> _*+

ASSY. DWG. NT.

34686-01-01

SCHEMATIC REF WZ

90-34686-21-01

PREPARED BY R. F. McMurray

APPROVED BY R. P. Cheatham

FmECA REV. NO,__As 2/16/71

PAGE_9__OF 7 __

NAME & REF DESG.

FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Resister, 3512 7} Q502 Base Bias Open -9.5V » -8.5V .4 |Data accuracy lost
Met Film

Drift None 0 Negligible errox
Resistor, 3513 Filter/Q502 Base Open -9.5V + OV 1.0 |Complete data loss
Met Film Bias resistor-
Drift None 0
Resistor, 3514 Isolates gain change Opeh All channels always in .4 |Gain * 10
command logic low gain mode
Drift No effect 0
Resistor, X515 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, 3516 Collector load Open Would cause small error] .1 |<3% error
for Q503 in log accuracy of all
channels
Drift Negligible effect 0
Resistor, 517 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
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ASSEMBLY NAME

Dual Regulator

ATM 976
Appendix A
PAGE 54 ©F 59

DATE

1-21-71

PREPARED BY R. F. McMurray

QUANTITY OF Assy. 1 i arprovep sy R- P. Cheatham
ASSY. DWG. NO. 34686-01-01 FMECA REV.NO. _A, 2/16/71
scHEMATIC REF. no,_D0-34686-21-01 pace—4__oF 7
NAME & REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Capacitor, C501 |H.F. Boost, and Reg. Short 9.5V decreases .4 |Data accuracy lost
Drift None 0
Capacitor, €502 | Ripple filter Short 9.5V > 0V, R501 fuzes { 1.0 |Complete data loss
Drift None 0
Capacitor, C503 | Ripple filter Short -9.5V + 0V, R503 fuzes | 1.0 |Complete data loss
Drift None 0
Capacitor, C504 |H.F. Boost, - Reg. Short -9.5V » Low, Temp. .4 {Data accuracy lost
dependent
Drift None 0
Capacitor, C505 | Z501 Compensation Short 9.5V »+ £11V .4 |Data accuracy lost
‘ Drift None 0
Capacitor C5306 2501 Compensation Short 9,5V » x5V, .4 |Data accuracy lost
. regulation lost
‘ ’ Drift None 0 Negligible effect
Capacitor, C507 | 72502 Compensation Short -9.5V » -5V .4 {Data accuracy lost
Drift None 0
Capacitor, C508 | Z502 Compensation Short -9.5V » OV 1.0 |Complete data loss
Drift None 0

FORM 613
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

ASSEMBLY NAME

Dual Regulator

QUANTITY OF ASSY. 1

ASS . DWG. NO,

34686-01-01

SCHEMATIC REF, No,_20-34686-21-01

ATM 976

Appendix A
PAGE ST ©F §Y
oate_ 1-21-71

R. F. McMurray
PREPARED BY
apprOVED gY__R-_P. Cheatham

FMECA Rev. no. A, 2/16/71

PAGE_S__oF___7

NAME & REF. DESIG. FUNCTION -ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Capacitor, C509 | Output Filter Short “1-9.5V » oV 1.0 |Complete data loss
' Drift None 0 '
Capacitor, C510 |{Output Filter Short - f£9.5V » 0V 1.0 |{Complete data loss
Drift None 0
Transistor, Q501 | Series Regulator hgpg Drift Regulation lost at low .4 |Data accuracy lost
' , temp.
C-B short 19,5V » £11.4V .4 . |Data accuracy lost
C-B open 9.5V » #1V 1.0 |Complete data loss
B-E short 9.5V » *1V 1.0 |[Complete data loss
B-E open 9.5V » 0V 1.0 |Complete data loss
Transistor, Q502 | Series Regulator hpg Drift Regulation lost at low .4 |Data accuracy lost
‘ temp -9.5 only
C-B short -9.5V + -11.4V .4 |{Data accuracy lost °
C-B open -9.5V » -1V 1.0 |Complete data loss
B-E short -9.5V » -1V 1.0 |Complete data loss
. B-E open -9.5V » 0V 1.0 |Complete data loss

FORAM 613
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" QUANTITY OF Assy. 1

ATM 976
Appendix A
Pac,e S& oF 59

DATE

1-21-71

PREPARED BY
APPROVED BY

R. F. McMurray

R. P. Cheatham

ASSY. WG, NO, ____ 34686-01-01 FMECA REV.NO._A, 2/16/71
SCHEMATIC ReF, N, _90-34686-21-01 pace_ 6 __or_7
NAME & REF. DESIG. FUNCTION ASSUMED MODE FAILURE EFFECT CRIT. REMARKS
Transistor, Q503 Compehsates for log hgg Drift Would reduce small .1 [Would effect all
compressor op-amp . . signal log accuracy channels
input bias current "
C-B Short Impairs log accuracy .15
C-B QOpen Impairs log accuracy .15
E-B Short Impairs log accuracy .15
B E-B Open Impairs log accuracy .15
Diode, CRS01 Coupling Drift . |None 0
Zener
Open $9,5V » £11.4V .4 |Data accuracy lost
Short- None 0
Diode, CRS502, Anti-Negative Open Possible Neg. Lockup 1.0 |Complete data loss
General Purpose | Lockup
Short 19,5V » 15V .4 |Data accuracy lost
Diode, CR503, | Coupling Drift None 0
Zener- -
Open -9V » -11.4V .4 |Data accuracy lost
Short None 0
Diode, -CR504 Reference Drift +9.5V varies with drift{ .1 |Some accuracy loss
Zenex Open Regulators oscillate 1.0 |Complete data loss
Short - 9.5V - 0OV 1.0 |Complete data loss
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYS‘S

ASSEMBLY NAME

Dual Regulator

QUANTITY OF ASSY.

ASSY. DWG, NO.

34686-01-01

SCHEMATIC REF. no,_20-34686-21-01

ATM 976
Appendix A
PAae ST oF 59

oare 1-21-71
preparep sy __R: F. McMurray
arprOvep gy _ R+ P- Cheatham

FMECA REV. NO, _A, 2/16/71

PAGE_7 _oF_1 __

NAME & REF. DESIG. FUNCTION ASSUMED MODE ; FAILURE EFFECT CRIT. REMARKS
Op-Amp, 2501, Error Sig. Amplifier Output Open 39,5V + #11V .4 |Data accuraéy lost
LM108A : _

Parameter drift |[None 0
| Op-Amp, 2502 Error Sig. Amplifier | Output open -9.5V »+ -11V .4 |Data accuracy lost
LM108A ‘
Parameter drift |[None 0
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FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

A NAME pas) DATE 25 J

January 1971

ALY NALIE :onhcns - Cable Assembly PREPARED BY Unruh
TITY OF 25T+ - : ' APPROVED BY Cheatham
. T:1120-01-01 -
DWG. KO 1T a=wTYl FMECA REV. NO,
MATIC RET. 7 +120-21-01 pace._1_or_2
AME & REF. ZIZZ. FUNCTION ASSUMED MCDE FAILURE EFFECT CRIT. REMARKS
.1 Assemcly i Generates a voltage . Open Would render the .25 One channel inoperative
. proportiocnal to the geophone inoperative :
. relative velocity be- N .
<ween the coil and Short Would degrade the .01 The degree of degradation
magnet assemblles generator constant and to would depend on the
‘ damping characteristics | .25 number of turns shorted
pension SpTimg | Controls mass position | Broken spring Geophone inoperative - .25 One channel inoperative
- . and free period of
: * the geophone Bent spring Would change the free .01 The degree of degrzdation
: : period and damping to would depend cn the
: of the geophone .25 amount of spring deformi-
i ty
ulator Czszzt : Electrically isolates | Short . Geophone inoperative .25 One channel inoperative
and pressure seals
¢ the magnet shells Pressure leak “Epoxy parts may outgas .0 Negligable effect
fcase) ' in lunar enviromment
net Assezzly : Maintains constant Change in magnet Would change the .01 The degree of degradation
- zazgnetic field in the | charge . generator comstant and would depend on the
o , vicinity of the coil ‘damping characteristics amount of change in the
g ‘ state of charge. Hand-
} A ling and storage
: i ' methods are sufficient.
i : ‘ Thermally induced changes
o . are minor.
ail ! Forms a redundant Open No effect 0 Pigtails have double and
; electrical connection triple redundancy and are
{ spring and coil and across spring termina-
{ spring and magnet tions which are also
| assenmbly conductive
s :

.y - R o -




tgan s

-r@”{qumu
GECT

SYSTEM NAME

i
L

FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS

SnS

ASSEMBLY NAME

Geonhone - Cable Assembly
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Appendix A
& 5O oF 59

DATE

25 January 1971

PREPARED BY Unruh
QUANTITY OF ASSY. ___1 APPROVED BY Cheatham
ASSY. DWG. NO. 34120-01-01 i FMECA REV. NO.
SCHEMATIC REF, NO.____54120-21-01 PAGE_2__CF_2
—
NAME & REF, DESIG. FUNCTION ASSUMED MGCDE FAILURE EFFECT CRIT. REMARKS 1
. |
Cables Connects geophones to | Open in any one One channel inoperative .25 No effect cn other .
electronics package of the 8 signal channels
and determines rela- conductors
tive distances between
each unit Short between any { One channel inoperative 25 No effect on other
twisted pair channels
Short between any } Could cause slight 0 This assumes that shield
conductor and a ingrease in crosstalk “"ground" is isolated from
shield but this is doubtful “"common" line of the.
calibration source volt-
age. See note below
Open shield Probably not be noticed 0
Failure to lay in { Would reduce accuracy .01 This failure mode may
a uniform straight| of travel time to not exist if the cable
line when deployed{ correlation .05

spool is designed to pay
out cable without twist-
ing it (i.e., a casting
reel versus a spinning
reel)

NOTE: If the shieid
ground point and the
common line of the cali-
bration voltage source
are not isolated, the cal
ibration signal for the
affected channel would
be lost. Normal opera-
tion would probably not

be affected encugh to
notice

EOHRA K1
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1. RELIABILITY

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 Watéh 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 exposed under the
shock and vibration on the subject program are well within the capability of
the chosen hack watch, which will be confirmed by the results of impending

prequalification and qualification tests.

poen

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 6r 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,
o fatigue {e not a problem with these parts. The failure modes involve the

actual stress in a part exceeding some critical value and not cycles of oporation,

-l
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1.3 Cycle Dependent Reliability pAee § OF A .éh-:

The only cycle sensitive component 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 takenas 1 x 10~4 each.

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 factér (design factor), AQL, variation in strength of material, and
tolerance '"build~up''. These effects were considered to be non-time dependent,
although ;chey are environment sensitive. The analytical methods of A. Bulfinch
were used, as described in Laboratory Methods for determinihg Non-Time
Dependent Reliability. Friction effects, safety factor, and tolerance '"build-

up'" are considered separately. See Ai:pendix 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.

wha
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PROBABILITY
DESIGN
POINT

TORQUE

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 make
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 curvé fepresentp 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 "che design point from the
most probable value for the fricti*opal torque is also unknown. Due to the '
large variation which is exhibited by frictional torque the probability 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

-3
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effects (increased friction, less cross section area to support a given force
or torque, or misaligned parts). If the parts are sufficiently out of tolerance
they cannot be assembled and are, therefore, no problem reliabilityv 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 basis,

1.0% AQL (Safety Factor of 1.15)

Using code letter E, 16% of the pieces will exhibit the characteristic out of
the tolerance interval within 90% confidence limit. If the distribution is
centered, the worst condition would be a lot with 8% under the low 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.

2.5% 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 lotlw-lth 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 Secﬁona..l Area

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

inspected and accepted is.calculated as shown below.

-da
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’
Per section 1.4.2 above, the upper and lower tolerance limits would be at

+ 1.34 sigma.

If the tolerance interval is 5% of a dimension, the sigma would be 1. 9%.
5% = 2.680~
Therefore, ¢~ = 1.9%.

In order to have a sigma baséd 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 2 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 20% 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.

. 2 .2
resultant ~ \/O:rea * ogtresa
Y

resultant

resultant

This sigma is used in section 1. 4. 3 and the failure rate is given there.

-5-
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1.4.2.3 Misaligned Parts pAse 9 oF 49

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 10-8 for this

condition. ~

(.09)7 = 4.8 x10-3 (one way build-up)

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

1 x10-7,

1.4.3 Stress Effects

1f 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.

ULTIMATE STRESS

POINT OF RUPTURE

ELASTIC LiMiT.
(YIELD POINT)

STRESS

STRAIN
b
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, Upon exceeding the eldstic limit and with the removal of stress the curve

does not return to jhe origin but has some residual strain. Design safety
factors based on this point would ensure that the piece part would operate

- in 2 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
sigma can be used here as modified in paragraph 4.2.2. The following is a
normal curve representing this variation.

MEAN CrITICAL 9STRESS
AT FAILURE

PROBABILITY

|
DESIGM POIN
& T

. STRESS

The area under the normal curve below the design point represent failures.
- The sigma from paragraph 4.2.2 is 20.4%. The ratio of themean critical
| stress at failure to the design pbint is greater than 2 to 1. The area under
- " the normal curve represents a failure rate of less than 10-6 because the

design point is 4.9 sigmas away from the mean critical stress at failure.

iy
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Data for determindtion of failure rates for the ""O" 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 cohfidence, the failure
rate calcuiated 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 1l x 10~7, The failure rate was
set at 1 x 106 for each "O" ring used. In addition, each unit, as part of

the acceptance test procedure, is checked for a leak rate of 10-6 Std. cc/sec.

1.5 Hack Watch Movement

The test was performed to determine, grossly, the breaking pbint of the
Hack Watch. An overload w;s 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 approximatelj
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 10-7,

-8-
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- Overbanking will bg 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 1/6 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 3/4 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:

ol f Low gravity - increases amplitude 1/4 turn
High vacuum - increases amplitude 3/8 turn
— High temperature - increases amplitude 1/8 turn
- In order to provide safe operation on earth during outdoor testing with
possible low temperatures at no less than 1/2 turn amplitude, the nominal
- balance wheel amplitude at the watch will be set at one turn. This will
provide operating amplitude of 1 3/8 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 removed 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 precaution 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 106, The
frictional failure rate is identified as a separate item. The remaining

failure rates were estimated.

-10-
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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 Criticality

The criticality of the various failure modes was arranged in accordance with
the effect that the failure has. The number one (1) mode is the most critical
followed by number two (2), etc. The criticality is listed on the Failure
Mode, Effect and Criticality Worksheets in Appendix B. '

-1]1-
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- Thermal Battery Timer

Switch does not
activate

I I

!
Lock does : Switch trouble
not unlock

Lock
— "Hangs Up"
Control Drum does Condition undetected
not allow Lock to during acceptance
- move test
{Jammed Drum| ' Pull Pin does not Pawl does not
‘ permit Drum to movej. move Drum
— Follower does not
move Pawl
Bushing, Control Control Arm too Roller
- Shaft galls Brittle & Breaks Crushes

Control disk does
not operate

Watch has insufficient Control Disk Watch does
torque Slips not operate

i
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- S/A Timex

Arming Pin does
not activate

- |

L.ock does not

unlock

- Liock . Spring does not

'""Hangs up'' move Arming Pin

Control Drum does Condition undetected

- not allow Lock to ° during acceptance
move : test

_ Pawl does not { Jammed Drum. | Pull Pin does not
move Drum ‘ permit Drum to move

W

Foller does not

— move Pawl
Bushing, Control ' Control Arm too {Roller Crushes |
Shaft Galls ' Brittle & Breaks

Control Disk
. Does not operate
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Thermal Battery Timer

Firing Pin does
not activate

i
Lock does
not unlock

]

Spring does not
move Firing Pin

Control Drum does
not allow Lock to
move

L
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- Pull Pin does not
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incorrect Excessive Mainspring Watch never
Mainspring ‘ Friction not fully wound activated
Méinspring » Watch
fails (tension) Breaks Hairspring fails
(shock, vib. )

Rocker Yoke does
not start watch

Clip does not Pin Shear

release pull pin Shears
excessive
force
required

Sleeve dces not
permit pin release
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- Timer Constraint
Y] Removed from Safe/
Arm Slide
- | ,
‘ Arming Pin Released

Arming Pin

by Safe/Arm Slide

Failure
|
— { Lock Rod Failure| Timer Reins down [Arm Lever Failure |
' to Arm Position :
™
Inadvertant Loss
T of Starter Pin Astronaut Removes
' . Starter Pin
] |
Watch Stem Moves Pull Pin Releases
- to Start Drum
Pull Pin moves allowing
clearance for Rocker Arm Retaining Clip
Release Pull Pin
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Safe Arm Slide

Moves to Arm

I
Astronaut Removes

Slide Safety Pin ]
‘ Timer Runs Down

To Release Arming Pin

Astronaut Removes
Starter Pin

A Watch Stem Moves
To Start

Pull Pin

Releases Drum

Pull

Pin Moves

Retaining Clip
Releases Pull Pin

Allowing Clearance
for Rocket
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l

Astronaut Removes
Battery Safety Pin

o

|

Timer Runs Down

To Release Firing Pin
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Starter Pin

Watch Stem Moves

Pull Pin Releases Drum
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Releases Pull Pin

Vibration

To Start
+
Pull Pin Moves
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{Timer Runs Down}

X

Inadvertant
Loss of Safety
Pin

@ Timer Constraint Removed
From Firing Pin

1

Astronaut Removes
Safety Pin

Watch Stem Moves
to Start

Pull Pin Moves
Allowing Clearance
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|

Pull Pin
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Starter Pin Removal
Starts Timer
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Releases Pull Pi

Firing Pin Restraint
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Timer Constraint
4 Removed from
Safe/Arm Slide

- Arming Pin Arming Pin Released
Failure By Safe/Arm Slide
|
"T.ock Rod ) Arm Lever Timer Runs
< Failure Failure: Down to Arm
Position
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_l
Inadvertant
Loss of Starter Astronaut Removes
- Pin Starter Pin -
— Watch Stem Moves Pull Pin Releases
to Start Drum

Pull Pin Moves
Retaining Clip

Allowing Clearance
I for Rocker Arm Release Pull Pin.
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NOMENCLATURE == DESCK.....siON PER
- uniT | Failure Rate

D87247 Base Mounting Assy 1 4.2 x 1(5—4
F§7203 Control Assy 1 |5.3x 1077
D§7205 Timer Assy 1 13.3x107°
NS21859-.13 Screw-Flat Head (#4-40x 1/4 lg., CRES) 4 14 x 10"6
AE551659.12 Screw-Flat Head (#4-40x 3/16 lg., CRES) 2 2 x 10'6
AIS§323275-13 Screw-Filister Head (#4-40x 1/4 1lg., CRES) 1 1x 10—6
BRT1:6-02 Pull Pin Assy . 1 |2x107°
£87145-03 Pull Pin Assy 1 |2x107®
l.octite "G Sealing Compound A/R |Zero
237236 Shim- Winding Hub A/R |Zero
RBETZ5H Spacer, Shaft 1 1x 10—6
A37187 Low Friction Plating 1 Ze}:?
-~ System Friction - j13x1073

TOTAL Failure Rate - Jrgx107
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NO. ‘ uUNIT | Failure Rate

D87175 Base Mounting 1 Zero
87171 Rody-Firing Pin 1 1x 10’6
RR7172 Tip-Firing Pin 1 1x 10"6
D87174 Lock-Firing Pin 1 1x 10°°
Esna 79-022-099-0187| Pin-Roll 1 |1x10°
A87186 Switch scp) |2 l2x107?
BR7219 Screw, Modif. 4 |4x 10'5
Loctite "C! Sealing Compound A/R |Zero
B87201 Spring 2x10° %
n87241 Bushing-Firing Pin 1x10°°
B87231 Latch 1 1 x 10*6

Pin Dowel 3/32 Dia. x 5/16 lg. 11 j1x10®
B87255 Tip, Actuator 1 {1x106
1/32 Dia. x 3/16 Spirol Pin (Stainless Steel Type 302) 1 1x 10_6
C87259-01 Actuator, Switch 1 P x10 ©
C87259-02 Actuator, Switch 1 j1x1078
1/16 Dia, x 1/2 lg. Spirol Pin (Stainl, Stl, Tyvpe 302) ] 1x10°

TOTAL 87207 - ja.2x107?
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NOMENCLATURE — DESCRIPTION ER
PART NO. UNIT Failure Rate

MS35650-314 Nut-Hex ' (#0-80) ] | 2 x m-’"g
DR7204 Watch Movement Assy 1 1.13 x 107°
B87157 Cover-Housing 1 |1gx 107"
A1S31959-13 Screw-Flat Head, 82° (#4.40 x 1/4 1o CRES) R 107 ¢
F87158 Housing-Control ) 1 |]8x107tC
C87143 Pawl . 1 |1 x107%¢
B37140 Cover-Control Arm ‘ 1 / 2 x 10')&6
MS51959-2 Screw-Flat Head, 82° (#0-80 x 1/8 lg., CRES) 2 |léx10R¢
B87141 Cap-Housing-Seal 1 12 x 1071
BR7131 Bushing- Control 1 ! é X 10—7‘6
B87148 Spacer-Control Shaft 1 12 x 10"7\6‘
£37132 Shaft-Control 1 !é x 10719
87133 Arm-Contfol 1 | é pre 1(3-%‘6

Dowel Pin (,062 x 3/8.GRES) __. .. _ 1 |[3x107%6
287136 Ring-Movement Retaining : 1 ] i x 10'7‘5
B8713 Adapter-Stem Seal 1 ]I x 107 %€
A87190-01 1O Ring (scpy |1 1% 107°
B87182 Stem-Control 1 12 x 10" "6
BR7142 Retainer-Pull Pin 1 l \; x 1016
B87137 Adapter, Locating 1 ié x 107 %€
BR7258 Wave Washer Y1 13. X 10‘_?6
NS 510231 Screw, Set, Cup Pt. (#0-80x1.8 lg.. CRES) 1 12 % 10716

TITLE
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DATE  4.22-71. & - £~7[ ISSUE /f} .
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e NOMENCLATURE = DESCRi.. EJVN gg;
" PART NO. UNIT Failure Rate
| MS51038 -2 Set Screw Cone Pt (#2-56.x.3/16 lg., CRES) 1 1x107°
A87190-02 "O" Ring ' (SCD) 2 | 2x107°
MS51023-1 Set Screw, Cup Pt. (#O-§O x1/8 lg., CRES) 1 1x 10'2
A87190-03 "O'" Ring (SCD) 1 1% 10°
A87189-02 Ball Bearing ; (SCD) 1 1x 10-6
R87191 Nut (Adapter) 1 | 1x107®
B87212 - Window ‘ 1 1x 10-6
Loctite "C" Sealant - A/R | Zero
ART262 Epoxy (Stycast 2741) (SCD) A/R | Zero
BR7223 Coupling Drive ' 1 1x107°
BR7222 : Pin Drive 1 1 x10°°
£87224 Sleeve Spring 1 | 1x10°
| PRT225 Bushing 1 | 1x10°
_C87226 Link 1 | 1410°°
Grease, Iligh Vacuum (Krytox, DuPont)

- pg§T221 ( Bushing, Drive . 1 | 1x10°°
BR7248 Actuator, Clock 1 1 x 10—'b
B87252 Release Pull Pin | | 1 | 1x107®
887240 : Housing, Detent (Replace 87142} Ix10°°
RS7263 Detent Spring " (Replace 37142) 1x10°°

. TOTAL - 53 x 107°
TiTLE A pate -8-6-71 - ISSUE A
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NOMENCLATURE —DESCRi+7ION PER
UNIT Failure Rate

CS7:15 Control Drum 1 1 x 107
C87123 Gear-Timing 1 1x 107 6
CRTi23 Mainspring-Timer 1 1% 10°°
TR7TIH " Pin-Spring Retaining | 1x 10"6
DR7155 Frame-Support 1 1210 6
R87130 Bushing 1 1x10°°
BR7T1%3 Screw-Modified 4 8 x 107°
RYT2L3 Pin-Spring Anchor 1 1 x 1‘0-6
BR7227 Washer- . . 1 1x 10_‘6~
MS532233-1 Screw, Pan Hd. (#2-56 x 1/8 lg., CRES) 3 3x 107° _
DET215 Flange Mounting 1 1x 1076

Screw (#0-80 x 1/8 1g.) Pan Head 3 3 X 10-6
TRT230 Shim-Spring Winding (Hub) 3 | 3x10°

| 37214 Mainspring Winding Shaft 1 1x 10_6

27237 Bushing {Fir. Pin Pull Pin) i | 1x107®
BE7216 Bearing Plate 1 151070
ER87234 Bearing Flanged (SCD) 2 2 x 10_6
S%7239 Plate, Drum Locating ) 1x 1070 N
27745 Glip, Spring 1 1% 10-° §’§
BRT284 Shaft. Spacer 1 1% 1076 \‘;g"
R57237 Shaft. Spacer 1 1x10°% °

Serew, Pan Hd. (£0-80 x 3/32 lg.. CRES) 2 2 % 1o‘§ 3

Screw, Flat Hd., 100° (#2-.56 x 3/16 lg., CRES) i L x 1070
RRI2A4 Spacer, Shaft 1. I x 10—2
L2724 Flaneged Bearine - , 2 Z x 10
TITLE T omzlumimg ) lssué"ix 10->
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NOMENCLATURE —DES.__TION PER
PART NO. UNIT Failure Rate
B87151 - Pin-Pull 1 1 x 10'6
B87153 Sleeve-Pull Pin - 1 1x 10”6
#24 Awg, Buss Wire Per QQ-W-3431/2" 1g, A/R 2 x 1076
E
e
ang R
wi g
o X o
Lo
1}
_ ] TOTAL 87146-02 4x 1070
TITLE DATE 8-6-71 ISSUE A
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- 1 QTYy.
i L [ ] . PER . J
NOMENCLATURE DESC. 4ION it Failure Rate ,
-
NR7IZZ Pin-Pull (Firing Pin) 1 1x10 .
R&T153 Sleeve-Pull Pin 1 1x10 -
424 Aweg, Buss Wire Per OQ-W-343 1/2" lg, A/R | 2x 10
i
53
o)
ng S
w89
-~ M o
U]
o w
TOTAL 87146-03 4 x 10-6
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UNIT Failure Rate
37208 Base Mounting Assy 1 1.8 % 10‘5
D87185 Control Assy 1 | o5.3x 10‘:
D87199 Timer Assv 1 3.3 x 107
1387146-01 Pull Pin Assy 1 4x 10
MS35275-13 Screw-Fil. Hd., (#4-40 x 1/4 lg. CRES) 1 1 x 10'??
MS51657-12 Screw-Pan Hd. (#4-40 x 3/16 lg. CRES) 2 px 1076
l.octite "'C" Sealant A/R Zero™
Screw, Pan Hd. (2-56 x 3/16, CRES) 4 4% 10
B§7235 Post 1 1x 10‘§
5872356 Post 1 1x 1076
‘Dowel Pin (1/16 Dia. x 3/32 lg., CRES) 2 2x10°°
R37230 Shim- Winding Hub A/R | Zero
B§7256 Shaft, . Spacer 1 | 1x1076
i ) -
Ir16.25275.1] Screw, Fil, Hd., (#4-40 x 1/8 lg., CRES) 1 1x 1070
MS-35233-13 Screw, Pan Hd. (#4-40 x 1/4 lg., CRES) 1 1x 1076
A87187 Low Friction Plating A/R | Zero
AB7267 Block Jack (Slider Reset) 1 1x 10
B87266 Screw Jack (Slider Reset) 1 1x 10
—— ‘System Friction _ 1.3 x 10"3
"} TOTAL Failure Rate | - 1.4 % 103
TITLE - DATE 8-6-71 "% ISSUE A
S/A SLIDER TIMER ASSEMBLY L Nx  F87100
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NOMENCLATURE ~—DESCh.. {ION PER i
PART NO. unit | Failure Rate
FR7154 Base-Mounting 1 Zero
B87161 Shaft- Lock 11 1x10°°
! _BYT164 Retainer 1 1x 1070
g MS51959-3 Screw-Flat Head, 82°, (#2-56 x1/4 lg., CRES) 1 1x 10‘?’
B87166 Spacer 1 lx 10-6
B87165 Spacer 7 1 ix 10'6
B87163 Pin-Arming & Safing 2 2x10°°
A87127 Spring-~-Compression 2 2 x 10_6.’
C87167 Lock-Arming Pin ! 1x 107
C87168 Lock-Safing Pin 1 | 1x10°®
C87169 Lever-Arm Lock 1 1x 10-6
MS51623-112 Pin-Spring (1/32 Dia. x 3/16 lg., CRES) 2 2x 10-6
I.octite "C" Sealing Compound A/R | Zero
Y 3
B87249 Latch 2 2x 10
MS 51056-2 Screw, Set (#2-56 x 3/16 lg., CRES) 2 | 2x10°°
BT
XY
™o
s
)
v
. ) TOTAL 87208 1.8 x 107°
TITLE DATE 8-6-71 ISSUE A
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\ NOMENCLATURE — DESC. ON ga";z{
PART NO. o UNIT | Failure Rate
Ni535650-314 Nut-Hex____(# 0 - 80) 1 | 1x107°
D87204 Watch Movement Assy 1 1.13x 107>
B87130 Cover-Housing 1 1 x 10-6
MS51959-13 Screw-Flat Head, 82° (#4-40 x 1/4 lg., GRES) 4 | £x10°
F37129 Housing-Control 1 I x 10-6
C87143 Pawl ;| 1x10°°
587140 Cover-Control Arm 1 1 X 106
MS51959.2 Screw-Flat Head, 82° (#0-80 x1/8 lg., CRES) 4 4 x 10“6
B]7141 Cap-Housing Seal 1 1 % 10'6
B87131 Bushing- Control 1 | 1x10°
B37148 Spacer-Control Shaft 1 1 x 10“6
B87132 Shaft- Control 1 1 x 1070
B87133 Arm-Control - 1 | 1x10°®
Dowel Pin (.062 Dia. x 1/2 lg., CRES) 1 | 1x10°®
B87136 Ring-Movement Retaining 1 1x 107
537138 Adapter-Stem Seal 1 | 1x107°
A87190-01 HO" Ring {SCD) 1 1x10°°
B87181 Stem-Control 1 1x 10°°
1$387142 Retainer-Pull Pin (Spring Clip) 1 1x10°°
BR7137 Adapter, Locating 1 1x 10"6
B57258 Wave Washer 1 1x 1070
MS 51023-1 Screw, Set, Cup Pt. (#0-80 x1/8 lg., CRES) 1 1% 10°°
TITLE loate 8-6-71.; ISSUE A,
S/A SLIDER TIMER ASSEMBLY 0 | ax. Feroec

g x1puaddy
9L6 WLV
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_ F_____1 [ bt L. k. dgs o) | i i i 1
) QTY.
NOMENCLATURE =~ DESCRuw+1ON FER
PART NO. uNiT | Failure Rate
NS51038.2 Set Screw Cone Pt. (#2-56 x 3/16 lg., CRES) 1 1x 107 6
A87190-03 "O'" Ring (SCD) 1 1% 10°°
. Set Screw,Cup Pt. (#0-80x 1/8 lg., CRES) 1 1x 107°
A87190-02 "O" Ring " (SCD) 2 | 1x10°®
A87189-02 Ball- Bearing (SCD) 1 1x 1078
587191 Nut (Adapter) 1 | ax107®
B87212 Window 1 1x 1076
Loctite "C" Scalant A/R | Zero
ABT262 Sealant-Epoxy (Stycast 2741) SCD A/R | Zero
387223 Coupling Drive 1 1x 10°°
587222 Pin Drive 1 | ix 1076
£37224 Sleeve-Spring. 1 1x 107°
R§7225 Bushing -1 1x 102
CR7226 Link i 1x 1070
Grease,. High Vacuum {(Krvtox, DuPont) A/R Zero
587221 Bushing, Drive 1 1x 1076
537248 Actuator, Clock 1 1% 10°
587252 Release, Pull Pin 1} ax10
C87260 Housing, Detent (Replace 87263) 1 1210°°
587263 Detent Spring (Reﬁlace 87263) 1 1x 10°°
TOTAL 87185 - | 5.3x%x107°
TITLE | DATE  8-6-71 Issue A
S/A SLIDER TIMER ASSEMBLY Nx  F87100
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S/A SLIDER TIMER ASSEMBLY ) X

F87100

o keT - ] b e Lbkse by Ui ) ] ) ! | 1 ] + |
! Q7Y
NOMENCLATURE = DESCK,  .ON PER
PART NO. UNIT Failure Rate
c37217 Control Drum 1+ o1x 1070
c87123 Gear-Timing 1 | 1x1070
CR7188 Mainspring- Timer 1 1x 10-b
D87109 Pin-Spring Retaining ;| 1x10°®
D87121 Frame-Support 1 1x 1076
. B87125 Bushing 1 1x 1o'§
|_B87183 Screw-Modified 2 | ax10®
; B87239 Plate, Drum Locating 1 1x 10-6
| B37247 Washer | | 3 | 3x%10°6
Screw, Pan Hd. (#0-80 x 3/32 lg., CRES) > | 2x107°
l.octite "CV Sealing Compound A/R Zero
B87215 Flange Mounting 1 1x 1070
Screw (#0-80 x 1/8 1g.) Pan Head 3 | 3x10®
187230 Shim-Spring Winding-Hub 3 3x 10“6.
B8§7214 Mainspring Winding Shaft 1 1x 107
DR7243 Pin-Spring Anchor 1 | 1x 107°
587216 Bearing- Plate 1 | 1x107°
B37254 Bearing, Flanged (SCD) 2 | 2x 1070 .
RR725A Spacer, Shaft 1 1lx 10_6 n_'g >
B87257 Spacer, Shaft 1 | 1x107° %‘3 2
B57264 Spac¢er, Shaft 1 1 x 10‘6: ¥ ;"“ ‘3"1
A87261 Flanged Bearing 2 | 2x107® W
$ .
TOTAL 87199 | - | 3.3x107°
TITLE T DATE §8-6-71 ISSUE A




ey 0 o ! PUI PN Bl LY -l 1 | 1 i | |
- ps e :
QTY.
NOMENCLATURE — DESCRIPTION PER .
PART NO. UNIT Failure Rate
B§7144 Sleeve-Pull Pin 1 1 x 107 °
B87145 Pin Pull 1 1x 107 ° |
C i
#24 Awg, Buss wire ner QQ-W-343 1/2" 1g, 1 2x 10 6 [
A S
¥E 5
I
ng S
w &5
~ § o~
o
.'“'w
R TOTAYL 87146-01 4x10°°
TITLE DATE 8-6-71 ISSUE A
S/A SLIDER TIMER ASSEMBLY

NX F87100
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SYMBON. (o) ASSEMBLY END 1TEM g
A Hack Watlch Overbant ing due to either low gravity, Fast time basc, The overbanking causes The timer may run faster than normal 4.2 x 10-6 1
Minvemnent (D87T108) low pressure, or pusition of the watch a fuster beat rate thereby causing the causing prematurc operation. This is
movement with respect to gravity, Over- timing drum to rotate faster then designed due to the timing drum rotating faster

banking is a term which refers to exces- through the connecting mechanisms, than normal. As a result, the arming

sive amplitude of the balance wheel. This pin and safing pin retract carlier than

condition causes the balance wheel jewel planned.

to hit the back of the lever and bhounce

back thereby causing a faster beat rate.

O Rings I.ose of Seal due to leakage around the The escapement may overbank because The timer may run faster than normal 4 x 10-6 1a
AETI90-x) "O'" rings. Could be caused by undetected] of lower friction. The lower {riction causing premature operation. This is
foreign matter or an undetected defect is due to the reduced air drag on the due to the timing drum rotating faster
in the "O" ring. N balance wheel at lower pressure., than normal, causing the arming and
safing pin to be retracted earlier.
22 Position of Timer | If the position o1 the timer changes so as This effect cowdd be contribalory toward The timer may run faster than normal 7ern, hecause 1b
to change the axis of the balance wheel an overbanking failure. The lower causing premature operation. This is this effect by
the friction of the balance wheel changes. friction will increase the amplitude due to the timing drum rotating faster ftseli will not
condition and under the worst conditions than normal, causing the arming pin cause failure.
of temperature and severe leakage and safing pin to be retracted earlier, However, in
could cause overbanking. konjunction with
ieakage and
femperature it
fan.
A3 Low Gravity The friction in the escapement especially § This effect is compensated for in the The timer may run faster than normal 1x10 ic

on the balance wheel pivots*decreases
with respect to gravity due to the smaller
normal force involved., This decrcased
friction in turn means greater amplitude
with the possibility of overbanking and
increascd beat rate.

design of the timer, a slight lowering

of the amplitude. If incorrectly
compensatad this condition could cause
overbanking, The overbanking condition
causes the beat rate to increase.

causing premature operation. This is
due to the timing drum rotating faster
than narmal, causing the arming pin

and safing pin to be retracted earlier.
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A4 Temperature The friction in the escapement especially {This cifect is compensated for in the The timer may run faster than normal ix10 id
on the balance wheel pivots decrease design of the timer by slightly lower:ing causing premature operation. This is
inversely with respect to an increase in  Jthe amplitude. If incorrectly compensated] due to the timing drum rotating faster
temperature, This decreased friction this condition could cause overbanking. than normal, causing the arming pin
in turn means greater amplitude. This excessive amplitude causes the beat | and safing pin to be retracted earlier.
rate to increase,
S . . . . -t
B Watch Movement Slow functioning of the Watch Movement Slow or no time base. Timer may run slower than designed I1x1¢0 8
Assembly (D87204) Assembly causing a ‘dud’.
Bl First Pinion Tooth shears thereby preventing trams- Gear train cannot supply energy to Timer cannot operate due to no time 1x10°" 9
{C87103) mission of energy through the gear train }{mainspring and therefore no energy is base from the watch., The timer fails
to the mainspring. avaiiable 1o power watch mechanism, in a sale condition,
- ' There will then be no time base.
. - . : : . -0
B2 Wheel Crown Tooth shears thereby preventing trans- Gear train cannot supply energy to main- Timer cannot operate due to no time I x10 10
{C87107) mission of energy through the gear train {spring and therefore no encrgy is base {rom the watch. The timer fails i
to the mainspring. available to power watch mechanism. in a safe condition,
There w il then he nn time hase,
. -1y
B3 First Wheel Toanth shears thereby preventing trans- Cicar train cannot supply energy to main- Timer cannot aperate duc to no time 1 %10 11
(B87110) mission of eneryy through the gear spring and therefore no energy is avail- base from the watch., The timer fails
train to the mainspring. able to power watch mechanism, There in a safe condition.
will then be no time base.
B4 Mainspring The mainspring fractures due to shoci, The mainspring cannot store energy «nd Timer cannot operate due to no time iIx10" 12
(C87111) vibration, or overwinding and therefore therefore no cnergy is available to power base from the watch, The timer fails
cannot store energy. watch mechanism, There will be no titme | in a safe condition,
base. ’
o - T T . B S IR e VR o - e S SRS
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Wheel Winding
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C Couniral Assembly

{F87203)

Cl "O" Rings
{A87190-x)

C2 Pawl (C87143)

€3 Link (C87228)

C4 Coupling Drive
IRBT223)

Tooth shears thereby preventing trans-
mission of encrgy through the gear
train to the mainspring.

The "O' rings lose their seal due to

an undetected condition. The oil,
Synta-Visco-Lube, cvaporates thereby
creating more friction in the escapemeny
This higher friction reduces the
amplitude of the escapemnent,

A pawl tooth shears thereby either
“locking up” the timing drum or allowing
the drum to quickly move past the levers

The link breaks due to flexure or
fatigue. This isolates the watch from
the remainder of the timer.

Breakage in bending due to vibration,
shock or operation.

END ITEM

ek
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Gear train cannot supply energy to
mainspring and therefore no energy is
avallatle to power watch mechanisin,
There wiil then be no time base,

Slow eir na time hase,

The escapemnent has lower amplitude
due to higher friction. This lower
amplitude increases the probability of
the escapement stopping or not starting.
If the iriction is sulliciently hiéh, ine
escapement will not run.

-
The drum either "locks up” or guickly
moves past the levers, If the drum
"locks up' the timer cannol operate due
to the lever~ not operating. I the drus
moves quickly, the levers allow the
arming pin and saling pin to retract in
guick succession.

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.
no cifective time base.

There is

T

Timer cannot uperate duc to no time
base irom the watch., The timer fails

in a safe condition,

Timer may run slower than designed or
not at all thereby causing a "dud'.-

Timer will not advance if the escape-
ment stops, thereby resulting in a
dud .

If the drum: “locks up’ there is ne timer
operation and the unit is a "dud", If
the drum moves quickly, the arming
and safing pins retract 1n guick
succession. The slide then quickly
moves through the armed position to
the safe positinn,

Timer cannot 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",

§ -
Pl x 197

1.3 %107

4x107"

1x107"

13

14

IS

16

17
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ASSEMBLY

C5

Actuator Clock

(R87248)

Cé

Stem Control

(B87181)

Cc7

Cc8

System Driction

Misalignment

D Timer Assembly
(D87199)

Di

Gear, Timing

{C87123)

D2

Mainspring,

Timing {CR71838)

D3 Retainer, Puil
Pin (BB71421

The actuator fails in either shear or

bending, .

N ’ P N
The stem may fail {rom torque, tension
or benring.

If the system friction is greater than the
output torgue of the watch, the watch
will stop.

Misalignment of Parts

Gear tceth 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 fatigue due to
repeated insertions and withdrawals of
the pull pin.

The watch cannot be started due to the
broken actuator,

Without a stem the watch cannot he
started and therefore the timer cannot
operate.

No time base due to excessive friction
stopping the waich.

Daes not count "hours’ generatad by
the watch,

The gear either moves ahead one tooth
and thereby activates the levers pre-
maturely or creates a condition where-
by the timer does not operate.

Without an intact mainspring there is
no energy with which the timer can
operate.

The spring clip once broken does not
retain the pull pinand could possibly
allow the timer to start prematurely
under environmental test conditions.

[ 3044 -° SEE  Ehgvre o Mord - s
LSPE Louis N, _Allen 891-012 P 3
PR Sate sidice 2
Arra.Slide Timex PAGE 4 .f 6
S STy N e -
s e R A M2Y 10, 1971
A LURE FAL_URE CRiTIC -
PRCBASILTY i
END ITEM AiTy
Timer cannotl operate because timer tx1eT 18
cannot be started, The result is a "dud’.
The timer cannot be started and there- P x 167 19
fore the unit is a "'dud”.
The timer cannot operate due to no 1.3 x 107 3 20a
time base therefore the unit is a "dud"
v, fails safe',
1 118 sale inctuded in C7
" Svstem Friction| 20b
No aperation. Ix 1Y 21
The timer either operates one hour 1x12”t 22
- early or does not operate creating a
Tdud’.
The timer fails to advance and is 1x107° 23
therefore a 'dud".
It is conceivable that the timer could px1o”’ 3
start prematurely, although it is under
load. Other system restraints on the
pull pins would preclude such an
occurrence, .
-
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o . EFFECT FAILURE : FAILURE

. retract.

\ s'lsver. arréﬁiﬁgk h
‘,releuﬁ\g the {tﬂﬁng in &
Fotq ro’ﬁ' L, B
i

',

:l‘he‘htch Iaxla

" the Ardiing .pm

‘ T}xe latch 5%13
.the drming pin}

Arming and /or%Safmg Pin does not

k k-Tho lack of an arm gin allows tha

© The safing pin retra;ds therlby '
. aliswing premature gafing of the ngil.

. retracting allows thtshdu to 'hfcu
. the u‘md position, Premture
§  Afming. -

~ - ‘zetracting ailows the slide to movs
 fo the armed pontum Prematurd®
'.Arunng.

. smux goes thrqugh #rm pcsd‘.xon.
ﬂirectly to the safe msmon. 7

Unit is a "dud". "ﬁme window is not . -

available at propertime,

The’ hck of a ‘safe p:g allows’ tbe a&ida‘ ¢
to move: mprixeutarn, through:
. arm pos

to th& safe posit{

é# e
Tha armmg,pin retracts thereby
allowing, emamo*

The nnit would thorefore become a

The arming pin is raleased and,

naosméx:y 4
/ = :

minz of ﬂ%& Nﬁ G
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e () SSEMBLY END ITEM e
&
F1 Pull Pin (B87145) The pull pin fails in tension. Cannot activate timer because the pull No operation because the watch is 4 x 10‘6 28
pin assembly separates under approx. never started.
18 1b. load, and the pall pin remains
in place "locking up" the timing drum
and the watch is never started.
F2 Sleeve (B87144) Local Bending Cannot activate timer, No operation "dud", . 1x 10_(J 29
F3 #24 AWG The bus wire is used as a "shear pm"‘ If the bus wire ahears the assembly If the bus wire shears the pull pin 2 x 10-6 30;‘
Bus Wire in the pull pin assy, If the bus wire ~ :

shears at a very low stress value the
pull pin assy cannot start the timer.

cannot completd its function and start
the watch.

remains in the timer hanging up the

drum. The watch also is not started.
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A Hack Watch Move- ]Overbanking due to either low gravity, low { Fast time base. The overbanking causes The timer may run faster than normal 48 < 107! 1
ment {D87108) pressure, or position of the watch move- a faster beat rate thereby causing the causing premature operation. This is
ment with respect to gravity. Overban} ing} timing drwm to rotate faster then designed} due to the timing drum rotating faster )
is a term which refers to excessive through the connecting mechanisms. than normal. As a result, the firing pin . 5 :
amplitude of the balance wheel. This and switches are activated earlier than ";.."',\ :
cdondition causes the balance wheel jewel planned. . ‘ n
to hit the back of the lever and bounce
back thereby causing a faster beat rate.
Al "O Rings Loss of Seal due to leakage around the The escapement may overbank because The timer may run faster than normal 4 x 10-6 la

1AB, 7190-x)

A2 Position of Timer

A3 Low Gravity

A4 Temperature

"O" rings. Could be causcd by undetected
foreign matter or an undetected defect in
the "O" ring.

If the position of the timer changes so as
to change the axis of the balance wheel,
the friction of the balance wheel changes.

The friction in the escapement especially o1
the balance wheel pivots decreases with
respect to gravity due to the smaller nor-
mal force involved. This decreased
friction in turn means greater amplitude
Lvith the possibility of overbanking and
increased beat rate.

he friction in the escapement especially
on the balance wheel pivots decreases
Enversely with respect to an increase in
temperature. This decreased friction in
‘turn means greater amplitude.

of lower friction, The lower friction is
due to the reduced air drag on the balance
wheel at lower pressure.

This effect could be contributory toward
an overbanking failure. The lower
friction will increase the amplitude con-
dition and could become part of the cause
of averbanking.

This effect is compensated for in the
design of the timer by slightly lowering
the amiplitude, If incorrectly compensated
this condition could cause overbanking.
This excessive amplitude causes the beat
rate to increase.

This effect is compensated for in the
design of the timer by slightly lowering
the amplitude. if incorractly compensated
this condition could cause overbanking.
This excessive amplitude causes the beat
rate to increas.e.

r

causing premature opcration; This is
due to the timing drum rotating faster
than normal, causing the firing pin

and switclies to be activateds
-

The timer may run faster than normal
causing premature operation. This is
due to the timing drum rotating faster
than normal, When the siot in the drum
is in the correct position, the fiving pin
and switches are activated.

The timer may run fAster then normal’
causing premature operation. This is
due to the timing drum rotating faster tha.\‘
normal, causing the firing pin and
switches to be activated.

-~

The timer may run faster then normal
causing premature operation. This is dud
to the timing drum rotating fasiier than
normal, causing the fiving pin and
switches to be activated. -

3.
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B Watch Movement Slow functioning of the Watch Movement Slow or no time basc. Timer may run slower than design 1 x 10—6 6
Assembly {D87204) Assembly, causing a " dud'’,
Bl First Pinion Tooth shears thereby preventing trans- Gear train cannot supply energy to main- Timer cannot operate due to no time base 1x10™" 7
(C87103) mission of energy through the gear train spring and therefore no energy is from the watch. The timer fails in a
to the mainspring. available to power watch mechanism. safe condition.
There will then ve aov Lime base.
BZ Wheel Crown Tooth shears thereby preventing trans- Gear train cannot supply energy to main- Timer cannot operate due to no time 1x 1".{a s’
{C87107) mission of energy through the gear train spring and thercfore noenergy is availa- base irom the watch. The timer fails in R
to the mainspring. ble to power watchmechanisin, There will a safe condition.
then be no time base.
B3 First Wheel Tooth shears thereby preventing trans- Gear train cannot supply energy to main- imer cannot vperale due to no time P xieT 9
(RRT110) niissiva of energy through the gear train spring and therclore no energy is avail- base from the watch. The timer fails in
to the mainspring. able to power watch mechanism. There a safe condition, -
wiil then be no time base.
N N -t
B4 Mainspring The mainspring {raciures due to shock, The mainspring cannot store energy and Timer cannot operate due to no time 1wl 10
(C8711}) vibration, or overwinding and therefore therefore no encrgy is available to power base {rom the watch. The timer fails
cannot store energy. watch mechamism. There will be no time § in a safe condition.
base,
£
B5% Wheel Winding Tooth shears thereby preventing trans- Gear train cannot supply encrgy to Timer cannot operate due to no time base txi1e™" 11
(C87114) rission of cnergy through the gear train mainspring and therefore no energy is from the watch. The timer fails ina
to the mainspring. availabie to power watch mechanism. safe condition.
There will then be no time hase. -9 . 4
C Control Assembly Slow or no time basze. Timer may run slower than designed or 1.3x 16‘3 e
{F87203) : not at all thereby causing a "“dud". N e
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C: O Rings The "O" rings lose their seal due to an The escapement has lower amplitude due Timer will not advance if the escapement 4 x 10_6 12
Ti90-x) undetected condition. The oil, Synta- to higher friction. This lower amplitude stops, thereby resnlting in a ""dud"”. s
Visco-l.ube, evaporates thereby creating increases the probability of the escape-
more friction in the escapement. This ment stopping or not starting, If the
higher friction reduces the amplitude of friction is sufficiently high, the escape-
the escapememnt. ment will not run.
C2 Pawl (C87143) A pawl tooth shears thereby either "locking The drum either “locks up' or quickly If the drum "locks up" there is no timer Px107” 2
up” the timing drum or allowing the drum | moves past the levers. If the drum "lockd operation and the unit is a "dud!. If the
to quickly move past the levers. up'’ the timer cannot operate due to the drum moves quickly allowing the lever
levers not operating,  If the drum moves to release the firing pin, the firing pin
N quickly, the levers allow the release of will "lock up” on its pull pin. If the pull
the firing pin. pin is removed, the firing pin will fire E
outside the available time window.
. -9 -
C3 Link (C87226) The link breaks due to flexure or fatigue. | The pawl stops osciliating due to the Timer cannot advance because there is I x 16’ 13
This isolates the watch from the remain- connection to the watch through the link no oscillation of the pawl, thereby
der of the timar. being broken, resulting in a "dud",
C4 Coupling Drive Breakage in bending due to vibration, The pawl ceases to oscillate due tc the Timer cannot advance because there - I x1e” 14
(B&Y223) shock or operation. lack of coupling from watch. There is is no oscillation of the pawl; thereby
no effective time base, resulting in a “d\:d"
- -
€3 Actuator Clock The actuator fails in either shear or The watch cannot be started due to the Timer cannot operate because timer can I x 1o 15
1E5T243) bending. broken actuator, not be started. The result is a "dud”,
C*t Stem Control The stem may fail from torquse tension Without a.stem the watch cannot be The timer cannot be started and there- ! x19 " 16
({B8T182) or bending. started and therefore the timer cannot fore the unit is 2 dud",
operate. . N o
C7 Svsrem Friction If the system friction is greater than the No time base due to excessive friction The timer cannot operate due to no time 1.3x 10~3 17a .
output torque of the watch, the watch will stopping the watch. base therefore the unit is a "dud" i, e.
stop. “fails safe''.
Ct Misalignment Misalignment of Par?s " " included in C7 )
) R o B Systemy Friction) 17n )




FAILURE MODE,

PART / COMPORENT
SYMBUL

FAILURE MODE
(o)

EFFECT & CRITICALITY ANALYSIS WORKSHEET

PERUEEOURIN.

EFFETY  OF

A peno;._ 5
A2 oF 4‘)

ASSEMBLY

D Timer Assembly
(D87205)

Dl Gear, Timing
(CB7123)

D2 Mainspring
Timing (C87188)

D3 Spring Clip
(B87245)

. E PRase Mtg. Assy. .
(b87207)

El Body, Firing Pin
(B87171)

E2 Tip, Firing Pin
{B87172)

E3 Spring, Firing
Pin (B87201) -

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 fatigue due Lo repealed
insertions and withdraws of the pull pin,

The body, firing pin fails in tension.

Compression crushing the tip so that
it cannot "'set off'' the shder explosing
charge.

The spring fails in shear but being a
compression spring it catches the next
turn and functions but probably not with

the same fo_x;ce,

Does not count "hours' generated by
the watch,

The gear either moves ahead one tooth
and thereby activated the levers pre-
maturely or creates a condition in which
the timer does not operate,

Without an intact mainspring there is no |
e}xergy with which the timer can operate,

The spring clip once broken does not
retain the pull pin and could possible
allow the timerto start prematurely
under environniental test conditions.

Firing pin does not activate.

- -
C'S

The firing 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 contalnmg walls stopping]

its actmn.

Firing pin does not initiate thermal
battery timer. .

The spring fails thereby decreasmg
the force vn th&ﬁnng pih,

-

? i 7
LSPE : %uis N. Allen 891-012 PB____'
WEM  Thermal > WO -
Battery Timcr baGE 4 of 6
NO. T
May 10, 1971
~ e el ey Gt
FAILURE FALURE CRITIC-
PROBABILITY IT
END iTEM preass- N Honlli

No operation 3x 107 R 18
The timer either operates one hour 1x3.7" 19
early or does not operate creating a
tdud'’,

The timer fails to advance and is 1x10°" 20
therefore a '"dud'",

The timer starts prematurely thereby Ty Zﬂ'i' 3
allowing prematuré operation of the

firing pin. The firing pin would then

“lock-up' on its pull pin creating a -
‘dud"”. If the pull piovfor the firing pin

is withdrawn the timer will operate . .

prematurely.

Unit is a "dud". 22
The unit is a possible "dud", 1x10 ¢ 23
The experiment becomes a "dud" due Ix1o7 24
to the thermal battery primer mot being
initiated.

The experiment may become a '‘dud” 1x10” 25
due to the lack of sufficient impact - -
force to initiate th&rmal battery primer. .
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LSPE J.ouis N, Allen 891-012 b
FRG e NG :
Thermal AGE 5 of 6
FALURE MCDE, EFFECT & CRITICALITY ANALYSIS WORKSHEE 0 T o 1o
SBET /oM ONENT . EFFECT OF FAWURE FAILURE crric- L.
BTN FAILURE MODE X PROBABILITY AUITY
SYMBOY. (o) ASSEMBLY JEND ITEM )
. E4 Switch (AB7186) Random opening of contacts. No continuity at random intervals, Unknown, 2 x 10-4
{ ' \
E5 Actuator Switch The actnator fails in beinding. The ’ The bending of the actuator out of the Unknown o~ o 4 x 10-6 Unknowa
{C87259) actuator bends and does not contact the | switch creates a condition whereby the s
B switch. 1 switch does not'dictuate.
. ’ B LI . &
E6 Pin (Switch The pin fails in shear or is missing. 1f the {actuating) pin is sheared off, the Switches will not be actuated.. I xis™
Actuator) switches will not be actuated. ’
E7 Lock, Firing Pin The lock, firing pin faile in shear thereby | Firing pin is relbased. The lock, . Firing pin is x-eloas'iil and "locks up" ’ I x !0-9
(D87174) releasing the firing pin in advance, firing pin fails in slear thereby allowing on the Firing Pin Pull Pin. If the
. { the firing pin to be released. pull pin has already been removed the
-§ Firing Pin would initlate the Thermal
- Battery Primer prematurely; long before .
set time, resulting ia a “'dud". .
E " : . -9
E8 Latch (B87231) The Latch fails in shear thereby releasmg Firing pin is released, The latch fails 1x1d s
the firing pin in advance. in shear thereby allowing the {iring pin on the pull pin for the firing pin.
to be released, .
- : - : : k
. - : -
E9 Dowel {Latch The Latch fails in shear thereby Firing pin is released. The latch fails Firing pin is released and “locks up” 1x1 4-9 ‘34 ’
Shaft) releasing the firing pin in advance. ] in shear thereby allowing the firing pin on the puil pin for the firing pin, . . [s
to be released. I8
¥ Pxil Pin Assy - . .
{Timer) (BR7146-02) A failure in the pull pin assembly would A failure in the pull pin assembly would 4x10t ... 26 1.
. .prevent activation of the timer, prevent activation of the timer and the : ’ T
unit would become a "dud" i.e. The ) )
unit fails in the safe condition.
2
~ = . -9
F1 Pull Pin (B87151) | The pull pin snaps i.e. faiis in tension. The tiner vannot be activated, Part of The timer cannot be activated. See Txaln 27
o C o ) . the pull pin remains in the timing drum Assembly. ) 1
e T . prévedting rotaflon. This same part of - ’ d : ) ' b &

e

the pull pin by fgmainxng in the Timing "{ Vi Tt TowTs
Drum does not dctivate the watch through ) 1
1 the rocker yokes




ALIM 376

Appendix B 49
ALE 49 oF
o EM el BY 3 RV
%SPE Louis N, Allen 891-0J2 I B
S Thermal LG NC. AGE fe
- . i ; bW—I}I’Jﬂ—-—. )
FALURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET * e - e 10, 1971
. e p PO AR A A A I \
AT, L N o EFFECT OF FAILURE FAILURE CRITIC -
smaoLOW FAILURE MODE PROBABILITY ALITY
(o) : ASSEMBLY END ITEM st |
-6
F2 Sleceve (B87153) Local Bending. Cannot activate timer, "Dud"’ 1x10 28
F3#24 AWG Buss Wird The buss wire is used as a '"'shear pin" The buss wire shears thereby preventing The lower piece of the pull pin by 2 x 10-6 29
in the pull pin assy, If the buss wire the removal of the lower piece of the remaining in place locks up the firing
shears at a very low stress value the pull pin assy. pin. -
pu!l pin cannot start the timer. -
’
G #@ull Pin Assy A failure of the pull pin would prevent The firing pin would not operate due 4 x 10-6 30
(Firing Pin) - the operation of the firing pin. 4 to the restraining action of the pull ’ :
(BB87146-03) . pin.
-a R
G1 Pull Pin The pull pin snaps i. e, fails in tension. A piece oi the Pull Pin remains in The piece of the pull pin remaining Vb xa . -3}
(B87152) : place blocking the firing pin, The rest in the timer blocks the firing pin. : »i B
of the pull pir has been removed from Once the firing pin i® activated it : ’
L the timer, "locks up" onto the piece of the pull a
. pin. The unit "Fails Safe’ because
the firing pin can no longer activa . ,
the battery primer. - ’
G2 Sleeve (B87153) Local bending. Firing pin cannot activate detonator 1 x 11)'6 1 33
’ due to the pull pin remaining in position, B -
. -
G3 #24AWG Buss Wirel The buss wire is used as a "shear pin" in _ The buss wire shears thereby preventing Pull pin cannot activate watch and =~ iEx 10'6 ;_V 32
) the pull pin., If the buss wire shears ~ activation of pull pin assy. remains in place "locking up" timing :
at a very low stress value the pull pin drum., : g
cannot be completely removed.
- 1
- . ) :
- N v ':.éa ?‘
-4
. = - - -
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS Hermal Battery 16 =30-71 =
mkzw FAILURE MODE ) pe— EFFECT OF FALURE — P?QSQ}-%RETY g.:'gr'\cr—
1.0 Primer 1.0 Fails as shown: 1.0 Failure of Component: 1.0 EPA Affected as Shown:
1.1 No rire 1.1 No Battery Output 1.1 No Explosive Detonation 0.1 v
1. 2 Punctures 1.2 White Noise on the Output 1.2 Potential False Trigger 0. 05 Vi
2.0 Battery 2.0 Fails as Shown: 2.0 Failure of Component: 2.9 EPA Affected as Shown:
2.1 No 5 Volt output 2.1 lLoss of Signal Processor Function 2.1 No Explosive Detonation 0.1 v
2.2 No 13 Volt Output 2.2 Lo:; Q oi Receiver and Signal ) 2.2 No Explosive Detonation 0.1 _ . v .
Processor Functions
2.3 No 24 Volt Output 2.3 Loss of Firing Pulse Generator and 2.3 No Explosive Detonation 0.1 v
Signal Processor Functions.
2.4 Noise on the Output 2.4 2.4 Potential False Trigger 0. 05 VI




FAILURE MODE, EFFECT & CRITICALITY ANALYSIS

gfz ALSEP PREPRRED BY
LSPE WG N,

ATM 976 F_v.v

JPAGE

ASS'Y

Receiver

2348351

2 Zof K .-'I!

1420071

PART /COMPONENT
SYMBOL

FAILURE MODE

(o)

EFFECT OF

FAILURE

ASSEMBLY

END ITEM

FAILURE
PROBABILITY
Q x

CRITIC-
ALITY

1.0 Pre-amp

2.0 Amp #1

3.0 Amp #2

4.0 Final Amp

Failure as shown

No output

Incorrect Output

Failure as shown

No output

Incorrect ouiput

Failure as shown

No cutput

Incorrect output

Failure as shown

No output

n

i

]

"

.319

.678

.656

- 349

.433

.567

.633

1.2

2.0

2.2

3.1

Component failures as shown

Ql short
L2 short
C3, 4 short
Cl4 short
1.5, L1 open
C1 open

L1, L2, Ql, C2 drift
Drift

1.2

Component failures as shown 2.0
C5 open
C8 short
AR1 short

ARI1 drifts

C8 opens

C5, C7 shorts
R2 drift

2.2

Coniponent failure as shown

C9, open
Cl11 open
L78 open
Y1 opens
L6, Ci2, R5, C15, AR2Z short

Y1 drift
AR2
c12

L6

L8

C10 short
Cl13

AR2 oscillates
R4 drift

Componenrt failure as shown 4,7

C16 open
C18 o‘;;:n
R10 open

Output affected as shown

No output
No firing pulse

Attenuated output
Output affected as shown

No firing pulse

Possibility of no firing pulse

Qutput affected as shown

No firing pulse

Posseibility of no firing pulse

Output affected as shown

No firing pulse

Q = .0655

Q=2.92

Vi




ALSEP PREFARED BY P RTM 976FV'
END TTEM NO, - .
L5PE PAGE 3 of 19
-~ y R . e M
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ASSY R eceiver NO- 234835] 7720771
EFFECT OF FAILURE FAILURE CRITIC—
PART,//COMPONENT FAILURE MODE _ PROBABILITY | ALITY
SYMBOL. (o) ASSEMBLY END ITEM Q x i
4.1 AR3 short R7 short
R11l open
4.2 Incorrect output =.367 | 4.2 L4 open or short 4.2 Possibility of no firing pulse Q= .685 2
R8
RT1 open or short
AR3 drift
R10, R7 drift
R11 drift
5.0 AGC 5.0 Failure as shown 5.0 Component failure 5.0 Output affected as shown
5.1 No AGC = ,707 5.1 CRI1 open 5.1 Possible no firing pulse Q=2.9 v
AR4 short or open
5.2 Incorrect AGC = 2.94 5.2 C17 short 5.2 Possible no firing pulse Q=1.23 v
R12 open

AR4 drift
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ALSEP ATM gzﬁ]ﬁz
RO TTEM NO. R
LSPE PAGE 4 of
ASS'Y
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS o iog Pulse Gen st P
PART / COMPONENT EFFECT OF FAILURE FAILURE CRITIC~
/ FAILURE MODE PROBABILITY ALITY
SveoL (&) ASSEMBLY END ITEM Q x !9‘-*_4
1.0 Trigger 1.0 Failure as shown 1.0 Component failures as shown 1.0 Failure as shown
i.1 No output =1 1.1 Q1 open 1.1 No firing pulse 0=32.4x10 v
C2Z, 4 short
R4 short
1.2 Erroneous output 1.2 Q1 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 = ,9975 2.1 CR2 open 2.1 No firing pulse Q=20.4x10"4 v
C1, 3 short
R1 open
CR1 open
R3 sghort
R2 short
2.2 Constant output = ,0025 | 2.2 CRI short 2.2 Firing at incorrect time Q=536x100] w1
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DWG 1O,

LSPE AGE 5 -of 19
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS /DG Converter 5381809 7/20/71
PART EFFECT OF FAILURE FAILURE -
/CMPONENT FAILURE MODE PrOBABIITY | SoTiC
SYMBOL (o) ASSEMBLY END ITEM Qxi
1.0 Oscillator 1.0 Fails as shown 1.0 Component failures 1.0 DC levels affected as shown 111
1.1 Freguency drift = ,225 1.1 C 13, 9, 6, drift 1.1 Possible amplitade drift Q = .,2522
AR1 regulator drift .
1.2 No output =.775 1.2 T1, T2 open or short 1.2 No dc Q=.868 m
CRS, CRY9, CR7 short : :
Q1l, 2 open or short
AR regulator open or short
2.0 Regulator 2.0 Failure as shown 2.0 Component failures 2.0 DC levels affected as shown
2.1 No output = .632 2.1 Q3 open 2.1 No dc Q= .868 Ix
Q4
AR no cutput, open or short
No feedback CR12, 13 open or short
2.2 Constant output =,183 2.2 Q3, 4 short 2.2 No regulation with load Q= ,2522 m
AR 1] loses control
2.3 Oscillating output =,183 2.3 AR oscillates 2.3 Noise in B+ to other circuitry Q= .2522 m
3.0 +28V DC 3.0 Failg as shown 3.0 Component fajlure 3.0 +28 volt bus is affected as shown
rect. & filter
3.1 No output =.9838 3.1 Shorts: G2, Cl, T2 secondary 3.1 No +28V Q=.1024 oI
Opens: L1, CR1, 2
DC return P7 on T2
R1 Short
3.2 Ripple = ,0162 3.2 CR1 OR CR2 opens or shorts 3.2 Noise in +28 VDC bus Q= .,011288 nr
L1 shorts .
R1 opens
C1, C2 opens
4.0 +12v DC 4.0 Fails as shown 4.0 Component failure 4.0 +12 affected as shown
4.1 No output = .,909 4.1 Shorts: C4, § 4.1 No +12 VDC 2.54 Q= .111408 pass
T2 secondary




PSSt cep PREPRRED BY

QITM976' *
RO TTEM L P =
LSPE PAGE 6  of
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS ABEYDC Converter 2393809 7/20/71
PART / COMPOMENT EFFECT OF FAILURE FAILURE CRITIC—~
/ X FAILURE MODE PROBABILITY ALITY
SYMBOL (o) ASSEMBLY END ITEM Q x IC
4.1 Opens: 12 CR1, CR2 1Ix
DC Return
4.2 Ripple = ,091 4.2 CR3 or CR4 opens or shorts 4.2 Noise in +12 VDC bus Q=.011768 m
L2 short
C4, 5 opens
5.0 +5V DC 5.0 Fails as shown 5.0 Component failure 5.0 +5 affected as shown
5.1 No output = .477 5.1 Shorts C7, 8 5.1 No +5V DC Q=.011470 111
T2 secondary
Open L3, CR6, CR8 DC Return
5.2 Ripple = .477 5.2 CRé6 or CR8 opens or shorts 5.2 Noise in +V DC bus Q=.01046 hied
L3 shorts
C7, C8 open
6.0 -12V DC 6.0 Fails as shown 6.0 Component failure 6.0 -12V DC affected as shown
6.1 No output = .909 6.1 Shorts C11, Ci2 6.1 No -12V DC Q =0.112708 m
T2 secondary
Open L4, CR10, CR1l
6.2 Ripple = .091 6.2 CRI10 or CR1l but no both 6.2 Noise on -12V DC bus Q=,0114 1
Opens or shorts .
14 shorts
C11, C12 open
7.0 Boarc f2 7.0 Fails as shown 7.0 Component failure 7.0 Reference voltages affected
as shown
7.1 No outputs = .76 7.1 VR1, 2 short 7.1 No LSP Temp sens. supply Q= .25600 ux
R1, 3 open
No Mu-A/D col ref #2
No Mu-A/D col ref #1
Pin #1 opens
lose E1, 3, 4
7.2 Incorrect output = .24 7.2 VR, 2 open 7.2 References are at improper level Q = .081000 i
R8 opens
R9, R6, R7
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FA‘LURE MODE) EF FECT & CR'T'CAL'TY ANALYS'S Sisznal Processor M%348356 7/20/71
PART /COMPONENT EFFECT OF FAILURE FAILURE CRITIC—
/ FAILURE MODE PROBABILITY ALITY
SYMB0L (o) ASSEMBLY END ITEM Qx|
1.0 Pre-Amp 1.0 Failure as shown 1.0 Component failure 1.0 Output affected as shown
1.1 No output = .999733 1.1 AR1, ARZ output shorts 1.1 No firing pulse Q=1.142 11
R6 No firing gate
R4
R13 shorts~R14, opens
1.2 Incorrect output =. Z67x153 1.2 Drift of components 1.2 No firing pulse Q=39x 15'4 m
R1, R2, R4, R8, R11, R7,RI10, No firing gate
R5, R6, Cpl, R13, R14
2.0 Pulse Counter 2,0 Failure as shown 2.0 Component failure as shown 2,0 Output affected as shown =39x 10"4 I
2,1 No output = .60 2.1 R12 opens, Ql opens or 2.1 No firing pulse = 1,2
U3 shorts to ground No firing gate
Ul or U2 short to ground
Rg opens or R3 shorts
2.2 Constant output = .40 2.2 Ql shorts 2.2 No firing pulse Q=.004 m
U3 shorts to B+ No firing gate
U2 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 = .99653 3.1 U4 hangs up 3.1 No firing pulse Q=.4 il
No pulse out (short to B+ No firing gate
short to ground, no output)
3.2 Incorrect output = .00347 3.2 C2 or R5 drifts 3.2 Incorrect firing pulse Q=13.90 heed
C2 shorts or open Incorrect firing gate
RS shorts or open
4,0 Firing Gate 4.0 Failure as shown 4.0 Component failure 4.0 Output affected as shown
Amplifier
4.1 No output 4.1 Q3 shorts or opens 4.1 No firing gate Q=.228 jied
Q2 shorts or opens
VR1 shorts
R20 opens
R19 opens
R18 opens




Oppentix O

325 57 B » "
ALSEP ATM97Z| )
UL L pp— RO brce 8 of 19
L) Al
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS PSSy Mitter N0 2347821 7/20/71
EFFECT OF FAILURE FAILURE CRITIC—
PART/ COMPONENT FAILURE MODE PROBABILITY | ALITY
SYMBOL (o) ASSEMBLY END ITEM ) Q x |
1.9 Rf oscillater 1.0 Fails as shown 1.0 Failure of components 1.0 Rf affected as shown m
1.1 No output a=1 1.1 Short or open of Q6 1.1 No r-f to antenna
1.2 Oscillator drifts 1.2 X-tal drift 1. 1.2 r-f amplitude decreases Q=.0232
2,0 Trigger amp 2.0 Fails as shown ) 2.0 Component failure 2.0 R-faffected as shown m
2.1 Loss of output a=1 2.1 Short or open 2.1 Ner-fout
2.2 Noise on input 2.2 Open C10, R3, R4 2.2 Spurious output Q =45, 2x10.4I
2.3 Continuous output 2.3 QI short 2.3 Continuous output
Q2 open
3.0 R-f Amp 3.0 Fails as shown 3.0 Component failure 3.0 R-f affected as shown 11X
3.1 Loss of input a = .37 3.1 CR2 ca23 3.1 No r-fto antenna Q=64x 10"4
R1Z2 open L]l short
C10 R18
3.2 Loss of output 3.2 Q3 c11 3.2 No r-f toantenna
Q4 short Cl2 open
Q4 C13
Qs Cl4
3.3 Loss of B+ @ = .37 3.3 C1, 2, 3, 4, 5 short 3.3 No r-f to antenna 0=37Tx 10-4
Rl open
4,0 Lire 4,0 Failure as shown a = .135% 4.0 Failure of components ) 4.0 R-f affected as shown 11
4.1 No output 4.1 Cl15, 16, 17, Short 4.1 No detonation Q=132x 10"4
L10 short
LS, 6 open
R9, 14 short
4.2 Output amplitude incorrect o = .865] 4.2 Parameter drift 4.2 R-f amplitude incorrect Q- 840 x 10_‘1
Ll1o, 5, 6
Cl5, 16, 17
R9, 14
L5, L6, short
C15, 16, 17 open.
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FAILURE MODE, EFFECT & CRITICALITY ANALYSIS "2347821 7/20/71
PART / COMPONENT EFFECT OF FAILURE FAILURE CRITIC—
YMBOL (o) ASSEMBLY END ITEM ) Qx|
5.0 Detector 5.0 Failure as shown a=1 5.0 Component failure 5.0 No effect Q=2.16x I
10-4
5.1 No output 5.1 CR3
113 °pen
R17
C24 short
Cc25

5.2 R-f output 5.2 CR3 short
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Digital Processor o !%’47826

7/20/71

PART / COMPONENT

SYMBOL

FAILURE MODE

EFFECT

OF PAILURE

ASSEMBLY

END ITEM

FAILURE
PROBABIL)TY
x|

CRITIC~
ALITY

1.0

2.0

3.0

4.0

Increment
Clock Ckt

Calibration
and Data Clock
Circuit

CAL Pulse
Monitor

SDS Amp

2.1

3.0

3.1

4.0

Failure as shown a =

No output a=

Failure as shown

No output @ =

Failure as shown a =

No output a

Failure as shown @ =

.332

.358

2.1.1

3.0

Component failure

No input U-8C, 48D, 410D
Short or open

Component failure

No input {power off)

{data stops.)

Ul4 fails lock up

B+ or gnd.

C9 opens, shorts

U128 or USF short or open,
C10 shorts

No output data select circuits
Ul4 fails (lock up)

B+ or gnd

Cg opens or sheets

U12E or USF short or open,
C10 shorts.

47B and Ul0E short or open

OQutput calibration pulse
Short or open R7, R6,

Q B, Vel, R5, U30, R4,
C17, C8, Ul13, Ul2B, Ul2C,
cé

Component failure

uUss, U9B, Ul13, U12B, Ul2C,
C6  Short or open

Component failure as shown

1.0

3. -

3.1

4.0

Output affected as shown

No increment clock A or B

Output affected as shown

No increment clock pulse

No data select outputs

Output affected as shown

No calibration pulse monitor

Output affected as shown

Q-1.

Q=1.2

Q=2.42

Q =.015

IIE

m

m

I
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FAILURE MODE, EFFECT & CRITICALITY ANALYSIS Siaial Processor S 147826 7/20/71
PART / COMPCHENT EFFECT OF FAILURE FAILURE CRITIC—
5/ FAILURE MODE PROBABILITY ALITY
BOL (a) ASSEMBLY END ITEM QX O
4.1 No output response a =1 4.1 C5 Short No input 4.1 No SDS Amp gain signal Q- 3.6 1II
C4 short Gain remains high
u4C Opens, shorts
uUsC
5.0 SDS Guir 5.0 Failure as shown 5.0 Component failure as shown 5.0 Output affected as shown
Monitor
5.1 No output response a =1 §.1 C5, 4 short 5.1 SDS gain monitor does not Q=3.4 I
U4C, USC, U5B, U12D change state
Open, short, No input
6.0 Line 6.0 Failure as shown a=1 6.0 Component failure as shown 6.0 Output affected as shown Q=0.9 m
Filter
6.1 No output a«~ .5 6.1 C3 short 6.1 JWu i5 VDC Q=0.9 111
6.2 Noise a=.,5 6.2 C3 open 6.2 Noise in +5V line
7.0 X-mit code 7.0 Failure as shown 7.0 Component failure as shown 7.0 Output affected as shown
7.1 Output does not change state 7.1 U1A, B, C 7.1 No X-mit code or X-mit AGC Q=8.2 sy
a=1 U2A, B, C
U3A, D, C open or short
u4D
UéD, A, B,
U4A
U5A
C1, 2 short
8.0 MUX 8.0 Failures as shown 8.0 Component failures as shown 8.0 Output affected as shown
1, &, I, 16
8.1 No output {does not change a = . 76* 8.1 U7C, U20A, B, C short or open 8.1 No channel select command for Q-4.0 Iz
state) U22, A, B short or open for 1, 6, 11, 16
U1lic, D,UI2F, U21
Short or open
8.2 Incorrect output a =.232 8.2 U10C shorts 8.2 Incorrect cycling of information Q-1.2 1131
U22A, B shorts or opens channels
No clear
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FA'LURE MODE, EFFECT & CR‘T'CALITY ANALYS'S gigital Processor 2!87826 /20/71
PART /COMPONENT EFFECT OF FAILURE FAILURE CRITIC-
/ FAILURE MODE PROBABILITY ALITY
SYMBOL (o) ASSEMBLY END ITEM _ Qx|
1.0 OR Invert 9,0 F ilures as shown 9.0 Component failure as shown 9.0 Output affected as shown m
9.1 No output a = .66 9.1 U19, USE Short or open 9.1 Output UC 3+ 7+ 11+5
9.2 Incorrect output a =.333 9.2 U19 input ckts fail : 9.2 One output signal could be Q=.4
missing
10.0 MUX 10.0 Failures as shown 10.0 Component fajlures as shown 10.0 Output affected as shown
2,3, 4,5, 6
7, 8, 912, 14,
15, 13
10.1 Output incorrect a =.857 10.1 U15 ABC 10.1 No channgel command for 0=4.8 I
U16 ABC open or short particular failure output does
U17 ABC not change state.

Ul8 ABC

a =.103 Ué6#, F open or short Output does not change state Q=.8
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SYSTEM SREPRRED KT
ITEM W NO. o T
e LSBE PAGE 13 of 19
- SY Board # 1 WS RO
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS Digital Dr o ssos 234783 2:20.7
NT EFFECT OF FAILURE FAILURE CRITIC~
AR / OMPO FAILURE MODE PROBABILITY ALITY
SYMBOL (e) ASSEMBLY END ITEM Qi :
1.0 Reset Circuit
i.1 Rl 1.1 R1 fails 1.1 1.1 1.1 = .44
A. Open A. No RC time constant A. No science data 11
B. Drift B. No effect ' B. No effect
1.2 R2 1.2 R2 fails 1.2 1.2 N.2 = .44
A. Open A. No RC time constant A, No science data m
B. Drift B. No effect B. No effect
1.3 Q1 1.3 Cl1 failse 1.3 1.3 h.3 = .10
A, Short A. No master clear A. No science data o1
1.4 C4 1.4 C4 fails 1.4 1.4 .4 = .10 I
A. Short A. No +5VDC filter A. Some data unintelligible
1.5 C5 1.5 CS5 fails 1.5 1.5 B.5 = .10
A. Short A. No RC time constant A. No science data m
1.6 V1 1.6 il.b 1.6 .6 = 90
us A. UlA Al No effect - self clearing Al No effect
ueé vicC 1. high A2 No master clear and no counts A2 No science data ued
u? Uib
U446 USA
U6 fails
u7b 2. low
U46A
2.0 Clock Control
Circuit
2.1 U1 2.1 ?.l 2.1 P.1 = 64
u2 A. UIB Al No effect - self clearing Al No effect
us uly 1. high A2 No clock pulse, no master clear A2 No science data 1
u? UsB + g and no counts
U46 u7B s
v1e Fails
U46C
U46D 2. low
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FALURE MODE, EFFECT & CRITICALITY ANALYSIS Digital Processor 2347816 7-30.71
PART / COMPONENT EFFECT OF FAILURE -
SY/MBOL FAILURE MODE PROBABIGTY | ShmC
(o) ASSEMBLY END {TEM Qx 10 i
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 111
2. low B2. No BINC clear B2. No science data
3.0 BINC Counter
3.1 C2 3.1 C2 fails 3.1 3.1 3.1 = .1
A. Short A. No frame counter preset A. No transmitter pulse
3.2 U2 3.2 U2A 3.2 3.2 3.2 = 234
U3 U3A, B 1. Improper Binc counting 1. Unintelligible data
U4 U4 1. high 2. No BINC counting 2. No data huis
u? U7A
u9 U9A, B
ulo Ul0A faile
Uls Ul4A-D
ulr Ul5 A,C,E
Ul7A 2. low
4.0 Bit, Word, Sub
frame counter
and decoder
4.1 Ul8 4.1 Ul8A, B 4.1 Improper formatting 4.1 No science data 4.1 = 250
Ulg UlGA, B
U220 U20A, B
u21 U2l1A, B fails high or low hids
u22 U224, B
u23 U23A,B
U224 U24A °
5.0 Decoder
5.1 U8 5.1 U8 5.1 Improper formatting 5.1 No science data 5.1 = 778
U1l U1l fails high or low il
U25 thru U42 U25 thru U42
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LSPE bace 15 of
FALURE MODE, EFFECT & CRITICALITY ANALYSIS Ditearnrd F T 2347814 7-30.71
EFFECT OF FAILURE FAILURE CRITIC-
PART,/COMPONENT FAILURE MODE - PROBABILITY | ALiTY
SyMeoL (ee) ASSEMBLY END ITEM Qx &'{l .
6.0 Frame Counter
6.1 U43 6.1 U43A, B i 6.1 . 6.1 Pé.l = 212
U44 Ud4A, B 1. high Al. Continuous pulses to the trans- 1. No transmitter control
uss U45A, B © Ve mitter 2. No science data m
U46 U46E, F fails A2. No pulses to the transmitter
uU4? v4? 2. low
Uiz ul2
c3
C3 fajls short B. Improper preset for U43A and Erratic gating of the transmitter = .1 m




[SRRN.

PRERRED BY 0. 3
ALSEP 9?(;I'M
LSPE : PAGE 16 of 19
3
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS o poard £ 3 PRS0 - 2011
EFFECT OF FAILURE FAILURE CRITIC~
PART /COMPONENT FAILURE MODE PROBABILITY | ALITY
SYMBOL (o) ASSEMBLY END ITEM Qx 165 -
1.0 Engineering
Data Formatter
1.1 Cl1 1.1 C1 fails short 1.1 35VDC shorts to ground 1.1 No data formating - No data 1.1 = .44 m
1.2 Ul thru U8 1.2 UlA, B 1.2 1.2 1.2 = 236
Ulo UZA, B 1. high 1. Improper formating for a few framej 1. no effect
U3A-D self clearing
U4A . 2. No formating 2. no engineering data v
us fails
UbA-F 2. low
U7A-C ’
USA, B
uloc
2.0 Shift Pulse
Generator
2.1 U3 2.1 A, U3F 2.1 2.1 2.1 A = 86
U4 U4B A. No engineering shift register A. No engineering data and no data v
U9.Ul4 Ul0D-F function in WCO
Ul8 Ul4
uU3o
U44 B. U9B-F B. No shift data register output B. No science data B = 148 111
Ul0A, B
UllA
Ul2A, B
Ul3A fails high or low
Ul4
Ul8A
U30A
U44A
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FAILURE MODE, EFFECT & CRITICALITY ANALYSIS Dot perd 3 " 347836 v -30.71
EFFECT OF FAILURE FAILURE CRITIC-
PART /COMPONENT FAILURE MODE PROBABILITY | aLiTY
SYMBOL. (o) ASSEMBLY END ITEM x | i
3.0 Data Shift
Register
3.1 R1 3.1 R1 fails 3.1 3.1 3.1 = .44
A. short A. Buffer F-F output too high A. Data unintelligible piid
B. drift B. No effect B. No effect
3.2 C2 3.2 Ce fails short 3.2 No buffer F-F output 3.2 No data 3.2 = .1 m
3.3 Ull 3.3 3.3 3.3 3.3 = 634
ul2 A. UllB A. Output data improperly formatted A. Unintelligible data pust
Ul3 Ul12D-F
Uls - U30 Ui3B
UlSA-C
CleA-D
Ul17A-F
Ul8B, D-F
Ul9A, B
v20
U2lA, B .
U22A, B fails high or low
U23A, B
U244, B
U26A, B
U27A, B
U28A, B
U29A, B
U30B-F
‘ B. U258 fails high or low B. No data output B. No science data B = 20 m
4.0 Engineering
Data Control
| 4.1 U31 41  UNAF 4.1 4.1 4.1 = 200
U3z U32A, B 1. high 1. Engineering data output erratic 1. Unintelligible engineering data v
us33 U33A-.C fails 2. No engineering data output 2. No engineering data iv
U34 U34A-C
| U3s U364, B
3 u3? U37A-F 2. low
1 -
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NO-

PART / COMPONENT

FAILURE MODE

(o)

EFFECT

OF FAILURE

ASSEMBLY

END ITEM

23478368 LA T

FAILURE CRITIC—

PROBABILJTY ALITY

7.2 ull
U32
u3s
u3é
U38 - U53

UllC, D
v3zcC
U35A.C
U36C-E
U38A-F
U39A-C
U40A, B
U4l

U4z
U43
U44B-F
U45A.F
U46A, B
U47A, B
U484, B
U49A, B
USOA, B
U514, B
U52A, B
US3A, B

4.2 Erratic engineering data output

4.2 Unintelligible engineering data

4.2

Qx.i

= 716 v






