
ALSEP Array E 
PSK Transmitter 

r·-· 
!ATM lOG'} 

l 
Failure Mode, Effects and 
Criticality Analysis 

I ... .,.. ~ ""''" (~ t ... .,. ..... .:=~::: ::: .::wo ::· ::::::::;:;. 

1 OA n 1 2 -1 5-7 1 

This A TM document is the Reliability FMECA (Failure 
Mode, Effects and Criticality Analysis) of the Teledyne 
Telemetry Company's PSK Transmitter; Revision A 
reflects the failure modes and failure probabilities of 
the design presented at TTC's final design review (FDR). 

The ALSEP Array E, PSK Transmitter Parts Application 
Analysis, ATM 1006, Table 1 presents parts changes and 
additions in tabular form. This FMECA has incorporated 
these changes and cha:nged the prediction in accordance 
with the update. 

This analysis concludes that the numerical reliability pre­
diction meets the reliability goal established in the CEI 
specification. The SPFS (Single Point Failure Summary) 
provides rationale for non-redundant circuitry within a 

·single transmitter. The ALSEP System provides two S -band 
transmitters for one function. Thus, eliminating SPF 1s 
in the ALSEP transmitter subsystem. The detailed FMECA 
(Appendix A) gives the failure mode, failure effect on assembly 
and end item, quantitative failure probability and criticality 
on all the EEE transmitter parts. It is from this detailed 
analysis that a majority of the narrative analysis is derived. 
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1. 0 INTRODUCTION 

The PSK (phase shift keying) transmitter subcontract (SC-935) 
was let to Teledyne Telemetry Company (TTC) to fulfill the requirements 
in the NASA Contract NAS 9-5829. An ALSEP Reliability Program Plan 
(BSR 3024) was written in accordance with NAS 9-5829 to provide for a 
subcontract reliability program plan. TTC has a BxA approved Reliability 
Program Plan, #2005177B, providing for a FMECA and the requirements 
therein. 

This FMECA report is based on the PSK transmitter design 
presented at the subcontractor's FDR. Changes were made since the 
detailed FMECA was written. These changes are given in Parts Application 
Analysis, details of ATM 1006, Rev. A. 

2. 0 REQUIREMENTS 

The FMECA requirements include, but are not limited to, a} 
failure mode and effect identification, b) ;failure classification, i.e., 
critical, major or minor, c) failure probability of components, d) reliability 
prediction, 3) single po:int failure analysis and assesment, f) circuit 
description, g) functional and reliability block diagrams. The FMECA is 
required for PDR and updated for designs presented at CDR and FDR. 

The telemetry circuits were adequately reviewed at PDR and CDR 
with respect to meeting the requirements of Exhibit B, ARD 503 B, 3. 1. 1. 16, 
wherein it is stated that the telemetry" ••• shall not cause degradation in 
the transmitter operation ••• 11 The telemetry parts analysis is presented 
in the detailed portion of the PAA, ATM 1006 and Appendix A. 

3. 0 SUMMARY OF ANALYSIS RESULTS 

The reliability goal (Exhibit B, ARD- 50 3 B, 3. l. 2. 1} of . 9 80 0 is 
met considering the appropriate failure mode probabilities. The value 
is • 982150 for probability of success with no failures based on appropriate 
failure modes. 

8 
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SPFs (single point failures) cannot be practically eliminated 
in the design of a single transmitter. Detail analysis of this subject 
is treated in Section 4. 0 herein. Although redW1dant circuitry is not 
provided in the transmitter, The ALSEP transmitter subsystem has 
two transmitters, one designated as the "operating 11 unit and one as 
the stand-by unit. Command switching is available, provid:i.ng positive 
selection control. Thus, the SPF conditions, when applied to the 
ALSEP transmitter subsystem, are eliminated. 

The failure mode probability in any particular instance is very 
low due to hi-rel part selection or where non-standard parts are used, 
appropriate screening and testing is required for conformance sufficiently 
adequate to assure low failure rates. 

4. 0 DETAIL ANALYSIS 

Figure 1 is a functional block diagram of the transrr.:.itter. The 
referenced block diagram indicates a series relationship except 
for the MEMA regulator. In a reliability block diagram the regulator 
would be the second block in a series of blocks as follows: a) housing, 
b) regulator, c) synthesizer, d) power amplifier, e) isofilter. 

4. 1 CIRCUIT DESCRIPTION 

4. 1. 1 Synthesizer 

The synthesizer is shown in Figure 1, the transmitt.3r block diagram. 
A crystal oscillator is employed, oscillating at 94.4 MHz. The oscillator 
output is applied to the PSK Modulator at zero dbm. 

The 94.4 MHz is split into two channels. Each channel is phase 
shifted and resistively attenuated. The phase shift networks use identical 
components to ensure their tracking each other through temperature and 
aging, thus maintaining a constant differential phase shift. The resistive 
attenuators are adjusted such that amplitude balance is maintained between 
channels. 

At this point diode switches select either of the two .:;hannels; their 
outputs are then combined in a resistive adder. A multiple nand gate, 
connected as an R-S flip-flop, drives the diode switches. This ensures 
accurate complimentary switching and a zero reference phase state W1der 
zero modulation conditions. The PSK modulated signal at 94.4 MHz is 
multiplied 8 times and filtered. 
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~ower Amplifier 

The resultant 760 MHz, at a +13 dbm level, is applied to a high 
efficiency two stage power amplifier. The performance (22d.B of gain 
in two stages} and collector efficiency (greater than 50%) are achieved 
by the use of TRW 2GHz devices and low loss passive circm.t elements. 
Four filter networks consisting of 4 capacitors each are designed to filter 
high and low frequencies. Two basic capacitance values would suffice, 
but multiple capacitors of a value common throughout the transmitter 
were selected to minimize the value and types of capacitors used. 

4.1. 3 Multiplie:r -I so -filter 

The 3.2 watts of PSK modulated 760 MHz is then multiplied three 
times with an HPA 0300 series varactor diode. The diode output is 
matched into a three -port circulator with its third port terr:1inated. This 
circuit configuration provides a resistive termination for the higher order 
harmonics generated by the varactor and reflected by the two-pole output 
filter. The result is an easily tuned, thermally stable, efficient multiplier. 

4.1.4 Regulator 

The primary power source will be conditioned with a MEMA 
Regulator. The MEMA regulator provides 17. 5 VDC at 30 rna to the 
oscillator and multiplier stages and 2 3. 0 VDC to the first and second 
power amplifiers. 

4. 2 Single Point Failure Summary 

The FMECA critical and major failures have been reviewed for 
possible elimination by the parallel redundant and dual series approach 
in order to eliminate Single Point Failures. 

In a transmitter of the type used in the ALSEP program, power 
must be generated at a relatively low level and frequency, to insure 
meeting the frequency accuracy requirements of the specihcation. 1 After 
this power is generated it must be amplified in level and multiplied in 
frequency to meet the output requirements of the specification. As present 
technology limits available stage gains, and multiplication integers; signal 
processing must occur in several successive stages. This type of design 
leads to single point failures which are not compensated except by 
redundancy at the transmitter assembly level. 

8 
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Analysis of the PSK transmitter at the unit level shows that it is better 
to rely on the inherent reliability of the components to minimize failures; 
rather than to provide multiple component paths for the signal. Circuits 
operating at the frequencies utilized in this transmitter are extremely 
complex because lead length inductance and parasitic (stray) capacitance 
are not negligible as they are at lower frequencies. When a bypass 
capacitor is chosen, its value is selected so that the L-C combination 
of lead inductance and capacitance provides a minimum impedance at 
the frequency of interest. When two bypass capacitors are used in parallel 
their values are dependent upon each other because of the v;ay that they 
are coupled together by the mutual inductance of the circuit wiring. If 
either capacitor opened a circuit failure could result because the other 
capacitor may no longer present a low enough impedance to prevent 
degeneration or circuit instability. Also if either capacitor shorted a 
circuit malfunction would result. Therefore two bypass capacitors in 
parallel could offer poorer reliability than a single bypass capacitor. 
The same type of case can be made for all coupling and tuning components~ 
If two DC bias resistors were used instead of one, a bias shift of two to one 
would result if one failed. Such drastic bias changes are sure to either 
saturate or cut-off stage much the same as if a single resbtor failure 
was encountered. Multiple transistors offer the same type of problem. 
It is extremely difficult to get them to share the power load without 
resorting to hybrid type power splitters and combiners. Also, if one 
fails it may cause the other one to fail too. Clearly, reliability through 
piece part redundancy is impractical at these frequencies. It is better 
to provide transmitter redundancy as they could be hybrid coupled and 
therefore completely isolated from each other. 

Two transmitters are provided in the ALSEP central station downlink. 
They are independently, command controlled, with one in tb.e back-up or 
stand-by mode. Thus, from a system standpoint SPF's are eliminated 

4. 3 WORST CASE OR MOST CRITICAL FIALURE MODES 

4. 3. 1 Main Housing 

An open in the power supply solid tantalum capacitor (Cl, 200517 8 
schematic) would result in no RF output from the transmitter. This is 
extremely remote and is zero in the ATM 605A, Failure Rate Data for 
ALSEP, failure mode apportionment tables. 

4. 3. 2 Regulator 

A short in voltage set resistor R516 or power supply filter 
capacitor C503 (schematic 200517 8) would result in no output from the 

8 
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transmitter. This is extremely remote with respect to the resistor since 
A TM- 60 SA indicates this failure mode is zero for this type resistor. The 
capacitor selected has a proven space applications history plus additional 
screening, burn-in and lot conformance testing. 

4.3.3 Multiplier -Isofilter 

A short in tuning capacitor C603 would result in no output from 
the transmitter. The capacitor selected has proven space ~ .. pplications 
history plus additional screening, burn-in and lot conformance testing. 

4.3.4 Power Amplifier 

Opens in several capacitors would result in no output from the 
transmitter. The coupling and tuning capacitors are C401, C425 and C414, 
schematic 2005178. Failure in the open mode is extremely unlikely. 
ATM 605A indicates this type capacitor will not fail in the open mode. 

4.3.5 Synthesizer 

Opens in coupling capacitors C356 and C357 would result in no 
output from the transmitter. This is not likely since ATM 605A indicates 
this failure mode is zero for this type capacitor. 

4. 4 PREDICTION 

The reliability goal is . 9 800. The transmitter meets this goal when 
all of the appropriate failure mode probabilities are considered. The pre­
diction becomes . 983143 when the probabilities are accounted for. 

a. From PAA failure rate data only (not differentiating for 
applicability of failure modes), Figure 2 summarizes 
transmitter reliability. Basic relationships are as follows:. 

-At 
e = R where, A is failure rate, 

t is mission time, 17520 hours 

Q = 1 - R 
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b. The alpha(~ values shown in the detailed FMECA, Appendix A 
were obtained from A TM 605A and used to apportion the failure 
rates for the components as given in the PAA, ATM 1006, 
Revision A. Taking the a-percentage of the applicab1 e failure 
rate times the mission period of 17 520 hours and applying 
the relations given in subparagraph "a" above, the following 
probabilities result: 

Assembly R Qxlo- 5 

2005150 Housing • 999967 3.3274 

2005170 Synthesizer .987877 1212.280 

2005180 Pwr Ampl. • 999031 96. 8741 

2005160 Regulator • 996225 375.0302 

2005190 Isofilter .999956 4.3973 

236 2877 Transmitter • 983143 1685.707 

5. 0 CONCLUSIONS 

The PSK S-band transmitter must rely on hi-rel and space proven 
parts appropriately screened and tested for its performance without re­
dundancy of any circuitry. Because of this single thread design, parts 
were carefully chosen and source control specifications written to pro­
vide long life and low failure rates. 

To overcome the SPF's of the single thread design, the 
ALSEP transmitter subsystem has two transmitters, independently 
controlled, with either one capable of meeting 2 year reliability 
requirement and the other in standby (power off) mode. 
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AART/ COMPONENT 
5YMBOL 

Synthesizer 

2 Power Amplifier 

3 Isofilte r I 
Multiplier 

4 Regulator; 
Housing 

5 Telemetry 
1-.Aonitors 

E~!!!~,.-~S£_s~F ~EC"f_~l.I!CAL!T~NA.I::!_S~,~ WORKSJ:!.~~~!: ___ ~--·-
~~--- EFFECT OF 

~= .... ....,.,-~. ---· -·· Cf'?ff JC--FA!LUH!'. 
FAILURE MODE 

FAILUR!':" 

·-------~~L--~--. --~-·~+ END ITEM I PROMBI~{f'f 1 AUTY -~----~--~--~----~· _,·--·--·-··~-· _g )(. !0 :......,___ '"'--·=••""'''·''·' 

Inoperabve Loss of Output No RF Output 1212.280 Critical 

Inoperative Loss of Output No RF' Outpllt 96.8741 Criti.ca l 

Inoperative Loss of Output No RF Output 4.3973 Cri!.ical 

Inoperative Loss of Output No RF Output 375.0302 
Critical 

3.3274 

Inoperative Loss of Output Loss of Failed Telemetry - !Miile>r 
Function Only 



FAAT/CC»<.PONENT 
SYMBOL 

c1 

2 

3 

4 FL
1

, FL
2 

5 

6 

7 R
1

, R
3

, R
4

, 

CR
1

, RT l 

8 

9 

10 ModuL Input, C
2 

11 

12 

13 Reg. Filter. F'L
3 

14 

lS 

I 6 .FJvtl Filte·l:" FL 
4 

18 

FAILURE MODt, EFFECT & C 

FAILURE MODE 

SHORT .90 

OPEN 

DRIFT • 10 

SHORT .90 

OPEN 

DRIFT • 10 

SHORT 

OPEN 

DRIFT 

SHORT .90 

OPEN 

DRIFT .10 

SHORT .90 

OPEN 

DRIFT • 10 

SI-lORT .90 

OPJ:;N 

DRIFT • 10 

De tuning Low RF Output . 7867 I Major 

Signal Blocking No RF Output Critical 

De tuning Low RF Output 

Degraded Perforn1ance 

• 0864 I M•jo' 

.7867 Minor Noi::e on DC Lines 

NoB+ No RF Output Critical 

None 

None 

.0864 I 
Minor 

None 

Improper Temperature Indication 

Improper Ten1perature None l\.finor 

Improper Temperature Indication None Mino1· 

Lose ModuJ.ation Lose Output Signal .?867 I Critical 

No Effect No Effect ~~iino:r 

No Effect No Effect .t'l)1inot.· 

Noise on 17 & 5 VDC LinGs Degraded Pe:rfo?:n::.anc:e. .7867 I 11ajo·r 

No 17, 5 YDC B+ Unsb:1~le Output :1\iajo:·· 

None None nftiJ.lOr 

Lo3e I-Io"ttsLng TeJ.."'<:qJ~ TLl\ .. None l'vi ·( rl 0 :;_~ 

Lose Housing Tcrnp~ TLM None 1'-A.:ir . .-· .. y 

No Effect 1·-:fone 1\,fin"'J;:C 



19 EMI 

20 

21 

22 PA 
C4 

23 

24 

25 C4 

26 

27 

28 C4 

29 

30 

FAILURE MOOt:, EFFECT & CRITICALITY ANALYSIS WORKSHEET ,._. _________ ..--~ - J~ 

NO ITEM 

I (.'()MP()NENT EFFECT OF FAILURE 
FAILURE MODE 

I'MBOL (Ct.) ASSEMSl..Y E - -

Minor 
Filter, FL

5 
SHORT .90 Lose PA Temp. TLM None 

Minor 
OPEN -- Lose PA Temp. TLM None 

Minor 
DRIFT .10 No Effect No Eff 

femp. Sense SHORT .90 
I 

Lose PA Temp. TLM None Minor 

lvfinor 
OPEN -- No Effect No Eff 

DRIFT .10 No Effect No Ef£ Minor 

1-Ainor 
l SHORT .90 Lose PA Temp. TLM None 

Minor 
OPEN -- No Effect No Eff 

Minor 
DRIFT .10 No Effect No Eff 

}.finor 
l SHORT .90 Lose PA Temp. TLM None 

Minor 
OPEN -- No Effect No Eff 

Minor 
DRIFT .10 No Effect No Eff 

~~""''""~''"''"''""~"""'"" ""'"~--- ~-·""" -- ""*'~""""""-~--= -~.,.,.,_""""""~" ... ""~~~~""''·=~~---~. ""~""'-.,_----"=·-- .. .,~ 



m;~-i-1~~~-~-
.j\l)':fl'T&r--- ~:--·-"--
PsK Transmitter 2005170E 

ANA!-YSIS WORKSHSQ_ __ fsS~--~~ ro~----L~Y.:Jrs.:.LL .. _ 
EFFECT OF FAILURE ____ _I _FAIUJRE CRITiC-

ASO.~Y-· =r=~~:J~~:_-~~:!T~--

FAILURE MODE:) EFFECT & CRITICALITY -
FAAT /CCIM'PONENT 

FAILURE MODE -
SYMBOL ( 0:) "' 

1 Crystal Oscillate SHORT .50 No Output 
Y301, C30l 

No Output .6!24 'ritical 

2 OPEN .05 No Output No Output • 0596 ~ritical 

3 DRIFT .45 Wrong Out: Frequency Wrong Output Frequency • 5513 ivfinor 

4 Q30l C-B, B-E .25 No Output 
SHORT 

No Output 24.5243 ritical 

5 OPEN • 75 No Output 
C, E, B, 

No Output 73.5558 :ritical 

6 DRIFT -- Q Point Sh.i None -- viinor 

7 C302, C305, SHORT .90 De tuning 

' C307 
No Output 2.3633 . .-.ritical 

8 OPEN -- Signal Bloc 

9 DRIFT • 10 De tuning 

king No Output 

Wrong Output Frequency 

-- (""icoi 
0.2623 UJOr 

10 C306, C308, SHORT • 85 No Output 
C316 

No Output 2. 9772 

11 OPEN -- De tuning Low Output 

12 DRIFT • I 5 De tuning Wrong Output Frequency 0.'3245 .tvfinor 

' 

' ~~ . ~~ ~ 

t. 
~~--~~~--~~~~~--~-·~·~L-~--~=~·---·--~-·-·--~~~· 



Af>.RT /COMPONENT 
SYMBOL 
~-· 

13 C309 

14 

15 

16 L30l • 
17 

18 

19 R30l, R303 

20 

21 

22 R304 

23 

24 

~7.1'"'''''"'''''""'""..=~.;\~.~-1\..'1$~-·· ,. 

FAILURE MODE:, EFFECT&. CRITICALITY ANALYSIS WORKSHEET 
·--=~......_ -·-· _·..;.;;;;.,;;;;~--~---Synthesizer 

FAILURE MODE 
EFFECT OF 

(OC) A55EMa!.Y -----· 
SHORT .90 Severe Drain on Regulator 

OPEN -- Circuit Instability 

DRJFT • 10 None 

SHORT .50 No Output 

OPEN .30 Severe Detuning 

DRJFT .20 No Detuning 

SHORT -- No Output 

OPEN .05 No Output 

DRIFT .95 Q Point Shift 

SHORT -- Destruction of Q301 

OPEN .05 No Output 

DRIFT .95 Q Point Shift 

FAILURE 

END ITEI M -----
No Output 

Low Output 

None 

No Output 

No Output 

Wrong Outp ncy I 

No Output 

No Output 

None 

No Output 

No Output 

None 

FAILURE 
PROBABilJTY 

X iiJ.l 

0.7867 

o. 1743 

0. 1043 

.0685 

--
.0342 

.0164 

CRITIC­
ALITY 

Critical 

Major 

Critical 

Critical 

Minor 

Critical 

Critical 

Mono!-

Critical 

I Critical 

Minor 

~~l<"".l'----"·" ""='~,,,,,.,......,.,..,~,...,.,=>=c"".......,..-~"""""""'~~"'""'''''""'''"''"'""""=-'-='"'~""'"'"·'"'~-.---·-"""-'~ 
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PART I C()Mf>()tENT 
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~~p ARRAY E ·~· ~ -m-;.TC fj&M 1 00-~' A _I 
~=•m;u., P"Gztill"?OE PAGE A7 04 

MODE, EFFECT&. CRITICALITY ANALYSIS WORKSHEET F§i'nthesizer PJ'N6 2f(iB'S 17 sc p<\Tt:. 1 z -15-7 1 · -EFFECT OF !"AlLURE FAILURE CRITIC-FAILURE MODE 
PRgsABI~TY ALITY (a.} ASSEMBLY END ITEM X 10 • 

25 L302 SHORT Possible Instability Degraded Performance 0.1743 Major 

26 OPEN No Output No Output 0.1043 Critical 

27 DRIFT None None -- Minor 

28 R336 SHORT Slight Detuning None -- Minor 

29 OPEN Signal Blocking No Output .0164 Critical 

30 DRIFT None None -- Minor 

31 R309, R312, SHORT 
R313, R314 

No Output One Phase Degraded Performance -- Major 

32 OPEN Spurious AM Spurious AM .0685 Minor 

33 DRIFT Spurious AM Spurious AM 1.3307 Minor 

34 R3l0, R313, SHORT 
R337, R338 

Spurious AM Spurious AM -- Minor 

35 OPEN No Output One Phase Degraded Performance .0685 Major 

36 DRIFT Spurious AM Spurious AM 1.3307 Minor 

37 Phase Shifters SHORT 
and Modulator 

None None 0.6303 Minor 

38 C356, C357 OPEN 
Signal Blocking No Output -- Critical 

39 ORlFT 
None None -- , .. 

--.1.lXlOr 

40 CR302, CR303, SHORT 
R341, R342 

Phase Error & AM Degraded Performance 64.6592 Major 

41 I OPEN 

42 DRIFT 

No Output One Phase Degraded Performance 32.3012 Major 

Phase Error & AM Spurious AM 225.8927 Major 

,.,._---~~-~ 
~-
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~~ L 
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1
l2-l5-71 trntJ::eslzer ~005.178C 

--=~ 
-

)0~-] 
~of 32 "'""] 

AfiRT/COMPoi-£NT EFFECT OF FAILURE FAILURE Cl'i!TfC·· FAILURE MODE 
PROOABI~TY A.LITY 5YMBOL ( oc) ASSEMa!...Y END ITEM Q x_IO -

43 R343 SHORT -- No Output No Output -- Critical 

44 OPEN .05 De tuning Low Output .0164 Major 

45 DRIFT .95 None None -- Minor 

46 R339 SHORT -- De tuning Low Output -- Major 

47 OPEN .05 Signal Blocking No Output • 0164 Critical 

48 DRIFT .95 None None -- Minor 

49 C310, C313, SHORT • 72 No Output One Phase Degraded Performance 2.7745 Major R344, C358, 
C359 

50 OPEN .01 Phase Error & AM Degraded Performance .0372 Major 

51 DRIFT .27 Phase Error & AM Degraded Performance 1.0401 Minor 

52 C3ll, C312, · SHORT .69 Phase Error & AM Degraded Performance 2. 8997 Major C314, C319, 
L303, L304 

53 OPEN .os Phase Error & AM Degraded Performance 0.3352 Major 

54 DRIFT • 23 Phase Error & AM Degraded Perfortnance 0.9655 1\rlino:r ~ 
-·<:-N 

' 

~; . 
. · . 

i 

"' - ~ 
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FAAT/COM?oNENT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
f'Rgs:~~TY .C.UTY SYMBOL ( 0!.) ASSEMSLY ~. 

C<Hic:l 43 R343 SHORT -- No Output No Output --
44 OPEN .05 De tuning Low Output • D_l64 Majo1· 

45 DRIFT .95 None None -- lvlinor 

46 R339 SHORT -- De tuning Low Output -- 1vi;.t.jc:r 

47 OPEN .05 Signal Blocking No Output • 0164 Critical 

48 DRIFT • 95 None None -- Min.or 

49 C310, C313, SHORT .72 No Output One Phase Degraded Performance 2.7745 l>~{.:tj or R344, C358, 
C359 

" 

. 50 OPEN .01 Phase Error &.: AM Degraded Performance .0372 1v1a.jor 

51 DRIFT .27 Phase Error & AM Degraded Performance 1. 0401 r.Uuor 

52 C3ll, C312, · SHORT .69 Phase Error & AM Degraded Performance 2.8997 Mzjor C314, C319, 
L303, L304 

53 OPEN .08 Phase Error & AM Degraded Performance 0.3352 M.a.} or 

. 54 DRIFT .23 Phase Error & AM Degraded Performance 0.9655 Minor;; 

:-<~:, 

·' 

.. ifc . 
.# 

'"~ 
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FAILURE MODEJ EFFECT &. CR.ITICAI:..ITY ANALYSIS WORKSHEET 
FAAT/~ EFFECT OF 

FAILURE MODE 
SYMBOL (OC) ASSEMBLY 

~ 

55 Modulator High Output .so No effect or destruction of Z302 
Driver Z302 

56 Low Output .50 No Output 

57 DRIFT -- None 

58 Q302, Q303 C-B, B-E .25 Phase Error & AM 
SHORT 

59 OPEN .75 One Phase Missing 
C, E, B 

60 DRIFT -- None 

61 CR30l SHORT .30 No Output 

62 OPEN • 10 Destruction of Z302 

' 63 DRIFT .60 None 
< 

' 

b· 

f:>~TEM 
ALSEP ARRAY E 

~s'J~r~nsmitter 
~~·:thesizer 

FAILURE 

END ITEM 

No effect or no output 

No Output 

None 

Degraded Performance 

Degraded Performance 

None 

No Output 

No Output 

None 

w- ~Ml 00 5 .r:::.~ ··~TTC 

~o~'110E ~AGE A9 of" 32 

_] 

~o~517sc P..IT-1s -.J.L __ 

FAILURE CRIT!C· 
PROBABI~fY AL!TY 

Q X 10 --·""""" 
17.5178 Critical 

17.5178 Critica1 

-- Minor 

58.6733 Major 

175.9201 Major 

-- Minor 

17.6057 Critic a 

5. 8680 C·ritic< 

-- Minor 

" 

.,« 
~· 

Jl' 

" 



[::>~mPARRAY E •-.u>/fc ~M~ 
J:ND·~ p~NO. 

PA6EAIO of PSK Transmitter 2005170 E 
-~ ·FAILURE MOD'E, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~s·vh . ~o~·I7ac P"J1_15 -71 ynt esJZer --

PART/COMPOt£NT EFFECT OF FAILURE FAILURE: eRn FAILURE MODE - PR8BABI~TY Alll SYMBOL (<X) ASSEMSLY END ITEM X 10 --

·--~1 
~~ 

·-,....1 
~-i 

64 R305, R316 SHORT -- None None -- Mino 
R317, R318 

65 OPEN .05 One Phase Missing Degraded Performance '0685 ?via jo 

66 DRIFT • 95 None None -- Mino: 

67 R319 SHORT -- Destruction of Z302 & CR30 1 No Output -- Criti 

68 OPEN .05 No Output No Output .0164 Criti 

69 DRIFT • 95 None None -- Mino 

70 C315, C32l, SHORT .90 Severe Drain on Regulator No Output I. 7017 Criti 
C355 

71 OPEN -- Possible Instability Low Output -- Majo 

72 DRIFT • 10 None None -- W.Uno 

73 Post Modulation C-B, B-E .25 No Output No Output 17.5178 Criti Amplifier Q304 SHORT 
_,_] 

74 OPEN .75 No Output No Output 52.5455 Criti C,E,B a!. 

75 DRIFT -- Q Point Shift None -- Mino "'-<': 

-



P~:{]lPARRAY E ·-"·-'f!l:c ~Ml005_r:~~ 
P'fls~t..Fransmitter ~o~i7oE !>!£t,AII of' 3Z 

WORKSHEET ~~:th . ~O~Sl78C ~1~-15-71 
' . FAILURE MOOt:> EFFECT & CRITICALITY ANALYSIS 

>es zer 0--
JW:~T/ Ct.:lMPOI'oENT EFFECT OF FAILURE fAILURE CRITIC-FAILURE MODE 

PROBAS~TY AUTY SYMBOL (a.) ASSEMSLY END ITEM _Q. X I 

76 C323, C328, SHORT .90 No Output No Output 2.3633 Critical C329 

77 OPEN -- Signal Blocking No Output -- Critical 

78 DRIFT • 10 Detuning Low Output • 2622 Major 

79 C32.4 SHORT .90 Destruction of Q304 No Output • 7867 Critical 

80 OPEN -- Signal Degeneration No Ootput -- Critical 

None None Minor 
! 81 DRIFT .10 --

82 C325 SHORT .90 Severe Drain on Regulator No Output • 7867 Critical 

83 OPEN -- Possible Instability Low Output -- Major 

84 DRIFT • 10 None None -- Minor 

85 C326, C327, SHORT .73 No Output No Output 4. 7311 Critical C330, L307, 
C360, C3Z2 

86 OPEN .04 De tuning No Output 0.2577 C'ritical 

87 DRIFT .23 De tuning Low Output 1.4901 lt:1ajor 

~;~ 

f' )·~ 
"' 

• _,,-4 



r~rni:PARRAY E ·- ·-'-Pfc ~TM1oos_E'~ 
FfJsl£l:~ransmitter ~~'170E f>AGEA12 of, 32,_...,. 

FAILURE MOD£, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~~thesizer ~0~178C P"-'rz-15-71 

fMT/OON>Ot£NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
PRcr:~rv ALITY SYMBOL («) ASSEMBLY END ITEM --

88 L305, L306 SHORT .25 Detuning No Output .1743 Critical 
89 OPEN .25 No· Output No Output .1743 Critical 
90 DRIFT .50 Detuning Low Output .3486 Major 
91 R320, R321 SHORT -- No Output No Output -- Critical 
92 OPEN .05 No Output No Output .0342 Critical 
93 DRIFT .95 Q Point Shift None -- Minor 
94 R322 SHORT -- Destruction of Q305 . No Output -- Critical 
.95 OPEN .05 No Output No Output .0164 Critical 
96 DRIFT .95 Q Point Shift None .3322 Minor 

·:97 L308 SHORT .25 Possible Instabillty Degraded Perforxnance .0864 Major 
.98 OPEN ,25 No Output No Output 

.0864 Critical 
99 DRIFT .50 None None -- Minor 
' 

~~ 

f • 
t' 

·~.~\ . 

' 

b 
...,._., 



FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET 
Fli!IRT/COMF>Or£NT EFFECT OF FAILURE ~ FAILURE I CR!HC-FAILURE MODE 

PRO!lAB~TY ALITY SYMBOL (OC) ASSEMSLY ~-~~~~_Qxt 

100 Frequency Quad C-B, B-E .25 No Output No Output I 17.5178 ICriticaJ rupler Q305 SHORT 

101 I OPEN .75 I No Output I No Output I 52.5452 I Critical C, E, B 

102 DRIFT -- Q Point Shift None -- Minor 
103 C331 SHORT .90 Severe Drain on Regulator No Output 0.3144 Critical 

104 OPEN -- Possible Instability Degraded Perforrnance -- lviajor 

105 DRIFT • 10 None None -- Minor 

106 C332 SHORT .90 Destruction of Q304 No Output 0.3144 Critical 

107 OPEN -- Signal Degeneration No Output -- Critical 

108 DRIFT • 10 None None -- Minor 

109 C333, C335, SHORT • 82 No Output No Output 4. 5955 Critical C337, L309 
C361 

110 

I OPEN -- I De tuning 

I No Output 

I -- I Critical 
·) I I DRIFT • 18 De tuning Low Output l. 0088 Major 

~.. · --L-.. ~ - I -··---~- _ . I -· ~- ··- ~........j 



P1'fm:p ARRAYE . ...: .. ~~ TBfc [.A.JrMIQ_~ 
~S~~ransm1tter ~o~i7oE PAGEA14 of 3i 

FAILURE MOOt, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~'Jthesizer fW~olfih7sc pi\TE12-1~-~-;-· 
j 

FMT/~ EFFECT OF FAILURE FAILURE cmnc-FAILURE MODE 
PR~ASi~TY ALITY SYMBOL {~) ASSEMSLY END ITEM X I<J 

liZ L317 SHORT .25 De tuning No Output .0864 Critical 
113 OPEN • 25 No Output No Output • 0864 Critical 
114 DRIFT .50 Detuning Low Output o. 1743 Major 
ll5 R323, R324 SHORT -- No Output No Output -- Critical 

~ 

ll6 OPEN .05 No Output No Output • 0342 Critical 
117 DRIFT .95 Q Point Shift None -- .Minor 
118 R326 SHORT -- Destruction of Q305 No Output -- Critical 
119 OPEN .05 No Output No Output .0164 Critical 
120 DRIFT • 95 Q Point Shift None -- Mino1· 
121 C334, C336 SHORT .90 No Ouptut No Output I. 5765 Critical 
122 OPEN -- Signal Blocking No Output -- Critica.l 
123 DRIFT .10 De tuning Low Output o. 1743 Majo-r 



5~IEM. ARRAY E -·-·- TTC ~TM1005 r-v·A ~~ ·~~· 

~JTransmitter ~r8o~7oE PAGEA15 of32 -.,.. FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~J.esizer ~o~78c P""'i~-15-71 -B\RT/~NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
P'hOBxA~~TY AUTY SYMBOL (OC) ASSEMBLY END ITEM 

124 L310 SHORT • 25 Possible Instability Degraded Performance .0864 Major 

125 OPEN • 25 No Output No Output .0864 Critical 

126 DRIFT .50 None None -- Minor 

127 Amplifier Q306 SHORT • 25 No Output No Output 17.5178 Critical 

128 OPEN .75 No Output No Output 52.5452 Critical 

129 DRIFT -- Q Point Shift None -- Minor 

130 C338 SHORT .90 Destruction of Q306 No Output 0.3144 Critical 

131 OPEN -- Signal Degeneration No Output -- Criti<:al 

132 DRIFT • 10 None None -- Mino1.· 

133 C339, C340, SHORT • 64 No Output No Output 3.0264 Critical C344, L312 

134 OPEN .06 De tuning No Output 0.2831 Critical 

' 135 DRIFT • 30 De tuning Low Output I. 4185 Major 

.. 

- ~"'--- -3 



~~~PARRAYE "'-' TTr.BY ~TM1;E~1 T 0 -··-~J!l!i . pwGZ~Sl78 E PAGEAI6 of 32 PSK Transm1tter 

FAILURE MODE. EFFECT &. CRITICALITY ANALYSIS WORKSHEET ~~dhesizer pw6Z~SI78C P~'T)"2-15 -71 
·-~ 

FART /(."(M>(»£NT EFFECT OF FAILURE FAIUIRE CRITIC-FAILURE MODE 
P~:~TY ALJTY SYMBOL ( 0:) ASSEM&.Y END ITEM 

~-

136 C341, C343 SHORT • 90 No Output No Output 
1. 5765 Critical 

137 OPEN -- Signal Blocking No Output -- Critical 

138 DRIFT • 10 Detuning Low Output 
0.1743 Major 

139 C34Z SHORT • 90 Severe Drain on Regulator No Output 
0. 7867 Critical 

140 OPEN -- Possible Ins lability Degraded Performance -- Major 
141 DRIFT .10 None None -- Major 

142 L3ll SHORT .25 De tuning No Output 
.0864 ·Critical 

' 143 OPEN .25 No Output No Output 
.0864 Critical 

! 144 DRIFT .so Detuning Low Output 
0.1743 Major 

145 L313 SHORT .25 Possible Instability Degraded Performance .0864 Major 
146 OPEN .25 No Output No Output 

.0864 Critical 

147 DRIF'T .50 None None -- Minor 

J 

i ~~ 
t70-77 



p~~~F.P ARR,o\YE ·--;.:rc- tiT t!{:~ 
~?ct:rtransmitter ~~snoE pAGf.Al7 of' 3 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~~thesher r-mo2~17 c IL"'\'~2-15-;;-

~-
2 

.. 
MRr/COMPot£NT EFFECT OF FAilURE FAILURE CR!T FAILURE MODE 

P'hoe:~~TY Al..li sYMBOL (0:) ASSEMal..Y END ITEM 

~-
y 

148 R327, R328 SHORT -- No Output No Output -- Criti cal 

149 OPEN .05 No O'.ltput No Output • 0342 Criti cal 

150 DRIFT .95 Q Point Shift None -- Min a r 

151 R329 SHORT -- Destruction of Q306 No Output -- C:~:iti cal 

152 OPEN .05 No Output No Output • 0164 Criti cal 

153 DRIFT .95 Q Point Shift None -- Mino r 

154 Frequency C-B, C-E SHORT .25 
Doubler Q307 

No Output No Output 24.5243 Criti cal 

' 155 OPENC,E,B .75 No Output No Output 73.5558 Criti cal 

156 DRIFT -- Q Point Shift None -- Mine 

157 C348 SHORT .90 Destruction of Q307 No Output O.lH44 Crit~ cal 

'158 OPEN -- Signal Degeneration No Output -- Crit:i <:'".a1 

159 DRIFT • 10 None None 
I -- Mint; r 

-10-77 - "'"' ..... 



~ .. ~ J::iY~lrC:li;PARRAV"' ,_. ~.;::;r BY ~ UQQl. ___ ~ 
~PS~ransmitter ~o"B7oE PAGEAJ8of 32 

FAILURE MODE:, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~g~thesizer ~Wi78C P"'Tz-IS-71 
~~ 

~T/C<:M>oi£NT EFFECT OF FAILURE FAILURE cRmc-FAILURE MODE 
P~~TY ALIT'\" SYMBOL { (](.) ASS£MBl..Y END ITEM 

. 
160 C346 SHORT .70 No Output No Output I. 2249 Critical 

16! OPEN -- De tuning No Output -- Critical 

162 DRIFT .30 De tuning Low Output 0.5245 Major 

163 C345 SHORT .90 Severe Drain on Regulator No Output 0.7867 Critical 

164 OPEN -- Possible Instability Degraded Performance -- lviajo1· 

165 DRIFT • 10 None None -- !viino:r 

166 C347 SHORT .90 No Output No Output 0.7867 Critical 

167 OPEN -- Signal Blocking No Output -- Critical 

168 DRIFT • 10 De tuning Low Output .0864 Major 

169 L314 SHORT .25 Detuning No Output .0864 Critical 

170 OPEN .25 No Output No Output .0864 Criticai 

171 DRIFT .50 De tuning Low Output 0.1743 Major 

172 L3IS SHORT .25 Possible Instability Degraded Perforrnance .0864 Major 

173 OPEN .25 No Output No Output .0864 Critical 

174 DRIFT • 50 None None -- Mino:r 

>70-77 " 



F>~~EPARRAY E ''TiC. BY ~MlQQs!:':_~ 
~'Jca.:ransmitter ~o~7oE PAGE A I 9 of ~~-, 

FAILURE MOOt:, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~thesizer rn()_'!l-7 8C ~n:; 12-15-71 

fi\\RT/~ EFFECT OF FAILURE FAILURE cflrnc-FA I LURE MODE 
( 4'-} P'boa:~~TV AUTY SYMBOL ASSEM8LY END ITEM 

~~ 

175 C349, C350 SHORT • 90 Severe Drain on Regulator No Output 
0.6303 Critical 

176 OPEN -- Possible Instability Degraded Perforrm nee -- Major 
177 DRIFT • 10 None None -- Minor 
178 C352 SHORT .90 Destruction of 0308 No Output 0.3144 Critical 
179 OPEN -- Signal Degeneration No Output -- Critical 
ISO DRIFT .10 None None -- Minor 

C351, C353 SHORT .70 No Output No Output ' 2.4512 
181 

Critical 
182 OPEN -- De tuning No Output -- Critical 
183 DRIFT .30 De tuning Low Output 1. 0505 Major 
184 C354 SHORT .90 De tuning No Output 0.7867 Critical 
185 OPEN -- Signal Blocking No Output .0864 Critical 
186 DRIFT • 10 De tuning Low Output .0864 Major 

~ 

~ 
t' 
[:.:, 

-~..-... !;~ 
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·---P£"J:1~p ARRAY E """TW:: ~TMloosflE~~-
~Krr¥:ansmitter P'fo'o~7oE PAGE Azoof 3Z 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~~r Sub-Ass_y's P'!~o"fhsc Lll\l t:. I Z -15-7 1 
'"""'· 

~RT/COMf>Ot£NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
PROBABI1:!jTY ALITY SYMBOL {OC) ASSEMBLY END ITEM Q X 10 

187 L316 SHORT • zs Detuning No Output .0864 Critical 

188 OPEN .zs No Output No Output .0864 Critical 

189 DRIFT .so De tuning Low Output . 1743 Major 

190 R333, R334 SHORT -- No Output No Output -- Critical 

191 OPEN .05 No Output No Output .034Z Critical 

192 DRIFT • 95 Q Point Shift None -- Minor 

193 R335 SHORT -- Destruction of 0308 No Output -- Critical 

194 OPEN .05 No Output No Output .0164 Critical 

·195 DRIFT .95 Q Point Shift None -- Mhwr 

196 lsolution-Osc/ SHORT -- Loss of 95 MHz Signal Lose Output Signal -- Critical ' Modul., R345 
197 OPEN .05 Degraded 95 MHz Signal Degraded Output Signal .0164 _Majo:r 

; 198 DRIFT .95 No Effect No Effect -- Mi.'lJ.or 

\ 

' 

·'' 



j5~~EPARRAY E '" ·~ l:l'l' TTC ~M 1oosr"11
• A 

~Riif'ransmitter IDWG2'<f6s 170E PAGEA21 of' 3Z 
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET Ff;;:Ythesizer P"S,'&'O-, "c . r'\,_,-" ·l 

PAAT/~NT EFFECT OF FAILURE FAILURE CRITic-FAILURE MODE 
PRO£ABI~TY ALITY SYMBOL ( oc) ASSEMSLY END ITEM Q X 10 

199 R346 SHORT -- Loss of 95 MHz Signal Lose Output Signal -- Critical 

200 OPEN • 05 Degraded 95 MHz Signal Degraded Output Signal .0164 Major 

201 DRIFT • 95 No Effect No Effect -- Minor 

202 R347 SHORT -- Excessive Current Drain;Destruction No Output Signal -- Critical 
of Q309 

203 OPEN • OS Q309 will not Operate No Output Signal .0164 Critical 

204 DRIFT .95 No Effect No Effect -- MinoJ: 

205 R348 SHORT -- No Effect No Effect -- Minor 

206 OPEN • 05 Lose 95 MHz Signal No Output Signal .0164 Critical 

207 DRIFT • 95 No Effect No Effect -- Minor. 

208 Q309 SHORT .25 Lose 95 MHz Signal Lose Output Signal 24.5243 Critical 

209 OPEN • 75 Lose 95 MHz Signal Lose Output Signal 73.5558 Critical 

210 DRIFT -- No Effect No Effect -- Minor 

211 C361 SHORT .90 Destruction of Q309 Lose Output Signal 0.7867 Critical 

2!2 OPEN -- Lose 75 MHz Signal Lose Output Signal -- Critical 

213 DRIFT • 10 No Effect No Effect -- Minor 

2!4 Modul. Driver SHORT • 90 Degraded Flip-Flop Wave Form Degraded Output Signal 0.7867 Major C3l7 

215 OPEN -- No Effect No Effect -- Minor 
216 DRIFT • 10 No Effect No Effect -- Minor 
217 C318 SHORT .90 Degraded Flip-Flop Wave Form Degraded Output Signal 0.7867 Major 

218 OPEN -- No Effect No Effect -- Minor 

219 DRIFT • 10 No Effect No Effect -- Minor 

----·--



~~mPARRAY E TTtt'f 'fTM IOoF~ .. 
~ITfl:'l . ~o~isoc PAGEA22 of 32 PSK Transm1tter 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET rf'l~~er Ampl. Assy ~0~78C ~1 1:.12-15,;;·-

A 

FAAT /COMPONENT EFFECT OF FAILURE FAILURE CRITIC FAILURE MODE 
SYMBOL ( 0:.) ASSEMalY END ITEM PRgs:~~TY ALIT¥ 

, 

1 Driver Amplifier C-B, B-E • 10 No Output No Output 8.9339 Grit 
Q401 SHORT 

cal 

2 OPEN .20 No Output No Output 17.8679 Grit cal •· 
C,E, B, 

3 DRIFT .70 Q Point Shift None -- Min~ T 

4 C401, L404 SHORT • 55 De tuning Low Output 0.6735 M ... :tj• r 

5 OPEN • 15 Signal Blocking No Output 0.1833 Crit cal 

6 DRIFT • 30 De tuning Low Output 0.3666 Min r 

7 C402, C403, SHORT .78 Detuning No Output 5.4657 Crit cal 
C412, C413, 
C425 

8 OPEN -- De tuning No Output -- Cril cal 

9 DRIFT .22 De tuning Low Output 1.5408 Ma.j r 

10 C404, C405, 
C406, C407 SHORT .90 Q Point Shift Low Output 3. 1531 Maj r 

11 OPEN -- Ins ta. hili ty Degraded Performance -- Maj >r 

12 DRIFT • 10 None None -- Mir: or 

- - --



R\RT/COMPClNENT EFFECT OF FAILURE 

r -f-.~A=IL~U~RE~M~O~D~E~,~E~F~FE~C~T~&~C~R~IT~I~C~A~LI~T~Y~A~N~A~L~Y~S~IS~W~-O~R_KS~H~E_E_T ____ ~~~~=-~~~r--~~~ 
FAILURE 

PROBABI~TY 
Q X 10 

SYMBOL 
FAILURE MODE 

(0:) ASSEMaLY END ITEM 

13 C408, C420, 
C426, C427 

14 

• 90 Severe Regulator Drain No Output 

-- . Signal Blocking No Output 

SHORT 

OPEN 

2.6315 ~Critical 

-- ,Critical 

15 • 10 I De tuning Low Output DRIFT 
0.2921 Major 

16 C410, 
C411, C423 • 90 I Severe Regulator Drain No Output SHORT 

1.8432 Critical 

17 

18 

-- I 
Instability Degraded Performance 

.10 None None 

OPEN 

DRIFT 
-- Major 

-- .Minor 

19 R401 .10 I No Output No Output SHORT -- Critical 

20 .20 I No Output No Output OPEN 
1.1906 Criticd 

21 • 70 I None None DRIFT 
-- Minor 

22 R402 -- . Destruction of Q40 1 No Output SHORT 
-- Critical 

23 .05 I No Output No Output OPEN 
0.7867 Critical 

24 
.9~ I None None DRIFT 

-- Minor 

"" 1- -= I·- = ~-~~ 



5"l~EP ARRAY E ·~ . .._h~ ~M lOO~A-
ENQ _'!!"::! • ~~SlBOC PAGE A24 of 32 PSK Transnutter 

FAILURE MODE:, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~\,er Am£lifier pvto2~517sc !!Ait.l2 -15·:;--·-. 
PART/COMPOt£.NT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE - PR8B:~~TY ALITY SYMBOL ( ()(.) ASSEH6LY END ITEM 

25 R403 SHORT -- Q Point Shift Low Output -- Major 

26 OPEN .05 No Output No Output 0.7867 Critical 

27 DRIFT .95 None None -- MiTior 

28 1.403 SHORT • 25 Detuning No Output ;.0864 Critical 

29 OPEN • 25 No Output No Output • 0864 Critical 

30 DRIFT .so None None -- Minor 

31 Power Ampli- • 10 10.1603 fier Q402 C-B, B-E No Output No Output Critical SHORT 

32 OPEN .20 No Output No Output 20.3192 Critical C,E,B 

33 DRIFT • 70 Q Point Shift None -- Minor 

34 C414, L407, .62 1. 8463 C428 SHORT De tuning No Output Critical 

35 OPEN .08 Signal Blocking No Output 0.2369 Critical 

36 DRIFT .30 Detuning Low Output 0.8925 Mo.jor 

-· 



F>"l~EP ARRAY E '""'f-Pt ~MIO~~ 
~-ITEr:! . lfJW<?. NO. 

PSK Transnutter 2005IBoC PAGE A25of' 3; 
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET !AS:t5~~er Amolifier ~(!'Sfl;8C P"-112-15-7 ~ 

FMT/COMPONENT EFFECT OF FAILURE FAILURE CR!T!1 FAILURE MODE 
P'bOBABI~TY -.Lrn SYMBOL (&.) ASSEMBLY END ITEM X 10 

~J 

;1 
37 C415, C416, 

C417, C424 SHORT • 90 Severe Drain on Regulator No Output 2.6315 Criti al 

38 OPEN -- Instability Degraded Performance -- Majo 

39 DRIFT • 10 None None o. 2921 Mino 

40 C418, C419 SHORT • 80 No Output No Output 2.1011 Criti cal 

41 OPEN -- De tuning No Output -- Criti r:al 

42 DRIFT .20 Detuning Low Output 
0.5245 Majc r 

43 !A{)6 SHORT .25 Detuning No Output 
.0864 Criti cal 

44 OPEN • 25 No Output No Output 
.0864 Criti cal 

45 DRIFT .50 None None Mine r --
46 C422 SHORT .90 Severe Drain on Regulator No Output o. 7867 Criti cal 

47 OPEN -- Possible Instability Degraded Performance -- Majc r 

48 DRIFT • 10 None None Min{ r --

·-- -



f:>'Z~EP ARRAY E BYTTC rt!i ,r--v. TM 1005 .......!:.;.,_ 
~-~!~ . ~o~i80c IPAGEA26 of PSK Transnntter 32 

FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~!.er Amplifier ~~178C p<\ll:.12-15-7" 
r~ 

IAAT/~ EFFECT OF FAILURE FAILURE CRITiC-FAILURE MODE 
p~:~~TY ALITY S'YMBOL ((X.) ASSEMBLY END ITEM 

49 R404 SHORT .10 No Output No Output 1.1206 Critical 

50 OPEN . zo No Output No Output Z. Z4ll Critical 

51 DRIFT • 70 None None 7.8477 Minor 

52 R405, R406, R40 
RT401, CR401, 

SHORT -- hnproper Temperature Indication None -- Minor 

53 OPEN -- hnproper Temperature Indication None -- Minor 

54 DRIFT -- hnproper Temperature Indication None -- Minor 

55 L 402, 405 -- Not an actual part. -- -- --These are transistor base leads. 

i 
I 

,,: 

I 

<== 



F>X>f.mp ARRAY E "'-''"""'"'"' BV TTC ~TM 10osF'-V, A 

~Jl'~ansmitter owro~!soc PAGf..A27 of 32 
FAILURE MOOt:, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~~er Ampl. Assy ~o~·l7sc ~~fz-15-71 ··-Rll.RT/COMPOI£NT EFFECT OF ~AlLURE FAILURE CRITIC-· FA !LURE MODE 

PROSAB~TY ALITY SYMBOL (~) ASSEMBLY END ITEM Qx I 
56 C429 SHORT .90 Improper Temp. Indication None Minor 

57 OPEN -- " " " " " 
58 DRIFT • 10 " " " " " 
59 C:430 SHORT • 90 " " " " " 
60 OPEN -- " " " " " These are TLM 
61 DRIFT • 10 " " " " components that 

" do not affect re-
62 C431 SHORT • 90 " " " " quired operation. 

" 
63 OPEN -- II " II II 

" 
64 DRIFT .10 " " " II 

" 
65 C422 SHORT • 90 " " " II 

" 
66 OPEN -- " " " " II 

67 DRIFT • 10 " " " " " 

-



ISTh~EP:;;::::;; ·~ ''TT~ rf±MI005 F· A 

~P~RMTransmitter ~Jfi·6oA IPAGE AZ s of' 3Z 
FAILURE MODE:, EFFECT&. CRITICALITY ANALYSIS WORKSHEET Fk~gulator Assy. ~o~hsc r"l~'/15/71 

-~ 

PAAT/COMl>()I>ENT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 
PR8s:~~TY ALITY SYMBOL ( 0:.) ASSEMBLY END ITEM -

1 CR 507 Short .40 No reverse voltage protection None -- Minor 

z Open • zo No +Z9VDC to regulator No output 24.5243 Critical 

3 Drift .40 None None -- Minor 

4 R 516 Short -- No output from regulator No output -- Critical 

5 Open • 05 Low regulator output Low output • 0179 Major 

6 Drift • 95 None None -- Minor 

7 c 503 Short .90 No +29V to regulator No output o. 7867 Critical 

8 Open -- Possible instability Degraded performance -- Major 

9 Drift • 10 None None -- Minor 

10 MEMA* Short • 50 NoB+ No output 175.0454 Critical 

11 Open • 30 NoB+ No output 105.0636 Critical 

12 Drift • 20 Unstable B+ Degraded perfonnance 70.0548 Major 

*Microelectric 
Modular Assembly 

.......__ --... ---~ --



r'GmEP Array E ,,._. 
' """"T '1' c 'i'tM 1 OO.?E~--~ 

IB'Vp'Jfr Transmitter ~O~bOA ~AGE A29 of' 32 I 
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~~gulator Assy. ~o~i9sc P"l~/1~"· 

PAAT/COM?Ot£NT EFFECT OF f'AILUR£ FAILURE CRITIC-FAILURE MODE 
P~OBxA~~TY ALITY SYMBOL {OC) ASSEMeLY END ITEM --

13 R 517 Short Incorrect voltage or current idication None Minor 

14 Open " II 
,, 

II II " II 

15 Drift " II " II " " ,. 
lb R 518 Short " II " II II II 

" 
17 Open ,, II " " " " " These are 

" " " " " " 
TLM 

" 
18 Drift 

Components that 
19 R 519 Short ,, 

" " " " " 
do not affect 
required operation. " 

20 Open " " " II II " " 
21 Drift II " " II " " " 
22 R 520 Short " " " II " " " 
23 Open " " " II II " " 
24 Drift " ,. II II " " ,, 

-- , ______ . "" - ··~ 



j5~~EP Array E -ftJfi' ffi.Mloos_rc.v.A 

R~Transmitter F'!~O~bOA IPAGE A3o of 32 

r-----· FAILURE MODE:, EFFECT & CRITICALITY ANALYSIS WORKSHEET F~~sy. ~d'fi78C pxr12/15/~ 
-·-~-FAAT/COMf>OI£NT EFFECT OF FAILURE FAILURE CRITIC-FA ILUR£ MODE << 

PRgsAB!~TY ALITY SYMBOL ( OL) ASSEMBLY END ITEM X 10 ~.....,..,_-- -
25 R 521 Short Incorrect voltage or cur rent idication None Minor 

26 Open " " " " " " " 
27 Drift " " " " " " " 
28 R 522 Short " " II " " " " 
29 Open " " " " " " " 

" " II II " II These are 
" 30 Drift 

TLM 

31 CR 501 Short " II " " II " 
Com.ponents 

" - that do not 
affect required 

" " II " " " " 32 Open 
operations 

33 Drift " " " " " " " 
34 CR 502 Short " " " " " " II 

35 Open II II II " " " " 
36 Drift " " " " " " " 

._J 



~l~~EP Array E 'T'~- r>2'rMI005f'EV,A 

EIIVplJ~T ransmitter ~o~i6oA --
PAGE A31 of 32 

FAILURE MOOt, EFFECT & CRITICALITY ANALYSIS WORKSHEET A!>iagulator Assy. ~d'fi78C PYf/ls/7~ 
PART/C()MI>O;IENT EFFECT OF FAILURE FAILURE CRITIC-FAILURE MODE 

P~B:~:HTY ALITY SYMBOL ( 0:) ASSEMBl...Y END ITEM 

37 c 501 Short lncor rect voltage or current indication None Minor 

38 Open " " " " " " " 
39 Drift " " " " " " " 
40 c 502 Short " " " " " " These are " 

TLM 
41 Open " " " " " " Components " 

that do not 
42 Drift " " " " " " affect required " 

operation. 
43 c 504 Short " " " " " " " 
44 Open " " " II " " II 

45 Drift " " " " " " " 

' 

----=------------·--~ 



r~p ARRAY E Dl TTC ~M I005r"'V'A l 
' ' ,~...., 

~kTlf:ansmitter ~o~'9oB ~A32 of _,E,_j 
FAILURE MODE, EFFECT & CRITICALITY ANALYSIS WORKSHEET ~~·~iplier-rsomter ~o~t1sc ~n::l2/ls/71 j 

RW"/CClMPONENT EFFECT OF FAILURE FAllURE CI?ITIC:-~ 
FAILU~E MOOE PROOA~TY ALITY S'I'MSOL ( & ) ASSEMa!..Y END ITEM . (fx 

I C601, C602, 
C605, C604 SHORT .90 Detuning No Output 0.6303 Critical .. 

Detuning 
, 

No Output Critical 2 OPEN -- --
3 DRIFT • 10 De tuning . Low Output • 06855 Major 

4 C603, UO l, 
L602 SHORT .47 No Output No Output o. 4ll3 Critical 

5 OPEN • 16 Signal Blocking No Output o. 1386 Critical 

6 DRIFT • 37 Detuning Low Output 0.3234 Major 

7 CR60I SHORT • 05 No Output No Output 1. 4007 Critical 

8 ' OPEN .05 No Output No Output I. 4007 Critical 
lJ 

9 DRIFT . 90 None None -- lviinor 

10 R601 SHORT No Output No Output -- Critical --
11 OPEN • 05 No Output No Output • 0164 Critical 

12 DRIFT • 95 None None -- lvHnor 

0-77 ~----
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