General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



=
MCE-71-55 ; Copy No.io

CONTRACT NAS9-9334

SOLID STATE SEQUENCER SYSTEM,
PHASE II.

SUMMARY REPORT

MARCH 1971

APPENDIX C *

& iinbilitz Analysis )

~7 - -
Nz limd 9 142
o~ P — — B -
2 (AL sSIONTUMBERIE ¢ (THRU)
;A

- -+ &3
Q (PAGES) : (CoDE) 4

1) Q /X .
'_:: ST 7 MN-1{T7L / = ,: /
O (NASA CR OR TN.X OR AD NUMEER) (CATEGORA)
(Ve

Prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRATT CENTER
HOUSTON, TEXAS 77058

MARTIN MARIETTA CORFORATION
P, O, Box 17¢
Denver, Colerado 80201

o
.



G

MCR-71-55
Vol., 1V

CONTRACT NAS9-9334

SOLID STATE SFOUENCER SYSTEM
PYiSk IT
SUMMARY REPORT

MARCH 1971

APPENDIX C

RELIABILITY ANALYSIS

Prepared by: ‘vh)./[ //’" ' //". .

R, H. Hardin

Sy e s
D, E. Leck
Program Manager

Approved by:

Prepared for

NATIONAL AERONAUTIUS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CENTER
HOUSTON, TEXAS 77058

MARTIN MARIETTA CORPORATION
P 0D, Box 179
Denver, Colorado 80201



RELIABILITY ANALYSIS

This section contains thc¢ reliability prediction and failure
modes and effects analysis (FMFA) for the Enginecring Model Sequencer.
¢t 18 submitted in response to paragraphs 4.2 and 4.3 of the
Reliability Plan to demonstrate the reliability requivement of
0.999,999 as given in paragraph 3.1.4 of the Statement of Work.

1.0 RELIABILITY ANALYSIS GROUND RULES AND ASSUMPTIONS

Sincc¢ reliability is determined from the expression

- t
R = ¢ A

where t is the mission time, appropriate assumptions must be made
regarding total mission time,. checkout time, dormant time, and the
various modes of system operation during these various phases of
the total mission.

The total mission time assumed is 66 days, or 1584 hours.
This includes 60 days of flight time and 6 days of checkout time.

Of the 6 days of checkout tiﬁe, it is estimated that power
will be off for 33 hours and during this time the circuits will

be dormant, A factor of 0.1 has been applied to the failure rates
during this dormant period. :

Many circuits, such as the Core Transistor Logic elements
(CTLs), draw no current for long periods of time, even though power
is applied. A factor of 0.25 has been applied to the failure
rate of these circuits during this time. This mode of operation
is called "non-operative" in the charts which follow. This also
applies to the output switch circuits. Many of these circuits
draw current (defined as the '"operative'" mode) for only 10
geconds or less during the entire mission. Some CTLs operate
for as little as 10 milliseconds.

‘ Many of the sequencer circuits operate on switched power.
These circuits are in the dormant mode for all except 10 seconds
of the 66 days. This mode of operation does not apply to CTLs
and other magnetic logic circuits, but does apply to many ICs
and conventional discrete component circuits.

The de-rating factors of 0.1 for the dormant mode and 0.25
for the non-operating mode were taken from "Electronics and Parts
Reliability', RADC-TR-67-307, July 1967.

These ground rules are summarized in Table 1.
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2.0 RELIABILITY APPROXIMATIONS

Reliability is given by

R = e At

Where t 18 mission time and
A= ‘14: Ny Ky Gery

is the faflure rate of the system, subsystem, or set of circuits
included in the summation of the set of "i" components. Gfri is

the generic failure rate of the '"{ith" component. As noted in
Paragraph 1.0, the operating factor K, has been applied directly
to the time duration of various mission phases.

The unreliability is given by:

Q = 1-R = 1-¢ Mt

and if )\t is less than 0,001 this is very closely approximated
by :

Q = t
This approximation is used throughout this analysis.

3.0 TYPES OF REDUNDANCY

The complete sequencer system is a parallel channel system, so
that an output is possible even though one channel has failed.
The unreliability of the complete system is then given by:

Where Qc is the reliability of a single channel. The reliability
of the system is then:

2

R, = 1~ Qs‘ = 1- Qc

8
This is the parameter which the SOW requires be 0.999,999
(six nines) or greater.

In addition to the parallel redundancy, each channel consists
of two serics paths so that a single failure will not produce an
inadvertant output. Some areas of the sequencer design, such as
the clock, the power supply, and some of the majority voters and



other check circuits, are not series redundant, but in all of these
cases, our FMEA and Single Point Failure analysis shows that a
single failure will not produce an inadvertant output, so functional
series redundancy is maintained throughout the design.

et

' The failure rate of a series pair of elements is the sum of the
fallure rates of cach element of the pair.

Functional parallel redundancy is used in the memory subassembly.
The memory stack i{tself is & functional parallel pair, since normal
operation is posasihlc after a single failure has occurred. Thus the
unreliability of one-half the stack is first determined and the
unreliability for the whole stack is then determined from

- 2
Q, = Q
where QP is the unreliability of one-half the stack.
The memory assembly includes twelve sense amplifiers and twelve
inhibit drivers, and twenty four switch circuits and twenty four

drivers. These are all functional parallel redundant, since two
or more failures are required to ‘cause a system failure.

The unreliability of these circuits 1is given by

N - |
] y! i N-1
Q 122 T % %

The binomial coefficieut in each term is the number of ways 'N"
circuits can have "I" failures and Q 1s the unreliability of one
parallel "leg" as shown_in Figure 1.P For the Q we will be dealing
with all terms above Q.  will be negligible andsRR ie so near

unity that the above egpression is closely approximated by

Q = H Q?
: 8 2 (N - 2) ! P

For N = 12, this is:
- 2
9, = 660Q
and for N = 24:

2
Q 276 Q

8

For a triple redundant circuit this reduces to:

2
= 3 .
Q Q,
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To summrizc, the types of redundancy in the sequencer system
arc:

1) Series Pairs (SP)

2) Parallel Pairs (PP)

3) Triple Redundancy, Majority Voted (TRMV)

4) Twelve and twenty-four legged functional parallel
pairs (FPP)

5) None, but a single failure does not cause an inadvertant
ou tput.

Combinations of these types of redundancy also appear in the
system, such as series-parsnllel pairs (SPP) and functional series
parallel pairs (FSPP).

4.0 RELIABILITY BLOCK DIAGRAM

A reliability block diagram of a single channel is shown in
Figure 2, which also shows a summary of the reliability calculetions.
Note the very low unreliability of the memory blocks, where some
form of functional parallel redundancy or triple redundancy is used
in most memory sub~-assemblies. Note also that the output channels
are treated separately, since a failure in one output does not
affect the operation of another channel. For comparison purposes,
the reliability of the system with all outputs considered together
is also shown in Figure 2.

The outputs from the SMIC represent the worst case and the
reliability of these outputs is 0.999,999,942, which exceeds the
requirement., The same reliability is obtained for the pyro outputs
which use pyro arming circuits (PAC)., The reliability for other
types of outputs is 0.999,999,945. Even when all outputs are
considered together, the reliability os 0.999,999,817, which also
exceeds the requirement, '

5.0 RELIABILITY CALCULATION DETAILS

The detailed reliability calculations are shovm 12 Tables 2
through 20. These tables are organized as follows. 12 first
table in each group shows the calculation of the unreliability of
one of the blocks in the reliability block diagram (Figure 2).
This table is followed by a table which shows the detailed
calculation of the failure rate of each circuit in that block.

Figurc 3 shows the details of the output circuits and the
unreliability of cach block.



6.0 FAILURE MODES AND EFFECTS ANALYSIS (FMEA)

Changes in the design of the engincering model (Phase II),
relative to the breadboard model (Phase I) did not affect the
FMEA, Care has continually been taken in the design and
fabrication to assure that no single point failure can cause an
inadvertant output. Where circuit redundancy does not cxist has
been noted in the relifability tables and the single point failure
situation has been noted. Refer to the Phase I Reliability
Analysis for a complete FMEA,
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3.075640x18% 7.196427x18%
0 )
— suC ——  (10.272067x18%)
_ 1.036953x10°
120 ms |
1 1atech MSD 1 p——— 2 Motor Switghet
teh 9 & 10 4.1125930160)
120 ms
L ] [ h
lateh 15 & 16 MSD 2 e 2 Motor Switches
120 e 0.880686x15° _
1 lateh 1 & 2 100 ma Event Timer
: Switch 1 ' (4.300672x18%)
3.419986x15° 1,526081x10°
s/r 200 ohms
| latch 5 & 6 BECO — (4.946067x16%)
0,880686x18°%
s/ 100 ma Abort Indicator
latch 7 & 8 Suitch 2 (4.300672x10°%)
909x% 56
8/R Solenodd 2 Solenoids
™1 Latch 9 & 10 Detver 1 | (4.503895x18%)
0.802171x18°
| 8/R 0.5A
latch 11 & 12 Switch 1 (6.222157216°)
1,083909x15°
8/R oleno 2 Solenoids
Latch 13 & 14] Driver 2 [  (4.503895x16%)
0.880686x135°
s/R 100 ma 24 K Baroswigch
T | laech 1561 ] Swteeh 3 [T (4.300672x10")
8/R 100 ma
latch 19 & 20 Settch 6 |
8/R Solenold 4 Solenoide
T |lateh 21 & 22 triver 3 641 (4.%03895x18°%)
[ s/R 0.5A
latch 23 & 24 Switch 2 |
Fuse Resistors
S/R —MA——  Pyro
1 Lateh 25 PAC 1 PFC 1 0.039130x15%
— W Pyvo
—AV—
S/R
Latch 31 & 32 "I PAC 2 PFC 2
 AAA—
AN e
PAC 5 PFC 9
——W—-—
_-W'—-'
S/R
S | PAC 6 PFC 10
lateh 27
L A —
FIGURE §

Output Circult Detnils Showing
Unreliability of Each Rlock

(10.271697x16%) |




Pyro Firing Fuse - 10

Circuits Resistors (FR)
/oL
0.309129x15% 3.807376x10° 0.639130x15%
¢ 20 1 FR e 1 Pyro (4.155635x16°%)
Pyro 7
Power ¢ 27 1 FR 1 n "
Cond{tioner
Circuit
¢1
43 1 FR 1 = (]
¢ 8 2 FR 2 n "
Pyro #46&5 4 FR 4 " "
S it Power
Conditioner
Circuit
t2 $66&7 3 FR 3" "
¢ 26 1 FR 1 " "
Py'ro P ! " "
, Power ¢ 23 2 FR 2
—1 Conditioner
Circuit
+3 .
#11 1 FR "
#12 1 FR ) L "
¢ 13&14 3 FR 3 » "
Pyro
Power -
oma—] Conditioner " "
Circuit 15 1 R 1
$4
# 18 l FR l n "
- ———t
; #16 & 17 4 FR 4 " "
Pyro
Power
———t Conditioner # 19 Z FR 2 " "
Circuit
¢5
# 20 2 FR 2 " "
Pyro # 21 & 22 4 FR 4 " "
—_ Pover S |
Conditioner
Circuit
46 # 24 & 25 3 FR j———ee— 3 M "

STEImE 2 (Cmate) - Ouenut Cireult Dotal{ls Showing Unreliability of Each Block
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TABLE 3 = [Kvent logle Circuit Failurg Rates
R, , . Y Nx G
omanr | oo ear Lo Joe o [y ) S
- ’ 10 x 107
Event
Logic
Input :
Filter Capacitor 1 K2R75100KS | KEMET 0.10 0.10
Capacitor 1 Neptunc San Fern. 0.1 0.10
Positive Resistors 4 MFSC Electra 0.1 0.40
Going Ckt.
(36 Ckts) _
Diodc | IN4 148 G.E. 0.15 0.15
Diode 1 IN4608 G.E, 0.15 0.15
Zener Diode 1 IN963B Motorola 0.17 0.17
Inductor 1 Martin 0.1 0.1
Transistor 1 2112907A FSC 0.20 0.20
Transistor 1 2N2221A Motorola 0.20 0.20
Solder Joints 24 0.01 0.24
1.81
Input Filter Capacitor 1 Neptune San Fern, 0.10 0.10
Zero Capacitor 1 K2R75100KS | Kemet 0.10 0.10
Going Ckts Resistors 4 MF5C Electra 0.10 0.40
(22 Ckts) Diode 1 1N4608 G.E. 0.15 0.i5
Diode 2 1N4 148 G.E. 0.15 - 0.30
Zenor Diode 1 1N967B Motorola 0.17 0.17
Zenor Diode 1 1N963B Motorola 0.17 0,17
Transistor 1 2N2221A Motorola 0.20 0,20
Transistor 1 2N2907A FSC 0.20 0.20
Inductor 1 Martin 0.10 0.10
Solder Joints 32 0.01 ' g.gi
Power Filters Capacitors 6 |Solid Sprague 0.10 0.60
(Tantalum) Tantalum
Solder Joints 12 MMC 0.01 0.12
0.72
Sequence
Generator Capacitors 8 Neptune San Fern 0.10 0.80
Capacitor 1 K2R7J100KS | Kemet 0.10 0.10
Resistors | 27 MF5C Electra 0,10 2.70
Diodes 7 1N4148 G.E. 0.15 1.05
Zener Diode 1 1IN756A T.I. 0.17 0,17
Transistors 8 ° | 2N3947 Motorola 0.20 1.60
Transistor 1 MM3737 Motorola 0.20 0.20
Transistors 3 2N3251 Motorola 0.20 0.60
Transistor 1 2N3765 Motorola 0.20 0.20
Core Transistor
Logilc 6 MMC 1.1 6.60
Solder Joints 40 0.C1 2,40
16.42




TALLE 3 - Fvint hogle Clrcuit Faildre Rates (Con't)
R PLYCE PART QTY | MFG. PART G NxG
CIRCULT DES'.RLPTTON N | NumMBER MFG. fr b
x 10 x 10
Resistors 6 MF5C Electra 0.10 0.60
Capacitor l uscc 0.10 0.20
ADVANCE and Diodes 2 IN4608 G. E, 0.15 0.30
CLEAR Ampli- :
fliers Transistor 1 2N3947 Motorolsa 0.20 0.20
Transistor 1 2143765 Motorola 0.20 0.20
(6 Ckts) Transistor 1 MM3737 Motorola 0.20 0.20
: Solder .Joints 35 0.01 0.35
) 2.05
CTL Capiacitor 1 uscc 5.10 0.10
Circuit Diode 1 IN4608 GE 0.01 0.01
Trantistor 1 2N2221A Motorola 0.20 0.20
Resistor 1 MF5C Electra 0.10 0.10
Inductor 1 846T250 Ferrox 0.10 0.10
-3E24 Cube
Permaloy Core 1 80529-1/20 | Magnetics 0.01 0.01
-MA
Solder Joints 13 0.01 0.13

0.65
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TABLE 5 - Timing Clrcuit iailurc Rates
CIRCUTY PIECE PART Qrv | MFG, PART MFG Ctr NGy
‘ DES(.RIPTIV:: N LUMBER ) x 10 X 159
8 MHz 8 MMz - Crystal 1 KTO-69-30 | Monitor 0.10 0.10
Clock Ckt. Transistor 3 2N3227 Motorola 0.20 0.60
(1 Ckte,) Resistors 9 MF5C Electra 0.10 0.90
Capacitor 1 150D Sprague 0.10 0.10
Capacitor 2 Neptune San Fern, 0.10 0.20
Integrated Ckt, 1 SW5430 T.I. 0.03 0.03
Solder Joints 49 0.0} 0.49
2.42
T0-T9 Integrated Clrcuits| 7 SN5473 T.1. 0.03 0.2!
Gen, Integrated Circuits| | SN541.30 T.L, 0.03 0.03
Integrated Circuits| 1 Sti5400 T.I. 0.03 0.03
(2 Ckts) Integrated Circuits| | SN5402 T.I, 0.03 0.03
5200-227 Integrated Circuits| 3 SN5440 T.I. 0.03 0.09
Page 2
5200-227 Solder Joints §82 0.01 .82
Page 4 2,21
10 & 100 KHz | Integrated Circuits| 2 SN54L00 T.I. 0.03 0.06
Gen, Integrated Circuits] 1 SN541L20 7.1, 0.03 0.03
(2 Ckts) Integrated Circuits) 1 SN5402 T.I. 0.03 0.03
Integrated Circuits| 1 SN5401 T.I. 0.03 0.03
Integrated Circuits| 2 SN54121 T.I. 0.03 0.06
5200-227 Resistor 1 MF5C Electra 0.10 0.10
Page 3 Solder Joints 101 0.01 101
1.32
SC Fault Integrated Circuits} 2 SN5486 T.I. 0.03 0.06
Circuit Integrated Circuits| 2 SN5402 T.I, 0.03 0.06
(1 Ckt.) Integrated Circuits| 1 SN5430 T.I, 0.03 0.03
5200-227 Solder Joints 70 T.I. 0.01 0.70
0.85
Clear Clock Integrated Circuits| 1 SN5440 T.I. 0.03 .03
Gen. Tntegrated Circuits] 1 SW5474 T.I. 0,03 .03
Integrated Circuits| 1 SN5400 T.I, 0.03 .03
5200-227 Solder Joints 42 MMC 0.01 0.42
0.51
Filter Capacitors ' 7 0.1 0.7
Capacitor Solder Joints 14 0,01 14
Network 0.84




TABLE 5 - Timing Circuit Failurc Rates (Con't)

PIECE PART QTY |MFG. PART Ser N Sy

CIRCUIT DESCRIPTION N | NUMBER MFG. w180 | x 18°
Fault Integrated Circuit | 2 SN5430 T.I. 0.03 0.06
Detection Integrated Circuit 1 SN5474 T.I. 0.03 0.03
Circuits Integrated Circuit 1 SN54L74 T.I. 0.03 0.03
Integrated Circuit | 2 SN5402 T.I. 0.03 0.06

5200227 Integrated Circuit | 1 8N5400 T.I, 0.03 0.03
Page 6 Integrated Circuit | 1 MD2218A Motorola 0.40 0.40
Resistors 2 MF5C Electra 0.1 0.20

Solder Joints 1140 0.01 1.40

2.21

Caution Integrated Circuit | 3 SN5474 T.I. 0.03 0.09
Detection Integrated Circuit | 4 SN54L73 T.I. 0.03 0.12
5200~-227 Integrated Circuit | 3 SN5400 T.I. 0.03 0.09
Page 7 Resistors 3 MF5C Electra 0.10 0.30
Diode 1 1IN4608 G.E. 0.10 0.10

Integrated 1 MD2218A Motorola 0.40 0.40

Transistor Ckt.

Solder Joints 160 0.01 1.60

2,70

Timer Capacitor 3 Neptune San Fern, 0.10 0.30
Comparison Resistor 8 MF5C Electra 0.10 0.80
Logic Integrated Circuit | 1- [MD2218A Motorola 0.40 0.40
5200-227 Integrated Circuit ! 3 SN54LCO . I, 0.02 0.0°
Page 8 Integrated Circuit | 3 SW5474 T.I. 0.03 0.09
Integrated Circuit | 2 SW54L74 T.I. 0.03 0.06

Integrated Circuit | 2 SW5402 T.I. 0,03 0.06

Integrated Circuit 1 SW5410 T.I. 0.03 0.03

Solder Joints 200 0.01 2.00

3.83

Time Delay Resistor 4 MF5C Electra 0.1C 0.40
Logic Integrated Circuits| 1 MD22184A Motorola 0.40 0.40
5200-227 Integrated Circuits| 1 SW5410 T.I. 0.03 0.03
Page 9 Integrated Circuits| 1 SW5400 T.I. 0.03 0.03
Integrated Circuits] 1 SW54L00 T.I. 0.03 0.03

Integrated Circults| 1 SW54L74 T.T. 0.03 0.03

Integrated Circuitsj 1 SW5474 T.I. 0.03 0.03

Solder Joints 85 0.01 0.85

1.80
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TAVLE 7 MEMORY Circuits Faflure Ratey 18
, , PILIE PART qQry | MFG. PART . G [N x G
CIRCUTT DESCRIPTION N | NuMBER MFG. -9 9
x 10 x 10
Scnse
Amplifiers Resistor 6 MF5C Electra 0.1 0.6
(12 Ckts) Op. Amp. 1 MC1711 Meotorola 0.03 0.03
Solder Joints 36 0.01 0.36
.99
Memory Switch Solder Joints 30 0.01 0.30
Ckta., Resistor 4 MF5C Electra 0.1 0.4
Diode 2 IN4608 GE 0.15 0.3
(24 Ckts)
Transistor 2 2N3765 Motorola 0.2 0.4
Transistor 2 MM3737 Motorola 0.2 0.4
1.80
Memory Resistors 11 MF5C Electra 0.1 1.1
Inhibit Capacitors 4 Neptune San Fern. 0.1 0.4
Driver Ckts Diodes 7 IN4608 GE 0.15 1.05
(12 Ckts) iransistors 2 2N3947 Motorola 0.2 0.4
Transistors 2 2N3251 Motorola 0.2 0.4
Transistors 2 MM3737 Motorola 0.2 0.4
Solder Joints 60 0.01 0.60 1|
4,35
Menory Registors 11 MF5C Electra 0.1 1.1
Driver Ckts. Capacitors 4 Neptune San Fern. 0.1 0.4
(24 Ckts) Diodes i 7 IN4608 GE 0.15 1.05
Transistors 2 2N3947 Motorola 0.2 0.4
Transistors 2 2N3251 Motorola 0.2 0.4
Transistors 2 MM3737 Motorola 0.2 0.4
Solder Joints 60 0.01 0.6
4,35
Decoding Triple 3-Input 8 SN5410 T.I. 0.03 0.24
Logic Ckt. Positive NAND
(2 Ckts) Gates
Quadruple 2~-Input SN5402 T.I. 0.03 G.33
Positive Nor-Gate
Solder Joints 250 0.01 _2.50
‘ 3,07
T&C Ckts. Resistors 8 MF5C Electra 0.1 0.8
(3 Ckts) Capacitors 8 Neptune San Fern. 0.1 0.8
Integrated 8 SN54121 T.I. 0.03 0.24
Ckt. (One Shot)
Integrated .Glrcuit ! 1 SN5402 T. I. 0.03 0.03
Pogitive Nor Cate
Integrated Circuit | 1 SN5400 T.I. 0.03 .03
Solder Joints 100 0.0} 1,00
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TALLE 7 - MRIMOR" ‘{rcuits Faflu:¢ Rates (Con't)
, - PIECE PART QTY | MFG. PART G Hx G
CTReUTI DESCRIPTION ~ | NUMBER MFG. fr oF
x 10 x 10
T&C Quadruple 4 SN5400 T.I. 0.03 0.12
Majority 2-Input NAND-Gate
Voter Ckt, Quadruple 4 SN5402 T.I. 0.03 0.1:
(1 ckt) 2-Input N )R-Ghte
Quadruple 4 SN5486 T.I. 0.03 0.1.
2=Input Exclusive- :
OKR Gates
Dual 4-Input 2 SN5440 T.I. 0.03 0.12
Positive NAND
Buffer
Solder Joints PSO 0.01 1,50
1,98
Clamp Resistors 20 MF5C Electra 0.10 2.00
Voltage Capacitors 4 150D Spraguc 0.10 0.40
Generator Diodes 4 IN4G148 G.E. 0.15 0.60
Diode (Zener) 2 IN764 T.I. 0.17 0.34
Transistor 2 2N2221A Motorola 0.20 0.40
Transistor 2 2N4031 Fairchild 0.20 0.40
Transistor 2 2112907 Fairchild 0.20 0.40
Operational 1 MC1711 Motorola 0.03 0.03
Amplifier
Solder Joints ?OO 0.01 1.00
: 5.57
One-lialf
Memory Diodes 64 114608 G.E. 0.15 9.60
Stack Solder Joints 287 IN4608 G.E. 0.01 2.87
Cores y 144 Negl.

12,47
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TABLE 9 - MEMORY RECISTER Circuit Failure Pates

PIE! k. PART

MFC., PART

Qry
CIRCUIT DESCKLPTION ¥ UMBER MFG. T o
' x 10 x 10
Memory Integrated Circuit] 6 | SN5474 T.I. 0.03 0.18
Yegister Integrated Circuit}] 12 | SN5400 T.I, 0.03 0.3¢
(2 Ckts.) Integrated Circuit 2 | SN5440 T.I, 0.03 0.06
“Solder .Joints 300 0.01 00 |
3.60
Redundant Integrated Circuit| 12 | SN5450 T.I. 0.03 0.36
Gates Integrated Circuit 3 | SN5486 T.I, 0.03 0.09
(1 Ckt.) Integrated Circuit 2 | SN5400 T.I. 0.03 0.06
Integrated Circuit 1 | SN5420 T.I. 0.03 0.03
Integrated Circuit 3 | SN5402 T.T. 0.03 0.09
Integrated Circuit 1 | S¥5430 T.I. 0.03 0.03
Integrated Circuit 1 ] SN5440 T.I. 0.03 0.03
Solder Joints 235 0.01 | __2.35
3.04
MR Integrated Circuit 3 | SN5486 T.I. 0.03 0.09
Fault Ckt, Integrated Circuit 2 | SN5402 T.I. 0.03 0.06
(1 Ckt.) Integrated Circuit 2 | SN5410 T.I, 0.03 0.06
11=-B{t Solder Joints 100 0.01 1.00
Comparator , -
1.21
Parity Integrated Circuit 3 | SN5486 T.I. 0.03 0.09
Check Ckt. Integrated Circuit{ 3 | SN5402 T.I. 0.03 0.09
A Even Solder Joints 50 0.01 0.5
(1 Ckt)
0.68
Filter - Capacitor 7 Sprague 0.10 0.70
Capacitors Solder Joints 14 MMC 0.01 0.14
0.84
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TABLE 11 =~ Address Register Circuit Failure Rates
CIRCULT PIECE PART QTY | MFG. PART MFG. Cep N x G
’ DESCRIPTION N NUMBER x 107 |x 18°
Address Integrated Ckts. 5 SN5474 T.I, 0.03 0.15
Register Integratcd Ckts, 11 SN5400 T.I, 0.03 0.33
(3 Ckts,) Integrated Ckts, 5 SN5482 T.I. 0.03 0.15
. Intcegrated Ckts, 4 SN5410 T.I. 0.03 0.12
Int cgrated Ckts, 3 SN5440 T.I, .03 0.09
Solder Joints 377 0.01 3.77
4.61
AR Majority Integrated Ckts, 10 SN5450 T.T. 0.03 0.30
Voter Integrated Ckts, 7 SN5486 T.I. 0.03 0.21
(2 Ckts) Integrated Ckts, 5 SN5402 T.I. 0.03 0.15
Integrated Ckts. 2 SN5400 T.I. 0.03 0.06
Integrated Ckts. 1 SN5410 T.I. 0.03 0.03
Solder Joints 334 0.01 4
4,09
Storage Capacitor 11 Neptune San Fern, 0.10 1.1
Address Resistor 11 MF5C Electra 0.10 1.1
Register CTL Element 11 MMC 1.10 12.10
(3 Ckts) Transistor 11- ] 2N2221A Motorola 0.20 2.20
Solder Joints 100 0.01 1.00
17.50
Filter Capacitor 10 Neptune San Fern. 0.10 1.0
Net Works Resistors 10 MF5C Electra 0.10 1.0
(3 Ckts.) Solder Joints 50 - 0.01 0,5
2.5
CTL Adv. Transistor 1 2N3947 Motorola 0.20 0.20
Amp’, Transistor 1 2N3765 Motorola 0.20 0.20
Transistor 1 MM3737 Motorola 0.20 0.20
Diode 2 IN4608 G.E. - 0.15 0.30°
Resistor 6 MF5C Electra 0.10 0.60
Capacitor 1} Neptune San Fern, 0.10 0.10
: CTI. 1. MMC 1.10 1.10
‘ Solder Joints 35 . MMC 0.01 0.35
' 3.05
Set Amp Transistor 1 MD2218A Motorola 0.20 0.20
Resistor 1 MF5C Electra 0.10 0.19
Solder Joints 10 MMC 0.01 0.10
0.40
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TABLE 13 ~ Control logic Circuit Failure Rates

NxG

o PIECE PART Qty | MFG. PART . fr X Pep
CIRCUIT DESCRIPTLON N NUMBER MFG. =9 =9

10 x 10

Mem, Control Integrated Circult 6 | SN5400 T.IL. 0.03 0.18
A, o Integrated Circuit 3 | SN5402 T.I. 0.03 0.09
(1 Ckt.) Integrated Circuit 1 | SN5410 T.I. 0.03 0.03
Solder Joints 140 0.01 1.40
Capacitor 1 | Neptune San Fern, 0.1 0.10
1.80
Eranch Integrated Circuit 6 | SN5473 T.I. 0.03 0.18
Control Integrated Circuit 2 | SN5474 T.I. 0.03 0.06
Circuit Integrated Circuit 3 | SN5440 T.I. 0.03 0.09
1 Cke, Integrated Circuit 2 | SN5400 T.I. 0.03 0.06
(But Ckt, Integrated Circuit 4 SN5402 T.I. 0.03 0.12
is8 dual Red) | Integrated Circuit 2 | SN5420 T.I. 0.03 0.06
Solder Joints 250 0.01 2.50
3.07
PW Hold Integrated Circuit 2 | SN5473 T.I. 0.03 0.06
Circuit Integrated Circuit 4 | SN5472 T.I. 0.03 0.12
(1 Ckt) Integrated Circuit 2 | SN5410 T.I, 0.03 0.06
Integrated Circuit 1 | SN5440 T.I. 0.03 0.03
Solder Joints 106 0.01 1.06
3 1.33
Memory Integrated Circuit 3 | SN5400 T.I. 0.03 0.09
Control Integrated Circuit 2 | SN5402 T.I. 0.03 0.06
" Integrated Circuit 4 | SN5410 T.I. 0.03 0.12
(1 Ckt.) Integrated Circuft 2 | SN5420 T.I, 0.03 £.06

Solder Joints 150 0.0l 1,50
1.83
MCA Fault Integrated Circuit 4 | SN5486 T.I. 0.03 0.12
Det, Ckt, Integrated Circuit 2 | SN5402 T.I. 0.03 0.06
(1 Ckt.) Integrated Circuit 1' | SN5430 T.I. 0.03 0.03
5200~233 Solder Joints 1 0 0.01 1.00
Page 1 . ; l1.21
P,S. Control | Resistors 5 | MF5C Electra 0.10 0.50
Logic Ckt. Capacitors 4 | Neptune San Fern, 0.10 0.40
(1 Ckt) Integrated Circuit 1 | SN54121 T,I. 0.03 0.03
Integrated Circuit 2 | SN5400 T.I. 0.03 0.06
5200~-233 Integrated Circuit 1 SN5401 T.I. 0.03 0.03
Diodes 2 IN4148 G.E. 0.15 0.30
Solder Joints 75 |- 0.01 |}__0.75




27
TABLE 13 - Control Logic Circuit Failure Rates (Con't)
PIECE PART QTY |MFG. PART Ctr bl
viavss DESCRIPTION N | MMBER e, 18?1 1
Read Integrated Circuit R SNS4L74 T.L, 0.03 0.03
Logic Circuit | Integrated Circuit 1 SN5474 T.1, 0.03 0.03
(1 Ckt,) Integrated Circuit 2 |SN54100 - 4 & 0.03 0.06
Integrated Circuit l SN5402 : % 0.03 0.03
Integrated Circuit 2 |SN5400 T.L, 0.03 0.06
Integrated Circuit 1 SN5402 T.L. 0.03 0.03
Resistor 2 F5C Electra 0.l 0.20
Capacitor 1 eptune San Fern. 0.15 0.15
Solder Joints 110 0.01 1,10
1.69
Read Integrated Circuit 7 |SN5474 T.1. 0.03 0.21
Control Integrated Circuit 1 |SN54L74 T.1, 0.03 0.03
Logic Integrated Circuit 1 |SN54L00 T.I. 0.03 0.03
(1 Ckt) Integrated Circuit 3 |SN5400 .1 0.03 0.09
Integrated Circuit 2 |SN5402 T.I. 0.03 0.06
Integrated Circuit 2 |SN5410 T.1. 0.03 0.06
Resistor 3 F5C Electra '0.10 0.30
Capacitor 3 PNeptune San Fern. 0.10 0.30
Solder Joints 135 0.01 1.3%
A |
Set Integrated Circuit 2 |SN5400 : P O 0.03 0.06
control Logic |Integrated Circuit 1 |SN5401 T.1, 0.03 0.03
Circuit Integrated Circuit 1 [SN5402 7.1, 0.03 0.03
Integrated Circuit 1 |SN5410 T.I. 0.03 0.03
Integrated Circuit 3  |SN5440 Tele 0.03 0.09
Resistors 2 mpsc Electra 0.1 0.20
Integrated Circuit 2 D2218A Motorola 0.4 0.8
Solder Joints 125 0.01 1,23
™ 2.49
Memory Control 4 |SN5486 T.I1. 0.03 0.12
Fault 3 |SNS5402 z.1. 0.03 0.09
(1 Ckt.) 1 SN5430 Bede 0.03 0.03
Solder Joints 112 0.01 1.12
1.36
Power Resistor 3 MF5C Electra 0.10 0.30
Logic Capacitor 1 [Neptune San Fran, 0.10 0.10
Integrated Circuit 1 SN541.30 ¢ % 0.03 0.03
Integrated Circuit | 1  [SN541.74 .1, 0.03 0.07!
Integrated Circuit 3 SN5474 Bo ks 0,03 0.0¢
Integrated Circuit 2 SN5400 ' 9 B 0.03 0.06,
Integrated Circuilt 1 SN541.00 ;g 0.03 0.0
Integrated Circuit 1 |SN5440 .1 0.03 0.0.
Solder Joints 134 0.01 1,3/
2,01
: TEEEEISE = : e
Memory Integrated Civcuit 6 SN5474 Eida 0.02 0.18
Word Reg. Solder Joints 64 0.01 6b
(2 Ckts) 0.82
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TALLE 13 Contro) Logic Circuit Failure Rates (Con't)
PLECE PART qr7 | MFG. PART N x Cgp

CIRCUIT DESCRIPTION N N'MBER MFG. 15
Sct Omd, Integrated Circuit 3 15402 T.I, 0.09
Bits Transistors 6 MD2218A Motorola 2,40
(1 Ckt..) Solder Joints 93 0.93
' 3.42
Set Event Integrated Circuits | 7  |S'15402 T.I, 0.21
Gates Transistor s 13 MD2218A otorola 5.20
(2 Ckts) Solder Joints 137 1,37
6.78
Branch Integrated Circuit 5 N5402 T.I. 0.15
Set Gates Transistors 10 MD2218A Motorola 4,00
(2 Ckts) Solder Joints 210 2.10
6.25
Set Inhibit Integrated Circuit 2 PN5402 T.I. 0.06
Gates Transistors 2 MD2218A Motorola 0.80
(2 Ckts) Solder Joints 34 0.34
1,20
Set Timing Integrated Circuits 2 SN5402 T,I. 0.06
Gates Transistors 4 MD2218A Motorola 1,60
(2 Ckts) Solder Joints .40 0.40
2.06
Timing Integrated Circuit 1  PBN5420 T.I. 0.03
Bit Logic Integrated Circuit 1 SN5400 T.I. 0.03
(2 Ckts). Integrated Clrcuit 1  PBNS5440 T. 1. 0.03
Integrated Circuit 2 SN5430 T. L., 0.06
Solder Joints 70 0.70
.85

B




TABLE 13 - Control L ofc Circuit Failure Ratcs (Con't)
ﬂ-----------—- o

G..
PIE(: ’ fr
L DES' &y pTION N NUMBER # x 10°
De¢coder Ttansts;(w 1 2N3947 Motorola 0.20
Driver Trans . . e : 1 2N3765 Motorola 0.20
(2 Ckts) Transis. . 3 MM3737 Motorola 0.20
. |Diodes 5 1114608 G.E. 0.15
. Diode \“2c¢ner) 2 IN746A T.1. 0.17
; Relist.~dn 13 |MFsC Electra 0.10
Capacic. o 3 |Neptune San Fern. 0.10
Permaloy cores 1 |80529-1/2D |Magnetics | 0.01
MA
Solder ', . .o 59 0.01
Command Diodes 2 1N4608 G.E. 0.15
Register Resis:c\r 2 MFSC Electra 0.10
Stage Permaleay Cores 2 80529-12D |Magnetics 0.01
MA
Solder . . .s 22 0.01 } 0,22 |
Decoding Primar. Coras 16 80529-1/2D |Magnetics 0.01
Submatrix MA
Reset Transis ., ..o 2 2N3947 Motorola 0.20
Driver Trans.s 1 2N3251 Motorola 0.20
Transis . 1 MM3737 Motorola 0.20
Capaci. . . 4 Neptune San Fern. 0.10
_ |Piode (Zener) 1 1N961B .1, 0.17
Resisc. | . 13 |MF5C Electra 0.01
s°1de: Joints 48 0001
Diodes 3 1N4 608 G.E. 0.15
Diodes 2 1N4148 G.E. 0.15
Diode , N756A BB 0.17
\Zener) 1 IN756 o
Capac... . 1 K-Series Kemet 0.10 | 0,10
Power Up Permaf“'ay Cot's 1 80524-1/20 |Magnetics 0.01
Reset Circuit |Trans e 1 2N3947 Motorola 0.20
(2 Ckts) Srans:., o 1 |2N3251 Motorola 0,20
Trans - ‘st 1. 2N3737 Motorola 0.20
Mode . o _ .y 1~ | 1N746A e.1. 0.17
Capac: b ovd 1 DC-==K Nytronics 0.10
Resis: R 8 MFSC IRC 0.10
Solde: - Joints 53« 0.01
Diode _~ pener) 1 | 1N756A 51 0.17
Filte: Capac 't;r 35 Tantalum Sprague €.10
Networks Soldeo ".Ioints 70 0.01 B89
T ——————) E
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TALLE 15 - Powcer Supply Circuit Fallure Rates

31

NxG

, PTECE PART Qry | MFG. PART fr fr
CIRCUIT vep " MFC. - -
DESCRIPYICN N NUMBER x 16° x 16°
Power
Supply
Diodes 5 UTX 4110 Unitrade 0.15 0.75
Diodes 9 1N4148 Fairchild 0.15 1.35
Zeners Diode 1 IN752A Motorola 0.17 0.17
Transistors-FET 1 2N3459 Union Carb] 0,20 0.20
Transistors 1 2N2422 Fairchild 0.20 0.20
Transistors 6 2N2907A Motorola 0.20 1.20
Transistors 3 2N3251 Motorola 0.20 0.60
Transistors 1 2N2323A Fairchild 0.20 0.20
Transistors (SCR) 1 2N3655 G.E. 0.20 0.20
Transistors 4 2N3507 Motorola 0.20 0.80
Transistors 5 MM3737 Motorola 0.20 1.00
Transistors 5 2N3947 Motorola 0.20 1.00
Inductors 2 0.1 0.20
Operational 10 IM101 Fairchild 0.03 0.30
Amplifier
Transistor 1 2N684 Motorola 0.20 0.20
_ Diodes Zener 3 1N968B Motorola 0.17 0.51
Diodes Zener 5 IM103 National 0.17 0.85
Integrated Circuit] 1 SN5430 T.I. 0.03 0.C.
Integrated Ckt, 1 SN5400 T.I. 0.03 0.03
Dipde 1 IN748A 0.15 0.15
Resistor 2 AS-1/2 IRC 0.10 0.20
Resistor 1 AS-1 IRC 0.10 0,10
Resistor 127 MF5C Electra 0.10 12,70
Diodes ‘ 14 UTxX 215 Unitrode 0.15 2.10
Transistor 1 2N3765 Motorola 0.2 0.20
Transistor 2 2N4398 Motorola 0.2 0.40
Transistor 2 2N5002 vairchild 0.2 0.40
Transistor 2 2N5153 Fairchild 0.2 C.40
Trans former 4. 104 To Go | Ferrox Nl 0.04
. -3 EA Cube '
Transistor 1 2N2422B G.E, 0.2 0.20
Filter 2 2120-013 vscc 0.10 0.20
Insulated 18 1250-003 Erie 0.10 1.8
Capacitor
Capacitors 61 K-series Kemet 0.10 6.1
Capacitors 34 Neptune 8an Fern, 0.10 3.4
Capacitors ' 9 150 D Sprague 0.10 0.9
Capacitor 1 C20~-Series] USCC 0.10 0.1

W
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TABLE 17 - Output Fecdback Circuit Failure Rates

33

CIRQUIT PIECE PART QTY |MFG. PART uE Ceyp Nx Gy
DESCRIPTION N NUMBER 9 =9
x 10 x 10
0.120 Sec.
latch Circuit Unijunction Trans.| | 2N24228B G.E. 0.20 0.20
(B "kts.) Transistor | 2N34279 Motorola 0.20 0.20
Transistor 1 2N3635 Motorola 0.20 0.20
Diode 2 1N4608 G.E. 0.20 0.40
Diodes 1 IN64S T.I. 0.15 0.15
Diodes 2 1IN4148 G.E, 0.15 0.30
Diode 1 1N965B T.I. 0.17 0.17
Resistors 5 MF5C Electra 0.10 0.50
Resistor 1 MEB-T=-0 IRC 0.10 0.10
Resistor 1 AS-1 IRC 0.10 0.10
Resistor 1 AS-1/2 IRC 0,10 0.10
Capacitor 1 Neptune San Fern 0.10 0.10
Capacitor 1 X463UW TRW 0.10 0.10
Capacitor 1 K2R7J100KS| Kemet 0.50 0.50
PermBIOy Cores 1 80529-1/2D Magnetics O:Ol O.‘O]
-MA
Solder Joints 80 0.01 0.80
3.93
ELB Clear Solder Joints 55 - 0.01 0.55
Drivers Diodes 1 1N64 5 T.I. 0.15 0.15
(4 Ckts.) Diode 1 1N4608 G.E. 0.15 0.15
Diode 2 IN4148 G.E. 0.15 0.30
Zener Diode 1 iN965B T.I. 0.17 0.17
Zener Diode 1 IN746A T.I. 0.17 0.17
Resistors 8 MF5C Electra 0.10 0.89
Resistors 2 AS-1 IRC 0.10 0.20
Capacitor 3 Neptune San Fern, 0.10 0.30
. Capacitor 1 150D Sprague 0.10 0.10
Transistors 2 2N3499 Motorola 0.20 0.40
Transistor 1 2N3635 Motorola 0.20 0.20
Permaloy Core 1 80529~1/2 | Magnetics 0.01 0.01
MA
’ Unijunction 1 2N24228 G.E. 0.20 0.20
Transistor 3.70
Set-Reget Transistor 1 2N3947 Motorola 0.20 0.20
Output Latch Transistor 1 2N3499 Motorola 0.20 0.20
(24 Ckts.) Transistor 1. 2N3635 Motorola 0.20 0.20
' * Diodes 3 1N4608 G.E. 0.15 0.45
Diodes 4 1N4148 G.E. 0.15 0.0
Diodes 1 1IN645S T.I. 0.15 0.15
Fy:istors 6 MF5C Electra 0.10 0.50
Resistor 1 MEB-T-0 IRC 0.10 O,EO
Resistor 1 AS-1/2 IRC 0,10 0.%4
Resistor 2 AS~-1 IRC 0.10 .20
Capacitors 2 Nep tune San Fern. 0.10 0.20
Capacitors (Tant) 1 K2R7J100KS! Kemet .50 0.50
Permaloy Cores 2 4 80529-1/2D Magnetics 0.ul 0.20
..'MA
0.01 0.67_

Solder Joints

N
~

4,37
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TABLE 19 - Output Circuit Faflure Kates

P

H

PIECE PART TY |MFG. PART G Nx G,
CIRCUITS DESCRIPTICN = IUMB ER MFG, fr 9 _5‘
ﬁ+ x 10 x 10
0.5 Amp
Switch Transistors 2 2N3499 Motorola 0.20 0.40
Transistors 2 2N4999 Fairchild 0.20 0.40
(2 Ckts) Diode 1 IN645 T.I. 0.15 0.15
- Resistors 2 MEB-T-0 IRC 0.10 0.20
Resistors 4 MF5C Electra 0.10 0.40
Resistors 2 RiI-10 Dale 0.10 0.20
Solder Joints 30 0.01 0.30
2.05
Pyro
Arming Inductor 1 Martin 10.00 10.00
Circuits Transistors 1 2N4 863 Solitron 0.20 G.20
(4 Ckts) Transistor 1 2N5007 Fairchild 0.20 0.20
Transistor 1 2N5579 Solitron 0.20 0.20
Diode 1 1N4942 Unitrode 0.15 0.15
Resistors 1 Rs=-10 Dale 0.10 0.10
Resistors 2 MF5C Electra 0.10 0.20
Resistor 1 RH-25 Dale 0.10 0.10
Resistor 1 1 AS1 . IRC 0.10 0.10
Capacitor 1 K6R8~J100KY Kemet 0.50 0.50
Solder Joints 30 0.01 ,___0.30
12.05
Pyro
Firing
Circuits Diodes 2 1N4608 G.E. 0.15 0,30
(28 Ck§s) SCR's 2 2N2325A G.E. 2.0 4.0
SCR's 2 2N684 G.E. 2.0 4.0
Resistors 4 MP5C Electra 0.10 4
Resistors 2 AS1 IRC 0.10 0.20
Permaloy Cores 2 80529-1/2D{ Magnetics 0.005 0,01
~MA
Capacitors 2 Neptune San Fern 0.10 0.20
Capacitors 2 C062Cl104K | Kemet 0.10 0.20
1 cA
Fuses 2 0.25x
(Redungd) 1518
Resistors 4 AS-1/2 IRC 0.1 ik
' ‘.}.7 1
i
y.
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TABLE 19 - Output Circuit Failure Rates, (Con't)

. PIECE PART QTY |MFG, PART | MFG. ¢ N x G,
CIRCUITS DESCRIPTION N NUMBER fr =9 -gr
' x 10 x 10
Solenoid
Driver Transistors 2 2N3499 Motorola 0.20 0.40
(4 Ckts) Transistors 2 2N4031 Fairchild 0.20 0.40
Transistors 2 2N4070 Solitron 0.20 0.40
Diode ] IN4942 Unitrode 0.15 0.15
Resistors 2 As-1 IRC 0.10 0.20
Resisters 6 UFS5C Electra 0.10 0.60
Resistors 2 RH=-5 Dale 0.10 0.20
Solder Joints 42 0.01 0.42
2.77
BECO
Circuit Resistors 6 MFSC Electra 0.10 0.60
(1 Cckt) Diode 1 1IN645S T.I. 0.15 .15
Transistor 2 2N3947 Motorola 0.290 40
Transistor 2 2N3499 Motorola 0.20 .40
Transistor 2 2N4031 Fairchild 0.20 40
Resistor 4 MEB-T-0 IRC 0.10 0.40
Transistor 2 RS-2A Dale 0.20 0.40
Solder Joints 50 0.01 0.50
' 3.90
Motor
Switch
Driver Ckt. Transistors 2 2N4863 Solitron 0.20 0,40
Transistors 2 2N5007 Fairchild 0.20 0.40
(2 Ckts) Transistors 2 SDT8602 Solitron 0.20 0.40
Diode 1 1N4942 Unitrode 0.15 0.15
Resistors 4 MF5C Electra 0.10 0.40
Resistors 2 RH-25 Dale 0.10 0.20
Resistors 2 RS=3A Dale 0.10 0,20
Resistor 2 - | RS-10 Dale 0.10 0.20
Solder Joints 40 0.01 0.40
2.75
Pyro Pover Solder Joints 8 0.01 0.08
Conditioner ‘
Circuit Diode 1 1N4942 0.15 0.10
( & Ckts. ) Resistor 1 UF5C Elzctra 0.10 0.10
Capacitor 1 K6R8J100KS | Kemet 0.50 0.50
Core 1 1041T060~ | Magnetics 0.01 0.01
3E2A 0.84
100 MA Transistors 2 2N3499 Motorola 0.20 0.40
Output Switch| Transistors 2 2N4Q31 Fairchild 0.20 0.40
Diode 1 IN64S T,I. 0.15 0.15
Resistors 6 MF5C Electra 0.10 0.60
Resistors 2 MEBR-T-0 IRC 0.10 0.20
Resistorsa 2 RS-2A Dale 0.10 0.20
Solder Joints 30 0.01 G.30




TABLE 19 - Output Circuit Failure Rates (Con't)

r,

PIECE PART QTY | MFG, PART MFC fr
CIRCUITS DESCRIPTION N NUMBER ’ « 16
ﬁ_ SMJC Diode -2 1N4141 G.E. 0.30
Diode 2 IN756A T.I. 0.30
Diode 30 1N4608 G.E, 4,50
- Diode 4 1N645 T.I. 0.60
Diode 2 1N961B MOT 0.30
Diode 2 VZ7720R Unitrode 0.30
Diode 3 VZ7850R Unitrode 0.45
Diode 4 1N4942 G.E. 0.60
Diode 4 VZ7827L Unitrode 0.60
Resistors 12 AS=~] IRC 1.20
Resistors 8 RS=-5 Dale 0.80
Resistors 2 AS-1/2 IRC 0.20
Resistors 2 610 Dale 0.20
Resistors 4 MEB=-TO IRC 0.40
Resistors 84 MFP4C Electra 8.40
Capacitors 14 Neptune San Fern, 1.40
Capacitors 10 150D Sprague 1.00
Capacitors 31 K=Series Kemet 3.10
Transistor 4 2N3947 Motorola 0.80
Transistor 4 ] 2N3635 Motorola 0.80
Transistor 12 2N3499 Motorola 2.40
Transistor 19 2N2221A Motorola 3.80
Transistor 8 2N5357 Motorola 1.60
Transistor '8 2N4071 Fairchild 1,60
Transistor 2 2N29074A rairchild 0 40
Permoloy Core 18 80521-1/80 | Magnetics 0.18
: MA
Inductor 18 3E2A Ferrox Cubd 1.80
Solder Joints 760 7,60
3
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