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INTRODUCTION

This report, AWCS-SQR-8, is written under Contract No. AF 19(628)-513 and pre-

pared at the request of the 412L SPO. It covers the progress of the AWCS 412L

reliability effort during the fourth quarter of 1962. The report is divided into two

sections; Part I which covers the systems reliability effort and Part II whichs covers

the equipment reliability effort.
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A. SYSTEM RELIABILITY ANALYSIS (See Chart 1 for schedule data)

1. USAFE Simulation Program Model (SE-DOES)

During the past quarter, General Electric has received Air Force comments on the

draft copy of the SE-DOES study. The final report is in the process of final revision

and reproduction. It is scheduled to be published during the first week of 1963. No

further work is being pursued on this project pending direction and concurrence of the

Air Force.

2. AWCS - 4i2L Operational Support Study (TEMPO)

There has been no further work on this study during the past quarter. Plans have been

made and proposed study objectives have been prepared for Air Force consideration

for calendar year 1963.

3. Reliability Demonstration Testing

Late in this quarter, some preliminary plans were made to prepare reliability demon-

stration plans for the various groups of AN/GPA-73 equipments. Early during the

first quarter of 1963, the first of these test specifications will be prepared and sub-

mitted to the 412L SPO. During the balance of the quarter, all of the test specifications

are to be prepared. These tests are prepared to be incorporated into the Category II

testing program.

The basic nature of these test specifications will follow the general outline and phil-

osophy developed in AWCS-ER-1R1. MIL-R-26474, Table 1 of Section 4, will be used

as the acceptance criteria.

B. MAINTAINABILITY

During the past quarter, some preliminary data on maintainability developed during

Category I testing was presented to the Air Force Operation Evaluation Board. The
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mean-time-to-repair data for each group of AN/GPA-73 equipment where data was

available is given below:

Equipment Group MTTR (Hours)

FSA-12 0.92

OA-1723 1.00

OA-1724 0.6

OA-1718 1.16

FSA-21 0.41

FSA-23 1.85

OA-3232 0.62

FSA-31 1.54

Weighted average for
GPA-73 ...... .0.87 hours

These repair times listed indicate the repair time goals of 0. 1 and 0.05 hours are not

being achieved. Part of the reasons for this are due to the following:

1) The test environment is different from the operational environment.

2) All "software" has not been on site.

3) The performance monitor group has not been utilized to the fullest extent.

Special tests conducted at Category I site during November 1963 indicate that time-to-
find-failure rates of 12 minutes on some groups are within reason. It is anticipated

with some degree of confidence that repair times in the vicinity of 0.2 and 0.35 hours

can be realized. General Electric realizes that these results are not meeting the goals

and is creating a committee to study the problem. A member of this committee is

from the Reliability Engineering Unit.

C. SUBCONTRACTORS

1. Radio Corporation of Amercia

a. Converter Groups, AN/GKA-10 and AN/GKA-11.

Environment and reliability demonstration tests at Camden, N. J., according to

General Electric drawing 8523659, for the Converter Group have been completed
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satisfactorily. A final report giving test data and results will be submitted by the

subcontractor.

b. Monitor Transmitter Group, AN/GKA-13

The Monitor Transmitter Group Reliability Demonstration Test conducted at

Camden, N.J., according to General Electric drawing A8527465, was completed

satisfactorily during this reporting period. In accordance with the Life Test Specifica-

tion acceptance criteria, the test was terminated at the end of 650 hours of normal

operation with an accept decision. The occurrence of one failure was within the

accept region for 650 hours of test time.

2. North Electric Company

The inplant failure report for this quarter are summarized below:

Component Classification No. of Reported Failhres Remarks

Capacitors 43 Considered random fail.

Resistors 47 Considered random fail.

Relays 44 Considered random fail.

Transformers 247 Failure analysis reveals
that most of these units
were rejected because of
faulty test set-up. Cor-
rective action has been
taken.

Diodes 74 Considered random fail.

Transistors 390 Considered random fail.

There were three systems tested and shipped this past quarter and the above failures

are considered within expectations.

The reports from USAFE indicate that the Electronic Switching Center is performing

satisfactorily after it has been installed and checked out.

The final report of the reliability demonstration test has been delayed slightly, but

will be available the first part of January 1963.
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3. Az an Astro Systems. Inc.

The operation of the mobile refreigeration system continues to perform very well since

the original failures of early 1962. The design changes on the oil pump pin have been

completed. This is action covered by ECR 862.

The refrigeration pumps and chiller bases continue to operate with little or no trouble

where changes have been incorporated.

The equipment from American Astro is very nearly completed at this time. No visits

have been made during this quarter.

4. Sprague Corporation (formerly Leach Corporation)

Engineering Change Record 801 has been processed by engineering to correct the de-

ficiencies in the 60 and 150 kw motor generator sets which were reported for this

subcontractor in the last quarterly report.

5. TEMPCO (formerly Fenske. Fedrick, and Miller, Inc.)

There is no change on the status of the Geographic Data Projection equipment from the

last quarterly report.

6. Cook Electric Co. (Data Stor. Div.)

Most of the work in non-standard part areas Was accomplished during the past quarter.

A very small portion is left to accomplish during the first quarter of 1963.

The tape transport has been working very well in the field without an abnormal number

of failures.

7. General Electric Company - Distribution Assemblies Department

There are no changes to report on this subcontractor during this quarter.
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8. General Electric Company - Specialty Control Department

During the fourth quarter of 1962, the predicted MTBF for the 15 kw static frequency

converter was increased from 7500 hours to 8200 hours. The relability goal for the

15 kw static frequency converter is 10,000 hours MTBF.

Qualification testing has been started and when completed, a final report on the cycling

test and prediction will be supplied by the subcontractor.

9. General Electric Company (TPO)

The following data has been accumlated from the Dynamic Data Projector operating

test at Building No. 15 Electronic Park, Syracuse, New York, through November 1962.

Component No. of Failures

Erase filament 10

Write filament 17

OPA-I PW board 3

ZA-1 PW board 2

Control fluid pump 2

Other 2

The above list constitutes the major failures that have been logged on the Dynamic

Data Projector (Serial No. 1) during a ten month operating period. Seventeen of these

failures were incurred by the erase and write filament units; however, this number is

within the expected failure rate originally predicted for the filaments.

Although the filament failure rate is considerably higher than for other component

parts of the system, it is considered to be within the state of the art. The dualization

of the vacuum optical system has been based on the high failure rate of the filaments.

It is expected that the predicted availability for the Dynamic Data Projector will be met

through utilization of the redundant features of this system.

6



10. General Electric Company - Defense Systems Department

A final prediction based on revised component part failure rates, for the Receiver

Group, AN/GKA-12, has been completed. These estimates are:

MTBF - 1430 hours

MTTR - 10 minutes

Availability - 99. 988%

11. Summary of Subcontractors

Table 1, "Summary of Subcontractor Reliability, " is attached to give a current over-

all view of the subcontractors associated % ith 412L system.

D. MTBF, MTTR, AND AVAILABILITY FIGURES

The following tables are prepared to show the expected MTBF, MTTR, and Availability

predictions for the 412L system and subsystems.

j Table 2 lists the data of the various subsystems and systems of 412L. This data is

computed assuming redundancy of the various subsystems in a netted configuration as

indicated on the chart.

Table 3 Is data obtained from the Air Force. A typical site of radar equipment is

configured to determine the data for a typical CRC site.

Table 4 is data predicted for the AN/GPA-73. The data is listed by groups. Since the

equipment can be configured in a large variety of ways, a typical CRC configuration

is given.

Table 5 lists the data for the communications subsystem. Again, because of the many

sets available for configuration, a typical site was used in predicting the subsystem

reliability.

Table 6 lists the data for the ancillary subsystem groups.

7
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Table 2. AWCS 412L Subsystem Reliability Predictions Netted Single System

Subsystem 31 December 1962

IIDaaAcusiinMTBF (hours) MTTR (minutes) 1 Availability (%)

Data Acquisition 7,000* 42 99.99

Data Processing
and Display 13.59 8.28 98.98

Communications 5,000* 54 99.98

Ancillary 3,300 23 99.99

Overall System 13.47 8.52 98.97

*Predictions based
on redundancy

Table 3. Data Acquisition Subsystem Reliability Predictions

Equipment 31 December 1962

MTBF (hours) MTTR (minutes) Availability (%)

AN/FPS-7C 167 36 99.64

f AN/FPS-20 184 84 99.25

AN/GPS-4 92.5 54 99.03

AN/FPS-6 143 36 99.58

AN/MPS-14 143 36 99.58

AN/UPX-6 603 54 99.85

Radar Signal
Processor 184 12 99.89

Typical Subsystem* 91.66 44.5 99.66

*Single site reliability prediction - every component failure assumed a subsystem
failure.
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Table 4. Data Processing and Display Subsystem Reliability Predictions

Equipment 31 December 1962

MTBF (hours) MTTR (minutes) Availability (%)

AN/FSA-12 17.90 6 99.44

OA-1723 8.96 12 97.82

OA-1724 16.68 6 99.40

OA-1718 60.50 6 99.83

AN/FSA-21 4.50 6 97.83

AN/FSA-23 24.87 12 99.20

Status Display 42.07 12 99.53

Situation Projection 34.78 12 99.43

Performance
Monitor 61.27 12 99.67

Typical Subsystem* 1.74 8.28 92.55

*Single site reliability prediction - every component failure assumed a subsystem
failure.

Table 5. Communication Subsystem Reliability Predictions

Equipment 31 December 1962

MTBF (hours) MTTR (minutes) Availability (%)

Electronic Switch-
ing Center 800 6 99.99

Flight Control
Package 189 10 99.92

Subscriber Sets 9090 10 99.99

AN/TRC-24 258 56 99.68

R-278 2000 66 99.95

R-361 2100 78 99.94

T-217 700 114 99.73

BC-639 2680 60 99.97

AN/FGC-25 1000 132 99.78

AN/FGC-20 1000 57 99.91

Typical Subsystem* 1931 59 99.95

*A single-site link reliability prediction.
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Table 6. Ancillary Subsystem Reliability Predictions

Equipment 31 December 1962

MTBF (hours) MTTR (minutes) Availability (%)

Temperature
Control Group 5000 30 99.99

Prime Power Group 8950 10 99.99

Table 7 lists the cabinets in the AN/GPA-73 with their predictions.

Table 8 lists each of the sites of 412L equipment and is a prediction of expected fail-

ures and MTBF for each site. The numbers contained in these predictions are based

on total number of failures and do not reflect the effect of a failure on the system usage.

E. RELIABILITY MEASUREMENTS

1. Systems Reliability Measurements

Preliminary Category I Field Test Report, No. 5, was completed and distributed during

the quarter. The report emphasized reliability measurements of the mean-time-between-

failures (MTBF) on a cabinet and equipments group level. The data is summarized in

Part II, paragraph C. 3a of this report.

Preliminary Category I Field Test Report, No. 6, was completed and distributed during

this quarter. The report contained maintainability measurements in terms of mean-

time-to-repair (MTTR) on a cabinet and equipment group level. The data is sum-

marized in Part II, paragraph C. 3a of this report. Data for Preliminary Reports 5

and 6 was recorded in a Category I Testing Environment which had as a primary ob-

jective to demonstrate the performance of the AN/GPA-73.

It had been planned to complete the final Category I Field Test Reliability Report during

the reporting period as mentioned in Report No. 7 (AWCS-SQR-7), Part I, paragraph

E. 1, 30 September 1962. Extension of the Category I tests beyond 1 September 1962

has delayed the completion of the final Category I Field Test Reliability Report. It was

agreed that the cut-off date for data would be 1 November 1962. It is expected that

rough draft of the final report will be available in January 1963. The final report will

up-date the preliminary reports and will include component failure rates based on the

data gathered during Category I tests.

11



Table 7. Predicted 412L Cabinet Failure Rates

Failures/ Total No. of
Cabinet No. 1000 Hrs. Boards in Cabinet

1 23.50 1297

2 19.66 1098

3 19.46 1068

4 7.13 431

5 0.92 44

6 5.78 338

7 2.88 169

23 14.22 775*

24 1.68 136*

26 10.74 524

27 4.15 122

28 4.26 65

29 5.46 259

30 10.54 581

34 13.39 786

35 9.46 590

36 6.36 351

37 13.52 576

38 5.53 287

39 16.84 1013

44 10.54 602

45 5.41 372

46 3.21 92

47 2.78 182

52 25.23 1443

53 22.16 1339

54 7.73 400

55 4.98 249

56 14.19 825*

59 7.37 418

*Minimum number of boards used in any environment; total number of boards is dependent

on number of consoles used at the given site.

12



Table 7. Predicted 412L Cabinet Failure Rates (Continued)

Failures/ Total No. of
Cabinet No. 1000 Hrs, Boards in Cabinet

60 5.63 153

61 7.55 434*

62 3.81 216

63 4.02 132

64 7.69 391

65 3.31 142

66 5.05 318

67 2.35 142

68 2.64 135

72 1.55

73 2.29 -

75 0.75 44

76 4.83 155

77 6.15 302

78 0.91 -

80 1.54 39

82 1.54 39

83 0.03 -

84 2.90 42

85 0.27 -

88 4.82 234

89 0.91 -

93 2.22 -

95 2.30 -

96 0.01 -

97 0.02 -

98 2.20 98

99 3.54 8

100 2.01 8

109 18.33 1057

*Minimum number of boards used in any environment; total number of boards is dependent

on number of consoles used at the given site.
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Table 7. Predicted 412L Cabinet Failure Rates (Concluded)

Failures/ Total No. of
Cabinet No. 1000 Hrs. Boards in Cabinet

110 3.14 56

111 8.40 412

112 4.06 2.08

130 0.23 -

131 0.12 -

140 1.84 33

Table 8. Predicted 412L Site Failure Rates for Contractor-Furnished Equipment

Site Failures/ Site MTBF

Site 1000/hrs. (hours)

A 488.10 2.05

B 342.93 2.92

C 145.55 6.87

D 485.62 2.06

E 485.62 2.06

F 154.09 6.48

G 619.66 1.61

H 557.47 1.79

I 365.73 2.73

J 516.86 1.93

K 170.05 5.88

L 145.55 6.87

M 145.55 6.87

14



The "Proposed AWCS 412L Systems Test Procedure for Reliability Measurements and

Failure Reporting During Category II Field Tests" was submitted during the third

quarter of 1962. The document was discussed during the Reliability Coordination

meetings. It was also discussed with the Category II Test Director. No official

approval has been received. It is expected that this will delay the Category II Re.-)orts.

The failure reporting system has been started.

2. Equipment Reliability Measurements

Equipment reliability measurement data and failure investigation information is con-

tained in Part 11 of this report.

Monthly in-factory reliability unit test reports for September, October, and Novem-

ber 1962 were completed and distribution is being made within the company. Because

of the decreased production, the October and November reports were combined. Sum-

mary information from these reports is contained in Part II, paragraph C. 1 of

this report.

F. TRAINING AND EDUCATION

The following Product Service Engineering memos used by Field Service and operating

personnel were intitiated by Reliability Engineering during the fourth quarter of 1962:

1) LT-4 printed wire board - Prevention of Q5 transistor failure.

2) Converter Cabinet (26) OA-1723 - Stepping switch lubrication instructions.

j Two one-hour reliability indoctrination sessions were held for Machine Shop foremen.

Five reliability films were shown to the Reliability Unit personnel.

The "Reliability by Design" course was reinstituted this quarter. The course ts pre-

pared and presented to design engineering and other professional personnel. It consists

of the following subject matter:

1) Probability and Statistics

2) Distribution Functions

3) Reliability Prediction
1 15



4) Reliability Testing

5) reliability Measurements

6) Chemical Reaction and Reliability

7) Heat Transfer and Reliability

8) Mechanical Design and Reliability

9) Radiation Effects and Reliability

10) Component Mechanisms of Failure

11) Circuit Design Analysis

12) Case History

This course is conducted for 16 weeks at two hours per week and its purpose is to de-

velop the criteria for making decisions during the design period.

G. MEETINGS

The following meetings were held the quarter, pertaining to 412L System Reliability:

1) 11 October 1962 with 412L SPO, RADC, and AFPR at Syracuse, N. Y.

2) 25 October 1962 with 412L SPO, GEEIA.

3) 26 October 1962 with 412L SPO, RADC and OEB at Rome, N.Y.

4) 30 October 1962 with 412L SPO, MITRE at Waltham, Mass.

5) 30 November 1962 with 412L SPO, RADC, ESD and AFPR at Syracuse, N.Y.

16
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Reporting continuity is maintained with previous program reports. Items requiring

further activity based on previous reports, and not discussed in this report, indicates

no action on the project during the current reporting period.

A. STANDARDS

1. Specification Activity

The work on a detailed device specification covering diode 1N2032-2 is still in process.

Both suppliers of this diode have submitted draft copies of a proposed specification in

MIL format. It has been learned recently there is other activity underway toward es-

tablishing a MIL Specification on another diode type (1N3826A) which could be directly

substituted for type 1N2032-2. To avoid duplication of effort, this possibility is being

fully investigated before proposing a MIL Specification on type 1N2032-2.

B. COMPONENTS

1. Failure Investigation

a. Cathode Ray Tube (16AMP7)

The 16AMP7 cathode ray tube is used for display purposes in the AN/GPA-73 equipment.

The new version of this tube (refer to AWCS-SQR-4, Part II, paragraph B. la, 30

December 1961; and AWCS-SQR-5, Part II, paragraph B. la, 30 March 1962;

jAWCS-SQR-6, Part II, paragraph B. la, 30 June 1962; and AWCS-SQR-7, paragraph B. la,

10 October 1962) is still being evaluated as design changes are incorporated.

The five tubes received from the now approved second source are still undergoing

evaluation and have passed the 4,000-hour point without catastrophic failure. Several

parameters including beam current and high voltages were measured each working day

(5 times per week) to check degradation of the tube. These measurements will be

included in the report now being prepared. The tube, at this point, appears to be

superior in a number of ways to tubes presently used. The present evaluation will be

concluded at the 5, 000-hour point and a report will be issued at that time.

17



b. Circuit Breaker (7724036-17), Heinemann

This circuit breaker is used in the AN/GPA-73 system to protect power supplies

against overloads. The contact problem experienced with this circuit breaker (refer

to AWCS-SQR-7, Part 1I, paragraph B. lb, dated 30 September 1962) has been resolved

by replacing same with a newly designed circuit breaker. The new unit has been

evaluated by DSD Component Standards and was found to satisfactorily pass all qualifi-

cation tests. General Electric No. 77C700632 has been assigned to this improved

component and future designs will incorporate its use.

Equipment already in the field was not retrofitted. A study indicated that the trouble

occurred when the circuit breaker was used as an (OFF-ON Switch). If used only as a

protective device, it operates satisfactory. An EN has been issued cautioning against

using the circuit breaker as a switch.

c. Quartz Delay Line, General Electric No. 7759986-1

This line is used in the AN/FSA-31 Signal Processor area and has a delay time of

2732.6 ± 0.01 microseconds with a carrier frequency of 33. 8 mc. A report was re-

ceived that a malfunction due to a poor thermostat control occurred with this device.

The correct operating temperature is normally maintained by a fine heater inside a

rough heater. The rough heater in this case was over-riding the fine heater due to a

split in the mercury column of the controlling switch. Replacement of the mercury

switch solved the problem. The vendor for this unit, Anderson Labs, has been con-

tacted and future orders will have an improved mercury switch in the control circuit.

d. Luminescent Panel, General Electric No. 7226520

The failure of a panel during a Munson Road test was reported and is being investigated.

The panel on each console is used by the console operator to write in a low ambient.

The failure of this panel was due to an open connection caused by porous solder. In-

vestigation is underway to determine if this condition is prevalent in other panels.

18



e. Tube Type 6021

Because of several failures of circuit boards OPA-1 and OPA-3, which were appar-

ently corrected by replacement of tube 6021, a study of the application of this tube was

undertaken. In the above application, the tube operates in conjunction with ZA- 1 and

ZA-2 circuit boards. The possibility of increasing 6021 tube grid leakage becoming

great enough to cause circuit malfunction was of concern. Twenty tubes which had been

removed from apparently defective boards were tested and then placed in operating

circuits. Nine tubes out of the 20 were found to operate properly. Further study is

continuing to determine what condition might exist which would cause tubes that are

apparently good to malfunction in equipment operation.

2. Data Reduction and Dissemination

A summary of the indicated performance record of semiconductors procured for this

program is given in table 9.

The cumulative failure rate is based upon the accumulated total of major (catastrophic

type) failures and total unit test hours developed by testing samples from each lot shipped.

An additional summary of long term life test results is given in table 10. This data

results from samples of one lot out of each four being life tested beyond 1.000 hours.

3. Test Program (Reliability Engineering Laboratory)

a. Lamps (327)

This lamp is used in the display console to provide a visual indication of circuit con-

ditions. The test for these lamps has reached the 13, 107-hour point with results

as follows:

35 units at 28v - 31 failures

35 units at 23v - 16 failures

35 units at 21v - 6 failures

19



The test is cycled fifteen minutes on and fifteen minutes off, to simulate actual operating

conditions. The rated voltage for the lamps is 28 volts and the lamps are operated at

21 volts in the AWCS 412L. One additional failure has occurred since the last quarterly

report. This would result in 412,545 device hours and reflect a 1.45 percent per

1,000 hour failure rate. Indications are that the test is in the wear out phase and

closer monitoring is now being employed. These lamps are used redundantly in the

system and since failures can be easily detected, no replacement on a planned schedule

is suggested.

b. Transistors

The transistor life test was started in January 1961, to monitor vendor performance,

and to date 12,802, 000 device hours at rated conditions have been accumulated on

1,322 units. The results accumulated to date for all the transistors on life test are

summarized in table 11.

4. Sub-Contracted Test Program

a. General

The test program conducted at independent testing laboratories has been completed.

The prime considerations for placing these tests with independent laboratories was

the need for unavailable and expensive special equipment, and economics.

All tests have been concluded and reports have been issued on the components except

the tests on carbon resistors, trimming potentiometers, and the miniature relays.

These remaining reports will be written and issued by the next reporting period.

5. Special Studies and Investigations

a. Zeroing Amplifier Board (ZA-1)

The ZA- 1 board performs, electronically, the function of an electromechanical sampling

switch that was once used in the system. Each board contains two identical circuits,

or channels, which form part of the zeroing circuit. Three boards have been tested

for 7,760 hours. The boards have been operating satisfactorily during this test. The
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Table 9. Summary of Vendor Performance

Unit Test Cumulation
Semiconductor No. Total Hours Failure Rate

Vendor Type Lots Qty. x/1000 %/1000 Hrs.

Clevite JAN1N277 21 551,000 2090 0.39

General Instrument " 5 150,000 550 0.0

Hughes " 8 64,522 880 0.57

Transistorn " 3 31,600 330 0.30

General Instrument USAF1N645 4 440 0.0

Rheem 1N691 2 24,500 220 0.46

Sperry* 1N691 3 12,500 330 4.2

Hughes 1N198B 114 3,092,216 12,540 0.26

CBS 5 95,000 550 0.91

Erie " 65 1,473,309 6,050 0.15

Sylvania " 9 766,000 990 0.10

Transistorn " 10 100,000 1110 0.40

Sylvania USN2N388 4 50,000 440 0.68

General Electric USN2N396A 13 88,435 1430 0.07

General Electric 2N525 5 39,606 550 0.18

General Instrument 2N595 2 7,500 145 0.69

Philco 2N599 7 39,764 770 0.39

General Transistor 2N604 17 158,507 1870 0.11

Sylvania 2N604 3 54,000 330 0.0

Fairchild 2N697 2 11,306 220 0.0

Texas Instrument 2N697 2 7,300 135 0.46

Rheem 2N697 2 29,000 220 0.91

Fairchild 2N699 2 13,000 135 0.45

Rheem 2N699 1 10,000 110 0.91

Texas Instrument 2N699 3 7,827 330 0.0

Texas Instrument** 2N1039 1 2,000 110 1.8

Texas Instrument** 2N1403 10 27,435 800 1.9

RCA 2N1450 40 476,470 4400 0.55

General Transistor 2N1450 21 286,163 2310 0.17

Sylvania 2N1450 5 86,000 550 0.36

Motorola 2N1646 27 199,211 2970 0.71

Texas Instrument 2N1646 21 273,896 2310 0.65

21



Table 9. Summary of Vendor Performance (Cont.)

Unit Test Cumulation
Semiconductor No. Total Hours Failure Rate

Vendor Type Lots Qty. x/1000 %/1000 Hrs.

Sylvania 2N1646 15 132,000 1650 0.24

Western Electric 2N1646 1 10,000 110 0.0

General Electric 2N1646 22 202,233 1235 0.28

*Sperry was initially a sole source, however, due to poor performance, another and
better source was developed. Rheem has been purchased by Raytheon but the diode
is available.

**Single Source Items.

Table 10. 10, 000-Hour Life Test Data

Cumulative Failure Rate % Per 1000 Hours
No. Semiconductor

Vendor Lots Type 2500 Hr. 5000 Hr. 7500 Hr. 10,000 Hr.

Motorola 1 2N1646 0.73 0.36 0.24 0.27

5 " 0.73 0.36 0.85 1.46

9 " 0.73 0.91 1.58 2.73

13 " 0.36 0.91 1.33 1.06

17 1.1 0.55 0.73 0.64

21 " 0 6.2

25 0.73 1 11.6

These failure rates are being investigated. The vendor has been contacted and data
on field performance is being obtained.

Texas Instrument 1 2N1646 2.9 2.0 1.18

6 " 1.1 0.55

10 " 0.36 0.36 0.27

14 " 0 0.18 0.09

15 1.5 (Term-
inated)

18 " 0.36 0.18 0.27

20 " 1.1 0.55 0.455

22 0.72 0.36
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Table 10. 10, 000-Hour Life Test Data (Cont.)

Cumulative Failure Rate % Per 1000 Hours
No. Semiconductor

Vendor Lots Type 2500 Hr. 5000 Hr. 7500 Hr. 10,000 Hr.

Sylvania 1 2N1646 1.45 0.91 0.54

5 " 0 0 0 0
9 " 0

13 " 0

16 " 0

Western Electric 1 2N1646 0 0 0

RCA 15 2N1450 2.9 2.5

20 " 0 1.8

24 " 0.36 0.73
34 1.1 0.91

38 " 0.36 0.18
42 0.36

48 " 0 0
Sylvania 1 2N1450 1.82 0.638

5 " 1.09 0.91 0.455

9 " 0.71 0.35

13 " 1.45

General Instrument E-36 2N1450 0 0 0 0

K-01 " 0 0

130-C-
1-B " 0 0

Texas Instrument 6 2N1403 4.6 2.86

9 " 2.9 0.86* (Term-
inated)

Texas Instrument 3 USA2N697 1.1 0.73 0.091

Rheem 1 USA2N697 0.36

Texas Instrument 1 2N699 0 0

Rheem 1 2N699 0.36

Philco iJi 2N599 0.91 0.36 0.28
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Table 10. 10,000-Hour Life Test Data (Cont.)

Cumulative Failure Rate % Per 1000 Hours
No. Semiconductor

Vendor Lots Type 2500 Hr. 5000 Hr. 7500 Hr. 10,000 Hr.

G.E. GN-1 2N396A 0.36 0.18 0.09

EX-1 " 0.36 0.18 0.09

5-PP " 0 0

10-PA " 0 0 0 0

1-DE " 0 0 0.18 0.09

Sylvania 1 USN2N388 1.82 1.28 1.21 0.82

013 0.36

Sylvania 1 2N604 0.36 0.18 0.485

General Instrument K-42 2N604 0 0 0 0

114-C-
1-B i 0 0

111-F-
1-A 0.36

*At 6500 hours.
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nominal drift is +10 millivolts. There was one failure in associated equipment which

resulted in a 48 millivolt drift but this was corrected by replacing a defective vacuum

tube in the OPA- 1 board.

The 7, 760 hour figure far exceeds the performance of the electromechanical switch

that it replaced (less than 500 hour life).

C. RELIABILITY MEASUREMENTS

1. In-Factory AN/GPA-73 Reliability Reporting Data From Unit Test

The following charts and figure present significant data collected from in-factory

reporting for September, October and November 1962:

1) Charts 12 (September) and 13 (October-November) are summaries of the

electrical-type defects reported for semiconductors used on printed-wire

boards. The data originates at the circuitron machine (a programmed

tester capable of point-to-point resistance measurement). In summary,

the percentage of failed transistors and diodes is as follows:

(a) Transistors - 0. 99 percent (September)

- 0. 77 percent

(b) Diodes - 0. 23 percent

- 0. 20 percent

2) Charts 14 (September) and 15 (October-November) are summaries of the

electrical-type defects reported for semiconductors '-.ud On units which

were dynamically tested with simulated inputs.

3) Chart 16 is a summary of the data presented in charts 12 through 15.

4) Chart 17 is a summary of reported component electrical defects grouped

by diodes, transistors, tubes and all other components used on units

tested during September, October and November 1962. The data origi-

nates from dynamic unit test stations.

5) Figure 2 is a graphic representation of semiconductor electrical defects

reported from the circuitron and unit test levels.
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Table 12. Semiconductor Electrical Defects on Boards At Circuitron
(September)

Semiconductor Number Used on Boards Number of Electrical Percentage
Type Tested on Circuitron Defects Reported

1N93 1 0 0.00
1N198B 179,775 404 0.22
1N277 45,969 79 0.17
1N457 1,245 4 0.32
1N538 220 0 0.00
1N645 3,213 3 0.09
1N691 1,242 1 0.08
1N746A 850 7 0.82
1N751A 4,163 24 0.58
1N752A 81 0 0.00
1N754A 45 0 0.00
1N756A 283 0 0.00
1N1521A 142 0 0.00
1N1522A 123 4 3.25
1N2032-2 2,451 37 1.51

2N335 163 5 3.07
2N338 165 1 0.61
2N388 1,671 10 0.60
2N396A 1,630 8 0.49
2N492 1 0 0.00
2N525 94 2 2.13
2N553 78 0 0.00
2N595 480 14 2.92
2N599 1,053 5 0.47
2N604 7,319 83 1.13
2N697 1,228 18 1.47
2N699 983 7 0.71
2N1026A 81 0 0.00
2N1039 400 6 1.50
2N1123 78 1 1.28
2N1253 78 0 0.00
2N1403 957 10 1.04
2N1436 * 2 *
2N1450 24,043 257 1.07
2N1646 26,941 242 0.90
2N2004 160 0 0. 00

* The total quantity used during this period is not available.
EN-47 specified usage of the 2N1436 transistor.
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Table 13. Semiconductor Electrical Defects on Boards at Circuitron
(October-November)

Semiconductor Number Used on Boards Number of Electrical Percentage
Type Tested on Circuitron Defects Reported %

1N93 129 1 0.78
1N198B 288,291 551 0.19
1N277 71,787 106 0.15
1N457 2,086 5 0.24
1N538 1,201 5 0.42
IN645 2,871 3 0.10
1N691 1,496 0 0.00
1N746A 3,480 11 0.29
1N749A 558 0 0.00
1N751A 4,724 23 0.49
1N752A 238 0 0.00
1N754A 99 0 0.00
1N756A 2,248 0 0.00
1N1521A 158 1 0.63
1N1522A 427 1 0.23
1N2032-2 4,210 43 1.02

2N335 380 5 1.32
2N338 877 0 0.00
2N388 3,250 29 0.89
2N396A 3,367 21 0.62
2N492 31 1 3.23
2N525 638 6 0.94
2N553 134 0 0.00
2N595 1,317 20 1.52
2N599 1,784 6 0.34
2N604 14,733 151 1.02
2N697 2,614 21 0.80
2N699 1,190 22 1.85
2N1026A 710 4 0.56
2N1039 743 5 0.67
2N1123 134 0 0.00
2N1253 134 3 2.24
2N1403 1,321 13 0.76
2N1436 * 8 *
2N1450 41,111 435 1.06
2N1646 47,120 180 0.38
2N2004 1,344 12 0.89

* The total quantity used during this period is not available.
EN-47 specified usage of the 2N1436 transistor.
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Table 14. Semiconductor Electrical Defects Reported at Unit Test
(September)

Semiconductor Number Used on Assem- Number of Electrical Percentage
Type blies Tested at Unit Test Defects Reported

1N93 146 0 0.00
1N198B 209,070 72 0.03
1N231 40 17 42.50
1N250B 345 0 0.00
1N277 50,746 58 0.11
1N429 20 0 0.00
1N457 1,785 3 0.17
1N458 18 2 11.11
1N459 201 0 0.00
1N538 2,831 5 0.18
1N629 960 3 0.31
1N645 2,985 0 0.00
1N691 1,746 2 0.11
1N746A 1,110 0 0.00
1N749A 489 0 0.00
1N751A 4,726 20 0.42
1N752A 130 0 0.00
1N754A 156 1 0.64
1N756A 618 1 0.16
1N758A 64 0 0.00
1N914 168 0 0.00
1N1202 294 0 0.00
1N1521A 118 0 0.00
1N1522A 123 1 0.81
1N1524A 18 0 0.00
1N1600 142 0 0.00
1N2032-2 2,985 5 0.17
1N3016B 30 0 0.00
1N3022B 18 1 5.56

2N335 431 6 1.39
2N338 264 0 0.00
2N388 2, 534 16 0.63
2N396A 1,498 27 1.80
2N492 118 1 0.85
2N525 532 3 0.56
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Table 14. Semiconductor Electrical Defects Reported at Unit Test (Cont.)
(September)

Semiconductor Number Used on Assem- Number of Electrical Percentage
Type blies Tested at Unit Test Defects Reported %

2N553 114 1 0.88
2N595 654 6 0.92
2N599 1,231 4 0.32
2N604 8,343 30 0.36
2N682 79 2 2.53
2N697 1,786 8 0.45
2N699 1,043 3 0.29
2N1026A 134 0 0.00
2N1039 529 2 0.38
2N1123 124 3 2.42
2N1132 359 1 0.28
2N1157 215 0 0.00
2N1253 104 1 0.96
2N1403 1,107 2 0.18
2N1450 29,286 76 0.26
2N1646 32,109 123 0.38
2N2004 204 1 0.49
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Table 15. Semiconductor Electrical Defects Reported at Unit Test
(October-November)

Semiconductor Number Used on Assem- Number of Electrical Percentage
Type blies Tested at Unit Test Defects Reported

1N93 1,121 1 0.09
1N198B 290,878 92 0.03
1N231 34 8 23.53
1N250B 555 2 0.36
1N277 77,916 40 0.10
1N429 54 1 1.85
1N457 2,545 5 0.20
1N458 177 0 0.00
1N459 116 0 0.00
1N538 9,231 7 0.08
1N629 1,970 1 0.05
1N645 3,406 0 0.00
1N691 1,860 0 0.00
1N746A 2,080 1 0.05
1N749A 713 2 0.28
1N751A 5,056 8 0.16
1N752A 326 5 1.53
1N754A 358 1 0.28
1N756A 2,598 0 0.00

j 1N758A 357 1 0.28
1N914 92 0 0.00
1N1202 576 1 0.17
1N1521A 240 0 0.00
11522A 309 0 0.00
1N1524A 20 0 0.00
1N1600 236 0 0.00
1N2032-2 4,129 1 0.02
1N3016B 447 2 0.45
1N3022-B 20 0 0.00

2N335 713 0 0.00
2N338 185 0 0.00
2N388 5,632 26 0.46
2N396A 3,769 14 0.37
2N492 235 0 0.00
2N525 1,335 2 0.15
2N553 131 0 0.00
2N595 1,528 6 0.39
2N599 1,946 18 0.92
2N604 10,442 32 0.31
2N682 123 9 7.32
2N697 2,669 9 0.34
2N699 2,015 3 0.15
2N1026A 693 0 0.00
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Table 15. Semiconductor Electrical Defects Reported at Unit Test (Cont.)
(October-November)

Semiconductor Number Used on Assem- Number of Electrical Percentage
Type blies Tested at Unit Test Defects Reported

2N1039 713 0 0.00
2N1123 181 1 0.55
2NI132 922 0 0.00
2N1157 339 1 0.29
2N1253 134 1 0.75
2N1403 1,598 1 0.06
2N1450 41,535 53 0.13
2N1646 43,382 51 0.12
2N2004 1,340 0 0.00
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Table 11. Summary of Component Electrical Defects at Unit Test

The columns are identified as follows:

A - Number of components used during the month
B - Number of defects reported
C - Percent reported defective
D - Percent of the total defects

SEPTEMBER 1962 OCT-NOVEMBER 1962

COMPONENT A B C D A B C D

Diodes 282,024 191 0.07 29.6 407,410 175 0.04 29.2

Transistors 82,798 316 0.38 49.0 120,847 227 0.19 37.9

Tubes 2,842 47 1.65 7.3 7,904 98 0.12 16.4

All Others - 91 - 14.1 - 99 - 16.5

TOTAL - 645 - 100.0 599 - 100.0
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2. In-Factory AN/GPA-73 Reliability Data From Environmental Tests

Four cabinets of the AN/GPA-73 were given humidity tests in accordance with contract

requirements. The four cabinets were cabinet numbers 3, 27, 130, and 140. The

cabinets were tested before the humidity test. Test of the cabinets after the humidity

test has not been completed.

Failed parts are being accumulated and analysis of the failures is in progress. Some

of the parts which are being analyzed are; delay lines, drawing numbers 7727987P10

and 7745772; capacitors, drawing number 7742523P22; transistors, 2N1646, 2N1450,

2N697, and 2N604; resistors, type RN70B; and transformer, drawing number 7747362.

Preliminary results indicate that the failures were caused by the humidity rather than

random failures which would normally be expected during the testing period after

humidity exposure. It is expected that the results of the analysis will be available for

the next reporting period.

3. Category I. II and III Testing

a. Category I Test Reliability Data

Preliminary Reports No. 5 and 6 were distributed during the quarter and from these

reports, the following tables (Nos. 18-22) and figures (Nos. 3-24) were generated.

The predicted values presented in these tables and figures are current as of the time

the measurements were made (August 1962). They may not agree with the values

appearing in Part I of this report. Any differences in the predicted values is due to

the fact that Part I data apply to general usage and Part II data are derived from

specific configurations.

All MTBF and MTTR measurements presented in Part II are in terms of hours. Data

for these measurements were recorded in a Category I testing environment which had

as a primary objective to demonstrate the performance of the AN/GPA-73.

The final report for Category I testing is being prepared and will be available during

the first quarter of 1963.
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Table 21. AN/GPA-73 MTTR Data for Verona Category I Test Site

No. Measured
Cabinet of MTTR

(Serial No.) Failures* (Hours)

1 (1) 48 1.07

3 (1) 66 0.86

4 (1) 18 0.93

6 (2) 23 0.81

Detector-Tracker Grp.
AN/FSA-12 0.92

24 (1) 27 0.77

26 (2) 40 1.04

26 (4) 18 1.21

27 (1) 18 0.92

27 (5) 17 0.91

28 (1) 7 0.51

28 (6) 13 0.72

32 (13) 40 1.30

Surveillance-Identification Grp.
OA-1723/GPA-73 1.00

44 (1) 26 1.32

46 (2) 12 1.43

46 (1) 4 1.96

47 (1) 14 0.86

47 (2) 16 0.79

Height Data Grp.
OA-1718/GPA-73

*N-K

N.A. = Not Available
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i

Table 21. AN/GPA-73 MTTR Data for Verona Category I Test Site (Cont.)

No. Measured
Cabinet of MTTR

(Serial No.) Failures* (Hours)

35 (1) 19 0.81

36 (1) 10 0.22

37 (1) 11 0.39

39 (7) 45 0.64

Site-to-Site Data Link Grp.
OA-1724/GPA-73 0.60

53 (3) 52 0.19

53 (4) 23 0.58

54 (5) 3 0.56

55 (1) 3 0.57

56 (3) 18 0.39

59 (1) 10 0.77

60 (3) 11 0.27

60 (4) 0.39

60 (5) 7 0.46

61 (4) 21 0.39

61 (3) 14 0.29

63 (2) 8 0.58

66 (3) 13 0.89

Weapons Control Grp.
AN/FSA-21 0.41

i * N-K

N. A. = Not Available
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Table 21. AN/GPA-73 MTTR Data for Verona Category I Test Site (Cont.)

No. Measured
Cabinet of MTTR

(Serial No. ) Failures* (Hours)

109 (3) 35 1.83

110 (1) 2 1.34

110 (2) 2 3.67

ill (1) 0 6 1.56

Jammer Tracking Grp.
AN/FSA-23 1.85

72 (2) N. A. N. A.

73 (2) 3 0. 57

75 (3) 1 0. 17

75 (4) N. A. N. A.

76 (2) 5 0.25

77 (2) 10 0.87

Performance Monitor Grp.
0A-3232/GPA-73 N. A.

8 (1) 12 1.09

9 (i) 11 2.03

Radar Signal Processor
AN/FSA-31 1.54

*N-K
N.A. = Not Available
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Table 22. AN/GPA-73 MTTR Data for Watertown Category I Test Site

No. Measured
Cabinet of MTTR
(Serial No.) Failures* (Hours)

1 (3) 11 0.51

3 (3) 38 1.02

4 (3) 7 0.31

7 (8) 3 0,17

Detector-Tracker Grp.
N/FSA-12 0.80

24 (3) 7 0.44

26 (3) 21 0.72

27 (4) 5 0.71

28 (5) N.A. N.A.

30 (6) 29 1.80

Surveillance-Identification Grp.
OA-1723/GPA-73 N.A.

34 (1) 66 1.11

37 (2) 20 1.28

Site-to-Site Data Link Grp.
OA-1724/GPA-73 1.15

*N-K

N.A. = Not Available
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b. Category II Test Reliability Data

No Category I1 reliability data is available for this report, although, the Category U1

reliability test program is discussed in Part I, paragraph E. 1 of this report.

c. Category III Test Reliability Data

No Category III reliability data is available for this report.

4. Failure Investigations (See table 23)

a. FF-1 Printed Wire Boards

Analysis of the two FF-1 boards returned from Site F in the European environment has

been completed. As mentioned in AWCS-SQR-7, Part II, paragraph 4. e, no failure

has been observed but a deposit had formed on the component leads. The deposit was

determined to be lead carbonate and is not a conductor nor is it corrosive in nature.

The material can be cleaned off and it is not expected that the deposit on the component

leads will cause any failures.

b. Synchro No. 7727736P5

Four units which were returned from the European environment were opened for

inspection to determine the cause of failures. The investigation showed that the rotor

windings had failed and were open. The general appearance would indicate that the

windings had carried excessive current prior to opening. The general condition seemed

to indicate that the units had overheated. The investigation did not show the cause of

failure. Investigation by Display Engineering showed that a new unit supplied by the

same vendor overheated at equipment operating voltage limits. The problem is still

being investigated but, it appears that the vendor' s unit meets the purchase part

drawings but will not operate satisfactorily in this application. Results of the investi-

gation will be included in future reports.

c. Printed Wire Board Failures

A relatively high number of wire board failures in the European environment, which

were rejected at sites and returned to the depot for repair, were tested and no defects
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were found when checked at the depot. An investigation was started to correlate this

data with that from Category I testing and repair data from the Syracuse depot. The

data from Europe indicated that more than one-third of the boards returned to the

depot had no defects reported. Less than one-fifth of the boards tested at the Syracuse

depot showed defects. Information on boards which were tested on the GPM-50 in

Syracuse showed that the AN/GPM-50 is very reliable in its ability to detect faulty

components on printed wire boards. A check of which tapes were available in the

European environment and of AN/GPM-50 usage in that area, showed that the GPM-50

was not being used for testing boards in most cases prior to November 1962. The data

for the investigation was gathered prior to that time. Prior to November, testing was

done on a machine which did not have the capabilities of the AN/GPM-50. This lack of

capability resulted in failure to test all the input diodes on printed wire boards. A

visit to the European depot by AN/GPM-50 design engineering and systems engineering

during the quarter to instruct depot personnel in the use of the AN/GPM-50 should

correct the problem.

d. Cabinet Cooling Problems

Reports from the European environment indicated that excessive temperature in some

cabinets was causing printed wire board failures. A check of the modifications per-

formed in the European environment by configuration control showed that no sites had

taken action on ECT No. 220. This ECR indicates that the fine wire screen on the air

flow baffle in the base of the cabinets should be removed. Failure to remove the

screen restricts chiller base air flow. This was brought to the attention of the Quality

Control and Reliability group in Europe. The completion of this ECR should solve the

overheating problem provided the cooling system is functioning properly.

e. ZA-1 and OPA-1 Printed Wire Boards

Reports from Europe and from Category I test sites showed that failures in excess of

ihe expected number were being experienced. A study is being made to determine the

cause. To date, no conclusive results have been found.
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f. Motor 7496045

Failure of this motor in the Situation Display Projection Set led to an investigation of

the lubricant used in the reduction gears. The grease had hardened and caused the

motor to stall. Laboratory investigation of the grease had indicated that a more

suitable lubricant could be used. The motor supplier has recommended that the gears

be repacked with type Shell SG6120 per MIL-G-7118. The change in the lubricant

should prolong the life of the motor thus increasing the reliability of the Display

Projector.

5. Failure Data and Reliability Measurement

A special printed wiring-board life test was constructed and put into operation during

the past year; the previous quarterly report mentioned the life test in Part II, para-

graph C. 6. Table 24 lists the board types and the quantity being using in the tests.

Table 25 lists the components, their drawing numbers, and the quantity being ener-

gized in the life test. Table 26 is a listing of the failure rates as based on data from

Board Life Test.

The components were grouped into the "Component Groupings" as listed in Table 26.

The "Component Hours" column is the product of the number of components in that

grouping and the hours of operation. There have been no failures so the "Number of

j Failures" column and "Actual Failure Rate" column have all zero entries. The

"Predicted Failure Rate" column contains the failure rates used for the prediction of

j reliability of the AN/GPA-73 equipment.

Since there have been no failures the actual failure rates are zero. To make the data
more meaningful, the failure rates were calculated by assuming a failure at 4180 hours.

These calculations of the failure rates are shown in the column labeled "Failure Rate

Assuming One Failure."

The column "Upper 90% Confidence Limit" gives the statistical calculation of the

failure rates with a probability of 95 percent that the actual failure rate is less than

the value indicated. Although the values do not approach the predicted failure rates at

this time, it is expected that the two values will approach each other as more operating

1.hours are logged on the test.
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Table 24. Board Types Used ii Board Life Test

Board Type Quantity Used

BP-2 1

BP-3 2

CA-i 4

CA-2 I

CG-I 1
CL-i 2

DR-3 1

DR-4i

FF -2 2

HL-31

HL-5 3

LT -41

ND-i
RD-Ii

SC-i 3

WC -1 4

WC-21

WM-1

WP-i
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Table 25. Component Types Used in Board Life Test

Component Type Component Drawing No. Number Used

Diode 1N198B 371

Diode 1 N2 032 -2 5

Diode 1N277 177

Diode 1N457 26

Diode 1N538 9

Diode 1N691 10

Diode 1N645 1

Diode 1N746A 1

Diode 1N751A 21

Diode 1N752A 4

Transistor 2N1301 6

Transistor 2N1039 6

Transistor 2N1403 1

Transistor 2N1450 46

Transistor 2N1646 67

Transistor 2N388 1

Transistor 2N396A 2

Transistor 2N599 24

Transistor 2N604 53

Transistor 2N697 25

Resistor RC20GF 612

Resistor RC32GF 40

Resistor RC42GF 25

Resistor RN65B 39

Resistor 3R153P 8

Resistor 7717791 8

Capacitor CL25 24

Capacitor CC36C 8

Capacitor CM20C 10

Capacitor 7713040 115

Capacitor 7203760 2

Capacitor 7741850 153

Capacitor 7742510 4
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Table 25. Component Types Used in Board Life Test (Cont.)

Component Type Component Drawing No. Number Used

Relay 7747913 1

Crystal 7747388 1

Delay Line 7747946P1 7

Coil 7722350P14 5

Coil 772418 1P19 2

Coil 7747952 16

Coil 7748576 8

Transformer 7742843 17

Transformer 7745709 6

Transformer 7748567 18

Switch 7745171 3
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The boards are mounted in a manner similar to that which would be used in the

AN/GPA-73 equipment. One chassis of boards has the same logic diagrams as a

clock-chassis used in the AN/GPA-73. The additional boards are used as a self-

checking circuit which gives a visual indication of failure on any board. The environ-

mental conditions of operation are that of a normal air-conditioned laboratory which

has an ambient temperature of 25 0 C. There are no efforts to house the boards or

have forced air-circulation. The only air-circulation is from convection currents.

D. PRODUCTION RELIABILITY

1. Reliability Indoctrination of Factory Personnel

Indoctrination of factory personnel was handled by manufacturing supervision.

2. Failure Rate Studies Associated With The Manufacturing Process

As reported in the last quarter, the contact finger resistance study was up-dated to

cover the effects of aging. After three months aging, no significant difference between

gold thickness on the sample boards that had twenty-five connector insertions has been

detected.

A laboratory study was instituted to determine the cause of the white residue found on

the tin-lead coated components after the ten-day cabinet humidity test. The residue

was analyzed as lead carborate. The exact cause for this residue is still under study.
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