
'. I 

' ' '·1' I , 
' t 

I 

j 

; ' 
l' 

I 
I\ ': 
~ 

I~ 
~ 
( .. 
) 
I 

~ ' 

•\ .. 
~' t 
·~ . 

" I 

/ 

' 
I 

.. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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I N T R 0 D U C T r 0 N 

The objective of Project Agreement 49 ~~~~t~.design, fabricate, test and 

evaluate under actual nuclear reactor operating conditions, one prototype count-

ing-Campbel I ing wide-range type thermal neutron flux measurement chann~I. 

This rep6rt describes the basic system designed for PA 49, and describes 

and presents the results of tests conducted on t~e system. Individual module 

descriptions and schematics are contained in the instruction manual which was 

issued with the system. 

iii 
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S E C T I 0 N ·1 

G E N E R A L 

I. I SYSTEM DESCRIPTION 

This Wide Range Neutron Monitoring System is designed to monitor ten 

decades of neutron flux when used with a General Electric Type NA04 (or 

equivalent) fission chamber. In order to obtain this wide range capabi I ity, 

two different monitoring techniques are employed. For the Low Range, Count­

ing techniques are used; for the Intermediate and High Ranges, Campbel I ing 

techniques are used. The outputs from the three ranges are appl led to an 

Auction circuit whose output represents the largest of the three input sig­

nals. The output from the Auction circuit is applied to the final readout 

device (Meter, DVM, Recorder, etc.) and is proportional to neutron flux 

being monitored by the detector. Tha Auction circuit output is also moni­

tored by a Period circuit to provide a rate of change indication of neutron 

f I ux I eve I. 

In addition to providing readouts for Percent Power and Period, thr·ee 

meters are added which make it possible to m(;rnitor al I ranges continuously. 

Lights over these meters indicate which range is control I ing the auction 

(being appl led to the final readout device), 

Six trip circuits are provided for indication of malfunction or abnor­

mal conditions. One Upscale trip and one Downscale trip wi 11 indicate ab­

normal neutron flux conditions. One trip monitors the Period circuit output 

and wi I I indicate when the time rate of ch~nge of neutron flux exceeds some 

preset level. One trip monitors the detector polarizing supply and indicates 

if this voltage drops below a present level. The remai~ing two trips monitor 

the outputs of the three ranges and duri~g startup indicate improper gain 

setting or malfunctions in the Intermediate and High Ranges. 

Internal calibration signals are provided for al I three ranges. Each 

range has two calibration points which al lows its slope to be set and moni­

tored for drift. (Note, however, that these calibration signals are not 

-1-



I 
1 
I 

I 
I 

i 
i 
i 
I 
I 
I 

! 
I 
l 

' 

GEAP-11094 

meant to provide an absolute system calibration of output versus neutron flux.) 

Mechanically this system consists of two primary units, these being a 

preamp I ifier and a main chassis. The preamp I if ier is contained in a cast 

aluminum box which may be separated from the main chassis by as much as 250 

feet of cab I e. The preamp I if i er is powered ,,.ft;9m the main chassis. 

The main chassis consists of .a steel frame housing two 7" X 19" card 

files and a 7" X 19" meter panel. Al I the electronic circuitry is plug-in 

module type except for the Main Amp I ifier and High Voltage Filter which are 

enclosed in an aluminum chassis mountAd to the back panel. Al I modules are 

numbered corresponding to the card file slot in which they are to be mounted. 

In addition, al I modules are mechanically keyed to prevent inserting them 

into the wrong location. 

1.2 RANGE DESCRIPTION 

A. Low Range Description 

The Low Range of this system <16~ 8 to 10- 3% power) employs Counting 

techniques for measuring neutron flux. Individual pulses generated by the 

fission chamber are amp I ified by the preamp I ifier and a section of the main 

amp I ifier. These amp I ified pulses are applied to a level discriminator 

which provides a means of rejecting amp I ifier noise and low level alpha 

pulses generated by the uranium in the fission chamber. The output from 

the discriminator is avai I able at a rear panel connector for driving a 

scaler and is applied to a bistable flip-flop whose output goes to a Cook­

Yarborough type Log-Integrator circuit. The DC output from the Log-Inte­

grator is monitored by one section of the auction circuit and, if this sig­

nal is the largest of the three channels, applies it to the final readout 

devic:e. 

B. Intermediate Range Description 

The Intermediate Range of this system (10-3 to 3 X 10- 1% power) employs 

the Campbel I ing technique for measuring neutron flux. The signal generated 

by the fission chamber is amp I if ied by the preamp I if ier and a section of 

-2-
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the main amp I ifier. It is them appl led to the Intermediate Range Amp I if ier­

Rectifier where its bandwidth is first reduced to 8Kc - 16Kc, then amp I if ied, 

then half wave rectified and smoothed with a 100ms time constant. The 

current output from this module is fed to the input of the Intermediate 

Range Log Ladder whose output is a current proportional to the log of\ the 

input current. This DC output from the Log Ladder is monitored by one 

section of the Auction circuit and, if th'is' signal is the largest of the 

three channels, applies it to the final readout device. 

C. High Range Description 

The High Range of this system (3 X 10- 1 to 100% power) employs the 

Campbel I ing technique for measuring neutron flux. The signal generated 

by the fission chamber is amp I if i e.d by the preamp I if i er and a section of 

the main amp I ifier. It is then applied to the High Range Amp I ifier-Recti­

fier where its bandwidth is first reduced to 300Kc - 600Kc, then amp I ified, 

then half-wave rectified and smoothed with a 10ms time constant. The cur­

rent output from this module is fed to the input of the High Range Log 

Ladder whose output is a current proportional to the log of the input cur­

rent. The DC output from the Log Ladder is monitored by one section of 

the Auction circuit and, if this signal is the largest of the three chan­

nels, applies it to the final readout device. 

SPECIFICATIONS 

1.0 Temperature and Humidity 

2.0 Power 

3.0 Inputs 

3. 1 Counting sensitivity ano polarity 

3.2 Campbel I sensitivity 

3.3 Maximum External capacity on input 

4.0 Outputs 

4. 1 Recorder 

4. 1. 1 Percent power 
Output im~edance 

-3-

s0 c to so 0 c 
0 to 95% R.H. 

120VAC +10% 
60CPS ±_5% 

lOOµv negative pulse 

20µv rms for 10 to 1 signal 
to noise ratio (Intermediate 
Range) 

2000 pf 

0 to -10mv f.s. 
10~ 



4. 1.2 Period 
Output impedance 

4.2 Monitor points (load I imit '" lOKQ) 

4.2.1 Percent power (J25-H) 

4.2.2 Period (J25-J) 

4.2.3 High range monitor (J25-E) 

4.2.4 lntermeidate range mon'f.tor 
(J25-F) 

4.2.5 Low range monitor (J25-G) 

4.2.6 Ramp (J25-K) 

4.3 Scaler (J36) 

4.4 Trips (non-latching) 

4.4. 1 UPSCALE 

4.4.2 Downscale 

4.4.3 Period 

4.4.4 High Range Failure 

4.4.5 Intermediate Range Failure 

4.4.6 Low High Voltage 

4.4.7 Inoperative 

4.5 Trips (Latching)(25ma each) 

4.5. 1 Upscale 

4.5.2 Downscale 

4.5.3 Period 

4.5.4 High Range Failure 

4.5.5 Intermediate Range 

4.5.6 Low High Voltage 

5.0 Controls and Indicators 

5. 1 Mode Switch 

5. 1. 1 Operate 

0 to+ 1 Omv f. s . 
lOn 

GEAP-11094 

0 to -10Vdc f.s. 

0 to +10Vdc f.s. 

0 to +10Vdc f.s. 

0 to +10Vdc f.s. 

0 to +10Vdc f.s. 

0 to -12Vdc 

-3 volt peak ~ 300&1 
output impedance 

2 Form C Contacts 

2 Form C Contacts 

2 Form C Contacts 

2 Form C Contacts 

2 Form C Contacts 

2 Form C Contacts 

Form C Contact 

Tta6sistor. turn:on to.gnd 

Traiis:i star turn· on to. gnd 

Traiiststor turn on· to gnd 

Ttacisistor .turn:on to.gnd 

T~aciststor turn: on to gnd 

T~ansi·stor tu~n.on to gnd 

5. 1.2 Standby. Inoperative trip is tripped and range selection 
must be accomplished manually (Monitor Switch). 

5.1.3 Zero. AC signals disconnected, DC circuitry can be zeroed. 

5. 1.4 Test. Provides signal for checking continuity of cables. 

5. 1.5 Calibrate. Al lows selection of desired calibration signal 
(Calibrate Switch) . 

. 4 ... 
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5.2 Calibrate Switch 

5.2.1 LRl 10cps 

105cps 5.2.2 LR2 

5.2.3 IRl 

5.2.4 

5.2.5 HRl 

5.2.6 

5.2.7 Period 

10 5 cps square wave. IR2 = 10 IRl. Useq to 
64 adjust slope of Intermediate Range. ' 

105cps square· wav.e .. HR2 = 20 HRl. Used to adjust 
slope of High R~~ge. 

5.2.7.1 Fixed. Used to adjust 10 Second Period Indication. 

5.2.7.2 Variable. C~n be adjusted to give any period 
indication greater than ten.seconds. 

5.3 Monitor Switch (effective in all Mode Positions except OPERATE) 

5.3. 1 High. Applies High Range output to Percent Power Indicator. 

5.3.2 Intermediate. Appl les Intermediate Range Output to Percent 
Power Indicator. 

5.3.3 Low. Applies Low Range Output to Percent Power Indicator. 

5.4 Trip Reset Switch. Resets al I latching trips after cause of trip 
has been corrected. 

5.5 Ramp Reset Switch. Resets Ramp Generator used in Period Cal ibra­
tlon. 

5.6 Meters 

5.6. 1 Percent Power 

5.6.2 

5.6.3 

5.6.4 

5.6.5 

5.7 Lights 

5. 7. 1 

5.7.2 

5.7.3 

5.7.4 

5.7.5 

5.7.6 

5.7.7 

5.7.8 

Period 

High Range 

Low Range 

Intermediate Range 

Upscale Trip (latching) 

Downscale Tr_ip (latching) 

High Range Failure Trip (latching) 

Intermediate Range Failure Trip (latching) 

Period Trip (latching) 

Low High Voltage Trip Clatchin~) 

Inoperative Trip (non-lat~hing_ 

Auction Indicators 

5.7.8. 1 Low Range 

5.7.8.2 Intermediate Range 

5.7.8.3 High Range 

5
. - -
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6.0 Performance 

6.1 Percent Power 

6.1.1 ·Accuracy 
10-8 to 10- 1 .±_4% Ii near f. s. outp4t 

; 

10- 1 to 100 .±_2% Ii near f.s. output 

6. 1. 2 Response ... 

10-s to 10-6 ·. '\,40 seconds 
10- 6 to 10-s '\.l 5 seconds 
10-s to 10-4 '\,1. 5 seconds 
10- 4 to 3 x 10- 1 '\,100ms 

3 x 10- 1 to 100 '\,lOms 

6.2 Period 

6.2.1 Accuracy .±_4% actual 

6.2.2 Response '\,8 seconds for 0 to 63% 
of final for ramp input 

7.0 Construction 

Page type chassis 
Modular electronic units 

/ 
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S E C T 0 N 11 

T E S T DE.SC R I PT 0 N S A N D R E S U L T S 

2. 1 ENVIRONMENTAL 

The purpose of this test was to determine what effects, if any, variations 

in temperature, humidity and I ine voltage might have on operation of the WRM 

System. 

During the test the WRM System was placed in an environmental chamber ~o 

that the temperature and humidity could be varied. The AC power to the system 

was control led by means of a variac. Input signal sources consisted of 1) A 

pulser for Low Range tests and 2) A noise generator for the Intermediate and 

High Ranges tests. The pulser output was monitored by a scaler and the noise 

generator output was measured by a true RMS Voltmeter. A diagram of the test 

setup is shown in Figure 2-1. 

TAst data is provided in Tables 2-1 through 2-12 and shown graphically In 

Figures 2-2 through 2-4. These tests show the system accuracy to be ±_1% ful I 

sea:! e over the top three decades and ±_2% fu I I sea I e over the bottom seven decades. 

Period accuracy is ±_4% ful I scale. 

The only problems encountered during this test was with the Period circuit 

and Ramp Generator. Both units use hi-meg resistors and low leakage capacitors 

in their circuitry and both exhibited excessive drift at the high temperature, 

high humidity conditions. These problems were solved by spraying both boards 

with PT-107 (Moisture and Fungus Resistant Varnish) and keeping low current 

switching on the boards through the use of reed relays. 

-7-
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Relative Line High 
Humidity Temperature Voltage +15 -15 +30 Vc:>ltage 

<%) (oF) (Volts AC) 

--- 20 ·120 15.00 14.99 29.79 385~5 

20 108 14.99 14.98 29.75 385.5 

--- 20 132 15.00 14.99 29. 77 385.·5 

--- 40 120 15.00 14.99. 29.84 404.5 

--- 40 108 15.00 14.99 29.84 404.5" 

--- 40 132 15.oo 14.99 29.84 404.5 

50 60 120 14.98 14.98 29.90 408.0 

50 60 108 14.98 14.98 29.90 408.0 

50 60 132 14. 98 . 14.98 29.90 408.0 

50 80 120 15 .00. 14.98 29.99 409.6 

50 80 108 15.00 14.98 29.99 409.6 

50 80 132 15.00 14.98 29.99 409.6 

95+ 80 120 14.97 14.97 29.93 409.8 

95+ 80 108 14.97 14.97 29.93 409.8 

. 95+ 80 132 14 .. 97 14.97 29.93 409.8 

50 100 120 ···14;_98 14.98 30.00 410.8 

50 100 108 14.98' 14.98 30.00 410.8 

50 100 132 14.98 . 14.98 30.00 410.8 

95+ 100 120 14.98 14.97 30.01 411.0 

95+ 100 108 : 14,98 14.97 30.01 411. 0 

95+ 100 132 14.98 14.97 30.01 411. 0 

50 120 120 14.99 14,99 30.10 410.8 

50 120 108 14.99 14.99 30.10 410.8 

50 120 132 14.99 14.99 30. 10 410.8 

95+ 120 120 15.00 14.99 30.09 411. 2 

95+ 120 108 14.99 14.99 30.09 411. 2 

95+ 120 132 15.00 14.99 30.09 411. 2 

TABLE 2-1 Environmental Test (Power Supplies) 

-9-
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LOW INTERMEDIATE HIGH 
RANGE RANGE RANGE· 

....... ....... ....... 
u u u 

I- 0 ....... I- 0 ....... I- 0 
I- ....... :::> I- Ul :::> I- Ul :::> 
:::> Ul Q.. Ul :::> E Q.. Ul :::> E Q.. Ul 
Q.. CL I- +- Q.. L I- +- Q.. L I- +-
z u :::>- z :::>- z :::>-
_.__, 00 - > 0 0 - > 0 0 

> E > E >. 
.__, .__, ...... .__, .__, 

., 
'··· . 

1 1. 7 1. 5 .. ·: . ·::: 19.5 2.0 

2 .325 2.0 2.9 23.0 4.0 

4 .60 2.2 3.92 26.5 6.0 

7 .86 2.28 4.0 48.7 7.0 

10 1 .Ol 3.04 4.3 69.0 7.3 

20 1.33 4. 1 4.6 95 .. 0 7.6 

40 1.62 5.3 4.8 124.0 7.8 

70 1.86 6.7 5.0 156.0 8.6 

100 2.02 9.2 5.3 226.0 8.3 

200 2.32 13.6 5.6 321.0 8.6 

400 2.63 16. 7 5.8 390.0 8.8 

700 2.88 21.0 6.0 505.0 9.0 

103 3.04 30 . .J 6.3 700.0 9.3 .. 

2 x 103 3.35 41.3 6.6 .1,000 9.6 

4 x 103 3.66 55.0 6.8 1 ,280 9.8 

7 x 103 3.91 68.5 7.0 1, 560 10.0 

104 4.07 96.0 7.3 1,860 10.2 

2 x 104 4.38 139.0 7.6 2,080 10.3 

4 x 104 4.68 168.0 7.8 2,039 10.35 

7 x 104 4.92 200.0 7.9 2,048 10.36 
' 

10 5 5.07 250.0 7.95 

2 x 10s 5.36 300.0 7.97 

4 x 10s 5.65 

7 x 105 5.90 

106 6.06 

TABLE 2-2 Envir6nmental Test C20°Fl 

-10-
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LOW ' INTERMEDIATE HIGH 
RANGE RANGE RANGE 

~ 
~ ~ 

0 0 u 
1-~ I- 0 ~ I- 0 ~ I- 0 
:::> lll :::> I- lll :::> I- lll :::> 
0.. 0.. 0.. lll :::> E 0.. lll :::> E . 0.. lll 

z u I- +- 0.. L I- +- 0.. L I-+-
_..__, :::> - z :::> - z :::> -

0 0 - > 0 0 - > 0 0 
> E > E > 
..__, ..__, ..__, ..__, ..__, 

.• . 
. : .. · •.. ·. 

1 .05 1. 7 7 .5 . :0, '·· 2.2 2.0 

2 .315 2.0 3. 15 2.43 4.0 

4 .61 2.2 3.97 2.77 6.0 

7 .85 2.25 4.0 4.87 7.0 
l 

10 1.01 3.0 4.3 6.8 7.3 

20 1. 31 4. 1 4.6 9.4 7.6 

40 1.61 5.3 4.8 . 12.3 7.8 

70 1.85 6.7 5.0 15.3 8.0 

100 2.02 9.2 5.3 22.0 8.3 

200 2.33 13.5 5.6 31.4 8.6 

400 2.63 16.6 5.8 38.1 8.8 

700 2.88 LO. ·1 6.0 49.1 9.0 

103 3.04 30.0 6.3 68.5 9.3 

2 x 103 3.35 41.0 6.6 97.0 9.6 

4 x 103 3.66 53.0 6.8 124.0 9.8 

7 x 103 . 3.91 67.0 7.0 153.0 10.0 

104 4.07 92.0 7.3 173.0 10.2 

2 x 104 4.38 135.0 7.6 202.0 10.3 

4 x 104 4.68 167.0 7.8 217.0 10.34 

7 x 104 4.92 300.0 8;0 263.0 10.40 

105 5.07 350.0 8.01 .. 

2 x 105 5.37 400.0 8.02 

4 x 105 5.66 

7 x 105 5.90 

106 6.06 

TABLE 2-3 Environmental Test' C40°F) 
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I 
I 
. I 
'i 
l 
I . ' 
' , I 
i 
j 

! 
! 

I 
i 
l 

LOW 
RANGE 

,..... 
u 

I- 0 
I-,..... :J 
:J l/I CL lll 
CL o.. I- -t-
z u :J -
-~ 00 

> 
~ 

1 .034 

2 .31 

4 .60 

7 .84 

10 1.00 

20 1.30 

40 1.60 

70 1.85 

100 2.01 

7.00 2.32 

400 2.63 

700 7.88 

103 3.04 

2 x 103 3.35 

4 x 103 3.66 

7 x 103 3.91 

104 4.07 

2 x 104 4.38 

4 x 104 4.68 

7 x 104 4.92 

105 5.07 

2 x 105 5.36 

4 x 105 5.66 

7 x 105 5.90 

106 6.07 

GEAP-11094 

INTERMEDIATE HIGH 
RANGE RANGE 

,..... ,..... 
u u ,..... I- 0 . ,..... I- 0 

I- l/I :J I- l/I :J 
:J E .CL lll :J E CL lll 
CL L I- -t- CL L I- -t-
z :J --' z :J-
- > ·o o - > 0 0 

E > E > 
~ ~ ~ ~ 

1. 7 1.4 ~ ..... <. :.' 2. 1 2.0 

2.0 3 .. 1 2.43 . 4.0 

2.2 3.95 2.77 6.0 

2.24 4.0 4.8 7.0 

3.0 4.3 6.7 7.3 

4.0 4.6 9.2 7.6 

5.3 4.8 12.0 7.8 

6.7 5.0 15.0 8.0 

9.1 5.3 21.3 8.3 

13.3 5.6 30.7 8.6 

16.3 5.8 37.5 8.8 

20.3 6.0 47.7 9.0 

29.5 6.3 .. 67.0 9.3 

40.0 6. 6. 94.0 9.6 

52.0 6.8 122.0 9.8 

66.0 7.0 151.0 10.0 

91.0 7.3 180.0 10.2 

132.0 7.6 197.o 10.3 

163.0 7.8 233.0 10.4 

240.0 8.0 

300.0 8.03 

350.0 8.04 

400.0 8.05 

TABLE 2-4 Environmental Test (60°F, 50% R.H.) 
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GEAP-11094 

LOW INTERMEDIATE HIGH 
RANGE RANGE RANGE 

~ ~ -~ 

u u u 
I- 0 ~ I- 0 ~ I- 0 

I- ~ ::J I- Ul ::J I- Ul ::J 
::J Ul Cl.. Ul ::J E Cl.. Ul ::J E Cl.. Ul 
Cl.. Cl. I- +- Cl.. L I-+- Cl.. L I- +-
z u . ::J - z ::J - z :::>-
-~ 0 0 - > 00 - > 0 0 

> E > E > 
~ ~ ~ ~ ~ 

.. 

1 .03 1. 7 1. 3 ' 2.07 2.0 

2 .31 2.0 3. 1 2.43 4.0 

4 .61 2.25 4.0 2.76 6.0 

7 .84 3.0 4.3 4.75 7.0 

10 .99 4.03 4.6 6.7 7.3 

20 1. 29 5.25 4.8 9. 1 7.6 

40 . 1.60 6.6 5.0 11.8 7.8 

70 1.85 8.9 5.3 14.9 8.0 

100 2.01 13.2 5.6 21.0 8.3 

200 2.32 16.2 5.8 30.2 8.6 

400 2.62 20.2 6.0 37.0 8.8 

700 2.87 29.0 6.3 46.8 9.0 
103 3.04 40.0 6.6 66.0 9.3 

2 x 10 3 3.35 51. 5 6.8 92.0 9.6 

4 x 10 3 3.66 65.5 7.0 119.0 9.8 

7 x 10 3 3.91 88.0 7.3 149.0 10.0 

104 4.07 130.0 7.6 179.0 10.2 

2 x 104 4.38 160.0 7.8 194.0 10.3 

4 x 104 4.68 219.0 8.0 222.0 10.4 

7 x 104 4.92 250.0 8.03 250.0 10.44 
105 5.07 300.0 8.05 

2 x 10 5 5.37 350.0 8.07 

4 x 105 5.66 

7 x 105 5.91 

106 6.08 

TABLE 2-5 Environmental Test (80°F, 50% R.H.) 
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LOW I NTERMEb I ATE · HIGH 
·RANGE RANGE RANGE 

~ ~ ~ 

u u u 
I- 0 ~ I- 0 ~· I- 0. 

1-~ :::::> I- (/) :::::> I- (/) :::::> :::::> (/) a.. (/) :::::> E a.. (/) :::::> E a.. (/) 
a.. Q_ I- +- CL L I- +- CL L I-+-z u :::::>- z :::::>- z :::::>-
-~ 0 0 - > 0 0 - > 0 0 

> E > E > 
~ ~ ~ ~ ~ 

1 .03 1. 7 1.4 2.06 2.0 

2 .34 2.0 3.0 2.42 4.0 

tJ .60 2.25 4.0 2.75 6.0 

7 .84 3.0 4.3 4.7 7.0 

10 1.00 4.0 4.6 6.6 7.3 

20 1.30 5.2 4.8 9.0 . 7 .6 

40 1. 59 6.6 5.0 11.8 7.8 
70 1.81 8.9 5.3 14.9 ~.o 

100 2.00 13.2 5.6 21.0 8.3 .. 

200 2.32 16.3 5.8 30.0 8.6 

400 2.63 20. 1 . 6.0 36.6 8.8 

700 2.87 29.0 6.3 47.0 9.0 

10 3 3.04 39.0 6.6 66.0 9.3 

2 x 103 3.35 51.0 6.8 92.0 9.6 

4 x 103 3.66 64.5 7.0 119.0 9.8 

7 x 10 3 3.91 8~:r.o 7.3 148.0 10.0 

104 4.08 130.0 7.6 178.0 10.2· 

2 x 104 4.38 160.0 7.8 192.0 10.3 

4 x 1 o4 4.68 210.0 8.0 220.0 10.4 

7 x 104 4.93 250.0 8.03 243.0 10.44 

105 ; 

8.06 5.08 300.0 

,2 x 105 5.37 350.0 8.07 

4 x 105 5.67· 

7 x 105 5.92 

106 6.08 

TABLE 2-6 Environmental Test (80°F, 95+% R.H.) 
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I 
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I 
I 
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l 
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I 
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I 
I 
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I 
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LOW 
RANGE 

....... 
0 

I- 0 
I- ....... ::::> 
::::> VI Q_ VI 
Q_ a. I- +-
z u ::::>-
-~ 0 0 

> 
~ 

1 .03 

2 .32 

4 .60 

7 .85 

10 1. 01 

20 1. 29 

40 1.60 

70 1. 85 

100 2.01 

200 2.32 

.\ '. 400 2.63 

700 2.89 
103 3.05 

2 x 103 3.37 

4 x 103 3.68 

7 x 103 3.93 

1 o4 4.09 

2 x 104 4.40 

4 x 104 4.70 

7 x 104 4.94 

105 5.10 

2 x 10s 5.39 

4 x 105 5.69 

7 x 10s 5.94 

106 6. 11 

GEAP-11094 

INTERMEDIATE HIGH 
RANGE RANGE 

....... ....... 
0 0 ....... I- 0 ....... I- 0 

I- VI ::::> I- VI ::::> 
::::> E. Q_ VI ::::> E Q_ VI 
Q_ L I- +- Q_ L I- +-
z ::::>- z ::::>-
- > 00 - > 0 0 

E > E > 
~ ~ ~ ~ 

.. 

1. 2 1.3 2.6 2.0 

2.0 3.0 2.4 4.0 

2.2 3.9 2.75 6.0 

2.26 4.0 4.7 7.0 

3.0 4.3 fi. 55 7.3 

4.06 4.6 8.9 7.6 

5.2 4.8 11. 7 7.8 

6.6 5.0 14.8 8.0 

8.9 5.3 20.7 8.3 

13.2 5.6 30.0 8.6 

16.1 5.8 36.5 8.8 

19.8 . 6.0. 46.0 9.0 
.. · 

28.8 6.3 65.0 9.3 

39.0 6.6 90.0 9.6 

50.0 6.8 117. 0 9.8 

64.0 7.0 147.0 10.0 

88,0 7.3 176,0 10.2 

128.0 7.6 190.0 10.3 

158.0 7.8 2.12.0 10.4 

200.0 8.0 238.0 10.45 

250.0 8.05 259.0 10.47 

300.0 8.08 

350.0 8.09 . 

TABLE 2-7 Environmental Test (100°F, 50% R.H.) 
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GEAP-11094 

LOW I NTERMED I ATE HIGH 
RANGE RANGE RANGE 

,.-... ,.-... ,.-... 

u u u 
f-0 ,.-... f- 0 ,.-... f- 0 

f- ,.-... ::> f- l/l ::> f- l/l ::> 
::> l/l Q_ l/l ::> E Q_ l/l ::> E Q_ l/l 
Q_ 0.. f- -!- Q_ L f- -!- Q_ L f- -!-
z u ::> - z ::> - z ::> -
-~ 00 - > 0 0 - > 0 0 

> E > E > 
~ ~ ~ ~ ~ 

.. 
.. .. : 

1 .03 1. 7 1.3 .. 2.06 2.0 

2 .33 2.0 3.0 2. 40 "' 4.0 

4 .60 2.2 3.9 2.75 6.0 

7 .84 2.28 4.0 4.65 7.0 

10 L03 3.0 4.3 6.6 7.3 

20 1.30 4. 1 4.6 8.9 7.6 

40 1. 59 5.2 4.8 11. 7 7.8 

70 1.84 6.6 5.0 14.7 8.0 

100 2.02 9.0 5.3 20.4 8.3 

200 2.33 13. 1 5.6 30.0 8.6 

400 2.64 16.0 5.8 36.2 8.8 

700 2.90 20.2 6.0 46.0 9.0 

103 3.06 29.0. 6.3 64.5 9.3 

2 x 103 3.37 39.0 6.6 90.0 9.6 

4 x 103 3.68 .50. 5 6.8 127.0 9.8 

7 x 10 3 3.94 64.0 7 .O· 146.0 10.0 

104 4.10 87.0 7.3 175.0 10.2 

2 x 104 4.41 128.0 7.6 190.0 10.3 

4 x 104 4.71 158.0 7.8 210.0 . 10.4 

7 x 104 4.95 200.0 8.0 250 .. 0 10.47 
F'I"'. 5. 11 250.0 8.06 264.0 10.48 

2 ., j o5 5.41 . 300.0 8.08 

4 x 10 5 5.70 350.0 8.10 

7 x 10 5 5.95 

106 6. 12 

TABLE 2-8 Environmental Test (100°F, 95% R.H.) 
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1 

j 
I I 

,j 
;l 

I 
I° 
' 

... 

LOW 
RANGE 

~ 

(.) 
I- 0 

1-~ :::) 
:::) CJ) 0... CJ) 
0... a_ I- +-
zu :::)-_.._, 0 0 

> .._, 

1 .03 

2 .31 

4 .60 

7 .85 

10 1.01 

20 1. 31 

40 1.62 

70 1. 85 

100 2.03 

200 2.35 

400 2.67 

700 2.92 

103 3.09 

2 x 103 3.40 

4 x 103 3.72 

7 x 103 3.97 

104 4.13 

2 x 104 4.44 

IJ x 104 IJ.75 

7 x 104 4.99 

105 5. 15 

2 x 105 5.44 

4 x 105 5.74 

7 x 105 6.00 

106 6. 17 

GEAP-11094 

INTERMEDIATE HIGH 
RANGE RANGE 

~ ~ 

(.) (.) 
~ I- 0 ~ I- 0 

I- CJ) :::) I- CJ) :::) 
:::) E 0... CJ) :::) E 0... CJ) 

0... L I- +- 0... L I- +-
z :::)- z :::)-

- > 0 0 - > 0 0 
E > E > .._, .._, .._, .._, 

.. 
. , . 

. .. ·'· 

1. 7 1. 3 2.05 2.0 

2.0 2.9 2.4 4.0 

2.2 3.9 2.65 6.0 

2.3 4.0 4.7 7.0 

3.02 4.3 . 6. 52 7.3 

4.1 4.6 9.0 7.6 

5.25 4.8 11. 7 7.8 

6.6 5.0 14.7 8.0 

8.9 5.3 20.8 8.3 

13.3 5.6 30.0 8.6 

16.0 5.8 36.2 8.8 

20.0 6.0 46.3 9.0 

28.8 6.3 65.0 9.3 

38.5 6.6 90 .. 0 . 9.6 

49.0 6.8 117 .0 9.8 

64.0 . 7.0 147.0 10.0 

86.0 7.3 175.0 10.2 

126.0 7.6 189.0 10.3 

156.0 7.8 210.0 1 O.IJ 

195.0 8.0 250.0 10.117 

228.0 8.05 

250.0 8.07. 

300.0 8.09 

350.0 8.11 

TABLE 2-9 Environmental Test (120°F, 50% R.H.) 
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GEAP-11094 

LOW I NT ERM ED I A TE. HIGH 
RANGE RANGE RANGE 

~ ~ ~ 

u u u 
l-0 ~ I- 0 ~ I- 0 

I- ~ ::i I- Ul ::i I- Ul ::i 
::i Ul Q_ Ul ::i E Q_ Ul ::i E Q_ Ul 
Q_ a. I-+- Q_ L I-+- Q_ L I- +-
z u ::i - z ::i - z ::i -- ~ 0 0 - > 0 0 - > 0 0 

> .E > E > 
~ ~ ~ ~ ~ 

1 .03 1. 7 1.3' :, . . 2.04 2.0 

2 .32 2.0 3.0 2.39 4.0 

4 .59 2.2 3,9 2.64 6.0 

7 .84 2.3 4.0 4.67 7.0 

10 1.02 3.02 4.3 6.55 7.3 

20 1.31 4. 1 4.6 9.0 7.6 

40 1.60 5.3 4.8 11. 7 7.8 

70 1.85 6.6 5.0 14.7 8.0 

100 2.04 9.0 5.3 20.6 8.3 

200 2.36 13. 1 5.6 29.8 8.6 

400 2.68 16.2 5.8 36.0 8.8 

700 2.92 20.0 6.0 46.0 9.0 
103 3.09 28.8 6.3 64.5 9.3 

2 x 10 3 3.41 38.8 ·6.6 90.0 9.6 

4 x 103 3. 72 50.0 6.8 117 .0 9.8 

7 x 10 3 3.98 63.5 7.0 146.0 10.0 

104 4.14 86.0 7.3 176.0 10.2 

2 x 104 4.45 125.0 7.6 189.0 10.3 

4 x 104 4.76 155.0 7.8 210.0 10.4 

7 x 1 ol1 5.01 197.0 8.0 250.0 10.47 

105 5. 16 250.0 8.07 266.0 10.48 

2 x 105 5.46 300.0 8.09 

4 x 105 5.76 350.0 8.11 

7 x 105 6.01 

106 6.18 

TABLE. 2-10 Environmental Test (120°F, 95% R.H.) 
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GEAP-11094 

Relative 
Humidity Temperature LRl LR2 I Rl IR2 HRl HR2 

<%) (oF) (C/100 Sec) (Kc) (Volts DC) <Volts DC) (Volts DC) (Volts DC) 

--- 20 1031 99.97 

--- 40 1020 99.98 4.994 6.976 7.988 9.982 
(5.004) (6.996) (8.028) ( 10.022) 

50 60 1009 99.98 

50 80 1003 99.98 4.999 7.004 8.005 9.999 

95+ 80 1001 99.98 
' 

50 100 995 99.98 

95+ 100 995 99.98 , 

50 120 994 99.98 5.018 7.047 8.048 10.048 
(5.018) <7.030) (8.036) (10.036) 

95 120 993 99.98 5.015 7.045 8.043 10.047 
(5.015) (7.020) (8. 031) (10.030) 

NOTE: IRl, IR2, HRl and HR2 were checked by processing them through the system 

in the normal manner. The numbers in ( ) are corrected for system gain 

changes with temperature, and are normalized to conditions at 80°F, 50% R.H. 

TABLE 2-11 Environmental .Test (Calibration Signals) 
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GEAP-11094 

Relative 
Humidity Temperature Ramp Period* 

<%) (oF) <Volts/100 Sec) (Volts DC) 

--- 20 4.21 10. 170 (10.52) 

--- 40 4.28 10.103 (10.29) 

50 60 4.33 10. 067 ( 10. 13) 

50 80 4.36 10.041 

95 80 4.33 9 .. 91 (9.97) 

50 100 4.38 9.994 (9.93) 

50 120 4.43 9.92 (9.75) 

95 120 4.43 9.87 (9.70) 

*NOTE: Unbracketed numbers represent measured period output for a ramp 

of the given rate. Bracketed numbers represent what the period 

would read if the ramp had been equal to that at 50% R.H., 80°F. 

TABLE 2-12 Environmental Test <Ramp Generator and Period Circuit) 

-20-
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GEAP-11094 

2.2 ACCELERATED LIFE 

This test was performed per D.O.D. Specification MIL-N-52334(M0), Paragraphs 

4.6.12 and 4.6.13. The test setup for Paragraph 4.6.12 was the same as described 

under Environmental Test. 

Figure 2-5 i I lustrates a typical temp;erature cycle. Note the two traces 

vis\ble only during the transition periods .. These represent the wet and dry 

bulb temperature readings. During steady state conditions, both temperatures 

read the same, thus indicating that the relative humidity inside the test chamber 

is nearly 100%. 

Tables 2-13 through 2-15 and Figures 2~6 through 2-8 i I lustrate the results 

for the test described in Paragraph 4.6. 12. 

For the test described in Paragraph 4.6. 13, some of the main chassis wiring 

in the WRM System had to be changed so that al I calibration signals plus the High 

Voltage Power Supply could be turned on at once. Al I data was recorded by a DVM 

whose output was used to drive a combinatfon printer and paper tape punch. The 

DVM input was switched to the desired measurement points by a scanner. The 

points monitored during this test were: 

+15 Volt Power Supply 

-15 Volt Power Supply 

+30 Volt ~ower Supply 

High Voltage Power Supply 

Low Range Output 

·' :·~rmed i ate Range Output 

•. 19h Range Output 

Signal Generator Frequency (100Kc) 

Period 

Al I input signals to the three ranges and period circuit were from the 

system's calibration sources. The Low Range monitored the 100Kc output from 

the Signal Generator. The Intermediate and High Ranges monitored the 100Kc 
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output from the Campbel I Calibrator. The Period circuit monitored the output 

of the Ramp Generator which was reset automatically at the beginning of each 

measurement cycle .. 

The AC voltage input to the WRM System was control led by a sequencer. 

This sequencer also initiated the data taking process at the required three 

hour intervals. Figure 2-10 shows a section of the tape from the recorder 

used to monitor the AC voltage to the WRM System. 

Data obtained during the test OP.scribed in Paragraph 4.6. 13 are presented 

in Tables 2-16 through 2-24. 

Results 

Throughout this test, ·the WRM System functioned within specifications and 

with no malfunctions. The drift of al I measured parameters was within 

+1% ful I scale. 

After the test, some of the module cases were replaced because the old 

cases had corroded during the high temperature, high humidity exposure. 
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I 
.1 
I 

I 

I 

LOW 
RANGE 

........ 
·O 

I- 0 
I- ........ :::> 
:::> lf) CL lfl 
CL a. I- +-
z u ::> -
-~ 0 0 

> 
~ 

1 .03 

3 .31 

4 .59 

7 .84 

10 1.01 

20 1. 30 

40 1. 60 

70 1.85 

100 2.02 

200 2.33 

400 2.64 

700 2.89 

10 3 3.05 

2 x 103 3.37 

4 x 10 3 3.68 

7 x 103 3.92 

104 4.08 

2 x 104 4.39 

4 x 104 4.69 

7 x 104 4.94 

105 5.09 

2 x 105 5.39. 

4 x 105 5.68 

7 x 105 5.93 

106 6.09 

rNTERMED I ATE HIGH 
R/l.NGE RANGE 

........ ~ 

0 u ........ I- 0 ........ I- 0 
I- lf) :::> I- lf) :::> 
:::> E CL lfl :::> E CL lfl 
CL L I- +- CL L I-+-
z :::> - z :::> -
- > 0 0 - > 0 0 

E > E > 
~ ~ ~ ~ 

1. 7 1. 3 2.08 2.0 

2.0 3.0 2.41 4.0 

2.2 3.94 2.75 6.0 

2.27 4.0 4.84 7.0 

3.0 4.3 6.75 7.3 

4.07 4.6 9.3 7.6 

5.3 4.8 12.2 7.8 

6.65 5.0 15.2 8,0 

9.0 5.3 21. 7 8.3 

13.2 5.6 31.0 8.6 

16.2 5.8 37.8 8.8 

20. 1 6.0 48.5 9.0 

29. 5 I 6.3 67.5 9.3 

40.0 6.6 95.5 9.6 

52.0 6.8 123.0 9.8 

66.0 7.0 152.0 10.0 

89.0 7.3 182.0 10.2 

131. 0 7.6 198.0 10.3 

161.0 7.8 241 .0 10.4 

230.0 8.0 278.0 10.43 

300.0 8.04 

350.0 8.05 

400.0 8.06. 

I 

TABLE 2-13 Accelerated Life Test (Humidity) 
Start Reference Data (77°F, 50% R.H.) 
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I 

j 
I 
I 

I 
·1 

1 
i 

I 
! 
' i 

·I. 
! 

LOW 
RANGE 

~ 

u 
I- 0 

I- ~ ::::i 
::::i UJ (L UJ 
(L 0.. I-+-
z u ::::i-
-~ 0 0 

> 
~ 

1 .05 

2 .34 

4 .62 

7 .85 

10 1.02 

20 1.31 

40 1. 70 

70 1.89 

100 2.04 

200 2.35 

400 2.67 

700 ~.93 

103 3.09 

2 x 103 3.41 

4 x 103 3. 72 

7 x 103 3.97 

104 4. 14 

2 x 104 4.45 

4 x 104 4.75 

7 x 104 5.00 

105 5. 15 

2 x 105 5.45 

4 x 105 5.75 

7 x 105 6.01 

1 On 6. 17 

INTERMEDIATE. HIGH 
RANGE RANGE 

~ 

u 
~ I- 0 ~ 

I- UJ ::::i I- UJ 
::::J E (L UJ ::::J E 
(L L I- +- (L L 
z ::::i -· z 
- > 0 0 - > 

E > E 
~ ~ ~ 

1. 7 1. 3 2.06 

2.0 2.9 2.4 

2.2 3.9 2.74 

2.28 4.0 4.8 

.3. 03 4.3 6.7 

4. 1 4.6 9. 1 

5.25 4.8 11. 9 

6.6 5.0 15.0 

9.0 5.3 21.0 

13. 1 5.6 30.4 

16.2 5.8 36.7 

19.9 6.0 46.7 

29.0 6.3. 66.0 

39.0 6.6 92.0 

51.0 6.8 120.0 

64.0 7.0 150.0 

87.0 7.3 177 .0 

126.0 7.6 192.0 

156.0 7.8 218.0 

197.0 8.0 250.0 

250.0 8.06 279.0 

300.0 8.09 

' 

TABLE 2-14 Accelerated Life Test (Humidity) 
Cycle 2 Data (120°F, 95% R.H.) 
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~ 

u 
I- 0 
::::i 
(L UJ 
I- +-' 
::::i-
0 0 

> 
~ 

2.0 

4.0 

6.0 

7.0 

7.3 

7.6 

7.8 

8.0 

8.3 

8.6 

8.8 

9.0 

9.3 

9.6 

9.8 

10.0 

10.2 

10.3 

10.4 

10.45 

10.47 

I 



LOW 
RANGE 

~ 

u 
I- 0 

1--~ => 
=> (/) Q_ (/) 
Q_ a.. I- -1-
zu =>-
-~ 0 0 

> 
~ 

1 .03 

2 .31 

4 .60 

7 .84 

10 1.00 

20 1.30 

40 1.60 

70 1. 85 

100 2.02 

200 2.31 

400 2.64 

700 2.89 

103 3.06 

2 x 103 3.37 

4 x 103 3.68 

7 x 103 3.93 

104 4.09 

L x 104 4.40 

4 x 104 4.70 

7 x 104 4.~~ 

105 5.09 

105 5.38 

II x 105 5.68 

7 x 105 5.93· 

106 6.09 

INTERMEDIATE HIGH 
RANGE RANGE 

u u 
~ I- 0 ~ I- 0 

I- (/) => I- (/) => 
=> E Q_ (/) => E Q_ (/) 

. Q_ L. I- -f-. Q_ L. I- -1-
z =>- z => -
- > 00 - > 0 0 

E > E > 
~ ~ ~ ~ 

1. 7 1.35 " . 2. 1 2.0 

2.0 3.0 2.43 4.0 

2.2 3.9 2. 77 6.0 

2.28 4.0 4.8 7.0 
I 3.06 4.3 6.8 7.3 

4. 12 4.6 9.4 7.6 

5.3 4.8 12.3 7.8 

6.7 5.0 15.3 8.0 

9.0 5.3 21.8 8.3 

13.3 5.6 31. 1 8.6 

16.5 5.8 37.9 8.8 

20.6 6.0 49.0 9.0 

I 
29.7 6.-5 68.0 9.3 

40.2 6.6 96.0 9.6 I 
52.5 6.8 124.0 9 .. 8 

66.0 7.0 153.0 10.0 
I 

90.0 7.3 183.0 10.2 

132.0 7.6 200.0 10.3 

163.0 7.8 244.0 10.4 

L'.4 J. u 8.0. L84.0 10.42 

300.0 8.04 

350.0 8.05 

TABLE 2-15 Accelerated Life Test (Humidity) 
Stop Reference Oat~ C77°F, 50% R.H.) 
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'· 

120 VAC 

Variac 

17 132 VAC 

,---------
1 En vi ronmenta 1 l 
1 

Chamber I 
120°F,95+% R.H. I I~ 

: I 
I I 

AC Input I ! 
Timed 

Sequencer 
- I I 

f----i:,_::::;..._---.-4--1 __ __j l~ RM I 1 0 0 

System I Kc 132 VAC -
120 VAC 
108 VAC -

Ramp Reset I l ... 
I 

l 

I I 
L ________ _J 

I 
Sta_rt Read 

OVM 

+15 

-15 

+30 
HV 

Low Range 
Int. Range 
High Range 

Period 

l.l 

Frequency 
to 

Voltage 
Converter 

Start Sc_an 

-

Scanner 

Pr inter 
and 

Paper Tape 
Punch 

Figure 2-9 Accelerated Life Test Setup for 4.6.13 
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14.999 
14.997 
14. 997 
14.995 
14.997 
14.997 
14.997 
14.997 
14.997 
14.997 
14. 997 
14 .997 
14.999 
14.997 
14.997 
14.997 
14.997 
14.997 
14.997 
14.995 
14. 997 . 
14. 997 
14.997 
14.997 
14.997 
14'. 997 
14.995 

t 14.951 14. 997 14.997 
14.997 14 .997 14.997 
14. 997 14.997 14.997 
14.999 14. 99 7 14.997 
14. 997 14. 997 14.997 
14.995 14.997 . 14.991 
14.995 14. 997 14.997 
14.997 14.997 14. 999 
14. 997 14. 991 14. 997 
14.999 14. 997 14.997 
14. 99 7 14.997 14. 997 
14.997 14.997 14.997 
14.997 14.997 14.995. 
14 .999 14.997 14. 995 
14. 997 14.997 14.997 
14.997 14.997 14.997 
14.997 14. 997 14.997 
14.997 14.997 14.999 
14. 997 14.997 14.995 
14.995 14.995 14.997. 
14.941 14.995 14.995 
14.995 14 .997 14. 997 
14 .997 14. 997 14.995 
14. 997 14.995 14. 997 
15.011 14.997 14.995 
14.995 14.997 14.995 
14.995 14.995 14. 997 

+ "' Sta rt Reference Datum 

"' Stop Reference Datum 

Table 2-16 Acclerated Life Test (4.6.13) 
(tl5 Vul L Puwer· Suµµly) 
- . -35-
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14.997 
14 .997 
14.997 
14 .997 
14. 997 
14. 991 
14 .997 
14 .997 
14.997 
14 .997 
14. 997 
14. 999 
14.999 
14.995 
14. 997 
14. 997 
15.001 
14. 997 
14. 995 
'14.997 
14. 997 
14 .995 
14. 995 
14 .995 
14 .995 . 
14.997 
15. 001 t, 



-14.991 
-14.991 
-14.993 
-14.991 

. -14. 991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.989 
-14.991 
-14.991 
-14.991 
-14.989 
-14.989 
-14.989 
-14. 981 
-14. 989 

. -14.989 

t -14.991 -14.991 -14.991 
-14.991 -14.991 -14.993 
-14.991 -14.991 -14.991 
-14.991 -14.991 -14.993 
-14.991 -14.991 -14.991 
-14.991 -14.993 -14.993 
-14.991 -14.993 -14.999 
-14.991 -14.991 -14.991 
-14.993 -14.991 -14.991 
-14.991 -14.991 -14.991 
-14.991 -14.991 -14.989 
-14.993 -14.991 -14.991 
-14.991 -14.991 -14.991 
-14.991 -14.991 -14.991 
-14.991 -14.989 -14.989 
-14.991 -14.991 -14.989 
-14.993 -14.991 -14.989 
-14.989 -14.991 -14.991 
-14.989 -14 .989 -14.991 
-14.989 -14.989 -14 .989 
-14.981 -14. 989 -14.991 
-14.989 -14.989 -14.989 
-14.989 -14.991 -14.989 
-14.989 -14.989 -14.989 
-14.991 -14.991 -14.991 
-14.989 -14.989 -14.989 
-14' 991 -14 .989 -14.981 

t-v Start Reference Datum 

t::.-v Stop Reference Datum 

Table 2-17 Accelerated Life Test (4.6.13) 
(-15 Volt Power Supply) 
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-14.991 
-14.991 
-14.993 
-14.991 
-14.991 
-14.991 
-14.991 
-14.991 
-14.993 
-14.991 
-14.989 
-14.983 
-14.991 
-14.991 
-14.989 
-14.989 
-14.989 
-14.991 
-14.989 
-14.989 
-14.989 
-14.989 
-14.989 
-14.989 
-15.001 
-14 .989 
-14.991 !:::. 



29. 955 t 
30. 139 
30. 111 
30.137 
30. 111 
30.151 
30. 107 
30. 129 
30. i05 
30. 131 
30. 107 
30. 129 
30. 105 
30. 141 
30. 101 
30. 117 
30.109 
30. 137 
30. 121 
30. 115 
30.087 
30. 109 
30.085 
30. 103 
30. 141 
30. 113 
30.083 

30.141 30. 111 30. 143 
30. 113 30.137 30 .111 
30. 137 30. 109 . 30.137 
30.111. 30. 135 30. 115 
30. 137 30. 109 30. 139 
30. 131 30. 133 30. 109 
30.131 30.107 30.131 
30.109 30.131 30.105 
30.137 30.103 30.125 
30. 105 30.131 30.109 
30.131 30.107 30.131 
30. 105 30.133 30.107 
30.133 30. 107 30. 127 
30.101 30.119 30.101 
30. 123 30. l 01 30:125 
30.091 30 .127 30. 105 
30. 141 30. 111 30.137 
30. 109 30.129 30. 101 
30. 117 30 .089 30. 117 
30.087 30. 115 30.085 
30. 151 30.085 30. l 09 
30.083 30.109 30.083 
30. 107 30.087 30;l09 
30.085 30.113 30.087 
30. 111 30.083 30. 141 
30.087 30. l 09 30.087 
30. 131 30. 117 30.141 

t~start Reference Datum 

;:,~stop Reference Datum 

Table 2-10 Accelerated Life Test (4.6.13) 

(+30 Volt Power Supply) 
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30. 117 
30. 133 
30. 113 
30. 141 
30. 113 
30.133 
30. l 05 
30. 129 
30.107 
30.135 
30. 121 
30. 131 
30. 105 
30. 123 
30.095 
30. 133 
30. l 09 
30. 127 
30.089 
30. 115 
30.085 
30. 111 
30.081 
30. 111 
30. 121 
30. 113 
30.027 /::, 



-599.99 t 
-599.99 
-599.89 
-599.01 
-599.33 
-599.29 
-599. 11 
-598.93 
-599.33 
-598. 77 
-599. 13 
-599. 19 
-599.ll 
-598. 71 
-600. 65 . 
-601.75 
-601. 11 
-600.65 
-600.71 
-600.09 
-600.07 
-599.69 
-599.69 
-599.65 
-599.41 
-599.47 
-599.91 

.... . . ........ .. .. 
.. ,, 

.: :· ' . 

-600.41 -600.27 -600.19 
-600.03 -599.91 -600.13 
-599.83 -599.93 -599.61 
-599.51 -599.23 -599.07 
-599.51 xxxxxx .·. -599.27 
-599.43 -599.43 -599.29 
-598.89 -599.03 -598.83 
-599.0l -598.83 ·-599.05 
-598.63 -599.25 -599.13 
-598.95 -599.27 -599. 15 
-599.03 -599.21 -599.0l 
-599. 17 -599.13 -599.29 
-599.03 -599.09 -599.19 
-600.17 -600.33 -600.21 
-600.95 -601. 27 -601.45 
-601. 99 -601.49 -601.53 
-600.93 -601.01 -600.91 
-600.67 -600.65 -600.67 
-600. 11 -600.37 -600.13 
-600.25 -599.95 -600.29 
-599. 81 -600. 15 -599.97 
-600.05 -599.73 -599.93 
-599.67 -599.47 -599.13 
-599. 75 -599.47 -599.59 
-599. 21 -599.51 -599. 51 
-599.67 ..:599,57 -599.61 
-599.67 -598. 93 -599.31 

t"8tart Reference Datum 

ei~stop Reference Datum 

Table 2-19 Accelerated Life Test (4.6.13) 

(High Voltage Power Supply) 
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-600.23 
-599.95 
-599.37 
-598.91 
-599. 15 
-599.03 
-598.97 
-598.87 
-599. 11 
-598.93 
-598.93 
-598.95 
-598.95 
-600.43 
-601.69 
-601.05 
-600.85 
-600.33 
-600.15 
-599.53 
-600. 11 
-599.73 
-599.55 
-599.59 
-599.71 
-599.23 
-602.69ti 



5. 3539 t 
5.3913 
5.4309 
5.4605 
5.4699 
5.4799 
5.4771 
5.4759 
5.3483 
5.3445 
5. 3479 
5. 2039 
5.3441 
5. 3589 
5.3839 
5. 3859. 
5.4219 
5 :4281 
5.4291 
5.4149 
5.4419 
5.4479 
5.4469 
5.4199 
5 .4411 
5.3849 
5.4399 

5.4599 5. 4477 . 5.4337 
5. 3995 5.3839 5.3759 
5.4433 5.4501 · .. 5.4539 . -
5. 4631 5.4639 5.4651 
5.4633 5.4493 5.4641 
5.4801 5.4829 5.4841 
5.4789 5.4781 5.4789 
5.4757 5.4749 5.4159 
5.4375 5.3317 5.3429 
5.4359 5.4319 5.3715 
5.3459 5.3545 . 5. 3445 
5. 3603 5.3583 5. 3577 
5. 3499 5.3469 5. 3631 
5.3415 5.3793 5.3255 
5. 3009 5.3269 5.3199 
5.4117 5. 3987 5. 3079 
5.4315 5.4331 5.4281 
5.4339 5.4249 5.4203 
5 .4271 5. 4231 5.3165 
5.3347 5.3045 5.3193 
5.4401 5.4439 5.4429 
5.4401 5.4441 5.4455 
5 .4503 5.4419 5.4491 
5. 4481 5.4409 5.4059 
5. 4439 5.4375 5.4379 
5.4135 5.4141 5.4223 
5.4321 5.4385 5.4505 

t-v Start Reference Datum 

ti-v Stop Reference Datum 

Table 2-20 Accelerated Lite Test (4.6.13) 
· (Low Range) 
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5.4453 
5.4083 
5.4519 
5.4675 
5.4757 
5.4783 
5.4759 
5.3375 
5.3439 
5.3183 
S.3471 
5.2599 
5 .3935 
5. 3981 
5.3861 
5. 4021 
5.4265 
5.4133 
5.4169 
5.3807 
5.4465 
5.4405 
5.4409 
5.4399 
5.4399 
5.4285 
5.3881 ti 
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.. 
7. 7641 t 
7.8605 
7. 8381 
7. 8511 
7.8661 
7.8403 
7.7459 
7. 7181 
7.7491 
7.7597 
7. 7789 
7.7889 
7. 7421 
7.7505 
7.8139 
7.8229 
7.8537 
7.8089 
7.7439 
7.7515 
7.7393 
7. 8101 
7.7999 
7.7945 
7.7989 
7.8073 
7.7431 

7.8641 7.8581 7.8659 
7.8507 7.8559 7.8403 
7.8367 7.8391 7.8437 
7.8439 7.8783 7.8679 
7.8683 7.8579 7.8451 
7.8349 7.7609 7. 8119 
7.8239 7.7987 7.1999 
7.7507 7.7815 7.7883 
7.8079 7.7923 7.7951 
7. 7701 7.7569 7.7663 
7.7861 7. 7799 7.7859 
7.7831 7. 7611 7.7647 
7.7509 7.7705 7.7745 
7.7421 7.7421 7. 8119 
7. 8231 7.8185 7.8249 
7.8145 7.8337 7.8551 
7.8599 7.8475 7.8489 
7. 7703 7.7539 7.7453 
7.7489 7.7493 7. 7709 
7.7459 7.7529 7.7391 
7. 7761 7.7621 ·7.8099 
7. 7951 7.8089 7.7999 
7.7405 7. 7911 7.7411 
7.7387 7.7975 7. 7781 
7.8015 7.7339 7.7001 
7.7099 7.7889 7.7669 
7.8509 7.8249 7 .8471 

t~start Reference Datum 

!::.~Stop Reference. Datum 

Table 2-21 Accelerated Life Test (4.6. 13) 

(Intermediate Range) 
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7.8575 
7. 8499 . 
7.8429 
7.8661 
7.8063 
7.7289 
7.7101 
7. 7727 
7.7483 
7.8121 
7.7809 
7.7493 
7.7427 
7.8203 
7.8175 
7.8629 
7.8383 
7.7531 
7. 7789 
7.7469 
7.7929 
7 .8111 
7.7341 
7.8023 
7.7369 
7.7001 
7. 7737 !::. 



8.6551 t 
8. 7127 
8. 7077 
8. 7233 
8. 7161 
8.6969 
8.6079 
8. 5859 
8. 6135' 
8.6279 
8.6513 
8.6625 
8.6175 
8.6249 
8. 7107 
8.7025 
8.6997 
8.6751 
8.6161 
8.6253 
8.6149 
8.6885 
8.6775 
8.6735 
8.6799 
8.6881 
8.6129 

8. 7035 8.7163 8. 7177 
8. 7179 8. 7243 8. 7117 
8. 7075 8.7097 8.7137 
8. 7133 8. 7279 8.7165 
8. 7195 8.7001 8.6997 
8.6893 8.6225 8.6699 
8.6833 8.6571 8.6609 
8.6159 8.6445 8.6491 
8.6699 8.6541 8.6581 
8.6385 8.6279 8.6371 
8.6583 8.6519 8.6589 
8.6555 8.6365 8 .6381 
8.6257 8.64:35 8.6477 
8.6169 8.6383 8.7067 
8. 7241 8.7197 8.7269 
8. 6103 8.6205 8.6991 
8. 7037 8.6845 8.6789 
8.6379 8.6225 8.6141 
8.6219 8.6209 8 .6441 
8.6203 8.6279 8.6137 
8.6509 8.6391 8.6875 
8.6715 8.6879 8.6771 
8.6197 8.6685 8.6201 
8.6137 8.6769 8.6571 
8.6829 8.6131 8.6209 
8.6235 8.6619 8.6459 
8.7339 8. 7245 8.7319 

t~ Start Reference Datum 

/J~ Stop Reference Datum 

· lable 2-22 Accelerated Life Test (4.6.13) 
(High Range) 
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8.6805 
8.7197 
8. 7131 
8.7163 
8.6625 
8.5939 
8.5783 
8.6357 
8.6157 
8.6829 
8.6533 
8.6241 
8.6173 
8. 7171 
8. 7177 
8.7095 
8.6941 
8.6223. 
8.6505 
8.6229 
8.6703 
8. 6899 
8 .6117 
8 .6821 
8.6149 
8.6209 
8.6481 /J 



4. 9601 t 
4.9611 
4.9609 
4. 9611 
4.9609 
4.9607 
4.9607 
4. 9605 
4.9613 
4.9607 
4.9609 
4.9601 
4.9605 
4. 9571 
4. 9603 
4.9605 
4.9609 
4.9607 
4.9603 
4.9607 
4.9605 
4.9599 
4.9603 
4.9599 
4.9599 
4.9595 
4.9595 

4. 9611 4.9609 4.9609 
4.9601 4. 9611 4.9613 
4.9591 4.9599 4.9607 
4.9603 4.9613 4.9615 
4.9615 4. 9611 4. 9611 
4.9609 4.9609 4.9607 
4. 9601 . 4.9611 4. 9611 
4.9607 4.9607 4.9615 
4.9603 4.9613 4.9601 
4.9615 4.9615 4.9615 
4.9611 4.9609 4. 9611 
4.9605 4. 9571 4.9609 
4.9581 4.9603 4. 9611 
4.9599 4. 9601 4.9603 
4.9605 4.9603 4.9599 
4.9603 4.9605 4.9603 

. 4.9609 4.9603 4.9607 
4.9605 4. 9609 4.9591 
4.9603 ~ 4. 9593 4.9601 
4.9605 4.9605 4. 9611 
4.9605 4.9599 4.9593 
4. 9601 4.9599 4.9589 
4.9603 4.9563 4.9599 
4.9599 4.9599 4.9599 
4.9599 4.9597 4.9599 
4.9597 4.9599 4.9599 
4.9599 4.9591 4.9599 

trv Start Reference Datum 

l'.lrv Stop Reference Datum 

Table 2-23 Accelerated Life Test (4.6.13) 

(Signal Generator rv lOOKc) 
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4.9593 
4.9611 
4.9609 
4.9611 
4.9613 
4.9601 
4.9605 
4.9613 
4.9603 
4.9615 
4.9605 
4.9613 
4.9611 
4.9603 
4.9603 
4.9609 
4.9607 
4.9603 
4.9603 
4.9603 
4.9599 
4.9575 
4.9577 
4.9599 
4.9571 
4.9599 
4.95891'.l 



10.,051 t 
9.9175 
9. 9773 
9.9499 
9.9749 
·g. q74~ 
9.9891 
9. 9777 
9.9693 
9.9853 
9.9975 
9.9841 
9.9971 
9.9737 

10.029 
10.027 
10.007 
9.9955 
9.9847 

10.007 
9.9991 

10.019 
10. 019 
10.013 
10.011 
10.009 
10.025 

9.9261 9.9043 
9. 9277 9.9371 
9.9679 9.9627 
9.9659 9. 9791 
9.9749 9_. 9619 
q, q717 q_q!)~l 

9.9875 9.9839 
9.9713 9.9815 
9.9937 9.9923 
9.9757 . 9. 9837 
9.9827 9.9693 
9.9601 9.9891 

10.013 10.005 
10.013 10.029 
10. 027 10.023 
10.027 10.015 
10.015 9.9969 
10.013 9.9841 
9.9983 10.017 

10.007 10.011 
10. 007 10.015 
9.9867 10. 017 

10.027 10.025 
10. 007 10.007 
10. 021 10.011 
10.023 10.023 
10.045 10.071 

t~·Start Reference Datum 

t,~ Stop Reference Dat~m. 

9.9579 
9.9329 
9.9835 
9.9765 
9.9449 
9.9911 
9.9487 
9. 9713 
9.9495 
9.9853 
9.9803 
9.9645 
9. 9773 

10.035 
10.027 

. 10.015 
9.9859 
9.9829 

10. 013 
9.9959 
9·. 9897 

10.023 
10.005 
10.031 
10.011 
9.9987 

10.029 

Table 2-24 Accelerated Life Test (4.6.13) 
(Period Response) 
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9.9559 
9.9613 
9.9693 
9.9673 
9.9871 
9.9837 
9. 9671 
9.9837 
9.9603 
9.9753 
9.9929 
9.9975 
9.9643 

10.027 
10.035 
10.007 
9.9945 

10.011 
10.009 
9.9829 
9.9971 

10.023 
10.027 
l 0. 011 
9.9937 

10.025 
10.049 t, 
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2.3 VOLTAGE TRANSIENT 

This test was performed in accordance with D.O.D. Specification MIL-N-

52334(M0), Paragraph 3.3.1.3.1. The transient was induced by connecting the 

secondary of a 24 volt transformer in series with the AC input to the WRM Sys­

tem, and then manually switching in and out this extra 24 volts. The test 

setup is shown in Figure 2-11. 

Tests were conducted for the two worst case conditions: 1) AC input= 

132 VAC, Transient = +24 VAC; and 2) AC input = 108 VAC, Transient = -24 VAC. 

During both type transients,ringing was vis1ble on the low voltage power supply 

I ines (=15, -15, +30). However, no change in system output was noticed either 

during or after the transients. 

2.4 FREQUENCY TRANSIENT 

This test was performed in accordance with,D.O.D. Specification MIL-N-

52334CMO), Paragraph 3.3.1.3.2. The transient was induced by manually varying 

the frequency of a variable frequency power supply. 

The power supply was initially set for 60 cps and then varied by .±_10 cps. 

These transients had no effect on the WRM System either during or after the 

transient. 

2.5 SUSCEPTIBILITY 

This test was performed in accordance with D.O.D. Specification MIL-N~ 

52334CMO), Paragraph 4.6. 11. The switching function was performed by a relay 

which was turned on and off at the required rate by an astable multivibrator. 

Another manually operated switch selected the d~sired noise source. 

A certain degree of susceptibility was exhibited during this test. And, 

as would be suspected, the worst case was near the very bottom of the system's 

range (10- 8% Power). The AC noise source cau~~d practically no indications on 

the system readouts while the ful I wave rectified noise source consistently 

caused a 2 to 3 percent upscale indication from the 10- 8% Power level. Occasion­

ally, an upscale indication in excess of tour percent would be noticed. 

=44= 
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Figure 2-11 Voltage Trd11~ient Test Setup 
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The exact source of the susceptibi I ity problem was not isolated, however, 

the noise spike did appear to be coming through the power supply I ines rather 

than pickup through t~e signal leads and cables. It is therefore recommended· 

that AC~ ine fi lt~~ing in cohj~nction ~ith ~n. isolation tra~sformer:be used 

1o~ field installations. 

2.6 SHORT TERM REACTOR TEST 

The purpose of this test was to determine·the combined response of the 

WRM System and a NA04 fission chamber. The test was performed at the General 

Electric Nuclear Test Reactor at Val lecitos Nuclear Center. The power level 

of this reactor can be readily varied. However, the range of adjustment over 

which the reactor's own instrumentation is I inear is four to five decades. 

Therefore, two separate tests were conducted to insure that both overlap regions 

were covered sufficiently. 

For the first test, the fission chamber was inserted into the maximum 

flux region and then the reactor power was increased unti I the neutron flux 

at the chamber location was about 2.5 X 10 1.6nv. This represented a reactor 

power level of about 2000 watts. Good overlap data between the Intermediate 

and High ranges was obtained. 

The second test was carried out with the detector in such a position 

that when the reactor was at ful I power (30Kw), the WRM System was reading 

about 3 X 10- 1% Power. This gave good overlap data between the Low and 

Intermediate Ranges. 

Data from both tests are presented iri T~bles 2-25, 26 and Figures 2-12, 

13. Al I data points are wel I within the ~pecif ied accuracy. Note that in 

Figure 2-12, an additional curve is shown which represents the relationship 

between the WRM output signal and DC current from the WRM detector. The points 

for this curve I ie even closer to the. ideal straight I ine. This gives rise to 

the belief that some of the error in the data points for output versus flux 
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R E A C T 0 R 
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I N S T R U M E N T A T I 0 N W I D E R A N G E 

-+- . Multi range 
~ ::J 
VJ L a.~ Monitor Output a_ x Q) 0 -+- u 
E - ::J ~ 3 -+- :JO Q) 
<( Q) - :2: L 0 0 Q) ~ rn~ Q) ~ u ~ >~ LL 0:: 0 0.... -0 ~ VJ rnu cu rnu - Q) VJ 3 -+- Q) :2: c -+- co co 0 co u -+- _J -+- c u -+- L 0:: 0- ro 0:: ro c -+- 0 -+- Q) c L3 ·- 0 ·O:: VJ VJ 0:: VJ 
Q) L ro L ro -+- Q) Q) -+- > -+- • -+- -+-

~ L Q) 3 -+- Q) u '+- u .......... ·3- . -+- - .r:. -
~ L :;:~ ::J >O L Q) ·.:::i '· :. : .o 0 c 0 rno 

::J 0 Q) c Q) 0:: <( . _J > -> ·-> u 0.... z ~ 0.... ~ .• ·.· ~ ~ :r: ~ 

. 18 x 10- 10 .011 1. 3 x 105 6.6 x 10-4 4. 72 4.74 4.69 -0-

.06 x 10- 9 .038 4. 7 x 105 2.2 x 10- 3 5.27 5.27 5.28 -0-

. 16 x 10- 9 . 1 1. 25 x 106 5.9 x 10- 3 5.73 

.3'1 x 10- 9 .2 2. 5 x 106 . -2 1. 25 x 10 6.07 5.87 6.05 -0-

.68 x 10-9 .4 5 x 106 2.5 x 10-2 6.51 6.05 6.50 4.85 
.. 

. 34 x 10- 8 2 2.5 x 207 1.25 x 10- 1 7.08 6.09 7.07 7.03 

.51 x 10-8 3 3.9 x 107 1. 88 x 10- 1 7.27 6.06 7.26 7.21 

1.02x10-8 6 7.8 x 107 3.75 x 10- 1 7.66 .5.95 7.60 7.61 

.24 x 10- 7 14. 1 1.76 x 108 8.8 x 10- 1 7.94 :; . 81 7.91 .7.89 

.34 x 10- 7 20 2.5 x 108 1. 25 8. 10 5.72 7.97 8.05 

.5 x 10- 7 30 3. 9 x 108 1.88 8.29. 5.60 8.01 8.24 

1.02 x 10-7 60 7 .8 x 108 3.75 8.64 . 5.45 8.06 8.58 

.24 x 10- 6 141 1.76 x 109 8.8 8.97 5 .. 37 8.06 8.91 

.34 x 10-6 200 2.5 x 109 12.5 9.11 5.36 8.07 9.05 

.51 x 10-6 300 3.9 x 109 18.8 9.27 5.32 8.07 9.22 

1.02 :x 10-6 600 7.8 x 109 37.5 9.60 5.29 8.07 9.54 

.24 x 10-s 1410 1.76 x 1010 88.0 9. 94: ·5. 25 . 8.07. 9.88 

. 34 x 10- 5 2000 2.5 x 10 10 125.0 10.08. 5.24 . 8.07 10.02 

., 

TABLE 2-25 Short Term Reactor Test #1 (5/24/68) 
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S Y S T E M 
-+- ~ c u 
Q) 0 
L 

~ L VJ u ::J a_ 
Q) U E 

(/) co 
........ L ·-

VJ 0 -
L -t- -+- -
Q) c u ·-

- ::J Q) :2: 
co 0 -+- ~ uu Q) 

(/) ~ 0 

25200 .0012 

80000 

198000, 

308000 .0015 

420000 .0021 

445000 .0049 

425000 .0068 

342000 .0145 

254000 .0274 

217000 .0384 

174000 .0573 

128000 .134 

112000 .265 

106000 .374 

101000 .561 

95000 1. 12 

87000 2.55 

85000 3.48. 
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R E A C T 0 R 

I N S T R U M E N T A T I 0 N W I D E R A N G E S Y S T E M 

+-c ~ 
+- Multi range Q) 0 

~ L 0 ::i~ LO 
(/) Q) +- a..o Monitor Out[ut ~ L 
a.. x ~ 3 +- 0 u ::J (/) 

E - ::J ::2:: L 0 "D ::J Q) Q) 0 a.. 
<C Q) - 0::: 0 (L a>~ 0 (/) Q) ~ Q) ~ rn~ (/) E 
~ >~ LL 3: +- L ::2:: +- rno rno co ........ L CO 

Q) (/) u +- L 0::: c - co co co 0 (/) 0 ·-
0 +- _J +- c +- Q) c •Q) 3: 0 0 co co 0::: L +- +- -
- c +- 0 co +- Q) 'I- ·-> 0::: (/) 0::: (/) (/) Q) c u-
0 Q) L CO L Q) u Q) +-~ +-. +- .c +- - ::J Q) ·-

L Q) 3: +- >O L 0::: u , 3- +- - CJ)- co 0 +- ::2:: 
~ ~ 3~ ::J c Q) ~ ::J :··. 0 0 c 0 ·- 0 uo Q) ~ 

"It: ::J R ~ 
~ (L <C" . _J > -> I> (/) ~ 0 

0 

.52 x 10- 4 30,000 7.8 x 107 .375 7.57 6.02 7.56 7.49 363000 12 

.26 x 10- 4 15,000 3.9 x 107 . 188 7. !JO 6.10 7.28 7. 15 418000 6 

.13 x 10-4 7,500 1.95 x 107 .094 6.97 6 .. 13 6.95 6.86 435000 3 

.65 x 10-s 3,750 9. 7 x 106 .047 6.69 6.10 6.68 6.46 419000 1. 55 

.52 x 10-s 3,000 7 .8 x 106 .0375 6.61 6.08 6.59 5.2 404000 1. 27 

.26 x 10-s 1, 500 3. 9 X 106 .0188 6.27 5.96 6.26 .62 332000 .66 

.13 x 10-s 750 1.95 x 106 9.4 x 10- 3 5.98 5.87 5.97 -0- 238000 .36 

.65 x 10-6 375 9.7X10 5 4.7 x 10- 3 5.64 5.54 5.64 -0- 146000 .22 

-6 . 52 x 10 . 300 7.8 x 10 5 3.75 x 10- 3 5.55 5.46 5.55 -0- 124000 . 19 

.26 x 10~ 6 150 3.9 x 105 1 .88 x 10- 3 5.26 5. 17 5.25 -0- 65000 . 13 

.. 13 x 10- 6 75 1. 95 x 105 9.4 x 10- 4 4.89 4.89 4.88 -0- 32300 . 10 

.65 x 10- 7 37.5 9.7 x 104 4.7 x 10- 4 4.58 4.60 4.57 -0- 16200 

.52 x 10- 7 30.0 7 .8 x 1 o4 3.75 x 10- 4 4.49 4.44 4.44 -0- 13150 

.26 x 10- 7 15.0 3.9 x 104 1.88 x 10- 4 4. 17 4. 19 3.99 -0- 6400 

. 13 x 10- 7 7.5 1. 95 x 104 9.4 x 10-s 3.86 3.87 .50 -0- 3130 

.65 x 10 -a 3.75 9.7 x 103 4.7 x 10-s 3.55 3.56 -0- -0- 1510 

.52 x 10- 8 ! 3.0 7.8 x 103 3.75 x 10-s 3.47 3.49 -0- -0- 1280 

.26 x 10- 8 1. 5 3.9 x 103 1.88 x 10- 5 3. 16 3. 17 -0- -0- 640 

.13 x 10-a .75 1.95X103 9.4 x 10- 6 2.85 2.87 -0- -0- 314 

' 

TABLE 2-26 Short Term Reactor Test #2 (6/4/68) 
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level could be due in part to errors in the reactor's instrumentation. This 

belief is strengthened when one notes that the data points deviation from ideal 

vafies periodically, the period being one decade. In pr~vious tests, the WRM 

System electronics did not indicate this type deviation. 

2.7 LONG TERM IRRADIATION TEST 

The object of this test was to verify continuous operabi I ity of the WRM 

System for extended periods of time under normal envionmental conditions. The 

test was conducted at Val lecitos Nuclear Center in the General Electric Test 

Reactor <GETR). The detector was located in such a position that at ful I reactor 

power, the neutron flux was about 2.5 X 10 10~v, and the gamma field was about 

2 X 107R/hr. 

The detector test fixture was constructed of stainless steel and, in addi­

tion to housing the detector, contained a heater capable of maintaining the 

detector temperature at 500°F. The detector was connected to the preamp I if ier 

by seven feet of high temperature coaxial cable (sol id stainless steel sheath, 

quartz fiber insulation) and 60 feet of low temperature coaxial cable (triple 

shielded R6-59 in the high voltage lead and trip!~ shielded R6-114 in the sig­

nal lead). Connection between high temperature coax and detector and between 

high temperature coax and low temperature coax was by tef Ion insulated HN to 

HN adapters. 

The WRM System and recorders was located on the instrumentation platform 

on the third floor of GETR~ During most of the test the length of the cables 

between the preamp I ifier and main chassis ~as about ten feet. However, data 

was taken with about 250 feet of cable between the preamp I ifier and main chassis. 

This data is shown in Table 2-29. Note that the length of cable between preamp Ii­

fier and main chassis has very I ittle effect on system calibration. This is 

also true with the actual flux measurement <,;;20mv change). 

Throughout the test, the neutron flux and period monitored by the WRM'and 

the temperature of the detector, were continuously recorded. In addition, data 

was'manual ly recorded intermittently to obtain a comparison of the GETR instrumen­

tation with the WRM readout. 
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This test was conducted from Auguts 15, 1968 through May 19, 1969. During 

this period of time, the reactor experienced 34 startups and was at ful I power 

(2.5 X 1olDnv at WRM detector) for about 5600 hours· (see Tables 2-27 and 2-28). 

At the beginning of the initial startup, the temperature of the detector 

~as the same as the temperature of the ambient cooling water <~60°F). By the 

time ful I power conditions were reached, the detector temperature was 380°F. 

Some of this rise is due to an increase in cooling water temperature (105°F), 

but most of the rise is due to the self-heatinq of the.detector. The data 

shown below was taken during the initial startup. Note that the output is 

I inear even though the temperature was changing. Also compare this data with 

the data from the startups of November 6, 1968 and April 21, 1969 (500°F 

detector temperature for each) on Page 54. A I I resu I ts are consistent. 

INITIAL STARTUP-AUGUST 15, 1968 

GETR Power WRM·Reading Idea I Reading 

50 Kw 7.00 7.00 

Mw 8.33 8.30 

5 Mw 9.02 9.00 

10 Mw 9.32 9.30 

20 Mw 9.60 9.60 

After the reactor had stabi I ized at f u I I power, the· detector temperature 

was increased to the required 500°F and remained at this temperature for most 
. . 

of the remainder of the test. The. WRM System revealed no change in output as 

the detector temperature was increased (9.93 volts ~utput at both 380°F and 

500°F). 

~hroughout the test, only one alignment adjustment was necesary and this 

was because of an electronic change, not instrument drift. Due to the high 

gamma field during shutdown conditions, it was necessary to remove the lower 

half decade from the Intermediate Ranqe response curve. This decreased the 

amount of overlap between the Low and Intermediate Ranges, but also meant that 

the neutron to gamma ratio was increased at the point at which the Intermediate 

Range began to control the WRM output. The adjustment made after completing 

this change was the only adjustment during the nine month test. 
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This decrease in range overlap wi I I decrease very slightly the I inearity 

of the system at the crossover point due to operating at a higher· point oh the 

counting curve. However, this decrease in I inearity is not as great as would 

have been present had the overlap remained at its design value, in which case 

the Intermediate Range would have control led the Auction even though its 6ut­

put signal represented almost entirely gamma radiation. 

Twice during this test the WRM System exhibited an intermittent gain 

change which appeared to be caused by a faulty component. The first event 

occurred about the first of October 1968 and appeared as a reduction in out­

put voltage equal to that which would be ca~sed by a factor of four reduction 

in flux. By successively monitoring the signal path, the trouble was isolated 

within the input gain stage of the main chassis. However, before the problem 

was pinpointed, the fluctuations ceased and could not be made to reappear. 

This would seem to indicate a loose connection or a cold solder joint. 

Then during Apri I 1969, the fluctuations appeared again only with a 

greater amp I itude. This time before any troubleshooting could be done, the 

fluctuations ceased. After the completion of the Long Term Irradiation Test, 

the main amp I ifier board was removed from the unit, al I solder joints checked 

or resoldered, and the board cleaned. No further gain fluctuations were 

noticed. 

Figures 2-14 through 2-24 are cutouts from the flux recorder connected to 

the WRM System. These sections of recorder data represent startups and shut­

downs occurring at various dates throughout the long term test. Some of the 

graphs have the crossover or overlap region between ranges marked on them. In 

al I cases the crossover of the Low and Intermediate Ranges occurs between five 

and six volts (50 and 60 on the graphs), and the crossover of the Intermediate 

and High Ranges occurs between seven and eight volts (70 and 80 on the graphs). 

For the shutdown and startup shown in Fugures 2-20 and 2-21, the ranges were 

switched manually in order to record the response of al I ranges. Note that in 

al I charts where the range switching was done automatically, there are no 

noticeable discontinuities in the crossover regions. Discontinuities on these 

graphs were caused by switching of the detector heater relay. 
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It was not possible to obtain a real accurate comparison between the WRM 

readings and the GETR instrumentation readings because the detectors for the 

!wo systems were not located in the same area. This means the fluxes at the 

different detectors could vary by qifferent amounts·depending on which con­

trol rod was being pulled. However, the readJngs of the two systems sti I I 

compare very favorably. The data shown beiow'w~~ obtained at two different 

startups,. the first on November 6, 1968 and the second on Apri I 21, 1969. 

GETR Power 

32.5 Kw 

650.0 Kw 

13.0 Mw 

20.0 Mw 

40.0 Mw 

GETR Power 
~~· .. 
·:.l 

50 Kw 

Mw 

20 Mw 

30 Mw 

40 Mw 

48 Mw 

STARTUP-NUVEMBER 6, 1968 

WRM·Reading 

6.80 

8.05 

9.35 

9.56 

9.83 

STARTUP-APRIL 21 , 1969 

WRM·Reading. 

7 .00 . 

8.27 

9.56 

9.70 

9.81 

9.90 

-.'i4-

Ideal Reading 

6.80 

8.10 

9.40 

9.586 

9.886 

Ideal Reading 

7.00 

8.30 

9.60 

9. 776 

9.90 

9.98 



Hours at 
Cycle Dates Fu I I Power* 

99 8/12/68 - 9/15/68 743".0 .· .. .. 
100 9/16/68 - 10/20/68 679.9 

101 10/21/68 - 11/24/68 680.1 

102 11 /25/68 - 12/29/68 664. 1 

103 12/30/68 - 2/2/69 727 .1 

104 2/3/69 - 3/9/69 686.0 

105 3/10/69 - '1/13/69 706.0 

106 4/14/69 - 5/18/69 71?.4 

TOTAL 5,598.6 

*Fu! I Power = 2.5 X 1010 nv at WRM Detector 

TABLE 2-27 GETR Operating History 
-55-

GEAP-11094 

Startups 

5 

5 

4 

5 

~ \ 

3 

3 

4 
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Hours 
Startup Detector Since 
Number Date Time Temp. (of) Shutdown 

1 8/15/68 0612 60 

2 8/15/68 0854 220 0.22 

3 8/21/68 0634 480 0.38 

4 8/30/68 0813 450 8.22 

5 9/12/68 0941 . 450 5.68 

G 9/22/68 0544 500 149.73 

7 9/23/68 00)1 500 0.93 

0 10/5/68 2300 480 5.00 

9 10/6/68 0224 490 0.32 

10 10/14/68 0720 490 0.28 

11 10/25/68. 1820 480 114.33 

12 11 /6/68 1838 500 11.43 

13 11 /6/68 2215 500 1.50 

14 11I19/68 0706 500 27. 10 

15 11 /28/68 1255 480 84.92 

16 12/5/68 1700 490 29.00 

17 12/10/68 1215 490 34.25 

18 12/19/68 1715 60 13.25 

19 12/26/68 0600 60 8.00 

20 1/1/69 0620 450 54.33 

21 1/6/69 1820 460 12.33 -
22 1/11 /69 2052 470 14.87 

Lj 1/21/69 1044 480 17.92 

24 1/29/69 1155 480 5.92 
-

25 2/8/69 0132 470 121 .53 
I 

26 2/24/69 1635 480 18.00 

27 3/3/69 1731 480 8.00 

28 3/13/69 1247 480 84.78 

L9 3/25/69 1220 440 26.08 

30 4/4/69 2252 460 18.87 

31 4/17/69 2056 420 92.93 

32 4/21/69 1859 440 5.00 

33 5/ 1 /69 1758 460 14.00 
34 5/13/69 1030 480 8.50 

IA!:jll::. L'.-28 _567_ETR Startup 1'11 =dur y 
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Power Supp I i es Period 

Date +15 -15 +30 Fixed Variable LRl LR2 IRl IR2 HRl 

8/30/68 5.512 7.502 7.802 

9/5/68 5.506 7.497 7.799 

9/11/68 14.99 15.00 29.90 10.022 5.051 5.504 7 .496 7.795 

9/15/68 14.98 15.01 29.96 10.026 5.054 5.492 7.481 7.782 

10/2/68 14.97 15.01 29.99 10.010 5.049 5.505 7.501 7.800 

10/9/68 14.99 15.00 5.504 7.501 7.803 

10/18/68 5.522 7. 517 7.816 

10/20/68 5.536 7.529 7.827 

11 /6/68 5.713 5.516 7.520 7.804 

11 /24/68 5.642 5.485 7.499 7.808 

12/26/68 5.645 5.485 7.499 7.810 

1/9/69 10.031 5.055 5.670 5.490 7.508 7.817 

1/11/69 5.667 5.490 7.507 7.816 

2/2/69 15.00 14.99 29.93 5.639 5.484 7.499 7.810 

2/24/69 15.00 15.00 29.93 10.030 5.055 5.613 5.478 7.494 7.803 

3/12/69 l. 70 5.688 5.481 7.497 7.807 

3/24/69 1. 71 5.661 5.486 7.500 7 .811 

4/3/69 10.037 5.051 1. 71 5.685 5.487 7.500 7 .811 

5/1/69 15. 01 14.97 29.93 10.040 5.638 . 5.485 7.495 7.806 

5/7/69 1. 71 5.658 . 5.488 7.504 7.815 

*5.7/69 . 5.684 5.477 7.493 7.802 

5/13/69 5.660 5.495 7 .511 7.818 

*5/18/69 15.01 14.97 29.97 10.046 5.062 1. 718 5.621 5.476 7.495 7.806 

Deviation +.02 +.02 +.05 +.018 +.007 +.01 +.05 +.025 +.02 +.023 - - - - - - . - - - -

*250 feet of cable between preamp I if ier and main chassis. Al I other data taken 

using 10 feet of cable. 

TABLE 2-29 Calibration and Drift Measurements 

-57-

HR2 

9.802 

9.800 

9.798 

9.784 

9.801 

9.807 

9.818 

9.831 

9.808 

9.811 

9.814 

9.821 

9.820 

9.815 

9.806 

9.811 

9.814 

9.814 

9.809 

9.817 

9.797 

9.822 

9.801 

+.024 -
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GEAP-110~4 

I. INTRODUCTION 

The purpose of this analysis is to determine a Mean Time Between Failure 

number for the WRM System. The failure rate data contained in MIL-HNDBK-217A was 

used wherever possible. Items not using failure rates from this source were: 

Modular Components (Op Amps, Power Supplies) 

Cermet PotentJometers (used vendor's data) 

The +15 Volt Power Supply is not included in this analysls since it is manufactured 

by another vendor and the instruction manual. does not includ~ enough· data on some 

of the components to determine the.applicable failure rates. 

I I. ASSUMPTIONS 

A. Unsafe Fal lure: Any failure resulting in a blockage of a scram or alarm 

output or a fixed or decreased output. 

8. It the result of a failure is the actuat~on of a trip circuit which is 

displayed to the operator, the failure is considered a safe tai lure. 

C. A failure which leaves a channel operative but results in an increased 

output (less margin to trip) is constdered a safe failure. 

D. It is assumed that al I parts are per mi I-spec's. In reality a good 

percentage of the parts are, indeed, manufactured to mi I-spec's. This 

permits us to use MIL-HNDBK-217A as our basic reference for al I rel i­

abi I ity values. Where necessary, additional assumptions are made and 

noted in the Analysis. 

E. Although worst case amb1ent is spsclfled as 50°C, it is assumed the com­

ponents may reach 60°C ambient. Al I stress calculations are made on 

this basis. 

F. Component failures are assumed random (neglecting infant and wearout 

fa i I ures). 

G. Failures are assumed independent. 

I A-1 
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. I GEAP-11094 

I I. ASSUMPTIONS (Continued) 

H. When the open ar:id shorted failure mode produce separa·1·e r'esults, the 

unsafe failure rates are calculated as fol lows: 

.. 
OPEN MODE SHORT MODE : UNSAFE· FA·I LURC RATE 

0 0 0 

x 0 

lx Fa i I un:l Rc::tte 
o. x 3 . 

x x IX Fa i I ure Rate 

I I I. RE SUL TS 

This ana I ys is shows the WRM System to h.ave a fa i I ure rate of about 

16, 780 failures per mi 11 ion hours or a MT13F o·t about 59.6 hours. It is 

interesting to note thAt 16,500 failures pe~'mill ion hours are contributed 

by the 30 reed re I ays in the system. If the reed re I ay fa i I ure rate is 

subtracted from the total, the remainder .is 280 failures per mi I I ion hours 

or a MTBF of 3,570 hours. This figure seems much more reasonable and is in 

better agreement with our test results. It one subtracts the reed relay 

failure rAte from the total unsafe tai lure rate, the result is a MTBF of 

6,940 hours tor unsafe failures. 

In order to reduce the tai lure rate,.one can look into replacing the 

reed relays with other ·relays or sol id state switches. In the Preamp I if ier 

and High Voltage Filter there are seven (7) relays which cannot be replaced 

by sol id state switches due to the high voltage requirement. Therefore, 

if one assumes that it is necessary to keep these seven (7) relays, but 

repl~ce +~em with ~Type J Arma+u~e Rel a~, the failure r~te per relay 

A-2 
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111. RESULTS (Continued) 

wou Id be reduced to about i I 0 fa i I u res/mi I I ion hours. If the other· twenty­

three (23) reed relays are replaced by sol id state switches with an assumed 

failure rate equal to a nominal. semiconductor failure rate (about one fail­

ure/mi I lion hours), the overal I failure rate for the system reduces to 

about 1,073 failures/mi 11 ion hours, or a· MTBF of afxHrl' 930 hours. 

( 

! 
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i. 
I 
I 
I 

I 
I 

I· 
I 
i 

Module 
Safe & Unsafe 

(Fai lures/106 Hrs.) 

Preamp I if i er 

Main Amp I if ier 

High Voltage Filter 

30 Volt Power Supply 

H.i gli Vo I tage Power Supp I y 

Campbel I Calibrator 

Signal Generator 

Pulse Height Discriminator 

Log I nteqrator 

Intermediate Range Amp I ifier­
Rectifier 

Intermediate Range Log Ladder 

High Range· Amp I ifier-
Rectifier 

High Range Log Ladder 

Multirange Monitor 

Auction 

Auction Monitor 

Per· i od Modu I e 

Ramp Generator 

Dual Trip (3 Units) 

TOTAL 

" 

2210.7631 

1666.3899 

1652.2604 

5.2600 

20.5578 

3309.4990 

2.6528 

33.7358 

6.6190 

12.7192 

7.4569 

12.2274 

7.5589 

1666.1558 

1674. 1742 

1659.6490 

1112. 1509 

1657.3860 

62.4432 

16779.6593· 

TABLE A Failure Rates By Module 

A-4 

', 

GJ::A.P-llUY4 

Unsate 
CFai lures/106 Hrs.) 

554. 1903 

379.4659 

.2840 

.2600 

.L650 

22.7540 

6.4330 

10.5444 

5.3634 

4.7361 

5.7984 

1110.5632 

1119. 2094 

1108. 9431 

35. 1012 

4360.9093 

j 



+ 

GENERAL@ELECTRIC 
,, 

·011 lfll UJlfll llO .lll03 ' 0 ' ·. I f'~ I ! . 

: ! 

I "011 ONIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- 11[¥ 
TITLE ?reom,Pl/F/ter CONT Oii SHHT;:. .. rtO./ 

NO. 
.. I .. APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F'AI tUR:E R'.ATE .D:AlA .. I FRACTIONS 

1~ 
DECIMALS I~ ANGLES 

"SHEET 
I + 

PA4.9 ·----------------··--p~-- - CONT ON SHEET SH NO. FIRST MADE FOR 
, 

.. 
II .. 

: 
. ·:. STRESS l'IODE THEr+iAL STRESS FAILURE RATE I ... (9 •".f· I 

COMMENTS 
.. 

~ 
' .. ITEM PARl DESCRIP FA I LURE MODE (a) (b) (c) TA = o0°C /1o0 HR 

··~"'; .:.'.. . 

MATERIAL i : 

' NO· NO TION -. . J MAV T.R. ATJ~C' T(N). SAFE ~~f ~RE I I 
., OPEN SHORT DRIFT P(OP. ).IP. (RATED) \t>p~ )/ V~ATEI: I4Jp.)II~TED J(oC) 1>C/MW &'UNSAFE . -- - J -I '1 

.... ·. 
C"11"~"r A5.5t1me j 1.;4~i1'9/(~ao nrs, ) ell 0 0 .06 

.. -
: . . .. . 06-496/P. - . -··· -· -·- : 'C,.1nne" foi'' ' .. 

.. ;?. J.2 x 0 .06 .04- j fl i .. 
l)rJ-331/tl >I 

I .-. -+ 
C ttnnllt-fq Y' 

,04 
l 

' 
·' -'::; J"4 I/JG -4 !)6/1/ x 0 .06 11 ' .....; I ····=·· I 

I 
. ·I ,_ 

J'3 
c,,,,,, ee.rdJ" 

0 0 .06 . I . 4 ?'&-93/ft' .. - . I{ -
Conned""r .34- ·I - 7 Acf/i;~ /?t'n.J ~ r :J"S x x . If. 

'"" £! !111 f'l.7 - ,.}4. 
.' 

f1y/ar x 3%o ;oozB 00 I 8 I . ,. ~ 
6 'Ct Cap. 0 . -

~ ' ) 

-%0.· ' a x .OOZ7 -7 ·c? // ld1J/; I 004-. j I 

.... 3 ··.Ii : . x-. ·o· , 10/zo. ,013 ,009 ' ·! 
.. -8· . c:.. : •·.• ·.11· . : :.. . . ' . ' 

I 
; 

~ 
0. 0 0 IS/20 .oa I ' [ :;; C4- II // 

/'' cs /I II x 0 -6/.zo .oo+ .00~6 f 
.! L •./ 

i I 

;111ca 0 x O/soo ,ozc,. I .... 

// C6 /I . 0/8 I t 
12 C7 Toor: 0 0 S/zo· · ,004- ' . 

.· .· ! 
II -I 

S/20 
,. 

a Q 
. /';; ·CB II ''· .004-~· I i 

' 
! -· 

/4 -C9 /i /f x 0 IZ/20 ,03 ,02 I I~: 

+ 

JS x I0/3S .ooz6 i I~ . C/0 /I II () .004- I i ; 

I r ·-
16 Cl/ /I II 0 0 IS/3.S- . .04- ,I. 

+ 

·- ·r -
IS/35' 

., -

I? C,'J . /I /I a 0 ,04- , . 
' ,_ 
I 

18 C/3 /I I/ 0 0 IS/3S- ,04- I· . 
' 19, C(4 '°4jJer 0 x 6S0ioo .38 .. 

II ,.Z6 I t 
... . . I NOTE:· 0 = SAFE FAILURE: X = ~E FAILURE PAGE sUB . lOTAL · /,25"18 .7367 

I . --

+ 

"'"'~ "" Al'PllOVALa SNO · en• 011 ·-A~S i 
I ---·--------·-------·-----·----°'" I 

... . ll!UED SAN JOSE,CALIF 
. 

J ·' ~~ -•-a .. 
.. llO. . ····•(>. 

·' 
••..v.-111 •• ~,. I it I I I ~ : ~ 
NINTllD HI U .•. A.. - ... 

'•. 
. , ·. :'•'. . · .. ,. .. ... •,• 

: ' ...... ·' ~ 



+ 

; 

GENERAL@ELECTRIC 
' ... 

"O• MS .&HMS ~ .&•o:> ,. Cl. ; .· 
·. I ~,. I 

I 
: .. .. 

.. ..c;.2 "011 ONIMYllO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- llCY 
TITLE ?reom,Pl/f/er CONT ON SHHT 3 . . HO • 

I . 
APPLIED PRACTICES SURFACES TOLERANCES ON ·MACHINEO DIMENSIONS .. .. I FRACTIONS 

1~ 
DECIMALS I~ ANGLES 

F:.AI tURE R~ATE .D:AT.A SHEET 
. ... I_ + 

FIRST MADE FOR f?A . 4 $} . . I ·-----------------------~ 
.. .. CONT ON SHEET SH NO. . . . ··-· 

.. II .. 
: . .. ··- ... 

STRESS rtOD.E THE~L STRESS FAILURE RA '"E I -: ,• !. 

' .. ITEM PARl DESCRIP FAILURE MOOE (a) (b) (c) TA = b0°C /1o0 HR . 11 COMMENTS -
MATERIAL I 

NO· NO TION ·1 -. . T MAlC T.R. 6TJ~C' T(N) SAFE ~rei~E ·I I OPEN SHORT DRIFT PcOP.)IP"cRATEO) \lop~)/ V~ATEr I~p .)II~TED J (oC) . .. PC/MW &'UNSAFE .. 
I ' I ! -., 

.... ·. x 15/.3~ .04-
I 

j . . zo. Cl.Y . Cop. . f;17t. 0 ,O,Z6 ! -
.. l .. . -- . . . 

:wr::'~Ol.l!lor.=".= -- ... -.. 

1513~ 
I ,. 

0 x ,0/3 ,009 ' .. .Z/ C/6 /I II I I 
i ., -... : 

+ 

!Sj~r ' I 22 C/7 0 0 ,oq •I -// II I 

I ' ' . I 

I 4 i ,_ 

~~3 Cle /I I/ 0 0 JS/_%- ,013 I -- . .. . . - ··- -- -- I I 
! 

JS/35 I 
,. -

24 C/_9 /I I/ 0 x .0/3. .009 ' -- : ' ' . •1. . i r-
·.fi I Pilfer ',as-µ A.?.s1.1me~ · 

, ! ' ..., - 0 0 ./0 # 
! 

,. /. !; i:-

.,0-9.z A~~" it' &'1 i 
.-, I FL;: x x ,/0 , / -/.b /I 

~ I 

.Zl: -iJ: ·Choke· o· ! I So/f6o .2 I 
I 1· f" - . . - o· .. : . -.. . 

I 
i .,_ 

28 L2 ;< 0 50//60 .21 ,/4 I I II 

29 RI Res. Ctlmf?, 0 0 -o/soo ,02) f 
,, .! L 

I ~ 30 /.{2 0 0 ·§/s-oo I 

ti I/ .0.Z). I 

~ 
31 :p.J ,Alld"11/ 0 x 2oo;2so= ,0018 ,oosz 

' 

. I 
._,/ 

,.. 
Alm 

; ... 
I 

32 R4 0 x ..9//2so ,0057 '00.38 
I~-

/I I/ 
I 

' 

.. ! ~-
33 RS /( Cr7m,P, 0 x IO/soo .021 ,,0/4 l ' ,, i 1--

+ 

1o;s-oo ' I i~ 
34 R6 ii // x 0 .02.) .014 I I I i . ' 

I I . -~ 

3S /?1 // // 0 0 .s;soo . .021 ., 

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

+ 

f'/etal .OOS4 ., - - - [ ·-
36 RB II ,C;'/m () 0 l/2SO I ' I 

37 f?9 /I C()m/4 0 0 7jsoo ,0,21 I --
' 

' 3~ RIO 0 0 !O/soo .OZJ I/ II I 
. 

I . . I PAGE sUB lOTAL NOTE:· 0 ~ SAFE FAIWRE: X = UNSAFE FAIWRE ' ,944-9 ,.32/0 ; 
j I 

I 
+ 

MAOl 8"f Ar~v~A&:S SNO .. . PIY 011 -A-6 I 
.. 

-···••••• •• -····--··•• •• ···-. --DlPT • llSUEO SAN JOg,.CAL IF ' 
I I UICA- C011T 1111 -n .. llO. ... ., .. ··--· 

......... llU..li I . it I I I tDS 
..... 

NINTllD llt U.S.A. -



.. 

+ 

'OM HS ilJHS MO !NO:I II GENERAL@ELECTRIC i ·. I e,. I 
I 

.. 
'OM DNIMVHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- llfV 

TITLE Preom,,Pl,.h er CONT 011 SHUT 4 ....0.3 
NO • . . 

I ,• .. APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F'AI tURE R'.ATE .D:A T.A .. I ,AACTIONS DECIMALS 

1~ 
ANGUS ·sHEET 

I + ' + 
FIRST M~DE FOR_ />A _4-9 .. ·-----------------------~ - -- ·- - CONT ON SHEET SH NO. . . 

.. II 
! 

: ... . 

I . ' STRESS IVDD_E lHERlilAL·STRESS FAILURE RA ~E .. t- ' 
: .· ·. ITEM PARl DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /1rF HR COMMENTS ~ . . 

MATERIAL • i 
: ·NO· NO TION . . TJMAX T.R. :6TJ SAFE ~re~~E I I 

--i 
OPEN SHORT DRIFT P(OP.)_/P.(RATED) \lpp~ )/ V~ATEO IQ:>p .. )IIMIB> (°C) T(N) I i .. PC/MW ~c &'UNSAFE ' I ~ I '1 

.... ·. /VJ e ftd oµso I I 

I 
I 

j3 RI! /?t!S, 0 0 .OOS4- I 
i-

: .. ·_,_E.f'lm 
1 

.. .. ·-· ~ 

10/soo 
I 

..... 
40 /(IJ. . a 0 ' 

.. /I ·comp. .021 I l 
i .-. . i-,. . . --- . 

+ 

10/soo 
T I 

: 

41 /{IJ ti 0 ,021 ·' ~ // 0 ., 
l . j" ; 

' 
., i ....... 

4-2 !?14 1( ti 0 0 ~S/5.00. .OZ/ ' I ;_; .. .. ! : 
.. 

j?JS 0 JSj.£'00. -I 
, 

4-3 It // :x IO;?./ ,0/4 ; ._ 

- : ; . .. j ti J . " 

f?/6 0 0 70jsoo.· · ~OZ) 
,... ; 

44 ''.. II - I ;_; 
l ! 

·+ 

/llt!t"I 1Sj2so ·J 

I ' 

45 ';R/7 /( x 0 .0057 .0038 l 
~ 

F//m l 

.46: 818· o-· ·x oj2so ,0054 ,oa36 
I I r . . ...... ,~ . ·. fl : ....... .. . . . : 

I 
; 

~ 
47 R/9 x !Ojzso ,aos4- .oo.s-4- I r /( // /.. 
48 R20 /I Comp, x 0 o/~oo· .021 ,014 r I t I 

0 0 tOjsoo I 

49 R21 
,, II .021. I 

t 50 R22 II 
}'le ia I 

0 0 5/,iso. .OOS4 I . ! 
F'l1n I'"-

SI H,·3 G/Q.s~ 0 CJ Zo/£"00 ,069 
; 1--

/I 
I ... -

. . ,o!j; Mai1~ ~i;.furer.s 
I . 

S2 J?Z4 PCJI: Cermet 0 J .z .. /4 4Qt.'.L, ! i 
i -~ 

I 
I I 

S3 R25 ,Res. Comp, x 0 1/s-00 .02.l ,014- I I 
! -~ 

. ! 
. 

l r 
. --: 

S4 R26 II II 0 .X o/soo . ,021 ,0/4 .. 

- ~ 
. 

+ 

... 

/Vie 'Toi o/2so 
- r .. -

S5 f?Zl fl 0 0 . 00S4-- I I , 
p//m I 

56 'if?l.~ /I C~rnP· 0 0 35/soo .OZ/ I 
' SJ Rf9 

,All &Tai x 0 -stJ2so .OOS7 ,0038 // ;:i'/m I t 
-· . 

+ NOTE:· 0 ~ SAFE FAILURE: X = UNSAFE FAIWRE ' PAGE sUB lOTAL ,SJ74- ,2/Zb 
I 
I 

MAOC l'I' 
__ .,,. ... 

SNO . DIV 011 A-7' I -···•·•••··-····--··•••••··-··-Dtn i . ISSUED SAN JOSE,CALIF 
. 

I LOCATIOll COllTO. -ET .. llO.. .. 
..... - ... 110•1'1 I it I .. I I ~s NINTSD iN U.S.A. .,. ' . • . . 



'ON HI &JJHS NO .lll~ II GENERAL@ELECTRIC i /~ 
·. : 

I f,.. I ! .' .. 
'Oii OlllMYllO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- REY 

TITLE_ Preqm_Ph'her CONT 011 SHHT F .. .0.4. . . NO • 
.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS .. .. .I FRACTIONS DECIMALS 

I: 
ANGLES F:AltURE R'.ATE .D:AT.A ·sHEET 

I + + 
FIRS_T "!AD~ FO_R _PA 49 .. ··········•-"'!·~~'t..!!~-~-'!':-~- - - CONT ON SHEET - - .. SH NO. .. . -

II .. . ; 
: .. - ··-·-- --- ·- .. - -

STRESS fvDD.E THER\1AL STRESS FAILURE RA ~E . I 
.. 

•',t· 

ITEM. PARl DESCRIP FA I LU.RE MoDE /1o0 HR COMMENTS : ·-: .. (a) {b) (c) TA = o0°C MATERIAL : i. 

NO 
.. 

NO TION - .. 
. T MAX J.R. ~TJ SAFE ~r~G~E ·I 

.. 
I -.. OPEN SHORT DRIFT PcoP. )_IP °<RATED) \lop~ )I V~ATEC IQ)p .. )IIAATED: J(oC) °CIMW ~c T(N) &'UNSAFE ·l • . 

I -. - ·I 
... ·. cf? ISjioo 

I 
., 

.. . . 58 !!V914 _$///con 0 0 ;so 28 ,363 -I I " 

+ 
. . - _ .. ···- -: .. 

Cfi 
-

0 0 ' !Sj;tJp .Z8 ,363 i .-59 ff /I /SO j z ' l ·- -: 
: 

CR ' I 60 0 0 !S/100_ ;so .Z8 ,363 ·' -
3 // /I : I 

: I ! .... : .. 
I 

' 

·1/io I I ;-

.61 a1 2;113799 II 0 0 !/.360. /75 .4-9 2,5 . . ?.S' I 6'4-. .. I ;_ . . . 1·; 
.. 

20/360 7/60 10 .3~ ·I -62 {)2 2AIZ484 II 0 0 /75 .43 ,3p ; r 
: i. 

~ -·-- . 
I ·. 

J . 63 '(;?3 b 0 15/360 .. 6/60 11S .49 7,5 .27 ,3S-
/ ! ! /I II , 

II-' 
. . 

. /Coj£oo. 6/60 
i . 

64 ·Q4 U290:5 0 0 /7S ,2,9 30 ,43 /101 
... 

/I j I 
- -··f?e/qy 16°1z2s %00 lr;f2s- I ·' .. .b,.IJ: :X/: .. . x·· J. I cso 550 TY,o~r. :-.. . : 

. :·1 i ... 
66 j{2 0 Jt0/22s 0/3oq lc?J;~s- sso II I c II CJ -

' 

lt0jz25 %00 .1 67 /(3 II 0 0 0/;25' sso /I 

f L 
. I 

~ /6°};; 4 °1.Joo 01 . I 

K4 0 0 ss.o. I .. 
68 II 'Z2S //z5 /( 

I t ' 

69 OA OPA# a x 4-.38 Z,9Z A~"m~¥· : ! 
·1 ·I 

.... 
!; ; 

+ 

! _.--i 
~ 

I 
i ~ z:z.oa. SSL.92 I 
j I-

PAc: E.5 il.BTO TAL i i : 
: 0490 ! ~:i 

.... I lw 
' 

: I I i ~ 

I 2210. .!:tS4, I I ·-. UN, T , ,....o T, 4L 769/ /903 .... -- ·-- -

+ 

: 

·1 
·- .. --

I , 
I 

.. 
: 

I 
' 

I 
.. j 

.: ~ ;,: .. I ·I I ' 
' I ····--·-- ·--· .. 

NOTE:· 0 ~ SAFE FAI WRE: · X = UNSAFE FA I LURE · ·' PAGE sUB lOTAL I 

' i i .. I 
! 

.. . . ... •••a• ~ . .. . -
MAOl IY ArrllOYAU SNO . DIT UR : ·I 

I : .. -··········-····--········----0.:l'f -A-8 
. .. .. . ! ., llSU£0 

SAN J0~ 1~IF 
. 

I LOCA~ COllT Clll 11110 .. 
.. llO. ' . '-·--· - : .. 

+ 

rr .. ea.r 11e ... 1 I . it r I I tEBS ····• 
PllllU'CD 111 U.•.&.. .. - ,. .. " ,· ... 

.: ' . . 
.. .. 



·" . • .. .. 

GENERAL@ELECTRIC 
.. 

'Oii HI UJHS llO !NO:> ' II .· i'' .. I fr~ I ·.~:· . . .. 

+ 

UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- Ill¥ 
TITLE ;YtaJ/1 Amp//6'er 

~ 

CONT Oii IHHT 2 •.to. I '011 DlllMY~G . . 110 • 
.. I APPLIED PRACTICES SURFACES TOLERANCES ON .MACHINED DIMENSIONS 

.. I ,RACTIONS DECIMALS 

1~ 
ANQLH F'AI tURE R'.ATE .D:ATA SHEET '. 

/ + + 
FIRST MADE FOR PA 4 9 .. ·------------------~----- - - CONT ON SHEET SH NO. 

II .. 
' - . . ······- -·· : ; --. ·: . STRESS flOD.E THE!f.1AL STRESS FAILURE RATE I r .•' '~ 

ITEM PARl DESCRIP FAILURE MODE (a)' (b) (c) /1o0 HR COMMENTS : 
,_ 

' .. TA = b0°C MATERIAL '·' 
' NO - NO TION . . T MAX T.R. IATJ~C' SAFE ~tei~E I 

., I 
.. -OPEN SHORT DRIFT P(QP.)IP.(RATEO) \tlp~ )/ V~ATEC 1¢JP .. )IIRnTEP' J{°C) °CIMW T(N) &'UNSAFE I .. .. :, -

.... ·. c 2/zo I 

j .Cop. . fd!Jt 0 0 ,9055 I -.. 
: .. I : . . ... .. c ~ 

.-? Q 
' ;S/3S .. 

~ 
,, 

// 0 .09 j l 
I 

~J .-. -' -- .. 

+ 
. 

c )'11cO a x 3/soo ,OZ.6 
T I _;: 

3 .017 -3 
(/ . r 

I •·"L•· 

" I 

c ' 
··1 -.4 /I !tJ!Jt. a 0 1s/.3s l. ,('09 I 4. . . 

'r 
i-

4.<-I'"-' ..... 

s :c 
0 x 15j.3S .OvJ ,006 ·I - . r-// 11 

'S . . : j 

c 
J 

.. t-
6 /I x 0 8/20 .001 .oos 

,. 
! 

'6 // . ;-' •. 

r 
;Ylylor o/;oo ' ; 

7 // 0 0 ,002Z 
... 

7 I I 

.8: . c. ...... //, -font· 0 .. ·x !5'°/3S" I .009 ,006 
I r ... ... ·e .. ~ - . . : .. i 

~ 
3 c /I x " 6/zo· ,005" .OOS" I [ 9 

II 

10 c JI I/ 0 0 S/,20 ,004 r 
.. ! t /0 I 

c I 

}1/ca x 0 ;?/SOC/ .017 
I 

// . fj I/ ,021r . I t ;2 'C 
II 0 x 6/Soo .026 .017 ' . 

. : ! 
/2 II ... ~ 
·c 

6/20 
I :: 

/3 - x . 00.!J- ,OOS' --'./3 // /017f x I 
J -~ 

/4 'C II f1/c.CJ 0 x 6/soo ,026 .0/7 ! I i 
14 . i --

• + 

c r;, -r 0 0 J.Z/20 ,026 
i i ... ;. 

15 /5- fl 
(J/JI' I I ; 

c I .. ; f ! --

/6 // f1y/ar x 0 zj;oo . .oo.zz .0015' /6 ··- - - --- - -- - - L. 

+ 

c ;S/ef 
- • -

/7 f;;;f, 0 x .OO!J .OOb I , ·- -

17 // ---, , 
,j I 

18 ex J)/9/4 5il1ttJn x x lO/ /.50 .44 ,5h- ~5'5 ·1 I I ' 

CR ' 

19. f. 'f. /Oj /50 ,SS- .~S' 
i 

I/ I./ .44 I I I ·;a i ,. . 
NOTE:· 0 = SAFE FAILURE: X = UNSAFE FAILURE ! PAGE sUB lOTAL /.3869 t202.S j· 

I + .:., .. : 

I ··-. -·-
MAOCIV llPPllO'lllLI. SNO . DIY 011 

I 
' 

-···--·--··-···-··-·······-··----Dln A-9 
i llSUED SAN JOSE,CALIF 

. 
LOCATIOll COllT • SMUT 

.. 
.. llO. .. - -- ...... -- . 

l'P-DG9-r 11e.a1J • I . it I I ' I -. ~ 
. 

~INTCO IN U.S.A. . .. · 
,. 



'Olt Ml 

I 
UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:-.. to--------·oie ... D,.,.lllM.-Y•~O 

I 
I 

APPLIED PRACTICES SURFACES TOLERANCU ON MACHINED DIMENSIONS 
FRACTIONS DECIMALS ANGLll 

+ + + 

Ill• 
110. TITLE 

GENERAL@ELECTRIC 
COlfT 011 IHHT 3 /V1t;t1/7 ,,l/dp/1 J-/er· 

F:AI tURE R'.ATE .D:AT.A 'SHEET 

'" .. t••·---------------------
I CON!. 011 IHl_~!. _ _ _ FIRST MAO~J()_R __ /?~ f3 

.. 
" 

II .. -. .;.._,~-y----..,.........-----,r------...,..-------------.---------.,~-~····"=-t-"""'f-~""""""'=--,---------------..-.~ ...... 
STRESS fel>DE THEr.1AL STRESS FA I WRE RA "E I 

.. ' •"· ITEM PARl DESCRIP MATERIAL FAILURE ftl>DE (a) (b) (c) TA = &ooc /1o0 HR 
, NO NO Tl~ 

OPEN SHORT DRIFT P(tp. )IP. (RATED) \bp~ )/ V~TB: I¢)p .)IIAATED 
1J~~~) 0t~w ATJ~c· T(N) & ~a~~AFE ~re~~E 

. .... ru 
·. • -·/. -..;I I ·•j'') 4 . " . . ~·(,/ 3 /! ~ !:!· o/" .91/con 0 x 13/ioo /SO .24- ,333 .2ZZ 

·I 

I 

l 

COMMENTS 

I 
I 

-

. + "· 21 c :~ II 

- - - -- -- ... 

0 Q l.3/;po I /$°0 ,24 ,333 /I I 
I 

I 

' 
; 

.-. -
I 

2 ::;; L. ,-1.v~ 
~'-" i' r.--/i °''''"' 

..... -· .? D~.5 
/. .!J I ri 

0 Q 13./JO~ 1:5'0 ,Z4- .333 

x a ·7S/!60 I .z ) 

x 0 75' /!60 I 2.1 

IS/zso. ,0054 

2ojs-oo. .02/ 

' 
I 

.14 ' 
'/4 ·I 

,. 

" -

--
I 
~ 

' ; . " .·. 27 ·@· ........ fl . ., ,,: ·. o. ·o 19/.5"00 .O,ZJ 

.021 

I ·I 
i. 

+~ .. .,,g· R ,, 
/-... 4- I/ 0 0 4/500 I '!II 

L 
.! L 

+ 

+ 

30 !J ii 

:F' 
31 ·7 fl 

// 

// 

)l/ t Tc1/ 
h/;7) 

!/ 

O O 10/z.so 
Q O ;Sjsoo 
O X 1oj2so. 

o o sql_s;oo 
X o /SO/soo_ .. 

.0054 

. OZ./. 

. 0054 .0036 

' .02.I I 

I 027 ,0/8 I 
.d.9 

;L 
·~ I . . --
1 

. ,· ,. , .. 
; ~~ 

i I 
'. ~, 
! I 
i I-"'! 
I • i 

'H ; : I 
t : I 34 ·fb // ,. o o ·~·~oo;sqo_· i 1 

1--~~---+---+---+---+--t--~ ........ - ................ - ................. ----t---+---t---+--+-· ... ·••-"I.'•'•"'· oO'~"~••P•-•• ""--:--11----_,..---...,...-------t "'""" 
351} 11 " a o 300/soo . .09 ! --------.~---+-----......_~ ..... , 

R -/ ·r 
3b .12 /I ti x 0 S;'S"OO .. - - .OZ/ ,014 ., I ~ 

37 ~ 11 JVjf ?,~l o o · s jzsci _ _ _ __ ._0054 
1 

I 

----+--+---II i · 38 .. !) 11 11 ,x o ·o/.;:so ... , oos+ . 0036 1 ' '--.. ~ . ..-...-----.----------__,, _______________ _... __ __,, _ __.....____,~~---------------+---+----+-~~~~~---------~---------t----1! 
NOTE:· 0 ~SAFE FAIWRE: X =~FAILURE : ( ' PAGE SUB TOTAL /,7790 .54/Z ....---+---1 ! 

.... _ .. _71 

PlllllHDIN U ••• A. 

I 
i 

I I 

;)NU DIY 0~ 

-··········-······-··········--·-Dl" 
.. ~. ~OSE,CALl_F_ LOCATIOll a»ITOll IMl:lT 

I tDS 

! 

. ",A-/0 ...... 
. ·. 



.. ..... 

GENERAL($} ELECTRIC 
. .. ..... &11111 llO .&Ill» 

i•r j·\'. ". I I : " 
'11111 OllUl'fllCI . UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- i:.s: . TITLE ~oi/J Am;J//l'lel" COllT Oii IHHT 4 .. .0.3. .. 

.• .. I APPLIED PRACTICES SURFACES TOURANCll ON MACHIN(D DIMINllONI 

F:A·I tUR:E R'.ATE .D'ATA 'SHEET - I PllACllONI OlCIMAL.1 AllOLll 

: .. I + + + PA49 .. 
.. .,._, ___________ 

- - - - - COllT OM IHHT IH NO. FIRST MADE FOR .. .. . -
II 

" 
.. i 

: .. . - ... - --
. -· STRESS M>DE 1HEff.1AL STRESS FAIWRE RA E I ,•. t.: U. .. ITEM . PAR1 DESCRIP FA I LURE ftm: (a) /1rP COMMENTS : . . (b) (c) TA &Ooc HR 1 i . MATERIAL = i 

: NO NO Tl~ 
... - - -OPEN sHORl DRIFT Pc".>IP:cRA~> 'tJP~ )/V~TEC IQ)p .)II~TB>·iTJ~~) J. R. ATJ~c· T(N) :>AFE ~~~RE ·I I .1 .. °C/MW &'UNSAFE I ' I -. - - :1 

- . - ts ;Vie fol 
. 

S)L5~ 
I ,, 

$9.' Aes, 0 x ,0054 .0036 j j -
: ... /-i'lm " : . 

+ 
.. .... · A 

.. 
I -

: IO}SOO 
; / : 

;_. 40· (I .C4!7if. ·() o· • 0,Z/ I i . , ' JG .. I -- -. .. i . 
! 

' 
" R. 

.. 

'6/.500 i f I /i 
... 

fl ,X X. ,021 O.ZI -. ; I 

17 .. I ... :-~:··· . 

~'.~· :.: .;·,i.:.:.~::·.:.:.}. ' 
·u -R :_, .. :·:·~:~t~~~: >'·~~~"'.;::~f :fo't-Jf; , ; .. .. , . 

; 42 JI II x x .OZ.I ,01) I I& . . . - -.. . .. .. 
"'"' I . 

·P. 1z/soa. . ·I 
; -43 ~ f.. 

: .(12/ .02/ ; -'/9 
// . I/ ;·. J 

I 

+.. . .. ! -R ;t')efol x 1/250~. I ,. 

44 I( 0 ,0054- .{)tl36 - ! 
' "ZO ~·1m ' ) ' 

._ 

·f; 5/soo. 
I 

45 c~rn/J. 0 ;< I 0,2/ ,014 .-
It ; I I I 

4-6: f> x ·o .s/soo ,02/ .0/4-
I L r .. .. - •"//·. .. 

/I : ; 
~ .. . . ;,.;::· 
; ... 

~ ;VI Oaf s/zso I 
·-

~ 
4-7 x x ... ,OOS4 .OOS4 ' /I ,h'/m 

. ; 

48 f( ;I C.om,P. x 0 z/soo· ,021 .011- f 
··: 

Z4 .. ... 

R ··G/soo·· 
._ I 

x .. " ,021· . 021 
I 

4""' // II x ! 

~ 
y 25 . I 

... -·'""·" ·-r~'" .50 '.A. // x x ajsoo. .021 I 02-1 , I 
26 /I 

! 
~-.ii 

,; 

~7 35/SOO " _._ 
£; I' 11 x x .O)?.J .02/ l : --
r· ·R I; 

/,;Jefc/ x 0 . 1/ZSO .OCJ.54- .0036 I I ' o.-1 ....... 2& him I --.. ...... ,., ....... ' ... : .. . . 
: .R ;. ::.v .:\ :',.'::-'SJ_f-80:'· .;:· .. : .... ;:_ . ~· . ·-

I OZ/ 
I i 53 29 

,, C/)m;, 0 x .014- I I ..,,; "';' 

I r 
,_ 

54 R ,, 
II x 0 .. s.-/soo . ,.Oi21 014 : 30 I ·-.I.. -

• 

+ 

+ 

S5 R J'V1 eta l ~/250. ·1 
- - "I" ,, x x .0054 .0064 I , 

31 F,/m I 

S6 R ,, 
C o/1'if. 0 x 7/soo I 07.- J ,.0/4 I 3Z 

; .. 

I 5] .f3 x x so/500 ..... 
.02/ .OZ/ I/ II I ' t . 

-· . 
SUB NOTE:· 0 := SAFE FAIWRE: x = OOAFE FAILURE ~ PAGE lOTAL .3ZJO ,30/Z ; i ·{ ' ! ; . -~ ! ....... : 

+ 
- ··-- --

MADI rn ArrllOVAL.1 SNO . Dl't' Ull -A-11"--I 
I -···-··--··-····--·····-··-··-°'" ... ... • ; 

lllVID SAN JOSE I CAL IF 
. 

I : LOCATIOll 
COllT - '""' 

" .. llO. 

''~ll&A?I I . it I .. I I taS " NdlftDlllU.8.A. - '· " 
I 

' " .. 



..... 

+ 

. , .. 
"ON HS . .LJJHS NO !NO:> 0 GENERAL@ELECTRIC .. 

I ~W' i .. .. 
I "ON ONIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- REY 

TITLE /1101/J An1/:Jl/l-/er CONT ON SHUT F IH N0,4-
NO • . . 

I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINEO OIMENSIONS 

F'AI tURE R:ATE .. I FRACTIONS 

1~ 
DECIMALS I~ ANGLES 

.D:A T.A SHEET I 

/ ' I 
+ 

flRST_ MA~E FOR ,PA 4 9 I .. "•'!!'~~'!!'-'!!'~~~----~---~----.-.-- - CONT ON SHE~T 
-· SH_ N_O· .. c ... 

II - . 
,. . I 

: - . -· --·· ·- ... ·- .. --- --
: STRESS rv'ODE THER\'IAL STRESS FA I LURE RA fE I 

''J .. ITEM PARl DESCRIP FAILURE MODE {a)' (b) (c) /10° HR COMMENTS ,.......: .· ·. TA = 60°C MATERIAL ! 

.- ·NO· NO TION I /I . T JMA X T. R. ATJC°C SAFE ~~re~~E I i -OPEN SHORT DRIFT PcoP. ),IP. (RATED) \t)p·. )I V~ATED T(N) ·I .. (Op.) ~TED (°C) °C/MW &'UNSAFE . , I ' ~ c ., 
... ·. 

~ SO/s00/1 
I 

~ 
-

$8 
\ .. ,Re.s .. . Com// " 0 .021 ,0/4 I -I ... :;·. so/d-oo 

I 

I 
--, 

59 JI /I 0 0 , tJLJ I ·I I ... .. -+ 

R ·so/soo - ! l I 60 I/ If 0 0 ,02/ •f ·-.36 ' 
I .. ' 

§, ' 
.. 

' -
61 // /I a 0 8f!/500 ,OZ) .. I .. -! 

/{/ Aeloy /60/2zs J/300 .zs/;z5 /ype ;J .. , : -62 x 0 - ss·Q 367 
' I 

! ~ 

t3 J(2 0 0 /tO;ZZ!J_;. S-/300 ZS//2.!J- 550 ff - ' /f -
I -) 

S/300 ,,cS/J,25 
.. 

·] t4 /(3 0 0 . /60/22~ sso -II II I I t 

Off ' I. . 1· c .. 65: O;fAmp .. . . x· ·x 4,38 4,38 A .s .jt.1m eCI . . ·. ·.; .- I ; . 

Ir ~ 
6£ QI 2#24!J4 s///c.orJ 0 0 /.5 /.360 10/tO /7~- .49 8 . .Z.C/ ,372, I 

., 
I 

~ 

tl QS /I ,, x f. 10/360 /0/60 175 .Lf9 s .Z7 ,35Z ,35Z r 
.J L 

10/60 
- I I_ 

68 /0/360 11S ,1-9 5 .352· 
I 

I 07 /I ,, x x .27 ,362 I 

~. 69 QZ 2/V29a.5 0 0 JS0/600 ZS/60 11S .23 45 .5'3 2,04 I I . ! 
/I ' 

; .--

200/bOO 2s}60 
! 

7? 04 II x x J7S .29 SB ,62 2,60 Z,60 : --
/1 

I 

lo/60 I ; --
71 Ob II ,, x ;x /OjbOO /7S .29 3 ,zs .81- ,84 I ' I --: 

+ 

,200/800 2S/60 /7.S 
I i _J 

72 {;3 2#2Zl9 i1 'f. x ,/9 38 .49 .60/ .601 i l 
3S/8oo ' r 

i---: 

73 QJ // 
,, x x /cjl~) /lS ./9 7 ·?a ,363 .363 I ,,t;_, - -- - - .. 

~ .... 

+ 

. --- - - ·r -
74 (}$ 2/'/3799 

,, x x 10,/.,360 10/60. /75 .4-9 .!:;- .Z7 .906 ,906 I 
-- . 

I ' I - - ·--

75 c 
Ct1f7. ,-;;llt, l x 10/zo .013 ,0/3 I /8 

PAt ~E I ~VB ron L.. /66Z. 377. .:.;: . ' ;7. - 9030 Li.Z.JO I I : 

I 

· jvNJT. /666. 379. NOTE: 0 =SAFE FAIWRE: X = UNSAFE FAIWRE I I TOTAL 3B99 d..h.~.9 + 
.. 

HAD' llY AIPPIU)Vll.S' SNO . DIY CIR A-/2 I ••• - •••••• •• -··--------- •••••••••• - - •• DEPT 
I ISSUED SAN JOSE,CALIF ....... I LOCATION COllT Oii SHEET SM llO. - --- -. -,·. 

I ·,~t I I I FF.SQ&..J' 110..7' 

NESS PAINT&D IN U.S.A. - ,o . .. 



J 

"ON H8 .UJHS NO !NO:> .. GENERAL@ELECTRIC ~,, 

1 .. ; .. l 

+ 

"ON DNIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- acv 
TITLE Jl1jh 'Jh/fQ,_l(J r//fer CONT ON SHUT F IH 110. I . . NO • 

I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 
.. I FRACTIONS 

1~ 
DECIMALS ANGLES FAI tURE- R'.ATE .O:ATA SHEET 

I + + 
FIRST MADE FOR PA 49 .. ·------------------------ - - CONT ON SHEET SH NO, 

.. II 
. ! ; 

. , .. STRESS moe: 11-IE~AL STRESS FAILURE RA E I 
·· 1· 

•' •. ITE?-1 PARl DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /10° HR COMMENTS ,....i 
MATERIAL ~ NO· NO TION I II . T JMA 'lC T. R . ATJ(bC' SAFE ~~reG~E I I i -OPEN SHORT DRIFT P(OP. )IP. (RATED) \bp~ )/ V~ATEn T(N) ; 

.. .. (OP.) MTED (°C) :it/MW &'UNSAFE I I ' .... :, 
.... -. 

0 .. ~5J.1soo 
I -- . - I 

I 

.J CaP. . njJer 0 0 ,5.Z I I -: t 

: .. - I 

I -
.·~· c // 0 0 ·Ut;;soo .sz l 

I 

;? // 
J I I -+ 

01 S1'//?011 /;oo / ' ~i 

' 3 //1191+ x 0 /SO .2B 36-· ;:A;., . ,_ 
I I -' I ::.<.. ' 

I i - ' 
; r.--

C-R 1s/;oo I 

.4 /I JI 0 0 /SO ~a· 363 t I z .~ . I - . -.. ! 

'.Z.i-l .3bj. 
_,. 

(;R CJ ;so I - ·-s // II 0 15/100 :3 : 
'' .. .-:..-~-

11e5· Soj500.· I . ! ~-
6 ·Al C<Jmfl. 0 0 ,OZ/ I ' 

. 
) -

/Of.l/SOO. ·] 
' 

7 ·R2 1z /I x 0 .OZ/ ,014 I I I 

8: B3- . ~ JI : .. o·· ·o /OO;fooO ,OZ/ 
l I_ IC .. •·• · ·f I· .. I• 

I ...... 
9 R4 x 0 IZ/500 .OZI . 0/4-

' ' c // // 

f?.S 0 0 O/soo .. .! 

t /0 Ir Ir ,OZI I ' 
I 

I 

R6 x 0 ·1z/soo ,021 · '014-
I 

l II fl // ' ~ /Y/_e/'q/ 
,,,,. .... 

1 · I 12 ;17 II 0 0 0/2so .OOS4 ! 
;::i'/m ' i -~ 

! 

+ 

1:3 ·HJ f?~/oy 0 0 /b0/22S 0/300 Oj;25 ss-o : ""'""~ 

I 
i 

. -~ 
0/300 Oj;zs I ' . 

' 14 1{2 ,, 0 0 /60/~.ZS sso I ! i i ,.....; 

/tO/zzs 0/300 0/;25' 
I I 

/.S J{3 0 0 5SO --" I i ; 

I I --. 
+ 

--- ,_ , __ 
' 

- ,_ 
r -

I I. ' I 
-

I 
' " 

' .=.;.: I .. I ; 

i .. · . ·I UNIT /652 . NOTE:· 0 = SAFE FAILURE: X = UNSAFE FAILURE TOTAL .Z840 i 
' Z604 i 

I 
+ 

' 
.. AUL llY A,l'RDYAU SNO . DIV OR 

A-13 I --···•••• •• -····-··-···••·····---··DEPT ' . ISSUED SAN JOSE,CALIF I LOCATION CO•T Oii SMUT SM llO. 

F,..eoe.,. 110..71 I ~t I I I t£BS PAINTllD IN U.S.A. .. : 



.. 
GENERAL@ELECTRIC 'ON HS UJHS NO iNO:> D 

" I eW I 
" ! I I 

·oN DNIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- REY TITLE 30 J/dJr j7Q,,,.., er· ...>'?'.P/y CONT 011 SH[CT r '"110. / 
I . . NO • 

I TOLERANCES ON MACHINED DIMENSIONS APPLIED PRACTICES SURFACES F'AI tURE R'.ATE .D:A T.A 'SHEET 
I 

" I FRACTIONS 

1~ 
DECIMALS ANGLES 

I + + 
Fl~~T MAO_E. ~OR ?A 4-9 .. ·------------------------ - - CONT ON SHEET ·--· .. - SH. NO. ... - ... 

" 
II I : 

·• - --· ... . .. ··- .. -·- ·- ····-·-- " .. -.... STRESS tJDDE THEffv1AL STRESS FAILURE RATE I - .·I. 

I 
; 

' .. ITEM PART DESCRIP FAILURE MODE (a)' (b) (c) TA = o0°C /10° HR . COMMENTS !--" 

MATERIAL I 1 
' NO NO TION i 

i-
I /I . TJMAX T .R. i6TJ~C' T(N) SAFE ~re~~E ·I ., 

I ' OPEN SHORT DRIFT P(OP. )/P. (RATED) \bp~ ~/ V ~~ T~D 
., .. ~P .) MTED (°CJ ~t/MW &'UNSAFE I ' ..... 

·• 
I I - .. .... c 3 %0 .32 
I 

I -) Co;;. . Tal)f. 0 0 
, 

I ~ " : .. I ·I 

+ 
" I -.·z p.:3 /owel" 0 0 

i!}c.J ' . 
4,38 A.s.s41mfd j I 5u~JJ/v //00 I -

.R /lof 
. ' ' L:?aJ--a.. 3 Cermet (? X. .z ./3 ;if tJhvfoc,J1.1rer J -

I I . ,_ 

I} 
I. ' 

0 x ,2 .13 ,, tr I .4- ,, /I -- . I I 

--· ... 

+ .A?f/v~ .p;,,~ ~ I ,maf,~ / ~" ))',.. 5 
:c:r 

c~r;11ed"r 0 0 ,/b -
'/ -

' ,-I . . " . 
i -) 

I -
I I I ; 

.. ' I. ·1· c . . . ... · .. - . .... . .. . - . .. . . . . . I, 

I ~ I l c 
r I 

.! L 
' I_ l 
I 

I 

I I 

;t .... 

I I : 

i --! 

·+ 

: -
I ' 

; -~ 

I I ; ' 
! -: 

I i -~ 
i i 
I r 

,_~ + 
.. ·- .... 

- - - "I' -
I . .. 

I , .. 

I 

I 
.. I I ' ,•: 

' i .... .. . I U/1/JT . S.26 NOTE:· 0 = SAFE FAILURE: X = UNSAFE FAILURE TOTAL ,.Z6 ; 

' ! + 
-··--··--- . ·- . ··-·-· --- . ---· 

MADl ll'f APPROY•ll SNO . DIV 011 A-14 I 
., 

-· ••••••• •• -·········· ••••• -···- •••• DE" . ISSUED SAN JOSE,CALIF I LOCAnGN CONT Oii SH!rf Ill llO. 

P'P'-800.f' llOA7f I sf I I I t£BS PRINTSD t.N U.5.A. " ·: 



"ON HI UJHS NO 1No:> 

1 ~,, 1 GENERAL@ELECTRIC 
; ... i 

.. ...,_ ______ __,·o-..N D;;;;;,NIM-..YH""-!O t-------........ _-":"':-==--~-=-=-=-=--U:N:::":L~E:-:-:S ... S~OT~H:::ER:w1~sE:s~PE~Cl"'TF:"""IE:o :us~E ~TH~E ~Fb~LL~OW=I N~G::-::::==::AN:[~·=============~~TIT~LE~IJ-,j-. h .... ~~oM~"tl-'j-6' ~.Pd~W--1!-r ~.5. .... 41)1-7,Pli_'Y_---I CONT ON SHUT;:, 
. . I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS FA . . 

i 
114rto./ ·I 

I 

+ .. I ·------------------------ I ~ H~'""' ~ '"'"'" I ~ '""" "" " ~"' '" " FIRST MAD: ~~ R ~AR:~; .D:A lA s HE ET I 

+ 

II 
'~---.------,-~~...,-~------~----~~~~~~~~------·---~-~-~~--~~~~-.-~~--~·r·-~-·=--t-......... ~-~r--;-------------------------~~ 

. .. . STRESS l\'DDE lHERVIAL STRESS FA I LURE RA E I -1• 

, .· ·. ITEM PAR' OESCRIP MATERIAL FAILURE MODE (a) (b) (c) TA = bOoc ;106 HR l COMMENTS J -
, NO · NO Tl ON · R · I 1 J. -

. . .. OPEN SHORT ORI FT P(oP. )If>" CRATED) V()p~ )/ V~ATED I(Op .)II ~ATED TJ~e~)~liMw_:aT~~~ T (N) & ~a~~AFE ~~re~~E I ! I 

·... . ) . Cl . Ca,,.o. 

. 2 (..2. II 

.3 C:3 /I 

7 Cf' /Al5.18/ 

.... ·8 :~f.-··· ··11· 

. j;{:5l1'v 

,P'7,1J~r 

/I 

- ~ II : 

o o 1oooj2000 , 0!>-4- j ·• I 
- -

0 0 6'7.5J;.s-oo 
I 

,52 I I ,, 
! I 0 0 I 

I 
,b 0 0 

. 7 ?, z . 

0 0 lt0oo /75' ,23 .JIB I I 
' I 

l: 10/;oo /7S 1000/4-000 .Z3 .318 

~I -

f .~. -

-+.- _9 P.I Res, 

o·· o 
0 0 ;zso/1000 I I 

+ 

+ 

/0 ff,Z 

/J R3 
12. 1<4 
!-:>. .n -

I •-' /"1~ 

/f 

/I 

/I 

Ir 

14- J16 1/ 

,, 
0 0 

,. 0 0 
Comp 0 x 

0 x 
I( x 0 

.3 

/7S /;ooo I 
soj;ooo ,069 l 

--I , . 
70/1000. ,014 ,021 

--70/1000 I 014 .O,Z/ I --
--.02.I ,014 ! I l ,, 2/s-oo 

.318 /b- (,~ /Nlf-14'8 5i'//tdlJ 0 0 0 /7S Ofo ' J7b ,,Z,3 r ~i i 
l-/-6+C"'!"" .. ~~. ~-II-+-,-, .--+-o-t-o-r------t-----t---0 /~/.~'5~-··~-o-~-o-·--t-J-7S--r--r--+-.-Z3--t--. 3-1-8-r----t---t--,_ ---":, ....... :=-.--=.-==.~=====:::::::::::-.... _1 _.._~~ 

17 Cl Cap /;n/, 0 0 15Js-o ,ZI ·1 ' - ' ·~ - - ~ 

18 cz ,, 11 o o 15/so .21 
1 

1 

· /9. c? . ,, 11 o a 15/Js . oo!J 1 I 1 , 
~-~· .;._---~.-----------_._~----~-----------...._~~~_._~,--~......_~---~..__--''----t-;:~--r~---t-~~~~~------~~~----1~---f-.;.L.._-li 

NOTE: 0 = SAFE FAIWRE: x = UNSAFE FAIWRE ' PAGE sUB lOTAL 6~~-0 ,0420 I 11----+--_.,, I 

I 

PP"4UW•fl lii~JJ 

P•INTllO IN U.S..A. 

I . 
I 

I 

APPRUYAL::i' 

ISSUED 

I 
... llO. 

A-15 ! 
SNO . DIY OR 

-·. •••••• -· -·~·-···-·· -·· -•••••••••• DEPT 

s~ JOSE, c~L 1 F ... _____ LOCATION CONT °" SMUT 

I t£BS 



+ 

.. 
'ON HS ilJHS NO !No:> Q GENERAL@ELECTRIC -

" I e'~ I ' 
: ,. ! 

I 'ON ONIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- llEY 
TITLE )11~/, u, 'l"rl,fl! ,Power 51,//P/y CONT ON SHUT 3 .. "°·2 . . NO • 

.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F'AltURE R'.ATE .D:ATA .. I FRACTIONS DECIMALS I~ ANGLES SHEET 

I / + + ' 
FIRST MADE FOR }JA'+9 . ' 

.. ·------------------------ - - CONT ON SHEET SH NO. i .. 
.. - . II 

I 
.... STRESS mDE ' THERVIAL STRESS FA I LURE RA TE I 

-r ' .· ·. ITEM PARl DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /10° HR . COMMENTS -
·NO· NO TION MATERIAL I 

' · . . T MAX T.R. 6TJ SAFE ~~re~~E I 
,_ 

OPEN SHORT DRIFT PcoP. )IP. (RATED) \i)p·. )I V ~ATED I~p .. )II~ATED' J(oC) T(N) ·I I I 
.. °C/MW ~c &'UNSAFE l I '.1 

~ 

.. '. ·. 

30/Joo 
I f i 

. . ,2() C-4 _Cop, .,My/or .. 0 0 ,CJOZS l 
~ 

I ' 

.. :...-:.,, ... - ·- I -
.. ·~/ cs JI °Tt;l}t 0 0 .lb/3£ ,009 i 

; 
I .-. 

i ' -+ 

Pl x 221 
! 'I I /soohi'". 

,; 

Z2 CMn~e-far 0 ,332 12 /]cf,;v.9 ;0'n$ /mah'i-1f/ -' I. . i 

lP. ' 
.. i ,..... 

~3 I /IV41'f8 5J~'c.M 0 0 30/7s Jj;o /7S ,Z3 ,318 - . I :_. 
I 

:elf ·I 
I 

0 0 30/75 1//0. 175 
, -Z'l 'Z /#4-14-$ II ,z_3 ,3/$ : j 

Vf< /i/9flB 0 0 '¥1-00· .3f5 2:F I . , ! r. z.s If JlS '4- I 98 ~ '. . I - r. ; 
l • 

.V.R tS/4-00. !7S 
l . 

26 11 0 0 ,:38 25 . 4- .98 
,_ 

z I( j I I 

2?: ·Ii·. --.-Re.s;·. CP/7J/1. o· ·o SjS?JO ,021 ' L .. . ! 
. . 

· .. ./ . -; . ... 
28 ~ 0 0 JOOoj/CJOO .4S I t [ If ,, 

29 A 
I/ II 0 0 O/soo ,021 r L 9 

f? 0 0 . S/£."CJO ,02.I· 
l ~ 30 4 II II . 

~ 31 '.lj.. I/ // 0 0 0/500. .021 
, . 

.... ....,, 

+ 

32 i~ ;I 0 0 SOj.j-00 ,OZ/ 
..... 

'.6 II 
I ' I 

! .. ..i 

~1 100/soo I ' . 
33 // I/ 0 0 ,OZ/ '• I ; j 

i i---i 

-~ 100/soo 
i i .J 34 II I/ 0 0 ,021 l I 

I 
; 

p I r . -~ 

3s If II 0 0 o/soo . 
I O.l. I 9 ---···-·- .• I.. -- ·-- - ! 

+ 

R -· - T .. - . I 

36 II II 0 0 S/soo 
I 021 I I , ! 10 I 

- ·-

11 37 Ar Cermet 0 0 .5/;ooo .z pjom-1 loc1f rs.r·j j)4, '"'~ ~ 
l 
' 

P. 'I . 31 : }?es him 0 0 10/500 ,069 !I J,Z I I 
' 

NOTE:· 0 = SAFE FAILURE: X =UNSAFE FAIWRE PAGE sUB lOTAL 3.8778 ,2210 I '. ii 
·-·-· - ·- \1 

+ 
-··. ····-

MADE BT APPROVALS' SNO . (HY OJ; A .. 16 !/ I -···•••••··-•••••••····•••••••••••••DEl'T 
... . ISSUED SAN JOSE,CALIF I LOCATION COllT Clll SKHT ... llO. 

P'~.aoo.ir 1iO..ti I 't I I I " 

PlllNTSD IN _U.S.A. ·- : tEBS 



I I 

+ 

'Oii MS .&JJllS 110 11103 D GENERAL@ELECTRIC '. ·. I ~,. I ' .. 

I 'ON ONIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- •n TITLE )l/GJI VO.t.TAGE r-uWe/1 St!~ ;!~'1°" SHUT 4 IH rto3 . . NO • 
.. I APPLIED PRACTICES S.URFACES TOLERANCES ON MACHINED DIMENSIONS I 

.. I FRACTIONS I~ DECIMALS I~ ANGLES 
F:AI tURE R'.ATE .D:ATA SHEET 

/ + ?A49 .. ·------------------------ CONT ON SHEET SH NO. FIRST MADE FOR .. -· - -- - --- .;;;;;;;;i.;;..--:_..:.=:....-;;-~.:.r..:.a..·~ -· -- -~~= . - .. -
.. 

--·. II - r 
: 

' --··- -· ··--·- -· -- - - - .· _.,. __ ....... 
- ·-- _., 

STRESS fv'DD.E THEffJIAL STRESS FAILURE RA E I 

"f 
; 

. ITEM COMMENTS .....i : .. PAR1 DESCRIP FAILURE MOOE (a)" (b) (c) TA = b0°C /10° HR . 
NO MATERIAL .. 

: NO TION 
! 

......; . . T MAX T.R. IATJ SAFE ~~re~~E ·I I OPEN SHORT DRIFT P(OP. )IP. (RATED) V()p~ )/ V~ATEC I~p .. )II~TED J(oC) T(N) I .. .. bt/Mw ~c &'UNSAFE I I ~ . --- - --· ---- :! 
... ·. R ·%-oo I I 

' 
I 

$3. !?es,. .r/lm 0 ,069 -. · .. . . 

/8 0 I -fi o/6-oo : 
I 

40 /if. //· II 0 ()" ,069 I I .< -+ 

~ (} IS. ! I ._ 
41 /I II 0. -/500 .069 ' 

I i -- ____ ..... 
••••• , .. j.,• ••• ,. "'-·~-... -·----

I i 
._ 

4.2 ~ 0 0 /% .. ,063 I /I II : ~00·· i 
.._ - . l I 

:R 1
%00· .06~ -I - : "-13 /I II 0 0 '. 

'/7 : ' : -
i~ . R 

() 3/bOO·· .069 I . ,. 

44 0 - ~ ' 

'jg II. /I 
) ~ ' 

-~ 
I 

4S 0 0 8/soo .069 
Ir~ 

/I II l I l J -.8 o· ·o ~500 ,021 
, 

L 1· i .. -46: ·.20 --- . "'//• Comp, . . . . . I I. 

I 
.. R A'/m 0 0 10/soo ,063 I .I I r 47 .21 /I 

48 ~ 17ot; Cer/JJst 0 () 5/;ooo ,2 )1op11ftJ~f11 rer J jDorQ ! u_ 
I i §1 0 0 ./0~500 .021· 

I 

49 ,Rt!!.>, Comp I t ,.,, 0-.... ~ ... " .. .., ...... ,,..~ .... ·tt::"·h·· j..,,., ...•.• --.--- ......•.... -...... ""''''' .. "'''•'•• ,,,.,_,..., ., .. w''"'"°'-..~"' • '• ............... , .... o::•,>;•,..._ 

50 :~ /I 0 0 75°1;ooo ./8 ' . 
! -,,z4 /I 
'. ~~ 
I 

·R 7S~OOCJ 
. I 

51 0 0 ./B 
~ -

2$ II 11. 
j i ' ,_ .. 
I 

; I sz j_/ cJJ~l<e 0 0 ,4B I ' •I i .__ 

+ 

0 
i i .... 53 L.Z /I 0 ,4a·· I I I . 

. L..-..· 

54- a1 2/i/171/ 5//k,011 0 0 10%00 . /7S ?2 Z2 ,JB ,467 ! I r ,,,.., - . . 
- ,_ ... 

+ 

Q2 0 0 /#-50 ,50 As.sum~J . 
·-._- 'r .. -·· . 55 Z/V4-91 ,-- . '. . .. 

. /I 
I 

10%00 
.. 

.5t> ()3 .Z/'11111 ;r 0 0 /7S . 22 22· .313 .467 I ' 

~800 
; 

' S.7 a4 /f I( 0 0 /75 .22 I . .24 ,326 I I ' .. 
-~ j ... . . I 3,8740 NOTE:· 0 = SAFE FAILURE: X = UNSAFE FAI WRE · PAGE sUB TOTAL ' ; j· I 

- . -· ... ··-- ·- .. - . ! 
' MAD( Bl' llPPROYALI SNO . UIY UN 

I -······-· •• -·········· ••• • • ••••• •••• O£PT ;A-17· ... . : 
ISSUED SAN JOSE I CALIF I l.CJCATIDN COlllT Oii SH[Ef ... llO. 

" I 
-,.-,.eoe.,. 110..71 I . ~t I I t£BS PIUNT&O ... U.li.A~ ' e· 

+ 



( 
I~ '. 

- ··-

+ 

I 

GENERAL@ ELECTRIC 
,, 

'ON HS UlH'i NO iNO:> D 

I 
·. I eir I ! 

'ON ONIMVHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- ~CV 

TITLE /fl~/J Yi:J!lb.ge P6w4" s~~111y CONT ON SHUT; IH II~.+·. NO . . . 
I .. APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AI tURE R~ATE .D:A T.A I FRACTIONS ·DECIMALS I~ ANGLES SHEET 
/ + + 

.. ·--------·--------------- - - CONT ON SHEET SH NO. FIRST MADE FOR . . 
II 

•' 

: 

STRESS !V£)0E THEl?JIAL STRESS FA I LURE RA TE I . 
·:r ' .. .ITEM PARl DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /106 HR COMMENTS -

MATERIAL 
' NO· NO TION . . T MAX J.R. :aTJ~c· SAFE ~~reb~E I I t -.. .. OPEN SHORT DRIFT PcoP. )IP .(RATED) \/op.)/ V~ATEC I(Op,.)IIMTED J(oC) ~c/Mw T(N) &'UNSAFI I I -
.... ·. 

S/900 /75' ,22 ,326 
I i 

I 
.. . . .f 8 &5 Z/i/1711 _>t'/kon 0 0 /JS I ,Zf I -

" .. .. ·-- , . 

I 
-

3/800 /75. 
i 

·5:9 ()6 2;\//711. ,, 0 0 /75 .2Z I .Zif .326 I 
. I 

I .-. -.. + 

0 0 3/900 /7S 
l I bO Ql If /75. .zz I .211 ,3Z.6 ,; -tr I 

I .. ' i 

I i 
,_ 

61 ae II 
,, 0 0 .f/800 /7S //5 .22 I 24 .~.Z6 I -- . 

! 

Sp6o /50· /JS ,49 .zf' I 81!.? ·I - ; :-
62 &9 1)132!)/ II 0 0 3 ·' : 

I 
i t" ,. ; 

' -
I r i 

/07 l4L 
I . 

PA( ;E '$VB 2,/44-0 I I .1 , 
'-

_ ,-
.. ' • ... 1 •••• 

. . . . . . ... . . . .. . ·.· . I. 

I ... I " l r ' 
I 

.1 
I L 

; 

L I 
I 

+ 

I 

~ 
' . 

. I 
i ~-
: ~-

I I 

' 
i ~ ... . 

I i 

i --
i I ... _ 

I I ; 

I r . --. + 

-·- .... 

'I 
- "r -
I , 

I 

I 
I,. ' 

.:.;_: .. I I ' 
< 10, ,z,,o -

NOTE:· 0 =SAFE FAILURE: X = UNSAFE FAILURE I {)NIT TOTAL· 57!3 I .; 
I 

+ 
... .. ; 

NAOE B'f- ". 
r.PPROVALI' SNO . OIY OR 

I -····•••• •• -·········· ••••• •••••• ••• OEl'T A-/8 ! . ISSUED SAN JOSE, CALIF ' 
I 1.0CA11011 COllT Oii SKttt ... llO. 

... 

I 'iit I I I ,.,. .. 06-# ..... .,, .. 
tEBS PlltNTl:D IN U.a.A. -



.. 

+ 

. . 
'Oii HS UJHS 110 !110:> 

' 
D GENERAL@ ELECTRIC i 

·. I e" I ' 
: ! -

I 
'011 DNIMYHCI UNLESS OTHERWISE SPECIFIED USE THE FOU.,OWING:- IUY 

TITLE Comp/Jell Co/,'J>ror"r CONT ON SHUT ,,2. ... ,,"o.; . . NO • 
.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F'AI tURE R'.ATE .D:ATA SHEET .. I FRACTIONS . DECIMALS ANGLES 

.. / + + + 
FIRST MADE FOR PA 49 .. ·------------------------ - - - CONT ON SHEET SH NO. . . . •, 

II ,. 
: - ·- ,. __ 

. :·. . STRESS t'OD.E THERVIAL STRESS FAILURE RArE I 
.. . . ITEM PARl DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /1o0 HR COMMENTS .--

MATERIAL I 

NO NO TION 
1 

-. . T Mll'JC l.R. ATJ .. T(N) SAFE ~re~~E I I .. .. OPEN SHORT DRIFT PcoP. ).IP. (RATED) \t>p~ )/ V~ATEC I~p.)II4it\TED Jcoc) ot:/Mw ~c &'UNSAFE I I !I -
.... ·. 

5/3s 
I 

l i-
. . ) Cl CtJfJ, . . lo11t: ,003 l .. - -.. -· I 

·< C:2 /( 
,, '._5/3S ,003 i l . - i-+ 

1.ij3.;-
l I .__ 

1 C3 /I ,014-- ' /• 
l ' i -- ·-- - .. .. ·-·'"' i ~ 

.4 15'/Js .· '/4 
I 

I C4 I• ,, 
.. (_,,; - . 

I ! -- -~- ·-·- ---- .. 

L'.~~ S/20 J- ·I , : ·-5 :cs ,, II ; - i 

I . I r 
2/% .ooz - ; t i 6 ·C:6 /I /I - ~ ) 

l 
I 

7 ·c1 ,Z/..ff ,00;?, j 
~ 

fl /I I I 
i:-

.. fj: c;R. -//Y4004 -5///e.t7i7 0/1-IJO 175' ,,2,3 .318 
I L 1· I .. 

~'....; . . ... / . 

I 
i ... CA 0/400 /15' .23 . .318 I I [ .9 z /I II 

/() CR 
II ·Z/400 /75 ,,23 .318 f 

! t 3 /I 

I 

II rr 1'C 2.0 ~ ~~11_'!!.ii I I 
~ ,. ··-- ---rP ,, I . ! !Z II ,20 .-·z I . ; 

r'.P , .. 
z.o ,, : ~~ 

13 . :3 I/ 

I : I 
: . -~ p. I ' 

/4 Re~ {;,m;J, l/zso ,021 I ' ·; I-~ 

1 i i ... j 
IS /1 . I/ JS/,zso ,0,2.1 l I ; 

I r 
.b-~ 

/{;, I? /I 2/250 . .021 : 

3 // , 
--· ·~ - .... 

R /i1a1J.t1.'4G-ft'.l'"cr:5 
·- ·- - r ~ . i 

17 4- nr Cer1net ;s/1000 .2 t?<?rL I 19 
,R /?es ,;.1 ei<?I 2//00 .OOS4 5 ,C,'/171 I 

+ 

+ 

If . I jloo ' 19. II II .OOS4- I I 
. " ' ·l PAGE sUB TOTAL · NOTE:· 0 = SAFE FAILURE: X = UNSAFE FA I LURE I 7,3/.98 

! 
+ 

---- . --- - ·---. - ·-· - ! 
MADE IY APPROVALI SNO · 01• o~ 

A-19 I ' -- - ----- - -- ----------- -- - - - - - - -- - - •• 0[" . ... . ISSUED SAN JOSE,CALIF LOCATION I ' CONT Oii SMUT ... llO. ; ·-- -· . - - -- ~ -· . . ... ----,.,.,(11 .... tlA.A71 I . 2:t I I I t£8S Pa1NTll.O IN U ••• A. - ... 



+ 

'ON HS UJHS NO !NO:> 0 GENERAL@ELECTRIC i ·. ' I g' .. I ! .. 
-

I "ON DNIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- REY 
TITLE Ct1mpbell CPI/bro f-o/I" 

·or CONT ON SHUT 3 IH NO • .z. . . NO • 

" I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINEO OIMENSIONS . 
F:AI tURE R1ATE .0'.ATA 'SHEET " I ' FRACTIONS DECIMALS 

I~ ANGLES I + + 
FIRST MADE FOR .PA 49 .. ·------------------------ - - CONT ON SHEET SH NO. -·. -· - -

•' 
II 

i ; 

STRESS MJDE IHERvlAL STRESS FAILURE RATE I -· . 
' .. ITEM PARl DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /10° HR COMMENTS ,-. . 

MATERIAL ·. NO· NO TION i -.. . - T MAX T.R. IATJ SAFE ~~rei~E ·I I OPEN SHORT DRIFT PcoP. )IP .(RATED) \tlp~ )/ V~ATED !(Op .:)II~ATEID J (oC) T(N) ' .. .. bt/Mw e:'C &'UNSAFE I I l, -. I -- ·-· - -- - -- - --.... ·. R ,N'i et-11/ 20/;ao 
I 

·I l -.. . . io /:je.s .tXJ54 l . ·.· 7 . ,C;Jm 
'• r -
·ZI ~· z/;oo ' .OOS4 I // II I I 

I .-. I-. -

1 
.. 

25/2so ' I I I-zz. fl Com/7. ,021 I ' 
I . ' I 

A ' 
-- i~ 

~3 ~/zso ,OZ/ I ;_ JO JI /I - . - . I .. 
: ,£? 

2511000. Ad1J11f4c,furefs: Oa.~l 
, : -24 ' II Por CIJ,rmet : ,z. 

·- . 
- -- - ! ~r-

·~ A.~s.· .J/2sa· .021 I . ,. : t '. zs Comp. - 1~ ) 

l'f? I I . 

4/zso. ,021 ' -26 '!.3 I~ /I I I J 
t I -.R. .. 4-/zso .021 

I ! f. . l 
27: .. _. ·u·. - : II : 

. . 

--
.. 

)~: .. I• ... -

[ A 5/.zso .02/ I 28 JS 
,, /I 

29 ft ft'letlJ I 1/100. . 
.OOS4 I' J. /1 

/f';'/m [ f? i/100. I 

I 30 /7 /I JI .OOS4· ~ -- - ·-· .. -··- .... -.._,,tt,•, ... -... r····· 
31 :~ /I C"!71f1. 2/250 ,021 ~~. 

+ 

32 ~ ~t {er11Jet 25-/1000 .2 ftfo>ill ft1t furer-.s /)4 ~A-
...... 

! I ·- ··-·. ,~.....; 

33 /:? Re.s, Ca11~ 4/250 ,021 I I ,__ zo 
21 4-/.250 ,OZJ 

I ... 
34 II ·11 

f I I 
I -· 

35 ;:< /I 
;11&14 I 

1 /100· . .00.£"4 I zz ;;-/Im . 
--···- - --

+ 

~ 
.. - r 

.,, 

36 1 /250 ,OZ/ ·1 
---

/I CtJmp I , 
I 

37 §; . I/ 
;VJ~fq/ o j;oo .OOS4 I ,t://m 

- - --

:3.! ,R ·o/;oo .oos4 If ~{ I 
.. 

' 25 I 
! ,- . . I PAGE sUB TOTAL ,6478 ' NOTE:· 0 = SAFE FAILURE: ·x = UNSAFE FAILURE ' ; 
I 

+ 
' i - -

MADC D'I' ArPROVAll SNO . UIY UM 
- - -

I -·. •••••• •• •••••••••••• •••••••••••••• OU'T A-20 ! . ISSUED SAN JOSE,CALIF I LOCATION COllT Oii SHUT .. lllO. 

,.,..oa.,. 110.071 I it I I I res l'AINTS:O IN U.S.A. -



+ 

GENERAL@ELECTRIC 
... 

'Oii HI UlHS NO 1110~ ill i. 
I e ~ , I , 

·I 
! 

'ON ONIMVHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- UV 
TITLE Ct7mJ'Pel/ Co//f;;.tJ r"r CONT 011 SHUT ,c: IH ..0.3 

NO • . . 
I .. APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AI tURE R'.ATE .0'.ATA .. I FRACTIONS DECIMALS ANGLES SHEET 
/ + + + ?A49 .. ·------------------------ - - - CONT ON SHEET SH NO. FIRST MADE FOR . . 

.. II . : 

STRESS MJD.E THERVIAL STRESS FA I LURE RA TE I .. r. 

ITEM PARl OESCRIP FA I LURE MODE /106 HR COMMENTS : -: .. ·. {a} {b) (c) TA = 60°C .. 
MATERIAL I 

: NO· NO TION I II TjfVlAX .T .R. ~~TJ SAFE ~~re~~E ·j I l t-.. .. OPEN SHORT DRIFT PcoP. ).IP. {RATED) VOp~ )/ v ~ATED (Op .. ) MTED {°C)~C/MW (be T(N) &'UNSAFE I I ... :1 ... ·. 

$9 1io .zoo; ,,c. S-o 
I - I li 

I 
. .. 

/~.es, . (;"mp. t ,2/6 -. ·.· . . 
I 

..... Jr -
I -

§1 1oooj2000 
.. .. 40 II I/ .06 j I 

I .-. -.. 
+ 

P5 l/tJ/itJjll . 200jsoo 
• T ., I f J 2,0 A.s:;umfd . -

• ' I Red. .. _ . i' 

Vf ' .. i ~ 

1-2 /Al7S2.A 51/kon {J /.!JOO 175 ,/3 ,634 I '--- . .. .. I ·-
·I 

... ' -43 QI 2/.J.3417 I0/360 /so /2S .38 4 ,39 ,476 
: ,_. ,, .. 

: 
. i r-

tJ2 10/.360. /50 /2.S ,E9 ,476 I . / i 
' ' 14 11 /I .38 1- - T-•. ) 

,, 
' 

-+ 

45 03 10/360. /SO /ZS' .38 4 .3.9 .476 -
I( /I j I ! 

--
I I .. 1· r . . 46: q4. ...... ,,. ... 11: . . 10/360 ·;so /25 ,88 4 .39 .476 .. I• -

I 
i 

~ 
47 QS I0/360 /50 /~$' .38 4 .'39 .476 I I r /I // 

10/~60 /so /ZS ,39 .39 .4-76 
•. .! t 48 Q6 JI /I 4 I 

I 

Q7 ·10/360 /so JZS . 38 4 39 . 4-7~ . 
I 

49 /( II I t -- --

50 Q8 2)/2484- // Z/360· /60 /75" .4-9 I .24 ,327 , . I 
' i ~~ --

5/ Q9 2/V290.S 22SjtOO /'o 175 ,29 66' .67 Z,93 : ~-
Ir 

I i 

I 
; 1--

..52 f<I Relay 0/300 0 j;;::.s- cs-o I ' I~~ 

0/300 O);z~ 
I i --~ S3 J<.2 II sso I I 

I I 
'~-

54 1<3 /I O/..EOO Oj/Z:5°' ~?SO : . - ..... ·--

+ 

-·"· -- ........ 
·- - r -

Oj;zs sso ·1 
--

S5 ){4 JI 0/300 I , 
r 

... 

S6 )<.5 . I' 0/300 0/1z.5' sso I ; 
'" 

' .S!l i(6 ,, 15/300 :30tf12.5 550 I I 
i 
I 

. ' I ... . 830~, 33/ 7, 4-666 . NOTE:· 0 = SAFE FAI WRE: x·= UNSAFE FAILURE ' PAGE sUB lOTAL '1-990 UNIT TOTAL-. : 
i . ii .., ..... ! 1· 

+ 
MADI: IT A,,llOYALI SNO . DIV 011 

A-2/ 11 I -·•••••••••-•••••·-···••••••·-··-Dln 
... . : 

llSUEO SAN JOSE,CALIF 
. 

., . I LOCATION COllT - lllll'f ... llO. ,. 
,.,. ... .,,. 110.,ni . I It I I I t£BS •IUNTllD IN U.&.A. ... 



+ 

GENERAL@l)ELECTRIC 
.. 

'ON HS .&JJHS NO !NO:> ' 0 i 
" 

. 
I e·~,. I ! ' I II UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- RCV - CONT ON SHUT 2 IH llO. 'ON ONIMYHO TITLE St~NAL.. 6ENE2.4TO~ NO. 

I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AI tURE R'.ATE .D:AT.A " I FRACTIONS DECIMALS 

1~ 
ANGLES 'SHEET 

/ + + PA 49 .. ·----------------------~- . - - CONT ON SHEET SH NO, FIRST MADE FOR . . 
JI 

" 
: • 

.... STRESS MJD.E THEFfv'IAL STRESS FAILURE RAfE I 
., 

,. !. 

L.J ITEM PARl DESCRIP FAILURE MODE TA = o0°C /1o0 HR COMMENTS " ' .. (a) (b) (c) f i. H ' ·NO NO TION MATERIAL 
. l . . T MAX T. R. ~TJ~c· SAFE ~re~~E ·I I .. OPEN SHORT DRIFT PcoP. >IP .(RATED) ~p. )/ V~ATED I4Jp .. )II~TED J(oC) °C/MW T(N) &'UNSAFE . ~ I •I :, -· 

~ .... ·. I ,, 

: .. :I Cl . c o..p. Ce rvimk /5/500. ,008 I : I 
. . 

_,j - - -- -.. .. 
f.llyla.r ' 

. 10/ 10.0 .oo,zz ·?' C-2. /I ~ . I 
I 

/.;.... 
.-. '-

---~· ~--~:---, I 

.ooz3 
; -3 C3 II 

,, JS/ /00 I 

I ' . i 

' 
i ,..... 

L C4 II Mic~ .. 10/500 ,026 I --. ·' - . I 

+ 

·I 
I 

Mylo.r 
~ ·-J::." f 5 ,, /5//00 ,002.3 _) . : I 

J . 
. i r. 

.OOZ3 
,. l ' ' ·"' 'C:6 0 " JS/100 - ;-' •o : ! 

I 

·+ 

7 M IC.O... !S/Soo ,O,Z.6 --C7 II I t . 

l 
1· 

"°r 
·8: EB· I'll yl a. y.. - . JS/160 .0023 \ 

. - ... . .. , .. . . .. . . . : 

. I ... 
9 RI Res Lomp. l/5DD I O.ZI I r 
iO RZ II 

,, S/500. ,021 f 
.! L 
I L 2/soo · .02/-

I 

// R3 II 11 I 

~ 
12 R.4 II zo/5c;o ,02/ ' . 

. I 
II I ~~ 

i3 RS 5/soo ,02/ 
: .... ...j 

It ,, 
I I 

I _ ... 
i4 R6 II ,, S0/ 500 ,02J 

' 
I i 

--; 

·5/soo 
i -rl 15 R8 II ,, ,Ozl· I I : 

- -""1 

1£ R9 ,, II ,t)j 500 . .OZ/ r r ' -
+ 

.. 
R - - T -

I 7 Pot-. '{,ermef' 10//000 .z ., 
I , 

I I I 

18 ~' Mete~/ 10/250 ,0054- I I 2. . II 
,::; ( 1-n 

' 19, R Comp. S/soo ,021 i.3 
I\ I 

' . . I PAGE sUB.lOTAL ,46S9 ,I NOTE:· 0 ~ SAFE FAILURE: X = UNSAF~ FAILURE 
' + 

'.! 
MADI IY &PPllOV&la 5NO . DIY OR 

I A-22 ' -·••••••••• -····--••••••• •• -----·-Dlll'T . : llSUEO SAN JOSE,CALIF 
. 

.... ,, .... .,.,,.,,,,. .,.,., ... I LOCATION CONT Oii llllEET 
.. 

... llO • .. - - -· -··-· ., ................ I . it I I I t£8S PlltNTl:O IN. U.8.A. -



'ON HS lJJHS NO 1110:> 

" . .-------·-oN.-oN-.•M.-YHO ... 
I 

+ .. 

+ 

.. 

. . 

-+ ~ 

+ 

+ 

.. . . 

,~-. . 2C . -. " .. 

.2.i R 
15 

22 R. 
I~ 

23 
Q 
I 

: G. 
.24 I 2. 

25 . G.. 
3 

2G _Q, 
4 

"' ..... .G. .. ·L.' i: ... -s .. 
p 

28 I 

ff ... ..., ...... fl .. 
Plll .. Tlll IN' U.S.A. 

I 

. Res. . Comp . 

"' fl 

I• 11 

2N7ob S ·,I; c.oti 

II II 

2N B<a~ I! 

2N4'71 " 
·ZN·10€> .. II 

Con fl. 

I 
i 

.. 

GEN ERAL@ELECTRIC D 

.. I ~ ' I .. 
~~~~UN=L~9=s_M~H-ER~w~1SE~s=~=c_1FlrEo_u~s~ET=H~E~~~LL~~~1=NG~-~~~~~=~~~~~~~~~TITLE Si~NAL G~~a~ATO~ co~~~~ f 

APPLIED PRACTICES SURFACES fAA~~~=:NCES OND:;,:H~~SED DIMEN~~~~ES F:AI tURE R:ATE .D:ATA 'SHEET 

/ ~ ~ ~ CONT ON SHEET SH NO. FIRST MADE FOR PA 49 
II 

~ ·-~o• ~ -
r 

50/soo· .. I 

S/500 .021 ' 
. I0.{300 115 .50 .s- ,27 ,3S4 

175 ~so JO .:3.0 • 381;. . Z0/300 ·I 
I. 

J '15 .49 5 .27 .35"4 IQ/ 3~0 
.. •· 

/450. ,5"0 I 

115 .50 s .ZJ ,3b1-/0/ 300 
l 

./8 

PA6£ :.r-VB T074L J.1870 

I 
I 

I 
.. 

I 
' .... I 

: I I 
I I 

-- ·- ,I. 

·- ·r ., 
I ' ' 

I 

I 

I I 

MADI l'I' APPllOVALI ;)NU . . 01'1' 011 

-·••••••• •• -··••••••••••• ........... OEl'T 
llSUED SAN JOSE,CALIF LOCATION COllT Oii SHEET 

. 
I I I l t£8S 

IH "°· z.1 

;4-2.3 
.. tlO. 

i .-.,-

" !­
I 

iµ 
I ' 

I._. 
I ' I , 

' -. ' 
i .;_ 
: ~ i 

f-1 
I ' -
! 

r 
:... 



+ 

' ' 
'ON Hll .LJJHS NO 1N~ a GENERAL@ELECTRIC i. \ •. I e 1. I 

I 1 · 

.• 
~ 

'ON DNIMYllO UNLESS OTHERWISE SPECIFIEO USE THE FOLLOWING:- ll[Y TITLE Pv L c;, e. 1-1£ I,, Hi D1?:.c::.. CONT ON SHUT 2. ... llO. . . NO • 
.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINEO DIMENSIONS 

F:AI tURE R:ATE .D:A T.A SHEET .. I FRACTIONS DECIMALS ANGLES 

/ + + + PA A.9 
... 

.. ·----------~~------------ - - - CONT ON SHEET SH NO. FIRST MADE FOR . . 
II 

" ! 
: -- .. -- .. - -----

STRESS t'OD.E lHE"'1AL STRESS FAILURE RA E I ' .• !. 

~ .1.TEM COMMENTS : 
: .. PARl OESCRIP FA I LURE MODE (a) (b) (c) TA = b0°C /10° HR MATERIAL I. I 
' ·NO NO TION . . T MAX T.R. ~TJ SAFE ~~re~RE I 

~ 
OPEN SHORT DRIFT P(OP. ).IP. (RATED} \lt)p~ )/ V~ATEO I~p.)II~TED J(oC) T(N) ·I ! .. .. ~CIMW ~c &'UNSAFE I 'I~ I 

.. 

10/20 
I 

l 
. I .. 

) Cl . Tant " 0 ,O/E. ,·009 -... ' . . ~o.p. l i 
. . . . .. -i 

·1 I 

. :· - .·2· c:z. H .,..1'/lc.,.,.. 0 0 .I S/100, .0024 i I 
i .-. ._ + 

! f 

' 3 C3 11 fC•lllt 0 x .10/ 2·0 ,013 ,009 -I ; ; 

' 
: . l 

' ~ I I 

L1 C4 11 My/Q..~ 0 0 10/200 .0022 I ' .. ._. . . , .. 
I ' ... -... I 

·I 5 :c5 0 \0/ 20 ,009 
, 

; ~ ,, 
T~nt x ,01~ < . : I 

~ 
J . 

. I 

b c..::~ 0 x 8 /Zo ,007 ,oos- , ; ! ·I 
II I' . 

~ 
: I . t~ 

7 Cl ,, 
Mylo..<" 0 0 1'5/200 .0022 I .1 : 

' 
.. .. r ·8: r:: 8: ··: ... I~. M I • 0 .. 0 25/5.oo .02." .. I IC:O... I : 

,.._ .. . 
' ·+ ~ 

IS/ Soc I 
•:" c 9 c. 9 ,. 

MIC.'.'.-. 0 0 .\ 
.02~ 

10 c it 11 0 0 10/ 500 .02Co I 
.! 

t 10 ' c I 

() 0 1 o / soo ,0 2.(o I 

I I I I 
I• I• I 

t 
12 I . I 

.. i ·-
/3 

~ ...:-

I : ' ! ... 

CJ 25/soo 

' 
I 

I ! 

14· Rt 'J CoMp. 0 .02,.. i . i 
J.:;.es. 

' 
I -1 

150/ .soo 
I I i 

15 R2 If x a .02.7 ,018 I 
-:1 ,. i : i 

- -

I ., r 
..... ~ 

lk, R3 " /1 0 .0 10 I .SOD . .02.1 .. .. 
- ,_ .l 

+ 

. 
0 /So/ ..500 

., ·-·- ·r '~ ..... 
17 R4 •I I' 0 *oz. 7 ' , 

I 

18 RS Sf. NS;":iT" ~ S".1;r~1 "" .... ,. 0 .x zo/zso ,4 '· 267 Ass11),ep' 
/:9 ·Rk> : !<es. 

Met. c. I 
0 x ./00/ Z 5 D 

... 
,0/0 f:i / ,~'\ .015 .1 I .. 

,. I 

+ NOTE:· 0 = SAFE FAILURE: X = UNSAFE FAILURE· ' PAGE sUB .TOTAL ,6678 ,3z70 
' .. : ·-· 

·~ 1y: MAOI rt A~l'llO'IALI SNO . OIV 011 ,A-24 I -·······~··-······••••••••••••••••••Din 
\ . ' llSUED ~ JC.lSE,CALIF 

. 
·""--··· I .. LOCATIOll CONT Oii ... In .. llO. ' . - . ... ·-.......... ..,""' ........ I If I I I t£8S PlltlfnCD IN"·•·•· 



·011 "' &JJHS NO 111~ I i;,, I GENERAL@ELECTRIC I 

"ON ONIMYllO 

. . ,.._-.-. --------.., 
I 

uNLEssoTHERw1sEsPEC1F1EousETHEFoi.Low1Na:- ~"[ci'. nTLE Pu'-s·e He. 1,, 141 Disc.. coNT 0111"m 3 
t---AP~PL~IE~o=PR~AC~T,~CE~s-.-~s=u~RF~Ac=Es~---ro-LER-AN=cu=o=NM=•c=H1=NE0=0=1Mt=Ns=10N=s--.-=--~-.~~~-----1 FAIL . 

+ .. ·············-·-····--,.. . .. I .. + "~'""' l:"""'U I: """ ~" ~ '""' '"... : . I URE R~ TE .D:AT.A SHEET 
FIRST MADE FOR . pf!\ _4/;) _ _ _ _ 

II 
; :,...;__...__,,__ __ ___,,~---.----~~~--------------~--~~~---=---=:---~------~---r-----~t---+-------...----..., ............................... __,, __ ........,..,_ __ _.. ______ ~~~ 

· :· · STRESS MJDE THER'llAL STRESS FA1 1Lu1~ HRARTE 1 
l COMMENTS 

, .. ITEM PARl OESCRIP MATERIAL FAILURE MODE (a)· Cb>° (c) TA = 0ooc uv 
·NO NO TION T MAX .T R ~T SAFE UNSAFE ·I I 

. . OPEN SHORT DRIFT Pcop .. )IP;(RATED) \JoP~)/V~ATEC I~p.)IIAATID Jcoc>otiMw J~c T(N) &'UNSAFE f~ILUR~ -- - I l 

2~. I~ II 

.. . . Z-7: .:.1 ~: ..... "H. · · II· ·. 

l 

I 

' 

o ·o 5 ; soo . oz 1 ' 

I 

",I· 

-

i 
.-. -

I . 

. ~ 
; 

+.... ,., 
28 /5 ti o a 2s/soo .02\ I II 

2 0 R. 
/ I G '' 

I! /.. 0 25/500 • 02.1 I 014 I' 

I\ a o zso/ soo .oi.oo 

' 

0 ,H., 

3 l /8 11 ,, O 0 1zs/5oo .02-4-
- ·R . 
.jl ~,9 11 ,,, 0 0 25/ .soo . 021 l 

3 3 ?.~ 11 11 ;<. 0 125/ 5 00 .o Z.4- .016 I 
+ 

34 ·~ ,, ,, X 0 120/soo , .oit4- .016 1 :: I 
' i --
i --

... 35 2~ 1
' ,, X .0 80/5oo · . 01.l ,CJ/4 I ----,--.~--~~-----_ ................ --

3~ ;:_\ I! ,, 0 0 125/500 ,024 I -;-·~ 
31 z.'). , , , . o o 1 o/ soo . o z. , 

1 

·-3~,~~2~~--~:~·--~'· ___ o___._o___. _____ z_·o_/_s_o_o__._~-------·-·...,-~...__---~-----~;-'-0_2_,-t"-~-.-~~-'~··~~--~~~l ~---i::::::=:li 
NOTE:· 0 =SAFE FAIWRE: X' =UNSAFE FAILURE. I • I PAGE sUB lOTAL '4-880 .338CJ 11----+---1 !! 

_________ _._ ........ _______ ...._ __ .... ___ ... ,, . .. .... . \I + 

1-····-·-··-··-~---·········--~~,~ . A-~ !! 
. ~ JOSE I CAL IF LOCATIOll CONT Oii SMHT 

MADE ff 

I .. . - . . 
! 

· .~:~··~~·:.·~· ·~·· '· · ·· ··~·-• • ·····~ .. · •. ~ ...... , •. , ....... ;· ..... :· ·"''i-~···u.••n"'"' ~ ..... , .,. ..... ,_. ...... ,.=-----~~--------··----------., -,;~ ----------.----llSU[D 
" .. llD. 

' 



GENERAL@ELECTRIC 
I 

"ON Ht &JJHS NO !NO) Cl 

I ~' • ! .... 

lfl "°· ~~~~u~NL~~~s_m~HE-~~,s~E~sP~~-1F1~Eo~u~sE_TH~E~Fo~LL~o~w1_NG~-~~-~~=~------~r1TLE Pu~SE ~El~HT Dis~. ~~~~m 4 
APPLIED PRACTICES SURFACES FRA~~~=:NcEs ONo:;,~H~~sEo DIMEN~~:~Es F:AI !LURE R'.ATE .0'.AT.A 'SHEET 

.. t-------·o-.N D-.;Hl--MYH-..0 
I 
I 

+ .. I ~ ~ ~ CONT ON SHEET SH NO. FIRST MADE FOR p A 4 9 

:~~..._..---...,..--~r--,__;_------~---------------.---~-~--r--11--;--t----....,...~------------------------~·'....-' . .. . STRESS MJD.E THE!lvlAL STRESS FA I LURE RA fE I ·· jr 1-J 
, .· ·. ITEM PARl DESCRIP MATERIAL FAILURE MODE (a) (b) (c) TA = 0ooc ;ioo HR COMMENTS , -· I 
' NO . NO Tl ON I 

' ' ' '' .• ' ' R ' OPEN' SHORT DR I FT p (OP. )IP (RA TED) ltip~ )I v Qlj\TEIJ I¢Jp ')II flA 111/ J~~ l"~~ ;/ll J~c T (N) & 51l~~FE f!lj~e~~ ; ' ' I ., ' ! ' ci 
. : : .. 3:9. z~ Res. . C.omp. x 0 5 I 500 .02..f I 014 I I I 

.... -1-----~-_,,,,,.,--+-----+---+--+---l--+---+---+---...._----+-----+-------1 -i ... R 
+ . · , 4o 27 1' 11 X 0 5 / soo , . o i.' , 014 1 

+ 

+ 

' ' ' 
4 I [s 11 

" 0 0 ?..a/ Sno · ~-1. t _ _ : · .. ·l··~-~":·····"".'·~·~.-··J-· 
42 A ~-~···-~- o o 12s/s6b ····~-·_o_~_4~--~~~~--~'~~~-+-----~~~~ 
43'.~ ,, ,. ·~o~-o~~~~,~~-j~s-o-6~~~~~~~~+-~~~-.~- .oL' ·I 

, 44 ·Ii T~7:;ett X 0 20~/9:Q.0.·. . 4-

4 5 ·3R.z Res CC>Mf' X 0 70 /2000. . OZ. l 

,267 

.014 

,. 

I 

I ' 

:~ 
I 

1~ 
I 

ir 
' i i 

~ 
l i 
I • 

~ 

l . . r .. -

4S Cf! 2N708 s.i,w, 0 X 15 /3r,,o / 4-o 175 .419 31 .4-S 3,00 z,o I ! t 
49 .~ 2N3251 ,, o ,X 4-o I 3r,,o Is o 175 .49 2.0 :~1 1. % po · · t 
So~~ 2N1os ,, O X too/3foO /4-o 175 .49 4-9 .Slc 3.10 Z4b I· · 1 .. :~ 
51 :~ " ·· O X 100/3<oo / 4-o 175 .49 49 .Ste 3.io 2,46 1 : .. i 
52 :'? 11 

' 1 0 x 5 / 3·!oO I ft.O 11$ .4() 3 ,2.S 1.51 j;OS .. ' I i:J 
53 ·~ 1

" ,, o X s I 31.oo I 4.o 11s .49 ~ :z.s 1.:rs£ ho.5' r ! ! --d 
r :-~ 

54 ~ 2N32S\ \I 0 .x 3o/3Coo /5o 175 .49 IS .33 !Alo /;/2 r -_-___ , ____ _..,_ ______ ....___.... 

55 ·~ 2N7o8 11 0 0 .5(3foo lo/40 175 .4C) 3 .1.S 1-51 /,OS ·1 ;-~ 
-~ s 1o . 9 . 11 \\ o o .s / .:; eoo , o I 4o 1 7 5 . 4 ~. 3 . 2 s t • s 1 .;, o.s- 1 

· ._5...;,;-7..L.;.·· ~i..:::· ,0u-_1.'_;,i...___....__o~_X_...__,.__4_o_/_3_<o_o_...__/..,...4_o~-_,,_--L-'-·7_5_.__. 4_9_.__2.._o......_._~_,~2:-:::;.1;;.._o-+-)-:-::,s...-2-+----'-----~1--::~::~-_:l· 1' .. , 

NOTE:· o ~SAFE FAIWRE: x· =UNSAFE FAILURE. , · · ·J.-l __ P_AG_E_su_·e_.10...;.T_A __ L __ ~fa~,6~o--......;;:so.;;~f ... 9 ... o... ...---+-~,. 
~~------~~~-..---~--~--....----------..... ......,..!: MADE "" A,,ROYAl.J SNO . DI¥ 011 

I -· • ··•••• •• -·········· •••••••• - •••• otPT A-26 ' . 

; : i ISSUED SAN JOSE' CAL IF LOCATIOll COllT Oii SMUT. ...:iiO:·;, 
'-,,-.. w.-r1-,._.--.,, ___ ......_ __ ----"""""'· ·--·-· -------1 ~.,:.,..-t'""""'l._-~--__,..1---'--~ .... ""'9'" .. ....__,...__...;.,.1-"-.rn -~-+----.......... -, _..-, .. · .. ,--..~·· 

l'lllNTSD lfi! U.S.A. : ~ : ' ··,. 
4 

.. 



+ 

' 
GEN ER.AL@ ELECTRIC 'Oii HI .1.JJHS 110 !110:> l' D / '. 

·. ' I e1f I ! 
•' ! I 

41 '011 DNIMYHO " UNLESS OTHERWISE SPECIFIED USE THE FOL,LOWING:- MY 
TITLE 1-"ULSE J-1 SI() /.Ii Disc. CONT 011 SHUT F "' "°· . . NO • 

" I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS / F:AI LURE R:ATE D:AT.A 'SHEET .. I FRACTIONS • DECIMALS ANGlES 

.. / + + + PA 49 .. ·---~---~-------------~-- - - - CONT OH SHEET 
--· -- - SH HO. FIRST MADE FOR . ... . ·- -- -.. II ! 

: - . ---·-- -- ---- - .. -· - -- . -

STRESS rtOD.E 1HE""1AL STRESS FAILURE RATE I .• :. 

_j .. 
COMMENTS : .. ITEM . PARl DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /1o0 HR • 

. ; 

NO MATERIAL ' : NO TION .l --. . T MAX T.R. IATJ SAFE ~reG~E ·I I OPEN StiORT DRIFT P(QP" ).IP. (RATED) VOp~ )/ V~ATEC l(Op_.)IIf{ATID' J(oC) T(N) I .. .. PC/MW ~c &:UNSAFE I -I ,, 
... 

i1 x 0/306 7 /'75 .22 
I I 

l .. . . 5:8 .Sd1c.:>·,, x I '7 5 0 .2~ 1.~t) /;60 lj -. · .. ZNllll I ' -" 

~ . '7/ ~o ' .. 

. 5:'9 2N2~oS II x x o/rooo / 7.5 .2 9 0 :z:; I. '"31. J,:JZ i ! 
l . .~ -: 

+ 
Q o/Soo 7 I ·7S .22 )to ' I -"o 2Nllll x f, /75 0 :z.' I. (oO 

,, 
/3 

I\ ! 
I ' I .. - -·-·--·-·-·- . .. 

i -
"I 

Q x x .o/·~60· 7/~o /75 .2.9 0 .1..3 l.32 J,.32 ' I /4 21\1 Z~o: 1· - . '-

--- .. . " I 
'CR 0 3/10· .33 ·I - ; :-.. C,2 I t-J414B 

,, 0 10/75 175 .4.3 . ·, 
' I ' 

i. 

.. c.:R 0 ,ZZ I ,... ! ri-
63 \\ J. /15 1 //o 115 .2.3 .3~ - ' : 2. .. I< I ) r 

.CR ' 
(a4 J 0 I I 75 · / /ID I 75 .23 .33 ,2Z ' 

3 
1! ,. I . 

' -
.(o·S: CR . . \ ~ (}" ·x 1/75 I/ 10 .'2.3 ,33 ,ZZ ' . l 

•.•. "If /75 ' .. .·4 : : 
._ .. ., ... 

l, l:, YR x 500/1000 1.7.5 .lb 75' ,74 2,02 202 I [ I l N4140A J. ·-

+ 

l:,/ 
p 

C.a "'(\· 0 0 ,2Z 8 ,Acfivr P;;ns lm1ff/n.J Ar-oo~rs. L I 
~ I 

-- ,t 
PA• 5£ ~ VB TOT. 4l. 9.4000 &52()0 , . I . 

1 ·.~ 
" 

; --
I i 

I 
! _..,. 

I i 
I i --

- i i -:.i 
: I I I 

; 

' 

I 
'i--. + 

__ , .. _ - .L.. 

- - - ·r -
I 

- ·- . 
I ' I 

I 
' .::;,: .. I I ' 

-· . 33, zz. NOTE:· 0 := SAFE FAIWRE: x·= UNSAFE FAIWRE I VNJrT TOTAL 73.Jf~ 7540 i : 
I 

+ 
I -··. ·- - ·--··· ' ; 

MADE IY &'ft('V&l_. SNO . DIV Dll 

A-27 l I -••••••••··-······--··•·····-····Dtrr 
... . ISSUED SAN JOSE,CALIF 

. 
I LOCATION co•T Oii SMEn .. llO. i .... .. _ --- ---- -· ·- --·- . 

,., ...... ,. flO..?• I . ~t I I l t£BS fllllNTID IN U.S.A. c~ f . 



.. 

·011"' &JJNS 110 &1103 

•. ,__ _____ ·0-.11 o;;;;,;DNIM=Yll_,O 

I 
I 

.. 

I i·,. I , GENERAL@~LECTRIC 
..,..__.,..,...... __ uN ..... L..,..Ess .... o_rH,....ER...,..w __ 1sE .... s ..... PE_c1F..,..1E_o u_s_E T_HE_F_oL_Lo_w--1NG_=-~----+-'':.=C:. ______ ---' TITLE J_ 0-i Infe:Jl'ldi ~r CONT ON IHHT 2 

i .· 
!. 

+ ,. -
____ :_~:-~-=-~:-~-~-=~~-~--.......... su~··/~~~CE-S~--+F~A~~o~~~=~~~~.· ...... r_~_N~N-~~ts~-~~0-NT~ON-SH~m-------.sH~NO~. ---t-Fl~RS,T~M_::~~~~m·~~R~-~-R-~~T9~E-.o_:.A~T.-A~·s~H~EE_T __ ..._ ________ _...--.j.~ 

+ 

ir - -. ' .. ~.......---..-------..--·--------------------:---· -·---··--·· ---~· --~~~---~1"'""""'......,..---r----------------...· ..... -of-1-
STRESS KlDE lHEff.1AL STRESS FA I LURE RA E I 

, .· ·. ITEM PAR1 DESCRIP FAILURE MOOE· (a) ·Cb>° (c) TA = 0ooc /HF HR COMMENTS 1: -

, NO NO Tl~ MATFRllll - - ~··· ··-··~ - . ··-· ·~· ~ ....... - ... - -- l ~ 
.. __ -_-_.._· ,...· _..,_.._.-+--=+-oP_EN-=t-s-Ho_R-+T o_R_1 F-T+-P_cOP •• _>n_· c_RA_TE~o-+> _'-t_r~_>1_v_~ ... AT ... "Ec'*r"""'~==P= .. )II=· =~=ra>=· =1=T==J?1"""'o~i:=I> 1-Dt .... ~ ..... w+ll-TJ .... ~~c·"""T_cN_>-+&-~ .... u~ ..... ~A::::::F~~ ---~-A~_et ..... --~~ ...... - .... --· --· __ ·....,: ____ +-' __ _,.. _____ _. · .-::. _ 

= . • • • :/ Cl .C!Jp.. ·t;/)f, X X ~20 .001 ....... _0_0_1_,..__ __ .._t ......................... ""'"-4. --'-'"=-·==----i· F-=----: --t 

. ::~_ e-2 /J ,, x x· 8/10.. . 01a ,o 1e , I 
I ·- 3 C3 " " X X. 8/20 ,(J07 .007 : 

' - .. '·-~ ... ·--t-----t~--+---"-~~-----.......... -.-----~ 

.4 C4 II /I ;.. x . . . . . 8/10 ' ·79 I 0 78 -. ' 

5 C5 

6 C6 

7 -C7 

,, 

''· 
/f. 

II 
:x x .... -- s/:35 _ I~ J.b .-o-o.36---t----....·· ............. ~ .. , .......... -:-----....--------

/I )< x 9/10 ,.078 , 078 J. 

-
' 

·'. -

ii-
. ' 

' .. ! Ii-
. : ! 

r-: 
: ' 
' ' 
~ 

l . -... · · -8: ~8.--·: ·//·. Tdnr ". ·x ·1 /Jo ,07 0 , OlB ' = 
+~ I' /• ... "" ··1~ 

1-3-+-~~9-+--"-~A~~-k_r-+-X-+_x---r--""t-----~.._,_---e/_1t_1:::v_.·~· ----T---+-+----t-~-t-·o_a_~_zr._0_022--t------~'~~-+------------------4 !:Ct 

+ 

+ 

/() JO 11 Ttinf. X X 8/,zo ""' .007 , oo 7 f .. ___ _ .. 

11 ~ " .Mkq X X · 8)soo '"" .026 .oz" · .. ~ 
:1=z:;:~:=="====~=~=1.:=x=::=x::===--=·=·=·-··=··=·-=====-a:v.='35'=====·=-·===============::.0=0:~=6:=,o=a=~=,:=====1=·====:~.~-=~-~--~--~.·j---_-_-_-_-_-_-_-_~~ ·1T 
/3 ;~ 11 11/co X X -·-. . ... 8/soo .0,26 , O.Z.6 . i : .J:.. 

14 ~ 11 f1y/ar X X , . 8 )/00. , 002Z ,.t}{JU I j .. \ ~~ 
15 f5 11 G/o~ X X 9/.300 ,0/7 , Oil I : ! ,.... 

........ 

/6 Ji 11 1~1yltJr X X tvj;oo · ,0022 .oozz I ---.--=._ ..... _=.~-~~i-----.-.. --~ ...... -_._~_-•··· 
/ 7 Cf /N914 s/lko11 X X 8 /ioo · ;so .2 9 , 363 . '3/,3 I ··- ' f ·- -· . -

/8 t;-f . ,, ,, x 'f B)Oo ;so .28 ,36.3 .. .363 _1 t--+--~--"'t-----r--t--~--11--------r----"------+.._.__---t--4---l----f.---l---4---~-........... ~L........---+--~·--..i----i1---+--t 

· ;g_ ~:f " ,, x X B);oo ·· ;so .z~ . 363 . 363 1 t : 
~--~--~.--------~--~---~-------_._--.;.,.._--'-_____ _._~-L-~L.--..L~-+-~~+......~~t-~~-~~----=-~~~~-----~----41 

NOTE: 0 =SAFE FAIWRE: x =~SAFE FAIWRE I PAGE sUB lOTAL /,5170 /,S/70., ____ ..,.__ .... : 
! 

.... _._ .. _.,, 
PltlNT&D IN U.S.A. 

I . 
I 

MADI: 11'1 

ISSUED 

I 

SN() . OIY 011 
-·••H••-••-••••••-••••••••••-··-Dltn A-28 ' SAN JOSE,~L_IF _ ... ':OCA'hClll COllT Oii Sllln 

.. 
.. llO. 

I tEBS ·· 



. -·. 

+ 

·011 HS 1JJllS llO 111o:> D GEN ERAL@ELECTRIC i .. ~· 

' I e·ir I I '. : •' ! 

·011 DlllMYllO . UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- ftCY 
TITLE Lo,g ~nte,j11t1f{)r CONT Oii IHHT 3 ... ..o.z . . 110 • 

I APPLIED PRACTICES SURFACES TOLERANCES ON .MACHINED DIMENSIONS 

" I FRACTIONS 

1~ 
DECIMALS 

1~ 
ANGLES F:AI tURE R:ATE .D:AT.A 'SHEET 

/ + ,.PA 4-.9 .. ' ---------·--------------- - CONT ON SHEET SH NO. FIRST MADE FOR 

.. . .. II 
; 

: . - . ·- . "'" ·-
. . . .. STRESS tlODE .. 11-IEff.'lAL STRESS FAILURE RA ~E . I .• '· 

ITEM . PARl DESCRIP FA I LURE MODE (c) /1rP HR COMMENTS : -: .· ·. (a) (b) TA = b0°C ' MATERIAL 'i 
: NO· NO TION . . T MAX T.R. ATJ~C SAFE ~~~~~E 

...... 
OPEN SHORT DRIFT PcoP.>!P'cRATED) \\lp~ )/ V~ATEJ: Id)p ,.)IIMTED. J (oC) T(N) ·I I .. . . bCIMW &'UNSAFE I =1 

~ 

.... ·. C.11 S/h't.on 8/;oo 
I I zo. JN914. x x 1

/SO .ZS .3b3 ,363 l -. · .. 4- -.. 
c15 . ·ii x x ' 

8/100 ;so .ZB ,363 .363 " /I II i I 
I 

·' -' : 
+ 

CR x B/100 
T . J 2Z II x /5() .28 ,g63 ,363 -6 

,, I 

j ,. 

C!i ' 
i -~3 II II x x '8/100 /50 ?(:] ,343 .363 I 

7 .. ~ L -•' . . . . .. I 
. 2A :c: x x 8j;ao /50 .28 963 .363 ·I ~ ._ 

// // I . : ' t-. p, x 8/;oo ;so ,363 J . / 
. ! 

Z5 ;c9 II. /I x .~a ,363 ~ 

I 
~ 

' ~ 
CA x 8//0() .963 

i 

Z6 x /50 .28 .36.3 I -/0 ff. II l 

27 <;!<. '!." ·x ~'100 ;so .2B ,.963 ,363 
1 ·I 

··: "}/", 
.. 'II: .. ·-11 · : .:-.. . 

. I i ... 
Z8 CA x x 8/100 /SO ,28 ,963 .363 I [ /Z /I II 

29 C/1 ,, x x · 8J;oo /50 ,28 963 ,363 f 
.! t /3 II 

I I 

C;(}_ 8/100 
I 

30 x x /SO .28 ,363· .363 
I 

II 
,, 

.. I t 3/ CR /I /( x x 8/Joo /50 .28 ,363 ,363 I I 
·;5 i ~~ 
C/1 " x <3/100 

" 
32 x /SO ,28 '.363 ,363 

: . . 
/6 /I // I ; 

p. I 
-- i ..... 

33 /fe.s. C"f71P. x 0 (Oo/~oo .OZJ ,014 I l 
'/ i ... ~ 

34 R x 0 100/soo .OZl ,014 
i i ...... 

z ,, If I l ! 

j 
' 

J ·-33'- II II x .0 100/SOO . ,021 014 
' .L 

+ 

+ 

R 
-- ... ..,. 

36 ,, II x 0 100/roo ,02.J .014 ·1 I ' 4 I 

37 ~ . ,, /( x 0 1 oo )soo OZI .. 014 I i!. ' 

.Ii 100/StJO 
' 

. ' 138 x 0 " .021 ,0/4 ,, ,, /; I I , ~ . 

•' . . I NOTE:· 0 ~ SAFE FAIUJRE: X = UNSAFE FA I WRE · PAGE sUB lOTAL : 4.4820 '},'}400 I 
I 

: 
/' 

I 
! 

+ 
" MAOl.., " AP'l'llOYl\U .. SNO . °"' o" ' 

,_ 
A-29: i 

I ~Ii 
-------- -----------·· ••••••• - ••• ll(l'T i 

... i 
. \ 

ISSUEO ,/ SAN JOSE,CALIF 
. 

... \ ./ UICA,_ COllT Oii SMUT .. 
.. llO. .. 

1\ . it .1 -- I 
-

I F•~Pl,ca..A71 

P•INTSD IN U.S.A. - ~ .. 



.. . - .. . I . .. ·~· -

.. 

GENERAL@ELECTRIC 
, .... 

'Oii HI UJHI 110 11103 0 " 
I i, 

l 
·. I f'' I 

•. . ·• 
: .. ! 

COlrT Oii IHHT ;:::" .. .0.3 . . . 
'011 DNIMHO UNL'°!SS OTHERWISE SPECIFIED USE THE FOLLOWING:- ll[V TITLE L-09 n~,9r'IJi""'r . . NO • 

I Ai>PLIEO PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AltURE R'.ATE .D:AT.A 'SHEET .. .. I FRACTIONS 1~ DECIMALS 
ANQl[S 

·/ + + 
FIRST MADE FOR ;:;'A 4-9 . I 

.. ·-----------------------~ - - CONT ON SH[[T SH NO. I 
... . ~ II 

: .. ! 
STRESS mo.E THER'IAL STRESS FAIWRE RA rE I ' .. .• t-. 

ITEM PARl DESCRIP FAILURE MODE /1rF HR COMMENTS : ,_ 
: .. (a) (b) (c) TA = 60°C MATERIAL .. 
: NO· NO Tl~ . J MAX .T. R. 6TJ .. SAFE f'itrf G~E ·I I -.. OPEN SHORT DRIFT PcoP. )/P °<RATED) \t)p~ )/ VfiATEr I~p .. )II~TED J(oC) °CIMW ~c T(N) &'UNSAFE ' 

.. -I .. . 
:' .... ·. . Joo;sao: I . . 3:9 117 11~~ . Comp. x 0 .021 .0/4 I 

' 
: -... 

' 
--:----~ -J .. ·- ~ - -

' /OO)soo· 
,' ! 

•. . f(J RB fl II x 0 .OZI ,0/4 l .... -~ ......... ~ 
i 

.~ --· : i : 

~ 
.. 

41 
.. x 0 1/sao .021 ,014 

... i-4 
II /f ., 

I I . ! ·y 
! 

' 
i ~ 

42 ~ II /I x 0 ' 1/soo ,02} ,014 - . I ~ 
- I ; 

.'(/-3 :,R x 0 //soo. ,,{);?./ ,0/4 ·I - .._ 
'JI II II : ·. ~ ' . : I -i • 

.. . 

·11 \ . 
.· 1 h x 0 l/S-00 ,021 .014 

/ '! l ! 44- II. /I - fl 
·~ 1/60(! 

l . 

4S /I. /I x ·o .OZ/ .0/4 I 
~ 

! : 

4-6: :Ji: x-. ·o l/soo ,021 .014-
I -r 

. - -·· • ·11· -. -ti: ..:..... . . ... : 

. ·1 ~ 
47 ~ x 0 l/StJO .OZ/ .014 

~ 
II /I 

48 ~ /I II x 0 l/soo· ,021 ,014 f 
.. ! 

I 

~ ·;;soo I 

49 0 x ,021· 10/4-
I -· 

fl /I .. I 

~ 1-< i /a--00. . I 
50 II x 0 .02/ .0/4 . ' 

;g /1 ~-

I 'i 
._'7/ ~·1b Pot Cermet 0 x 1 /1000 .z ,/4 ft1 0n11Fa?farers £, '1Tt1 ~] ! 

-p 
S A~f/v~ P/n$ 

. I 

S2 Ctw1er.fd' x x ./68. ;/68 

' 
I mqf"/11.J / ~oo);~ . j : I 

'/ 0 .... I i 
! I l ; -1 

?A1 ~E' .4760 I I ! r-: 
61/E TOI "Al .6l00 

- .L.. --

+ 

+ 

- ·r .... ,_ 
·1 I ' I 

.. • 
.. 

I 
' I 

' .=~ ;.: .. I t ' 
-· , . I NOTE:· 0 ::= SAFE FAIWRE: x·= UNSAFE FAILURE ' ' I/NIT lOTAL 6.61.90 6.4330 

! .. + 
\ 

I . MAO!; 1rY a•N(WMS . SNO . Dl'I Dll 
--

I -··••••••··-····-··•••••••-····°'" ./4-.30 ... . llSU[D SAN JOSE.CALIF 
. 

I ; LCICA- C011T °" -n 
.. 

.. llO. ... .. - . .. • ..lr.n 
.. .. 

,.,..eoe.tr ., •• .,, I . it I .. I I t£BS . 
NINTl:D IN U ••• A. - \·' . 

· .. . • · ... • •'! 



_ .... _....1. I ;'.'.i 
~.a: 

+ 

. - ·•·.-- ........ -
i~i 

GENERAL@ELECTRIC 
.. 

·oN Mii UJHll NO !N~ a 

I 
·. I g1, l I l : .• I .. 

CONT 011 SHUT 2 .. ,.~.I '011 ONIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- 11£Y TITLE NO. 
.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AI tURE R'.ATE U:A T.A SHEET I FRACTIONS DECIMALS I: ANGLES 

I + + IAIT .R;4N'GE A'-\?Llf=IER - HECTIFl£R 
. I 

.. ·------------------------ - - r.DNT OH SHEET SH NO. FIRST MADE FOR .i . . 
.. II 

: 

STRESS fv[)OE 1HE""1AL ST~ESS I 
.. 

FAILURE RA E • t· J : .· ·. ITEM PARl DESCRIP FA I LURE MODE (a) (b) (c) TA = 60°C /loO HR COMMENTS ·i. j 

' ·NO· NO TION MATERIAL 
.I 

....J . J MAX T.R. ATJ T(N) SAFE \!dtf ~~E ·I I I 

OPEN SHORT DRIFT P(OP.llP.(RATED) \t)p~ )/ V ~ATE( I~p .)II M TED J (oC) I 
.. 

' . ~t/Mw ~c &'UNSAFE ~ - I. I : !1 
j ... 

.: / .· 
I ' .. 

CJ I MYLAR x 0 0/100 ,OOJ,j I . ·.· .0022 M IL-Ci2. 7·2.87 I 

: 
,_ 

- ~ I ~ 

.·2. C2 .047. f( 0 0 
. 

0/JOO JJ 
.002.2. j ; 

I .~ ;-
: .. i 

3 C3 ·l·f 0 2//00 
JI T 

' 
. ~ :· ,_J I x .0022 ,OtJ/S' -· 1 

l 
.. ,. ! 

SOU D ' 
1 ~ 

4 C4 100 0 0 Jb/20 ,/)7 MIL ~·C. ..- 26655 · I ~ IA 1·JT ' 
.. 

I 
·I , ' . 

5 cs iOO 
. /{ 

0 0 15/20 ,07 /I ~ 
/ : i. i • - .. j. Ti 

6 II 
.. I I J . ,.. I 

C6 10. 
.. 0 x 15/35 ./92 .1~8 . ~ ! 

~ 
i I 

+ 

/I 
15/35. II I ; 

7 (7 10 0 x ,/~/3 
.. -. 192 j l . 

CE· MYl..:A<;-.. o·· ·x I /100 - I -r .. E ·. ... -rr .00.22 ,0016 Mii - C -·27287 ~ .. . . . ' '-· : 

• ,••, 

C9 // x 0 1//00 .0015 II I ' t ':J .01 .0022. 

10 0 ('' K/,\6i J.JC; 1[1.. · x x 4.38 4,3£3 A.S.SUMEp 
.1 

r.J o~ -r1M; 1 L 1 

I I f"\.[;/> Pf-\'J .. 5U ·11 x 4.38· 4-,3B I} 1 

\.; •'- x .• 1 

~-r RI 0 x 0/500 .0/4 MIL-R~1/ : ! 
(. COll\P .021 I ~-~·. :: ·. 

·+ 

13 R2 // () x 0/500 .021 ,014 /l 
: I-"'! 

I I. i I 

MIL~R~/0509 
I~~. 

14· R3 FILM 0 x 1/250 .0054 ,00.36 l i I I ._.., 

15 R4 I/ 0 x 1/250 .0054 .0036 JI I 1 .. J 
I l i ! ! 

II I J 
·~ 

16 RS II x 0 0/250 . .0054 .ao,g6 ' •· 
--··- - L.._ 

( 

J 

+ 

II If - . r -n R6 x 0 1/250 .0054 ,0036 ., 
I ' : 

1 
.. 
.. 

18 R7 (0/VIJ) x 0 75/500 .021 .014- MIL-R-vJ 
. ! 

I~ .RB FILM x 0 5/250 
... 

,0054 ,0036 
: ·.:. 

MIL-R1/0509 I i . ,. . 
NOTE:· 0 ~ SAFE FAIWRE: X = LMSAFE FAIWRE ' PAGE sUB lOTAL 9.+2"1-b 9.0820 - .. 

' I . + .. : I '. 
: 

~-.. 111' Al'Pll11YllU SNO . DIV 011 

i --···-••··--··--·•••••··----Mn A-EI. i; 
} • ; 

llSUEO SAN JOSE,CALIF 
. 

I .. I. 
. • ...... LOCATION COllT• 111[0 .. llO. 

it. r I I -~.· . . '• 
........... •i~J· I PIUNT&~ Ill .S.A.. - t£BS . '.-';M.·:::. .. .. · .. 

. .F 



GENERAL@ELECTRIC 
,, 

·o•"' .1.JJNS llO .1.•o:> Cl i ~ 

' I f'' I I 
F 

! : .. ..... 2. "O• ONIMYllO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- "'" TITLE COlfT Oii IHHT . . NO • 

+ 

.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AI tURE R:ATE .D:AlA ·sHEET .. I fRACTIONS DECIMALS 

I! 
AllGLEI 

/ + + INT /?rJNGE. AMPLIFIER-REC..TIPilER .I .. ·-----------··----------- - - CONT 011 SHUT SH 110. FIRST MADE FOR 

.. II 
i .. 

: 

STRESS KlD.E lHE"'1AL STRESS FAIWRE RA '"E I ' ··,c.; ... 
COMMENTS ! 

.· ·. ITEM. PARl DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /1rP HR ., ··-... 
MATERIAL ·NO· NO TIOO . J f-'AX T.R. ATJ SAFE ~~f i~ ·I I .. .J ..-

.. .. OPEN SHORT DRIFT PcOP.)IP'cRATED) \tp~ )/ V ~ TEC 1¢Jp .)II~TID J coc) DC/MW ~c T(N) &'UNSAFE -. I ;1 
' ... ·. 5;z5o I 

. . 20 R9 .FILM X. 0 .0054 .003& MIL-R-11050 9 -... 
.. : .. -- .. -.. · .. 

. 2J RIO 
Ii x () 0/250 

. 
.00.3h II i .. .0054 I I -~ -·' : 

. ·'' T 

' 
,;: ... 22 Rll x 0 2/250 .0054 .OOJ6 /I . -., 

I ' 
•:.• 
I 

' 
I -·-·3 R!2 

I/ x 0 -_, 2/250 .0054 .0036 JI I .. . . '-C.. . . , . 
. . 

R!3 75/soo 
. . ·I .. - -·24 COMP 0 0 .02.l ' . MIL-A -ti. : I t-. . I 

Ri4 POT· ix x 15 /!000 ,z ,2 I . , 

(..jl06HR 
! ! 25 ,,,,. .. RM-.,.. 0 ~/VEN 8Y VENOOJi '-C. I:. I 

;.. 
I ! 

·+ 

11 
, 

I ,, II ,, i ,., c Rl5 POT. 0 0 . 15 /1000 . :2 I/ -(._ ,. l ' ,,,,. .. -... ·-.-PCT- /I 
20/!00L .z , /4 

I II /I II I I ,, -r .. .;:::_ .. ,: R/£.- .. . . o· ··x .:.. .. : 

I 
: .. 

Rl7 COM~ 0 x 0/500 '(}/4 Mil -R-111 
.. 

-···e .02J C.. 
.! "' 

2.9 QI 
IC.Njf'11' 

S/LIC.ON 0 0 60/360 /7 /60 200 .485 89 .3&+ 1.38 f P/IJP I 
... 

; . 

2.N c'. 41"'.''1 
I 

II x 0 60/ 360 10/60 
,, 

89 .364 . 488. ,326 
I ~· ... 

t JC Q2 .475 .... 
.f\JP!i . : '.I 

03 
j: Ii x 'f. J/360 30/60 

II // 
63 .333 ,333 

' 

: I 31 .217 
I 

..,~ 

II II Ii i I 
~! ..... -. Q4 '/. 5fl360 30/60 84 .336 .435 43S ' --..jL_ x , l i 

I 
! --

\. 

' 
i . 
I --

I '~ : I l ; 

I 
i-. PAGl"" SU! 10·, P-.L 3.2346 J,4{,Z4 

- ·- ,l.. -

+ 

. ·~- ,_ 
·r- -., 

I ' I 

I 
; . 

.=.;_: I 

' 
.. 

' : 
.. . . I /2, ;a 
NOTE:· 0 := SAFE FAIWRE: X = ~SAFE FAIWRE ' llNIT lOTAL 719Z 5~+4 ; 

' 
MAOCIV Al'PllOYALI SNO . DIV 011 . ;4-32 I --···-·--··-······-··········-··-·" i 

... . llSU£0 SAN JOSE,CALIF 
. 

I LOCA,,_ C011T•-n .. .... 
.,~ .... ,.. ,. 

I . i.t f I I NINT&O IN U ••• A.. - tPS I 

<. 



., -- ·----··· 

GENERAL@ ELECTRIC 
i"' 

·011"' 'JJllS llO "'03 0 i ~· 
·. I e, .. I ! .·: 

,• 

2 tit ,;;,. '/ . UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- 111¥ TITLE 
... 

COllf Oii IHllT ·011 DlllMYllO . ·. NO • 

.. 

.• .. I APPLIED PRACTICES SURFACES TOLEAANClS ON MACHINED DIMENSIONS 

F:AI lURE R'.ATE .D:AT.A I FRACTIONS 

1~ 
DECIMALS ANGLH ·sHEEl 

: I + + INTERMEu!ATE LOG LADDER· . . .. ------------------------
..,.. - COllT 011 IHUT IH NO. FIRST MADE FOR . . - ·- - .... ·--- -Nt!r~. -. . II 

. -~~. : .. . -~ - . -·- ·-·- - ·- ·- .. 
STRESS ftl)O.E THEff.UlL STRESS FAIWRE RA re: I ··.1 .. 

: .· ·. ITEM. PAR1 DESCRIP FA I LURE flODE (a) '(b) (c) TA = b0°C /1rP HR ; COMMENTS :.;_ 

MATERIAL 'i '•· 
: ·NO· NO TION . J MAX T.R. ATJ~C' SAFE ~reunr 

.. -OPEN SHORT DRIFT P(OP. )IP 'cRATED) \t)p~ )I V~TEC I¢>p .)II~TID J(oC) T(N) ·I I ., 
.. 

' ' l)CIMW &'UNSAF~ I .. -. :• ... ·. I .. 
) IN914 .5.lUCON 0 x JO/ JOO /oO ,28 .3'73 ,24-Z. -: .. .(RI t 

.,. 
. . 

- . ·- .. .. -
a x 21 zso. ·. .0054 . 00% 

.. 
·z· RI' FIU1 MIL-R-i!OS09 i . ;·; I -

2/ 250 11 I 

' 
-ii 

.. .. 11 

0 x .0054 ,0036 
. ·.:· 

':i R2 
. . ·:'· -,,,., 

; 'o..J I : ... •) ... 
---- .. ··- ..... ' .... ~_.., ... . I 

' 

' 
I -II 0 x 2/ . .0054 10036 II I ~-· R3 . ~)o .. .. ii-. ! : 

I/ 0 '2 I 2.5'0 
. 

.0051- ,0036 
J,1 ·I - ' Ii-e:::· "-R4 x l i 

_J • j •• ~ . : .. I l . - - . -
·.,.;..i.~•·U::· •_·.fl'~.! t-

6 ,.R_') II 0 x 2/250 D054· I 0036 II J . / . I ! - · . t-. . -· - .. ·- . -

+ 

ii x "d/ 25'0 .00f4 II 
i 

7 ·R6 0 ,<7()36 ... 
I I .. 

. -
.6. ~ B7.· .. }) ... x· ·o 8/250 .0054 ,0036 II I 

. . .. ·-· .... .;_, .. . . : ...... ... ; 

JI 
0 x 2/zso .. .005'4 .0036 I 1 I r 9 . Rf:. 

JO R9 
IJ x 0 4D)250 .0057 ,0038 II 

f 
··: t ' ' 

I/ 40/250 JI 
, I 

JI RIO x 0 
.. 

.Oo'57 ,(}038 
I ...... 

.. I t : I) x 0 4D/ 25o. ,0038 IJ , . , .'I 
/<.. Rll .0057 

j ~; 
13 Rf" 

II x 0 .4D/250 .0057 ,0038 )) . ~-<. I i 

+ 

11· x 0 . 40/250 .0057 I I ! i 
! .... 

}4 R/3 ,.(.J0.38 i ... ~ 
15 .)J x 0 40/250 .0057 ,0038 JI I i~ RJ4· I l ' 

' . -
;~ : Ii 45/2.SO )j I r 

!•. 16 R/5 x 0 .0057 i CJ0.39 .. . 
--··-·- .• L. 

+ 

II C) x 5/250 I O/).Jh II ., - - ·r -
17 R/t. .0054 I ' I .. ··- -

18 Rl7 
I/ 

0 x 5/250 .0054 ,.0CJJ6 JI 
I 

' 
f /Cf ·R.lf!. 

I) 

9 )< "5/250 
... 

.0054" ,()036 
,, i 

I t 
I 

,. . I l -· . 
NOTE:· 0 ~ SAFE FAIWRE: X = UNSAFE FAIUJRE . I PAGE sUB lOTAL .46Z3 .3/ZO ... i . 

I 

., ... - .. - - •' - ... .. j 
MADI rt -OYAU SN() · Ont Oii 

... , .. ,, 
I 

.. .A-33 l -···-····------······--·-°'" ... • ISSUED 
saff __ J~SE .~.! F . 

. 
. I l.OCA1- COllT• SHUT 

.. 
... llO. - -- --· ··--- . - -·- - ... --

+ 

I . i·t f I I 
·-

11'!1'~· .. IMITI 

tEBS 
.. :-·;:·· .. 

NIJIHD Ill 11 ••. A. - ... 
; ·. .. . .. .... 



=~ 

·011 ... UJHS NO !Ito:> 0 GENERAL@ELECTRIC ' 
i ~ 

•. I e' I .. ·3 
! . 

·011 DNIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- lllY 
....... 

CONT Ole IHllT .. ~.2 . 
NO. TITLE 

,• 

~ 
.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINEO DIMENSIONS 

F:AI tURE R'.ATE I FRACTIONS 

1~ 
DECIMALS ANGLIS .D:AT.A "SHEET 

I + + 
INT£RMEJJAT_~ ___ LOG LADDCR .. -·~~-.~~!"':~~---------------- - - CONT ON SHUT SH NO. FIRST MADE FOR .. - - -

.. II 
~ --- -- •.c.,--•- -· .... ·-
... STRESS r-tlOE THERMAL STRESS FAIWRE RATE I .• . t~ 

: .· ·. ITEM . PARl OESCRIP FAILURE f/DDE (a) (b) (c) /HP HR COMMENTS : ·-
NO· MATERIAL TA = b0°C : . 

NO TIOO - - -·-· .. -· . .. 

\bp~ )I v~T~ I~p .. )II~TED JJ~~~ ~l~w ATJ~c SAFE -OPEN SHORT DRIFT PcOP.>!P"cRATED) T(N) ~~~~ ·I I .. .. &'UNSAFE I . I i-
-· -- .. I 

+ 

.. .... ·. 5/ 250 . 
J 

I .. 20 RJ9 F!LJvl 0 x .0054 .003b MIL ~R-4os99 -. . . .. 
~---

.._ __ 
- -i 

._ 
.. ·2f RZO II () x 5/250. .0054 ,0036 I} 

' 
i 

I -~ -: 

22 R21 
. , , 

0 x 5/2.50· .0054 I/ 
1 

' . -· ,00.36 
i-

I 

i ··I.·· 
I 

7/250.: ' I -
23 R2~ JI 0 x .0054 ,0036 11 I ( .. ,_ 

r ....... . . I . 
'. 

I I 1000 
., .... 0.2fi~06HA Gt{[ \~ 24 R23 POT CERME7 :x 0 .2 ,/4- N 8Y V[NOOR . > i~ . ... . - ... --~--419.1.a.. oil 

2r: R2<i- //" i I 'x x 10/iooo . 2 .2 I . , . JI I/ h /I /I ! • 
! 

.-.J ) - T" 
/( ) I 

ID/ 1000 
II II /I ,, i!-26 R2'- x x .2 ,Z I I · 

' J l ' •.• .iJ. ·. I/ • I JI // 
i-

27: P.26 x-. ·1 10/ 1000 ,2 .z . fl // II 
. . .. 

.. : .:-
; 

~ 
28 R27 

/I Ii x x 10/ 1000 .z .2 I fl ,, 
}I /I 'I r 

29 R2£ JI. II x x 10) 100.0 
I .2 .2 ii II h 1/ " t I ··: 

)/ .,, x lO/JOOD 
:1 " ii if /I , I 

·-;.,( ... R2S x ,2 I 

-....1\..- ,z_ . I t 3; k30 I; JJ x x 13/1000 ,z I /l ,, /I ,, II . , 
I .2 

I -~ ZN34·17 .3/ 360 ·9/50 
" 

32 ;.. I SILICON 0 x 125 380 6/ .360 .455 ,3Z6 
.... 

~I /\",:::>/\.' l i 

..,..)2 jl 0 4/360 9/5o 62 .370 .488 I 
i ~-

33 1: x II ti .3.Z6 l i --~ !., 

+ 

34 Q3 i1 ./: 0 x b/360 10/50 II /I 63. .300 .488 ,326 
I i L.i-

I I l 

~ II II_/ 360 /I I 50. I I 
..... 

35 // 0 x II // 65 .400 .488 ,326 . 
·---L 

+ 

··-·· -- ··-

36 Q5 // 16 / 360 12/ 50 I 
-~·- .... --· Ji 0 x II II 67 .420 .548 ,J6b I , 

I 

37 Qt I/ }I 
0 ;< IB/360 12/ 50 )) ii 67 .420 .548 ,.36b :\ I -- -· 

I/ i/ . 28/360" 
- ' 

. ' 38 .Q,7 0 x 14/50 . /I /I 7/ .460 .615 ,4'10 
' 

I t 
i 

' i -· . . I 
' 

NOTE:· 0 ~ SAFE FAIWRE: X = UNSAFE FAIUJRE PA<iE sUB lOTAL 6;Z94b 3.6314 i 
I 

-- - -- . - --·-. I 
+ 

"""';n APPllOVAU 9() . DIV 011 

I 
.. 

-A-.34 ! -····-····-····-•••••••·-··-OIPT . 19SU[0 SAN J0~ 1~l_F 
. 

I LOCATIOll CIOllT• Den .... . ' ... -·· . . 
-~ ........... .,. I it. r I I PIUMTIED IM U.S.A. - t£BS . ,. ~· .. 



'011 HI AllJMS NO 11103 i,~ I GENERAl@ELECTRIC • j;• 

D-------i------------------'-~------~~--------------=__,,__-..,, ___ -----f r:- 3 ·i . . ~------·-ocs...,11,....,1•...,v11a.,. UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- ':.'J. TITLE Cl)ln' Cll1I IOfltlt'f 
1 

litl liO. ·· 1 · 
.. .. ; 1----AP=PL--1E=o~PR~Ac=T=1cE=s-..~su=R=FA':":cE=s-r--,~R~=~~=E::=Nc:-:-::u-:-:o"::-:c::":':~~H~~:-::::Eo:-=c:-::-:,N•:o:::"~=·:::::-~r-• -+-=--------~ F:A I !LURE R'.A TE .D:A T.A 'SHEET 

{< -1 : " ... ·--------------.. ·-··---.,.,-... -------·· .. iiooi"' __ ; ____ : ___ __,, .... +_--:--'--: __ _L.;.co;;,;_NT;_;O.;;..N •;;.;;HE:.:,:ET_.._ ............. .....::;•H:..;:N~O • .,,................j ... ....:..Fl-.;.;:;.RS~T.tt:..~P$.!.CJ£t).LY.,_T ... £_R_M_E_o .... · J,....A __ T_.£ __ L_O __ G __ LA_D_D_E:_R __ .. --1-...-. 
·1 ' - ... II 
~ . · :· . STRESS t-l>DE lHEfMAL STRESS FA I WRE RA E -----------~ .. I ... ·· 

.· .. · L .. ·. ITEM PARl DE:::CRIP FAILURE MODE (a)· (b) (c) TA = oooc /lrP HR COMMENTS ' · -
· ·NO NO TICN MATERIAL1~--..----a--~t-------r-------,-------';:-'iiiii\:;-;-"11n.--rrrr--r---+--rnr;;:---r-:~::-=-+~~--~-~---,...._----..--------_.,. ·t 
.. OPEN SHORTORIFT P(OP.)IP'cRATED) 'bp~)/V~TEI: I~p.)II~TEDJJ~~~Clt~wATJ~c T(N) &~fl~~AFE ~t~G~ -~ I . :I: 
1---=l-~~~~~---=t----t=----t----t~~------ii-t-~~-=-t=---=======t=---*f'-illililli""t-...-.oif'---t-_....~"'T"'.......,_,.-t-~......,."""""""'rF·..,.._......., __ -+-__ ....,;....,; ..... ._.-............ .:• 

. :. : . '.: $:9 OE 2~:;JJ) SILJCiJN X X 8/ 360· 2)/ 60 200 .485 66 .234- .B<iO ,' 8~ t 
_........._ __ -+-1:;;;.u.~'"'-----""='".......--+-_;_.+---+---------+--------+-~-----+---+---+----t-----t---~-+------t----------------+---~~-t----~------t 

-
+ 

+ 

; : 

+ 

r. '· .. 46 VR.i IN752.A SIU::DN 0 X 96/4-00 · ' . 17/ 65 175 .312 91 .328 .870 , 58 l 
' 

I 

' I · 1 i 
l---+-.....-0-''""""'~· --to~-·~~!~. ---+-~-4-~""'-~----~---1~----........;.-+--.......... ....;.;....,-+--~~-+----1~--1---~~~~1--~---+-,~~--1P.-.----+-------------

PAG: SUB "TdTAL I. ?JO ·I . . 
J . 

I 
I 

• - v ••• 

I 
-~ -

=: : j:· -
. ·:·"j"·: 
''I._ 

:1 -
1·: 
L r-
i. i . , It­

. ! l 

t-
i 

' -.: r-
... .. .;_ 

I--·~·~ .. ·-· -+--~~-+-~--4-~-J----+---J---~--~--t'~~~~+---~~-+----+~-+----t----+~-----+------i--------1--------+-------1---~--------4 I 

I C 

••.aftlL• ..... .,. 
MINTED Ill U.S.A. 

I . 
I 

''· 

,, -· - - _.._, .. ··- ··-·-

: . . . . 

. -·-

111111!0 

I I 

~ :b 
.:; ~ I 

I 

I i 
I 

I i 
I r 

----
-- - - ,I.. -., ·r 

I , 
I 

I 

I .. t 
.. 

SNO · on Ofl 
•••••-•o••--••--••••••••-••-11£" 

SAN ~05£,CALl_F -· . ---~7- COllTO .. llU; ... 

. . .... : I tDS 
.. ; 

~ ·, . 

-

iJG 
l j 
! ~:I 
I 11--
I ._.:. 
i ·: 



" ... -·· -

+ 

.... 
'Oii HI UJllS llO 111D:> D GENERAL@i)ELECTRIC i. 

1 
' I e·w I I ! 

: .. ! F 
'011 ONIMYllO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- •cv TITLE CONT Oii IHHT ..~ 2 . . NO • 

.· . I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS F:AI tuR·E R'.ATE .D:ATA .. I FRACTIONS DECIMALS I~ ANGLES 
·sHEET 

I 
.. 

+ + 
FIRST MADE FOR HIGH , RAIV..GE AMPLJFJER- REC..TiFJER 

. I 
.. ·------------------------ - - CONT ON SHE ET SH NO. .! . . 

.. ) II ! 
: 

STRESS fvllD.E iHEIM\L STRESS FAILURE RA E l .. .J,. 

~· ' .· ·. ITa-1 . PARl DESCRIP FAILURE MOOE (a) (b) (c) TA = b0°C /1rP HR COMMENTS ." 

·NO· MATERIAL .. 
' NO TION . . T MAX T.R. IATJ SAFE ~r e~RE l .J OPEN SHORT DRIFT P(OP. )IP. (RATED) \tlp~ )/ V~TEI: I~p,.;)II~TED J(oC) T(N) I 

~ .. .. °C/MW ~c &'UNSAFE I . I . !1 

. ' ... ·. 
20 0 (} .60) 500 .. 

I 

l : ... i~8 CO/v1P .021 MIL-R-11 J .: : I 
..... .... · 

95/soo ' 
w ,, ' II .. ' ·2} R9 x 0 .021 ,0/4 I i . ' I .-. -+ 

·95/500 
.. l f 22 RIO . ·II x 0 .02·1 .0/4 II ... --I ; 

I I ;....J 
// 

'I I )6.0 
1 i 

23 Hll x 0 .021. ,014 II I w .. .. I • ! 

;Rl2 ·11 0 x 5/ 500 .021 ,0/4- I/ ·I , 
i~ 24 - : i. 

' - .. j. ti 25 J~/3 nLM 0 x Z.5/ 250 ,()%tr .0036 MIL- R-jJ05"09,.. ! 
~ . I H ' ... - . .. : I 

26 J~./4 
JI 0/ 250 ,ObJ-4 1 f I • 

Q 0 j 
~ 
I ! 

.27: 81:5.· - .11. - •. O· ·o 0/250 ,00.!J4- I J ' ·r .. .......... ; ..:.... .. - . . . : 
i : ... 

ZE Rl6 COMP 0 0 251500 .. .02J MIL-Rf II IC 
29 Rl7 POT CERIJJE '"O x 5/ 1000 ,2 I If- : 0.2/I Db HR GJv[N ·5y VENOOF f ·: t 
30 RIF· POT ii 0 C) 20/1000 .z·-. I II I/ ., JI • 'I .. 

;~ 
31 QI 2N2.2i9 SI UCON 0 Q 40/ooo · JO/ 30 175 .J87 68 2st .383 1· N!JN I--~. I . : 
32 02 2N2tf.~. 11. 0 4 4/. ' 10/ ti) 200 :475 62 .2J I .333 :~1 

/\.!ON .. 360 I i . 

Q3 
,, JI ·~· 

.. 

<W/360 30/60 ll ,, 1 
j ...... 

J3 0 79 .280 .383 i i I I,_, 
31· QCl ZYJ805 I/ 0 x 250/600 30/40 JI .290 /32 .611 2.78-• )86 

! IH· 
I I i ~ j 

' . 

5S/360 15/60 I r 
.r; 

35 q5 2N375;~ II .X /I .485 87 .354 /.3~8 x . !t.38 I 
.. PNP 

; 

L 

+ 

+ 

12Nv~1? 53.j 800 10/30 .YJ6 ·- ., -
36 Qc JI x x 175" ./ff{ 7/ .435 , 4-:JS ·1 .. I 

' N· I 
·- -- - FUi TE:u 

.. 

37 OAI 0 0 4.35 A55UMt=:O nP-P.MP ' 
' l ·.: .. 

.:<.: PAG,t" SU~ TI TAL /0. 3.974-6 

' 
i 

j ' 616Z I j. 
-· . /Z, 
NOTE:· 0 = SAFE FAI WRE:. X = UNSAFE FAIWRE VNIT TOTAL 

Z27~ 4.73bl ! 
: ! 

I . 

: ----- I -
+ 

MADf IV APl'llOYALI. SNO ., .. 011 
. . .. 

j . ~ I . --· . -···-······-······-··••••••··----IKPT A.-36 
... i ISSUED SAN JOSE,CALIF 

. 
I 

UICA1- C011T Oii S111n 
.. 

.. llO. 

it I I I 
,. 

,.,. .... ,. 110..71 
·' I 

.. 
PlllNT&D fN U.S.A. - t£BS · .. ~·f.•,' 

.. .. .. 



.• , 
=~ 

+ 

'Oii HI .l.JJMI llO ~1103 D GENERAL@ELECTRIC I 
i ~ 

' I ~·r I ! : 
: .. I 2 .. ..c;. 1 

I "Otl ONIMYllO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- •EY TITLE COin 011 IHHT 
. . NO • 

: 
.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS FAILURE R'.ATE .D:AT.A SHEET .. I FRACTIONS DECIMALS 

1~ 
ANGLES 

/ + + 
FIRST MADE FOR HIGH !?ANGE. AMPL/F/£R-R£CTIF/£R .. ·------------------------ - - CONT ON SH££T SH NO. . . 

II .. : 
: 

STRESS f.'DD.E THEffJIAL STRESS FAILURE RA E I .. '· .. COMMENTS : ITEM. PARl DESCRIP FAILURE f'DDE /1o0 HR -' .. Car ·(b) (c) TA = b0°C 
NO· NO TION MATERIAL .. . " . . T MAX T.R. ,ATJ SAFE ~t~~~E ·I I . :1 

-
OPEN sHORT DRIFT P(0P.)IP.(RATED) \tlp~ )/ V~ATEC I~p.)II~TED J(oC) T(N) I 

.. °C/MW ~c &'UNSAFE 
,, 

I .. I :, -
.... ·. 

f 0.47 I0/100 
I ,I 

j 
L 

CJ. MYLAR x 0 .0022 ,0016 MIL-C -2j7287 -
: ... 

-~;,.-:.~ - -.. .. 
·~o/soo. .32 MIL-C-i 

I : .·2· C2 30pf. MICA 0 x ,2Z •I i i 
I .~ -' ~ .. 

3 C3 10 SOLID x 0 15/35 1009 ,006 MIL-C- 26055• I _;. -I 

' TANT I ' 
'"i . 

I i ,_ 

4 C4 10 fl x 0 15/35. . 009 ,006 ti , . 
I ' . --i . . - . 

-··-

15/35 ·I 5 t5 JO . II ,OCJ9 ,006 
II , --x 0 ·.' : - - i-

6 (6 10 // lo 0 15/35 ,0()9 II I / ! - I ) r 

.. + 

·. 15/ 35. I/ L 

7 (.7 :;o II 0 .. 009 -0 l I 

... /[) ·. II . 15/35· . II I .. t .. . 8. . C& . -. - o· ·x .009 ,006 i:-.. : . ··.·. 

I 
; .... 

9 C9 360pf MICA 0 x 2/ 500 .32 ,ZZ ,NJIL-c-t c . ~ .. ~. 

.! 2/ 500 
I 

10 (/0 150 pf II x 0 ... 32 .2z II 
f t I 

5'JLID .15/ 35 
I 

JI <;...! I JO TANT 0 x .13F ,C88 MIL-C- 2665'5 . I t 12 C/2 10 // 0 x 15/ 35 .131 "88 
I/ ! 

I ~~ ;. ; 

/3 RI COMP 0 0 50/500 .021 MIL-R- / 1 ' ~~ • . I i ...... 
14 P.2 /I 

0 CJ 35/soo .021 ti I 
' 

l I I,..:-: 

I) P.3 FILM 0 5/ 250 .012 
.... 

/vlll-R- 10509 · 
I I ... 

0 -· 
l i 

.25/500 
i~ 

; /6 R4- COMP 0 .0 .021 MIL-R-11 
. -

·' -- - - I.. :.,.· .. : .. .. . ...... _~,..~-r--.--. .... 

; . 

.. 

+ 

J0/500 
·- ~ 

.. -
17 R5 II 0 0. .021 II 

,, 
·~ --

I ' I 
····--

35/ 500 I 

JI 
18 R6 I/ () 0 .021 \ I 

,. 

. 4-00/ 500 
' 

19: .R7 /I () .. 
.216 I/ i 

I Q t 
I 

I i ·-.. . 
,8616 !' NOTE:· 0 ~ SAFE FAILURE: X = UNSAFE FAIWRE PAGE sUB lOTAL l611Z ' ,. + 

.I " I 
: .. 

•AUL 111' Al'f'llOVAl.I. St«) . DIV 011 ' : 
A-37 i'. .. I -··•-••••••-•••••·-·•••••··-··-MPf 

• ; 
ISSUED SAN J0~1CALIF 

. 
[ 

I UICA1- COllT Oii -IT 
.. -.. ; ,. 

FF.aM., ilM71 I . ~t I ... I I ~ .~:' ·r;-.···· 
PIUNHD UC U.S.A. - 2 ., .. .. 



I i,, 1 GENERAL(i)ELECTRIC I 
·Oii oN••Ylla .-----.....----u-NL....,Es._s""""or~HE ... Rw-1s.....,E-sP-EC-1F1-Eo-u-sE"""'"TH....,E""""Fo""""LL"""'"ow--1N.,..G: .... _---_.,.~,."'~------.,...T~1TL~E-----""'------t co"'°"'""' 2 

•. .-------- NO. I APPLIED PRACTICES SURFACES TOLERANClS ON MACHINED OIMlN&IONS 

'ON Ml . i .~· 
.... I. 

.• .. 
: F:A.I tURE R'.A TE .D:A T.A ·sHEET 

+ .. 
I FRACTIONS I DlCINALI ANQL[I 

·------------------------ I : : : CONT ON IHUT IH NO. FIRST MADE FOR J-1/GH L04 LADDER 
II 

I STRESS MJDE THE"'1AL STRESS FA I WRE RA E 
: .· ·. IT&r PARl DESCRIP MATERIAL FAILURE flODE (a). Cb>° (c)- TA = &ooc 11ob HR COMMENTS 

·NO NO Tl~ 
. :._..__... ...... _ .... _ _...o_PEN_.,_SH_oR_T...,oR_I FT_..P .... cOP~· ....... 1 .. 1P_: C._RA_TED~·~) _'-t._P~_>1_v_~ ..... r_a.PI_«J_P ..... ->II::a::=~ .... TED....,...TJ .... ~-~ ... > o_,tiM_R·~wli-Al_J~-c ...... T <_N> ..... & s .... aj_~~-AF-='E ... ~-A~-~-~ .... ___ · ... : --~·~---+-----··--

.•.r.: 

-
·'" -:• ... ·. • I 

., .. " j .:R1 ./N9J4 .. 51UC.ON 0 x I0/100 /50 ."28 ,:363 .24Z I ........ · .. --T-...---........... -.,,.._~--t-----.---..--t---t--+----+----+---------.,----+--------1 
., -

·+ -
·;·, ·1-··2-i--· .. +R_.1-+· ---+-Fl_LM_+--o-+-_x_· +---1--21_2_5i_o_-+-·--·-----+----+--.~-+--t---+-._oo_5_4-+-,_c?o_:J_6-+--M_1L_-_A .... 1·1_o_so_1.J_· --+1 ___ .,._ __ .. __ ,.. 

.. 3 R'1 ·.. · 11 O " .2/ ·J .(jO · .0054 . /ln:16 11 
' ' · · , ;; .. -

i---+--~ +---+---+--t--/\--+ _ _._ __ c._,l'---+---~+-----+----1---+--~-+---t--""-1v_.~~1:-----+-'---+-' ---+-------- .-:·T -

._4...,· ...,R_3_.,_ __ .,..___''_....,_0_...._X--+ _ _....,_4_/_2){_0_. ·_. :....--t-----..,.._.----t-----t--t---t--· . o+-.0_05c_4.__._· 0_0._~_,--+-_ .... ' ..... 1
. -+-! ___ ........ __ __._ ___ .. __ ....,: ·· l· : 

5 R4 . II :o x "2/ 2.?0 . . .005+ .00.36 I/. ·I 

6 ·R5 JI Q X 2/ 2)0 :0054 .0036 ff J. 
7 .. R6 .// 0 x 2 I 2.50 .0054 . 0036 II 

' 

,·., 
I I 

.:j ir 
' ! ~ 
' ~ 

l ... 
I -

, .... · . .. B <B7.···.- ··· ·. __ f, - x· ·o B/250 .0054- .0036 /I I 
.. ' ... .. --

i 

+ 

+ , . 

9 Rf. JI 0 x 2/ 250 .0054 .Oo.3b II I 
IC R9 I) x CJ 3J/25Q .QQ)7 ,0().38 II f ··.·. _ 
1--a.--1----f.------1-.....:....;.,-+-__..;...-+--i-------J.----+---;---+---+--+---tl---+----+--~l----+-----+----+-------t .· .. : x 0 35/ 2.50 \ .. .0057 ,0038 // I .. . . I -I I RIO 

12 PJI 

13 Rl2 

14 RJ3 

;; RI~ 

l J 

I} 

li. 
! 

II . 

.l l 

)\ 0 35/ 250 .0057 ,00.38 
/I X Q 35/2.50 .0057 ,0038 I 

x 0 35/25-0 .. .00f7 ,0038 Ii .. I ' 

';., '"' 
. ' 

.· !' ~: 
!I 

·' --'i ; 
! ~~ 

x o ·35/ 2so .0057 ,003$ '' , ~ 
, :l---+--+-----+-----+---+-~-.---1--------+-------+------.---t---T---t---r-----t------1~-~+-----,__r _________ ----1 !~ 

... 16 H.15 ll x 0 40/250 ' ... . .00)7 ,OOJ8 If I------+----...-----.-_ ... __ ,._ 
17 Rt6 11 o x 9 /2so .0054 ,oo.36 1

' ·1 - ;- ~ ·· -

18 R/7 11 0 X . 9 / 250 .0054 ,.0036 '' I 

I 19, P.!8 : 
11 0 x 9/ 250: ·-· .0054 . 0036 I/ I l ----.-..... t-+----1 ! 

....___~. ,;.._--~.----------=----------,__ ____________ ...,_ ___ -r---------~..._-----t----+----1----~-----------':.----..-....---........ ---1 
, . l«lTE:, o = S11FE FAIL.URE: x = ltlSAfE FAIU!RE .. .. !': ! ·_ l __ P_AGE __ su_·e_ro __ t_AL ______ M_z_.3 __ .3_12_0_ .. ... .. ___ ,..__ .... I 

';.,;;...,. Uo!MJfl 
Nlk1'SD ... u ...... 

I 
• 
I 

. . . . , . . . l!IAOI,,, APNOWALA -------------~ -···-~----·':.: • . . A-38< I 
. ' lllUlD 5'tf JOSE' CAL IF LCICA- COllT - -a .. • ·:. .. • llO. .. i'/·l. . I 

' :.•''\ 
I . 

~r' • ' • I t£8S ·'··" ·... ·.·.· 
. . •.l ·• .. -=-· . ...... ·,:, :. .... ·~ 





· .. :.· . 'Oii"' UJHI 
11°'1103 i· ~ I GENERAL(i)ELECTRIC 

....------------· -·~-DN-••-v•~ot------------T-------.U~N~LE~SS~O~T~HE~RW~l~SE~S~PE~C~IFl~ED~U~S~ET~H~E~FO~LL~O~W~IN~G:--------.,..~~~:.----------------~T~IT~LE~----------"""""'------~~"•~rn F 
t--~AP~PL~IE~O~P~RA~CT~IC~~~~S~UR~F~AC~ES~-~TO~LE~RA~NC~U~ON~M~AC~HIN~ED~D~IMl~NS~10~NI-+-.._ ___________ ~ 

FRACTIONS DECIMALS ANOUI 

+ : .. < 
+ + + 

I 

I _ ~NT_ON .IHHT 

.· ··3· ::.H· ........ 

OH NO. 

F:A.l lURE R'.A TE .D:A T.A 'SHEET 
_FIRST MADE FOR HIGH LOG lADDE;::? -~~~~~~~~~~~~------------.. II '· .. 

,...;..-r----...---....---~------,--------............................... _______ -r-______ --"-'--r--~IJ ...... ·...1.•·-r-..-.....T----,-........ --..................... __ ................. ____ ....... llji;i .. ""'-' 

STRESS MJDE THE"'1AL STRESS FA I WRE RA ~E I 
'.:-:·_,.·· ... :·ITErerPARlDESCRIP FAILUR~f/ODE (a)·· (b). (c) TA=oooc /1o0HR COMMENTS 
·· , . ~ . ·NO · NO TIOO MATER I AL1---r--r--t--~----r----,..-----'irlra;ro-T'l'"'""'fr"Tr'i"~r---t--..-;rr;;r::---r'T'r.';:~~---~--~------..------~ 

. . OPEN SHORT DRIFT PcOP.>!P:CRATED) \bp~)/V~T~ Icp .. )II~TEDil'J~~~)Dt~wATJ~c T(N) &~fi~~AFE ~~eu~ ·I I 

:»­
~ ':· . 
'·: ...... ., 

: .. :;»· :·;· ~ :·. d9: Q8 ~~ps 5/LlCON X X 8/3tJo · ·:. .25/ 60 200 .485 66 .234 .840 ,· 940 j 

' . . I .:)!·: = 
I 

+ .;.-r·40 vR11N?J2f ,, o x · a5/wo·.· 15/65 · 11s .312 s1 .296 .710 . 512 

!+ 
I 

I 

·,·· 

' 
! 

·, ' "k ' ;, J:: -
l---+--+---+----1---1---1-~-1-----~1----'""!'-':'"4-----+--+---+--~-......... ---+-----t----11--.....,_ .................. r-------+---....... ...._-..._. ... T!:" ::.. 

' r . ' : { ~ 

·I .. 
I :-
! ~ 
; ·. ~ 
I j 

i Ii­
! ! 

. ' ir-
1~--Jt--.f------+---.+-..,--1---1---+-----~1---------+------+---+---+---+----+------+------t-------------+--------+--------------- L 

I •. I 
t--+--1------+----+---+---+---+------+----+-----+--~--.-.--+---+----+---+----+,----+------"----------.. .. .. r 

· - · ··· · · · -.. ·· ... · .. · .. - - . PAG: St B TCTAL 1.610 ).3SZ ... ~. ..:.. 
i .. 
-

r . . ~ 
.__..._+---+---+---+-~-+---+-------~1--------+---~---t-----+---+---+---+-----+------+-----+--------+-----+--------1 ;. : 

··. :·, ·~ 
1---1---+--+----+--t---11----+--~......;---.-+----+----+---t---+---+-+----~i-------~--,-----+------............ -------1 . IJ t 

I 

I ···' 
I 

i.: 'u ~· 

' t 

: I • 

I 
i 

,,~ .... .,, ·. ·., . .., 
PlllNTSD .. U ... a. -...... 

.!;1,.,_' .• 

I 
I 
. , 

I 

I 
I 

I 

l 
r 
.I. ... , 
I 

' 
.. '•' ' ·-: · ... :·· .. I~ 

:fi-4(;) ....... · 
... 

··I· ~r ,, 
I .... 

. ! : i 
I I 
i ~~ 

i -~ 
I :; 
'-+ i ~ 



·ow"' l i·' 1 GENERAL@ELECTRIC 
.. .,___ .. __.. ___ __.·o• ... 11;;;;;•1M .. v11~0 1-----------UN-LE-SS_O.-TH;...E-RW-IS-E-SP-EC-IF-IED-U-SE_T_H_E F~O--LL-OW-IN-.G:-"_---..-~.~.::.~------..,....T~ITL~E------------1 cl'" ON '"11' 2 

I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINEO DIMENSIONS 

...... I 
i·.-= 
!: 

. + .. 
I 

·------------------------ "" + 
· ...... ' .. 

FRACTIONS DECIMALS ANGUS 

+ + 
CONT ON SH UT SH NO • 

II 

F'AI tURE R'.ATE .D:ATA 'SHEET 
FIRST MADE FOR MULTI RAN~~ MONITOR. 

I ··.r,.· j STRESS t'DD.E THEff.1AL STRESS FA I WRE RA TE 
.. , .. ITE?-r PARl DESCRIP MATERIAL FAILURE MODE (a)' (b) (c) TA = o0°C /1o0 HR 

NO NO Tl~ . T MAY T R AJ SAFE ~SAFE 
COMMENTS 

I 

··.U 

.. ..._ 
.. OPEN SHORT DRIFT Pcoe..11P'cR~TED) "op~)/V~ATEC IQ:>p.)IIfU\TID J( 0 c)°CiMw .... J~c T(N) &'UNSAFE FAILURE I 

·I 
I 

. ,o2b I l' : .·:,. '.(.. (_! !OOPT .MICJ-. 0 0 4/soo f'v'dL-C-f ' 
.. ·-· 

.. ~·~ · c2. " ,; o a · · · 4/soo. .02h 11 
1 ~ .-.' ._ 

j_;,,-J..,:.--'-----+-----+------~--+-~.J----------+-~------1------+---+~-r.---t---t---------t-""·_,..........,..r----:/~/--,t------·,I._,..,.,,,,,.. __ --+ ______ ........ ; '~ 
5 C3 /I ./J 0 0 !0/500· . ,OJ.b I '"i' . 

I . I i;-

L Ci 10/A ~~ff-r 0 X 15/ 35 .192- ,/Z.8 MIL:·C-<2.6655 I ._ 
"---'--"-.;,.._--'-.;...:...~--1---1-~4---.......... ---------+-------t---------+---t----t---r~ ... -1------1-----1---....:...;,-..... ---~----..._-----..... 
~ (j /1 

. II {) x J5/ 35. . ./92. ./2/3 It ·i : ' .. i ~ 
( Chi /1':'9M SiUCON ·o 0 15/ 100 /50 .za ,363 J. ,; ~ .! ~ 
- ,,..._ ... 
i ...,KC 

1, ii {) 0 15/100. 
11 .28 ,363 j 

II f' er·. /[ 
. • . . • . • ·<:."=· : . ·:r.I,.): .. _. ._ .. •. o · ·o 15/;oc 11 .za ,36.3 , . .. , ~ 

; 

+ ... 

+ 

+ 

0 x l5 /16 s-so 367 I I 
.I ... 

JO K:.. 0 X l5/J6 .s..s-o 367 I : : ... 
I 

J.....f_! -+.K:....~-1-;;-~-'6~---· -+-p--c· ,~. 7"""'-El~~~:.....~-l--......._..;.._~--s-;..·-/5_/__.J6_-l----··-+---+---1---+--+-5°.. ...... 5l_V_·+-3-6_7-+-f1-SS--U-:-' ~;-' .-tO---t-----:-------t ·:· .· ·; t 
1c.. o~; 1~Hu 'Jr:-h'VJP 4.38 z, qz j ~:· 

/::_ f,(~2 11 
{I: 0 X 4.3B 2,9Z IJ I ; ... 

! -:" 

I:: F·( 

IC A2. 

. . /7 R3 

IE k4 

.. ,. ....... ,,, ... ,. 
ll'IUNTCD IN U.e.A. 

ii II 

FFiY1 
// 

II 

/I 

I/ 

I 

i 

0 /. 4.38: 2.9z '' ·· I i I .__ 

I ..;. 
i ~ 

II I 
---------~----....... ---------........ --+-

i-

I 

I 0 0 7/250 i .0054 MIL-R-V0509 
r 0 0 10/ 250 ' . ;0054 
r 

0 0 . 7 /250 .0054 /I ·1 I p 

,, 
0 0 ,. ~/250 · .0054 1 

..... ,, 

.. ;4-41 SNO . DIY 011 

-···-----·--·--········--·-·" . 
SAN JOSE' CAL IF LOCATIOll COllT - SHUT 

.. llSUEO ........ 
··. . I t£BS ··· 



·011 Ml &JJMI 110 &llo:I ~,, GENERAL(i)ELECTRIC I ~ i .·~:. •. I I : .. £ F .. ..0. 2. "lllM DlllMYllO UN.LESS OTHERWISE: SPECIFIED USE THE FOLLOWING:- H\' TITLE COllT Oii IHHT . . .. NO • 

+ 

.· .. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AI !LURE R'.ATE .D:AT.A 'SHEET .. 
' I ,RACTIONS OCCIMALI I+ ANllLll 

: I + + MULTI RA NC.1 E MONITOR 
·------------------------ - - CONT ON SHUT SH NO. FIRST MADE FOR .. 

: 
II . .. 

: - --- . - .. -

STRESS fttlD.E ' THE~L STRESS FAIWRE RATE I 
···~ .. 

ITEM PARl DESCRIP FA I LURE r-llDE (c) /1rP COMMENTS -: .. (a). {b) TA = o0°C HR ., .. 
MATERIAL , 

·• ·NO NO Tl~ .. -Pc~. )/P :(RATED) 
. TJMAX k>T.R. 6TJ~C T(N) SAFE \!dr f~RE ·I I .. . . OPEN SHORT DRIFT \t)p~ )/ V ~TEI I~p .,)IIAAlCD (°C) C/MW &'UNSAFE I .. . . --.. . 

:' .... 

1io/ 500 
I --2C RC· (Oh\P 0 0 .027 M/L-R.-M 

.. 
: : I. ...... 

·- ... .. .. 
,' 

' 2 f- R7 FILM x 0 10/250 .0054 ,003b Mll-Ri/0509 I 
I . ;· { .~ -... 

0 20/1000 ,2 ' f O. '2./ lo' J.-1 R 
: :·:: i.-... 

22 RE POT CER/'·\Ei 0 BY V€t<JOR 
,, .. ,. 

l I •• ... 1. •• •. .. I 
;.. :-'I - - R'~: Ii 

,, 
Q 2/.1006 

I I/ I ?-:'.. 0 ,.2 · . ~ . . 
: I : .. 

·I // .1; 0 20/1000 
. - : ""-

2.~ J<-IC Q : 

I Z. ;) \ I i·.; 
., . : .. 1. ~ . .. 

J . 25 ,F{' / II /; 
~ 0 2/10oc .2 

,,,. .!" l '! - ti-' 
.. 

2C Hi~ 
ti . II x 20/JOOC 2 I/· . .L x ' I .2 I I .. 

r .2.-7: ·.B13 
f{ Ii 

0 ·x 10/ 1000 .2 .I+ I // ... .... . .. .. . 
i.:.. · .. . : 
i .. 2.E P,1<1 

,, I I x x 5/1000 .. .2. .z I I f 

f 
, 

f 
.· 

I 
•• 1 

1 

.• .. I t '. 

I 
, , I 

I-·-I , 11 ! 

: ~:_j 

·+ 

: i 
I i ...... 

" I 
! . 

' 

I i ' 
' I "":-

.S4J6 
I 1~ 

PP.Ci - ,SL B Ti DTAL /,4324- I I i 

I r 
' ...... . : 

+ 

.. -·· - ·"' ·-. ·r -
-1 I , 

' I 

I 
.. .. ~·' .. ~ . . =.;.: 

' 
.. I . : 

l .. . . I 5Ue·.10TAL 166'1. /1/01 .. i NOTE:· o= SAFE FAIWRE: x = ~SAFE FAILURE . ! ' 
PAGE /SS,B S-bJZ I : 

I .. + 
: .. 

•AOi *" Al'l'llO\'AU SNO · DI\' 011 j 
I . -····-·--·-····-········--·-·" A-42 I . ' 

.. 
lllUCD SAN JOSE I CAL IF 

.• ; ... .. . ... ~ .. I LCICA,_ COllT• -ET j •.. . .. ~ .. ,·· ... 
,,_, lllM7J 

.. 
I . i:t I I I ~s . 

MoNl'&D Ill U.S.A. - " 
. ~ ~· 

·.: .... ,f'- • •••• • ... 



+ 

. .-
'Oii HS 'HHS llO '"o:> D GENERAL@ELECTRIC 1 ' .. I ~ Ir I ' .. ! ... 

CONT 011 SHUT 2 llf ~- I i .. 
'ON DNIMYllO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- llCY TITLE I NO. 

I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F'AI tURE R'.ATE .O:ATA SHEET I FRACTIONS I 2: DECIMALS 
ANGLES 

/ + + AUCT!Ol·i .. ·------------------------ - - CONT ON SHEET SH NO. FIRST MADE FOR . . 
II .. 

: 
.. :·. STRESS flODE THEffvlAL STRESS FAILURE RATE I' . . ~ 

ITEM PARl OESCRIP FAILURE MODE /1rfa HR COMMENTS --: .· ·. (a) (b) (c) TA = b0°C 
NO· NO TION MATERIAL 

~I -. . T MAX J.R. ATJ T(N) SAFE ~rf G~E ·I I .. .. OPEN SHORT DRIFT P(QP.)IP .(RATED) \t>p~ )/ V~ATEC I(Op.)IIMTID J(oC) "CIMW (bC &'UNSAFE ' I i-;1 .. ·. I 

I 
i-

... j (/ ,DI _µP MYLAP.. 0 0 O/too .0022 MlL-C..-iZ.7Z 17 
~ : .. -- - ..... ·-~·-·~ -- ··- . - I .. .·z. C2. 

,, II a 0 0/JOO· .0022. " j I 
I .~ -: 

+ 

C3 JJ IJ II ' . 

' ·' I-~. 0 0 .Q/ 100 .0022. ' ~ 
.. 

l i ' 
$DUO I i~ 

.4 C.1- JO .)-If· I/AN I 0 0 15/35 I ' .192 MIL~t'.-it."~5' I "-
···- --~ . ! 

c:: I/ .1 ·. : , i Ii-c5 II . II 0 x 15 / 3?. .192. ,/28 ,) j - . I tr I , ! 

"RI IN9J4. SILJCOtJC x x 20/100 ,28 ,363 t 

6 /SO , 563 - .,_ 
' '- . I ) 

,, ,, 
zo/100. .363 

~ 

7 CR2 x j. /SO .28 .3b3 I I 

.8. (.R3 II •. II. • ·. x 20;100 ,28 .363 .363 
l ·! .. ........ x-. /SO : . ..:.. .. 

I 
~ 

9 ~K4 
II 

" 0 x 7/100 .28 . .36:3 ,Z4Z I i [ /S() 
.! 10 '~R5 Ii II 0 x 7//00 /5V .28 I 363 .Z4Z l t I 

1:R6 II II 

0 x 7 /Joo ,Z4.Z 
I 

I/ /SO ,28 ,363· I 

~ '"'k-, I/ II x 0 13/?5 /50 .2B I 363 ,.24Z 
, . ! r ... ~ {_ ~ ! I , . 

Ii /I 

0 x 0/7S-
: .:. 

/ 'J.. ~RB /SO ,l8 ,Jb3 ,242 -./ 
I ; 

! 
i --

/4 :R9 
II " x () 13/ 7S- /St) .2e ,..3b3 ,242.. I i I_:. 

II l_I x /50 .Z4Z 
I i -~ 15 :Rl,O 0 o/75' .ZB .3b~ I I ; 

r l 
;_ 

:RI/ " 
)! x .0 13/75' /50 .363 ,2+z /6 . .ze .. - .L 

: -
+ 

+ 

,, ·r .. -
ffil2 

II 

0 . 7' 0/75' /50 ,29 ,363 ,249-Z ·1 ' 17 I , 
I 

:R.1~ 
;I 

,, 
0 0 13/75 /SO .ZB ,363 18 I 

II II 0 0 13/7S /50 I i9 "'RJ~ .za ,j63 I 

' 
'-' . 

-· ' . I .. 
NOTE:· 0 ~ SAFE FAIUJRE: X = UNSAFE FAILURE PAGE sUB . TOTAL · £1096 3.3~50 .. 

: + 
. :: . . , 

MADI: .., Al'PllOYllU SN() · (HY n11 
I . 

-···--·•· •• -·------···•• •• • •••• ---OEn A-43: ... • ISSU£0 SAN JOSE, CAL IF I LCICATIOll COllT Oii SMl:O 
.. 

.. llO. 
- ,. _. , .. 

f'l'o911&.I' lllP.UI · I '!It f I I p NIMTSD IN U.S.A. - 2 . 

) 



.. .. . . 

+ 

GENERAL@ELECTRIC 
' -

'ON HS .LlJHS NO !NO!) II I i 
·. i ~·,. I ' .. ! .. 

CONT ON SHUT 3 IH 11~.2 
I 'ON ONIMYllO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- REY TITLE . . NO • 

I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS FAILURE R'.ATE .D:,, T.A SHEET .. I FRACTIONS I~ DECIMAL~ I~ ANGLES 

I + 
F1RsT MADE FoR Aue. 7·-,oN .. ·------······-·---.--.-!""!!"'!'-- - - CONT ON SHEET SH NO. -- --

II ,. 
: 

STRESS tv'OD.E THER\11AL STRESS FAILURE RATE I 
•'J : .· ·. ITEM PARl DESCRIP FA I LURE MODE (a) (b) (c) TA = b0°C /1o0 HR COMMENTS :--

NO MATERIAL ; NO TION I i--: . . T MAX T.R. ATJ SAFE ~refi~E -I I T(N) ' .. OPEN SHORT DRIFT PcoP. )IP. (RATED) \\Jp~ )/ V~ATED IaJp.)II_MTED J(oC) b(/MW ~c &'UNSAFE I I !1 i-- -· .. 
. . . . ·. .. 

I 

~u 0 0 13/ 75' /50 ,ZB .363 I 
i-. . :p,15 IN91~- SIL IC Or.JG I .. -

I 
i-.. I i 

. ('.. KJ Peltiy. x 0 /70/22, . ~C(/30() 2/;zb 5"50 3b7 I I .-. i-
. . 

+ 

x 20/300 sso 
I I i-... -· K2 0 /70/26 Z/IZS' 367 ' .. -,,,,.. ti 
I . I ' . "· 

' .,._,; 

' 
I 

2-- K3 /I x 0 17(! /~.lb 20/joo 2/125' 550 367 - . I ;__ 
··' - . I I .... - I 

A>.si.ln1'el: 
.. ; -(~~~; '" . :. OJl Anvi . .x x 4-_, 3 8 ~hJfJ u·-'<1 - : 

i~ 
4-138 I . : ' . 

2'._:: x x +,.38 - ~ : 

·oq2 I~. ) ~ 
l : 
I . x x 4,38 
,_ 

26 o-··-- ,, 4,38 l I / .. j:;, 

1-r ". ··.-Re> - x· 0/250 ' I. .. .c:_.: : .:lj:': FIL/Vf ·o .00;"4 .CXJ36 MIL-A- nc;o9 ·-.. - i -

I 
... ? ::~ P:2 

11 

0 x 4/2)0 .0054 ,0036 I/ l r II ... ~\. 
.. - .1 2S1 R3 

II x 0 0/2)0 00')<.1 .0036 II f I L ,, 
. ' ,.. 

L I ,, 
0 x 4/250· ,0036 11 I 

I 
,-..,, Rt:! .0054· I t "'G 

,, 
~ .. t;i=--

,, 
0 x 3/ 250 .0036 II 

' 
' . ! 

~· /I .0054 ..... ._,, 
/ 

I ' 

3;-- II x 0 0/250 ,0036 II : ~ .... Rt ,, .00:)1- I ; I 
' ..... 

::3 P.7 
,, 

f. 0 3.5/250 ,0036 
,, I I 

~ : ,, 
.00.:5(/- ! I 

~· I i ... ., 
' i 

.It 3.5)250 .tXJ36 
,, I I __ ..J 

-~a. R8 ,, x 0 .0054 f l ' : 
...I' 

' I -
35 R<~ 

II x 0 3/250 .0054 .0036 
,, 

/I . I 

--•••- - L 

+ 

+ 

- - - r 
.. 

" ~ 

36 RIO II COMP x 0 351500 .02.10 ,014 M/L-,ql11 I ' I 

37 R.11 #( I/ x {} 35/500 .0210 ,.0/4- II 
I 

' 
38 ,, 'J x 0 '35/500 I/ -RJ(. .0210 .01~ I I . . I PAGE sUB.lOTAL /663. /114-• NOTE: 0 ~ SAFE FAILURE: X = UNSAFE FAIWRE 614-6 .Z/# 

-- I 
+ 

--· ----
MAD~ rt APl'RO¥ALI. SNO . DIY OR ii I -···••••• •• -······-·· •••••••••••••• OlPT A-44 ;: . ISSUED SAN JOSE,CALIF 

. 
I LAICATIOll CONTOll -rf ...... .. - - - -

,.,...,_, 110..71 I . it I I I t£BS . : '. 
P'AINTSD .IN U.&.A. ~ 

.. 



I .i'' I GENERAL@ELECTRIC I 
·011 DNIMHO 1-------,----~UN~LE~SS:-:O~TH~E~RW~IS~E ~SP~EC~IF-:'IEO:--U-:'SE:-:T:--H:-:E F~O~LL':".".OW~IN-:'G: .... _-....i--r:.::::[,,:---------~T~ITL~E-------.··:...----~ CONT ON SHUT F 

··----.-.------------~, t--A=P~PL~IED~P=RA=c=r1c=Es=--~su~R=AA=cE=s~---=-ro=LE=RAN=cl~SO=N=MA=cH1=NE~OD=1M=ENS=10N~S~~N=
0

·-------~ 
I FRACTIONS DECIMALS ANGUS 

"Oii HI .&JJHI 110 11103 
' .... 

F'AI tURE R'.ATE· .D:ATA 'SHEET 
IH ~.3 ·I 

+ + + 
+ .. I CONT ON SHEET SH NO. FIRST MADE FOR A UC IJ ()/,/ I 

\. II 
------....---.---,-----..--......-........_-'"""----=· =-~·~=---. ____ ,,, __ ,. ... ,.. .. -·---r----------r------t-;---~I"""""""--· ---.. -. ................ ____ ...._ ___ ~llfc.I-

.. . STRESS KlDE lHEff.1AL STRESS FA I LURE RA E l ·: Y r--
, .. ITEt-1 PART DESCRIP MATERIAL FAILURE MODE (a)' (b) (c) TA = 0ooc /1o0 HR 1

\ COMMENTS ' 
·NO NO Tl ON J A . :1 ._ 

...... : i-.•. _..._ ..... __.,.....__""'*""oaaoPEN-==t=-SH_oR_Tt-DR_1_FT-+P-(llllll!OP~. ) __ IP'!"'"""". (R_A_TE""!"D)+\tl-p_~_)l_v_~~AT_"EI+I-~_P _.)_II_~_TCD--1---J~.;...
1

~~...;.)+-o~ .... ~ .... w-+/-l~l-J~-C'+-T C_N)-+-~--5.uA ..... ~1 ~...,A...,FE....,_~_Te_G .... ~E-i-i---.. --.... -- --· .... : .................. --.... --.... -...... -.........., ! .......... ...--+-------- . ,, -
· .. -_ . · ~9 Re . /?e j Wp;;:nd O 0 · o I 1so ~ o 7 ~ 1 I : 

+ ... 4(J ·'.i..i4 " 11 0 x 10//50 ' /; 07 
A 1 !·)1.:· pr,-r· C€.R'Mc .. , .. C.f, ~/ ·. Vt x x. 20/1000 ,z 

43 ,g:7 ,, ll 

.. 

<'4 H/8 II If 

, JJ., 

,Z 

,/4 

I 

I 

·I 

I . 0 x 1/1000 ,14 
l~-4--+---+----+-,.---+--+--+-----~+-~-~-+-~~---+----t---i---t-~-t---T-~-r---~~~-··=··~~-+--=-----f.---~--------

I) q5 .. Rl9 Ji x j 2011000 , 2 j 

i 
.-. -

I -
I 

.. · · 46:.YRl· ·-fN75'2A 0 0 

0 0 
,25/#/0 

z>/400 

I ·i 

+~ 

+ 

+ 

47 vr.::.2 I ,, 
0 0 _.zs-/~oo f 

I 
PJI(;·£ !:.VB TOl~L 5,4-500 /,6000 I 

.... 
I 

' I -~ 

l 
.·: ... 

: ~ ......... ---~. _...__ _ __. _ __.. _ __._ _ __,__ ____ __._ _ __,.....;..._---.i _ __,._~ ............. ~~·~··'~--~ ··-~~---'"""·· ~/~6~74 ......... =""'"""'11 .... ,-9. --~----1-----===---~"=-1 ---11----~--1 
NOTE: 0 := SAFE FAIWRE: X = UNSAFE FAILURE ~ t1/VIT -- TOTAL ; ?4-Z .2094 

.. ,..00.1' 11.o..e?t 
PRlllT&D 111 u.s.a. 

I . 
···- . . I 

I 

MADC 11'1' APl'ROYALS 

ISSUED 

I 

1----+----1 I 

- . l 
SNO . DIV Dlt. 

-·••••••• •• -······-·-••• - • •••-·• -DlP'f ;.:'···A·-45 
SAN JOSE,.CALIF .... 

I tEBS 



+ 

.. 
'Oii Hll .LJJHll 110 1110:1 I a GENERAL@ ELECTRIC ' 

i. 
.. 1 · ~~· I ! 

: .. .. . 

I 'Oii ll111MV80 l UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- ll!V 
TITLE fi1.1c.f /on /Y/tJn/t~r 

COllT 011 IHHT z ...o.; . . HO • 
.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AI tURE R'.ATE .D:ATA SHEET .. .. I fRACTIDNS 

1~ 
DECIMALS ANGLES 

/ + + 
FIRST MADE FOR _?A 49 .. ·------------------------ - - CONT ON SHEET SH NO. . . 

.. II .. 
: 

. . ·: . 
STRESS ~D.E THEffoi1AL STRESS FAILURE RATE I .• t. 

' .· ·. ITEM PAR.1 DESCRIP FAILURE MODE (a) (b) (c) TA = b0°C /1o0 HR COMMENTS . I-

NO· MATERIAL .. 'i I 

' NO TION -I II . TllAX T.R. 6TJ~c· SAFE ~rf GRE 
·I I .. .. OPEN SHORT DRIFT PcoP.)IP'cRATED) \t)p·. )/ V~ATEC Q:)p .) ~TID (°C)"CIMW T(N) &'UNSAFE 11 

I .I I ,, i-
.... ·. 

~f O/iOO ·40/7,s-
I 

l 
.. 

) /#914 :S/h't1m /SO .28 .363 -I .. ... .,_._ -· - -· I -CB 0/100 
,' 

.'i I• If 40/7.S-: ;so . ..29 .363 i ; z I • < -' 
+ 

CR ' I ' 
'. 

3 oj;oo 40)7-' !SO .2B ,363 
,;. -' II // I 

3 i 
... , .. 

(;.f{ I I -.4 13//oo /SO "8 .363 I 4 JI /I .. 1#'.~:.· -- . .. ! ... ~·. ~4 

·I :c,R 7//00 /50 ,28 .96$ - i i::-
£ '5 

/I JI -: ; 

C.B 13/;oo J . .. . i t-
6 /SO . .28 :363 ! 

6 ''· /I - -r-. , 

Cf 7/!a? 
' 

7 /50 ,28 ,363 -II, I/ I I ' 
.8: t;.A. - ~ /1 : '. . . 13//00 /50 .28 .363 I 

f : 
·t .. 

·.·B· ... "//. ·. -.. . . . . 

~ CR 7//00 I " 

' r 9 9 II II /$0 .Z8 ,363 

10 J Res. Comp, !S/500 
i .. t .OZI f 

R 
I 

II ·5;s-oo I 

z II II .021· I t 
12 

:11 
I/ lo/soo .02J I . . ! 

·3 // 
I 
~~ 

+ 

/j. .s/s-oo 
I 

/3 .OZJ : """-
/1 It. 

I 

~i 
- . l ~-

J4 II /f $/S-00 ,QZI I 
' 

i 
I rw• 

/5 lj S-/soo .OZ/ 
I i .... 

11 . II 
' I I i 

l ·-
16 !j /( /f 30jsoo . ,OZ.I 

·- ·'-

+ 

§ ·- .. .. -
17 /I II 3/500 ,02) ., 

I , 
I 

/8 ~ ./I // 3Cfs-oo ,02/ I 

·% 
' 

. ' /9 '3/500 ,OZI 11 JI I I 
-· . . I NOTE:· 0 ~ SAFE FAIUJRE: X = UNSAFE FAILURE PAGE sUB lOTAL 3Jf710 

I 

:+ 
\ 

NAiii: l1f &"'80\l.U.S. SNO . °"' o" A-16 I -····-····-···-----·--·····---otn . ISSUED SAN JOSE,CALIF 
. 

I I LOCAT'IOll COllT Oii SMUT ..... .. 
.. ,.---..r 1iu...n I . it I I I t£BS NINTSO IN U.S.A. - .. 



... 

·ft 

"Oii llS . &IJlll ... &llOCt ll I GENERAL(if ""• ECTRIC t 

. UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- ':.~ TITLE I. C:Olrf °" """ F 
I .: .. :::.<:it•' 

••2 :. 
. . ·1 · . -: .. .· 

;!~ \ :' .. : • I ' • •' 

~· ;:··. . . : . - .. -
:··, : · t: I' .•· 

.·. 

I 
I 

APllUID PIACTscu suRf'AC£s TOLUANCll ON MACH•NEO OIMINllON• F·A·1 luR·E R'ATE o~ATA ·sHEET 
JllACTIONI OICIMALI AllOLll · · . . . . 

...:· .. .. ··: 
.. . . -~ .. I ! ! ! - - SHllL _ _._ ... ··-·''!~!'.0·.. . ..... FIR5_T M~_D!_!O.lf .. £~ 4-9 :~~~·. :,. . . . :.' :~· . . • I . . ' ~ • . 

~i<> .. · ... : <:· .. ·.. . . . . . STRESS rG>E 1HE~~L STRF.SS . ··FAiWRE RA1rE 1 ·· · · · ··· · ~ -- .. .. ·~;tL 
:~' .. ·., .... : ITEM PAR1 DESCRIP FAILURE KXE (a) (b) (c) TA = 60ec /1CP HR COMMENTS :~ :. 

,;' • : {·: No NO mll HATER I AL oPEN ~ DRIFT Pc". ,,., <RAm> lt!P~ v vl!Am ltiP ,)II 11Arai JJ(~C>'b~w arJ~c r cNl '~~FE ~~It: l 1 
• ''.:·E 

:·.·,·:.'i·:·.;W -j . . f?e~, .Comp, 30js-oo ,02/ j : -~r.::. 
:+ - :i .. T: 21 1.1 -_ ·:~~ .. · : /1 · 3J.!;'ao· · · · .021 1 . 

1 
' ·: '. · 'i°~~yt I . . I"- . . '/~ I I . . ., I 

·:··:· ~ .il~i. 22 Cf 2/il. #Ji 54kcn . : : 4.iJ/360 . 1~67? ~ /Z 5 ,38. ~ 6 .• Sf! , 6 )s-· . ! - ' · -·· · ·. -·: : · · . ~'.:~~ : 
. ''"'ll:f: ~ :·.•::, ·1· 1 : 23 Q 11 · ir · ·· .. ·.·'' :_.,,,;;'¥8,~~-~-#.~~E.!._iff}~'¢itJ'f)?f!i:'f'.':"jffJ5b ' .. : .; · ·/it ><9·8 ·.·:·,)· · ~/, .;.4·~· · ' .. · __ ,_··.:·-:·.,\.;:,.,,. '~·i·r{;. 

:...·~· :_ . · ·~ ~ .. · 2 · . .: : · .. /JO~ . · · · ._ _ _ · ·· ·-:~.-11--. ...... _ ~ ~ · ... ~ i. .. :·.-,~.:,,j ·: :;·:r ~ 
): .... .:>. z4 j //. . /I ! .: . l/3~0' . J~_';.·o ' /26 ;38 ·, / ~~6 .f4fl ·I . : : , 'l ·: __ ;.·! :·; ·.)L~ 

•

1

2s ; ~ I! ,, · 1 · ·o /31>0, /,_,/50 12s .3a· · . ,~- >13s· ,,, .. ~·~r ::-._-'-.._... __ ..,.__--+ _ _...._..,.__.,.__ ___ J.,.J .... _ ... "', 

26., <j '!. 11 . 40/.960, JS/~o 125' .s~; 1~ ,si:l , 615 _ __ 1 .. ___ .... ~.. _ :· .(~ 
,:?:1, /l· : . 1~ • ·: r · · · !/.360 16/so ;zs . 3e 1 ,36 . 4# ' , '·· .. .. ,,11 
ZB .. 9 " 11 . //360 1.qsq · /2$" .38 I ·3..-~ ·.~ I__ :~J.. 

1 
.... 

. . . 
-+~ 

i ···- lf 

l.?.9 lj 1' 11 " 0/360 . /Sj5{( /25 .38 ,3S ,4%' j' ~,-.·::·.j·~·~·; ·,'·~·.f·:w. 

'30 ~ II // . "40/.360. !S/5!P ,. ... /25 .38 ;5' ,so , 6)5'- I. •' ' : :~.:~.; ..... 
I ,;;.· . . . ' ,,, ::'~. &.&. 

1
3; '.% 11 11 .. :1/3~·0. · 15/s&. 125: ,38 1 ,36 , +4" ::·:~.1 7 
32 ~·% 11 I( . //...q6o. · / ... .£)"/$0 125. . 38 / ,36 .4+6 .·; '"~ .__.......,._..,. __ ..,._ __ _.._.-...-_-+-__ t--______ _.., __ ,_ ·~ 

33 :~ II I/ .. .. _ ........... <?/~6~ .. ~·(/~o · /2~ ,38 .· ·-- _•!! ,4,Jf' __ .. , ; -1 ~ 
;.· .. 34 i<i '/1e/t:1y . :·.,··'.;~.>'- ·)·:,~:')Jo/_i;:if'':' ·-~"'Jb;"3a? +o(IZS- -.. -. .. · .. ,. .. . sJ-o'. I : . ! f 

. l . ·. . ..... ..-...,___,.... I -

.; ·; -::>r. J/'? . ·17/7 /.-,2 r- ;r/al""!n AOi' //"?.r .i;:-f"('l. I I -t'-' ...:.;;.:.J /14 .. , II '. /.1'-"'j.I(, .:J ,10/.JV.4/ . ..,. ,'//,t:_Q_ ,._ .. ,J,1". .. ... ·' • _ 

.. 
•. 

-~-~ ;- . 

+. 

·(. 36 ){3 . II 1 11°1~26. _ /S 130.0 4o/zs- £so 1 - -. - ·r · · ··· ·- · 
1 ··---· - ---

' 7 Pl k::"annec!i:i~ ' · :·: : . i ' · : , 304 II Ach'vf hi75 iirrJ11'h'n.J ;:Sa ~!'1· 
• . . - .. -· i 

L· .!,~ . .,· :' ···:·· ... ; . ; . . :--· . PA((£' ·3£/B T07"4l ~~t I I; . . . .. l ! 
t : ; . ~ -. . . -.. ·- -~ .. -. --- ··--- --~ -·· .. '. -~ ·- ....L.S.. .. !..'L.''!I' , ........ , ....... ··~··· ... ,,. ......... -~,·- --..1 . .&.&.~a..-~, .. ,..~ ...:.~ __ .......,.. I 

+,~: 1 r: ; . t«>TE:· o ~SAFE FA1wRE: x. ·~ FA1~ ~ : : ·· r; , . , ,i · · , ·: I ()NIT. .roTAL. lfflo .· ... · . ! 

,,, J .... · . '' 1

L ; . l >' ' T ·_ : . L :: .. · . - 5Nljci5£-;-:k······-:::-:: -~-: ;' A":U~~ .l 

"' 

.. ===~-:~~· .. : ' ... ·- . . . I . it_: ... 1... . . ''".· .. L··~).:·{· i>-L. •' .:.:. ·, I ~ '/: ' }~::.: > .:.~ ..... :·~·/ ,..-.·· 



... :· : .. · . ... .. U..•.oo ''· I I·~ I GENERAL'i)ELECTRIC ' 
,._ ... ..__ ..... __ ....,. -·.a.i. -ffUIYllO;;;;. ~1-----~~:;:;::~·~u~N~LJ}rss~~·'!:ort:H..-·=ERWl;;s~E:":s;ni;cJf1F.;.;;1~E.;...D:-:uJs~E:-~T::":H~E;FO~L~L-=o::':'!w~~·:-:NG~:-~;;;:;::~~=·~·i"9'----_-_-_-_-_-_-_-_-_-_-_--~-r-:r=rrL:-:E-A~~~r.-'l-:-(Jq~~~o-d..,.W'/.""'e------4 co1n °" IHln Z . . . ~ ·:.. . . I APl'UlD PIACTIC£S SURFACES TOUIANCll ON MACHINEO DIMINllOfll FA 

.;:;\,; : ~ . -.; . :. I PIACTIONI OCCIMALI AllOl.11 : ·1 LUR:E R'.ATE .D'.A T.A 'SHEET 

i'~. ·~~.·. .. !·-·- .. · ·. ~~~~·~··=··=··=-~-~~-~~· ~~+~~~=+~~~+~~~~~-~~~n~~~~w"~~~"-~F~·~~T~M~~~E~ro~R~~~~~4~9~~-~~~~~----~~~~ 
~~~:· :'." 'L\.. . 0: ' • • • STRESS MX>E . 1HEfle1AL STRESS FA I WRE RA l'E I ~ ~· 
.;':': ..... " p_.. ;~ 1T&1 PAR1 DESCRIP · FAIWRE ..m tar ! · ; · • (b>. . · Cc> TA = 60.c . 11rfa HR coMMENTs · · .. ; ~ 
\. :', i . :·· • . , ·No . NO Tl~ MATERIAL.1---.r-.;....,.--t-~-----,-------r-----!irimv"'r'l"-W-T'Jl"IP~r--iM~.......,.m~=-+----=-----r----....------1 f~·-
./. :~. ;_ :: · .- . < :.'. . OPEN SHOR1 DRIFT D("~ )_IP.'.(RATED) 'tJP~ )IV~TEt I¢>p .)II~TEDif"J~~: ~~iAliAlJ~C T(N) &~~~FE ~~fLJ~ ·I -r .::f ._ 

( < .. . 1. : ·. . ' . ! ,:.• . 
':'. : :I~: :j-.):. j . Cl _:(;,'q,.o: .ji:fy/or O X : /5/;oo . .ooz3 ,0016 i ; . Jt.: 
'.·'..+ : :(L :~~. c.z ·: ··,~ ·. ·. :11 o x· ... : · · 15'/10() 1 1 .obz3 .001b 1 1 

_ '·: , · ~;:~~-
·: .,·'.:. 1,.+,; 3· C] :·i;,"-·- (//~ .. {! X· 0. '-'.; ·,·;. . .. ·/5/31J·. . ·;. : . ·- ,039· ,026 . ! I . ·' .. ;~~~!i ... 

7~ y~ I .~.~~ 'J ·:, 4 ·CA- = · ;t .. · J1 .. Y.'V4r ·.-o· · .. ·.,\J~:i. :~".';.,.~.~ ~~~~.~~.:". -~:'~fifJ:-~;r.: ~:j~J..~·~a.-~~i"; .;·.· · · ! ... · · ·~·.,& ·'<> •: q~·--~--. · · oo'i3 , 0011o· . . 1 ,. · · ; ; ··• · · ""'f 
.: .. ,:: . !. ; ·1-·-·~-i.--~i.---~~--l~/\--l~----------+-.-..•'/_.../_-+-_____ --+·---+---+---1- +---+---+--....... -+-----+-----+-----· ... · . ..__,... ·, '~1"· ~ 
::- · · ~·; i ~ ,, · ,, . b j. . ::.··: :·· -. : o/;qo · · 1 ,oozf. . 001.s- ·I . : i : • :!..r 

... 

" ., 

'. ·' ~ ... ' 
~. :-·· · .. : '\: 

·'+. 
. ~ 

·, -:- .. ~ 

'· 

' . . {, {;JP. !lv'.3575 5.10~·~ . b X /0/td, ; /So 28 , j6J . .242. ,, ."'.1 : 
l--lt-~.---.----l~--l-----ll---t-..-.;.----t----""'"--+-----+---+---+---+---+-----+----t---~------;1-----+-------.-... . :· ' l 

1-1-· +· ?...;.;;£~-'--' ---+-'-' --+--o_,......;· x----i. 1--+--------i1-1_3 .... V6'_o_ .. -+----+1_5i._"C1~---1~-+-·-2_a +-. ...,36_3-+--· 2_4_2-+-......_ __ ~1 __ .,._ __ --i... __ ..... _ __,.: .-( L 
1-. B___... f~.-§~ .. 1-~·i .... 11:_~_14_,._··-:.;._" _= ·-1. ~· ._o_·+-·-x__.....__,.__·_· ._ .. _. ·----t~·_.1_-£;.../;._iJ_o_._ ___ _._1s;._?;1_,..._+---+-·z_8_ . ._· 3 .... b_.3_ . ..,,_2_4-_2-+-_ _.__ ...... ' __ -+-__ _,..._,_. __ ...._. !..,} : f-
9 c: /( /I 0 x .. - . 15/;ot;J . /S,O .t.a .3f~3 , 24-Z ~ ... 

.... 1_0~/}~!1_e_5,-+-C.-"m ...... ~_. -fo-1. x __ .... ·_a __ · -+---+_.30_·. -_·.0_.~_:.'2_.0--1· ___ :_ .. ~\ -+--......... --t---11---+---+---ll-,_o_.Z_;-+-, _o._'/4---it---'"fl---__ -+--__ __... ____ ___, ~-~·: ... 

;1 :.'ff 11. ,~ o o : -·30;0-ol? · · I ... ·- .o~i - :~.+: -
J-~:R~---+"'"'/)1~~--i,ta-/:-t---+--+--~~~---...---..:...-1------+--+---+---+---l--'""-+--~~--..,...----1----------~ di • 
1-/_:Z~· 3~_''---~,t:;.;,;.:/Jm.;;.;,__,._x~_o_f----+__,: ..... V_· /._'2_5i ... ~_. -+.· ___ · .... l'..;..· +-...;....---1~~---+--+---I--' o_d_~_"4-+-, °' ... '0_'3_6-+----1-----4---...J.-----~ .:-" I ~ 

13 Ar Ce. : t X X :. :·· / ~.ooo· . i ,a . 2 /llltJ1111fdc-f.;rer~ IJ. fa-· . :. ,.L '' /.9 4 . 0 'J"/,ne. . . . /~ / ' I ,'i 
. l 14 :J Res J)!J;,1. 0 x.· ·. ~ ~ . . .· :. 4/~~°"'·. '. . -., ~· .. : . . .oq~4 ,.00.36 I ' -. i 7 .· ,. - . . ··I ~ · · : · '',R· · · · . . ... '"-1 . ).o'--(«1,;·w 'C'•;~.v"·~~}:t'{v'Q":h;tl.'i'i:::~· ·."·;;»1~; ..... , .... · . . 1 .·v·. . ... ,.:, ... · .· ·· · ·1 '· · I t> }S ·i· ': ·:'11 ·: ComP, . x o· --~ "'•. ··v;rov ... - . ! I. • .ot,1·; ,(J/4- . I l i~ 
f"J--+-~+----~l"'-T--:--it---1----t----11-!----~--+------lf------+---+---+---+---+-.--i--+----+----+-----t--------------1 i~ 

:j:i /6 1 .. '.·,i .. )1)f:,1 o o .· .. ;1£J/;3sa · .. t .> •.. r . ,..o-'f$4: I ______ .,_ _____ ..,.___..., 

·j : / 7. ~ Pot C~r"'"t 0 0 .. //;ooo. I z : ·1 
I 

! .. ;9· 'ff !?es, (t:1rb"'' 0 X ·.: : ·CJ. //0¢c? /,OZ · . 68 I 

I p 
I 

i . l---f-0~1-----t------1----1~--1~--t~~------+-~-----+--------+--+---1---1--,+.;..;_..---1------t------..J~------l~----...Ji...;. ____ ._ _ _,,,~ 

. ,·. ,;·:; .. /~ ·fo · ". . . C"mP, ! . 0 : · ··:0/:6t(.Q · ·.~ ·~··;: : , 02 l . 014 ·I 

l 
t---+---+---t I 

.+ · r, ~; : t«>TE:· o ~SAFE FAIWRE:· X :s OOAFE·.FAIUIE'· .. '. .: . :: .; .:: . ;· .... L: >. ,: ..... __ .._P_ACE_sus_· _.10 ... t_AL_.· -.-i1.3_.0_1_'9_3...._l,9._!2_·35_.. 
i 
1· 

'·· ·:-··.: ..... ·-·::._-_-... ~:.'._·_:,: .. _,'.::._; ...... '··.·._·
1
.i·!· ··.·.·.··.· ... ··_ .. ' ... ··! ... , ..... ~.·.·· ·:.::_1.:.: .. :.L !._,. · .. :·.:1 .·· .. ;~ .. ·:l,: ... .,. SNO . DIWOlt 4 ... j ,·.·. . -- . . . . ·: ., : ···":,: .. '·, ; ; .:: -····--·· .. -··-····"*··-··-1111'1 · .. · ,. ·.·, ... -.· .. ..1 ·- ·8_.;:· .. : 1]· 

·.'. h; ~~~·-~·· ... · -· ._ . ._. __ -· ._~•....,-.-...-..-...-.. .. · ....... · ..... ~·-·-··· .. · ._, · ... ··-· _ ..... · · .......... ·~·· ... ·. ~··-: · .... :~1··-·..,'---,~-:~-··;'T'·-·-;~~· · ... ·-~.-·:~.~-·· .. h._1

-:: .. :::::::::;:.ioi..-....... -. _ .... _:~-..... ~.:.:~.w:...;J;.-;;;O.:::SE:!·'.:;:;:CAL..-:.:IF~-..;;;LOCll~nc.~COllT~•;..aT~•·iliii·'m1~~·"i.(:1.;"';.;•;; .. ~·,._ .. ..;.Li.i-

. \~.>.: ~~ :!":!..· · ·: ... ' · : J'.: ·-.~~ ·. · ' "•·.'-' . :\:/ . ;~;,; .· ·, . .. : ,< ~ .. : .·:it . :.,:;~\:. I · ·· i+ 1 

• .) ·'r:· ·,::. ·, · -.'. .;·,,.: ,}· .; : ··~;~\ ~:.· 1::.:;.{:)~;i .. ·· .i~~- ·., · ::'; · .;;-, ..... ,·: .: .. ·. ·. L t,£BS .:/,\'·. .:..{!.:".:,::_ ;\··>.: '~·'.'>· 

. ' '' ..--.... ----!' 



I I I - ' . 
·011 Ht UJHll 110 111~ a GENERAL@ELECTRIC ' i ' .. f,. I ·. I ! . 

: .. 

+ 

•011 0NIMYllO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- ll[Y 
TITLE ?er/otl ,;Jilotl1.J/e' CONT Ot1 SHHT r ....o.z. . . NO • 

.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F'AI tURE R'.ATE .o·.·\ T.A .. I FRACTIONS 

1~ 
DECIMALS ANOLES "SHEET -

I I + + PA49 .. ·------------------------ - - CONT ON SHEET SN NO. FIRST MADE FOR . . . . 
' .. .. II 

! 
: 

STRESS KJDE THE""1AL STRESS FA I LURE RA TE I .•. ' 
I _J 

: .· .. ITEM PARl DESCRIP FAILURE MODE (af (b) (c) TA = b0°C /1rP HR COMMENTS 
NO· MATERIAL I. j 

' NO TION .l I II . TJMAX T.R. ATJ~C SAFE ~Tf ~~E ·j I -.. .. OPEN SHORT DRIFT P(OP.)IP.(RATED) \bp~ )/ V~ATE.[ ~P .. ) MTID (°C)~C/MW T(N) &'UNSAFE ' I ..... . I :I 
.... zo f; /?e5. x o /Jooo· I 

i . . .Carbon 0 /;OZ ,'68 t 
,. -· .. 

' .. .. 
-IJ~ft;J 

.. - - . - I -?.j ~ /./ 0 x 10/2so .OOS4 ,0036 I 

' 
i ,._ . ·h'/m I . •. -

~ 0 S/2s-o ' I ; 

2Z 0 ,OOS4 -/I /I I 

., I I 

fj I i ,_ 

23 /I /I 0 0 /jZ50 . ,005"~ .. I -.. I 

'.} 
~ . -.. 

-I 
i 

urb()/I 0 0/1000 I 68 
, 

f~ 24 // x /t(JL.. - : 

i~ - . 

·2s :~ h..f· c~/'/))er x x /a:Y~ooo ,Z ,Z J 
, - I - r 

·fi w·;e 1.s-/1so 
i 

1.b !?es, 0 x /;01 ,72 -!~,. ,.,,..,} I I 
,;,_ 

27 .-~ .. o· ·o 0//50 /;07 
I . ! 

.. ..... Jf• "JI: : . ;_ .. . 

I ....... 
28 fg ,/Ylet;;/ 0 (} 10/2so ,005"4 I c II h'lm 

29 ){/ Relay x x /7oj22S- 1¢00 I /;.zs sso S50 f 

_, 

L 
I ~ 30 J<Z x x 110/225'· ·/b/30() I /;ZS- SSO· sso I 

II I t 31 OA OJJAmp x x 4'38 4,38 A..5jt1/7}4f. J 
. ! 

·; ! -
' 32 Pl (":onne~ftJ;. x x ,36" ,3S 13 ,Acf,-yf noj /1J1tJll1t.1 Jls-oo /;rj. : ""-

I 
I~-

: 

' 
: 1--

+ 

GE' , ~L 
;;pg; /107- ! i 1-.· PA )VB TOl /':],/t:, 0/36 I i ! 

I I -
• 

+ 

. --· ·- ..... 
·- r -

·1 I , 
I . 

I 
.. 

.=.;: .. I t ' 
... . 

·I UNIT_ ///~, /108 . NOTE:· 0 ~ SAFE FAILURE: X : UNSAFE FAILURE lOTAL /509 9431 
I 

+ 
! .. 

NAOI n APPROYAUI" SNO . OIY 0111 
I A·-49 ; 

-·······-··-·····--------····· •••• ou•r .. . llSUEO SAN JOSE,CALIF 
. 

I 
., .. 

1.0CATIOll CONT Oii SHtlT .. llO. 
..• 

rr ...... .- ue.1•• I . it PlllNTCD IN U.S.A. -. f I I tERS 



; -

+ 

'Oii HS &JJHS 110 &II~ 0 GENERAL@ ELECTRIC ' 
i 

" I f' If I ' 
: .• 

·I "011 DNIMYHO . UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- ll[V 
TITLE .Romp Ge1Jeroror CONT ON SH[[T ;::: IH rio.; . . NO • 

.. I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINED DIMENSIONS 

F:AI tURE R'.ATE I ,RACTIONS DECIMALS ANGLES .D:ATA "SHEET 
I + + + PA.1:-!1 .. .. ·-••••••••••••-------~••s - - - CONT ON SHEET SH NO. FIRST MADE FOR . . . .. 

.. II 
: -

.. STRESS r-'DDE -~HE!f.1AL STRESS FAILURE RA E l - .. ' 

.. .· .. ITEM . PARl DESCRIP FA I LURE MODE (a) (b) (c) TA = b0°C /1o0 HR - COMMENTS I-

NO· MATERIAL 
·, 

' NO TION . . T JMlllC T.R. 6TJ SAFE ~~rei~E ·1 -P(OP. )IP. (RATED) 'Jop~ )/ V~ATEJ: T(N) ·I I I .. .. OPEN SHORT DRIFT Iepp .)II~ TED' {oC) DC/MW ~c &'UNSAFE I ,, i-
.... ·. 

j fe/y 
JS/.30 

I I . Cl Cop.. ,03B j -.. . . ·5hrene -·-·-... 
+ .. :z CZ II (/ 

. 
..15/30. ,038 I I . .. -

c~ /N914 5//;'co/1 .. 1£}/oo .za ' r ·' 

3 /SO ,_163 -I ' 
I .> i 

C8 JS)ioo 
l i -.4 II II .. /SO ,28 ,363 I ._ 

.c, - . 
~ 

.. I 

..5 
:c,R l 1s)!oo /50 ,28 ,36~ ·I , 

!~ 
1_ ..3 /I /I : i. . : 

rr-
~11 1oj;ooo /if&?»ll~c;Jfur&rf j}() 

. i 

6 PO.r· l .z ! 

c~r~et a, - ~ 

tr 
J1 20/;ooo ' 

7 // ·2 i -·z I~ I I 

·B: ·A·. ··:A e..s. CafbiJh 
.. 

l/1000 ;;oz f 

1: ·I . . 
. . . . ·.:g . ;_ 

; . 

~ 
9 ~ 

,... O/soo ,02/ I ' 
'!Iii 

// {,,o,mp. L 
+ 

/(} A nt Cermet ;ooj;ooo I~ r 
·, L s 

225J22s 
I ~ // /{/ f{&)4y 15/300 12/;zr 5li-O I 

I 

~ ,. .... , 
/{Z JI 22s-/~25-- IS/300 oj;2s sso l· ! 

/A·· I 
.-

22S/z,,z5 JS/300 0/JzS-
I 

/3 !{3 /I ss-o : ........ 
I i ! - ... 

~ . . ... ~ 
OA Aj;J:1~}d 

I ' 

14 O,o,Amp 4,38 

' 
i i 

') I 1-'1 

I / mon";,_g / IJ s-oo Ar.s, 
: j 

/S Pl ~MJ) (!l;ftJ; ,20· g Ac.t>'"tt~ Phu 
1µ 

f I . i-...: . + 
. . 

. ' 

·1 
.. -·~ 'I' ·--. -, -

' 
I I 

I .. 
.:.;_: .. I I ' 

' i ,. . ' /6S-7. NOTE:· 0 ~ SAFE FAIUJRE: X = UNSAFE FAILURE L!NJT I . •. lOTAL I 

' 31?60 ! .. I 
+ 

! 
MADE llY APPllOVAU" SNO · 01v o" 

I --------- --------------••••• ·------0'" A:..so 
... . llSUEO SAN JOSE,CAUF 

. 
I LOCATION CONT Oii SKlEI .. llO. 

' .-.-.aH..-110.u1 I it I I I PAINTl:O IN. U.S.A. - t£BS 



• 

.! ~'-..'· Y-· - . 

+ .. 

. . ,__ .. _.

0

_

11 

"' ___ u_~~--· 0....,

11

:, __ ::~~o t---· ----,.;~::::;u-=-=N~L~E::':s=s::_o=r"TH~E""":R=w;1s=E~S':':P=E::'."C--,IF::-:lr-E~D:u-::-:s::"".E~T::":-H:E=F=-=o~L~1 L:::-:'O::W;l=N':""!~,! .... -=:-:-.~~~..i.':~~~':.;,;:.:.'J:;""'.~~~~~~~~~~~~~_;':":':TIT:":"':LE=--~~E~:o-~":"'"R /-=:~~i'~®--. _E_LE_c_T_R_I c_~, CONT 011 SHUT 2 
. . I APPLIED PRACTICES SURFACES ~,..,.,,To~Lt,,,,..RAN ....... cEs..-0....,,..,N "=Ac.,..,..,.H1N,,_Eo....,..01M_EN....,.,s10"'"°Ns,,.,,..-.t F'.A I ll.UR .. E R'.ATE .D.'AT.A 'SHEET 

.. I 1 -·----------------------------------.....__l___._.._:_'R-ACT-10N=·s· .l: DECIMAL$ I! ANOLES 

i 

IH "·I ·I 

CONT ON SHEET SH NO. FIRST MADE FOR PA 4-9 n . - -· 
~-T'"'-~---.----r-------...,.....--____________ """--j ____ ---·----··- ··- .... -·---_,--,----·-'"-----""t--..... - ~""""""--..,-......... -------....... ---.,..-· ·...-j...J-

STRESS l'IDDE THE"'1AL STRESS FA I LURE RA '"E I 
11 COMMENTS 
I -' 

. . .· · ITEM. PAR1 DESCRIP MATERIAL FAILURE MODE (a)· (b) (c) TA = bOoc /1oC HR 
. . NO · NO Tl ON · R 

.. . . OPEN SHORT DRIFT PcOP. ).IP 'cRATED) "tl~~ )/ V~ATEC I~p .. )II~IB).TJ~~~) citiMw ATJ~c T(N) &~a~~AFE ~rfGRE ·I 
j 

.; 
'I I ·1-

I . - ! ~ 
I ' 

· ..... ·: ·. j . (:/ CtJP, ./r1y/ar 0 'f.. !5/100 ,OCJ.Z3 ,·0016 
I 

I 

I 

·:I 

.:I 

j 
I 

+ 
..... · 

.... ~. C2 JI· /I 0 f /5'//00 ,0023 I 00/6 

3 Cf /;V4148 j~·lr.r1n 'j. Q .2.!J/75 /50 ,28 .363 . . 242 

.28 ,)63 .24-Z - . 
. . 

' 
I 

' 
:CfZ I 

' 
'! 

I 

l 

' 
s ' :3 /Af45lA 0 0 0 /7C? 2)200 200 ,z I J . ., 

S-6.......+.c;...,.: ......... -1., _.. __ -+--,-o-+--o-. -+---+------+--. .....;o.....;Y?<.....;o ...... · ....................... 2-v.z-'Oo--+,Za-o-+--t----+--. z--+-...... 3....__._.._~-·"-·--1--~---..J-· .;,...__ ........ ~,.. _.._...~--· =----""""'-,__ ___ -.._ --i 

7 -0f /!Y'4-Jf8 0 0 ls/7S:- /SO .28 . 363 j 

" ... 8 :·C:f:i/l/4.57A -· . - 0. 0 S/70 25/Z.09 zoo .2 I 3 I ·! : 

I 
.~ -
.i -

" "i 
i~ 

I , 
1-

i. 
I . 
! r. 

,...; 
: I 
I ; 
~ 
I . . r .. 
! . +... 9 (f /I () x 0/70. 70/200 2?}0 ,Z .2 I c 

.! L 

+ 

+ 

/0 Cf /11/4-148 0 0 IS/ 7 S- /SO .Z8 ·,.363 

II Cf 11 0 0 20/7~ /SO .28 '36'3> 
CR 12 '/O 11 O x 20/7S ;so .28 .363 
?A 0 /3 ·// II ' x . !S/7_r /SO .18 .36'3 

14- S1 II 0 0 S/7S- . /SC? .213 .363 

JS 51 It (} 0 IS/75' /SO .lB .363 

,OZJ 

/ 7 I} Po r Cermet X X 4 6/1000 . 

.24Z 

.24.Z 

I O.Z/ 

f 

l 

I I 
i 

I I 
r 

'L I ' 

·L ., r 
i .·~· 
: ~:..; 
. I 
i ... ~ 
I I 

i I 
I '"'""1 
' I 

I -rl 
' ; ! 

l 
~--·~·---·------------+----..------i---+-t ·- . .t... 

/8 I} >Re!J Camp X /, 10/sao , 021 ,OZ/ _ _ 1 
/:9 .§. /( 11 0 X ·6/soo ·· .oz/ , 014 1 I ___ ........._---t; 
~-~· ~ ........ ~.:---...a---___,,j~~~-i----'----------'----....----'----....-1-..L-__ .____,_ _ _..__-+---t-~-+~~___.;~;...;._~----~-.:..-----11----4-:'---ll 

NOTE:· 0 =SAFE FAIWRE: X =UNSAFE FAIWRE ; · PAGE sUB lOTAL 4,:3716 /,4Z7Z .,__......,_-1 ! 
"-----------'-----------"'--_ -.... -_ - --- ... ... I 

~., ......... ,.,_.,~ 
P•INT•D HI U.S.A. 

I 

- -. . - - i 

MAOI: 111' 

ISSUED 

·1 ; • 

. SNO . OlY 011 A.· _r-1 --·········-····--··········-··-ot"' V I 
_S~( JOSE' ~AL_I F - LOCATIOll COllT Oii SllUT. . . .. ..... 

I~ 



'"" 
'ON Ha ilJHI llO !II~ 

I it I GENERAL@ELECTRIC , i ': 

.. I ·011 DNIMHO I 

I 
I 

, UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- ':::. TITLE 1/<10) Tr/p CONT 011 IHHT 3 ... ~.2-l 
... 

• APPLIED PRAcr1cEs ' suRFACEs TOLERANCES ON MACHINED DIMENSIONS FA 11L·uR·E R'AT.E o·A r A ·sHE.ET 
FRACTIONS I DECIMALS I ANGUS . . . . . . 

_I__ _ .. ! · __ ! _ : CONT OH.SHEET SH NO. _flR_5-T MADE FOR ?A 49 
c.:, 

II 
·-- --,.-- ---· ---· ·-· .. • • ..-~~~--... _ I I 

. . . STRESS MJDE . THE~L STRESS · FA I LURE RA~E I , . . , . 
, -· ·. hTEM PARl DESCRIP MATERIAL FAILURE MODE · (a)· · (b) (c) TA = E>Ooc /1o0 HR . · COMMENTS. ~- 11-

~0 · NO TI ON . · . · . . . T MAX .T. R. ~ T SAFE UNSAFE · l . I ·1 · -
: .· ·. . . . OPEN SHORTDRIFT Pcoe.)IP (RATED) '-tlp~)/V~ATEt I~p.)II~TED Jcoc) 0 t1Mw J~c· T(N) &'UNSAFE FAILURE 1. : . -- . ·:,1-

".Ir .. 

. :.: r.·:·~0~1 .f?e.s .. Comp X '/ -°40/so~.' . ,o.il ,621 j. : :: 
·+ . I.:·. 2; ~ I/ .. :'' x o· . 3/soo " . . . . ,o~J .014- l .. ' - l I 

-~ I-

,,;· 

::· 22 § 11: - .. ,, X 0 . . · .. · l)soo . . . · . . . ,Oil ,_014- ·. ; . I . '..;.::-

,. 23 ~ II /I x 0 . ·.·//soo .·. . . . .,()!../ ,014. :-.·.'· I . . .1; 
. ~ .. . . . I 

24 >~ ''. . ,, (J x !/S'OO. ·-.. ~-- · · · · . I ,q21 ,014 · ·I 
' .25 ;fb f~. . II ' b. x . /00/500. . . . . . .. 021 I 014 I J . 

z 6 . ~ ,;. ·. . II x 0 I/ .S-00 . . . . . . . ' 02 I '014 I I 

·(1 
. . . 

l 

I 

.. [ 
i 

, .... ._ .. J-Z7:·~.11: .. _ .. -11'.. ·• ·~ 11 : •. x·. ·o //S00 . . . . ,02/ l.OJ4f I 
1 

-+ .. 

+ 

+ 

r 
~ . i 

I . 

2a -~ f' 11 a x zs/500 · · · · . , 021 1. 011 I 
29 I JJ I '' I /1 I ;<. I O I I . Sq/s.oo I · · I I I I I · I .oz' I, 014 f 

I 

. •I 

·~·1·-····-··~~!--, --.....,. J Ir 301i1 1' I _ 'f I Q_ Lx_J~~ I 40/~o~ __ L_:-----·---~---' ... I ·. I I I 1 ,021. I, 014 

3 I 1 '. fJ I /I I fl I 0 I (J I I 7 s / soo I . I I I I I I I 0 LI 

32 I'.~ I /f I l{ I 0 I 0 I . I: . 40o/Jooo .I. . . . I . . I I I . I .. l,_g~o~ I ·-

1. -I .. I 331~1 fl I" Iola I I . . 60/sool. -I·· I .1·1 I 1,0211. I 

131 fo . ,, -- -.-" - -o-- -9 2/soo . ~ozr - --
1 

...... ; • .1=. 

'2 r. R . /1 0 0 . · "7 / r/l'O · • 0 ,1 · 1 r 1 · 1 . 

it~ 
IJ..:. 

...,l'J ZJ . II . . ~I,.;;; V· . . . . ;· ,..,,,. ~ .. • 

36 lfz /I " 0 0 60/.500 ,OZ/. I - ;- ~ 

3 71 A I · 11 
_ I I/_ IQ~ I 0 I _ _ J -~0/1ooo_ l. _ _ · . I ~ · I I I · · I I , 0408 I · I · I 

· •38. I._~ l.;2#1711 .I 5,.t~1m I 0 I f I 1 · !~) 8'00 ·I I ·-· . f/7~ j .19 I· 3 I .zs1 .JJ.3 L.ZZ2 
-· . 
NOTE:· 0 ~SAFE FAIWRE: X =UNSAFE FAIWRE 

rr_, 110471 

NtNTSD ·IN U.a.a... 

I . 
I 

. it 

PAGE sUB TOTAL · I ,7506 I, 38:30 
MAOEtn Al'PllOYAU 

llSUED 

I I 

SNO . DIV Dll 

-··········-.. ···-·········----n" 
SAN JOSE,'~ IF LOCATIOll I COllT Oii SlllET • 

1 ~· 

·-

H I I I ) 

A:.s2 · -· . ·.<r 



+ 

GENERAL($) ELECTRIC 
, .... 

·011"' &HNI llO &1103 a 
\ i 

·. I e"' I ' : •' 

I ·ow DNIMYHO UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- llEY TITLE 1)411)/ /r1j7 COllT 011 IHHT 'P' IH u.3 . . NO • 

.' " I APPLIED PRACTICES SURFACES TOLERANCES ON MACHINEO OIMENSIONS 

F:AI tURE R:ATE .O:AT.A 'SHEET " I FRACTIONS DECIMALS ANGLES 

.. / + + + 
FIRST MADE FOR ,,£?4 49 .. ·------------------------ - - - CONT ON SHEET SH ND., . . 

.. II 
•' 

.' 

. " STRESS KlDE THE~L STRESS FAIWRE RA PE I . 
,• '·· 

' .. ITEM. PAR" DESCRIP FAILURE MOOE (a) (b) (c) TA = o0°C /1rP HR COMMENTS -
' ·NO· NO TION MATERIAL 

1 
. . TJMAX T.R. dTJ SAFE ~t~GRE ·I -OPEN SHORT DRIFT P(OP. )IP. (RATED) \,\)p~ )/ V~ATEC T(N) I 

'• .. l¢)p .)II~TED (oC) ~t/Mw ~c &'UNSAFE . I '1 -
.... " 

8!! Q >s/goo: /75 
I .. . . 

. ~jl/(,Oj'J '/- x 1/9 3 .25 ,333 ,333 -z 2#/711 I .. 
Q -

.-tf(J /I If 'I 0 ;s; acv 175" ./9 5 .$ .333 ,21..Z I 5 I .~ -
·~ 

.. 

5/600 
l I " 4! lN/132 x X. /75 .25'" 2 .25' ,B4- ,84- . " -/I •' 

., 

' 
I .. , 

tj- I i -f.Z II // 0 x ·.-?/too /JS ,,2.5 z .ZS' ,~If ,S6 .. I ,._ . . ; ! :a :x S-/600, /7S- .25 'z._£' ,$4- .94 ·I ~ 

i -· .. +3 /I /( . x ,Z '6 : i 

" . : U( J· 
I t-:o 26/600 .ZS- .~04 

/ ! 

44 // x 175 b· . 27 ,906 • "7. 11 .. . r 

+ 

·'i " 
I 

4s ,2)//71/ Jf 0 x 70/~oo. /JS ./9 /4- .33 ,414 , Z76 
,_ 

I I l 

·.a. I 
... 

46: o· ·o 70/800 /JS ./9 /4-- .33 .4-14 L .. ... -g : ... •'// • : 11: ~ .. . . . 
i 

~ 
17 Pl {onnedor x x .. ,73* ,73* 22 A~;l;'~e P/nj I I hlal-/nj Jrsoo h>». t f ! 

I 

L ~ 17el'4 
I 

/Vlt>d11/e . I 
I 

t : 

' . I .... ~ 
I . ; 

,1; 

,PA6 e .5 'J8 ror; ~l 4,9200 3,6750 
! ,.;..j 

I 

I I j 

I j 
i -~ . I i -; 

I i ..:.J 
: I I ; 'i 

I r '-""! . + 
" 

L -- ---- ~. .. ., T -. 
I , 

I 

I !. 
' .. 

. =.;.: .. I ' I ' 
,. . .:zo. //1 ' 
NOTE:· 0 = SAFE FAIWRE: X = UNSAFE FAILURE ' ;, {/NIT lOTAL 8144 7004 : 

" ! 
+ 

. ' 
MAOt., &Pl'llDYALI SNO · °'" o• l! I -···--·--··-····--···-·····-····°'"' A_;S..3 

"' . llSUED SAN JOSE,CALIF 
. 

I LOCATIOll COllT Oii Sii[~ ...... Iii llO. 
" I 

l'l'~ilM71 I I ·it I I I ... 
PIUN1'&0 11111 U.9.A. - ... ~ 

. 





A P P E N D I X B 

I N S T R U C T 0 N M A N U A L 

F 0 R 

10 D E C A D E N E U T R 0 N M 0 N I T 0 R I N G 

S Y S T E M 

GDAP-1109tl 



GEA.P-11094 

TABLE OF CONTENTS 

Page Number 

I. System Description Bl-1 

· 11. Specifications B 11-1 

1. 0 Temperature and Humidity B 11-1 
\ 

2.0 Power B 11-1 

3.0 Inputs B 11-1 

4.0 Outputs Bf 1-1 

5.0 Controls and Indicators B 11-2 

6.0 Performance B 11-3 

7.0 Construction B 11-4 

I I I • Range Description BI 11-1 

A. Low Range Description B 111-1 

B. Intermediate Range Description B 111-1 

c. High Range Description B 111-1 

IV. Description of Switch Functions BIV-1 

A. Mode Switch BIV-1 

1. Operate BIV-1 

2. Standby BIV-1 

3. Zero BI V-1 

4. Test BIV-2 

5. Ca Ii brate BIV-2 

B. Ca Ii brate Switch BIV-2 

1. LR-1 BI V-2 

2. LR-2 B IV-2 

3. IR-1 B IV-2 
I 
! 
:I 

4. IR-2 B IV-3 

:J. HR-1 B IV-3 

6. HR-2 B IV-3 

7. Period BI V-3 

c. Monitor Switdi B IV-3 

Bii 



TABLE OF CONTENTS (Continued) 

V. Module Description 

A. Preamp Ii f ier 

B. Ma i n Amp I i f i er 

C. Low Range Amp Ii f i er-DI serf mi 11d I ur 

D. Log-Integrator 

E. Intermediate Range Amp I ifier-Rectifier 

F. Intermediate Range Log Ladder 

G. High Range Amplifier-Rectifier 

H. High Range Log Ladder 

I. Auction 

J. Multirange Monitor 

K. Auction Monitor 

L. Period Monitor 

M. Ramp Generator 

N. Dual Trip Unit 

0. High Voltage Filter 

P. Signal Generator 

Q. Campbel I Calibrator 

R. High Voltage Power Supply 

S. 30 Volt Power Supply 

T .. +15 Volt Power Supply 

VI. Detector and Cable lnformaiton 

A. Detector 

B. Detector to Preamplifier Signal Cable 

· C. Detector to Preamplifier High Voltage Cable 

D. Preamp I ifier to Main Chassis High Voltage and 
Signal Cables 

E. Preamp I ifier to Main Chassis Power Cable 

VI I. Operating Instructions 

A. Pre I iminary 

B. Procedure for Initial Startup 

C. A Ii gnment 

1. Power Supplies 

a. +15 Volt Adjustment 

. Biii 

Page Number 

BV-1 

BV-1 .. 

BV-3 

BV-~ 

BV-5 

BV-6 

Bv-7 

BV-8 

BV-'-9 

BV-10 

BV-11 

BV-12 

B·v-i3 

BV-14 

BV-15 

BV-16 

BV-17 

BV-18 

BV-19 

B V-20 

B V 1-1 

B V 1-1 

B Vl-1 

B VI -1 

B V 1-1 

B VI -1 

BVll-1 

B VI I -1 

B VI 1-1 

B VI 1-3 

B V 11-3 

B VI 1-3 

GEAP-11094 



TABLE OF CONTENTS (Continued) 

VI I. Operating Instructions (Continued) 

C. Alignment (Continued) 

1. Power Supplies (Continued) 

b. +30 Volt Adjustment 

Page Number 

BVll-3 

c. Detector Polarizing Voltage Adjastm~nt· BVI 1-4 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

d. High Voltage Filter Compensation. BVI 1-4 

Signal Generator Check 

Low Range 

Intermediate Range 

High Range 

Ramp Generator 

Period 

Trip Adjustments 

a. Upscale 

b. Downscale 

c. Intermediate Range 

d. High Range Failure 

e. Period 

f. Low High Voltage 

Failure 

Biv 

BVI 1-4 

BV I 1-4 

BV 11-5 

BV I 1-8 

BVI 1-10 

BV I 1-10 

BVI 1-11 

BV I 1-11 

BV 11-11 

!3VI 1-12 

BVI 1-12 

BVI 1-13 

BV 11-13 

GEAP-11094 



I. 

·,. 

i 
l 
I 

GEAP-11094 

System Description 

This Wide Range Neutron Monitoring System is designed to monitor ten decades of 

neutron flux when used with a General Electric Type NA04 (or equivalent) fission 

chamber. In order to obtain this wide range tapabi I ity, two different monitoring 

techniques are employed. For the Low Range, Counting techniques are used; for 

the Intermediate and High Ranges, Campbel I ing techniques ar.e used. The outputs 

from the three ranges are appl led tci an Auction circuit whose output represents 

the largest of the three input signals. The output from the Auction circuit is 

appl led to the final readout device (Meter, DVM, Recorder, etc.) and is propor­

tional to neutron flux being monitored by the detector. The Auction circuit 

output is also monitored by a Period circuit to provide a rate of change indi­

cation of neutron flux level. 

In addition to providing readouts for Percen+ Pciwe~ and Period, three meters 

are added which make it possible to monitor al I ranges continuously. Lights 

over these meters indicate which range is control ling the auction (being appl led 

to the final readout device). 

Six trip circuits are provided for indicatibn of malfunction or abnormal condi­

tions. One Upscale trip and one Downscal.e l·r"ip wi I I fndicatc abnormal neutron 

flux conditions. One trip monit6rs the Pe~i6d circuit output and wi I I indicate 

when the time rate of change of neutron flux exceeds some preset level. One 

trip monitors the detector polarizing supply and indicates if this voltage drops 

below a preset level. The remaining two trips monitor the outputs of the three 

ranges and during startup indlcaie improper gain setting or malfunctions in the 

Intermediate and High Ranges. 

Internal calibration signals are provided for al I three ranges. Each range has 

two calibration points which al lows its slope to be set and monitored for drift. 

<Note, however, that these calibration signals pre not meant to provide an ab­

solute system calibration of output versus. neutron flux.) 

Mechanically this system consists of two primary units, these being a preamp Ii­

f ier and a main chassis. The preamp I if Ler is contained in a cast aluminum box 

BI-1 
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I. System Description (Continued) 

which may be separated from the main chass.is by as much as 250 feet of cable. 

The preamplifier is powered from the main chassis. 

The main chassis consists of a steel frame housinq two 711 ·X 19" card files and a 

7" X 19". meter pane I . A I I the e I ectron iC c i r:-cu i try is p I ug- in modu I e type except 

for the Main Amp I ifier and High Voltage Fi lt~r which ar~ enclosed in an aluminum 

chassis mounted to the back panel. Al I modules are numbered corresponding to the 

card file slot in which they are to be mounted.. In addition, al I modules are 

mechanically keyed to prevent inserting them into the wrong location. 

\ 

BI-2 
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II. Specifications 

1.0 Temperature and Humidity 

2.0 Power 

3.0 Inputs 

3. 1 Counting sensitivity and polarity 
3.2 Campbel I sensitivity 

3.3 Maximum External capacity on input 
4.0 Outputs 

4. 1 Recorder 

4.1.1 Percent power 
Output impedance 

4. 1 . 2 Period 
Output impedance 

. 4.2 Monitor points (load I imit ~ lOKQ) 

4.2. 1 Percent power (J25-H) 

4.2.2 Period (J25-J) 

4.2.3 High range monitor (J 25-E) 

4.2.4 Intermediate range monitor· 

4.2.5 Low range monitor (J 25-G) 

4.2.6 Ramp (J25-K) 

4.3 Scaler ( j 36) 

.4 Trips (non-latching) 

4.4. 1 UPSCALE . 

4.4.2 Downscale 

4.4.3 Period 

4.4.4 High Range Failure 

4.4.5 Intermediate Range Fui lure 

4.4.6 Low High Voltage 

4.4.7 Inoperative 

BII-1 

. ·.· ... 

(J25-F) 

5°C to 50°C 
0 to 95% R.H. 

120VAC +10% 
60cps +5% 

GEAP:..11094 · 

lOOµv negative pulse 

20µv rms for 10 to 1 ~igna1 
to hois~ ratio [.l~termedi~ 
ate Range) 

2000 pf 

0 to -10mv f.s. 
lOQ 

0 to +10mv f.s. 
lOQ 

0 to -10Vdc f.s. 

0 to +10Vdc f .s. 

0 to +10Vdc f .s. 

0 to +10Vdc f.s. 

0 to +10Vdc f.s. 

0 to -12Vdc 

-3 volt peak ~· 300Q 
output Impedance 

2 Form C Contacts 

2 Form C Contacts 

2 Form C Contacts 

2 Form C Contacts 

2 Form C Contacts 

2 Form C Contacts 

Form C Contact 
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GEAP-11094 

Specifications (Continued) 

4.0 

5.0 

Outputs (Continued) 

4.5 Trips (Latching)(25ma each) 

4.5. 1 Upscale . · .... .. Transistor:· turn :on to gnd 
.. 

4.5.2 Downscale Transistor· turn :on to gnd 

4.5.3 Period Transistor . turn :on to· .gnd 

4.5.4 High Range Fa i I ure Transistor turn :on to· gnd 

4.5.5 Intermediate Range Transistor.turn :on to· gnd 

4.5.6 Low High Voltage Transistor turn .on to gnd 

Contra Is and Indicators 

5. 1 Mode Switch 

5. 1 . 1 Ope1-ate 

5.1.2 Standby. Inoperative trip is tripped and range selection 
must be accomplished manually <M6nitor Switch). 

5.1.3 Zero. AC signals disconnect~d, DC ctrcuitry can be zeroed. 

5. 1.4 Test. Provides signal for checking continuity of cables. 

5.1.5 Calibrate. Al lows selection of·.desired calibration signal 
signal (Calibrate Switch). 

5.2 Calibrate Switch 

5.3 

5.2. 1 LRl 

5.2.2 LR2 

10cps 

10Scps 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

5.2.7 

I Rl} 10s 
IR2 ~cps square wave .. IR2 = 10 IRl. Used to adjust 

slope of Intermediate Range. 

HRl}. 10Scps square wave. HR2 = 10 HRl. Used ·t·o adjust slope 
HR2 of High Range. 

Period 

5.2.7. 1 Fixed. Used to adjust 10 Second Period Indication . 

5.2.7.2 Variable. Can be adjusted to give any period indica­
tion greater than ten seconds. 

Monitor Switch· (effective in al I Mode Positions except OPERATE) 

5.3. 1 High. Applies High Range output to Percent Power Indicator. 

5.3.2 Intermediate. Applies Intermediate Range Output to Percent 
Power Indicator. 

5.3.3 Low. Applies Low Range Output to Percent Power Indicator. 

B II-2 
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GEAP-11094 

II. Specifications (Continued) 

5.0 Controls and Indicators (Continued) 

5.4 

5.5 

5.6 

5.7 

Trip Reset Switch. 
has been corrected. 

Resets al I latching trips after cause of trip 

Ramp Reset Switch. 

Meters 

Resets Ramp Generator used in Period Calibration. 

5. 6. 1 

5.6.2 

5.6.3 

5.6.4 

5.6.5 

Lights 

5. 7. 1 

5.7.2 

5.7.3 

5.7.4 

5.7.5 

5.7.6 

5.7.7 

5.7.8 

Percent Power 

Period 

High Range 

Low Range 

Intermediate Range 

Upscale Trip (latching) 

Downscale Trtp (latching) 

High Range Failure Trip (1atc~ing) 

Intermediate Range Failure Trip (latching) 

Period Trip (latching) 

Low High Voltage Trip (latching) 

I noperat·i ve Trip (non- I atch i ng) 

Auction Indicators 

5.7.8. 1 Low Range 

5.7.8.2 Intermediate Range 

5.7.8.3 High Range 

6.0 Performance 

6. 1 Percent Power 

6. 1. 1 Accuracy 
10-8 to 10- 1 

10- 1 to 100 

6. 1.2 Response 

10-8 to 10- 6 

10-6 to 10- 5 

10- 5 to 10- 4 

10- 4 to 3 X 

3 X 10- 1 to 

10- 1 

100 

BH-3 

±_4% Ii near f. s. output 

±_2% I i near· f.s. output 

-v40 seconds 

'V 15 seconds 

'V 1'. 5 seconds 

-v100ms 

-vlOms 



II. Specifications (Conti~ued) 

6.0 Performance (Continued) 

6.2 Period 

6.2. 1 Accuracy 

6.2.2 Response 

7.0 Construction 

Page type chassis 
Modular electornic units 

BII-4 
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.±_4% actual 

~4 seconds for 0 to 65% 
of final for ramp input. 
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III. Range Description 

A. Low Range Description 

The Low Range of this system (10- 8 to 10- 3% power) employs Counting techniques 

for measuring neutron flux. Individual pulses generated by the fission ct1amutn 

are amp I ified by the preamp I ifier and a secti6n of the main amp I ifier. These 

amplified pulses are applied to a level discriminator which provides a means 

of rejecting amp I ifier noise and low level alpha pulses generated by the 

uranium in the fission chamber. The output .from the discriminator is avai 1-

able at a rear panel connector for driving a scaler and is applied to a bi­

stable flip-flop whose output goes to a Cook-Yarborough type Lug-l11h~g1·~to1-

circuit. The DC output from the Log-lntegrafot is monitored by one section 

of the auction circuit and, if this signal is the largest of the three channels, 

applies it to the final readout device. 

B. Intermediate Range Descr i pt l on 

The Intermediate Range of this system (10- 3 to 3 X 10- 1% power) employs the 

Campbel I ing technique for measuring neutron·f lux, The signal generated by 

the fission chamber is am~I ified by the ~~eampl ifier and a section of the main 

amp Ii f i er. It is then app I i ed to the· I nterme<;l i ate Range Amp II f i er-Rectifier 

where its bandwidth is first reduced ,to 8Kc - 16Kc, then amp I ified, then half 

wave rectified and smoothed with a 100ms time constant. The current output 

from this mod~le is fed to the input of the ·intermediate Range Log Ladder 

whose output is a current proportional to the log of the input current. This 

DC output from the Log Ladder is mon i tore'd by one section of ·1·he Auction cir­

cu it and~ if this signal is the largest of the three channels, applies it to 

the final readout device. 

C. High Range Description 

The High Range of this system (3 X 10- 1 to 100% power) employs the Campbel I ing 

technique for measuring neutron flux. The signal generated by the fission 

chamber is amp I ified by the pr~ampl ifier·and a section of the main amp I ifier. 

It is then applied to the High Range Amp I ifier-Rectifier where its bandwidth 

is first reduced to 300Kc - 600Kc, then amp I ified, then half-wave rectified 

and smoothed with a 10ms time constant .. The current output from this module 
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111.· Range Description (Continued) 

C. High Range Description (Continued) 

is fed to the input of the High Range Log Ladder whose output is a current 

proport i ona I to the I og ot the input current. The DC uu I µu I r mm the Log 

Ladder is monitored by one section of the.Auction circ~it and, if this signal 

is the largest of the three channels, applies. it to the final readout device .. 
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IV. Description of Switch Functions 

A. Mode Switch 

Determines what type of operation is desired. Positions available are: 

OPERATE, STANDBY, ZERO, TEST, CALIBRATE. 

1. OPFRATF 

Al I modules are energized except those used as calibration signal sources 

(Campbel I Calibrator, Signal Generator, Ramp Generator). A polarizing 

potential is applied to the detector via the High Voltage Filter and the 

Preamp I ifier. Signals produced by the detector are amplified by tl1e Pre­

amp I ifier and Main Amplifier arid routed simultaneously to al I three Ranges. 

Each Range operates on its portion of the signal, converting the signal to 

a DC level which is proportional to the log of the neutron flux as moni­

tored by the detector. The DC outputs from the three Ranges are applied 

to the Multirange Monitor which drives the individual range meters thus 

making it possible to monitor the level of al I three Ranges continuously 

and simultaneously. Outputs from the Multirange Monitor also go to the 

Auction circuit which monitors the levels of the three Ranges and applies 

the highest level to the Percent Power indicator. This final output sig­

nal is monitored by the Period module, whose output indicates the time 

rate of change of the Percent Power .signal, and the Upscale and Downscale 

trip circuits (Module 18). 

Internal. operation of the Auction circuit is monitored by the Auction Moni­

tor circuit which then energizes a I ight over the meter of that range which 

is control I ing the Auction. 

2. STANDBY 

Al I circuit functions are identical to those described for the OPERATE 

position except that the auctioning function is de-energized. Control 

of which range's signal is applied to the Percent Power indicator is 

now control led manually by the Monitor Switch. Also the Inoperative 

trip is tripped. 

3. ZERO 

The High Voltage Power Supply is de-energized and al I AC signals are 

disconnected. Al I DC amp I if ier~ may be zeroed. Automatic auction de­

energized. 
BIV-1 
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IV. Description of Switch Functions (Continued) 

A. Mode Switch (Continued) 

4. TEST 

The purpose of this mode is to provide a check on fhe continuity of al I 

signal cables. The High Voltage Power Supply, the auctioning function, 

and the Low Range are de-energized ih this position. 

A 100Kc square wave is generated by the Campbel I Calibrator and applied 

to the High Voltage Cable via the High V6ltage Filter. The signal then 

fol lows the same path as the detector polarizing current, is capacitively 

coupled to the signal cable by the detector capacity, and is then amp Ii­

fied and processed in the normal ma~ner .. Presence of this signal indi­

cates the cables in the signal path are neither open nor shorted, and 

that the detector Is not open. 

5. CALIBRATE 

This mode al lows calibration of each of the system's three ranges and the 

Period circuitry. The High Voltage Power Supply and the auctioning func­

tion are de-energized. Al I calibration signal source~ are energized.The 

Calibration Switch controls what portion of the system is to be calibrated. 

8. Calibrate Switch 

1. LR-1 

A 10-pulse per second signal is applied to the Low Range Amp I ifier-Dis­

criminator from the Signal generator via the Main Amp I if ier module. The 

·· Julting DC level wi I I be indicated on the Low Range meter and, if the 

.-~~itor Switch is in the Low position, on the Percent Power meter. 

L. LR-2 

Same as LR-1 except the calibration signal is 105 pul~es per second. 

3. IR-1 

A ~~ 5 
cps square wave is applied to the input of the Preamp I ifier from 

the Campbel I Calibrator via the High Voltage Filter. The resulting DC 

level wi I I be indicated on the Intermediate Range meter and, it the Moni­

tor Switch is in the INT position, on .the Percent Power meter. 
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IV. Description of Switch Functions (Continued) 

B. Calibrate Switch (Continued) 

4. IR~2 

Same as IR-1 except that the magnitude of the square wave is ten times 

that of IR-1 (represents a factor of 100 increase in power). 

5. HR-1 

A 105cps square wave is applied to the input of the Preamp I if ier from 

the Campbel I Calibrator via the High Voltage Filter. The resulting DC 

level wi I I be indicated on the High Range meter and, if the Monitor Switch 

is in the HIGH position, on the Percent Power meter. 

6. HR-2 

Same as HR-1 except that the magnitude of the square wave is ten times 

that of HR-l(represents a factor of 100 increase in power). 

7. PERIOD 

The input to the period circuitry is connected to the output of the Ramp 

Generator. In the FIXED position a ramp is generated which simulates 

the rate of change caused by a ten second period. In the VARIABLE posi­

tion, the ramp may be adjusted to simulate any rate of change with a 

period greater than ten seconds. 

C. Monitor Switch 

This switch is inoperatiy~ when the Mode Switch is in the OPERATE position. 

In al I other Mode Switch positions, this switch al lows the output of the 

chosen range to be applied to the final readout device (P~rcent Power meter). 
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V. Module Description 

A. Preamp I if ier (Elementary Diagram 136B2448f 

The preamp I ifier used in the WRM System is a low voltage gain (7), high 

current gain (450) amp I ifier capable of driving a 75Q load with +1 volt 

swings. Its input impedance is about 5006~ ~hd its output impedance about 

330Q. 

Resistors R3 and R4 make up the 5000Q input f~pedance in addition to a DC 

return path for the fission chamber. The input signal across R3 and R4 is 

monitored by the input doublet consisting of Ql and Q2. The current gain 

of this stage is about 23. Its output is applied to output doublet con­

sisting of Q3 and Q4. The current gain of this stage is about 25. However, 

not al I of the collector current in Q4 is delivered to the load, the exact 

percentage dependent on the load resistance. In this system, the load resis­

tance is 75Q so that 80% of Q4's collector current is delivered to the load. 

Therefore, the overal I current gain of this amp I ifier is 23 X 25 X 0.8 = 460. 

During normal operation, relays Kl, K2, and K3 are energized. The fission 

chamber polarizing potential comes into the preamplifier chassis via J3, is 

filtered by R29 and C14, and is fed to the detector via J2. 

When the system is in the TEST condition, relays Kl and K2 are energized and 

K3 is de-energized. A 100Kc test signal is'appl ied to J3, divided by R29 and 

R27, and fed to the detector via J2. If both detector cables and the detector 

are in good condition, the test signal wi.1 I be passed through the chamber and 

to the preamplifier input via.Jl. 

When the system is in the CALIBRATE position, relays Kl, K2, and K3 are de­

energized and K4 is energized. The appropriate calibration signal is appl led 

through J3, divided by R29 and R27, and transmitted to the preamp I if ier i~put 

by K4. 

Operational amplifier OAl monitors the DC current from the detector. The out­

put of OAl is applied to the High Voltage Power Supply and represents a correc­

tion signal used to compensate for the resistance in series with the High 

Voltage Power Supply. Thus the voltage across the detector is he~d constant 

BV-1 
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V~ Module Description (Continued) 

A. Preamp I ifier (Elementary Diagram 1368244.S)(Continued) 

even though the ful I power current is more than 6 ma, ·and:the:·t6tal DC 

resistance in series with the High Voltage Power Supply is about 6500Q. 
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V. Module Description (Continued) 

8. Main Amp I ifier (Elementary Diagram 117C2971) 

The Main Amplifier is mounted in a chassis which is bolted to the rear panel 

of the system's chassis. In addition to providing additional gain to the 

preamplifier signal, this unit splits the signal into the three ranges used 

for neutron flux monitoring. 

The first stage of amp I ification consists of a standard doublet amplifier 

with a push-pul I emitter fol lower output within the feedback loop. The 

input impedance is 75n which terminates the signal cable from the preameJ i-

f ier, its gain is 10, and its output capabi I ity is +10 volts, 150ma at a 

frequency of 1.5 megacycles. 

The output of this stage is fed to the High Range Amp I ifier-Rectifier via 

J33, to the Intermediate Range Amp I ifier-Rectifier via operational amp I ifier 

OAl (which provides another gain of ten for the Intermediate Range signal) 

and J34, and to the Low Range pulse amp I ifier. 

The Low Range pulse amplifier consists of two doublet stages. The gain of 

the first doublet <¢5 and 06) is about 11. The second stage is a modified 

doublet <07, 08 and 09). Its voltage gain as measured between the base of 

07 and emitter of 09 is about 11. However, the output taken from the col..:. 

lector is a current and is approximately equal to the current through R31 

(the load external to this module and seen by the collector of 09 is 75nL 

BV-3 
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GEAP-11094 
V. Module Description (Continued) 

c. Low Range Amplifier-Discriminator (Elementary Diagram 798D955) 

The Low Range Amp I ifier-Discriminator receives current pulses from the Low 

Range pulse amplifier, provides adjustabJe l~vel discriminatjon, and supplies 

two outputs, one capab I e of driving a sta:Jei:-"~· and one for the purpose of 
. ' 

driving the Cook-Yarborough type log-integrator. 

Transistor 01 acts as a terminating stage with a unity current gain and an 

impedance of approximately 75~. 

Transistor 02 is a constant current source for diode CR1. If the magnitude 

of the current pulse (negative pulse) from the collector of 01 is less than 

the DC current through CR1, no signal is applied to the base of 03. However, 

when the magnitude of the negative current pulse from the collector of 01 is 

greater than the DC current through CR1, CR1 ceases to conduct and the pulse 

is transmitted to the base of 03, and amp I if ied by 05 and 06. 07 is an emit­

ter fol lower which provides both the drive for the bistable flip-flop and the 

output for driving a scaler. The output of the flip-flop receives power amp Ii­

fication by 011, 012, 013, 014 and is used to drive the Log-Integrator circuit. 

BV-4 
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GEAP-11094 

.. v. Module Description (Continued) 

D. Log-Integrator (Elementary Di~gram 112C2221) 

The Log-Integrator is a frequency sensitive digital to analog conversion 

·circuit of the Cook-Yarborough type. It consists of eight para I lei diode 

pump circuits. The output from each of th~~di~de pump circuits is dependent 

upon its coup I ing capacitor valve and the input pulse rate. Each of the 

eight paral lei circuits is designed to provide one half its maximum output 

at an input pulse frequency one decade above the preceeding circuit. Thus 

collectively the circuits cover an input range of from 10- 1 pps to 106 pps or 

seven decades. The summation of the output currents of the separate circuits 

results in a composit current output which varies by a discrete amount (ap­

proximately 40µ amps) for each decade change in input frequency. Since the 

output current varies a fixed amount for a 10:1 change in frequency, a 

common logarithmic Clog 10 > relation exists between output current and input 

frequency. Changes in input pulse amplitude. are not.considered because the 

pulse height discriminator provides input pulses of constant amplitude. 
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V. Module Description (Continued) 

E. Intermediate Range Amplifier-Rectifier (Elementary.Diagram 13682447) 

This unit consists of a band pass tilter with a low cutoff frequency of 8Kc 

and an upper cutoff frequency of 16Kc, an amplifier COAl) with an adjustable 

gain range of about 1 to 11, and a ha It. ·~av~ rectifier consisting of OA2 

and its associated feedback circuitry. Operation of the rectifier is as 

fol lows: transistors 01 and 02 are inside OA2's feedback loop. Therefore, 

the closed loop gain between the input (the point between C3 and R6) and 

the emitters of 01 and 02 is bne, and it is I inear for input voltages greater 

than about 5mv. Since 01 and 02 conduct alternately the current in each tran­

sistor's collector represents a half wave rectified version of the input sig­

nal. After being smoothed by C4 and R7, the current is buffered by 03 and 

04 and applied to the input of the Intermediate Range Log Ladder. C4 and R7 

determine the time constant for the Intermediate Range (100 mi I I iseconds). 
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V. Module D~scription (Continued) 

F. Intermediate Range Log Ladder (Elementary Diagram 13682468) 

This unit is simply a piecewise I inear circuit whose components have been 

chosen so that the output current is proportional to the log of the input 

current. Transistors are used rather than diodes so that the impedances of 

the biasing strings do not affect the characteristic of the log curve. Re­

sistors R8 and R23 provide an offset current so that no output is obtained 

unti I the signal level of the Intermediate Range has reached its I inear por­

tion. The voltage between the anode of VRl and the input (Pl-16) is propor­

tional to the log of the input current. QB converts this voltage to an out­

put current proportional to the log of the input current, and its emitter-base 

diode helps temperature compensate for the emitter~base diodes of Ql - Q6. 

07 acts as a clamp to limit the output current. 

BV-7 
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V. Module Description (Continued) 

G. High Range Amp I ifier-Rectif ier (Elementary Diagram 13682469) 

This unit consists of a band pass filter with a low cutoff frequency of 

300Kc and an upper cutoff frequency of 600Kc, an amplifier COAl) with an. 

adjustable gain range of about 5 to 15, antj:·:·a half wave rectifier circuit. 

Operation of the rectifier is as fol lows:. TrQnsistors 03 and 04 are con­

nected as a doublet amp I ifier with push-pul I emitter fol lowers 05 and 06 

inside the feedback loop. Since 05 and 06 are inside the feedback loop, 

most of the signal cu~rent through R3 is supplied by their emitters, 06 

supplying the current during positive half cycles and 05 supplying the 

current during negative half cycles. The col tector current of 06 there­

fore represents one half wave rectified portion of the input signal. 06's 

collector current is then smoothed by C6 and RlO and applied to the i.nput 

of the High Range Log Ladder. C6 and RlO determine the time constant of 

the High Range (ten mi I I iseconds). 

BV.-8 
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V. Module Description (Continµed) 

H. High Range Log Ladder (Elementary Diagram 13682469) 

This unit is simply a piecewise I inear circuit whose components have been 

chosen so that the output current is proportional to the log of the input 

current. Transistors are used rather t·ti~n:'d·:i:od~s so that the impedance of 
· .. · .. 

the biasing strings do not affect the characteristic of the log curve. Re-

sistors RB and R23 provide an offset current so that no output is obtained 

until the signal level of the High Range has reached its I inear portion. 

The voltage between the anode of VRl and the input (Pl - 16) is proportional 

to the log of the input current. QB converts this voltage to an output 

current proportional to the log of the input current, and its emitter-base 

diode helps temperature compensate for the emitter-base diodes of Q1 - Q6. 

Q7 acts as a clamp to I imit the output current. 
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V. Module De~cription (Continued) 

I. Auction (Elementary Diagram 13682443) 

The function of this unit is to monitor up to three positive valued signals 

and apply the largest of these to the output. Three operational amp I ifiers 

and their associated feedback circuitry arE:}:.~_-s.ed to accomplish this function. 

Since al I three stages are virtually identical, only the components around 

OAl wi I I be described. 

The feedback loop of OAl consists of two para I lel b.ranches, one containing 

a resistance CR2 + R16) in series with a diode CCRl) and the other a diode 

CCR4) in series with a zener diode CVR1 ). The signal at the anode of CR1 

is I inear with respect to the input signal, and it is from this point that 

the signal is taken to drive the final readout device. The function of CRl 

is to isolate this output signal from the output of the operational amp I ifier 

COAl). The function of CR4 and VRl is to I imit the positive output ~atura­

tion level to the value of th~ zener plus -0ne diode drop (about 6.4 volts). 

The output signal at the anode of CRl is normally a negative value. If a 

externally generated signal of a more negative.value than that caused by 

the input signal is applied to this point, the feedback current becomes 

greater than the input current causing the output of OAl to change to a 

positive value. In this unit the external signal source takes the form of 

another operational amplifier stage. If Kl, K~ and K3 are energized, the an­

odes of al I three isolation diodes are connected together and the output sig­

nal i~ that of:the m6st negative range. ·The operatiohal a~pl ifier outputs of 

the other two ranges·wi I I be about 6.4 volts:positive. 
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V. Module Description (Continued) 

J. Multirange Monitor (Elementary Diagram 13682441) 

The function of this module is to provide continuous readouts of al I three 

ranges before the signals have been auctioned. OA1 and OA2 are non-invert­

ing amp I ifier stages which monitor the vol tag~ across the input resistors of 

OA1 and OA2 of the Auction unit. OA3 is connected as an inverting amplifier, 

the reason being that the ·output current from the Log-Integrator is of op­

posite polarity to that from the Intermediate and High Log Ladders and al I 

signal inputs to the Auction unit must be of the same polarity. Therefore 

the output of OA3 both drives the Low Range meter and acts as the Low Range's 

input to the Auction circuit. Relays K1, K2 and K3 short the input signals 

to ground so that the amp I ifiers may be zeroed. Note, however, that K3 

shorts the feedback to ground, so that the zero condition of OA3 is indi­

cated by an unstable output. If OA3 is off zero its output wi I I saturate 

either positive or negative when K3 is energized. 

The resistors R5, R7 and R14 provide an addi.tional offset adjustment in 

case the offset range of the Log Integrator is insufficient. 

our tests it has not been necessary to use this extra offset. 

is adjusted so that p Ins 1 aml 2 <::ir-e sltor 1·ed. 
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V. Module Description <Continued) 

K. Auction Monitor (El~mentary D·iagram 13682459) 

The function of this unit is to determine which range is control ling the 

output of the Auction circuit, and to display this information by energizing 

the proper I i ght over one of three fro ht.· p9~$i range meters. 
· .. •. ~ 

Transistors Q4, QB and Q12 monitor the ope~ational amp I if ier outputs of the 

Auction unit. One of the outputs of the Auction unit wi I I be a negative 

signal, and two wi I I be about 6.4 volts positive. Thus one of the input 

transistors wi I I be off, the other two turned on. The collectors of these 

input transistors are monitored by what amounts to three two-input and gates, 

the outputs of which drive the indicator I ights on the front panel. The 

fol lowing example wi I I best i I lustrate this ~nit's operation: 

Suppose the WRM System is reading 100% power so that the High Range is 

control I ing the auction. Then the input to Q4 wi I I be about -10 volts, 

and the inputs to both QB and 012 wi I I be about +6.4 volts. Therefore 

04 is off, and QB and Q12 are on. Since 04 is off, Q2 and Q6 wi I I be 

turned on, thus turning off Q1 and Q5; QB is on thus turning off Q3 

and QlO, and Q12 is on thus turning off 07 and Qll. Since both QlO 

and 011 are turned off, 09 wi I I be turned on resulting in i I lumination 

of the I ight over the High Range meter. 

Since the auction circuit only functions when the Mode Switch is in the 

OPERATE position, relays Kl, K2 and K3 are activated by the Monitor Switch 

to provide a I ight indication of which rahge is selected. 
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V. Mode Description (Continued) 

L. Period Monitor (Elementary Diagram 13682436) 

The function of this unit is to provide an indication of the time rate of 

change of the Percent Power signal. The circuit consists mainly of an op­

erational amp I ifier used as a differentiat~r., The differentiating time 

constant is determined by C3 and R9 plus R15. 

R3, R4 and R5 make up the gain adjusting string that al lows the output of 

OAl to be made equal to ten volts when input signal is increasing with a 

ten second period. 

RB and R14 provide an offset current to the meter so that infinite period 

(0 volts on the output of OAl) is an upscale meter indication. 

R19, R12 and CR3 provide an additional feedback path to prevent amp I ifier 

hang-up for long periods should the input be exposed to a large negative 

transient. In this case, the output is clamped to about +11 volts. 

R7, R13, and CR4 provide an additional feed,back path to prevent amp I ifier 

hang-up for long periods should the input be exposed to a large positive 

transient. In this case, the output is clamped to about -2 volts. Both 

CR3 and CR4 are special low leakage diodes. 

Smal I transients and noise are filtered by C4 and the combination of RlO 

and C5. 

IlV-13 



GENERAL ;9di ELECTRIC 
PARTS usr FoR\?CoB7..4?S 

~~.C TITLE ~sSEMeL~ CONT ON SHEE~ ~ . SH NO, ., -

PARTS LIST FOR 

\?Co5'l.4?5 PE'Z.\OD MODULE 
+ CONT ON SHEE~ z.. SH NO. I FIRST MADE FOR PA 4q 

G A 0 U P N O. A N 0 Q U A N T I TY PART 
NO. NAME DRAWING NO., DESCRIPTION, MATERIAL, WEIGHT 

I ELEM D\A~ l?~B'2.4~<:D 

I '2. ENC.LOSlJ~E l04B'Z..4??COOC\ 
z. ? PA~ 'MD SC.R 1 r1c.\aaao~aoeo *4-4a x ~ 
z.. 4 \-\EX NUT n?~~aaapaaq #4-4-C 
z. s SPG LK 'N~45~ nsAeC\5~5 #4 

+ Co 
c 
e 
~ 

I \C BO~RD 
\ I I CC~t-.JEC.iC~ DC.C.-"Z;(P 

Be IZ. E1..~E.LE.T 1c:;q~\~Co~P\ 

\ I'? 'IC.ES, e.. \ B li:!B5?AEJQ~OC~, \Q.n_, \ 0 /o 
?. 14 gE'5 ''iC. \ ~ "-. ~-z.aGli;:'Z.a\J, '2..aa_n_, S% 
I IS ~ES>~\~ e\. ... Ko5C..?OI H= ,?.OIK., \ cro 

-+ ~ I I~ RECS,R.~ e~eosc.4qq1i;::::,4.c,q,' re 
~ 

\ \"1 ges,~r1 R.BSS~E.\ \O\B, \ \K, \ cyo 
~ 

I 1e ~E.5,'iC!.\Z. 'Z.t-.JCDSC..'2:Z..1'2..'T= ,'2..~~\K.., \ cyo 
? \~ ~ES\\C!?:C~ I~ ~~CDSC.?CIZ.~ ,?C. \ K.., \ 0/o 
I '2.0 '!<E'S, i2!.\4 'l<~CoSC.\54~~' \~4K...,\ 0/o 
I Z.I RE.S,R\C E'.'.:.C.~aG.~\C5.:r, 1M,S 0/o 
I 2.'2. ii::'.E5,'ZC"o ~C.'2..CG~?O)i:;>J,?."IM,5% 

I '2..? ~Es,rce..q 1sq~-z..qeaP'Z..., \.? X \Cea,\ 0/o 

z. '2.4 l<.ES,\C.\ \~ l? 15C,~'2..0/BQt=:>~)4;"?")(.\Qe, \°lo 
I '2.S ICES" i:::\Co t;;SP-SCO, CCT 

+ I '2..Co ~E'5,R4 SSP-SK., Pc::n-
\ z-z l<.E~,Re ~?P-'2..QK,Pa\ 

DESCRIPTION OF GROUPS REVISIONS . PRINTS TO 

I I I I SB I 
I 
I 
I 
I 
I 
I 

+ I 
I 
I 

MADE BY APP!VALS fl.J\D 01v.on PARTS UfiT FOR r~~B '2.4?? 
~ ----------------DEPI. 

ISSUED 

1/2.7/69 s~~ ~cse.\~l\Fi.ocATION CONT ON .SHE~ 'Z.. SH NO. \ 

FF-801-P (8-86) 
PRINTEn IN 11.!=;.A t I 



GENERAL ~ ELECTRIC 
PARTS LIST FORl?COB'l.4?S. 

~r;.o TITLE AS'5E.MBL '-r' CONT ON SHEE~. i::: SH No.'2. 

PARTS LIST FOR 

PER.\OD MaDULE \?(6B7-4?5 
+ CONT ON SHEET SH NO. FIRST MADE FOR ~~ 4g 

GROUP NO. AND QUANTITY PART 
NO. NAME DRAWING NO., DESCRIPTION, MATERIAL, WEIGHT . 

z. '2..8 CA?,C4~5 CO\~\CAA\C? .C\ft~ G.E.. 
z.. 'l..CJ CAP,C.\~ 2.. CO\~Z.4A~ \C4 . l,,u...Y G.E. 
I ?O CAP,C."~ \cSAC'4-5CoP'2.., .S\ )J..~ 
z. ?I IC2'..EL~Y')K.\~Z. \'1CoA\4CSP'2.. 
z.. ?Z. DIODE. ,C.R\ ~ 'Z. \SC)AZ.\5~?2.. 
z. ?? D\OlJE.,C.R~~4 1~°>\4 
I ?4 OPAMP)OAI K.M42-+ 

--· 

~-

-+ 

+ 
DESCRIPTION OF GROUPS REVISIONS. PRINTS TO 

. I I I S8 

+ .. 

MADE BY APPROVALS 1'.1\0 LJIV. l.IK 
PARTS LIST FOR vvf( ----'--'---'--------- DCrT. J?COB'"l.4~'3 ISSUEO 

8/z.7Ji9 S~~ Jc:t5E_\C:~L\FtocAr10N CONT ~N .SHE~ ~ . SH ... NO. 'Z-
FF-801-P (1-85) 

J 
. I \ PRINTED IN U.S.A. 



+ 

+ 

-+ 

+ 

+ 

i GENE'RAL@ELECTRIC \"~G:>B~4~S 
· ~~ ~-zg~\.ON ~NIMVMO 1--~---..,...;.., ........ ---uN_L_Es-s -oT_H_rn-w1~sE_s_PE_c_1F1_rn_u_sE_T_H .... E F"'.".'.'o .... LL~ow-1~NG'.""":-..._ ___ ~.N:;::'E;.-::;o.--------""T':T:":':1rL~E-=~~s::-:s==e=-::M-:-::~:-:w~~~.:-------"'1 CONT ON SHEET 

"ON HS l33HS NO 1NOO 

!='!=° ~t;'l6 C I I I f310ll 

PRINTED IN U.S.A. 

t---,.,-AP=PL~1E=o=PR~Ac=1=1cE=s---i---=-:su=~~FA=cE~S"-T----:T~OL~ERA~NC~ES~ON~M~AC~HIN~EO~D~IME~NS~ION~S-t------------1 ·p·c:=°'\OD ~AQDULC::: 
FRACTIONS . DECIMALS ANGLES r~(C)B 'Z.4 ,5 ~,..,_ I 'f \ I;:;. 

/ 

PE.~\CO MCO\....lLE 

0 ooo·oo 
IZ. 

&1 feq ~ ~ 1' 

~~ ··~-~ 
~~ 

G--1.---. -~-,-\ --,.,----,~ ~ 

~~.~~ ... 
~~~ ~ ~ ~~ 
000000000+000++0+00 
+++++++++++++++++o 

" 

+ + + 
-·--------·· 

o-o· 

D ... 
~ 

0--0 

I 
~ 
..L 
a. 

CONT ON SHEET SH NO. 

I l I 
!(\ l\J = -- . 
...L .,.!.. -a a a. 

MADE DV 

ISSUED 

FIRST MADE FOR PA 4q 

-
:.; 

REVISIONS 

SH NO. 

PRINTS TO 

58 



+ 

+ 

-+ 

+ 

"ON HS 133HS NO lNO~ 9 GENERAL@ELECTRIC ! ~ 
("7tt../ .._..,(.""'1(7\~ -1 L----------------------""""':"'°'.°':"":-=-:'.":".'.'=-L_-.!..--,~~--------.~Tt::;-;=:-.:.---;:-;"";~--:"'-----; CONT ON SHEET SH NO 

~~~~~~ ~N~IM~o ~~~~~uN~L=Es=s~o~rH~E~Rw~1s~E~s~PE~c~1F~1En~us=E=rH~E=F~o=LL~ow~1=NG~:-~-~~~~~=~~-o~~~~~~~~r1rLE ELEM DI~ ~ 
APPLIED PRACTICES SURFACES. TOLERANCES ON MACHINE0'01MENSIONS \-:&..r_c:::L,,/\ -:z..r_ PER 100 uoN I TOR 

FRACTIONS DECIMALS ANGLES ,\Q\,,,,;) ~-..... /-..c::J ,- I 

/ + + + CONT ON SHEET SH NO. FIRST MADE FOR ~ 4q ! 
, 

Pl-11 

Pl-12. 

Pl-18 

21 

Z.00 

2t.. 

0 

Pl-lb Kl ~~ 
. AUC TI ON •<----1.____..,__----14.~ ~1---...,, 

Pl-13. 

I RAMP GEN. +(----t 

K2. 
Pl-19 

11\JTERLOC.K {@ 

Kl 

3 

3.9M 

c~ 
0.51/ 

~---..... --~-----+--------1:30.IK 

FF-806-F C2·6B) 

PRINTED JN U.S.A. 

2\0 

.014 
---- C.$ 

Ill .... 
u· 
~ 

C4 
.01,,..cf 

, 

~IS 

22.1 

2.\~ 

2. 

500 

i:.\CD 

154~ 

3 

Pl-8 
>-COM _ _... ___ ~ OUTPUT MOtv I TOR 

Pl-9 
--~~~311> OUTPUT TO TRIP 

·1 

Pl-2. 

Pl-4 . } METER (0-1 ma) 
~\e:. . I 

.__ _ ___....._~ RECORDER(IO MV) 

.........,__. Pl-6 --
1-----------.--------+-
jREv1s10Ns PRINTS TO 

:sa· 

mLS ----········..t~JQ .............. ~~VDE~~ \~G:>f;!>'Z.4~C:O. 
a.. 7. ~g SAN J_OS~, CALIF. LOCATION CONT ON SHEET SH"•O. 



GEAP-11094 

V. Mode Description (Continued) 

M. Ramp Generator (Elementary Diagram 13682437) 

The function of this module is to provide a means for calibrating the period 

circuitry. ·The basic circuit is an operational amp I ifier with a constant 

c~rrent input and a feedback capacitor ~~fch iritegrates this constant current 

to generate a linear ramp output. Rl is adjusted so that the output voltage 

is changing at a rate of one volt every 23 seconds which simulates the 

Percent Power changi~g with a ten second period. R2 may be adjusted to pro­

vide an intermediate period calibration ramp. 

With the Calibrate Switch in the FIXED PERIOD position, K3 is energized. K2 

is energized in the VARIABLE PERIOD position. Depressing the Ramp Reset 

push button energized Kl which discharges Cl and C2 through R4. 
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V. Module Description (Continued) 

N. Dual Trip Unit (Elementary Diagram 117C1053) 

Each dual trip unit consists of two independent.trip circuits. Each trip 

circuit consists of a differential comparator stage CQl - Q5), a non-latch­

ing output stage CQ7), and two outputs that may or may not be latching CQ8 

and Q9). If the reset I ine (Pin 3 or 17) is returned directly to the posi­

tive supply voltage, the bistable flip-flop wi I I be self resetting. If the 

reset I ine is returned to the positive supply voltage through a normally 

open switch contact, the bistable wi I I reset only when the switch is closed. 

Each trip circuit may function as either downscale or upscale sensors for 

either positive or negative signals. See table on elementary diagr~m for 

proper connection of inputs and references. 
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TI TL E ASt-1 I 
Vl SH NO COtH REV 

COMPONENT BOARD 
(.1.f 1'l ID PL 798D964 1 

ON SH 
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SAN JOSE
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CAL IF. 2 If ex: 

IEIEIAL .ILECTllC 

a.. 
FCF GEN USE Vl GROUP NO. AND QTY 

Fl ~c;T M o= FOR u, 
ITEM 

l~ENTIFICATION NO NAME l 2 3 4 'M 
REMARKS 

REV 
~J() 

l l~t1U~bjPU01 PC BOARD l l 
2 112C3791P010 CONNECTOR l 1 l 
3 17SA74S3P001 CAPACITOR B 4 4 4 4 Cl ,C2 

4 l 7SA748SP002 DIODE 14 8 18 18 CRI THRU CR':>, C RS T+4 RU CRI ~ II 
s 112C2674POS7 RESISTOR 8 8 8 8 R7 ,R8,Rll ,Rl2 
6 112C2674POS9 RESISTOR 2 2 2 R4 
7 112C2674P061 RESISTOR 4 4 4 R20,R21 
8 112C2674P067 RESISTOR 8 2 8 8 Rl0,Rl7,Rl9,R22 
9 112C2674P069 RESISTOR 2 2 2 R6 
10 ll 2C267 4P073 RESISTOR 6 4 4 Rl3,Rl4,RlS 
11 112C2674P079 RESISTOR 2 2 2 RS 

- 12 RESISTOR 2 .. 112C2674Pl21 2 2· 2 R9 
13 l l 2C267SP049 . RESISTOR 4 I 4 Rl8 R23 I 4 
14 112C3162POS6 RESISTOR 4 ' 4 Rl .R3 
l S l 7SA8890PO.l 0 POT 2 2 2 R2 
17 17SA749SP001 TRANSISTOR 10 6 10 10 Ql ,Q2 ,Q3 ,Q8 ,Q9 

18 l ]l;l).]4y~i:;Y1j TRANSISTOR 6 4 8 8 Q4,QS,Q6,Q7 

19 17SA8807P001 TRANSISTOR 18 12 18 18 
21 ll 2C3l62P068 RESISTOR 6 Rl ,R3 ,R4 

22 112C2674P083 RESISTOR 2 RS 

23 112C2674P078 RESISTOR 4 R6,Rl3 

24 ' 112C2674P077 RESISTOR 
) 

? Rl9 
9 lffi~" .. 1 "'6'£.J·~~s II I ~ti ff8. :lc;. ·1 ., ., Gl-FOR PLUG-IN APPLICATION PRINTS USE PL REVISION NO. ON 

1111i ""! ~'-· KR..L v G2-FOR WIRE-IN APPLICATION TO LINE OF ITEM BEING REVISED ~"':"'RA.~Q'- LD~1' I Tf I"\ 4 W /l\S ~ Al3 
11$A148Sf'OO I · G3-FOR PLUG-IN APPLICATION ~~"£. IIDLLER MARCH 3-64 APPP.OVALS 

;o l"R~:.i"',1~1~~s-;i G4-FOR PLUG-IN ~f PLICATION 6 JAC : 

RE !S9UEO 3-25-64 C~6. RE M-..RK.S ..df.:. ). ,...,.. Gil p, p~ i/4, •/ 'f (,, pl' 

ITEM +~1~ · 7 , 
SH NO. CONT 

PL 7980964 1 .. ON ·IH 

REV r.s IONS DESCRIPTIOi:J OF GROUPS .. . . 2 
Nt.t1::>-PL-·R REV 3.: 68 

f' tj1 I 
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-'-
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P1·-27 
+fSV ~....'...~:.'..-------+---.---~>-----"'----------t----,.-

p f-21> INPUT . f ~...:......::.;;__-1 

0 TO ±10V<Pl.-Jf 

.R9 
1MEG 

Cf 
.,47UF 
100V 
20% 

C2 
·,47UF 
100V 
20% 

.. Q4 
2N 1132 

/-~P1~:-~2~5-----------+------------' INPUT 2 .. 
o TO ±1·ov~2• 

REF VOLT. 

cw 3 
P1·-2a 2 

o TO ± fov p 1·_ 29 
~· 

. · Pl fO 
-1SV 

PP-•09•P I•·••) 
RINfD IN U.l.A. 

RJ 
2K 
S% 

+fSV 

R2 
10K 

Rl 
2K 
S% 

RS 
18K 

R4 
2. 7K 

a 

Rb 
b. JK 

3 

R14 
22K 

R f3 
10K 

CR11 

05 
ZNl13Z. 

Rl7 
S.bK 

APPLIED PRACTICES SURFACES. TOU:AAHCU ON MACHIN!O OIMf:NSIONS 

-""""" ---,,"'""·----... "' ·· DUAL TRIP UNIT 
+ + + 

-----~"'.---------"". ... -----~-- I F!RSTMAOEFOR GEN USE 

CRS 

. Q7 
2N113 

p 1·j23 OUTPUT 
..----------------~ 12±1 V UNTR I PPED, 

FCF f94X382 

NOTES: 
f. THIS UNIT CONSISTS OF TWO (2) 

IDENTICAL TRIP CIRCUITS, A & 8. 
REFERENCE DESIGNATIONS FOR CIRCUIT 

"A"ARE IDENTICAL TO REF DESIGNATORS 
FDR CIRCUIT 8 . 

· 2SMA MAX 
•Pl- 34)0V( !.,QjV) TRIPPED 

2. (*)ASTERISK INDICATES THESE PINS 
CONNECT TO THE EQUIVALENT POINT IN 
TRIP CIRCUIT 8 . 

RlS 
lOK 

p f-22 

• P1-3S) 

p 1-20 

LOCKOUT 

3. ALL TRANSISTORS ARE 2Nb97, UNLESS 
OTHERWISE S~ECIFIED . 

4. ALL DIODES ARE fN9f4,· UNLESS OTHER­
WISE SPECI Fl ED. 

S. ALL RESISTORS ARE 1J2 W, S% & VALUE 
IS GIVEN IN OHMS, UNLESS OTHERWISE 
SPECIFIED. 

b. FOR AUTOMATIC RESET, CONNECT Pf-3 
TO Pf-f9 ON TRIP CIRCUIT A. -
CONNECT·Pf-f7 TO Pf-f9 ON TRI~ 
CIRCUIT B. 

Pl-21 JRELAY 
Pl-3b) 20±2V UNTRIPPED 

* . . SOMA MAX 
---------+-----4t-----<9--'-P.:..1-_.1'-"9~+20 OV( ± O.IV) , 

· TRIPPED 

7. FOR MANUAL RESET, CONNECT Pf-3 TO 
Pf-f9 ON TRIP Cl~CUIT A, OR CONNECT 
Pf-f7 TO Pf-f9 ON TRIP CIRCUIT B, 
THRU AN EXTERNAL MOMENTARY N.O. 
SWITCH. 

CR9 

Qb . 
2N 1132 

CR1 

R23 
1 K 
1w 

CRlO 

CR7 
1N457A 

(LAMP) 
OV(-0 +3V) 

UNTR I PPED 
20±2V.TRIPPED 
SOMA MAX 

8. EXTERNAL LOADS FOR QB ARE 
CONNECTED BETWEEN P 1- 2f, 3b & . 
Pf-f9(+20V) .. LOADS FOR Q9 ARE 

~- p CONNECTED BETWEEN Pf- f, 37 & ~::j 
Pf-1.9( +20Vl. n 

9. FOR LDCl<OUT CONN Pl-if> TO ~ 

Pl-'2.'2. F'OR TRIP CIRCUIT ''A" , Pl-IB aw 
TO Pl-35 l=OR "TRIP CIRCUIT "e': J 

1·0. INPUT - . rNfiUT 2 . TRle. FUNCTION 
REF VOLT(+) 0 TO +10 UPSCALE 
REF VOLT(-) 0 TO -10 DOWNSCALE 
0 TO +10 REF VOLT(+) DOWNSCALE 
0 TO -10 REF VOLT(-) UPSCALE 

. SNO OIV •• 
---·····-··•••·················••••••OE" I 17C1053 

SAN JOSE LOCATION CONTONIHHT IHNO. 
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V. Module Description (Continued) 

O. High Voltage Filter (Elementary Diagram 13682462) 

This unit has two functions. During normal system.operation it provides two 

stages of filter for the detector polariz1ng voltage. When the Mode Switch 

is in the TEST or CAL I BRATE positions, it serves as a c;·oup Ii ng for connecting 

the calibration signals to the high volta~e cable. 

When the system is in the Operate or Standby modes, K2 and K3 are energized. 

With RS and R7 shorted by K2 and K3, the detector polarizing voltage is 

filtered by R4, Cl, R6 and C2. 

When the system is in the Test or Calibrate nodes, only Kl is energized. 

This applies the calibration signal across R7 where it is then coupled to 

the high voltage cable by C2 . 
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v. Module De~cription (Continued) 

P. Signal Generator (Elementary Diagram 107C4837) 

The Signal Generator is comprised of two osci I lators, 01 and 04, and a pulse 

shaping circuit formed by 02 and 03. Unijunction transistor 04 and its as­

sociated components make up a free-running relaxation osci I lator that oper­

ates at a frequency of 10cps. Transistor Ol and its associated circuitry 

form a crystal control led osci I lator which operates at a frequency of 100Kc. 

The outputs of these osci I lators are negative pulses which are used as test 

and calibration signals. 
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IT TLE As·M ' Vl SH NO CONT REV w· MID ON SH 
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V. Module Description (Continued) 

Q. Campbel I Calibrator (Elementary Diagram 117C3022) 

This unit provides alignment signals for the Intermediate and High Ranges. 

The High Range calibration signal is a 100Kc rectangular wave. The Inter­

mediate Range calibration signal is a. ~~O Kc square wave. There are two 

output amp I itudes available for each range, the amp I itudes differing by a 

factor of 10. A separate 100Kc rectangular wave is generated for the pur­

pose of checking continuity of the signal cables. 

A lOOKc input is received from the Signal Generator, amp I ified and sharpened 

by Ql, and then_ used to drive three signal stages. 

For the Intermediate Range calibration stage the 100Kc signal is divided by 

64 by the use of six flip-flops. The amplitude of the resulting square wave 

is control led by R4, attenuated by RS and R6 and applied to emitter fol lower 

Q3. When Kl is energized, the signal at Point A has the same magnitude as 

the signal at the base of Q3. When K2 is energized, the magnitude of the 

signal at Point A is equal to the signal at the base of Q3 multiplJed by the 

resistive divider ratio in the emitter of Q3 [RSI IR25/CRSI IR25 + R7)]. 

The High Range calibration stage uses directly the 100Kc rectangular wave 

from the collector ot Ql. The amp I itude is varied by R11 and appl led to 

emitter fol lower Q5. The discussion concerning the amp I itudes of the two 

signals at the output of Q5 is the same as was discussed above for Q3. 

The stage consisting of 06 and Q7 is used to provide a variable amplitude 

test signal. Only one output is derived from this stage. 

Transistors QB and Q9 and their associated components constitute a unity 

gain driver stage. R2( is used to match the impedance of th~ cable being 

driven. 

' ' 
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V. Module Description (Continued) 

R. High Voltage Power Supply (Elementary Diagram 112C2223) 

The high voltage power supply is a DC to DC converter comprised of a chopper, 

a step-up transformer, a voltage double~, and. regulating circuitry. It can 

produce either a positive or negative output:· voltage which is continuously 

variable over the range of 100 to 350 or 350 to.600 volts DC. Output voltage 

polarity and power supply range are determined by the intra-connection of 

the module mating connector. A table of matfng connector intra-connection 

information is provided on 112C2223. 

The high voltage output is produced by using a power transistorCQlO) as a 

chopper in series with the primary of a step-up transformer (Tl). When the 

chopper transistor is on, heavy current flows through the primary of Tl. 

When the chopper transistor is cut-otf; this current flow is interrupted. 

When current is flowing through the primary, the voltage across the secondary 

rises to several hundred volts. Then when the current through the primary 

is interrupted, the transformer field col lapses. The col lapse of the trans­

former field induces a negative voltage of::several hundred volts amp I itude 

across ~he secondary of Tl. The voltage doubler circuit, comprised of Cl, 

C2, CRl, and CR2, uti I izes the total voltage excursion of both the positive 

and negative pulses to providP. a high voltage output. The high voltage out­

put is then applied through a tilter to output connector pin A5. 

Regulation of the high voltage output is accomplished by varying the frequen­

cy of the chopper. The "on time" of the chopper is fixed at approximately 

40 microseconds; thus, as the frequency of the chopper increases, the average 

~ increases because the chopper is "on" for more 40 microsecond periods 

wi hin a given length of time. Conversely, as the chopper is operated at 

lower frequencies, the average power applied to the Tl primary decreases 

because the chopper conducts for fewer 40 microsecond intervals within a 

given period of time. Thus as the chopper frequency Is varied, the powe~ 

coupled through Tl can be changed. The regulating circuits, comprised of 

transistors Ql through 09 and their associated components, accomplish this 

regulating function by sampling the output voltage and using it to control: the 

frequency of the chopper. 
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23 l 29B2833P001 FRAME 1 1 l l 

7 J !,;!J•A,?Y__"ll~ I Gl-100-V600V PRINTS -- CJ'"VISION CODE 

G2-600V-1200V TO 1. ITEM ADDED z. ITEM DELc.1 - - REVISED 
~l:T12~C.6:\>- UPOAi&l) -

G3-100V-600V Al3 MADE BY APPROVALS fOR CMi'T~ G4-600V-·1200V 6 RE p RnnRTr.llF? 4DB.IL 29-6' GC MINOR 
8 iRf ~ir"td7f.6i \\~~ ·•~ AnL~n.cilJ·<oB,. 4-29-65 
~ooe.o Q'3<4 -i;j'-4:- 7 SH NO. COllT 

11 PL 112C2220 1 011 IN 

R EVl".SI ONS DESCRIPTION OF GROUPS 4o 2 

4 
I 

NESS I N:EBS-PL-8 REV 7-67 : /5 



-
ITI TLE ASM ' . . 

Vl 
w· AT8MI€ P8WER EeUIPMEHT SEPT. S1'lo 

.. 
. - :.. ."=~ ·.:::: • .•. ~H NO CONT REV 

POWER SUPPLY Pl 
ON SH 

a:: SAN JOSE i CAL IF. ll 2C2220 2 3 11 <t . 

. - : lllUlAI. 8 ILICTllC 

0... 

FI RST MAnF rnR GEN USE . Vl GROUP. NO. AND QTY FCF 

ITEM 
U; 

IDENTIFICATION NO NAME 1 ? 3 4 .. M REMARKS REV 
. NO let'7m 

24 l45A5934P001 TRANSISTOR B 1 1 1 1 

25 l 75A7498P001 TRANSISTOR & 1 . 1 1 1 

27 167Al494P001 SHHF 2 2 2 2 

28 167Al495P001 CLAMP 2 2 2 2 ,. ·. 
. . 

29 175A7462P002 CAPACITOR B 2 2 2 2 C_2JJ 
30 175A7451POO? rnpnrnnR .B 1 1 r.1 

31 167A2090P001 DIODE B 2 ? 2 2 

3? l 41:iA5424P001 ·r,DnMMl="T f> 4 4 4 4 

33 145A5769P001 .TERMINAL f, 6 6 6 6 
. 34 167 Al 4s7r.nn1 COMP snARD 1 !.2. 

35 175A8000P009 Hn' N11T 10 10 10 10 JJA _LI() - ~ ~ 
36 l 75A7209P004 EYl="I n ? ? 2 2 

37 l.!J.i::lli::A')QOO()l <:DllC~D ? ? 2 2 

1Q 111r1nnno11nnA o 11~1 1-ln <:ro 2 z 2 2 #6-32 x .500 -~ .. 

39 1T7Ci00'! Pi ~€H 0 EH-5-CR 2 2 2 2 #6-32 x .625 
----

40 117Cl001Pl30G6 FH SCR 6 6 '""~ ~ #6-32 x .375 

41 117Cl000P13004 PAN HD SCR 2 ,., 2 2 #6-32 x .250 --- ·-
'-

42 17'lA8015P007 SPr. I K WllSH 10 10 10 10 #6 

44 175A8891P016 POT B 1 1 Rl 

45 117Cl000Pl3006 PllN HD SCR 2 ') 2 2 #6-32 x .375 '-

46 l 75A8892P001 POT BRACKET 5 1 1 l l 

47 ll?f?231 i:-1c-M nrnr.. x 
10 j 111J ~.U.181 Ii I PRINTS """ISION CODE 

ro 1. I TEM ADDED z. ITEM DEL ETE'i1 ,i • . ~ISEO 
R~T~~:E~-UPD~Tat:> Al3 
FOR CM?TR. c 

MADE ~y ~c~f~bR P. RO RIGUEZ APRIL29-65 
"I Rfl(i.l 

· r lr'•rl4 ml ,,,,... 6 RE ·I:.~~ A . ~.LJan.;J.3- '-9 4-29-65 .. 

AOOEO G3(4 ....t::l-it- 7 SH NQ. co•T 

11 PL l l 2C2220 2 O• IN 

REV 1'.S IONS DESCRIPTION OF GROUPS 4o 3 

4 -- NEBS I ~EIS-PL-8 REV 7-67 ... lb 



Tl TLE ' ASM (f) .. 
'51\JO SH NO CONT REV l.1..f it<T0MIC PEH.llSR E6tJll'folEf4T t:!IEl'T 

Pl 112C2220 
ON SH 

POWER SUPPLY 0:: 
SAN JOSE 3 4 ? <{ CAL IF 

lliillAL 9 ILECTllC· 

a.. 
FCF GEN USE (f) GROUP. NO. AND QTY Fl RST MADE FnR u I -· 

ITEM 
fDENTIFICATION NO NAME l ' 3 4 'M 

REMARKS REV 
. NO 1--

48 117Cl514P025 KEY ORIENT }. 

49 167Al904G001 COMP BOARD. l . . ' . . . . 'Z '2. . .. ~ . 
50 129B2841P001 CONN DIAG x .. 

51 129B2841P002 CONN DIAG >: 
52 l 75A7451 POOl CAPACITOR ~ J 1 Cl. 

53 175A8891P017 POT B l l Rl· 

54 129B2808G002 COMP BOARD l ;n. 

55 ll7C2108 . ELEM DIAG x 
56 117CIS14POZ6 KEY ORIENT ·x 
57 129B2808G003 COMP BOAR~ l .. ll 3 

58 167A1487G002 COMP BOARD l l2 . - !4 59 117C2109 ELEM DIAG x 
60 JJ 7 C I 5 14 PO Z 7 KEY ORIENT x 

- .. Ji .. L _ l29B2_!3_0~GQ04 COMP BOARD. - - l ll .. - - ---- ·-
62 167A1904G002 COMP BOARD l l2 
63 129B2841P003 CONN DIAG x 'Z 
64 129B2841P004 CONN DIAG ><.. 'Z 

65 167A2923P001 WIRE \ I I I FT #18 AWG 
66 167A1298P003 WIRE I I I I .r.r #20 AWG 

67 l 75A8227P006· TUBING 6 6 6 6 IN FOR ITEM (o(o 

68 175A8227P021 TUBING 6 6 6 6 IN FOR lTE.M. 'S?> I 

69 l 07C5496P095 WIRE I I I ' .FT WHT-GRN 
I IRf't(.:..l~~ti'l\\1. ~ I PRINTS ~~VISION CODE ro 

1. ITEM ADDED 2. I TEN.DEL~,~ ... .,.. i~v1 SEO 
ADDED G?.f;4 J A.N~ A13 
1~ ... ?i~~Ru'q • .:~°1 ~~~i Jb.l 1& b~ AJ':Pr:lf\V•' . 

Ch\'\ z.J 11:1°7!.~) 6~ l ~ fi '51J:J_/4o.Al ,T::!..:J.'\- ~II ~-1B-bV 
ITEM'?> Wflo.~ q>TY I 63 7 SH NO. Ce•T ITEM '4 i.AJ~':t Qf\/ I Clt'r 11 4D Pl l l 2C2220 3 . o•·lll 

R =:v r.s I ON s DESCRIPTION OF GROUPS :4 
~EBS-PL-8 REV 7-67 f "/~ NEBS. I 



Tl TLE 
ASM 

I 
If) 

NID SH NO cotn REV 
i:...r PL ll2C2220 4 

ON SH 

POWER SUPPLY a: SAN JOSE CAL IF I <{ F 

IEIEIAL fi ILECTllC 

0.. FCF GEN USE lfl. GROUP NO. AND QTY 
FIRST M~.DE FO" u 
ITEM IDENTIFICATION NO NAME l 2 3 4 l /M 

REMARKS REV. 
N() 

70 l07C5496P092 WIRE I . I I I FT WHT-RED 

71 l07C5496P093 WIRE I I WHT-ORN 

72 l07C5496P004 WIRE '2.. '2. 2. ' YELLOW 

73 107C5496P002 WIRE l l l l RED 

74 l07C5496P005 WIRE 2 \ 2- 2 2 GRN 

75 l07C5496P006 WIRE l I I I BLU 

76 l 07C5496P001 WIRE l l l l BRN 

77 l07C5496P009 WIRE l l l l WHT 

78 l07C5497P009 WIRE l l l l WHT 

79 l07C5497POOO WIRE l l l l BLK 

80 107C5497P002 WIRE z. '2.. 2. '2.. RED 
- WIRE I I I ' 

.... 
81 107C5497P006 BLUE 
.Q? 107C5497P001 WIRE I ' ' ' ~T BRN --·-

83 175A8230P010 TUBING " G:> b b IN 

84 l l 2C2676P00-7 RESISTOR l l P..'3 I. 18 OHM. 2 WA TT I 
85 175A8227P009 TUBING 6 6 IN FOR ITEM 84 I 

·vb- o/ln.n-r-.;/S~ I PRINTS USE PL REVISION NO. ON I/ .~-! IT - ~ e£~ TO LINE ~F ITEM BEING REVISED 
cN 70°8276 1113. 

MAD£ SYRPKiJwtli 17 APRILI>B w;;:;f; 6 . ··nm ·-y 

7 
. 'lflJ, t.fA-pJ\,1.6-19,~ / . 

t12c2220 
SH NO. CONT 

4D PL 4. ON·IH 

REV l".S IONS DESCRIPTION OF GROUPS II F 
Nt.B::i-!t'L-·A Ht.V 3.:5a t IS ,, 



az 2z 2z17 :· ... _, 
'• 'ON :)NIMYtlO 

Ai 
I 

B 

---
" 

c 

.. 

;' 

·. 

13 

l 

3,541 57,~I 
... ' '('ii) 

; i 

I 
':· '. I 

4 

'! B--
• I ---· 

9 

! 
1 
i 
~ 

l 
r 
t 

~ 

s 

0 
0 . 
o· 
O' 
0 .. o:· __ , 
O· 

C3 

2 

.zz 
13,16, 35 

+ 

P!(REF}. 14,16,35 3i',4'j,;8,~ 

(ll) 

D 

E 

NOT£5: 
/,MARK Rl ~ QIO ADJACENT TO 

COMP Ot-J FRAME.1 lTEM'Z.~, PER 
li5A1I05b. 

2 

3 

/ c·. 

3 

Tl 

) 

,~' 

...... 
- ••• 1~ • 

3 

+ 

4 

4 
........ 

5 GENERAL@ tLECTRIC // 2 {' 2 2 Z(} 
UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:- TITLE A Sfv1 CONT ON SHEET SH NO. 

1--A-P=PL=IED~PR~AC~TIC~E-S ~-S-U-RF-AC-Es--'-'-,.-'-m-'--•• -'-"--'' ."". :.:.."-'-.,:C.::.,."-.-,.,-.. -, •• -, ~ D/J IA/ rR 5 11 DD J v 
v + 

rRACTIONS occ1111.us ANGLES r (./ , v L ' (/ r r '- I 
+ + 

FIRST MADE FOR 6£ Al USE 

I 
i -- PL 15511 P 

I. 

44,#,,S3(01$CARD RUBBER WASHER Ul.JDER MOUNTllJG A/UT) 

Z3 l'J ! 18 

MICA IAIJ//lATtJ,f r//RAI. WIT/I PT ZS 

·-_I,_ 

41,42. I 

{!'' ; !!'.. 39 
.~ 

;{J 

a ctJ,40,4Z 

.--

31 

;s, n 

40 32 .52- 33 3Z 
30 

@ 

/01(SEc ,PARTS L.15TFOR 
. l<cf oRttNTATltJAI) 

@ /)/rFERcAIT C'tJMPONcAIT BOAR/J (cZ) PT tf.5',· CAA4CITOR,P7.JO;F'OT.) PTSJ; COMP 80ARDJPT54- ~· 
t KEY ORIEAITATIOAj l?EPUICC /TEl1 84 WITH BLUE" WIRE OTllERWISE SA/'IE AS 6/. 

Cd\ Dll;:'F&RE~JT COMPot-IE.NT BOARDS (";!31) PT ~1; (z.2.) ~Tse; KEY OP.ll;NTATION, Oi\.l~Wl'5E... ~AMc 
'23) A$ GI. 

fr)\ Dll=FRENT COMPONENT .BOARDS li!..31) PTGI; .('l.2.) PT'-'Z._i CAP~CliOR., 
~'!) PT30 j POT,PT'53,C KEV ORIE.NTATI0"-1; RE.PLAC_E. ITE.t'\ 04 WIT\~ 

BLUE. WIRE. OTHERWISE SAHE A5 C..I 

4 5 

REVISIONS 

·I 



Tl TLE ASM I 

Vl SH NO CONT REV w· NID PL 167Al487 
ON SH 

COMPONENT BOARD a:: 
SAN JOSE, CALIF. 6 

I <I: 
a._ 

FCF ll'l.C222.Q 
Fl RST MADE FOR POWFR SUPPi (100-600V) Vl GROUP.NO. AND QTY 

: ITEM 
U; 

DENTIFICATION NO NAME 1 2. ·M .REMARKS REV 
NO -

1111aaL 81uc111c 

1 167Al493POOi BOARD l 

I 2 159Al969POO~ EYELET B zz 'ZS b1 
I 3 175A7485POCI DIODE 2 4 CRl, CR2,CR3,,C.R4 ' . 
I 

175A7444F003 I 'ZAK, 1 /2.W G:> I 4 RESISTOR l Rl . 
- 5 175A7444PQ04 RESISTOR l I R2 ~K1 1/'lW ~ 

I 6 17SA1444 P005 RF<\ISTOR l I R3 IOOK. l/'2.. W ~ 

7 175A7444P007 RESISTOR 2 2 R4. R5 I. b M , 1/'l. VJ ~ 

8 112C2674P090 RESISTOR B. l 2 R6 R1 SI K, 1/2.W 
q Ito 1Al4c:)3R:>0'2.. 8:0ARD I 

10 I b 7 A l 'Z. ct8RX>Z. WIRE. ?_ {_ FT 
-

I I 115A9'2.~POOI TUB, NG I I FT -- I '2. 17 5A8l'3Ql=0)7 TUBING 5 '5 IN b ~ 

3 J ~:t:'t&://l'i~ 5 h~J~:2""61t?17 PRINTS 
TO 

rKETRA.c..eD: UF'D/!1-.. TE.C> 1n.M q WAS 11o1A 148J Al3 
~CM?\~ I J, MADE BY APPROVALS 

I· P. RODRIGUEZ APRIL29-65 
4 IRfK:J~~l'i-~~~ ~ IR~Jw&t~f~l~12~ 

6 RE ·•:.,.;~ A f vP w. 31 
GC MINOR 

• ~A 19,J 4-29-65 
APPt::D GRouPl.6,ADDEO .. f:N. EN70B8S4 SH NO. co•T 
\TCll'\'!1 1N' II TO I . PL 167Al487 O•·IM 

REV 1'.SI ONS DESCRIPTION OF GROUPS 7 
~EBS-PL-8 REV 7-67 t I 



+ 

+ 

+ 

+ 

GENERAL@EtiCTRIC . I 6lA146 7 
i-:=...:o...:....=-=:..----------l TITLE ASM CONT ON SHEET 2. SH NO. I 

.C()MPOAIEAJT 8t/ARP 16lA11-87 
CONT ON SHEET '2.. SH NO. I 

I 

NOTE 

+ 
0 
0 
0 
0 
0 
0 

0 

z 

FIRST MADE F"OR POWEi< .51/l'l'L y (IOOV -6()()11) 

PL I SS Ut.D FCF /IZC lZZO 
INSULATE ENDS OF RI THRU R.5 
WITH ITE.M 1'2.. 

+ 

PTNO. COMPO/JcAIT 

3 Cl</, CRZ 
4 RI 
s R.2 

/. ALL WIRE TO BE PER ITE.M 10. 

INSULATE. WI RE.5 MARKE.P T~U5 
( *) WITH ITE.M JI. 

® 

6 
7 
8 

R3 
R4, R5 
R& 

UNLESS 
OTHERWISE 
SPECIFIED 

USE 

APPLIED PRACTICES SURFACES TOLERANCES ON MACHINEO DIMENSIONS 

FF-803-P 2SM . Cl-57.) 
PRINTED IN U.S.A. 

REVISIONS 

FRACTIONS DECIMALS ANGLES 

+ + + 

PRINTS TO 

i /l:' 
I 

f;.,.; 



·./6JAl¢.8J 
·+ 1

' QOlllT ON SHEET SH NO. 1. 
.i..... :. .... 

+ 

+ 

+ 

9 

/JDTE 

+·· 
0 
. Q 
0 
0 
0 
0 

0 

•'\ ·J·: . 

·pL 1ssut.o ·,.. FCF.11cti?itJ~:'..-~.: .. -:_· ::; 
IN.SULATE. ENDS OF - ' . , · 
RI T~RU ·RS wr~ ITEM 12. '. , 

l •. ,.- .... 

I . 

+ 

!TEM NC CtJMP<J#EAI F 
. ·~ -~ 

3 . C~I THRU CR.4. 

., ... 

.. ·::~ 
:i 

.. ··.· .. /=.""!.. 
, . 

: .·· ..... \~ 

~;~:~ . .-... ~:· 

... 
'· . . · . . :· 

. ,. 

I~ ALL WIRE TO BE PER ITEM 10. 

l~SULATE. WIRE5 MARKED T\-'U5 

(*) WIT~ ITE.M II. 

4 
·s 
6 
7 

.RI 
IZZ 

-
'RJ.· ..· .. 
RI/-, R5 

@ 

PF-803-f l 25M C1"5n 
PRINTtb IN U.S.A. 

UNLESS 
OTHERWISE 
SPECIFIED 

USE 

.. 

8. R&~ £7 

., 

. . , . . . . 
. . . ·~·~ 

APPLIED PRACTICE~ SURFACES TOLERANCES ON MACHINED OIMEN IONS 

FR,t.CTIONS . occ112Al.s ANO,ES 

+ + ~. + .. 

REVISIONS PRINTS TO 

E.Nl08854 

. -~-.~ . 

: I '; .. ~' 

... ...... . ' ~ . . . . . .:· . . 



Iii TLE AS:-1 • lllllAL flj ILICTllC 
<fl SH NO CONT REV COMPONENT BOARD w· 

NIO Pl 129B2808 ON SH 
a:: 1 2 9 <( SAN JOSE, CAL IF. 
a.. FCF 111.. c '2. 'Z. 20 POWER SUPPL v <fl GROUP.NO. AND QTY I 

F 1 R<:T MAni:- i:-n1> u 
ITEM IDENTIFICATION NO NAME 1 2 3 4 I /M REMARKS REV 

. N() 

-
1 129B2807P001 BOARD 1 
2 112C3791P016 CONNECTOR 1 1 I I Pl 

3. 175A8383P002 HV CONTACT B 5 5 5 5 
4 l 59Al 969P001 ~YE LET I 34 85 q4 93 9 
5 175A7209P002 C:YELET 8 8. e 8 
6 l 75A7209P001 EYELET 1 1 3 3 
7 l09A6156P001' CAPACITOR 2 2 z. 2 Cl , C2 

8 112C2642P05l CAPACITOR t 'Z. 2. 2 C3, cs 
9 l l 2C2277Pl 01 · CAPACITOR 1 w;; · 1 V#1 C4 ~ 
10 175A7485P001 DIODE 2 2 2. ·2 CRl , CR2 

11 175A7476P002 ZENER 2 2 '2. 2. VRl, VR2 .. 
12 112C2674P033 RESISTOR 2 2 2 2 Rl, R4 i. 

... 13 l l 2C26ZS.P036 RESISTOR 1 l I I R2 9 
14 112C2674P073 RESISTOR 2 2. 

- - - - ... 
·-R3 ,- ·R-5 -·- - -------- -- -- .... 

15 112C2674P061 RESISTOR 4 4 4 4 R6, ~8, R23,R1 

16 ll 2C2674P057 RESISTOR 1 1 I I R9 

17 112C2674P058 RESISTOR 2 2 z. 2 RlO, R20 

18 l l 2C3162P077 RESISTOR 2 2 2. '2. Rl 2, R21 

19 112C2674P075 RESISTOR 2 2 '2. 2 Rl3, Rl8 

20 112C2674P085 RESISTOR 2 2 1.. 2. Rl 4, Rl 9 

21 112C2674P083 RESISTOR ~ 2 2 2. z. Rl 5, Rl7 

22 112C2674P082 RESISTOR B 1 1 I I Rl6 

Co 11/~~~~-+J!~,/ $ g J ~~ f,y l . l:t'' PRINTS or:vlSION rnr.~ 

-- . ~-' ""-. ;··· (Z;i 
TO 1. ITEM L• I I tM 0 EL t I ~w ..,,, ni:-y1 SEO 

.l?ET~~CE:t>-UPD~"TeD ,.E ,,3,9 vva Al3 
"~"'ffu~RI GUEZ APRI L29-65 APPROVALS 

Fall CM?\~ g I ) i~..;,.,·1AP~i".fi1~ - - ... -
I j<t 

• 1 '!?J:J A.1 /'(7'fV• ~ I 
GC MI1~0R 

1 IRfK'wliJJl'iC/{>!f'h\.~~ E~ 70G ~71 4-29-65 '~ r 4 ., .1 ~ I '9 b ! . 
~t>Cl.D <=>~14, \,-E~ ~ 1'.IE \CJ4~5 . 6 SH NO. CONT 
6Tv l ING\ '1.. 40 PL 12982808 l 0111 IH 

REV 1".S IONS DESCRIPTION OF GROUPS 2 

.NEBS-PL-8 REV 7-67 t 1¥ I 



Tl 1LE ASM • 
Vl 

NID SH NO CONT REV 
COMPONENT BOARD w· 

Pl 
ON SH 

0:: 129B2808 2 F 5 <t ~AN JOSE, CALIF. 

lllllAL. ILICTllC 

a.. 
FCF POWER SUPPLY Vl GROUP. NO: AND QTY F 1 F:<:;T M ~ni:- i:-nc 

U;M 1 liEM IDENTIFICATION NO NAME 1 2 3 4 REMARKS REV 
I\.() 

23 175A8890P009 . POT s 2 2 i i Rll , R22 
24 112C2675P208 RESISTOR 2 2 2 2 R24, R25 
25 175A8161P002 RE CHOKE 2 2 'l. 'l.. L 1, L2 
26 175A7607P001 nANSISTOR 7 7 7 7 Ql ' Q3-Q8 
27 175A7493P001 TRANSISTOR 1 1 I l Q2 
28 175A7497P001 TRANSISTOR 1 1 I ' Q9 
29 145A5898P006 CLIP 8 8 8 8 
30 145A5898P008 CUP 1 1 3 3 
31 ll 2C2674P034 RESISTOR 1 1 I R26 
32 112C2674P087 RESISTOR B 2 2. R27, R28 
33 129B2807P002 BOARD 1 .. 

115A1E>HP001 TRANSISTOR B 34 I I Qll ~ 

35 115A9Z30P008 TAANSISTOR B I ' Q\'2. 5 
3b 11'2£.'2.b14P06 6 RE.SIS TOR B 2 2. RL.q, R30 
~, IZ9B2.807Po0~ .BOARD I 

1zqB280lR:04.. 
- .. - - .. - . ~ .. 

38 BOARD l ..... ·- ·- .: .. -· ... - .. -·-· 

3, 115 A '7453 POOS CAPACITOR B I I C4 5 

~ 

3 U~~~-Y[.~/A 5 I ~i~~~yru~u-t.;·1~~4 PRINTS ncv1s10N rnn~ 
TO 

D"VISED 'Qf:i\l~CEt>., V ?'D"~ NE 194,S;NE.ICJSZZ 
1.ITEM ~· I I t.M OELt. I--·..,. 

A13 
~~0~BDRIGUEZ APRIL29-65 fO~ CM~'f{Z. APPROVALS >--- ---· 

GC MINOR 
f I P~,,.r~;;,ll\,"~' 6 Rt: ··15/}EJ_A, ,~:AA11 3 f- 4-29-65 ,_ r ~ •A I '16 

IJDf)lD 63764 4'1 7 SH NO. coin 

PL 129B2808 2 ON IH 

REV r,s IONS DESCRIPTION OF GROUPS 40 F 

NEBS-PL-8 REV 7-67 t ·- I 'f l 



+ 

+. 

+ 

+ 

. i 

; I 

g "8'2 g?l2i- ' i 1! GENERAL(j)ELECTRIC I 29 B 2 8 08 
· Q . ·oN 0NiMv

11
a 1------r---------::uN=L-::Es=s-=o:::-TH:-;ER;::W::::IS:-;-E-;S;;:PE~Cl';::'Fl;:;:E_ o:-;u-;;:s;--E ;;-TH:-;-E-;::FO::::-L7:L_o=w:-:1 N:::-G:~---:---~-r°iWREvil:=;r,.,.. J....,.._~~o;;-zr.a;-----,-T.,.-. T-L-E ----.....:....i..=---------1 coNT oN sHEET " sH No. ·, . 

B l BI 1--------.----,---:-:-:-::----r--=---~------ rN=0·--~ .............. "'----"-':......i;;_...;....._..;..
7 
__ -1 

1 AS M '-
E ~ c l~ Af>PLIWPRACTICES SURFACES +,..;:,~~";''"'?::;:;::'"":·::.::.. I 2 ~ B z 8 08 COMPO N:E. NT BOARD 
~ ~ t::====-=--==-==-=-=-L-~v~_L::,. __ -1..:::...;._ _ _J-=--- CONT ON SHEET 2. . SH NO. , FIRST MADE FOR Pow E R supp Lr TRANS I SJO R BAS I NG BZ ,__ __ _.;;.. ___ -'rr-+-----___:_..:..........:._:_~~..:__:_-=..!.. __________ _J_ 

FOR Gl,03 THRU 09 fOR: Ql 

t 

Cl (+) 

I. 

-) Cl (+) Et 
0 

·" .. 

~MARK SERIAL t-JO. INTHIS ARf,A. 

SWAGE 

NO. TO &E 4jUPPLI ED. BY MFC:s. 

5, 29· (FOR QI THR 08 
6, 30 (FOR 0.'7) 

ENLARGED SECTION SHOWING 
METHOD OF MTG TRANSISTOR 
& COMPUNt:.Ni' CLIPS 

l'P••Oll·P aooo (1-110) 

@ N"\ lfl N 

-, ~ ~ ~ I t ~n------__ 
3 ~---p-,-_-P_l_N_,__1~ 

i 

VIEW OF REAR OF BOARD 

i 

PARTS LIST ISS ED 
NOTES 

., FCF 112 CZ 2 Z D 

1. THE FOLLOWING NOTES FOUND ON 159A1955 APPLY: 
Io, z. I 3 ., 

Z. MARK "Rll, £Z.Z,f,1.fZ.E3,E4,0I. THllU G.9" 
/tJCLUSIVE .. AS,SMOW~ WITH YgHl&H(APP~OX) 
CHARACTERS. 

PT . REFERENCE 
NO ·DES I GNAT I ON 
2.7 ().l 

z G.9 

REVISIONS PRINTS TO 

l Z9B Z808 
CONT ON SHEET '2... SH NO. I 

& 'C: oc 



+ 

+ 

+ 

f'ON HS 2 133HS NO lNOO 

lf'928'6Z! 
"ON !>NIMV~O 
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V. Module Description (Continued) 

S. 30 Volt Power Supply (Elementary Diagra~ 13682471) 

This unit consists of a modular .:!::_15 volt supply which operates from 115 

VAC. However, as used in the WRM System, the -15 terminal is grounded 

and the secondary common is left floati~~~~ _Thus the output between the 
... 

-15 terminal and the +15 terminal is +30 volts. The voltage is adjusted 

by varying Rl and R2. 

BV-20 
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V. Module Description (Continued) 

T. +15 Volt Power Supply 

BV-21 

t 

GEAP-11094 



MODEL UPMD-11 

PRECISION OPERATIONAL AMPLIFIER POWER SOURCE 

• FOR 
11

SAMPLE ANO HOLD
11

ANO SIMILAR 
APPLICATIONS 

• MOUNTS IN ANY PLANE TO ANY SURFACE 

• NO HEAT SINKS OR FORCED AIR COOLING 

The Model UPMD-11 is a modular, plug-in power supply containing two precision 15 
volt, 1 ampere sources·. Utilizing a master-slave tracking feature, this module is 
ideally suited for high stability operational amplifier applications. Both sources 
maintain their voltage levels to within 10 millivolts per week . .. . . 

ELECTRICAL SPECIFICATIONS 

OUTPUT: 
Master Supply: -15 VDC ±50 MV, 1 A 
Slave Supply: +15 VDC ±10 MV, 1 A 

INPUT: 105 to 125 V, 55 to 440 Hz, single 
phase 

REGULATION: Load: 150 microvolts 
Line: · 100 microvolts 

RIPPLE AND NOTRE: Less than 150 micro­
volts peak-to-peak to 50 MHz 

STABILITY: ±1 millivolt in 8 hours, 10 
millivolts per week, after 2 hour warm­
up under constant ambient temperature, 
llnt:! and load conditions 

POWER DESIGNS PACIFIC, INC. 
3381 MIRANDA AVE. , PALO ALTO, CALIF. 94304 I_ 

OPERATING TEMPERATURE RANGE: 
0°C to 50°C ambient (derat.ed 4% 
per °C to 65°C) 

TEMPERATURE COEFFICIENT: 0. 001% 
per °C after warm-up 

RESPONSE TIME: 50 microseconds for 
step changes in load from 10% to · 
100% or 100% to 10% 

TRACKING: When set to zero at 25°C, 
the maximum deviation for combined 
effects of line, load and temperature 
is less than 2 millivolts. 

SERlAl NOi _____ _ 

POWER DESIGNS, INC. 
1700 SHAMES DRIVE · WESTBURY, N.Y. 11590 
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CURRENT LIMIT POINT: 1. 5 A maximum 

LOCAL OR REMOTE SENSING: Selection 
available at mating connector. 

MODEL UPMD..-11 

CffiCUIT PROTECTION: Current 
Limiter for DC output shorts 
and overloads. A thermostat 
protects the supply against 
excessive operating temperatures . 

MECHANICAL SPECIFICATIONS 

WEIGHT: 7-1/2 lbs. ...... 

FINISH: All surfac~s finished in gold 
iridite except heat sink which is 
red anodized 

Mating Connector: Available as accessory. 
Power Designs' Part NQ. 00-8016-
038-217-016. $3. 85 each 

PRICE: $275. 00 FOB Westbury, New York 

i 

. ~ . . 

., . 

MOUNTING: Mounts in any plane 
to any surf ace. The module 
may be mounted on 5-1/411 card 
bin guides, chassis mounted or 
panel mounted with a simple 
bracket assembly. Modular bins 
are available for mounting up to 

. two modules and one single. width 
(UPM) module on, a standard 
5-1/ 4" x 19" panel. . 

0 @ 0 0 . \ · .. ·~ .. E~~~~~~~~J=j 
·. ,. :·-. ~ ...; ·----7;-< ----- ft 

.SID£ Vf£W 

MECHAN ICAL DiMEN~S IONS 

POWER DESIGNS PACIFIC, INC. POWER DESIGNS, INC11/ 68 
3381 MIRANDA AVE., PALO ALTO, CALIF. 94304 1700 SHAMES DRIVE · WESTBURY, N.Y. 11590 



ADDENDA 

POWER SUPPLY 
MODEL UPl\ID-11 

. The Electrical Parts List and/or Schematic Diagram have been 
modified as follows: 

1. Capacitors C8 and C16 are 260 uf, 15 vdc. 

2. Capacitor C18 has been eliminated and capacitors C22 and 
C23, 0.02 uf, 500 vdc, added to the terminals of transformer 
T1. 

3. Diodes CR1 thru CR4 and CR? thru CR10 are part number GI88. 

4. Diode CR13 is part number SV359ET. 

5. Transistors Q4, Q10 and Q11 are part number MS1028A. 

6. Transistor Q5 is part number GI696. 

7 o Transistors Q6 and Q 12 are part number l\1S2916R/Y (manufacture:ri 
98095). 

8. Resistor R13 is precision, metal film, 120 k ohms,1%,t w. 

9o Resistor R43 is precision, metal film, 125 ohms,1%,i w, 
part number RD-1250-1QA (manufacturer 98095). 

938 



POWER SUPPLY MODEL UPMD-11 

SECTION 1 
GENERAL DESCRIPTION 

1-1. DESCRIPTION 

The Model UPMD~11 is .a modular, silicon, solid-state DC 
power supply containing two regulated 15-volt, 1-ampere supplies. 
The supplies are interconnected so that the +15 volt supply 
tracks the -15 volt supply. The supply is capable of local or 
remote sensing through the selection of jumper arrangements on 
the mating receptacle. The output voltage of each supply is adjust­
able over a 50 millivolt range. 

Each supply is protected against overload by a current limit­
ing circuit and may be operated continuously into a short circuit 
without damage. This circuit is automatically reset when the over­
load or short circuit is removed. A thermostat protects the sup­
plies against excessive temperature. 

1-2. ELECTRICAL SPECIFICATIONS 

Table 1 lists the electrical specifications of the UPRID-11. 

1-3. R'IECH/.NICAL SPECIFICATIONS 

The steel rear, front and side panels of the Model UPMD-11 
are cadmium plated and finished in gold iridite. The aluminum 
base.is finished in alodine 1200 and the aluminum heat sink is 
red anodizedo The dimensions and weight of the Model UPMD-11 are 
as follows: 

Width: 
Height: 
Depth: 

Weight: 

742 

5-37/64 inches 
4-1/2 inches 
7-1/2 inches (excluding 11/16 

connector) 
7-1/2 lbs. 

I) 

1-1 

inch rear 



UPMD-11 

TL.BLE 1. ELECTRIC~L SPECIFICATIONS 

Parameter Specification 

Input 105 to 125 volts, 57 to 440 Hz, single ¢ 

Output 

Regulation 
Load 
Line 

Ripple and Noise 

Current Limit 

Response Time 

Temperature 
Coefficient 

Stability 

Tracking 

731 

-15 VDC Supply 
(Master) 

-15 VDC ±50 l\IIV 
1 ampere 

150 microvolts 
100 microvolts 

150 microvolts 
peak-to-peak 

1.5 amperes, max. 

30 microseconds for 
turn on 10% to full 
load; 50 microseconds 
for turn off full load 
to 10%,to recover to 
within 2 l\'IV of regu­
lated output voltage. 

0.001%/0 c after 1 
hour warm-up. 

10 MV per week; ±1 l\'IV 
in 8 hours after 2 hour 
warm-up. 

2 l\'IV for all 
conditions. 

1-2 

+15 VDC Supply 
(Slave) 

+ 1 5 VDC ± 1 0 l\IIV 
1 ampere 

150 microvolts 
100 microvolts 

150 microvolts 
peak-to-peak 

1.5 amperes, max. 

30 microseconds for 
turn on 10% to full 
load; 50 micro­
seconds for turn off 
full load to 10%, to ~ 
recover to within 2 MV~ 
of regulated output 0 

voltage. 

0.001%/0 c after 1 
hour warm-up. 

10 MV per week; ±1 MV 
in 8 hours after 2 
hour warm-up. 

2 MV for all 
conditions. 



UPIVID-11 

SECTION 2 
INSTIJiLJ.TION AND OPER!.TION 

2-1. INSTALLATION 

The Model UPMD-11 can be inserted into either a standard 5-* 
inch card bin enclosure in the same manner as a printed card, or . .., it 
can be bolted to the rear of the card bin. The supply can also be 
mounted on a standard 19 inch rack panel or used as a bench supply. 

2-2. PROGR!JVII\'.IING l1ND OPERATING INSTRUCTIONS 

The Model UPMD-11 can be progrrunmed at the mating receptacle 
for local or remote sensing. Table 2 provides a cross reference 
between function, schematic .designation and mating receptacle pin 
number. Table 3 lists the types of operation which can be programmed 
and the connections required for each. Figure 1 is a diagram show~ng 
the mating receptacle connected to provide local sensing. 

a. Local and Remote Sens:i.ng - The points to which the sensing 
leads are connected are the points between which the output voltage 
is maintained constant. Remote sensing should be used when large 
voltage drops are anticipated in the leads connecting the load and 
power supply due to their length. Local sensing should be used when 
the increase in regulation is tolerable. If th~ voltage is sensed 
at the output (V

0
) of the supply, the voltage across the load (V1 ) 

can be determinea as follows: 

7 31 

= load current 

= resistance of both leads between 
the power supply and load 

2-1 



OUTPUT Positive 
Negative 

·Chassis 

SENSING Positive 

UPMD-11 

TABLE 2 

+15 VDC SUPPLY 
Mating 

Function 

+15 VDC 
-common 

+S 
-S common 

RecGptacle 
Pin No. 

pp 
RR 

H 

JJ 
!CT( 

-1 5 VDC SUPPI.,Y 
Mating _ 

Function 

+ common 
-15 VDC 

+S common 
-S 

Receptacle 
Pin No. ' 

TT 
SS 

H 

NN 
M1'.~ 

f:..C INPUT m and N 

CAUTION: f', one ampere, 11 Slo-Blo 11 fuse MUST be connected in the 11hot 11 

side of the I .. C linG. NEVER OPER!.TE THE r.10DUL:S 'NITHOUT !cN 
EXTERNAL FUSE OP ~EE PROP:SR RLTING. 

Operation 

LOCLL SENSING 
(see Fig. 1) 

REMOTE SENSING 
(use tightly 
twistGd sensing 
leads) 

819 

TLBLE 3. PROGR.tl.'IiTING INS'.L'RUCTIONS 

Supply 

Both 

+15 VDC 
(Slave) 
-15 VDC 
(Master) 

Both 
+15 VDC 
(SlavG) 

-15 VDC 
(Master) 

2-2 

i':Iating Receptacle Pin Conn.:::cti0ns 

Connect: PP to JJ, RR to KK, 
KK to NN, MM to SS. 
Connect: PP to positive side 
RR to negative side of load. 
Connect: SS to negative side 
TT to positive side of load. 

Connect: I·~H. to TT, KK to NN. 

NN 

of 

of 

to TIT.'') 

load', 

load, 

Connect: PP to positive side of loaq, 
RR to negative side of load, JJ to 
plus sensing point, J'.:K to minus sens:i;.ng 
µo int. : 
Connect: SS to negativ~ side of load, 
TT to positive side of loccl, MM to ' 
minus sensing point, NN to plus sensing 
point. 



CHASSIS 

AC { 
INPUT 

+COMMON 

-15VDC OUTPUT 

UPmD-11 
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CONNEC.TEO. FO·R .Loe.AL S.ENSl.N!:i . .,t +l'lVDC 
SUPPLY TRACKS -15VDC SUPPLY· 

FIGURE t. MODEL UPMD-11 MATING RE­
CEPTACLE PROGRAMMING CON­
NECTIONS 

POWER DESIGNS, INC. 
WESTBURY, NEW YORK 
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UPMD-11 

SECTION 3 
M/~INTENANCE 

3-1. GENERAL 

Under normal conditions, no special maintenance of the Model 
UPn'ID-11 is required. The unit is designed for easy disassembly; 
only a screwdriver is needed. 

3-2. DISASSEUBLY AND ASSEl\'IBLY 

To disassemble the Model UPn'ID-11: 

a. Remove the five screws holding each side plate to the 
base and end plates. 

b. Remove the six screws holding the heat sink assembly. 
The heat sink can be lifted and the thermostat and power trc.n.sistors 
removed and serviced. 

c. Remove the two screws on the underside of the bottom plate 
holding each end plate. The power transformer is attached to the 
base plate by four screws. 

d. Remove each of the screws holding the component boards 
to the base plate and pull the boards clear for inspection or 
component replacement. 

NOTE 

When soldering or unsoldering any semiconductor 
components, a heat sink must be used to prevent 
thermal dc.mage. I .. long-nose pliers applied between 
the semiconductor and solder joint is generally 
adequate. 

e. Reassemble the unit by replacing the boards, end plates, 
hoat sink ascombly c.nd side plates. 

3-3. TROUBLESHOOTING 

Faults can be isolated rapidly by measuring the voltage at 
the circuit components. /;.schematic diagram following this section 
gives the operating potentials of all semiconductors as well as 
component locations. Comparison of these potentials should be the 
first step when servicing the unit. 

731 

CLUTION 

DO NOT OPERJ,TE THE SUPPLY WITH ANY DISCONNECTED LE/..DS 
OR COMPONENTS. BE VERY CAREFUL WHEN SERVICING THE 
SUPPLY /,S TRJ.NSISTORIZED HIGH GAIN AMPLIFIERS 1.RE 
EXTREMF.I.Y SUSCEPTIBLE TO CHAIN REJ~CTION BURN-OUTS OF 
TR!~NSISTORS, DIODES, ETC. 
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Before beginning step-by-step fault isolation using the voltages 
given on the schematic diagram, make the following quick checks: 

NOTE 

Actual voltages may vary 10% from those given on the 
schematic diagram. 

a. No output - Check the receptacles for proper programming 
connections. Check the collector to emitter vol.tnge of the series 
pass transistor. No voltage indicates a fault in the rectifier cir­
cuit or over-temperature thermostats may have operated. 

b. No regulation - If the programming connections and transistor 
voltages are correct., check thc:.t the supply is not overloaded and the 
line voltage is within the limits. 

3-4. SEMICONDUCTOR IN-CIRCUIT TEST 

Should a defective semiconductor be suspected, make the following 
rapid check: 

a. Using o..n ohmmeter set to its low resistance scale, measure 
the forward/reverse resistance ratio of each junction in the semi­
conductor by reversing the meter leads. 

b. L ratio of less than 1:5 indicates a defective device, 
and the device should be tested on a transistor or diode tester. 

7 31 

NOTE 

This test is not recommended for high frequency or low 
current devices in other instrumentation as the currents 
from some ohmmeters may be sufficient to damage the semi­
conductor junction~. 

No calibration is required. 
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I APPENDIX 

1. INTRODUCTION 

This Appendix contains an electrical parts list, schematic diagram, 
parts location diagram and equipment warranty. 

2. ELECTRICAL PARTS LIST 

All electrical and electronic parts are listed in the sequence of 
their circuit numbers as shown on the schematic diagram. A brief 
description of each part is given, followed by the code number of the 
manufacturer and his part number. All manufacturers' code numbers are 
taken from Cataloging Handbooks H4-1 and H4-2, Federal Supply Code for 
Manufacturers. These handbooks are available through Federal Agencies. 
They may also be ordered directly from the Superintendent of Documents, 
U. S. Government Printing Office, Washington, D. C. 20402. 

We recommend that all parts having the code number 98095 be ordered 
directly from Power Designs Inc. The commercial equivalents of these 
parts have either wide parameter tolerances or require special facto.ry 
inspection or modification before they are suitable for use in the 
power supplyo 

All components used in the power supply or supplied as replacements 
are carefully inspected at the factory. Inspections are performed on a 
100% basis or at AQL levels to Military Specification l\UL-Q-9858 under 
which Power Designs Inc. has been qualified. 

All semiconductors are inspected on a 100% basis. They are inspected 
not only for operating parameters, but also for critical characteristics 
related to reliability and predictable life expectancy. Some of these 
characteristics are observed when the device is taken beyond its normal 
operating regions. These test techniques have been developed under a 
"predictable reliability" program in operation at Power Designs Inc. for 
the past twelve years. Under this program, quality control procedures 
are constantly revaluated and updated as new advances are made in solid 
state technology and additional experience is gleaned from field history. 

Semiconductor manufacturers are constantly modifying their products. 
Complete lines are frequently discontinued to be replaced by devices 
having improved gain, operating voltage levels and frequency response. 
The high gain, closed loop DC amplifiers used in regulator circuits are 
particularly sensitive to slight changes in these parameters. Commercial 
or military 11 equiva.lent 11 transistors used as replacements may affect 
the power supply performance. Compliance with the original specifications 
can be assured if replacement semiconductors are ordered from the 
factory. 

-1-
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All replacement semiconductors are processed and stocked at the 
factory to insure complete interchangeability with the devices in 
the original equipmento To insure that proper replacements are 
provided, the original devices are coded with a Power Designs Inco 
part number as follows: 

MS 1028 A 

Semiconductor 
Manufacturer's 
Code 

Power Designs Inc. 
Type 

Suffix Identifying 
Special Parameters 

When ordering replacements 9 please identify the device as 
completely as possible, listing the model and serial number if 
availableo 

In some cases the replacement part received may have a different 
part number from that given in the Electrical Parts List. This 
can be due to several factors: 

a. A different prefix indicates that Power Designs Inc. is using 
a different vendor source. The operating characteristics of the 
devices are identicalo 

bo A completely different part number indicates: 

1o The original vendor discontinued manufacture of the item 
or could no longer manufacture it to the original 
specificationso 

2o A better device for use in the particular circuit has 
been substitutedo 

3o Tighter controls for interchangeability have provided 
greater assurance of improved reliability with the 
new replacemento 

-2-
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ELECTRICAL PARTS LIST 

NOTE: When replacing semiconductors or investigating their part numbers, 
note the information in paragraph 2 above. 

Circuit 
Number Description 

C1 
CJ 
C6 
C7 
C8 
C9 
C12 
C15 
C16 
C17 
C19 
C20 

Capacitor,electrolytic,900 uf,50 vdc 
thru C5 Capacitor,plastic film,0.01 uf ,200 vdc 

Capacitor,plastic film,0.22 uf ,80 vdc 
Capacitor,electrolytic,10 uf,35 vdc 
Capacitor,electrolytic,260 uf,15 vdc 
Capacitor,electrolytic,900 uf,50 vdc 

thru C14 Capacitor,plastic film,0.01 uf,200 vdc 
Capacitor,electrolytic,10 uf,35 vdc 
Capacitor,electrolytic,260 uf,15 vdc 
Capacitor,plastic film,0.01 uf,200 vdc 
Capacitor,ceramic disc,0.01 uf,1 lcvdc 
Capacitor,dual,ceramic disc,0.02 uf, 

500 vdc, each section 
C21 
C22,C23 

Capacitor,ceramic disc,0.0022 uf,1kvdc 
Capacitor,ceramic disc,0.02 uf,500 vdc 

CR1 thru CR4 
CR5, CR6 

Diode, silicon 
Diode, silicon 
Diode, silicon 
Diode, silicon 

CR7 thru CR10 
CR11, CR12 
CR13 Diode, silicon, zener 

J1 

Q1 
Q2 
Q3, Q4 
Q5 
Q6 
Q7 
Q8 
Q9 thru Q 11 
Q12 

Connector 

Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 
Transistor, 

silicon, NPN 
silicon, NPN 
silicon, PNP 
silicon, NPN 
dual, silicon, 
silicon, NPN 
3ilicon, NPN 
silicon, PNP 
dual, silicon, 

NPN 

NPN 

Mfr Code 
Number 

98095 
98095 
98095 
98095 
98095 
98095 
98095 
98095 
98095 
98095 
98095 
98095 

98095 
98095 

98095 
98095 
98095 
98095 
98095 

91662 

98095 
98095 
98095 
98095 
98095 
98095 
98095 
98095 
98095 

R1 Resistor,composition,270 ohms,10%,t w 01121 
R2 Resistor,composition,33 ohms,5%,t w 01121 
R3 Resistor,wirewound,600 ohms,5%, 3 w 98095 
fl4 Resistor,composition,82 ohms,10%,i w 01121 
R5 Resistor,wircwound,600 ohms,5%,3 w 98095 
R6 Resis"Lor·,wi:r.-ewound,2 ohms,5%,3 w 98095 
R7 Resistor,composition,4.7 k ohms,10%,t w 01121 
R8 Resistor,composition,1 k ohm,10%,t w 01121 
R9 Resistor,composition,100 ohms,10%,t w 01121 
R10 Resistor,composition,4.7 k ohms,10%,t w 01121 
R11 Resistor,composition,2.7 k ohms,5%,t w 01121 
R12 Resistor,compooition,5.6 le ohms,10%,t w 01121 
R13 Resistor,precision,wirewound,120 k ohms,1%,lw 98095 
R14 Resistor,precision,metal film,66.5 k ohms,1~,iw. 98095 
R15 Resistor,composition,100 ohms,10%,t w 01121 

747 -3-

Part 
Number 

CE-98-.5 
CP-16-2 
CP-29-.8 
CE-106-.35 
CEX-260-15 
CE-98-.5 
CP-16-2 
CE-106-.35 
CEX-260-15 
CP-16-2 
CC-13-10 
CC-23-5 

CC-19-10 
CC-23-5 

GI88 
GI44 
GI88 
GI44 
AC359DT 

00-8016-038-
000-002 

RC1700 
2N2270 
MS1028!~ 
IVIS2270/U 
f\.S2056 
RC1700 
2N2270 
MS 1028A 
f\S2056 

EB2711 
EB3305 
RW-601-JKJ~ 
ED8201 
RW-601-JK!~ 
RW ··· 0 2 0 ·- 3Kf'. 
EB4721 
EB1021 
EB1011 
EB4721 
EB2725 
EB5621 
RW-124-1Qf. 
RD-6652-1QA 
EB1011 
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Circuit 
Nu_rnber 

R16 
R17 
R18,R19 
n22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38· 
R40 
R41,R42 
R43 
R44 
R45 
R46 

S1 

T1 

Z1 

P1 

UPMD-11 

Description 
Mfr Code 

Number 
.!:'art 

Number 

Resistor,variable,wirewound,1 k ohm,15%,t w 98095 RWT-102-Q10 
Resistor,composition,33 ohms,5%,t w 01121 EB3305 
Resistor,precision,wirewound,10 k ohms,0.1%,tw 98095 RW-103-8~A 
Resistor,composition,270 ohms,10%,t w 01121 EB2711 
Resistor,composition,100 ohms,10%,t w 01121 EB1011 
Resistor,wirewound,600. ohms,5%,3 w 98095 RW-601-3KA 
Resistor,composition,82 ohms,10%,t w 01121 EB8201 
Resistor,wirewound,600 oh.rns,5%,3 w 98095 RW-601-3K.l\. 
Resistor,wirewound,2 ohms,5%,3 w 98095 RW-020-3IU~ 
Resistor,composition,4.7 k ohms,10%,t w 01121 EB4721 
Resistor,composition,1 k ohm,10%,t w 01121 EB1021 
Resistor,composition,100 ohms,10%,t w 01121 EB1011 
Resistor,composition,4.7 k ohms,10%,t w 01121 EB4721 
Resistor,composition,82 k ohms,5%,i w 01121 EB8235 
Resisto:c, composition, 33 k ohms, 5%, t w 01121 EB3335 
Resistor,precision,metal film,1 k ohm,1%,i w 98095 RD-102-1QA 
Resistor,precision,metal film,150k ohms,1~,tw 98095 RD-154-1Ql:. 
Resistor,precision,metal film,22.1k ohms,1%,tw 98095 RD-2212-1QA 
Resistor,composition,100 ohms,10%,1 w 01121 EB1011 
Resistor,variable,wirewound,1 k ohm,15%,t. w 98095 RWT-102-010 
Resistor,precision,wirewound,10k ohms,0.1%,tw 98095 RW-103-80fl 
Resistor,precision,metal filn,150 ohms,1%,± w 98095 RD-151-1QA 
Resistor,precision,metal film,75 ohns,1%~i w 98095 RD-750-1QA 
Resistor,precision,metal film,121 ohms,1'%,t. w 98095 RD-1210-1QA 
Resistqr~composition,8.2 k ohms,5%,t w 01121 EB8225 
Resistor,precision,wirewound,5.2 k ohms,0.1%,tw98095 RW-522-8Qn 

Thermostat 98095 STH-2 

Transf orrn.er 98095 TT1\1-UP~/ID11 

Oven Assembly 98095 PS-UP~.'lD-11 -
12 

li.ccessory 

Connector (mates with J1) 91662 00-8016-03.8-
217-<008 

CODE LIST OF MLNUFI\.CTURERS 

Code Number Manufacturer Address 

01121 
91662 
98095 

747 

t~llen-Bradley Company 
Elco Corporation 
Power Designs Inc. 

-4-

Milwaukee Wisconsin 
Willow Grove; Pennsylvania 
Westbury, New York 
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1 SHOWALTER-JUDD, INC. 
•Seattle, Washington 98144 

1806 South Bush Place 
(206) 324-7911 
Hillsboro. Oregon 97123 
1445 N.E. Arrington 
(503) 648·6372 

2 DYNAMIC ASSOCIATES 
•Burlingame, California 94010 

822 Airport Boulevard 
(415) 344-2521 
Los Angeles. California 90034 
2500 S. LaCienega 
(213) 933·5833 
San Diego. California 92103 
836 E. Washington Street 
(714) 291·1391 

3 HYTRONIC MEASUREMENTS INC. 
• Denver Colorado 80207 

4940 E. 39th Avenue 
(303) 388-4081 
Albuquerque. New Mexico 87108 
205 San Pablo. S.E. 
(505) 268·3941 
Phoenix. Arizona 85004 
1017 No. 3rd St. 
(602) 253·6104 
Salt Lake City, Utah 84115 
2022 So. Main St. 
(801) 466·4924 

4 APPLIED SCIENCE ASSOCIATES 
•Dallas, Texas 75219 

One Turtle Creek Village 
(214) 526·8316 
Houston. Texas 77027 
6218 Westheimer 
(713) 781·1441 

12 FOREIGN 

3 

POWER DESIGNS 

• 

SALES OFFICES 

5 LOREN F. GREEN & ASSOCIATES 
• Chicago, Illinois 60639 

5218 West Diversey Avenue 
(312) 286-6824 
Minneapolis. Minnesota 55421 
6225 University Avenue. N.E. 
(612) 681·1611 
Indianapolis. Indiana 
1111 E. 54th Street 
(317) 253·2087 

6 EIR INC. 
• Maitland, Florida 32751 

P.O. Box 943 
(305) 644.9595 

7 HARVEY TEPLITZ & CO., INC. 
Pennsylvania West territory includes 
Potter, Clinton, Centre, Huntington 
& Fulton Counties. 

• Dayton, Ohio 45406 
3718 Salem Avenue 
(513) 277·9178 
Cleveland. Ohio 44118 
3945 Meadowbrook Boulevard 
(216) 371·2044 
Detroit. Michigan 48240 
26847 Grand River Ave. 
(313) 537·9058 

8 Q.E.D. ELECTRONICS, INC: 
New York (S) territory includes 
Rockland & Westchester Counties; 
Conn. includes Fairfield only; Penna. (E) 
includes Tioga, Lycoming, Union, Mifflin, 
Juniata & Franklin Counties. 

• Mount Vernon, New York 10550 
500 Nuber Avenue 
(914) 664·0080 
Camden, New Jersey 08105 
2916 Federal Street 
(215) 925·87 ll 
Silver Spring. Maryland 20910 
880 Bonifant Street 
(301) 588·8134 

9 OSSMANN INSTRUMENTS, INC. 
New York (N) excludes Rockland, 
Westchester & all counties south. 

• Syracuse, New York 13057 
6666 Old Colla mer Road 
(315) 437-6666 
Rochester. New York 14618 
2425 Clover Street 
(716) 271·4565 
Vestal. New York 13850 
Vestal Parkway East 
(607) 785·994 7 
Wappingers Falls. New York 12590 
122 E. Main Street 
(914) 297.7777 

10 THE HOWARD J. SCHUFT COMPANY, INC. 
New England Territory excludes 
Fairfield County. 

• Newtonville, Massachusetts 02160 
815 Washington Street 
(617) 527·5304&5 
Hamden. Connecticut 06514 
965 Dixwell Avenue 
(203) UN 5· 1365 

11 COMPUTING DEVICES OF CANADA, LTD. 
COMMERCIAL GROUP 

• Ottawa 4, Ontario 
P.O. Box 508 
(613) 828·9143 
Dartmouth. Nova Scotia 
P.O. Box 763 
(902) 466-7461 
Vancouver 4, British Columbia 
683 East Hastings Street 
(604) 255-7366 

12 ROCKE INTERNATIONAL.CORPORATION 
•Melville, Long Island. New York 11746 

80 Marcus Drive 
(516) 694·7800 

INC. POWER DESIGNS PACIFIC INC. 
1700 SHAMES OR.• WESTBURY, N. V. 11590 

516 EOgewaad 3-6200 TWX: 510-222-6561 I 3381 MIRAN CA AVE.• PALO AL TO, CAL. 34304 

415-321-6111 TWX: 910-373-1251 



WARRANTY 

POWER DESIGNS INC., warrants to the original purchaser, each instru· 

ment sold by us, or our authorized agents, and all the parts thereof, to be 

free from defects in material or workmanship under normal use and ser· 

vice within the specified ratings and operating conditions. ~ 
a 

Its obligation under this warranty is hereby limited to the repair or replace- ~ 
I 

ment of any instrument, or part thereof, which is returned to us within one 

· year after delivery, and which shall prove, after our examination, to be thus 

~ defective . .. 
e 
~ ~ This warranty does not include the cost of transportation charges to and 
s 
@ from the factory and/ or the cost of packaging or crating of instruments for 
~ 
~ return to the factory, unless such instrument is returned within thirty (30) 
"' I days from the date of original .shipment as shown on the packing list or 
~ 
;.: 
;:j 

I 
shipping documents, and prior written authorization for such costs is 

obtained from the factory. 

I The repair or replacement of an instrument, or any part thereof, does not 

~ void or extend the original warranty. 

I I :::E~;;;;g:~?:~:::·~~~~~~:~~=~=:I~:~.T::::::~'. 
"' ously sold. 

I 

I 
POWER DESIGNS INC. 
Westbury, LI., New York 

POWER DESIGNS PACIFIC, INC. 
Palo Alto, California 
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GEAP-11094 

VI. Detector and Cable Information 

A. Detector 

' This system was tested using a General Electric type NA04 fission chamber. 

This type detector or an equivaient should be used. 

B. Detector to Preamp I ifier Signal Cable 

Cable capacitance should be kept to a minimum, the maximum being 2000pf. 

During the Long Term Irradiation Test, this cable consisted of 7 Feet high 

temperature cable (~30 pf/ft.) and 60 Feet triple shielded RG-114 (~6.5pf/ 

ft. ) , for a tota I input capacitance of about 600pf. 

C. Detector to Preamp I if ier High Voltage Cable 

Triple shielded RG-59 or equivalent. 

D. Preamp I if ier to Main Chassis High Voltage and Slgnal Cables 

RG-6A/U or equivalent (2 - 250 Feet sections supplied with system). Te~ts 

were conducted with a maximum of 250 Feet between preamp I ifier and main 

chassis. 

E. Preamp I if I er to Main Chassis Power Cable 

Belden 8467 (7 Conductor, #18) 

500 Feet supplied with system. 

BV 1-1 
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VI I. Operating lnstrudions 

A. Pre I imi nary 

1. Plug each module into the slot whose number matches the module number. 

(Modu I es are keyed mechan i ca I I y and cannot be inserted- into the wrong 

slot.) 

2. Connect cables between preamp I ifier .atjd main chassis (See Detector and 

Cable Information sheet). 

3. Place Mode Switch in Zero position. 

4. Connect cables between preamp I ifie~ and detector. 

5. Apply AC power to system. (Unit does not have ON-OFF Switch so pow~r is 

applied when AC cord is connected.) 

NOTE: Al I voltages were adjusted and the alignment checked before shipment. 

No adjustment should be necessary upon receipt of equipment. 

If not already done so, now would be a good time to read the descriptions of 

the WRM System and the various switches functions. 

B. Procedure for Initial Startup 

1. Place Mode Switch in OPERATE position. 

2. Adjust the discriminator level (Pot on Module 6) so that pulses monitored 

by the WRM System exclude preamp I ifier noise and gamma signal from detec­

tor. 

3. As the reactor power increases and the WRM System reading approaches 

2 X 10- 3% power, adjust the gain of ~he Intermediate Range CG pot on 

Module 8) unti I the outputs of the Low arid Intermediate Ranges are equal 

(I ights over the Low and Intermediate Range meters wi I I begin to flicker 

on and off, the on I ight indicating which range is control I ing the out­

put). 

4. As the reactor power increases and the WRM System reading approaches 

5 X 10- 1% power adjust the gain of the High RangP. CG pot on Module 10) 

unti I the outputs of the Intermediate and High Ranges are equal <I ights 

over the lntermediate and High Range meters wt I I begin to flicker on and 

off, the on I ight indicating which range is control I ing the output). 

When the reactor has reached its 100% power level, the WRM System, as it 

BV 11-1 



GEAP-11094 

VII. Operating Instructions (Continued) 

B. Procedure for Initial Startup (Continued) 

4. is now adjusted, wi I I most I ikely not read 100% power. The final align­

ment is accomplished by the fol lowing steps, which are to be performed 

while the reactor is maintaining a constant 100% power. 

5. Connect a DVM between pins H <% power output) and L (common) of J25. 

Place Mode Switch in CALIBRATE position. 

Place Calibrate Switch in HR-2 position. 

Place Monitor Switch in HIGH position. 

Adjust HR pot on Module 4 for an indication on the DVM of -9.00 volts. 

Place Calibrate Switch in IR-2 position, and Monitor Switch in INT 

position. 

·Adj~st IR pot on Module 4 for an indication of -6.50 volts on the DVM. 

Place Calibrate Switch in LR-2 position, and Monitor Switch in LOW posi­

tion; . Record DVM reading. 

Place Mode Switch in OPERATE position . 

. Adjust the High Range Gain CG pot on Module 10) unti I 100% power ·Js 

indicated (-10.00 volts on DVM) . 

. Place Mode Switch in CALIBRATE position, Calibrate Switch in HR-2 posi­

. tion, and Monitor Switch in HIGH position. 

Note new DVM reading. The difference between this new reading and the 

old one (-9.00 volts) must now be applied to the other two ranges. 

EXAMPLE: If the new· DVM reading is -9.30 volts, a -.30 volts must 

be added to the Intermediate and Low Ranges ~Isa. The 

new Intermediate Range reading should be adjusted lo be 

-6.00 volts. 

Place Calibrate Switch in IR-2 position and Monitor Switch in INT position. 

Adjust the gain of the Intermediate Range (G pot on.Module 8) to achieve 

the new desired reading on the DVM (-6.80 volts in the Example above). 
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VI I. Operating. Instructions (Continued) 

B. Procedure for Initial Startup (Conti~ued) 

5. Place Calibrate Switch in the LR-2 position, and Monitor Switch in LOW 

position. 

Adjust the pot on Module 7 unti I th~~~$ired new reading is obtained 
· .. ' . 

Cold reading -.30 volts in the Example above). 

This comp I etes System a I i gnment. However, before returning to OPERATE 

position, proceed to the fol lowing steps, the purpose of which are to 

set the ca I i brat ion s i gna Is to their norma I I eve Is. 

6. Place Calibrate Switch in IR-2 position, and Monitor Switch in INT posi­

tion. 

Adjust IR pot on Module .4 unti I DVM reads -7.70 volts. IR-1 position 

should now read about -5.7 volts. 

Place Calibrate Switch in HR-2 position, and Monitor Switch in HIGH posi­

tion. 

Adjust the HR pot on Module 4 unti I DVM reads -10.00 volts. HR-1 posi­

tion should now read about -8.0 volts. 

Return instrument to OPERATE condition. 

C . A I i g nmen t 

1. Power Supplies 

a. .±_15 Volt Adjustment 

Connect DVM between J25-P(~15r and J25-N (common). Adjust minus 

potentiometer on the ~ide of Module 1 (Low Voltage Power Supply> 

for -15 volts +20 mi I l·ivolts. 

Connect DVM between J25-M(+15) and J25-N <c0mmon). Adjust plus 

potentiometer· for +15:volts 1·20mi11 ivolts. 

b. +30 Volt Adjustment 

Connect DVM between J25-S(+30) and J25-N (common). Adjust either 

or both potentiometers on the front nf Module 2 (30 volt Power 

Supply) for +30 volts +20 mi I I ivolts. 
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VI.I. Operating Instructions (Continued) 

C. Alignment (Continued) 

1. Power Supplies (Continued) 

c. Detector Polarizing Voltage Adjustment 

Connect a DVM between the center conductor of J2 on the preamp I ifier 

and the preamp I if ier case. Turn Mode Switch to Standby position. 

Adjust potentiometer on the front of Module 3 (High Volta~e Power 

Supply) for about 600 volts. Return Mode Switch to Zero position. 

Proceed to next step below. 

d. High Voltage Filter Compensation 

Remove Preamp I ifier from cast box. Remove cover from Preamp I ifier 

section. Connect a 200Kn, 2 Watt resistor between the center con­

ductors of J2 and Jl. Connect a DVM across this 200Kn resistor. 

Turn Mode Switch to Standby position. Adjust the potentiometer on 

the Preamp I if ier board so that the DVM reads the same voltage as 

was set in previous section C. Return Mode Switch to Zero position. 

Replace Preamp I if ier cover and cast box. 

NOTE: Al I further alignment from this point on (except zeroin~) is 

done with the Mode Switch in the Calibrate position. 

2. Signul Generator Check 

Set Calibrate Switch to LR-1. 

Connect scaler to J36. 

Adjust Rll on Signal Generator <Module 5) for 10 counts per second 

on scaler. 

Signal G~nerator is now aligned. 

3. Low Range 

Connect DVM between pins G and L of J25. 

Set Mode Switch to Zero position. 

Adjust LZ pot on Module 12 CMultirange Monitor) fbr near zero 

reading on DVM (for Low Range zero, DC amp input is shorted to 

gnJurrd :.:.o di:ible 1r:-rn rn."'lrlino ia not nttninable), 

Set Mode Switch to Calibrate position. 
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VI I. Operating Instructions (Continued) 

C. Alignment (Continued) 

3. Low Range (Continued) 

Set Calibrate Switch to LR-1. 

Set Monitor Switch to LOW. 

Record DVM reading Cal low ten minutes for reading to stabilize). This 

reading wi I I be defined as VLR-l" 

Set Calibrate Switch to LR-2. Record DVM reading. This reading wi I I be 

defined as VLR-2. 

If IVLR- 2 1-IVLR-l I = 4 ±_.05 no slope adjustment is necessary. 

If IVLR-2 1-IVLR-l I 1 4 apply the fol lowing equation: 

Iv LR-21-1 v ~R-1 I 

Adjust Pot LS on Multir_, 1ge Monitor (Module 12) so DVM reads -IV\R_2 1. 
This completes the slope adjustment of the Low Range. 

Adjust R19 oh Log Integrator (Module 7) for about -5.6 volts on DVM. 

This completes the Low Range alignment. 

4. Intermediate Range 

Remove Intermediate Range Amp I ifier-Rectifier (Module 8) from chassis. 

Remove cover and reinsert unit using appropriate card extender. Con­

ne~t DVM between rectify in~ amp I if ier output TPl and common (See ASM 

Drawing 13682447 for location of TPl)~ Adjust Rec. Z potentiometer 

tor 0 volts +2 mi I I ivolts on DVM. Replace module cover, remove card 

extender, but do not insert module into chassis. 

Adjust G potent~ometer fully counterclockwise (minimum gain). 

Remove Intermediate Range Log Ladder (Module 9) from chassis. Remove 

cover and reinsert unit using appropri~te card extender. Connect com-

mon lead of DVM to anode of VRl CNOTE: Common lead of DVM must be 

floatin~). Using ASM Drawing 13682467 to locate the appropriate potentio­

meters and transistors, make the fol lowing adjustments: 
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VI I. Operating Instructions (Continued) 

C. Alignment (Continued) 

4. Intermediate Range (Continued) 

Adjust: 

R24 Base of 01 = -3.22 

R25 Base of 02 = -3.65 

R26 Base of 03 = .,...4, 14 

R27 Base of 04 ;;: -4.62 

R28 Base of 05 = -5.09 

R29 Base of 06 = -5.57 

R30 Base of 07 = -6.07 

Connect plus lead of DVM to thP. base of Q8. Using the test points 

on the card extender, connect the fol lowing: 

The minus:ter~in~I cif a 0 - 3Q··volt DC vafiabfe supp·ly:to ~Jn 3 

(common). The negative side of a lOOµa meter to the positive 

terminal of the variable power supply. 

A lOOKn resistor between the positive side of the lOOµa meter 

and pin 16. 

Set~the output of the power supply to around 20 volts DC. 

Now alternately adjust the power supply and R23 so as to obtain 

0.00 volts on the DVM for a reading of 25ua on the µa meter. 

NOTE: The location CGETR) in which this instrument was tested had a 

very high residual gamma field (7 106 R/hr.). This made it 

necessary to change the Intermediate Log Ladder so as to de­

crease the overlap between Low and Intermediate Ranges. In 

the existing module R8 = 51. lK, R23 = 50K and Rl is discon­

nected. The offset current adJustment Is 66µa. If 1-he instru­

ment is used at a location where the sensor sees less than 

10 5 R/hr. residual gamma, reconnect R1, replace R8 and R23 

per schematic, and adjust offset current to 25µa per align-

1110 n I" p r·ocod u 1--s. 
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VI I. Operating Instructions (Continued) 

C. AJ ignment (Continued) 

4. Intermediate Ra_nge (Continued) 

This comp I etes a I i gnment of the 1 ·rif~f~ed i ate Range Log Ladder. Re­

move external circuitry and card extender, replace cover, and insert 

this unit and the Intermediate Range Amplifier-Rectifier into their 

proper locations. 

Connect a DVM between pins F and L (common) of J25. Place Mode 

Switch in the Zero position. Adjust the IZ pot on Module 12 CMulti­

range Monitor) for a DVM reading of 0 volts ±_5mi11 ivolts. 

Place Mode Switch in Calibrate position, Calibrate Switch in IR-1 

position, and Monitor Switch in INT position. Adjust the IR pot 

on Module 4 (Campbel I Calibrator) unti I the DVM reads 5.70 volts. 

Set Calibrate Switch to IR-2 position. Adjust IS pot on Module 12 

unti I DVM reads 7.7 volts. 

Set Calibrate Switch to IR-1 position. Adjust the IR pot on Module 

4 unti I DVM reads 5.7. 

Repeat the previous two steps until the difference in DVM readings 

between the IR-1 position and IR-2 position is 2 volts +30 mi I I ivolts. 

Connect the DVM between pins Hand L (common) of J25. Place Calibrate 

Switch. in IR-2 position. Adjust the IS pot on Module 13 (auction) 

unti I DVM reading is -7.7 volts. 

Set Calibrate Switch to IR-1 posit)on. DVM should read -5.7 volts 

+30 mi I I ivolts. If out of tolerance, adjust the IS pot on Module 13 

unt i I the difference in DVM readings between the I R-1 position and 

IR-2 position is 2 volts +30 mi ll~volts. 

This completes the alignment of the Intermediate Range. 
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VI I. Operating instructions <Continued) 

C. Allgnment (Continued) 

5. High Range 

On High Range Amp I ifier-R~ctifier (~odule 10) adjust the G potentio­

meter fully counterclockwise (minimum gain). 

Remove Modu I e 10 from chas.s is. 

Remove the High Range Log Ladder (Module 11) from chassis. Remove 

cover and reinsert unit using appropriate card extender. Connect 

common lead of DVM to anode of VRl (NOTE: Common lead of DVM must 

be floating). Using ASM Drawing 136B2467 to locate the appropriate 

potentiometers and transistors, make the fol lowing adjustments: 

Adjust: 

R24 Base of 01 = -5. 19 

R25 Base of 02 = -5.47 

R26 Base of 03 = -5.98 

R27 Base of 04 -6.46 

R28 Base of 05 = -6.94 

R29 Base of 06 = -7.41 

R30 Base of. 07 = -8. 10 

Connect p I us lead of DVM to the base of 08. Using the test points 

on the card extender, connect the fo I lowing: 

The minus· · term! na I of a 0-30 volt oc·~ariable supply to pin 

(common). The negative side of a lOOµa meter to the positive 

terminal of the variable power supply~ 

3 

A lOOKn resistor between the positive side of the lOOµa meter and 

pin 16. 

Set the output of the power supply to around 20 volts DC. 

Now alternately adjust the power supply and R23 so as to obtain 0.00 

volts on the DVM for a reading of 42µa on the µa meter. 
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VI I. Operating Instructions (Continued) 

C. Alignment (Continued) 

5. High Range (Continued) 

This completes alignment of the:'H .. i,'dh<Ha_nge Log Ladder. Remove ex-

ternal circuitry and card extender, replace cover, and insert this 

. unit and the High Range Amp I ifier-Rectifier into their proper loca­

tions. 

Connect a DVM between pins E and L (common) of J25. Place Mode Switch 

in the Zero position. Adjust the HZ pot on Module 12 (Multi range 

Monitor) for a DVM reading of 0 volts +5 mi I I ivolts. 

Place Mode Switch in the Calibrate· position, Calibrate Switch in the 

HR-1 position, and Monitor Switch in HIGH Position. Adjust the HR 

pot on Module 4 (Campbel I Calibrator) unti I the DVM reads 8.00 volts. 

Set Calibrate Switch to HR-2 positron. Adjust HS pot on Module 12 

unti I DVM reads 10.00 volts. 

Set Calibrate Switch to HR-1 position~ Adjust the HR pot on Module 4 

unti I DVM reads 8.00 volts. 

Repeat the previous two steps unti I the difference in DVM readings. 

between the HR-1 position and HR-2 position is 2 volts +30 mi I I ivolts. 

Connect the DVM between pins Hand L (common) of J25. Place Calibrator 

Switch in HR-2 position. Adjust the HS pot on Module 13 (auction) un­

ti I the DVM reading is -10.00 volts. 

Set Calibrate Switch to HR-1 position. DVM should read -8.00 volt~ 

+30 mi I I ivolts. If out of tolerance, adjust the HS pot on Mcidule 13 

unti I the difference in DVM readings between the HR-1 position and 

HR-2 position is 2 volts +30 mi I I ivolts. 

This completes the alignment of the High Range. 
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VI I . Op er at i ng Instruct i ohs (Continued) 

C. Alignment (Continued) 

6. Ramp Generator 
........ 

Set Mode Switch to Calibrate. 

Set Calibrate Switch to FIXED PERIOD. 

Connect a DVM between pins Kand L (common) of J25. 

Reset Ramp. 

Adjust the F pot on Module 16 (Ramp Generator) so as to obtain a 

negative going ramp whose rate of change is -1 volt per 23 seconds. 

This ramp is used to simulate a changing signal whose period is 

ten seconds. 

Set Calibrate Switch to VARIABLE PERIOD. 

Reset Ramp. 

Adjust the V pot on Module 16 to obtain +he desired ramp rate <this 

ramp rate wi I I always be less than or equal to the ramp rate control led 

uy the F pot). 

This completes the Ramp Generator adjustment. 

7. Period 

With power removed from the instrument, adjust the mechanical zero 

of the meter to read -100. 

Connect a DVM between pins J and L (common) of J25. 

Set Mode Switch to ZERO. 

Adju~"I· the Z pot on Module 15 (Period) for 0 volts +5mi11 ivolts on 

the DVM. 

Adjust the M pot on Module· 15 so that the meter pointer indicates 

infinity. 

Set Mode Switch to CALIBRATE. 
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Operating Instructions (Continued) 

C. Alignment (Continued) 

7. Period (Continued) 

Set Calibrate Switch to FIXED PERIOD. 

Adjust the G pot on Module 15 to obtain a reading of 10 volts +20 

mi I I ivolts on the DVM. Meter should indicate a period of ten seconds. 

This completes the Period adjustments. 

8. Trip Adjustments 

a. Upscale 

Place Mode Switch in CALIBRATE position. 

Place Calibrate Switch in HR-2 position. 

Place Monitor Switch in HIGH position.· 

Using either the front panel meter (Percent Power) or a DVM 

connected between pins Hand L (common) of J25 as an indicator, 

adjust the HR pot on the Campbel I Calibrator (Module 4) unti I 

the indicator used reads the desired value (~10 volts on DVM ~ 

100% power). If Upscale I ight is on, press Trip Reset Switch 

and adjust HI pot on Modu I e 18 unti I Ii ght. goes out. Now s I ow I y 

adjust HI pot unti I Upscale I ight is energized. Upscale Trip is 

now set. 

Return HR-2 pot to its pre-adjustment level. 

b. Downscale 

Place Mode Switch in CALIBRATE position. 

Place Calibrate Switch in whichever position wi I I provide a 

signal nearest to the desired trip level. 

Place Monitor Switch in appropriate position based on Calibrate 

Switch position. 
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VI I. op~ratin~ lnst~~ctions (Continued) 

C. Al·ignment (Continued) 

8. Trip Adjustments (Continued) 

b. Downscale (Continued) 

Using the same indicator as in the Upscale trip adjustment, 

adjust the desired signal source· level CHR pot, Module 4 for 

lligh Runge; IR pot Module 4 for Intermediate Range; R19 on 

Module 7 for Low Range) unti I the inoicator used reads the de­

sired value. If Downscale I ight is on, press Trip Reset Switch 

and adjust ON pot on Module 18 unti I. I ight goes out. Now slowly 

adjust ON pot unti I Downscale 1 ight is energized. Downscale 

trip is now set. Return signal source to its pre-adjustment 

level. 

c. Intermediate Range Fa i I ure 

Place Mode Switch in CALIBRATE.po~ition. 

Place Calibrate Switch in LR-2 posltion. 

Place Monitor Switch in LOW position. 

Using either the Percent Power meter or a DVM connected between 

pins H and L (common) of j25 as an indicator, adjust R19 on 

Module 7 for a reading of 2 X 10- 3% power C-5.3 volts on DVM). 

Now adjust the Intermediate Range Failure pot (below Module 19) 

unti I trip I ight is just energized. Trip level is now set. Re­

turn R19 to its pre-adjustment level. 

d. High Range Failure 

Place Mode Switch in CALIBRATE position. 

Place Cal lbrate Switch in IR~2 ~osition. 

Place Monitor Switch in INT position. 

Using either the Percent Power meter or a DVM connected between 

pins Hand L (common) of .J25 as an indicator, adjust the IR pot 

on Module 4 for a readihg of (-7~5 ~olts on DVM). Now adjust 

BV I 1-12 



GEAP-11094 

VI I. Op~rating lnst~Octiohs Ctontinued) 

C. Al ~gnment (Continued). 

8. Trip Adjustments (Continued) 

d. High Range Failure <Continued) 

the High Range Failure pot (below Module 19) unti I the trip 

I ight is energized. Trip level is now set. Return IR pot to 

its pre-adjustment level. 

e. Period 

Place Mode Switch in CALIBRATE position. 

Place Calibrate Switch in either FIXED PERIOD (10 seconds) or 

VARIABLE PERIOD position. 

Press Ramp Reset Switch. 

Obtain the desired period indication on Period meter. Adjust 

PE pot on Module 17 unti I trip I ight just energizes. Trip 

level is now set. 

f. Low High Voltage 

Place Mode Switch in ZERO position. 

Disconnect HV cable from rear of main chassis (J21). 

Connect DVM to J21. 

Place Mode Switch in Standby position. 

Adjust pot on Module 3 (High Voltage Power Supply) to desired 

trip level. Now adjust HV pot on Module 17 unti I trip I ight is 

just energized. Trip is now set. Return high voltage to its pre­

adjustment level. 

Place Mode Switch in ZERO position. 

Disconnect DVM from J21 and reconnect HV cable. 
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