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I NTRODUCT I ON

The objective of Project Agreement 49 Wég§?§1design, fabricate, test and
evaluate under actual nuclear reactor operating conditions, one profotype count-

ing-Campbel | ing wide-range type thermal neutron flux measurement channel. .

This report describes the basic system designed for PA 49, and describes
and presents the results of fests conducted on the system. Individual module
descriptions and schematics are contained in the instruction manual which was

issued with the system.

DRISTRIBUTION QF THIS DOCUMENT 15 UNLIMITED
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SECTION

GENERAL

.1 SYSTEM DESCRIPTION

This Wide Range Neutron Monitoring System is designed to monitor t*en
decades of neutron flux when used with a General Electric Type NAO4 (or
equivalent) fission chamber. In order to ob*éianHis wide range capability,
tTwo differénf monitoring techniques are employed. For the Low Range, Count-
ing Technfques are used; for the Intermediate and High Ranges, Campbelling
techniques are used. The outputs from the three ranges are applied to an
Auction circuit whose output represents the farges+ of the three input sig-
nals. The output from the Auction circuit is applied to the final readout
device (Meter, DVM, Recorder, efc.) 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

flux lcvel.

fn addition to providing readouts for Percent Power and Period, three
meters are added which make it possible to monitor all ranges continuously.
Lights over these meters indicate which range is controlling the auction

(being applied 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 will indicate ab-
normal neutron flux conditions. One Trfp.moniforé the Period circuit output
and will indicate when the time rate of CHénge,of néufron flux exceeds some
preset level. One trip monitors the défec+or polarizing supply and indicales
if this voltage drops below a present level., The remaining two trips monitor
the outputs of the three ranges and during startup indicate fmproper gain

setting or malfunctions in the Inftermediate and High Ranges.

Internal calibration signals are provided for all three ranges. Each
range has two calibration points which allows its slope to be set and moni-

tored for drift. (Note, however, that these calibration signals are not
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meant to provide an absolute system calibration of -output versus neufron flux.)

Mechanically this systém consists of two primary units, these being a
preamplifier and a main chassis. The preamplifier is contained in a'casj
aluminum box which may be separated from the main chassis by as much as 250

feet of cable. The preamplifier is poweféaiftbm 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. All the electronic circuitry is plug-in
module type except for the Main Amplifier and High Voltage Filter which are
enclosed in an aluminum chassis mounted to the back panel. All modules are
numbered corresponding to the card file slot in which they are To be mounted.
In addition, all 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 (10?5f+o 1073% power) employs Counting
techniques for measuring neutron fldx.‘ Individual pulses generated by the
fission chamber are amplified by the preaminfier and a section of the main’
amplifier. These amplified pulses are applied to a level discriminator
which provides a means of rejecTingfahplifier noise and low level alpha
pulses generated by the uranium in the fission chamber. The output from
the discriminator is available at a rear pane! connector for driving a
scaler and is applied to a bistable f}ip¥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

device.
B. Intermediate Range Description

The Intermediate Range of this system (1073 o 3 X 10 !% power) employs
the Campbelling technique for measuring neutron flux. The signal generated

by the fission chamber is amplified by the preamplifier and a section of
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the main amplifier. ||t is them applied to the Intermediate Range Amplifier-
Rectifier where its bandwidth is first reduced to 8Kc - 16Kc, then amplified,
then half wave rectified and smoothed with a 100ms time constant. The ’
current output from this ﬁodule is fed to the input of the Infermediate

Range Log Ladder whose output is a current:proportional to the log oft the
input current. This DC output from the Log Ladder is monitored by one
section of the Auction circuit and, if thi's sighal 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 107! to 100% power) employs the
Campbel | ing technique for measuring neutron flux, The signal generated
by the fission chamber is amplified by the preamplifier and a section of
the main amplifier. |t is then applied to the High Range Amplifier-Recti-
fier where its bandwidth is first reduced fo 300Kc - 600Kc, then amplified,
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
tThe Auction circuit and, if this signal-is the largest of the three chan-

nels, applies it to the final readout device.

£

SPECIF ICATIONS hd
1.0 Temperature and Humldlty . _ 5°C to 50°C
0 to 95% R.H.
2.0 Power , 120VAC +10%
' 60CPS +5%
3.0 Inputs
3.1 Counting sensitivity and polarity 100uv negative pulse
3.2 Campbell sensitivity 20uv rms for 10 to 1 signal
to noise ratio (Intermediate
_ Range)
3.3 Maximum External capacity on input 2000 pf
4.0 Outputs
4.1 Recorder
4.1.1 Percent power 0 to -10mv f.s.
Output impedance = - 109

-3-
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4.1.2 Period : 0 to+t10mv f.s.
Output impedance 10Q
4.2 Monitor points (load |imit v 10KR)
4.2.1 Percent power (J25-H) 0 to -10vdc f.s.
4.2.2 Period (J25-J) . 0 to +10Vdc f.s. ,
4.2.3 High range monitor (J25-E) 0 to +10Vdc f.s.
4.2.4 Intermeidate range”mohf#or 0 to +10Vdc f.s.
(J25-F) '
4.2.5 Low range monitor (J25-G) ' 0 to +10Vdc f.s.
4.2.6 Ramp (J25-K) . 0 to -12Vdc
4.3 Scaler (J36) -3 volt peak ~ 3009

output impedance

4.4 Trips (non-latching)

4.1 UPSCALE Form C Contacts
Downscale Form C Contacts
Period Faorm C Contacts

High Range Failure Form C Contacts

Intermediate Range Failure Form C Contacts

N NN N NN

Low High Voltage Form C Contacts

HoObh D A DD
B T =
~N O bW N

Inoperative . g 1 Form C Contact

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.onto gnd
4.5.4 High Range Failure Transistor .furn.on to.gnd
4.5.5 Intermediate Range Transistor. turn.on to gnd
4.5.6 Low High Voltage Transistor: turn.on to gnd

5.0 Controls and Indicators
5.1 Mode Switch
5.1.1 Operate

5.1.2 Standby. |Inoperative trip is fripped 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. Allows selection of desired calibration signal
(Calibrate Switch).
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5.2 Calibrate Switch

5.3

5.4

5.5

5.6

5.7

5.

(SRR IR G ) B G ER  EAN
N N N N NN

2.

1

~N Oy U s W N

LR1 : 10cps
LR2 10°cps
IR1

103 cps square wave. |R2 = 10 IR1. Useqd to
IR2 64 adjust slope of Intermediate Range. )

HRIL 105cps square wave. HR2 = 20 HR1. Used to adjust
HR2[ slope of High Range.

Period o

5.2.7.1 Fixed. Used To.adjusf 10 Second Period Indication.

5.2.7.2 Variable. Can be adjusted to give any period
indication greater than ten.seconds.

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. Applies Intermediate Range Output to Percent
Power Indicator.

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

Trip Reset Switch. Resets all latching trips after cause of trip

has been corrected.

Ramp Reset Switch. Resets Ramp Generator used in Period Calibra-
tion. : C

Meters

5.6.1
5.6.2
5.6.5
5.6.4
5.6.5

Lights
7.

6

(BRI G- R B G ) RGN |

~

~N N NN
v WN

® N O

1

Percent Power
Period

High Range
Low Range

InTermedléTe Range

Upscale Trip (latching)

Downscale Trip (latching)

High Range Failure Trip (latching)
Intermediate Range Failure Trip (latching)
Period Trip (latching)

Low Hlgh Voltage Trip (latching)
Inoperative Trip (non-latching_
Auction Indicators

5.7.8.1 Low Range

5.7.8.2 Intermediate Range
5.7.8.3 High Range

-5-



6.0 Performance

7.0

6.1 Percent Power

6.1.1 -Accuracy
1078 10 107!
1071 to 100

6.1.2 Response
1078 +0 1076
1076 to 1075
1075 to 107"

100 % to 3 X 1071

3 X 107! o0 100
6.2 Period
6.2.1 Accuracy
6.2.2 Response

Construction

Page type chassis
Modular electronic units

GEAP-11094

+4% linear f.s. outpyt

+2% linear f.s. output

&40 seconds

~15 seconds
~v1.5 seconds
~100ms

NTOms'

+4% actual

g seconds for 0 to 63%
- of flnal for ramp input
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SECT |1 ON 1l

TEST DESCRIPT]J]ONS AND RESULTS

2.1 ENV IRONMENTAL

The purpose of this test was to determine what effects, if any, variations
in temperature, humidity and line voltage might have on operation of the WRM

System.

During the test the WRM System was placed in an environmental chamber so
that the temperature and humidity could be varied. The AC power to the sysfem
was controlled by means of a variac. Input signal sources consisted of f) A
pulser for Low Range tests and 2) A noise generator for the Intermediate and
High Ranges tests. The pulser oQTpuT 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.

Test data is provided in Tables 2-1 through 2-12 and shown graphically In
Figures 2-2 through 2-4. These tests show the syéTem accuracy to be i}% full
scale over the top three decades and +2% full scale over the bottom seven decades.

Period accuracy is +4% full scale.

The only problems encountered during this test was with the Period circuit
and Ramp Generator. Both unifs use hi-meg resistors and low leakage capacitors
in tTheir circuitry and both exhibited excessive drift at the high ftemperature,
high humidity conditions. These problems were solved by spraying both boards
with PT-107 (Moisture and Fungus Resistant Varnish) and keeping Iow»cUrrenT

switching on the boards through the use of reed relays.
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Relative -~ Line e High
Humidity Temperature | Voltage +15 -15 +30 Voltage .|
(%) (°F) (Volts AC) '
- 20 120 15.00 | 14.99 | 29.79 38545
- 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 15.00 | 14.99 | 20.84 | -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 C14.97 | 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)
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LOW INTERMED | ATE HIGH
RANGE RANGE - RANGE
) ' O O
—— 5o @ 59 ~ o 5e
2% | £ E | £r |l gP | g2
=< | 32 =z 52 =z | 32
1 RN 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 1.0t 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 30.5 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 10% | 4.68 168.0 7.8 2,039 10.35
7 X 10% | 4.92 200.0 7.9 2,048 10.36
105 5.07 250.0 7.95 '
2 X 105 |5.36 300.0 7.97
4 X 10° | 5.65 |
7 X 10° | 5.90
106 6.06

TABLE 2-2 Environmental Test (20°F)

N

-10-
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- HIGH

Low INTERMED I'ATE
RANGE RANGE A RANGE
z8 5+ g " 5L s - 5=
2 — 2 °2 “E | °2
i .05 1.7 7.5 2.2 2.0
2 315 2.0 3.15 - 2.43 4.0
4 .61 2. 3.97 2,77 6.0
7 .85 2.25 4.0 . 4,87 7.0
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 20.7 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
10" 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 10% |4.68 167.0 7.8 217.0 10.34
7 X 10% |4.92 300.0 8.0 263.0 10.40
10° 5.07 350.0 8.0t -
2 X 10° |5.37 400.0 8.02
4 X 10° |5.66
7 X 10° 15.90
108 6.06

TABLE 2-3 Environmental .Test (40°F)

~11-
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LOW INTERMED [ ATE H1GH
RANGE RANGE RANGE

=~ Eiég =0 ESEg" =0 ESEg

T a = z £ g ZE =L

=8 30 Zs 30 =N 30

Z E Z E Z

1 .034 1. 1.4 - 2.1 2.0

2 .31 2. 3.1 2.43 4.0

4 .60 2.2 3.95 2.77 6.0

7 .84 2.24 4.0 4.8 7.0

10 1.00 3.0 4.3 6.7 7.3

20 1.30 4.0 4.6 9.2 7.6

40 1.60 5.3 4.8 ° 12.0 7.8

70 1.85 6.7 5.0 15.0 8.0

100 2.01 9.1 5.3 0 21.3 8.3

200 2.32 13.3 5.6 - 30.7 8.6

400 2.63 16.3 5.8 37.5 | 8.8

700 7.88 20.3 6.0 47.7 9.0

103 3.04 29.5 6.3 67.0 9.3

2 X 103 | 3.35 40.0 6.6. . 94,0 9.6

4 X 103 | 3.66 52.0 6.8 . 122.0 9.8

7 x 103 | 3.91 66.0 7.0 151.0 10.0

10" 4.07 91.0 7.3 180.0 10.2

2 X 10% | 4.38 - 132.0 7.6 197.0 10.3

4 X 10% | 4.68 163.0 7.8 233.0 10.4
7 X 10% | 4.92 240.0 8.0
10° 5.07 300.0 8.03
2 X 10° | 5.36 350.0 8.04
4 X 10° | 5.66 400.0 8.05

7 X 10° | 5.90
108 6.07

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

-12-
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Low INTERMED | ATE HIGH
- RANGE RANGE RANGE
=R - =8 s | =8
22 | B 3 E Ee zE | Ep
=0 '8;§ z 2 8;§ = > 8;§
1 03 1.7 1.3 2.07 2.0
2 .31 2. 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 103 | 3.35 51.5 6.8 92.0 9.6
4 X 103 | 3.66 65.5 7.0 119.0 9.8
7 X 103 | 3.91 88.0 7.3 149.0 10.0
104 4.07 130.0 7.6 179.0 10.2
2 X 10% | 4.38 160.0 7.8 194.0 10.3
4 X 10% | 4.68 219.0 8.0 222.0 10.4
7 X 104 | 4.92 250.0 8.03 250.0 10.44
10° 5.07 300.0 8.05
2 X 10° | 5.37 350.0 " 8.07
4 X 10° | 5.66
7 X 10° | 5.91
108 6.08

TABLE 2-5 Environmental Test (80°F, 50% R.H.)
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LOW INTERMED | ATE - HiGH
- RANGE RANGE RANGE
2) 3) S
5% | 2 52 2 52 | 2.
s 5= s - 5= = 5L
- ©2 T g ©2 = ©2Q
1 03 1.7 1.4 2.06 2.0
2 .34 2.0 3.0 2.42 4.0
1 .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 1.8 7.8
70 1.81 8.9 5.3 14.9 8.0
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
103 3.04 390 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 103 | 3.91 89.0 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 10% | 4.68 210.0 8.0 220.0 10.4
7 X 10% | 4.93 250.0 8.03 243.0 10.44
105 5.08 300.0 '8.06
,2 X 105 | 5.37 350.0 8.07
4 X 10°| 5.67 ‘ '
7 x105| 5.92
108 6.08

TABLE 2-6 Environmental

Test (80°F, 95+% R.H.)
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- Low INTERMED | ATE HIGH
RANGE RANGE RANGE
o ) : O
=~ 5e = o 5e I 5e
z a =L g E il T E =L
28 30 Z5 30 = 350
z E Z E Z
1 .03 1.2 1.3 2.6 2.0
2 .32 2.0 3.0 2.4 4.0
4 .60 2.2 3.9 2.75 6.0
7 .85 2.26 4.0 4.7 7.0
10 1.01 3.0 4.3 6.55 7.3
20 1.29 4.06 4.6 8.9 7.6
40 1.60 5.2 4.8 - 1.7 7.8
70 1.85 6.6 5.0 14.8 8.0
100 2.01 8.9 5.3 20.7 8.3
200 2.32 13.2 5.6 30.0 8.6
11400 2.63 16.1 5.8 36.5 8.8
700 2.89 19.8 6.0 46,0 9.0
103 3.05 28.8 6.3 65.0 9.3
2 X 103 3.37 39.0 6.6 90.0 9.6
4 X 103 | 3.68 50.0 6.8 117.0 9.8
7-X 103 | 3.93 64.0 7.0 147.0 10.0
104 4,09 88,0 7.3 176.0 10,2
2 X 10% | 4.40 128.0 7.6 190.0 10.3
4 x 104 | 4.70 158.0 7.8 212.0 10.4
7 X 10% | 4.94 200.0 8.0 238.0 10.45
10° 5.10 250.0 8.05 259.0 10.47
2 X 10%| 5.39 " 300.0 8.08
4 X 10° | 5.69 350.0 8.09 .
7 X 10% | 5.94
108 6,11

-15=-

TABLE 2-7 Environmental Test (100°F, 50% R.H.)
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LOW INTERMED | ATE HIGH
RANGE RANGE RANGE
.. | 58 - 58 . 58
z a =2 T £ =2 z E =2
=< | 82 =2 S =z B2
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 1.03 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 103 | 3.94 64.0 7.0 146.0 10.0
104 4.10 87.0 7.3 175.0 10.2
2 X 10% | 4.41 128.0 7.6 190.0 10.3
4 X 10% | 4.71 158.0 7.8 210.0 - 10.4
7 X 104 | 4.95 200.0 8.0 250.0 10.47
pre 5.11 250.0 8.06 264.0 10.48
2 .. 10° | 5.41 - 300.0 8.08
4 X 105 | 5.70 . 350.0 . 8.10
7 X 10° | 5.95
108 6.12

TABLE 2-8 Environmenta!
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LOW INTERMED | ATE " HIGH
RANGE RANGE RANGE
_. |58 -3 58 -3 | 58
Z a e T £ e z E e
=0 30 Z s 30 Z. 30
z E Z E Z
1 .03 1.7 1.3 2.05 2.0
2 .31 2.0 2.9 2.4 4.0
4 .60 2.2 3.9 2.65 6.0
7 .85 2.3 4.0 4.7 7.0
10 1.01 3.02 4.3 . 6.52 7.3
20 1.31 4.1 4.6 9.0 7.6
40 1.62 5.25 4.8 11.7 7.8
70 1.85 6.6 5.0 14.7 8.0
100 2.03 8.9 5.3 20.8 8.3
200 2.35 13.3 5.6 30.0 8.6
400 2.67 16.0 5.8 36.2 8.8
700 2.92 20.0 6.0 46.3 9.0
103 3.09 28.8 6.3 65.0 9.3
2 X 103 | 3.40 38.5 6.6 90.0 - 9.6
4 X103 | 3.72 49.0 6.8 117.0 9.8
7 X 1031 3,97 64.0 7.0 147.0 10.0
10% 4,13 86.0 7.3 175.0 10.2
2 X 10% | 4.44 126.0 7.6 ©189.0 10.3
4% 10% | 4.75 156.0 7.8 | 210.0 10.1
7 X 10% | 4.99 195.0 8.0 ©'250.0 10.4
105 | 5.15 228.0 8.05
2 X 10% | 5.44 250.0 8.07 .
4 X 10° | 5.74 300.0 8.09
7 X 105 | 6.00 350.0 8.11
108 6.17

TABLE 2-9 Environmental Test (120°F, 50% R.H.)
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LOW INTERMED IATE. HIGH
RANGE RANGE RANGE
O | O 3)
55 = = a 5 e = 5 e
Z a =L g £ g T £ = 4
28 30 => 30 Z> 30
z E zZ E zZ
1 03 1.7 130 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 .02 3.02 4.3 6.55 7.3
20 .31 4.1 4.6 9.0 7.6
40 .60 5.3 4.8 1.7 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 103 | 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 103 | 3.98 63.5 7.0 - 146.0 10.0
10" 4,14 86.0 7.3 176.0 10.2
2 X 10% | 4.45 125.0 7.6 189.0 10.3
4 X 10%1 4.76 155.0 7.8 210.0 10.4
7 X 10% | 5.01 197.0 8.0 250.0 10.47
10° 5.16 250.0 8.07 266.0 10.48
2 X 10° | 5.46 300.0 8.09
4 X 10° ) 5.76 350.0 8.11
7 X 10% | 6.01
108 6.18
TABLE. 2-10 Environmental Test (120°F, 95% R.H.)
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Relative
Humidity | Temperature | . LR1 ~ LRZ IR1 IRZ HR1 HRZ
(%) (°F) (C/100 Sec) (Ke) (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 ©199.98 | 5.015 7.045 8.043 10.047
: . (5.015) (7.020) | (8,031) (10.030)

NOTE: IRt, IR2, HR1 and HRZ 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 condiffohs‘af 80°F, 50% R.H.

TABLE 2-11 Environmental Test (Caiibra+ion Signals)

-19-




GEAP-11094

Retative . :
Humidity Temperature Ramp Period*
(%) (°F) (Vol1s/100 Sec) (Volts DC)
-—- 20 4.21 10.170 (10.52)
-—- 40 4.28 10.103 (10.29)
50 60 4.33 ]0.067 (10.13)
50 86 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.0.D. Specification MIL-N-52334(MO), Paragraphs
4,6.12 and 4.6.13. The tfest éeTup for Paragraph 4.6.12 was the same as described

under Environmental Test.

Figure 2-5 illustrates a Typicél Temﬁeﬁéfﬁre cycle. Note the two traces
visible only during the fransition 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 illustrate 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 all calibration sfgnals plus the High
Voltage Power Supply could be turned on at once. All data was recorded by a DVM
whose output was used to drive a combination 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

—j5 Volt Power Supply

+30 Volt Power Supply

High Voltage Power Supply

Low Range Output

'~ 'ermediate Range Output

..;gh Range Output ,
Signal Generator Frequency (100Kc)

Period
All input signals to the three rangesrandiperiod 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

-24-"



GEAP-11094

output from the Campbel| 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 controlled 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 described 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 all measured parameters was within

il% full 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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GEAP-11094

LOW INTERMED | ATE HIGH
RANGE RANGE RANGE
L. | 58 3 58 -3 5 S
Z a = & Z E g Z £ g
zZ9 35 zZ s 35 z5 30
zZ E Z E z
1 03 1.7 1.3 2.08 2.0
3 .31 2.0 3.0 2.41 4.0
4 .59 2. 3.94 2.75 6.0
7 .84 2.27 4.0 - 4.84 7.0
10 1.01 3.0 4.3 6.75 7.3
20 1.30 4.07 4.6 9.3 7.6
40 1.60 5.3 4.8 12.2 7.8
70 1.85 6.65 5.0 15.2 8.0
100 2.02 9.0 5.3 21.7 8.3
200 2.33 13.2 5.6 31.0 8.6
400 2.64 16.2 5.8 37.8 8.8
700 2.89 20.1 6.0 48.5 9.0
103 3.05 29.5 6.3 67.5 9.3
2 X 103 | 3.37 40.0 6.6 95.5 9.6
4 X 103 | 3.68 52.0 6.8 123.0 9.8
7 X 103 | 3.92 66.0 7.0 152.0 10.0
104 4.08 89.0 7.3 182.0 10.2
2 X 10" | 4.39 131.0 7.6 198.0 10.3
4 X 10% | 4.69 161.0 7.8 241.0 10.4
7 X 10% | 4.94 230.0 8.0 278.0 10.43
105 5.09 300.0 - 8.04
2 X 105 | 5.39. 350.0° 8.05
4 X 105 | 5.68 400.0 8. 06.
7 X 105 | 5.93
106 6.09
TABLE 2-13 Accelerated Life Test (Humidity)

Start Reference Data (77°F, 50% R.H.)
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LOW INTERMED | ATE . HIGH
RANGE RANGE RANGE
55 53 o 5 S =% 58
za e2 z E e 2 zE =2
= 350 =S 35 z, 30
Z E z E Z
1 .05 1.7 1.3 2.06 2.0
2 .34 2.0 2.9 2.4 4.0
4 .62 2. 3.9 2.74 6.0
7 .85 2.28 4.0 4.8 7.0
10 1,02 3.03 4,3 6.7 7.3
20 1.31 4.1 4.6 9.1 7.6
40 .70 5.25 4.8 11.9 7.8
70 .89 6.6 5.0 15.0 8.0
100 2.04 9.0 5.3 21.0 8.3
200 2.35 13.1 5.6 30.4 8.6
400 2.67 16.2 5.8 36.7 8.8
700 | 2.93 19.9 6.0 46.7 9.0
103 3.09 29.0 6.3 66.0 9.3
2 X 103 | 3.41 39.0 6.6 92.0 9.6
4 X 103 | 3.72 51.0 6.8 120.0 9.8
7 X 103 | 3.97 64.0 7.0 150.0 10.0
10t 4.14 87.0 7.3 177.0 10.2
2 X 10t | 4.45 126.0 7.6 192.0 10.3
4 X 104 | 4.75 156.0 7.8 218.0 10.4
7 X 104 | 5.00 197.0 8.0 250.0 10.45
105 5.15 250.0 8.06 279.0 10.47
2 X 105 | 5.45 300.0 8.09
4 X 105 | 5.75
7 X 105 | 6.01
106 6.17 \

TABLE 2-14 Accelerated Life Test (Humidity)
Cycle 2 Data (120°F, 95% R.H.)
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LOW INTERMED | ATE H1GH
RANGE RANGE RANGE
(@] Q Q
—— 50 ~ o 5e = @ 5 e
Z a g 2 E i T £ £
=2 30 Z> 350 Z5 350
= E z E Z
] .03 1.7 1.35. 2.1 2.0
2 .31 2.0 3.0 - 2.43 4.0
4 .60 2.2 3.9 2.77 6.0
7 .84 2.28 4.0 4.8 7.0
10 .00 ! 3.06 4.3 6.8 7.3
20 .30 4,12 4.6 9.4 7.6
40 .60 5.3 4.8 12.3 7.8
70 .85 6.7 5.0 15.3 8.0
100 .02 9.0 5.3 21.8 8.3
200 2.31 13.3 5.6 31.1 8.6
400 .64 16.5 5.8 37.9 8.8
700 2.89 20.6 6.0 49.0 9.0
103 3.06 29.7 6.5 . 68.0 9.3
2 x 103| 3.37 40.2 6.6 96.0 9.6
4 x 103] 3.68 52.5 6.8 124.0 9.8
7 X 103 | 3.93 66.0 7.0 153.0 10.0
10" 4,09 90.0 7.3 183.0 10.2
2 X 10% | 4.40 132.0 7.6 200.0 10.3
4 X 104 | 4.70 163.0 7.8 244.0 10.4
7 X 10% | 4,95 241.0 8.0. 284.0 10.42
105 5.09 300.0 8.64
105{ 5.38 350.0 8.05
4 X 105| 5.68
7 X 105 5.93.
106 6.09

TABLE 2-15 Accelerated Life Test (Humidity)
Stop Reference Data (77°F, 50% R.H.)

-28-






GEAP-11094

DATE

MODEL

{puodag xod sasTnd) INdNI

! Tl |

0 T R

LT A
: 1

i
|

v i

it g o
T } =

3 € ,
.ijl b e =
e .
T
R - i

Low Ronge Response
Acceleraled Lite Tast (7 HumidiTy)

oUTPUT (Volts dc)

205 50T VI, (IS
L 1 ! 1
™ I i ]
_ﬂ e f +
Jd3 i J.‘ i
b I ) JL
..... R B | o i
R 5 1} J
o o
o o
< ©
(=&} (=}
o o
c -
.

S0

Frgure 2-6



1s10n8

3 cyc. x 170 Imm Di

SCHENECTADY, N. Y., U.S.A.

GEAP-1109

GENERAL ELECTRIC COMPANY,

FN-265-A (8-50)

9
: 8
5 = “ H == 28 = 7
»M,M e : Jﬂ‘r P B 5 = SEE Q
e e e e e e s
5
=
D 400
S
R
N =
v m 300
y X
N b .ﬂﬂ
: Nt 200
i gt N
HH Y
HH NS
g ¥
1 R /ﬂ
23
R 10¢
g EHE N N
= Saasees e ; RN %0
: i 8 =3
T t WSSy 820
J e i i N
EoEamEssatees = o - SESss ERSER noERERRSE R - = 60
e — - et e R : S3ssieaise: 2
: - e - - - 58
&il : @
: 20 §
i Y
b i : HH h V
SRR gam 3
REEERNERENE 1 A B /M\
— — 20 DW/
..... H ik 5 e
gase REN pH 3
LT :
L4 [ »
[T D AENENRNNNE ERANE DABGY ENNRN BARN
o I L
..... |
SERESE . =17 ©w
9
smusn 2nn T + 8
FEHH - H T H ", HEH P
s ; e i
Fop g SESEEEoREEENTIS . 5 : + 52
22 : st : .
amEEEw 4} i L 3 .H‘J : “wuu«. o
Emal - W o 1 ] e N EWN EE g
b 3
N i i
! I Al |
N ,, T
] g EENRE REER
{ !
1 . 1 N
H I i
1T | 1 i
fi ﬂ :
HHH
1
Feimin ; :

+

Ll

=

5
-

LTl

4
(PP #/°N) L77L170

Flgure £- 7



3 cye. x 170 1mm Divisions

SCHENECTADY, N. Y., U.S.A.

GENERAL ELECTRIC COMPANY,

FN-265-A  (8-50)

GEAP-1 1094
Sameam : L]
= 8
jEbsndciet HLE ERdRazas & ; Hxnin B 7
-3 n i &35 = 5 <H - B 4+ .
iEeazcazze i ST = g2 s gizzes
S EREasan s
HHH £is HHE RS 3 I—N/. "
sumanai 3 28
1 Tiag
edsisizinins tisiRindnd dERER R dnand N 300
i i =
NENNRR PR 1 ~
§ANRNE 11 /\
Y +c,,
M 200
i3 e QRS H
o 8 Rl ey
H £ D
' 8 I A
T b b
il T - (LY f/,.
il - i X
NN 5
- UJ,M 100
: Sk 90
T HHE O I\
gE 25 aumEn 2. : * Ql ﬂ -4
L_, hm‘-l H - : ,w /ao : - 70
e e g
: SEREEEE 8 FR i = -3 60
: E BpS3stEsiassoostn EEEESEE S £
: : ettt s 1oz A AN e =
Sam ; - o - - = 50
H o A m
R 4
T = 1
| SEEL e AT ; A
_, % V
T 3 m
i 4 [HENE /\\
5 ! i
..... 20 DM
TN T : <
i ahes
my
m T
B e - e 10
— ]
TS 8
= .M‘nm =g FSI e +:.H i : = : mx 7
- - : : = .wm‘ - ==
s - S
Eascrin : 5
AtlT,\n
t 4
& ._ ]
444 .4 aEH < It
! 3
\_l T
HHH il
I C 2
,,,,, g SR :
i |
i EnE
a 1 JILEL
T ERNER FRRNE 81 i SuBUBgAng BANR il
A8 vnix rovie HEARRORO F i i i,

P 6 < ™ N

(%P /9N ) L/IdL7TO

/:/'jz//'e L=8



_EE_

+15
©
-15 o
120 VAC - O
HV
O
Eow R:nge o
nt. Range .
High Range
O
W= I R £ Pl T T . Period o
Variac {- Environmental B
Chamber [ ;
: 120°F ,95+% R.H. |4 Scanner
¥ 132 VAC ' :
| l i
Timed AC Input : i
Sequencer = | WRM :100 Frequency
132 VAC i:L Ramp Reset | Sfplen i@; Vo%gage
120 VAC _J = I | Converter
108 VAC ' |
L—- ———————— - Start chg
Stqtf Read Pr;:ger
= DVM S Paper Tape
Punch

Figure 2-9 Accelerated Life Test Setup for 4.6.13
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.999
.997
.997
.995
.997
.997
.997
.997
.997
.997
.997
.997
.999
.997
.997
.997
.997
.997
.997
.995
.997
.997
.997
.997
.997
.997
.995

+ 14.951

14.997
14.997
14.999
14.997
14.995
14.995
14.997
14.997
14.999

14.997

14.997
14.997
14.999
14.997
14.997
14.997
14.997
14.997
14.995
14.941
14.995
14.997
14.997
15.011
14.995
14.995

14.997
14.997
14.997
14.997
14.997
14.997
14.997
14.997
14.991
14.997
14.997
14.997
14.997
14.997
14.997
14.997
14.997
14.997
14.997
14.995
14.995
14.997
14.997
14.995
14.997
14.997
14.995

+ « Start Reference Datum

" Stop Reference Datum

Table 2-16 Acclerated Life Test (4.6.13)

.997
.997
.997
.997
.997
.991
.997
.999
.997
.997
.997
.997
.995°
.995
.997
.997
.997
.999
.995
.997.
.995
.997
.995
.997
.995
.995
.997

(15 VU1L3guwer Supply)

GEAP-11094

.997
.997
.997
.997
.997
.991
.997
.997
.997
.997
.997
.999
.999
.995
.997
.997
.001
.997
.995
.997
.997
.995
.995
.995
.995 -
.997
.001 »



-14

-14.
-14.

-14

-4

-14

14,
-14.
-14.
-14.

-14
-14

-14.

-14

-14.
-14.
-14.
-14.
-14.
-14.

-14

-14.

-14

-14.
-14.
-14.
- -14.

L9971 + -14.991
991 -14.991
993 -14.991
.991 -14.991
.991 -14.991
.991 -14.,991
991 -14.991
991 -14.991
991 -14.993
991 -14.991
.991 -14.991
.991 -14.993
991 -14.991
1991 -14.991
991 -14.991
991 -14.991
991 -14.993
989 -14.989
9971 -14.989
991 -14.989
.991 -14.981
989 -14.989
.989 -14.989
989 -14.989
981 -14.991
989 -14.989
989 -14,991

-14.991
-14.99
-14.991
-14.991
-14.991
-14.993
-14.993
-14.99]
-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
-14.989
-14.991
-14.989
-14.991
-14.989
-14.989

tv Start Reference Datum

A% Stop Reference Datum

-14.
-14.
991
-14.
-14.
.993
-14.
.991

-14

-14
14

-14.
.991
-14.
-14.991
.991

-14

-14
-14

-14.
-4,

-14.
.989

-14

-14.
.991
.989
991
-14.
-14.
.989

-14
-14
-14

-14

-14.
.989
.981

-14
-14

991
993

993
991

999
991
989
991
989
989

991

989
989

991

Table 2-17 Accelerated Life Test (4.6.13)

(-15 Volt Power Supply)
-36-

-14

-14.
-14.
-14.
-14.
-14.
-14.
-14.
993

-14
-14

-14.

-14

-14.
.991
-14.

-14
-14

-14
14

-14.
-14.

-14

-14.
-14.

-15

-14.
-14.

GEAP-11094

991

991
993
991
991
991
991
991

991
989
.983
991

989

.989
-14.

989
991
.989
989
989
.989
989
989
.001
989
991 a



29

30.

30

30.

30
30

30.
30.

30

30.
30.
30.

30
30
30
30
30
30

30.

30

30.
30.
30.
30.
30.

30
30

.955 +
139
RN
137
RN
.151
107
129
.105
131
107
129
.105
.141
.101
117
.109
137
121
115
087
109
085
103
141
113
.083

30.141
30.113
30.137

30.111

30.137
30.131
30.131
30.109
30,137
30.105
30.131
30.105
30.133
30.101
30.123
30.091
30.141
30.109
30.117
30.087
30.151
30.083
30.107
30.085
30.111
30.087
30.131

30.111
30.137
30.109
30.135
30.109
30.133
30.107
30.131
30,103
30.131
30.107
30.133
30.107
30.119
30.101
30.127
30.111
30.129
30 089
30.115
30.085
30.109
30.087
30.113
30.083
30.109
30.117

T&Start Reference Datum

A&Stop»Reference Datum

Table 2-18 Accelerated Life Test (4.6.13)

(+30 Volt Power Supply)

- -37-

.143
11
. 137
115
.139
.109
.131
.105
125
.109
131
.107
127
.101
125
.105
137
.101
117
.085
.109
.083
. 109
.087
. 141
. 087
.141

GEAP-11094

117
.133
113
141
113
.133
.105
.129
.107
.135
121
131
.105
.123
.095
.133
.109
.127
.089
115
.085
11
.081
11
121
.113
.027 &



-599.99 + -600. 41 -600.27  -600.19

-599.99 -600.03 -599.91 -600.13
-599.89 -599.83 -599.93 -599.61
-599.01 -599.51 -599.23 - -599.07
-599.33 -599.51 XXXXXX -599.27
-599.29 -599.43 -599.43 . -599.29
-599.11 -598.89 -599.03 -598.83
-598.93 -599.01 -598.83 --599.05
-599.33 - -598.63 -599.25 : ~-599.13
-598.77 -598.95 +=599,27 -599.15
-599.13 -599.03 -599.21 -599.01
-599.19 -599.17 -599.13 -599.29
-599.11 -599.03 -599.09 -599.19
-598,71 -600.17 -600.33 -600.21
-600.65 -600.95 -601.27 -601.45
-601.75 -601.99 -601.49 -601.53
-601.11 -600.93 -601.01 -600.91
-600.65 -600.67 -600.65 . <600.67
-600.71 -600.11 -600.37 . -600.13
-600.09 -600.25 -599.95 -600.29
-600.07 -599.81 -600.15 - =599.97
-599.69 -600.05 -599.73 -599.93
-599.69 -599.67 -599.47 -599.13
-599.65 -599.75 -599.47 -599.59
-599.41 -599.2] -599.51 ~599,51]
-599.47 -599.67 -599.57 -599.61

-599.91 -599. 67 -598.93 -599.31

+&Start Reference Datum

A&Stop Reference Datum

Table 2-19 Accelerated Life Test (4.6.13)
(High Voltage Power Supply)

-38-

GEAP-11094

-600.

-599.
-599.
-598.
-599.
-599,
-598.

. =598,

-599.
-598.
~598.
-598.
-598.
-600.
-601.
-601.
-600.
-600.
-600.
-599.
-600.
-599.
-599,
-599.
-599.
-599.
-602.
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.3539 ft
.3913
.4309
.4605
.4699
4799
4771
.4759
.3483
. 3445
.3479
.2039
. 3441
. 3589
.3839
.3859.
L4219
/4281
.4291
.4149
.4419
.4479
.4469
.4199
.4411
.3849
.4399

.4599
.3995
.4433
4631
.4633
.4801
.4789
4757
4375
.4359
.3459
.3603
.3499
.3415
.3009
4117
L4315
.4339
L4271
.3347
.4401
.4401
.4503
.448]
.4439
.4135
.4321

QOO oI OTOT oI OTOTOTONOTOT Y T OO O

L4477
.3839
.4501
.4639
.4493
.4829
.4781
.4749
.3317
.4319
. 3545
.3583
. 3469
.3793
. 3269
. 3987
.4331
.4249
L4231
. 3045
.4439
.4441
L4419
.4409
.4375
4141
.4385

CTOT OO T GO OoTOTOTOYT TV OT T T o1 o1 On

V?Start Reference Datum

’ A¥Stop Reference Datum

Table 2-20 Accelerated Lite Test (4.6.13)

‘(Low. Range)
-39~

.4337
.3759
.4539
.4651
.4641
L4841
.4789
.4159
.3429
.3715
.3445
.3577
.3631
.3255
.3199
.3079
.4281
.4203
.3165
.3193
L4429
.4455
.4491
.4059
L4379
.4223
.4505

OO OO O oIToTOTC.OToT Tt T o1 oo

GEAP-11094

.4453
.4083
.4519
4675
.4757
.4783
.4759
.3375
.3439
.3183
.3471
.2599
.3935
. 3981
. 3861
.4021
L4265
.4133
.4169
. 3807
4465
.4405
.4409
.4399
.4399
.4285
.3881 &



NN NN SNSNSNSN SN SNNSNSNSN NN SNNSN N NN N NN

. 7641
.8605
. 8381
.8511
. 8661
. 8403
.7459
.7181
.7491
. 7597
.7789
.7889
.7421
. 7505
.8139
.8229
. 8537
. 8089
.7439
.7515
.7393
.8101
.7999
. 7945
.7989
.8073
.7431

1.

.8641
.8507
. 8367
.8439
. 8683
.8349
.8239
. 7507
. 8079
.7701
. 7861
. 7831
.7509
.7421
. 8231
.8145
.8599
.7703
.7489
. 7459
.7761
. 7951
. 7405
. 7387
.8015
.7099
.8509

NN NN SN SN SNSNSN SN SN SN SNSN NSNS SN NN N N NI NN

. 8581
.8559
.8391
.8783
.8579
.7609
.7987
.7815
.7923
.7569
.7799
L7611
.7705
.7421
.8185
.8337
.8475
.7539
.7493
.7529
.7621
.8089
L7911
.7975
.7339
.7889
.8249

NN NN SNSN NN SNSN SN SNSNSNSNSN N SNSN NN SN NN NN

+&Start Reference Datum

A&Stop Reference. Datum

Table 2-21

Accelerated Life Test (4.6.13)

(Intermediate Range)

-40-

TN SN SN NI SN SN SN SN SN SN SN NI SN SN SN S SN SN SN SIS NI SN N N

.8659
.8403
.8437
.8679
.8451
.8119
.1999
.7883
.7951
.7663
.7859
.7647
7745
.8119
.8249
.8551
. 8489
.7453
.7709
.7391
.8099
.7999
L7811
.7781
.7001
.7669
L8471

SNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNNSNSNSNSNNNNN

GEAP-11094

.8575
.8499
.8429
.8661
.8063
.7289
.7101
L7727
.7483
.8121
.7809
.7493
.7427
.8203
.8175
.8629
.8383
.7531
.7789
.7469
.7929
8111
.7341
.8023
.7369
.7001
L7737 A



.6551 +
7127
.7077
.7233
.7161
.6969
.6079
.5859
6135
.6279
.6513
.6625
.6175
.6249
.7107
.7025
.6997
.6751
.6161
.6253
.6149
.6885
.6775
.6735
.6799

00 0000 0000 CO 0000000000 00C000 00.0000 0000 000000 0o

o o
oy O
o
N 0o
O =

.7035
L7179
.7075
.7133
.7195
.6893
.6833
.6159
.6699
.6385
.6583
.6555
.6257
.6169
.7241
.6103
.7037
.6379
.6219
.6203
.6509
.6715
.6197
.6137
.6829
6235
.7339

00 00 00 00 00 00 00 0O 0O 0O 0O 0O CO CO GO 0O 0O 00 D0 00 00 00 00 00 00 OO0 o0

.7163
.7243
.7097
.7279
.7001
.6225

.6445
6541
.6279
.6519
.6365
.6435
.6383
.7197
.6205
.6845
.6225
.6209
.6279
.6391
.6879
.6685
.6769
.6131
.6619
.7245

t~ Start Reference Datum

A Stop Reference Datum

.6571 -

CO 00 00 0O 0000 CO 0O 00 00 00 00 00 00 CO OC 0O CO 00 00 0O 00 0O 00 00 0O

J177
117
.7137
.7165
.6997
.6699
.6609
.6491
.6581
.6371
.6589
.6381
.6477
. 7067
.7269
.6991
.6789
.6141
.6441
.6137
.6875
.6771
.6201
6571
.6209
.6459

o0
~
w
—
e

"lable 2-22 Accelerated Life Test (4.6.13)

(High Rang

e)
-41-

[ecNecNoNosNecRosNooNeoNooNeoNooNooNooe oo eoe oo o olo oo o ool oo JooNocoe)

GEAP-11094

.6805
.7197
.7131
.7163
.6625
.5939
.5783
.6357
.6157
.6829
.6533
6241
.6173
7171
7177
.7095
.6941
.6223
.6505
.6229
.6703
.6899
6117
.6821
.6149
.6209
.6481 2



PP, PRPRPRAPRPLELLD

.9601 +
.9611
.9609 .
.9611
. 9609
. 9607
. 9607
.9605
.9613
.9607
. 9609
.9601
. 9605
.9571
.9603
. 9605
.9609
. 9607
.9603 |
. 9607
. 9605
9599
.9603
.9599
.9599
.9595
. 9595

.9611
.9601
.9591
.9603
.9615
.9609
.9601
.9607
.9603
.9615
L9611
.9605
.9581
.9599
.9605
.9603
.9609
.9605
.9603
.9605
.9605
.9601
.9603
.9599
.9599
.9597
.9599

P ppPDPEPAPRPRPPPAPDPREARPAEAEPARPAPPRPAERLPD

. 9609
L9611
.9599
.9613
.9611
. 9609
L9611
. 9607
.9613
.9615
. 9609
L9571
.9603
. 9601
.9603
.9605
.9603
.9609
.9593
.9605
.9599
. 9599
.9563
.9599
.9597
. 9599
.9591

R R N N N N S S O N S N I S S S SO SO O O SO SO SO I

MA'Start Reference Datum

A4'Stop Reference Datum

4.9609
4.9613
4.9607

-4.9615

4.9611
4.9607
4.9611
4.9615
4.9601
4.9615
4.9611
4.9609
4.9611
4.9603
4.9599
4.9603
4.9607
4.9591
4,9601
4.9611
4.9593
4.9589
4.9599
4.9599
4.9599
4.9599
4.,9599

Table 2-23 Accelerated Life Test (4.6.13)

(Signal Generator ~ 100Kc)

-42-
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4.9593.

.9611
.9609
L9611
.9613
.9601
.9605
.9613
.9603
.9615
.9605
.9613
L9611
.9603
.9603
.9609
.9607
.9603
.9603
.9603
.9599
.9575
.9577
.9599
.9571
.9599
.9589 4



LWOWOWOOVOLOOVIVWOLWLOL LD

— et b
OWWPOWOOO
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.051
L9175
.9773
.9499
.9749
.9743
.9891
L9777
. 9693
.9853
.9975
. 9841
.9971
.9737
.029
.027
. 007
.9955
. 9847
.007
.9991
.019
.019
.013
.011
.009
.025

.I.

. 9261
.9277
.9679
.9659
.9749
.9717
.9875
L9713
.9937
.9757
.9827
.9601
10.013
10.013
10.027
10.027
10.015
10.013
9.9983
10.007
10.007
9.9867
10.027
10.007
10.021
10.023
10.045

O W W W LW LW.O WO

.9043
.9371
.9627
.9791
.9619
.9h31
.9839
.9815
.9923
.9837
. 9693
. 9891

O O O O O WO O WO W W WO

. 10.005

10.029
10.023
10.015
9.9969
9.9841
10.017
10.011
10.015
10.017
10.025
10.007
10.011
10.023
10.071

+& Start Reference Datum

s Stop Reference Datum.

Table 2-24 Accelerated Life Test (4.6.13)
(Period Response)

-43-

(O WO WO W WW'LWWWWWW

.9579
.9329
.9835
.9765
.9449
.91
.9487
.9713
.9495
.9853
.9803
.9645
.9773
.035
.027
.015
.9859
.9829
.013
9959
.9897
.023
.005
.031
011
.9987
.029

— — — —t  c—
LWOOWOOOWWWIWLWILWWWWLWWWL

ot — — ot
OQOWOOO

GEAP-11094

.9559
.9613
.9693
.9673
.9871
.9837
.9671
.9837
.9603
.9753
.9929
.9975
.9643
.027
.035
.007
.9945 A
0N
.009
.9829
L9971
.023
.027
011
.9937
.025
.049 4
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2.3  VOLTAGE TRANSIENT

This test was performed in accordance with D.O.D. Specificafion MIL-N-
52334(M0O), Paragraph 3.3.1.3.1. The fransient 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 visible on the low voltage power supply
lines (=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.0.D. Specification MIL-N-
52334(MO), 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.0.D. Specification MIL-N=
52334(MO), 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 desired noise source.

A certain degree of susceptibility was exhibited during this ftest. 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 céuééd pracfiéally no indications on
the system readouts while the full 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.
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24 VAC
Secondary
Transformer

WRM
System

120 $ .
VAC Dl Variac —Of\)—

Manual -
Switch

- -Figure 2-11 VoTtage Transient Test Setup
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The exact source of the susceptibility problem was not isolated, however,
the noise spike did appear to be coming through the power supply lines rather
than pickup through the signal |eads and cables. It is therefore recommended - '

that AC line filtering in conjunction with an.isolation fransformer: be used

for 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 NAO4 fission chamber. The TesT'was performed at the General
Electric Nuclear Test Reactor at Vallecitos Nuclear Center. The power level
of this reactor can be readily varied. However, the range of adjusiment over
which the reactor's own instrumentation is linear 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 until the neutron flux
at the chamber location was about 2.5 X 10rdnv. This represented a reactor
power |evel 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 full power (30Kw),’+he 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 in Tables 2-25, 26 and Figures 2-12,
13. All data points are well within the specified accuracy. Note that in
Figure 2-12, an addiTionaI curve is shown which represents the reIaTionshfp
between the WRM output signal and DC current from the WRM detector. The points
for this curve lie even closer to the ideal straight line. This gives rise to

the belief that some of the error in the data points for output versus flux

-
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REACTOR ;
INSTRUMENTAT! ON Wl DVE RANGE SYSTEM
B . - . -EA
. 5 _.Ml..ll‘rlra'nge_ s Q
Q < 5 o 25 Monitor Output - o
£ —_ 3 — = + 50 [0] Q J Qo
< Q —_ = C (o] O O ~ oy~ Q ~ ()] QO £
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.18 X 10710 011 [1.3 X 10 6 X 1074 14.724.74 | 4.69 -0- 25200 | .0012
.06 X 1079 .038 | 4.7 X 10° 2 X 107315.27 _5§27 5.28 -0- 80000
.16 X 1072 . 1.25 X 10| 5.9 x 1073]5.,73 198000.
.31 X 10 2 .2 2.5 X 106 .25 X 10720 6.07 | 5.87 { 6.05| -0- | 308000 | .0015
.68 X 1079 .4 5 X 106 .5 X 1072 |6.51{6.05 ' 6.50| 4.85 | 420000 | .0021
.34 X 1078 2 2.5 X 207 .25 x 1071 7.08|6.09)7.071 7.03 | 445000 | .0049
.51 X 1078 3 3.9 X 107 .88 X 1071 7.2716.06 {7.26| 7.21 | 425000 | .0068
02 x 10°8 6 7.8 X 107 .75 X 1071 7.66 5.95-|7.60| 7.61 | 342000 | .0145
24 x 1077 14.1 [ 1.76 X 108 | 8.8 X 1071 |7.94 |5.81 | 7.91 | .7.89 | 254000 | .0274
34 X 107 20 2.5 X 108 1.25 8.10 1 5.72 17.97| 8.05 | 217000 .0384
5 X 107 30 3.9 X 108 1.88 8.29 | 5.60 18.01 | 8.24 | 174000 | .0573
02 X 1077 60 7.8 x 108 3.75 8.64 [ 5.45 [ 8.06| 8.58 | 128000 | .134
24 X 1076 141 -1.76 X 10° 8.8 8.97 [5.37 |8.06 | 8.91 | 112000 | .265
34 X 10 © 200 2.5 X 109 12.5 9.11 |5.36 |8.07 | 9.05 | 106000 | .374
51 X 106 300 3.9 X 109 18.8 9.27 |5.32 |8.07 | 9.22 | 101000 | .561
02X 1076 600 |7.8 X 107 37.5 |9.60 |5.29 |8.07| 9.54 | 95000 |1.12
24 X 1079 1410 }1.76 X 1010 - 88.0 9.94 |5.25{8.07 | 9.88 87000 | 2.55
34 X 10”9 2000 2.5 x 1010 125.0 10.08°15.24 | 8.07 | 10.02 85000 | 3.48°

—47-

TABLE 2-25 Short Term Reactor Test #1 (5/24/68)




GEAP-11094

REACTOR

INSTRUMENTATION WIDE RANGE SYSTEM
+
~ C oo =P Multirange e8|
a x - g+ £ Monitor Output S 5w
qE: 6 3 EL [e] © 3 [0) [0) O a
] Q. O ~ o n O ~ QO ~ )~ [%p] e
~ 53 [N =+ L= + ()X &} @)1 @] cC O ~ - @©
O+ o+ c o+ 9 t o5 S5 | 5© c Rl P 5.0
- C 4+ o © + o - 228 & © v U £ —
O o L © het ) O o =z .,‘2 e wn 0 o c Q9 =
C 0= £ >o C o ) e I + < 1 -3 0 =
N - = + ()] @ O +~ =
;s:_, gv 8 5 d‘_) ~ 3. ) oo c 0 = O 0O O ~—
.52 X 10 30,000 |7.8 x 107 | .375 7.57 |6.02 |7.56 [7.49] 363000 | 12
.26 X 107% | 15,000 |3.9 x 107 | .188 7.50 | 6,10 [7.28 | 7.15| 418000 | 6
A3 X 107 7,500 | 1.95 X 107 | .094 6.97 | 6.13 | 6.95 |6.86] 435000 | 3
165 X 1073 3,750 | 9.7 X 10® | .047 6.69 | 6.10 | 6.68 |6.46] 419000 | 1.55
.52 X 1073 3,000 [7.8 X 10% | .0375 6.61 | 6.08 |6.59 |5.2 404000 | 1.27
.26 X 1072 1,500 | 3.9 x 10% | .0188 6.27 | 5.96 | 6.26 | .62 332000 | .66
13 X 1073 750 | 1.95 X 108| 9.4 x 1073 | 5.98 | 5.87 | 5.97 | -O- 238000 | .36
.65 X 1076 375 | 9.7 X 105 | 4.7 x 1073 | 5.64 | 5.54 | 5.64 | -0- 146000 4| .22
.52 X 1078 300 | 7.8 X 105 | 3.75 x 1073{ 5.55 | 5.46 1 5.55 | -0- 124000 | .19
.26 X 107° 150 | 3.9 X 105 [ 1.88 X 1073} 5.26 | 5.17 ( 5.25 | -0- 65000 | .13
13 X 10° 6 75 | 1.95 X 105} 9.4 x 10°* | 4.89 1 4.89 | 4.88 | -0- 32300 | .10
.65 X 1077 27.5 | 9.7 x 10% | 4.7 X 10°% | 4.58 | 4.60 1 4.57 | -0- 16200
.52 X 1077 30.0 | 7.8 X 10% | 3.75 X 10 4| 4.49 | 4.44 | 4.44 | -0- 13150
.26 X 1077 15.0 | 3.9 x 104 .88 X 10 4| 4,17 | 4.19 | 3.99 { ~0- 6400
13 x 1077 7.5 | 1.95 X 10%] 9.4 x 107> | 3.86 | 3.87 .50 | -0- 3130
.65 X 1078 3.75 | 9.7 x 103 | 4.7 x 1073 | 3.55 | 3.56 -0- | -0- 1510
.52 X 1078 3.0 | 7.8 x 103 | 3.75 X 10°°| 3.47 | 3.49 | -0- | -O- 1280
.26 X 1078 1.5 3.9 x 103 .88 X 10 3] 3.16 | 3.17 -0- | -0- 640
.13 x 1078 .75 1.95 X 103| 9.4 x 1076 | 2.85 | 2.87 -0- | -0- 314
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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
varies periodically, the period being one decade. In previous tests, the WRM

System electronics did not indicate this type deviation.

2.7 LONG TERM |RRADIATION TEST

The object of this test was to verify continuous oberabilify of the WRM
System far extended periods of time under normal envibhmenfal conditions. The
test was conducted at Vallecitos Nuclear Center in the General Electric Test
Reactor (GETR). The detector was located in such a position that at full reactor
power, the neutron flux was about 2.5 X 1010ny, "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 deTecToE was connected to the preamplifier
by seven feet of high temperature coaxial cable (solid stainless steel sheath,
quartz fiber insulation) and 60 feet of Iow4fempera+ure coaxial cable (tfriple
shielded R6-59 in the high voltage lead and Trip]e‘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 teflon insulated HN to

HN adapters.

The WRM System and recorders was Ibcafed on the instrumentation platform
on the third floor of GETR. During most of the test the length of the cables
between the preamplifier and main chassis was about ten feet. However, data
was taken with about 250 feet of cable between the preamplifier and main chassis.
This data is shown in Table 2-29. Note that the length of cable between preamplf—
fier and main chassis has very little effect on system calibration. This is

also true with the actual flux measurement (gZOmv change).

Throughout the test, the neutron flux and period monitored by the WRM 'and
the TempéraTure 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 full power
(2.5 X 101% v 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
 was the same as the temperature of the ambient cooling water (v60°F). By the
time full 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 1o the self-heating of the.détector. The data
shown below was taken during the initial startup. Note that the output is
linear even though the temperature was changing. Also cohpare 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. = All results are consistent.

INITIAL STARTUP-AUGUST 15, 1968

GETR Power WRM -Reading - ldeal Reading
50 Kw 7.00 .. 7.00
| Mw 8.33 - 8.30
5 Mw 9.02 g o 9.00
10 Mw 9.32 E 9.30
20 Mw 9.60 : - 9.60

After the reactor had stabilized at full power,'The defecTor temperature
was increased to the required 500°F and remained at this temperature for most
of the remainder of the test. The WRM SysTém revealed no chénge in output as
the detector temperature was increased (9.93 volts output 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 Range 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 durfng‘The nine month test.
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This decrease in range overlap will decrease very slightly the linearifty
of the system at the crossover point due to operating at & higher point on the
counting curve. However, this decrease in linearity 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 controlled the Auction even though its out-

~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 caused by a factor of four reduction
in flux. By successively monitoring the signal path, the ftrouble 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 fto reappear.

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

Then during April 1969, the fluctuations appeared again only with a
greater amplitude. This time before any troubleshooting could be done, the
fluctuations ceased. After the completion of the Long Term Irradiation Test,
the main amplifier board was removed from the unit, all 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
all 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 ahd 80 on the graphs).
For the shutdown and startup shown in Fugures 2-20 and 2—2!; the ranges were
switched manually in order to record the response of all ranges. Note that in
all 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 defectors for the

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

different detectors could vary by different émounTS'depending on which con-

trol rod was being pulled. However, the readings of the two systems still

compare very favorably. The data shown below was obtained at two different

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

GETR

32.

650

I3,
20.
40.

GETR

50

20
. 30
40
48

STARTUP-NOVEMBER 6, 1968

e

Power WRM--Read ing ldeal Reading
5 Kw 6.80 6.80

.0 Kw 8.05 8.10

0 Mw 9.35 9.40

0 Mw 9.56 9.586

0 Mw 9.83 9.886

STARTUP-APRIL 21, 1969

Power WRM-Reading,: ldeal Reading
Kw 7.00 " 7.00

Mw 8.27 8.30

Mw 9.56 9.60

Mw 9.70 9.776

Mw 9.8l 9.90

Mw 9.90 9.98
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Hours at
Cycle Dates Full Power* Startups
99 8/12/68 - 9/15/68 743}911 5
100 9/16/68 - 10/20/68 679.9 5
101 10/21/68 - 11/24/68 680.1 4
102 11/25/68 - 12/29/68 664.1 5
103 12/30/68 - 2/2/69 727.1 b} \
104 2/3/69 - 3/9/69 686.0 3
105 3/10/69 - 1/13/69 706.0 3
106 4/14/69 - 5/18/69 712.4 4
TOTAL 5,598.6 34

*Ful |l Power = 2.5 X 1010ny at WRM Detector

" TABLE 2-27

GETR Operating History
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Hours
Startup Detector Since
Number Date ~Time Temp. (°F) 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
6 9/22/68 0544 500 149.73
7 9/23/68 N3 1 500 0.93
8 10/5/68 2300 480 5.00 ,
9 10/6/68 0224 490 0.32
10 10/14/68 0720 490 0.28
1 10/25/68. 1820 480 114.33
12 11/6/68 1838 500 11.43
13 11/6/68 2215 500 1.50
14 11/19/68 0706 500 27.10
15 11/28/68 1255 480 84.92
16 12/5/68 1700 490 29.00
17 12710/68 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 1460 12.33
22 1/11/69 2052 470 14.87
23 1/21/69 1044 480 17.92
24 1/29/69 1155 480 5.92
25 2/8/69 0132 470 121.53
26 2/24/69 1635 480 18.00
27 3/3/69 1731 480 8.00
28 3/13/69 1247 480 84.78
29 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 1830 480 8.50

IABLE 2-28 _ GETR Startup Hislory
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Power Supplies Period

 Date +15 -15 +30 | Fixed |variable | tR1 | tR2 | TR1 | TR2 | HR1 | HR2
8/30/68 5.512 | 7.502 | 7.802 | 9.802
9/5/68 5.506 | 7.497 | 7.799 | 9.800
9/11/68 | 14.99 | 15.00 |29.90 | 10.022 | 5.051 5.504 | 7.496 |7.795 | 9.798
9/15/68 { 14.98 |15.01 |29.96 | 10.026 | 5.054 5.492 {7.481 |7.782 | 9.784
10/2/68 | 14.97 |15.01 {29.99 | 10.010 | 5.049 5.505 | 7.501 | 7.800 | 9.801
10/9/68 | 14.99 | 15.00 5.504 | 7.501 | 7.803 | 9.807
10/18/68 5.522 | 7.517 | 7.816 | 9.818
10/20/68 5.536 | 7.529 |7.827 | 9.831
11/6/68 5.713 | 5.516 | 7.520 | 7.804 | 9.808
11/24/68 5.642 | 5.485 | 7.499 {7.808 | 9.811
12/26/68 5.645 | 5.485 | 7.499 |7.810 | 9.814
1/9/69 10.031 | 5.055 15.670 | 5.490 | 7.508 | 7.817 | 9.821
1/11/69 5.667 |5.490 | 7.507 |7.816 | 9.820
2/2/69 [ 15.00 |14.99 |29.93 5.639 | 5.484 | 7.499 |7.810 |9.815
2/24/69 | 15.00 |15.00 |29.93 |10.030 | 5.055 5.613 | 5.478 | 7.494 [7.803 |9.806
3/12/69 1.70 |5.688 |5.481 |7.497 |7.807 |9.811
3/24/69 1.71 [5.661 {5.486 |7.500 |7.811 |9.814
4/3/69 | 10.037 | 5.051 |1.71 |5.685 |5.487 |7.500 [7.811 |9.814
" 5/1/69 [15.01 |14.97 [29.93 |10.040 5.638 |5.485 |7.495 |7.806 |9.809
5/7/69 1.71 |5.658 {5.488 [7.504 [7.815 |9.817
%5.7/69 15.684 |5.477 |7.493 |7.802 |9.797
5/13/69 5.660 |5.495 |7.511 |7.818 |9.822
¥5/18/69 |15.01 [14.97 [29.97 [10.046 | 5.062 [1.718 |5.621 |5.476 |7.495 |7.806 |9.801
Deviation| +.02 | +.02 | +.05 | +.018 | +.007 |+.01 [+.05 |+.025 |+.02 |+.023 |+.024

*250 feet of cable between preamplifier and main chassis. All other data taken

using 10 feet of cable.

TABLE 2-29 Calibration and Drift Measurements
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. INTRODUCT ION

The purpose of this analysis is to determine a Mean Time Between Failure
number for the WRM System. The failure rate data contained in MiIL-HNDBK-217A was

used wherever possible. Ifems not using failure rates from this source were:
Modular Components (Op Amps, Power Supplies)
Cermet Potentiometers (used vendor's data)

The +15 Volt Power Supply is nol included in this analysis since it is manufactured

by another vendor and the instruction manual does not include enough = data on some

of the components to determine the applicable failure rates.

I'l. ASSUMPTIONS

A. lnsafe Fallure: Any failure resulting in a blockage of a scram or alarm

output or a fixed or decreased oquuT;

B. |f the result of a failure is the actuation of a trip circuit which is

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

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

output (less margin to ftrip) is considered a safe failure.

D. It is assumed that all parts are per mil-spec's. |In reality a good
percentage of the parts are, indeed, manufactured to mil-spec's. This
permits us to use MIL-HNDBK-217A as. our basic reference for all reli-
ability values. Where necessary, additional assumptions are made and

noted in the Analysis.

E. Although worst case ambient is specified as 50°C, it is assumed the com-
ponents may reach 60°C ambient. All stress calculations are made on

this basis.

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

failures).

G. Failures are assumed independent.

A-1
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ASSUMPTIONS (Continued)

H. When the open and shorted failure mode produce separate results, the

unsafe failure rates are calculated as fol lows:

OPEN MODE SHORT MODE f}UNSAFE-FA1LURE RATE

0] o 0
X 0
2 o .
3~X Failure Rate
0 X o
X X . 1X Failure Rate

RESULTS

This analysislshows the WRM SysTem'TQ.héye.a failure rate of about
16,780 failures per million hours or a MTBF 6f'abouT 59.6 hours. |t is
interesting to note that 16,500 failures'péfumfljion hours are contributed
by the 30 reed rélays in the system. I} the reed relay failure rate is
subtracted from the fotal, the remainder .is 280 failures per million hours
or a MIBF of 3,570 hours. This figure seems much more reasonable and is in
better agreement with our test results. |f oné subtracts the reed relay '
failure rate from the fotal unsafe failure rate, the result is a MTBF of

6,940 hours for unsafc failures.

In order fo reduce the failure rate, one can look into replacing the
reed relays with other relays or solid state switches. In the Preamplifier
and High Voltage Filter there are seven (7) relays which cannot be replaced
by solid state switches due to the high_yolfage requirement. Therefore,
if one assumes that iT: is necessary to keep these seven (7) rélays, but

replace them with a Type J: Armature Relay, the failure rate per relay .
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RESULTS (Continued)

would be reduced to about 110 failqres/million hours.

If the other ftwenty-
three (23) reed relays are replacéd by solid state switches with an assumed

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

ure/million hours), the overall féiqué rate for the system reduces to

about 1,073 failures/million hours, or a MTBF of about 930 hours.
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Modu l'e (Failures/10§ Hrs.)

Safe & Unsafe

Preamplifier

Main Amplifier

High Voltage Filter

30 Volt Power Supply

High Voltage Power Supply
Campbeli Calibrator

Signal Generator

Pulse Height Discriminator
Log Integrator

Intermediate Range Amplifier-
Rectifier

Infermediate Range Log Ladder

High Range Amplifier-
Rectifier

High Range Log Ladder
Multirange Monitor
Auction

Auction Monitor
Period Module

Ramp Generator

Dual Trip (3 Units)

TOTAL

TABLE A Failure Rates By Module

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%

Unsate

(Failures/10% Hrs.)

554.1903
379.4659
2840
.2600
2630

22.7540
6.4330
10.5444

5.3634
4.7361

5.7984
1110.5632
1119.2094

1108.9431

35.1012

GEAP-11094
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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 NAO4 (or equivalent) fission

chamber. In order to obtain this wide range capability, two different monitoring

techniques are employed. For the Low Range;'CounTing techniques are used; for
the Intermediate and High Ranges, Campbelliﬁgjfeéhniques are used. The outputs
from the three ranges are applled to an Auction circuit whose output represents
the largest of the three input signals. The output from +He Auction circuit is
applied to the final readout device (Mcter, DVM, Recorder, etc.) and is propor-
tional fo neutron flux being monitored by the defecfor. The Auction circuit

output is also monitored by a Period circuit to provide a rate of change indi-

cation of neutftron flux level.

In addition to providing readouts for Percent Power and Period, three meters
are added which make it possible to monitor all ranges continuously. Lights
over these meters indicate which range is controlling the auction (being applied

to the final readout device).

Six frip circuits are provided for indicaTjéhfof malfunction or abnormal condi-
tions. One Upscale trip and one Downscale Irip will indicate abnormal neutron
flux conditions. One trip monitors the Period circuit output and will indicate
when the time rate of change of neutron flux exceeds some preset level. One
frip monitors the detector polarizing supply and indicates if this voltage drops
below a preset level. The remaining two trips monifor the outputs of the three
ranges and during startup indicate improper gain sctting or malfunctions in the

Intermediate and High Ranges.

Intfernal calibration signals are provided for all three ranges. Each range has
two calibration points which allows its siope to be set and monitored for drift.
(Note, however, that these calibration signals are not meant fo provide an ab-

solute system calibration of output versus neutron flux.)

Mechanical ly this system consists of two primary units, these being a preampli-

fier and a main chassis. The preamplifier is contained in a cast aluminum box
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System Description (Continued)

which may be separated from the main chassis by as much as 250 feet of cable.

The preamplifier is powered from 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. All the elecTroni¢‘CiféyiTry is plug-in module type except
for the Main Amplifier and High Voltage Fif¥é§ which are enclosed in an aluminum
chassis mounted to the back panel. All modules are numbered corresponding to the
card file slot in which they are to be mounted. In addition, all modules are

mechanical ly keyed fo prevent inserting them into the wrong location.

BI-2
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Specifications

1.0 Temperature and Humidity 5°C to 50°C
, : 0 to 95% R.H.
2.0 Power o 120VAC +10%
. : T 60cps +5%
3.0 Inputs _
3.1 Counting sensitivity and polarity ." 100uv negative pulse
3.2 Campbell sensitivity 20uv rms for .10 to 1 signal
to noise ratio (lntermedi-
A ate Range)
3.3 Maximum External capacity on input 2000 pf

4.0 Outputs

4,1 Recorder

4.1.1 Percent power o 0 to -10mv f.s.
Output impedance 10Q .

4.1.2 Period o 0 to +10mv f.s.
Output impedance _ 10Q

. 4,2 Monitor points (load |imit ~ 10KQ)

4.2.1 Percent power (J25-H) 0 to -10Vdc f.s.

4.2.2 Period (J25-J) 0 to +10vdc f.s.

4.2.3 High range monitor (J25-E) 0 to +10vdc f.s

4.2.4 Intermediate range monitor (J25-F) 0 fo +10Vdc f.s.

4.2.5 Low range monitor (J25-G) 0 to +10Vdc f.s.

4.2.6 Ramp (J25-K) 0 to -12Vdc

4.3 Scaler (J36) N -3 volt peak v 300Q
- output Impedance

.4 Trips (nonQIaTChing)

4.4.1 UPSCALE 2 Form C Contacts
4.4,2 Downscale 2 Form C Contacts
4.4.3 Period 2 Form C Contacts
4.4.4 High Range Failure 2 Form C Contacts
4.4.5 Intermediate Range Failure 2 Form C Contacts
4.4.6 Low High Voltage 2 Form C Contacts
4.4.7 Inoperative 1! Form C Contact

BII-1
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II. Specifications (Continued)

4.0 Outputs (Continued)

4.5 Trips (Latching)(25ma each)

4.5.1 Upscale Transistor turn on fo gnd

4.5.2 Downscale Transistor: turn on to gnd
4.5.3 Period - Transistor. turn-on to.gnd
4.5.4 High Range Failure o e fransisfor turn on 1o gnd
4.5.5 intermediate Range o o Transistor, turn on to gnd
4.5.6 Low High Voltage S _Transistor turn .on to gnd

5.0 Controls and Indicators
5.1 Mode Switch
5.1.1 Operate

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

5.1.3 Zero. AC signals disconnecféd, DoC cifcuiTry can be zeroed.
5.1.4 Test. Provides signal for checking continuity of cables.

5.1.5 Calibrate. Allows selection of .desired calibration signal
signal (Calibrate Switch).

5.2 Calibrate Switch ‘
.2.1 LRI o 10cps

5
5.2.2 LR2 ‘ . . 10%cps
5.2.3 IR1 105 » :

——— cps square wave. |R2 = 10 IR1. Used to adjust
5.2.4 IR2 64 AR

slope of Intermediate Range.

5.2.5 HR1} ,.5 _ : A e md d

10°cps square wave. HR2 = 10 HR1. Used to adjust slope
5.2.6 HRZ( of High Range. ‘ :
5.2.7 Period

5.2.7.1 Fixed. Used fo adjust 10 Second Period Indication.

5.2.7.2 Variable. Can be adjusted fo give any period indica-
tion greater than ften 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. Applies Intermediate Range Output to Percent
Power Indicator. A '

5.3.3 Low. Applies Low Range Output fo Percent Power Indicator.
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Specifications (Continued)

5.0 Controls and
5.4 Trip Reset Switch. Resets all latching trips after cause of trip

Indicators (Continued)

has been corrected.

Meters

5.6.1
5.6.2
5.6.3
5.6.4
5.6.5

Lights

5.7.

LS G IR BN RS S N ]
~NN N NN N
o ~N Ok WN

1

6.0 Performance

5.5 Ramp Reset Switch. Resets Ramp Generator used in Period Calibration.

Percent Power
Period

High Range
Low Range

Intermediate Range

Upscale Trip (latching)

Downscale Trip (latching)

High Range Failure Trip (fatching)
Intermediate Range Failure Trip (latching)
Period Trip (latching)

Low High Voltage Trip (latching)
Inoperative Trip (non-fatching)
Auction Indicators '
5.7.8.1 Low Range

5.7.8.2 Intermediate Range
5.7.8.3 High Range

Percent Power
6.1.1

6.

1

.2

Accuracy

1078 o0 107! ; , +4% linear f.s. output
10! to 100 o +2% linear f.s. output
Response | '

1078 to 10°° 40 seconds

1076 to 107° S n15 seconds

1075 +o 1074 N - ~1.5 seconds

10" 10 3 X 1071 - -~ ~100ms

3 X 1071 to 100 - v10ms
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II. Specifications (Continrued)

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 seconds for 0 to 63%
of final for ramp input.
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III. Range Description

A.

Low Range Description

The Low Range of this sys+em (1078 to 1073% power) employs Counting techniques
for measuring neutron flux. Individual pulses generated by the fisslon chamber
are amplified by the preamplifier and a seéffsn of the main amplifier. These
amplified pulses are applied to a level discriminator which provides a means

of rejecting amplifier noise and low level alpha pulses generated by the
uranium in the fission chamber. The output from the discriminator is avail-
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-lutegrator
circuit. The DC output from the Log-Integrator .is monitored by one section

of the auction circuit and,if this signal is the largest of the three channels,

applies it tfo the final readout device.

[ntermediate Range Description

The Intermediate Range of this system (1073 o 3 X 10" !% power) employs the
Campbel ling technique for measuring neufrbn~flux, The signal generated by

the fission chamber is amplified by the pfeaﬁpli*ier and a section of the main
amplifier. It is ThenAapplied to the-Intermediate Range Amplifier-Rectifier
where its bandwidth is first reduced to 8Kc -.16Kc, then amplified, 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 +§_+he log of the input current. This
DC output from the Log Ladder is monitored by one section of The Auction cir-
cuit and, if this signal is the largest of +hé three channels, applies it to

the final readout device.

High Range Description

The High Range of this system (3 X 107! 1o lOO%-power) emp loys the Campbel | ing
technique for measuring neuTron‘flux. The signal generated by the fission
chamber is amplified by the preamplifier-and a section of the main amplifier.
It is then apptied to the High Range Amplifier-Rectifier where its bandwidth
is first reduced to 300Kc - 600Kc, then amplified, then half-wave rectified

and smoothed with a 10ms time consTanT:-,The current output from this module
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III." Range Description (Continued)

C. High Range Description (Continued)
is fed to the input of the High Range Log Ladder whose output is a current
proportional fo the log ot the input current. The DC oulpul froim the Log
Ladder is monitored by one section of the.Auction circdit and, if this signal

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

BIII-2
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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.

NPFRATF

All modules are enérgized except those used as calibration signal sources
(Campbel | Calibrator, Signal Generator, Ramp Generator). A polarizing
potential is applied to the detector via the High Voltage Filter and the
Preamplifier. Signals produced by the detector are amplifled by the Pre-
amplifier and Main Amplifier and routed simultaneously to all 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 +he 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 all three Ranges continuously
and simultaneousty. 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 light over the meter of that range which

is controlling the Auction.

STANDBY

Al'l circuit functions are identical fo 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 controlled manually by the Monitor Switch. Also the lnoperative

trip is fTripped.

ZERO
The High Voltage Power Supply is de-energized and all AC signals are

disconnected. All DC amplifiers may be zeroed. Automatic auction de-

energized. '
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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 the continuity of all
signal cables. The High Voltage Power Supply, the auctioning function,

and the Low Range are de—energizedfin.fhis position.

A 100Kc square wave is generaTedlbyuthe Campbel| Calibrator and applied
to the High VolTagé Cable via the ngh Voltage Filter. The signal then
follows the same path as the detector polarizing current, is capacitively
coupled to the signal cable by the detector capacity, and is then ampli-
fied and processed in the normal manner. . 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 allows 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. All calibration signal sources are energized.The

Calibration Switch controls what portion of the system is to be calibrated.

B. Calibrate SwiTéh

1. LR-I
A 10-pulse per second signal is applied to the Low Range Amplifier-Dis-
criminator from the Signal generator via the Main Amplifier module. The
-5ulting DC level will be indicated on the Low Range meter and, if the

«wnitor Switch is in the Low position, on the Percent Power meter.

. LR-2

Same as LR-1 except the calibration signal is 105'pulées per second.

3. 1IR-I1
5

A %%— cps square wave is applied to the input of the Preamplifier from

the Campbel| Calibrator via the High Voltage Filter. The resulting DC
level will be indicated on the Intermediate Range meter and, if the Moni-
tor Switch is in the INT position, on the Percent Power meter.

‘ ' BIV-2
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IV. Description of Switch Functions (Continued)

B. Calibrate SwiTéh (Continued)

4.

IR-2 ,
Same as IR-1 except that the magnitude of the square wave is ten times

that of IR-I (represents a factor of 100 increase in power).

HR-1

A 10%cps square wave is applied to the input of the Preamplifier from

the Campbel| Calibrator via the High Voltage Filter. The resulting DC
level will be indicated on the High Range meter and, if the Monitor Switch

is in the HIGH position, on the Percent Power meter.

HR-2
Same as HR-1 except that the magnitude of the square wave is ten times

that of HR-1(represents a factor of 100 increase in power).

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 inoperative when the Mode Switch is in the OPERATL position.

In all other Mode Switch positions, this switch allows the output of the

chosen range to be applied to the final readout device (Percent Power meter).
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V. Module Description

A.

Preamplifier (Elementary Diagram 136B2448)

The preamplifier used in the WRM System is a low voltage gain (7), high
current gain (450) amplifier capable of driving a 75Q load with +1 volt
swings. Its input impedance is about 50002 and its output impedance about
330Q.

Resistors R3 and R4 make up the 50009 input impedance 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 Q1 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 all 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 759 so that 80% of Q4's collector current is delivered to the load.

Therefore, the overall current gain of this amplifier is 23 X 25 X 0.8 = 460.

During normal operation, relays K1, K2, and K3 are energized. The fission
chamber polarizing potential comes into the preamplifier chassis via J3, is
filtered by R29 and Cl14, 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'applied to J3, divided by R29.ahd
R27, and fed to the detector via J2. . 1f both detector cables and the detector
are in good condition, the test sighallwifl‘be péssed through the chamber and

to the preamplifier input via-J1.

When the system is in the CALIBRATE position, relays Kl, K2, and K3 are dé-
energized and K4 is energized. The appropriate calibration signal is applied
through J3, divided by R29 and R27, and transmitted fo the preamplifier input
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 held constant

BY-1
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V. Module Description (Continued)

A. Preamplifier (Elementary Diagram 136B2448)(Continued)

even though the full power current is more than 6 ma, and . the total DC

resistance in series with the High Voltage Power Supply is about 6500Q.
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GEAP-11094

V. Module Description (Continued)

B.

Main Amplifier (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 fto providing additional gain to the
preamplifier signal, this unit splits the signal info the three ranges used

for neutron flux monitoring.

The first stage of amplification consists of a standard doublet amplifier
with a push-pull emitter follower output within the feedback loop. The

input impedance is 750 which terminates the signal cable from the preampli-

fier, its gain is 10, and its output capability is +10 volts, 150ma at a

frequency of 1.5 megacycles.

The output of this stage is fed to the High Range Amplifier-Rectifier via
J33, to the Intermediate Range Amplifier-Rectifier via operational amplifier
OA1 (which provides another gain of ften for the Intermediate Range'signaf)

and J34, and to the Low Range pulse amplifier.

The Low Range pulse amplifier consists of two doublet stages. The gain of
the first doublet (Q5 and Q6) is about 11. The second stage is a modified
doubiet (Q7, Q8 and Q9). Its voltage gain as measured between the base of
Q7 and emitter of Q9 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 Q9 is 75Q).
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GEAP-11094 -

V. Module Description (Continued)

C.

Low Range Amplifier-Discriminator (Elementary Diagram 798D955)

The Low Range Amplifier-Discriminator receives current pulses from the Low
Range pulse amplifier, provides adesTabJe level discrimination, and supplies
two outputs, one capable of driving a séé}éfﬁ3and one for the purpose of

dfiving the Coék-Yarborough type log-integrator.

Transistor Q1 acts as a terminating stage with a unity current gain and an

impedance of approximately 75Q.

Transistor Q2 is a constant current source for diode CR1. If the magnituce

of the current pulse (negative pulse) from the collector of Q1 is less than

the DC current through CR1, no signal is applied to the base of Q3. However,
when the magnitude of the negative current pulse from the collector of Q1 is
greater than the DC current through CR1, CR1 ceases to conduct and the pulse

is transmitted to the base of Q3, and amplified by Q5 and Q6. Q7 is an emit-
ter follower 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 ampli-

fication by Q11, Q12, Q13, Q14 and is used to drive the Log-Integrator circuit.
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o NID SH NO{ CoNTTREV
COMPONENT BOARD g “ SAN JOSE, CALIF, PL 10482477 3 Fl13
et wape rog PULSE HEIGHT DISCRIMINATOR | @ GROUP NO. AND QTY LS
'TEM |IDENTIFICATION NO - NAME § [ 314 13 "M Remarcs oo
45 846D599 ELEM DIAG X
46 167A2291P001 TEST JACK B 1
47 [\WIC\50\ Pol9 ZENER B 2 VR2, VR3
48 112C2642P038 CAPACITOR B 1 C13
49 112C2676P046 ' RESISTOR B 1 R34
50 | 13588942P00] BOARD ] |
51 920D652P001 PC BOARD 1 1
52 175A7485P002 DIODE B 4 3 CR1,CR2,CR3,CR4
53 209A4127P001 TRANSISTOR ® 8 7 . Q1,3,4,5,6,8,9,10
54 | 175A7497P002 | TRANSISTOR B > |1 02,07
55 175A7607P001 TRANSISTOR B 2 2 Q11,Q13
56 175A7499P002 TRANSISTOR B 2 2 Q12,Q14
57 175A1087P187 CABLE | ' FT
68 | 209A46154P009 | WIRE N 1 FT 3
59 | I175AB382P006| COAX CONTACT |
60 | 209A6112P025 | ZENER ! | VRI
6 | 209A5076P009 | WIRE 777 FT 3
.
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Q Q (3 oNLY) O O-O00 PER |75A 7656 B
COVER S| [l | Q1 = Q& INGL, R, B
PLASTIC b nc % s CALL WIRING TO BE ROUTED AS SHOWRN
DB OOE \O C »ka ‘2 TO BE OF MAININUM LEMGTH. N
HRzeN - A \ }% K
OLcl }36 Y L.
NO& & PT] REFERENCE '
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V. Module Description (Continued)

D.

Log-Integrator (Elementary Diagram 112C2221)

~The Log-integrator is a frequency sensitive digital to analog conversion

-circuit of the Cook-Yarborough type. |t consists of eight parallel diode

pump circuits. "The output from each of fhé?&jdde pump circuits is dependent

upon its coupling capacitor valve and the input pulse rate. Each of the

' eight parallel 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 lpps to 10%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 40u ambs) for each decade change in input frequency. Since the
output current varies a fixed amount for a 10:1 change in frequency, a

common fogarithmic (Iog]O) relation exists between output current and input
frequency. Changes in input puise amplitude are not considered because the

pulse height discriminator provides input pulses of constant amplitude.

BV-5
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T psM L‘ﬁﬁ i SH NOJ CoNTTREV
COMPONENT BOARE o san Jost B i ip\_ 10482494 I
FiRsT Mape Fon  LOGARITHMIC INTEGRATOR o GROUP .NO. AND QTY ] o LS1924X270
L TEM iDENTIFICATION NO NAME I 2 #3 | l . /MI REMARK S ' REV
1 10482495P00] BOARD Pl . | '
2 112€3791P019 CONNECTOR HEERE
3 175A8382P001 COAX CONT 1|
4 175A8382P002 COAX CONT HBERE
5 175A8292P002 TERMINAL Bl ]
6 159A1969P001 EYELET 8180 | 80| 80
7 112C2674P035 RESISTOR g |8} s R1 THRU R8
8 112C2674P113 RESISTOR 1 ] R17
9 112C2674P025 RESISTOR 111 | R18
10 | 112¢3157P414 RESISTOR 717 ] 7 R9 THRU R15
11. | 112C3157P373 RESISTOR 1 1 ] R16
12| 112C2642P018 CAPACITOR 1 1] Cl
13 | 209A6191P027 | CAPACITOR 2 | 4] 4 c2, Ch, C6, C8 10
14 | 112C2642P028 CAPACITOR 1 1] C3
15 [ 112C2642P051 CAPACITOR ] ] ] : c5
16 | 112C2642P031 CAPACITOR ] C6
17+ 112c2277P121 CAPACITOR 1 b c7
18 | 11202642P043 | CAPACITOR 1 c8
19 | 112c2277P061 | CAPACITOR 111 ] s . c9
20 1 112C26Q3P156 CAPACITOR ] C10
21! 107c5489P046 CAPACITOR, 111 ] N
fo22 1z 03909% ._(CAPACITOR Bl - ﬁ?mz E—
RZTRAC&D- upD:TgD' G3-FOR USE WITH TIC L. irem aooes Z.ITEHDELET(i:%l;EfITEN REVI SED
T‘;R]Rc M{ %—Te“zz.w e /7\]3;2; '%“g?igi FEB.13-64 AL
‘ n/8-LR 1 2-17-64
NEI9572Z Nl cont
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I.TLE ASM :L, ToM1C P TRy GRS gray
COMPONENT BOARD x A !.cs A:wtjgsé?unczf:r DEPT. PL 10s5240 , on Fsu‘ i
£ ¢ rop LOGARITHMIC INTEGRATOR p GROUP NO. AND QTY y FCF ]
'TEM LI DENTIFICATION NO NAME 1 | 2 L 3 I /Md REMARK S ’ RV
.23 | 107C5488P022 CAPACITOR Bl 1 ] €13
24 | 112C2603P036 CAPACITOR 11 C14
25 | 175A7466P001 CAPACITOR 1 ] 1 15
26 { 107C5488P036 CAPACITOR 1 C16
27 | 175A8890P014 POT 1 ] 1 R19
28 | 175A7485P001 DIODE n 161 1 RR1 THRU CR16
29 | "12c2642P026 CAPACITOR ~ ] ] 10
30 | 12C2642P049 CAPACITOR 1 ] C12
31 112€2603P131 CAPACITOR ] 11 Cl4
32 | 112C2603P071 CAPACITOR B | ] 1 C16
33 | 104B2495P002 BOARD B ]
34 | 112C2616 ELEM DIAG X
35 112C2674P112 RESISTOR B ]
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ToL.¢ 20V Gem.
| .
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_ . A Jeza/Marm6d < | TTTSAN JOSE e “ ZC 4 22'
N 2 3 i a | 5 ’ | 8 |nEPS ]
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V. Module Description (Continued)

E.

Intermediate Range Amplifier-Rectifier (Elementary Diagram 136B2447)

This unit consists of a band pass filter with a low cutoff frequency of 8Kc
and an upper cutoff frequency of 16Kc, an amplifier (OA1) with an adjustable
gain range of about 1 to 11, and a haIfﬁQéVéireCTifier consisting of OA2

and its associated feedback circuitry. Operation of the rectifier is as
follows: transistors Q1 and Q2 are inside_OAZ's'feedback loop. Therefore,
the closed loop gain between the input (t+he point between C3 and R6) and

the emitters of Q1 and Q2 is one, and it is l|inear for input voltages greater
than about 5mv. Since Q1 and Q2 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 Q3 and

Q4 and applied to the input of the Intermediate Range Log Ladder. C4 and R7

determine the time constant for the Intermediate Range (100 mil!liseconds).

.BV-6
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V. Module Description (Continued)

F. Intfermediate Range Log Ladder (Elemen+afy Diagram 136B2468)

This unit is simply a piecewise linear 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
until the signal level of the Intermediate Range has reached its |inear pof—
tion. The voltage between the anode of VR! and the input (P1-16) is propor-
tional to the log of the input current. @8 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 Q1 - Q6.

Q7 acts as a clamp to limit fthe output current.
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GEAP-11094

V. Module Description (Continued)

G. High Range Amplifier-Rectifier (Elementary Diagram 136B2469)

This unit consists of a band pass filter .with a low cutoff frequency of
300Kc and an upper cutoff frequency of 600Kc, an amplifier (OA1) with an
adjustable gain range of about 5 to 15;;ah§févﬁalf wave rectifier circuit.
Operation of the rectifier is as followéf;ﬁTransisTors Q3 and Q4 are con-
nected as a doublet amplifier with push—pﬁll emitter followers Q5 and Q6
inside the feedback loop. Since Q5 and Q6 are inside the feedback loop,
most of the signal current through R3 is supplied by their emitters, Q6
supplying the current during positive half cycles and Q5 supplying the
current during negative half cycles. The collector current of Q6 there-
fore represents one half wave rectified portion of the input signal. Q6's
collector current is then smoothed by C6 and R10 and applied to the input
of +he High Range Log Ladder. C6 and RIO defefhihe the time constant of

the High Range (ten milliseconds).
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V.

GEAP-11094

Module Description (Continued)

H.

High Range Log Laddef~(Elemen+ary Diagram 136B2469)

This unit is simply a piecewise linear circuit whose components have been
chosen so that the output current is propohfiona{ to the log of the input
current. Transistors are used rather Tﬁén}ﬁﬁbdés so that the impedance of
the biasing sTringé do not affect the chaFééférisTic of the log curve. Re-
sistors R8 and R23 provide an offset current so that no output is obtained
until the signal level of the High Range has reached its |inear portion.

The volfage between the anode of VR1 and the input (P1 - 16) is proportional
to the log of the input current. Q8 converts this voltage +to an output
current proportional 1o the log of fhe input current, and its emitter-base
diode helps temperature compensate for the emitter-base diodes of Q1 - Q6.

Q7 acts as a clamp to limit The oquuT current.
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GEAP-11094

V. Module Description (Continued)

Auction (Elementary Diagram 136B2443)

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 amplifiers
and their associated feedback circuitry arelused to accomplish this funcfiqh.
Since all three stages are virtually iden+f¢éi; only the components around

OA1 will be described.

The feedback loop of OAl consists of two parallel branches, one containing

a resistance (R2 + R16) in series with a diode (CR1) and the other a diode
(CR4) in series with a zener dliode (VR1). The signal at the anode of CRI

is Iinear with respect to the input signal, énd it is from this point that
the signal is taken to drive the final readout device. The function of CRI
is to isolate this output signal from the output of the operational amplifier
(OA1). The function of CR4 and VR1 is to limit the positive output satura-

tion level to the value of the zener plus one diode drop (about 6.4 volts).

The output signal at the anode of CRI fs normal ly- @ negative value. If a
external ly generated signal of a more negative value than that caused by

the input signal is applied to this point, tThe 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. |f K1, K2 and K3 are energized, the an-
odes of all three isolation diodes are connected together and the output sig-
nal is that of the most negative range. The operational amplifier outputs of

the other two ranges'will be about 6.4 volts positive.
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V. Module Description (Continued)

J. Multirange Monitor (Elementary Diagram 136B2441)

The funéfion of this module is to provide continuous readouts of all three
ranges before the signals have been auctioned. OA1 and.0A2 are non-invertf-
ing amplifier stages which monifor the voITaQe across the input resistors of
OA1 and OAZ 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 all
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 amplifiers 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 iero its output will safufafe_

either positive or negative when K3 is energized.

-The resistors R5, R7 and R14 provide an additional offset adjustment in
case the offset range of the Log Integrator is insufficient. However, in all

our tests it has not been necessary to use this exira offset. Therefore, R14

is adjusted so that plns 1 and 2 are shorted.

BY=-11
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GEAP-11094

V. Module_DescripTion (Continued)

K.

Auction Monitor (Elementary Diagram 136B2459)

The function of this unit is to determine which range is controlling the
output of the Auction circuit, and to display this information by energizing

the proper light over one of three fronf;§§ﬁéi range meters.

Transistors Q4, Q8 and Q12 monitor the opefafional amplifier outputs of the

Auction unit. One of the outputs of the Auction unit will be a negative
signal, and two will be about 6.4 volts positive. Thus one of the input
transistors will 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 lights on the front panei. The
following example will best illustrate this unit's operation:
Suppose the WRM System is reading 100% power so that the High Range is
controlling the auction. Then the input to Q4 will be about -10 volts,
and the inputs to both Q8 and Q12 will be about +6.4 volts. Therefore
Q4 is off, and Q8 and Q12 are on. Since Q4 is off, Q2 and Q6 will be
turned on, thus turning off Q1 and QS;; Q8 is on thus turning off Q3
and Q10, and Q12 is on thus tfurning off b7 and Q11. Since both Q10
and Q11 are turned off, Q9 will be furned on resulting in illumination
of the light 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 light indication of which range is selected.

- BV-12
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V. Mode Description (Continued)

L.

Period Monitor (Elementary Diagram 136B2436)

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 amplifier used as a differenfié%Qré; The differentiating time

- constant is determined by C3 and R9 plus R15.

R3, R4 and R5 make up the gain adjusfing string that allows the output of
OA1 to be made equal to ten volts when input signal is increasing with a

ten second period,

R8 and R14 provide an offset current to the meter so that infinite period

(0 volts on the output of OA1) is an upscale meter indication.

R19, R12 and CR3 provide an additional feedback path to prevent amplifier
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 feedback path to prevent amplifier
hang-up for long periods should Tthe 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.

Small transients and noise are filtered by C4 and the combination of R10

and C5.
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V. -Mode Deséripfion (Continued)

M. Ramp Generator (Elementary Diagram 136B2437)

The function of this module is to provfde a meahs‘for calibrating the period
circuiTry..'The basic circuit is an operafional émplifier with a constant
current input and a feedback capacitor which:ihfegrafes this constant current
to generate a lfneaf ramp output. Rt is adjﬁsféd so that the output voltage
is changing at a rate of one volt every 23 seconds which simulates the
Percent Power changing with a ten second period. R2 may be adjusted to pro-

vide an in+ermediafe'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 K1 which discharges Cl1 and C2 through R4.
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GEAP-11094

V. Module Description (Continued)

N.

Dual Trip Unit (Elementary Diagram 117C1053)

Each dual frip unit consists of two independent.trip circuits. Each trip
circuit consists of a differential comparator stage (Q1 - Q5), a non-latch-
ing output stage (Q7), and two outputs that may or may not be latching (Q8
and Q9). |f the reset line (Pin 3 or 17) is returned directly fo The'posi—
tive supply voltage, the bistable flip-flop will be self resetting. IfiThe
reseT‘Iine is returned to the positive supply voltage through a normally

open switch contact, the bistable will 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 diagram for-

proper connection of inputs and references.
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GEAP-11094

V. Module Description (Continued)

0.

High Voltage Filter (Elementary Diagram 136B2462)

This unit has two functions. During normal system operation it provides two
sTages of filter for the detector polarizing voltage. When the Mode Switch
is in the TEST or CALIBRATE positions, it serves as a coupling for connecting

the calibration signals to the high voltage cable.

When the system is in the Operate or Standby modes, K2 and K3 are energized.
With R5 and R7 shorted by K2 and K3, the detector polarizing voltage is
filtered by R4, C1, R6 and C2. '

When the system is in the Test or Calibrate nodes, only K1 is energized.
This applies the calibration signal across R7 where [t is then coupled to

the high voltage cable by CZ.
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GEAP-11094

V. Module Description (Continued)

P.

Signal Generator (Elementary Diagram 107C4837)

The Signal Generator is comprised of two oscillators, Q1 and Q4, and a pulée
shaping circuit formed by Q2 and Q3. Unijunction transistor Q4 and ifs as-
sociated components make up a free-running relaxation oscillator that oper-
ates at a frequency of 10cps. Transistor Q1 and its associated.circuitry ‘
form a crystal controlled oscillator which operates at a frequency of 100Kc.
The outputs of these oscillators are negative pulses which are used as test

and calibration signals.
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V. Module Déscripfibn (Continued)

Q.

Campbell 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 Infer—
mediate Range calibration signal is a.%%g Kc square wave. There are two
output ampliitudes available for each range, the amplitudes 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 100Kc input is received from the Signal Generator, amplified and sharpened

by Q1, 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 R5 and R6 and applied to emitter fol lower
Q3. When K1 is energized, the signal at Point A has the same magni+ude 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 multiplied by the
resistive divider ratio in the emitter of Q3 [R8||R25/(R8||R25 + R7)].

The High Range calibration stage uses directly the 100Kc rectangular wave
from the collector of Q1. The amplitude is varied by R11 and applled to
emitter follower Q5. The discussion concerning the amplitudes of the two

signals at the output of Q5 is the same as was discussed above for Q3.

The stage consisting of Q6 and Q7 is used to provide a variable amplitude

test signal. Only .one output is derived from this stage.

Transistors Q8 and Q9 and their associaTéd components consTiTuTe‘a unity
gain driver stage. R24 is used to match the impedance of the 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 fo DC converter comprised of a chopper,
a step-up transformer, a voltage doubler, and.regulafing circuitry. It can
produce either a positive or negative odTpﬁfﬁQolTage which is continuously
variable over the range of 100 to 350 or 350 to 600 voits DC. Output vol!tage
polarity and power supply range'are determined by the intra-connection of

t+he module mating connector. A table of mating connector intra-connection

information is provided on 112C22253.

The high voltage output is produced by using a power transistor(Q10) as a
chopper in series with the primary of a step-up transformer (T1). When the
chopper transistor is on, heavy current flows through the primary of T1.
When the chopper transisfor is cut-off, this current flow is inferrupted.
When current is flowing through the priméry, the 'voltage across the secondary
rises to several hundred volts. Then when the current tThrough the primary
is interrupted, the transformer field collapses. The collapse of the trans-
former field induces a negative voltage 6fﬁséveral hundred volts amplitude
across The secondary of T1. The voltage doubler'circuif, comprised of Ct,
C2, CR1, and CRZ, utilizes the total voltage excursion of both the positive
and negative pulses to provide a high voltage output. The high voltage out-
put is then applied through a filter to-output connector pin A5,

Regulation of the high voltage output is accomplished by varying the frequen-
cy of the chopper. The "on fTime" of the chopper is fixed at approximately

40 microseconds; thus, as the frequency of the chopper increases, the average
i 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 T1 primary decreases
because the chopper conducts for fewer 40 microsecond intervals within a A
given period of time. Thus as the chopper .frequency s varied, the power
coupled through T1 can Be changed. The regulating circuits, comprised of
transistors Q1 through Q9 and their associated components, accomplish this
regulating function by sampling the output voltage and using it to control: the

frequency of the choppor.

BV-19
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8 112C2674P030 RESISTOR Bl 1] 2 R6. RT SIK,I/2W
9 I6TAKI3 P02 | BROARD |
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SENERAL @ ELEcTRIC

e A ' ! ) SHNOJ ConNTTREV
COMPONENT BOARD : o 0sN1B, L 12982808 NG |

|eiest yepe ro  POWER SUPPLY @ GROUP NO. AND QTY o, 112C2220
M IEM L IDENTIFICATION NO NAME B 2134 Ml RemaRK s ‘ REV

1 12982807P001 | BOARD 1 |

2 112C3791P016 | CONNECTOR HERERE P1-

3. | 175A8383P002 | HV CONTACT Bl5] 5|55 |

4 | 159A1969P001 ZYELET 34| 85/94 |93 9

5 | 175A7209P002 | ZYELET 8] 8|8 |8 |

6 | 175A7209P001 EYELET REBRIERE

7 | 209A6156P001 | CAPACITOR 2121272 cl, C2

8 | 112C2642P05] CAPACITOR 2222 c3, C5

9 [ 112c2277P101 - [ CAPACITOR RZ7Z NS c4 9

10 | 175A7485P001 DIODE 2 | 2] 2121 CRT, CR2

11 | 175A7476P002 | ZENER 2212} 2 VR, VR2

12 | 112C2674P033 | RESISTOR 221212 R1, R4

13 | 112C2675P036 | RESISTOR BEEERE R2 9

14 | 112C2674P073 | RESISTOR 2| T2l |~ “R3, RS - - _

15 | 112C2674P06]1 RESISTOR 4 [ 4lala R6, R8, R23,R7

T6 | 112C2674P057 | RESISTOR HNEREEE R9

17 | 112C2674P058 | RESISTOR 222l 2 R10, R20

18 | 112C3162P077 | RESISTOR 2 2] 2] 2 R12, R21

19 | 112C2674P075 | RESISTOR 2 21 2] 2 R13, R18

20 | 12c2e74p085  |ResisToR (2 f2l2l 2 R14, RI9

21 | 112C2674P083 | RESISTOR vlelef{2]2 R15, R17

22 | 112c2674P082 | RESISTOR SJENERREEE R16 |
o LA B8 ] oy W T2 i A
VETEACED-UPDATED |  WEI9319 U | M3 T = v
FOR CAPTR ST iy AP / pepw—e——vz——;——'s% LGUEZ APRILZ9-65 | G¢ mInoR
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(TLE  ASM 8’ NID ‘SH NOJ CONTIREV
COMPONENT BOARD z oA JOSE. CALIF. PL 12982808 2 "Fls

fiesr wape con  POWER SUPPLY o GROUP .NO. AND QTY s, FCF
' JEM I DENTIFICATION NO NAME 112)3 )4 REMARKS REY

23 | 175A8890P009 ~ | POT Bl2a] 22l 2 R11, R22

24 | 112C2675P208 RESISTOR 2 21212 R24, R25

25 | 175A8161P002 RE CHOKE 2l 2l 2] 2 L1, L2

26 | 175A7607P001 TRANSISTOR /2 A B A A | qQl, Q3-Q8

27 | 175A7493P001 TRANSISTOR T 1] | @2

28 | 175A7497P001 TRANSISTOR Tl Q9

29 | 145A5898P006 CLIP 8| 8|8 |8

30 | 145A5898P008 CLIP ] 11313

31 | 112c2674P034 RESISTOR 1| | R26

32 | 112c2674P087 RESISTOR B 2 2 R27, R28

33 | 129B2807P002 BOARD 1

34 {17S5SAToIPOOI TRANSISTOR o) \ l Qll

35 [175A9230P008 | TRANSISTOR [ B HE Q2 5

36 | H2C2674P066 | RESISTOR B 212 R29,R30

27 1129828071P003|. BOARD !

38 [129B2R0TRCA- | BOARD IR E

39 [175A7453P005| CAPACITOR 8 | ] cq 5
W > ]L\Q@WX Fwy‘?%ﬁs ‘ PR%TS 1.1 TEM I: :)cs):‘ VISED
RETRACED-UPDATED | NE 19495 NE (9522 A3 = P
|roR cMPTR - = - _'Eg._ERGBRIGUEZ APRIL29-65 3¢ MINOR

41 A:"%‘z}_\,\% ) AN Py | 4-29-65
ADDEDL 63 64 _’# | ip PL 12982808 suzuu conr
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1. THE FOLLONI\IG NOTES FOUND ON 159A1955 APPLY:

10,2,3

2. MARK “RI, R2Z,EI.EZ,E3 E4,Q] THRU @9

INCLUSIVE

CHARACTERS.

= ,160+.020[1 8

AS SHOWN WITH Y8 HIGH (APPROX)

PT
NO

27162

28

10|CRI,CRE,

141R3,R5

15| R6,R7,R8, RZ3

18 | R9

17 |R10,R20

RIZ.RZI

19, RI3,RI8

R14,Rig

RIS RIT

Rié

RIl,L R22

R24, R25

251L)1,L2
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REVISIONS

PRINTS TO

SEPT S «5’
7 DC\,\"«_ C\g\ KEB

-

4'1/81«

,/:«‘5 l KZﬁ l

NE 11838 Sui

AE //e-w pe

T Lt

£EB

A4

MNEI1078 7 C7 48]

b

a [ 2L 3 Flcsx

Amb INSVC Foly SE‘\IE-‘&A\-
un?E%

5

X c:{ =

wu-y~ YETALY i

wkt

KB

9| PLy e

KZ®

APDED NOTE coa SEP; Ho,

NE l|5l8

A/é//94/7

b

D. Prandi™ /ﬂflKEB

3¢

1926

\..L«f IKEE

NE 11798

NEIVIGOY

APPROVALS

BT Y picoe 6 APRIL 85 s 7 s

SAN JOSE

LOCATION

1278 2808

CONT ON SHEET

SH NO. ,

rr-s06-7r 3000 (1-60)

Lo

J
7 pPrle- 30-/965
I

| o




/ﬁggéy({z/ . g S GENERAVI.ELECTRIC /29525¢/
ON oNtMvio UNLESS OTHERWISE SPECIFIED USE THE FOLLOWING:— TLE oMM PIAGE CONT ON SHEET SH NO.
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3 2z I e /7 . _
I 4 |
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' ‘ ‘ REVISIONS PRINTS TO
2. WIRES MARKED THUS (%) To BE PER ITEMS 78 THRU &2, 16 [ RPK e 75 [
3. R31 IS USED ON'l'_Y WHEN "“T17 IS MADE BY EN’7098C>6
SAE. WHEN “T1" 1S MADE BY PAECO,
CONNECT QIO-C TO TiI-3 NWITH |TEM 75.
"B rmee 29 APEN 3 0o | NID
Isf"?f'}\ff\ ﬁFjﬁ IL. - 30 - z,ﬁ" 4 ~30 (a s 5/4” ;/055 LOCATION | CONT ON SHEET ; Zsé ¢/ ’
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NOTEZ ez | ! : B
IM9/¢ ZZ —
3sv Z/-£q=a i I
n?v i _ o wF e — d— _ =
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GEAP-11094 -

V. Module Description (Continued)

S. 30 Volt Power Supply (Elementary Diagram 136B2471)

This unit consists of a modular +15 vol*t sﬁppfy.Which operates from 115
VAC. However, as used in the WRM System, the--15 terminal is grounded

and the secondary common is left floafiﬁaiﬂrThus the output between the

-15 terminal and the +15 terminal is +30 volts. The voltage is adjusted

by varying R and R2.

Bv-20
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V. Module Description (Continued)

T. 15 Volt Power Supply

BV-21



MODEL UPMD-II

PRECISION OPERATIONAL AMPLIFIER POWER SOURCE

e FOR "SAMPLE AND HOLD" AND SIMILAR
APPLICATIONS

« MOUNTS IN ANY PLANE TO ANY SURFAGE
e 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 NOISE: 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,
line and load conditions

POWER DESIGNS PACIFIC, INC.

3381 MIRANDA AVE., PALO ALTO, CALIF. 94304

| <

OPERATING TEMPERATURE RANGE:
0°C to 50°C ambient (derated 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.

SERIAL NO:
POWER DESIGNS, INC.

1700 SHAMES DRIVE - WESTBURY, N.Y. 11590



P P | | MODEL UPMD-I1

CURRENT LIMIT POINT: 1.5 A maximum CIRCUIT PROTECTION: Current
Limiter for DC output shorts
and overloads. A thermostat
LOCAL OR REMOTE SENSING: Selection protects the supply against
available at mating connector. excessive operating temperatures.

MECHANICAL SPECIFICATIONS

WEIGHT: 7-1/2 lbs. MOUNTING: Mounts in any plane

to any surface. The module

FINISH: All surfaces finished in gold may be mounted on 5-1/4" card
iridite except heat sink which is bin guides, chassis mounted or
red anodized panel mounted with a simple

bracket assembly. Modular bins

Mating Connector: Available as accessory. are available for mounting up to
Power Designs' Part No. 00-8016- .two modules and one single width
038-217-016. $3.85 each . (UPM) module on:a standar

5-1/4" x 19" panel. .

PRICE: $275.00 FOB Westbury, New York

CONNECTOR £.D. PT. NO.

W e 802338-P FOR USE WITH

74 P74 3

[cover MATING RECEPTACLE AD.

NAMEPLATE PT. NO. 802338-MC
SUUUUUUUU\MIUULHMJE : l
1 == § \
T ; '. =1 i

: R ¢ |
@ [ : ' D . : l—-J
5 e i % 72, 24 e 2 600— =

. 200
FRONT VIEW ) SIDE VIEW REAR VIEW

MECHANICAL DIMENSIONS

POWER DESIGNS, INC,,

1700 SHAMES DRIVE - WESTBURY, N.Y. 11590

POWER DESIGNS PACIFIC, INC.

3381 MIRANDA AVE., PALO ALTO, CALIF. 94304




ADDENDA

POWER SUPPLY
MODEL UPMD-11

_The Electrical Parts List and/or Schematic Diagram have been

modified as follows:

1. Capacitors C8 and C16 are 260 uf, 15 vdec.

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 CR7 thru CR10 are part number GI8S8.

4, Diode CR13 is part number SV359ET.

5. Transistors Q4, Q10 and Q11 are part number MS1028A.

6. Transistor Q5 is part number GI696.

Ts Tgans%stors Q6 and Q12 are part number MS2916R/Y (manufacturen
93095).

8. Resistor R13 is precision, metal film, 120 k ohms, 1%,% w.

9. Resistor R43 is precision, metal film, 125 ohms,1%,2 w,
part number RD-1250-1QA (manufacturer 98095).
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POWER SUPPLY MODEL UPMD-11

SECTION 1
GENERAL DESCRIPTION

1-1. DESCRIPTION

The Model UPMD-11 is a moduler, 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. /4 thermostat protects the sup-
plies against excessive tenperature.

1-2. ELECTRICAL SPECIFICATIONS
Table 1 lists the electrical specifications of the UPMD-11.

1-3. MECHANICAL 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 anodized. The dimensions and weight of the Model UPMD-11 are
as follows:

Width: 5-37/64 inches

Height: 4-1/2 inches

Depth: 7-1/2 inches (excluding 11/16 inch rear
connector)

Weight: 7-1/2 1bs.

P
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TLBLE 1.

Parameter

Input

Output

Regulation
Load
Line

Ripple and Noise

Current Limit

Response Time

. Temperature
Coefficient

Stability

Tracking
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ELECTRICALL SPECIFICATIONS

Specification

105 to 125 volts, 57 to 440 Hz, single @&

-15 VDC Supply
(Master)

-15 vDC f50 mMv
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 MV of regu-
lated output voltage.

0.001%/°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,

1-2

+15 VDC Supply
(Slave)

+15 vDC 10 mv
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 :
voltage.

0.001%/°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.
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SECTION 2
INST/LLLTION AND OPERATION

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. PROGRAMMING LND OPERATING INSTRUCTIONS

The Model UPMD-11 can be programmed at the mating receptacle
for local or remote sensing. Table 2 provides a cross rcference
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 & diagram showing
the mating receptacle connected to provide local sensing.

a. Local and Remote Sensing - The points to which the sensing
leads arec 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 conmnecting the load and -
power supply due to their length. Local sensing should be uscd when
the increase in regulation is tolerable. If the voltage is sensed
at the output (V.) of the supply, the voltage across the load (Vl)
can be determined as follows:

Vi =V, -1

o) 1 X le

load current

]

where: Il
R

resistance of both leads between

1w the power supply and load

731 2-1



OUTPUT Positive
Negative
-Chassis

SENSING Positive

UPMD-11
TABLE 2

+15 vDC SUPPLY -15 VDC SUPPLY

Mating Mating .
Receptacle Receptacle
Function Pin No. Function Pin No.
+15 VDC PP + common TT
—common RR -15 VDC S5
—_ H - H
+S5 JdJd +3 common NN
-3 common KK -3 M
M and N

"Slo-Blo" fuse MUST be connected in the "hotn

side of the AC line. NEVER OPERFLTE THE MODULE WITHOUT AN
EXTERNAL FUSE OF THE PROPER RLTING.

LC INPUT
CAUTION: [/ one ampere,
Oberation

LOCLAL SENSING
(see Fig. 1)

REMOTE SENSING
{(use tightly
twisted sensing
leads)

819

TLABLE 3. PROGRAMETING INSTRUCTIONS

supply Mating Receptacle Pin Connections

Both Comnect: PP to JJ, RR to KK, NN to TT,
X to NN, MM to SS.

+15 VDC Connect: PP to positive side of load,
(slave) RR to negative side of load.
-15 VDC Connect: S5 to negative side of load,

(Master) TT to positive 51de of load.

Both Connect: PR to TT, X¥ to NN.

+15 VDC Connect: PP to positive side of locad,

(Slave) RR to negative side of load, JJ to !
plus sensing point, FK to minus sensing
point.

-15 VDC Connect: S8 to negative side of load

(Master) TT to positive side of load, MM to

minus sensing point, NN to plus senulng
point. :

2-2
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INPUT
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-15VDC ouTPUT

~ CONNECTED. FOR LOCAL. SENSING, +15VDC
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SECTION 3
MAINTENANCE

3-1. GENERAL

Under normal conditions, no special maintenance of the Model
UPMD-11 is required. The unit is designed for easy disassembly;
only a screwdriver is needed.

3-2. DISASSEMBLY AND ASSEMBLY
To disassemble the Model UPMD-11:

a. Remove the five screws holding each side plate to the
base and end plates.

b. Remove the six scrcws holding the heat sink assembly.
The heat sink can be lifted and the thermostat and power transistors
removed and serviced.

c. FRemove 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 damage. [ long-nose plicrs applicd between
the semiconductor and solder joint is generally
adequate,

e. Reassemble the unit by rcplacing the boards, end plates,
heat sink assembly cnd z3ide plates. . '

3-3. TROUBLESHOOTING

Faults cen 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.

CLUTION

DO NOT OPERATE THE SUPPLY WITH ANY DISCONNECTED LEADS
OR COMPONENTS. BE VERY CAREFUL WHEN SERVICING THE
SUPPLY 4S TR.LNSISTORIZED HIGH GAIN AMPLIFIERS ARE
EXTREMELY SUSCEPTIBLE TO CHAIN REACTION BURN-OUTS OF
TRLNSISTORS, DIODES, ETC.

731 : 3-1
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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

Letual voltages may vary 10% from those given on the
schematic diagram.

a. No output - Check the receptacles for proper programming
connections. Chcck the collector to emitter voltage of the series

pass transistor. No voltage indicates a fault in the rectifier cir-
cuit or over-tcmperature thermostats may have operated.

b. No regulation - If the programming connections and transistor
voltages are correct, check that the supply is not overloaded and the
linc voltage is within the limits.

3-4, SEMICONDUCTOR IN-CIRCUIT TEST

Should a defective scmiconductor be suspected; make the following
rapid check:

f2i8 Using an 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. . ratio of less than 1:5 indicates a defective device,
and the device should be tested on a transistor or diode tester.

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 junctions.

3-5. CALIBRATION

No calibration is required.

731 3-2
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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
Menufacturers. These handbooks are available through Federal Agencies.
They may also be ordered directly from the Superintendent of Documents,
U. S. Government Printing O0ffice, 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 factory
inspection or modification before they are suitable for use in the
power supply.

A1l 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 MIL-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 "equivalent" 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.



All replacement semiconductors are processed and stocked at the
factory to insure complete interchangeability with the devices in
the original equipment. To insure that proper replacements are
provided, the original devices are coded with a Power Designs Inc.
part number as follows: : :

M3 1028 A

Semiconductor Power Designs Inc. Suffix Identifying
Manufacturer's Type \ Special Parameters
Code

When ordering replacements, please identify the device as
completely as possible, listing the model and serial number if
available.

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 identical.

b. A4 completely different part number indicates:

1. The original vendor discontinued manufacture of the item
or could no longer manufacture it to the original
specifications.

2. LA better device for use in the particular 01rcu1t has
been substituted.

3. Tighter controls for interchangeability have provided
greater assurance of improved reliability with the
new replacement,



UPMD-11
ELECTRICAL PARTS LIST

NOTE: When replacing semiconductors or investigating their part numbers,
note the information in paragraph 2 above.

Circuit Mfr Code Part

Number Description Number Number

C1 Capacitor,electrolytic,900 uf,50 vdc 98095 CE-98-.5

C3 thru C5 Capacitor,plastic film,0.01 uf,200 vde 98095 (P-16-2

cé Capacitor,plastic film,0.22 uf,80 vdc 98095 CP-29-.8

Cc7 Capacitor,electrolytic, 10 uf,35 vdc 98095 CE-106-. 35

c8 Capacitor,electrolytic,260 uf,15 vdc 98095 CEX~260-15

C9 Capacitor,electrolytic,900 uf,50 vdc 98095 CE-98-.5

C12 thru C14 Capacitor,plastic film,0.01 uf,200 vdec 98095 CpP-16-2

c15 Capacitor;electrolytic,10 uf, 35 vde 98095 CE-106-. 35

C16 Capacitor,electrolytic,260 uf,15 vdc 98095 CEX-260-15

c17 Capacitor,plastic film,0.01 uf,200 vdc 98095 CP-16-2

C19 Capacitor,ceramic disc,0.01 uf,1 kvdec 98095 CC-13-10

c20 Capacitor,dual,ceramic disc,0.02 uf, 98095 CC-23-5

500 vdc, each section

c21 Capacitor,ceramic disc,0.0022 uf, 1kvdce 98095 CC-19-10

c22,C23 Capacitor,ceramic disc,0.02 uf,500 vdc 98095 CC-23-5

CR1 thru CR4 Diode, silicon 98095 G188

CR5, CR6 Diode, silicon 98095 GI44

CR7 thru CR10 Diode, silicon 98095 G188

CR11, CR12 Diode, silicon 98095 GI44

CR13 Diode, silicon, zener 98095  AC359DT

J1 Connector 91662 00-8016-038-
000-002

Q1 Transistor, silicon, NPN 98095 RC1700

G2 Transistor, silicon, NPN 98095 2N2270

Q3, Q4 Transistor, silicon, PNP 98095 MS1028A

05 Transistor, silicon, NPN 38095 MS2270/U

Q6 Transistor, dual, silicon, NPN 98095 £32056

Q7 Transistor, silicon, NPN 98095 RC1700

Q8 Transistor, silicon, NPN 98095 2N2270

Q9 thru ¢11 Transistor, silicon, PNP 98095 MS10284

Q12 Transistor, dual, silicon, NPN 98095 4852056

R1 Resistor,composition,270 ohms,10%,3 w 01121 EB2711

R2 Resistor,composition, 33 ohms,5%,1 w 01121 EB3305

R3 Resistor,wirewound,600 ohms,5%, 3 w 98095 RW-601-3K~

R4  Resistor,composition,82 ohms,10%,% 01121 EB8201

R5 Resistor,wirewound, 600 ohms, 57 3w 38095 RW-601-3KA

R6 Resistor,wirewound, 2 uhms,)% 3w 98095 RW-.020-3K/

R7 Resistor, comp051t10n 4.7 k ohms, 10%, % 01121 EB4AT721

R8 Resistor,composition,1 k ohm, 107 i w 01121 EB1021

R9 Regisgtor,composition, 100 ohms 10%,% w 01121 EB1011

R10 Resistor,composition,4.7 k ohms,10%,% 01121  EB4721

R11 Resistor,composition,2.7 k ohms,5%,%2 w 01121 LEB2725

R12 DResistor,composition,5.6 k Oth,10o,% W 01121 ER5A21

R13 Re51stor,pr00131on wirewound, 120 k ohms, 1% 98095 RW-124-1Q4

R14 Resistor,precision,metal fllm 66.5 k ohms 1? ,2w 98095 RD-6652-1QA

R15 01121  EB1011

Resistor,composition, 100 ohms,10%,% w

147 -3~
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Mfr Code

Part
Number

RWT-102-Q10
EB3305
RW-103-804
EB2711
EB1011
RW-601-3KA
EB8201
RW-601-3K4
RW-020-3K~
EB4721
EB1021
EB1011
EB4721
EB8235
EB3335
RD-102-1Q4
RD-154-10Q4
RD-2212-10GA
EB1011
RWT-102-010
RW-103-804
RD-151-1Q4
RD-750-1Q4A
RD-1210-10QA
EB8225
RW-522-804

STH-2
TTM-~-UPMD11
PS-UPMD-11-
12

00-8016-038- .
217-(008

nsin

Willow Grove,; Pennsylvania

Circuit
Number Description Number
R16 Resistor,variable,wirewound, 1 k ohm,15%,% w 98095
R17 Resistor,composition, 33 ohms,5%,% w 01121
R18,R19 Resistor,precision,wirewound, 10 k ohms,0.1%,iw 98095
R22 Resistor,composition,270 ohms,10%,% w 01121
R23 Resistor,composition, 100 ohms, 10%,3 w 01121
R24 Resistor,wirewound, 600 ohms,5%,3 w 98095
R25 Resistor,composition,82 ohms, 10%,3 w 01121
R26 Resistor,wirewound, 600 ohms,5%,3 w 98095
R27 Resistor,wirewound,?2 ohms,5%,3 w 98095
R28 Resistor,composition,4.7 k ohms,10%,+ w 01121
R29 Resistor,composition,1 k ohm,10%,% w 01121
R30 Resistor,composition, 100 ohms, 10%,% w 01121
R31 Resistor,composition,4.7 k ohms,10%,% w 01121
R32 Resistor,composition,82 k ohms,5%,% w 01121
R33 Resistor,composition, 33 k ohms,5%,% w 01121
R34 Resistor,precision,metal film,1 k ohm,1%,+ w 98095
R35 Resistor,precision,metal film, 150k ohms,1%,%w 98095
R36 Resistor,precision,metal film,22.1k ohms, 1%,%w 98095
R37 Resistor,composition, 100 ohms,10%,% w 01121
R38- Resistor,variable,wirewound,1 k ohm,15%,% w 98095
R40 Resistor,precision,wirewound, 10k ohms,0.1%,3w 98095
R41,R42 Resistor,precision,metal film, 150 ohms,1%,+ w 98095
R43 Resistor,precision,metal film,75 ohms,1%,+ w 98095
R44 Resistor,precision,metal film, 121 ohms,1%,+ w 98095
R45 Resistor,composition,8.2 k ohms,5%,% w 01121
R46 Resistor,precision,wirewound,5.2 k ohms;0.1%,4w98095
S1 Thermostat 98095
71 Transformer 98095
Al - Oven Assembly 98095
ficcessory
D1 Connector (mates with J1) 91662
CODE LIST OF MANUFACTURERS
Code Number Manufacturer Lddress
01121 £1len-Bradley Company Milwaukee Wisco
91662 Elco Corporation
98095 Power Designs Inc. 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

e 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.

o 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
o Dallas, Texas 75219
One Turtle Creek Village
(214) 526-8316
Houston, Texas 77027
6218 Westheimer
(713) 781-1441

SALES OFFICES

S LOREN F. GREEN & ASSOCIATES
@ Chicago, lllinois 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

EIR INC.

Maitland, Florida 32751
P.0. 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.£.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.

e Mount Vernon, New York 10550

500 Nuber Avenue
(914) 664-0080
Camden, New Jersey 08105
2916 Federal Street
(215) 925-8711
Silver Spring, Maryland 20910
880 Bonifant Street
(301) 588-8134

N

12 FOREIGN

O 0SSMANN INSTRUMENTS, INC.

New York (N) excludes Rockland,
Westchester & all counties south.
Syracuse, New York 13057

6666 Old Collamer Road

(315) 437-6666

Rochester, New York 14618
2425 Clover Street

(716) 271-4565

Vestal, New York 13850

Vestal Parkway East

(607) 785-9947

Wappingers Falls, New York 12590
122 E. Main Street

(914) 2977777

10 THE HOWARD J. SCHUFT COMPANY, INC.

New England Territory excludes
Fairfield County.

Newtonville, Massachusetts 02160
815 Washington Street
(617)527-530445

Hamden, Connecticut 06514

965 Dixwell Avenue

(203) UN 5-1365

1 1 COMPUTING DEVICES OF CANADA, LTD.

COMMERCIAL GROUP

Ottawa 4, Ontario

P.0. Box 508

(613) 828-9143

Dartmouth. Nova Scotia

P.0. Box 763 .

(902) 466-7461

Vancouver 4, British Columbia
683 East Hastings Street
(604) 255-7366

1 2 ROCKE INTERNATIONAL CORPORATION

o Melville, Long Island, New York 11746
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WARRANTY |
| 53;

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.

METHIRR

Its obligation under this warranty is hereby limited to the repair or replace-
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

HHITTIRY

defective.

This warranty does not include the cost of transportation charges to and
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)
days from the date of original shipment as shown on the packing list or
shipping documents, and prior written authorization for such costs is

obtained from the factory.

The repair or replacement of an instrument, or any part thereof, does not
void or extend the original warranty.

POWER DESIGNS INC., reserves the right to discontinue any instrument
without notice, or to make modifications in design at any time, without
incurring any obligation to make these modifications in instruments previ-
ously sold.

POWER DESIGNS INC.
Westbury, L.1., New York

POWER DESIGNS PACIFIC, INC.

Palo Alto, California
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VI.

GEAP-11094

Detector and Cable Information

A.

Detector

This system was tested using a General Electric ftype NAO4 -fission chamber.
This type detector or an equivalent should be used.

Detector to Preamplifier Signal Cable

Cable capacitance should be kept to a minimum, The maximum being 2000pf.

During the Long Term lrradiation 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 total input capacitance of about 600pf..

Detector to Preamplifier High Voltage Cable

Triple shielded RG-59 or equivalent.

Preamplifier to Main Chassis High Voltage and Signal Cables

RG-6A/U or equivalent (2 - 250 Feet sections supplied with system). Tests
were conducted with a maximum of 250 Feet between preamplifier and main
chassis. i

Preamplifier to Main Chassis Power Cable

Belden 8467 (7 Conductor, #18)
500 Feet supplied with system.
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GEAP-11094

Vil. Operating Instruclions

A. Preliminary

1.

Plug each module into the slot whose number matches the module number.

(Modules are keyed mechanically and cannot be inserted. into the wrong

slot.)

Connect cables between preamplifier ‘@and main chassis (See Detector and’

Cable Information sheet).
Place Mode Switch in Zero position.
Connect cabtes between preamplifier,ahd detector.

Apply AC power to system. (lnit does not have ON-OFF Switch so power is

applied when AC cord is connected.)

NOTE: All voltages were adjusted and the alignment checked before shipment.

No adjustment should be necessary upon receipt of equipment.

I'f 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.

2.

Place Mode Switch in OPERATE position.

Adjust the discriminator level (Pot on Module 6) so that pulses monitored
by the WRM System exclude preamplifier noise and gamma signal from detec-

tor.

As the reactor power increases and the WRM System reading approaches .

2 X 10734 power, adjust the gain of the Intermediate Range (G pot on
Module 8) until fthe outputs of the Low and intermediate Ranges are equal
(lights over the Low and Intermediate Range meters will begin fo flicker
on and off, the on light indicating which range is controlling the out-

put).

As the reactor power increases and the WRM System reading approaches

5 X 10 1% power adjust the gain of Thé Hfgh Range (G pot on Module 10)
until the outputs of the Intermediate and High Ranges are equal (lights
over the Intermediate and High Range meters will begin to flicker on and

off, the on light indicating which range is controlling the output).

When the reactor has reached its 100% power level, the WRM System, as it
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GEAP-11094

VII. Operating Instructions (Continued)

B. Procedure for Initial Startup (Continued)

4. is now adjusted, will most Iikely not read 100% power. The final align-
ment is accomplished by The following steps, which are fo 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,

“Adjust 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—
"~ *ion. .Record DVM reading.

Place Mode Switch in OPERATE position.

'AAdjusT the High Range Gain (G pot on Module 10) until 100% power 'Is
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 TWQ'ranges.

EXAMPLE: [f the new DVM reading is -9.30 volts, a -.30 volts must
be added to the Intermediate and Low Ranges also. The
new Intermediate Range reading should be adjusted lo be

-6.80 volts.
Place Calibrate Switch in IR-2 position and Monitor Switch in INT pdsiTion.

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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“GEAP-11094

Vi, Qperafinq_lnsfrucfions (Continued)

B. Procedure for Initial STarfupb(CohTihued)

C.

5. Place Calibrate Switch in the LR-2 position, and Monitor Switch in LOW
position.
Adjust the pot on Module 7 until th& désired new reading is obtained
(old reading -.30 volts in the Example above).
This completes System alignment. However, before returning to OPERATE
position, proceed to the following steps, the purpose of which are to
set the calibration signals to their normal levels.

6. Place Calibrate Switch in IR-2 position, and Monitor Switch in INT posi-
tion. '
Adjust IR pot on Module 4 until 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 until DVM reads -10.00 volts. HR-1 pOSi—
t+ion should now read about -8.0 volts.
Return instrument to OPERATE condition.

Alignment

1.

Power Supplies
a. *15 Volt Adjustment

Connect DVM between J25-P(415)'and J25-N (common). Adjust minus
potentiometer on the side of Module 1 (Low Voltage Power Supply)

for -15 volts +20 millivolts.

Connect DVM between J25-M(+15) and J25-N (common). Adjust plus

pofentliometer fur +15 vol+ts 1120 millivol+ts,

b. +30 Volt Adjustment

Connect DVM between J25-S(+30) and J25-N (common). Adjust either
or both bofonfiomefers on the front of Module 2 (30 volt Power.
Supply) for +30 volts +20 millivolts.
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GEAP-11094

VIJ. Operating InsTruéTions (Continued)
C. Alignmenf (Confinued)
1. Power Supplies (Continued)
c. Detector Polarizing Voltage Adjustment

Connect a DVM between the center conductor of JZ on the preamplifier
and the preamplifier case. Turn Mode Switch to Standby .position.
Adjust potentiometer on the front of Module 3 (High Voltage Power
Supply) for about 600 voits. Return Mode Switch fto Zero position.

Proceed to next step below.
d. High Voltage Filter Compensation

Remove Preamplifier from cast box. Remove cover from Preamplifier
section. Connect a 200KQ, 2 Watt resistor between the center con-
ductors of J2 and J1. Connect a DVM across this 200KQ resistor.
Turn Mode Switch to Standby position. Adjust the pofenfiomefef on
the Preamplifier board so that the DVM reads the same voltage as

was set in previous section C. Return Mode Switch to Zero position.

Replace Preamplifier cover and cast box.

NOTE: A1l further alignment from this point on (except zeroing) is
done with the Mode Switch in the Calibrate position.

2. Signal Generator Check
Set Calibrate Switch to LR-1.
Connect scaler to J36.

Adjust R11 on Signal Generator (Module 5) for 10 counts per second

on scaler.
Signal Generator 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 (Multirange Monitor) for near zero
reading on DVM (for Low Range zero, DC amp input is shorted to

ground o ctable 7orn rnading is not Aattainable),

Set Mode Switch to Calibrate position.
BVI -4



GEAP-11094

VII. Operating Instructions (Confinued)

&

C. Alignment (Continued)

3.

Low Range (Continued)

Set Calibrate Switch to LR-1.

Set Monitor Switch to LOW.

Record DVM reading (allow fen minutes for reading to stabilize). -This

reading will be defined as VLR—1'

Set Calibrate Swiftch to LR-2. Record DVM reading. This reading will be

def ined as VLR-Z'

N |v | = 4 +.05 no slope adjustment is necessary.

IVLR-ZI'

LR-1
£ |VLR—2|_IVLR—1I # 4 apply the following equation:
4V gool
LR-2 T
Viral= 1V ey e

Adjust Pot LS on Multir.ige Monitor (Module 12) so DVM reads -|V' o .|.

This completes the slope adjustment of the Low Range.

Adjust R19 on Log Integrator (Module 7) for about -5.6 volts on DVM.
This completes the Low Range alignment.

Intermediate Range

Remove lnfermediéfe Range Amplifier-Rectifier (Module 8) from chassis.
Remove cover and reinsert unit using appropriafe card extender. Con-
nect DVM between rectifying amplifier output TP1 and common (See ASM
Drawing 136B2447 for location of TP1). Adjust Rec. Z potentiometer
for 0 volts +2 millivolts on DVM. Replace module cover, remove card

extender, but do not insert module into chassis.
Adjust G potentiometer fully counterclockwise (minimum gain).

Remove |Intermediate Range Log Ladder (Module 9) from chassis. Remove

cover and reinsert unit using appropriate card extender. Connect com-

mon lead of DVM to anode of VRI (NOTE: Common lead of DVM must be

floating). Using ASM Drawing 136B2467 to locate the appropriate potentio-

meters and transistors, make the following adjustments:
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VI,

Operating Instructions (Continued)

C.

Alignment (Coannued)

4.

Intermediate Range (Continued)

Ad just:

R24
R25
R26
R27
R28
R29
R30

Base
Base
Base
Base
Base
Base

Base

Connect plus lead of DVM to the

of Q1 =
of Q2 =

of Q3 =

of Q4 =
of Q5 =

of 06 =

of Q7 =

hase of

Q8.

.22
.65
.14
.62
.09
.57
.07

on the card extender, connect the following:

GEAP-11094

Using the test points

The minus.terminal of a 0 - 30 'volt DC variable supply-to pin 3

(common) .

terminal of the variable power supply.

The negative side of a 100ua meter to the positive

A 100KQ resistor between the positive side of the 100pa meter

and pin 16.

Set_the output of the power supply to around 20 volts DC.

Now alternately adjusf the power'sdpply and R23 so as to obtain

0.00 volts on the DVM for a reading of 25ua on the pa meter.

MOTE:

The location (GETR) in which this instrument was tested had a

very high residual gamma field (7 10® R/hr.). This made it

necessary to change the lnTerhediaTe Log Ladder so as to de-

crease the overlap between Low and Intermediate Ranges. In
the existing module R8 = 51.1K, R23 = 50K and R1 is discon-

nected. The offset current adjustment Is 66ua. I!f The instru-

ment is used at a location where the sensor sees less than

10° R/hr. residual gamma, reconnect R1, replace R8 and R23

per schematic, and adjust offset current to 25ua per align-

menl procedurs.

BVII-6



GEAP-11094

VII. Opérating Instructions (Continued)

C. Alignment (Continued).
4. Intermediate Range (Continued) . . ...

This completes alignment of the | téfmediate Range Log Ladder. Re-
move external circuitry and card extender, replace cover, and insert
this unit and the Intermediate Range Amplifier-Rectifier info their

proper locations.

Connect a DVM between pins F and L (commdn) of J25. Place Mode
Switch in the Zero position. AdjuéT the 1Z pot on Module 12 (Multi-

range Monitor) for a DVM reading of Ofvolfs 5 millivolts.,

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!l Calibrator) until the DVM reads 5.70 volfts.

Set Calibrate Switch to IR-2 position. Adjust 1S pot on Module 12
until DVM reads 7.7 volts.

Set Calibrate Switch to IR-1 position. Adjust the IR pot on Module
4 until 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 millivolts.

Connect the DVM between pins H and L (common) of J25. Place Calibrate
Switch in IR-2 position. Adjust the IS pot on Module 13 (auction)
until DVM reading is -7.7 volts.

Set Calibrate Switch to IR-1 position. DVM'should read -5.7 volts
+30 millivolts. 1If out of tolerance, adjust the IS pot on Module 13
until the difference in DVM-readings between the 1R-1 position and

IR-2 position is 2 valts +30 millivolts.

This completes the alignment of the Intermediate Range.
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GEAP-11094

Vil. Opeéerating instriuctions (Continued)

C. Alignment (Continued)
5. High Range
On High Range Amplifier—RécTifier (Module 10) adjust the. G potentio-
meter fully counterclockwise (minimum gain)-.

Remove Modulé 10 from chassis.

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 VR1 (NOTE: Common lead of DVM must
be floating). Using ASM Drawing 136B2467 to locate the appropriate

potentiometers and transistors, make the following'adjusTmenTs:

Adjust:
R24 ‘ ' Base of Q1 = -5.19
R25 ' Base of Q2 = -5.47
R26 . . Base of Q3 = -5.98
R27 . '  Base of Q4 = -6.46
R28 , ' Base of Q5 = -6.94
! R29 : Base of Q6 = -7.41
R30 - | Base of Q7 = -8.10

Connect plus lead of DVM to the baée of Q8. Using the test points
on the card extender, connect the following:
The minus - terminal of a 0-30 volt DC variable suﬁply to pin 3
(common). The negative side of a 100ua meter fto the positive

terminal of the variable pawer supply.
A 100KQ resistor between the positive side of the 100ua 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 42ua on the ua meter.
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" GEAP-11094

Vil. Operating Instructions (Continued)

C. Alignment (Continued)

5.

High Range (Continued)

This completes alignment of The%Hréh”Range Log Ladder. Remove ex-

ternal circuitry and card extender, replace cover, and insert this

.unit and the High Range Amplifier-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 (Multirange

Monitor) for a DVM reading of O volts +5 millivolts.

Place Mode Switch in the Calibrate position, Calibrate Swifch in the
HR-1 position, and Monitor Switch in HIGH Position. Adjust the HR
pot on Module 4 (Campbell Calibrator) until the DVM reads 8.00 volts.

Set Calibrate Switch to HR-2 position. Adjust HS pot on Module 12
until DVM reads 10.00 vol+ts.

Set Calibrate Switch to HR-1 posiTTon§ Adjust the HR pot on Module 4
until DVM reads 8.00 volts. ' '

Repeat the previous two steps until the difference in DVM readings

between the HR-1 position and HR-2 position is 2 volts +30 millivolts.

Connect the DVM between pins H and L (common) of J25. Place Calibrator
Switch in HR-2 position. Adjust the HS pot on Module 13 (auction) un-
til the DVM reading is -10.00 volts.

Set Calibrate Switch to HR-1 position. DVM should read -8.00 volts
+30 millivolts. |f out of tolerance, adjust the HS pot on Module 13
untit the difference in DVM readings between the HR-1 position and

HR-2 position is 2 volts +30 millivolts.

This completes the alignment of the High Range.
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GEAP-11094

VIlI. Operating Instiructions (Continued)

C. Alignment (Continued)

6.

Ramp Generator

Set Mode Switch to Calibréfe.

Set Calibrate Switch to FIXED PERIOD.

Connect a DVM between pins K and L (common) of J25.
Résef 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 the desired ramp rate (this

ramp rate will always be less than or equal fo the ramp rate controlled
by the F pot).

This completes the Ramp Generator adjustment.

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.

AdjusT The Z pot on Module 15 (Period) for 0 volts #5 millivolts 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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GEAP-11094

VIl. Operating Instructions (Continued)

C. Alignment (Continued)
7. Period (Continued)
Set Calibrate Switch to FIXED PERIQD.

Adjust the G pot on Module 15 to obtain a reading of 10 volts +20

millivolts 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—Z,posiTion.
Place Monitor Switch in HIGH position. -

Using either the front panel meter (Percent Power) or a DVM
connected between pins H and L (common) of J25 as an indicator,
adjust the HR pot on the Campbell Calibrator (Module 4) until
the indicator used reads the desired value (=10 volts on DVM =
100% power). |f Upscale light is on, press Trip Reset Switch

v and adjust HI pot on Module 18 until light goes out. Now slowly
adjust HI pot until Upscale light 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 will provide a

signal nearest to the desired trip level.

" Place Monitor Switch in appropriate position based on Calibrate

Switch position.
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GEAP-11094

VII. Operating Instructions (Continued)

C. Alignment (Continued)

8. Trip Adjustments (Continued)

b.

Downscale (Continued)

Using the same indicator as in the Upscale trip adjustment,
adjusT'The desired signal soUrce"fevel (HR pot, Module 4 for
fligh Rangc; IR pot Module 4 for Intermediate Range; R19 on
Module 7 for Low Range) until the indicator used reads the de-
sired value. |[|f Downscale light is on, press Trip Reset Switch
and adjust DN pot on Module 18 until.light goes out. Now slowly
adjust DN pot until Downscale light.is energized. Downscale
trip is now set. Return signal source to its pre-adjustment

level.

intermediate Range Failure

Place Mode Swifch in CALIBRATE:po$iT10n.-
Place Calibrate Switch in LR-2 pésTTion.
Place Monitor Switch in LOW posifion..

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 1073% power (-5.3 volts on DVM).
Now adjust the Intermediate Range Failure pot (below Module 19)
until frip light is just energized. Trip level is now set. Re-

turn R19 to its pre-adjustment level.

High Range Failure

Place Mode Switch in CALIBRATE ppsifion.

Place Callbrate Switch in IR=2 position.
Ptace Monitor Switch in INT position.

Using either the Percent Power meter or a DVM connected between
pins B and L (common) of J25 as an indicator, adjust the IR pot

on Module 4 for a readihg“of‘(—7;5 volts on DVM). Now adjust
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VII. Opérating Instructions (Confinued)_

C. Alignment (Continued)..
8. Trip Adjustments (Continued)
d. High Range Failure (Continued)

the High Range Failure pot (below Module 19) until the trip
light 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 until trip light just energizes. Trip

level is now set.

f. Low High Voltage
Place Mode Switch in ZERO posiTion;
Disconnect HV cable from rear of main cﬁaésfs 421y,
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 until trip light is
Just energized. Trib 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.

BVIl-13





