Lawrence Berkeley National Laboratory
Recent Work

Title
Radiation Laboratory Magnet Regulations, Service and Operation

Permalink
https://escholarship.org/uc/item/5ba8t567

Author
Harris, C.A.

Publication Date
1949-11-14

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5bq8t567
https://escholarship.org
http://www.cdlib.org/

. ) G
7

o

i T

UCRL 520

UNIVERSITY OF
CALIFORNIA

Radiation
- Laborator

TWO-WEEK LOAN COPY

This is a Library Circulating Cbpy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



¥

W

UCRL~520

Unclagsified Distribution

UNIVERSITY OF CALIFCRNIA

Radiation Laboratory

Contract No. W-7405-eng-48

RADIATION LABORATORY MAGNET REGULATORS,
SERVICE AND OPERATION

C. H. Harris

November 14, 1949

Berkeley, California



UCRL-520

Li:clessified Distribution

—
Lo wn
e e e e e y- eon e gyt
EAT Fayamamre st g LT T AT OKRS,
- A PR B 1,‘.’7,.'

e - 13 v N e
ve o . f:il‘:.i:‘;

N oven er 14, 1949

Introduction
The present vs= of electco-magretic fields iw tne cyclotron

maonets, focussing magnets Team inrning meg.ets, asud ansalyzing magnets have

g+ time, required a stabiiit: iu the maonetia field of 1 part in 3,000 for
*n b uv opr more, Normelly tle= marnetic hysteresis of the iron may be
S~cnnrsnd, and assuming no me metis caturation of the iron, the magnet current
must - keld o Y pert an & 200 or 0,03 percent. If partial magnetic satura-
tion of the iron 1s pres-ut, a larger variation of magnet current may be
. v

allowed #nd the field still held to the desired accuracy.

The four‘main causes of variation in a closed loop current
regulaticn system sre:

1, Variatic: ii lozd reéistance due to heating. The effect

of load resistance change is reduced if ample loop gain is

provided in the regulating system.

24 A chanre 1n the reference voltage. This wili csuse

an error proportionai to the voltage change, irrespective

of the loor gaiu.

g e

3. Trun -4 1 5e voltepe chanves which efleat in the

LAt

gouerntor .itapge or in iiws regulator output. Here again,

the stabi - 2ing eilect 1s a funetion of the loop gain,



e

T

UCRL=520

ale

4, Hunting of the regulator, Hunting is usually due to
phase shifts associated with the time lags in the control
(]

system,

Stabiiization

If magnet windings are allowed to have a 20 degree C rise in
temperature, it will cause a 7,6 percent change in resistance., This
requires a stabilizing factor of 250 to reduce the effect to 0063 percent,

Fig., 1 shows typical wvalues that m{ght be needed in a regulating
loop, This indicates that for typical values the amplifier voltage gain
should be 125,000, Most of the voltage gain is required because of the small
fraction of the output voltage at the shunt.

The present regulator 521694A (Fig. 2) is an outgrowth cf the
regulator developed by Frank Trainor, and known as 212404A. The present
regulator has four ocutput voltage ranges; these are selected by'the 8,Ce
voltage applied to the plates of the final power stage., The following table

shows the output voltages and gains that might be expected in each case,

A=c piate voltage input Rated d~c¢ power output Max. voitage gain, in=-
to final power stage to field of generator ductive load
3500=350 240 v at 5 amp. 1.5 x 10% v
*240-0-240 165 v at 5 amp. 1 x 106 f
' $120-0-120 82 v at 5 amp. 0.5 x 10° v
60=0-60 34 v at 5 amp, 94 x 10° v

L3

% See IFig, 3 for curves of regulator‘output voltage
vse. & change in test shunt voltage applied to the
input of the regulator.
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Reference Vol ags

| The standard rerzrencs voltage must have a stability equal to
or greater than that rsguired in the magnet current to be regulated, It was
found that VR105°%s that have been selected on a VR dynamic tester st their
operating current of 17.5 milliamps have évbetter tempera%ure stability than
four aged Burgess Number 4F dry cells that were connected in parallel., The
batteries will change 0,06 percent per degree centigrade; the VR105's are
at least a factor of six better,

Voltage regulator tubes are known to have steps in their

operation, but since the 1load on the VR tube is constant ané is fed frqp a
voltage regulated doc, power supply. it is thought that the selected tubes
wi . give no trouble, |

It 1is recommended that the filament power be left on 24 hours

a day to aild in the stability of the stendard reference voltage.

Reference Voltege Controls

The reference voltage is contrellable over two ranges by the
control panel in Fig., 4; either of these ranges may be selected by a toggle
switech on the regulator chassis. The low range controls from G.2 mv to
51,5 mve The high range controls from l.4 mv to 564 mv., See Figs., 54 and
5B for a simplified diagram, %The control consists of a coarse step control,
and a continuous 25 ohm fine control that overlaps the steps o¢f the coarse
control., The raange of ths fine control is 3,1 mv on the low range and 35 mv
on the high range.

In some cuases, such as the constant frequency cyclotrons, a
super fine control to cover a smaller range must be used. This is done by
inserting a 25 ohm ten-turn helipot in place of or in series with the

present fine control, See Fig., 17,
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Transient Voltage

Changes in the line voltage feeding the induction motor would
probably not be sufficient to effect the cutput of the generator,
The line voltage input to the regulator has been varied from

105 to 125 wvolts without effecting the regulation point of the regulator,

Hunting

The likelihood of hunting is reduced because the regulator
output constitutes an electronic exciter with a very short time constant.

If a rotating exciter were used, an additionai time lag would bs present.
This would limit the allowable lcop gain and require au%iliary demping and
control devices to prevent instability. )

In the event a rotating exciter is used, provision is made in
the standard voltage circuit for xntroduction of a voltage feedback signal
for reduction of hunting; see Fig, 6, This plug may alsc be used to intro-
duce a correction signal from a device such as the proton moment field measur=
i
ing equipment. '

Operation of the Regulator

For the regulator in Fig. 1 to operate, it is necessary to
apply a de.c. volﬁage E3 to the field of the generator that is some function
of the difference voltage between a standard reference and the shunt voltage.
The input section of the regulator (Fig. 2) is simplified in Fig. 6,

The output of the Brown converter transformer is approximately
& square wave whose megnitude and sign is proporticnal to the voltege
difference between the standard and the shunt voltage. This signal is then
amplified in a push-pull two stage emplifier and applied tc the grids of the
thyratrons in the output stage. Sse Pigso. 7 and 8, The signal on the grids

1

of the thyratrons, FG=57, 1s then the sum of the amplified square wave and a
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phase shiftel a,c, signal A=ri-ed from the 60 cycle power systemo

When the 4 “Fr~>nce voltage between the standard and reference
voltage 1s zero, ths phase s.1fved a,¢, grid voltage causes the thyratrons to
fire at about 90 electrical degrees before the plate voltage goes to zero.
When the standard voltage is higher thsn the shunt voltege, the firing angle
is advanced so as to increase the output of the regulator; conversely, if

the magnet current is too great, the firing angle is retarded., (See Fig. 3).

Yo

Regulator Testing

General

In Fig, 9 is shown 2 block diagram of the interconnections
between the various chassis that comprise the regulating unit and generator
~3ield power supply. Care should be taken in connecting the power supply to
the plate transformer of the final stage (Fig. 10) that points 2 and 5 of
78«1 of the power supply have the same instantaneous a.c. polarity. The
regulator and power supply neutral is not tied to the regulator chassis, but
normally has a one point ground at the shunt used as ths input signal to the
regulator, If a separate d.c. voltege source is used as an input signal for
testing, it is necessary tc ground the neutral of the gegulatoro (See Figo 9

Power Supply

The power supply in Fig. 11 furnishes the following power ‘for
the regulator chassissg

1. 5 v, 60 cps at 9 amp. total to filaments of FG57°%s,

2o 6.3 v, 60 cps at 1.2 amp. to filaments of 68J7°'s,

3, 115 v, 60 cps at 2 ma for phase shifted a.c, to grids
of FG57°%s,

4, 6,3 v, 60 cps to Brown converter; this voltage has a
phase shift control R11 that allows the converter.
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voltage to be phase shifted ahead between +10 to +40
electrical degrees with reference to the input ag.ce
line voltage,
250 v dogo. 17,5 ma to stendard reference Vi,
250 v doc. at 12 ma to plate and screen of the 68J7's.
The regulated 250 v d,G. should regulate over a load
range ¢f 10 to 60 ma with an &.c. ripple not to exceed
0,006 v, '
350=0=3H0 v doz. or less, depending upon the load, passes

through the pewer supply from the power output transformer
to feed the plates of the FG=57,

The following voltages should exist on the various tubes as

listed below when the regulatcr amplifier is powered with the interconnecting

cable from the power suppiy.

V4

Vs

E Plate E Screen E Cathode
105 v - 0
85 v 32 v YA
8o v 32 v 6 v
1056 v 50 v 1.2 v
105 v 50 v lo2 v

These voltages shouid be within 10 percent when measured with

a vacuum tube volt meter, but may be changed by selection of the 63J7's,

(The phase shifted a.c., signal to the grids of the FG57%s should lead their

A

respective a.c, plate voltage by sbout 85 electrical degrees to gifé proper:

grid control of the thyratrons.)

The phase of the s,cs applied to the Brown converter should

be shifted by adjusting R11 of the power supply, so that the time when the
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centacts of cae converter are closed will coincide with the time the a.c. line
ve ~age supplied %o the power supply is zero.
neater voitige lsakege from the heater to cathode of the 68J7
amplifier tubes will cause an extraneous 60 cps signal to be applied to the
grids of the thyratrons in the cutput stage. This pickup may be detected
as distortion on the 60 cps grid signal of the thyratrons. T6 minimize this
grid signal distortion, the iollowing‘procedure should be used:
1, Turn the regulator amplifier attenuator to zero

2, Connect the scope £ pin jack 1 or 3 of the reguistor

3, Adjust the filament bairasing resistor R28 to give
minimun distortion on the s.c, grid sipnal of the
thyratron

The relationships of the signal voltages existing in the
fegulator amplifier as compared with the a.c, liné veltage may be seen in .
Fige 6o

2-.1/25 watt neons in series are used as a limiter to limit the
positive excursion of the plates of the second stage of amplification. This

is to limit the amount of power delivered to the grids cof the FG=57,

Operational Test

The regulator is usually used to supply the field excitation
of a generator that in turn furnishes the excitation power of a magnet. The
input of tﬂe regulator is then a voltage supplied from a shunt that measures
the magnet current. When = test is desired of the regulator system it is
usually sufficient to supply a steady d.c. voltage to the regulator in place
of the shunt signal, and if a generator field is not availgble, 2 resisﬁance

may be used ss a load in plilace of the generator field,
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"t The d.c., voltage input cen be supplied from either of the

circuits shown in Figs. 12A or 12B, Fig, 12A is satisfactory to check the
functional operation of the regulator, but Fig, 12B should be used when &
curve of regulator output vs. input is desired. This circuit (12B) allows a
curve to be plotted on a direct coupled oscilloséopen thus making the plot in
& short time, and thereby eliminating any correction factors due to battery
drifts in the supplied d.c. voltage.

The controls on the control panel (F{E, 4) are used under the
test condition to set the difference voltage between the input d.c, voltage end
the standard reference voltage to within the operating rénge as shown in
Figs, 3s For operation the difference voltaege should be within(: 0,3 hv«

Fig° 3 indicates that the output curve of the regulator is
dependent upon the load impedance angle. The two curves shown in Fig, 3
show the output for a resistance load and for a typicel inductance load as
found in the field circuit of d.c. generator. The inductive load givés a
higher amplifierlgain.

When the regulator is used in a regulating loop, the oply
ground of the regulator neutral occurs at the shunt through the shunt leads,
The generator field circuit must not be connected to ground or spurious signals
will be applied across the 100 ohm resistance that isolates the amplifier and

output stage of the regulator and cause faulty signals on the grids‘df the FG=57's,

Applicetions
184~-Inch Cyclotron Magnet

See Fig. 13 for en open loop voltage curve of the regulator as "¢

it now feeds the 552 kw M.G. set, A 1500 amp,, 500 mv shunt is used. These

KN

curves show that over the normal operating range, the loop gain is
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approximately 750, This amouxt of lcop gain will hold the magnet current well
w:"hin the limits set up for this circuit., Any drift that occurs is probably
due to variations in the staraard wvoltage,
In one test the regulator reference voltage drifted down to
0.09 percent over an eight hour period. The ambient temperature around the

VR standard raised 7 degrees C during the same time.,

20 Kw M.G, Set

Seeg Fig, 14 lor a typical spplication of this regulator as
used with & 20 kw portable ¥.G, set. The loop gain is approximately 500,

depending upon the load and shunt resistance,

Analyzing Magnet, Building 10

See Fig. 15 for the characteristics of this circuit. The loop
gain is 830 at the 36 amp. operating point of the magnet. This gain will
reduce the effect of resistance varistion during heating to 1 part in

10,000,

‘60-Inch Cyclotron Megnet

See Figs, 16 and 17 for the characteristics of this applicea-
tion. The loop gain is 100, It should be noticed tﬁat in this case an a.c,
input voltage of 350=-0-350 is used into the final thyratron stage. This
loop gain might be a little loQ, but since monitéring of the field is neces-.

sary for optimum beam (the oscillator frequency changes with beam loading)

it is thought that a loop gain of 100 would be sufficient.
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MAGNET REGULATOR 521694 INPUT SEGTION
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