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A Measurement of Response Time

for Magnetic Amplifiers
( Received April 18, 1955

Hiroichi FUJITA*

Abstract

Recently , the magnetic amplifier is used in a automatic control circuit or
a computer circuit. Therefore, the response time of the magnetic amplifier has
increased its importance and has been measured frequently. Unfortunately
the conventional instruments which measure the response time are consider-
ably inconvenient . For example , the electromagnetic oscillograph is used to take
a photograph of the load current wave form of the magnetic amplifier and its wave
form is integrated .

The method described in this paper in order to measure the response time of
the magnetic amplifier consists of a simple and reliable electronic device and

a cycle counter .

I. Introduction

The response time of a magnetic amplifier is defined as the time during
which a change of load current or voltage reaches 63 or 95 percent of a total
change. And it is represented occasionally in the number of cycles of a-c sup-
ply voltage.

When the magnetic characteristics of core materials have a rectangular B-H
loop, the wave form of the output current exhibits the typical rapid risz as
one core saturates at some angle, and exhibits sinusoidal forin after saturation.
Therefore, if we measure the response time from the peak value of output
current, we can no: obtain its exact value, so we must measure it from
the area of the output wave form .

The device described in this paper is a simple and reliable electronic device
with cycle counter and two thyratrons. One of these thyratron is used as
a starting switch of a cycle counter, the other is used as to stop it, when
the value of load current reaches a specified value ( 63% or 95% of total change ).

The duration of this cycle counter operation is the resronse time of the
magnetic amplifier. In an integrating circuit, a rectifier ( 1 N 34 ) is used as
a switching circuit to discharge the condenssr in every cycle .
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II. Principle of Operation and Description of Circuit.
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Fig. 1

In the Figure 1, two thyratrons, V; and V,, are connected in series. The
control d-c voltage of the magnetic amplifier is supplied to the control grid of
V, and makes the V; discharge at the initial point of input unit step function.
The control grid of V; is connected to the integrating circuit which integrates
the output current wave form of the magnetic amplifier. The bias voltage of
V, must be pre-adjusted to be discharged when the integrated wave form
reaches the 95% or 63% of the final steady state value.

Then the potential of P increases rapidly at the discharge of V; and falls
down at the discharge of V;, so we can obtain an impulse during the response
time of the magnetic amplifier. This impulse is supplied to a control grid of push-

pull triodes, which are always supplied several volts of a-c sone

50 cycles, but are cut off by ample d-c bias voitage . Mo mas —
Therefore, the cycle counter operates, with the signal X 'W L] > E

of 50 cycles, only during the time of the impulse which e
appears at P.

The particular integrating circuit is shown Figure 2,
the output wave form of the magnetic amplifier (a) is
integrated by resistor 1 m and a capacitor 0.1 uF as \
shown in(b). But desired wave form is shown in(c).

In this circuit, the only positive wave form is supplied (b) [
to the cotrol grid of 6 SN 7, as the negative wave form

is passed through the rectifier 1 N 34 which is a switch

for negative wave form and the integral of positive wave ] {
form starts from zero level. As the result, the wave (¢)

form (d) appears across the grid of 6 SN 7.

In Figure 3, T1/2 amplifies the output wave forms of the C
(a)

magnetic amplifier. 77,/2 and T, amplify the integrated
Fig. 2
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positive wave form. This amplified integrated wave form is supplied to the control

grid of the thyratron V.
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magnetic amplifier so that the amplified wave form does not distort. Ri; is chosen
lower in order to eliminate undesirable voltages such as noise voltage, abnormal
peak voltage of swtching shock, etc. Ry, limits the current of thyratron V;and V..
Two resistor of Rj; and Ry, are connected in series and divide the anode voltage of
V. bacause the thyratron V. needs high anode voltage (over 100 volts d-c) but the
. impulse voltage for Ty dozs not need so high. The proper grid potential of Tg at

the operation is obtained by subtracting the voltage across R, from the divided
voltage by VR,.

The impedance of the cycle couter is low. Therefore an impedance matching
is done by trnsformer TR, whose delay time can be entirely negligible affirmed
as the results of experiment . The capacitors C;, Cy;, Cia, Ci;. Cuu, Ci7, Ca, Cisg,
and Cy serve to by-pass any abnomal voltage in the circuit and to keep
the device stable .

II1. The Method of Measurement

The block diagram for the method of this measurement is shown in Figure 4.
At first, we adjust VR, to discharge the thyratron V; at the initial point of unit
function. Then VR, is adjusted to discharge the thyratron V. when the integrated

wave form reaches the 95% or

63 % of the final steady state N L™
value . After these two prepa- LOAD RESIST., B \
. OF MAG. AMP VR,
rations, we supply a step volt- o
age to control winding of a rEsTE s T loveie
N .p D . S
testing magnetic amplifier MAG. AMP A COUNTER
then the response time is indi- VR,
cated by the cycle counter. .
CONTROL = Py
If we want torepzat the mea- OF MAS. AMP j;_( ®:
surement , we set back the ‘j—‘ 4—{——‘_“ -
3

magnetic amplifier to the
former state and break the cir- A VIBRATOR 0F 0SCILLOGRAPH
cuit of thyratrons by SW; to Fig. 4
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stop their discharges.
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The curve in Figure 5 shows the rela |
tionship between dial degree of VR; when  LONTROL A A/ ) \ \\\\\\{\
V, discharges, and the peak value of
the amplitude. Figure 6 shows the same
relationship for the thyratron V. and
VR,. Figure 7 is the photograph taken by éﬁé’&gw -VJ\ /‘
the electromagnetic oscillographs to as-
sure the operation of this device.

E3iTer
Fig. 7

IV. Note

The main error of this device depends upon the fluctuation of a-c supply
voltage . If the a-c voltage fluctuates during the preset of device and measure-
ment, the error occurs. When the a-c voltage drops down, the characteris-
tics of this device will not be affected too much, but those of the magnetic am-
plifier will bz affected, that is relatively, the preset final value of the device
rises. consequently the response time will be measured as longer than the
true response time. Therefore, greatcare must be taken to maintain the a-c
supply voltage stable. The biggest limitation of this device is that it can not

measure the response time when the load current of the magnetic amplifier falls
down .
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