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Synopsis

Various types of magnetic amplifiers for operation with such low-level,
low-impedance signal sources as thermocouples have recntly developed for use
in automatic control system. In many cases, their output needs to be amplified
by means of multistage magnetic amplifier. In some applications it is
desired to obtain, from its output stage magnetic amplifier, an a-c output
or a full-wave output.

Therefore, it is desirable, for the high performance amplification, the
fast response, the simplicity of the circuits and the economy in cores,
rectifiers and -other parts to be used, that the half-wave flux reset type
magnetic amplifier is used for the early low power amplifier stages and then
the half-wave signal is converted into full wave output or a-c output in the
power output stage.

This paper presents the operating principle and the experimental results
of these magnetic amplifier circuits which can be controlled by half-wave
control signals. In the point of utilizing the transistor as switch, these
circuits differ from the magnetic amplifiers, for this use, developed up to
this time.

Converter Type Magnetic Amplifier Circuits

Some converter type magnetic amplifier circuits have been proposed by
some researchers.(D (M A basic type of circuits is shown in H. Lord’s
report.(? Its outline, as shown in reference I, is that the ‘‘slave action’’ caused
by “slave winding’’ provides.a full wave output or an a-c output.

It is noteworthy that he has shown such originality in this sort of research.
However, it is necessary to make a careful investigation as to whether the
magnetic amplifier with a ‘“‘slave circuit’” is applicable for the inductive or
the capacitive load, because the interconmecting circuit which provides this
slave action is exercised by the load voltage or the gate current of the master
inductor.¢®> It is also open to consideration that the circuit for an a-c
output differs much from the circuits for a full wave output and has a third
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inductor. .

On the other hand, the® author’s half-wavé controlled magnetic amplifier
circuits operate, to provide a full wave or an a-c output, in the way of flux
resetting in which the firing angle of reset current for inductor B is controlled

(@)
Eig. 1
amplifier for full wave output or a-c

Basic circuits of magnetic-

output with half-wave control signals.
(a) bridge circuit (b) doubler circuit
(c) center-tap circuit
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R1 = 52 OHMS Rz - 500 OHMS
Rer = 1000 OHMS Re: = 250 OHMS
Tr=Transistor 2 T85(N—P—N)
REC-1 ~ 4 =Germanium diode 2 GJ 2B
REC-T =Germanium diode 1 T22
REC-Nc:=Germanium diode

1T22x 2 (series)

Fig. 2 Two stage magnetic-amplifier
for full wave output with half-wave
signals.
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with transistor switches and the
flux of this inductor is reset by
the same amount as that set by
the signal in the master inductor
A. These basic circuits are shown
in Fig. 1., which are applicable in
the same way as the doubler
type, center-tap doubler type and
bridge type circuits and have a
merit that there is no need for a
complicated circuit. The operatirig
principle of these circuits will be
made clear as follows.

Principle of Operation

Sincz this circuit is naturally
used in the multistage magnetic
amplifier, its connection”with the
input stage half-wave flux reset
type magnetic amplifier is shown
in Fig. 2. In this figure the black
and the white symbols of currents
and rectifiers, denoted by &—,c-,
and —{~, —>|, respectively, show
the mode of operation of recti-
fier arrangements, according to
precedent.<® That both cores (A,
B) are identical and gate windings
(Nga, NgB) have equal numbers
of turns is the same with the
commonly used magnetic amplifier
circuits. But the number of turns
of control winding (N¢) of master
inductor A, which is controlled
by half-wave signals from the
preceding stage, is not always the
same with the reset Winding"(NR)
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of inductor B. In this case the magnetic characteristic of the core B needs
not vmatch that of the core A so closely as is required for conventional full-
wave self-saturating magnetic amplifier.

Fig. 2 shows also the common emitter connection by which the NPN junction
transistor is used as controlled switch, If a large enough base drive is
applied to the transistor, it operates as the switch conducting only during
the - positive signals applied. ¢ <(™ That is, if the base is positive with
respect to either emitter or collestor, the NPN transistor conducts with
very low resistance, and then its output resets the flux of core B. This
period of duration is the gate half cycle of inductor A as well as the
reset half cycle of inductor B. If the base is negative with respect to
both emitter and collector, the transistor maintains non-conducting. This
period is the gate half cycle of inductor B and the reset half cycle of
inductor A at the same time.

Ultimately the transistor is drived by the voltage in the reset contfol
winding ('NRC), which is caused by the ascent of flux level of core A only
during the exciting interval of inductor A, and then its output resets the
flux of core B by the same amount as that set by the signal in the
master inductor core.

If the firing angle of master inductor A advances or retards, the firing
angle of inductor B advances or retards likewise and the gate current of
inductor B (Igp) is not a bit different from the gate current of inductor
A (Iga).

Since the transistor conducts only during the reset half cycle of inductor
B, the half wave rectified current (Ir) is supplied for the transis'fbr from

the source.
: Experimental Results

A circuit similar to that of Fig. 2 was set up to demonstrate the
operation of this type of the magnetic amplifier and a satisfactory
performance was obtained.

(a) Wave Forms

The design data on the examined magnetic amplifier are shown in Table. 1
Fig. 3 indicates the core flux changes and the current wave forms in
some parts of the circuit obtained when inductor A is controlled to fire
at some phase angles. It is easy to undersand, with the aid of the
photographs of current and flux change wave forms, the performance of
half-wave : controlled magnetic amplifier, which has already beea described.
Note that the current required to reset inductor B can flow only during
the prefiring interval of the normal gaté half .cycle for inductor A when
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Table 1. Full wave bridge type Magnetic-Amplifier

Inductor A Inductor B Inductor C l
| Material | Sendelta** Sendelta Sendelta
Core ‘_Type Troid Troid Troid
| Size* 0.1x20x60x1000.1x20x60x100 0.1x10x45x60
Inductor — —— - === -
Nga = 930T | Ngp = 930T Np. = 3000T
Winding Ne =230T | Nk = 140T | Nei = 450T
Turns EE—— = S
Nrc = 90T
‘ Rectifier REC1—4 Germanium; Junction 2GJ2B (JRC)
REC—T Germanium; Point conctact 1T22 (Sony)
| Transistor | Germanium; N-P-N Alloy 2T85 (Sony)

* (tape thickness)xl(height)x(inner dia.) x (outer dia.)mm
** Grain-oriented 50% Ni-50% Fe alloy (Tohoku Metal Industries, LTD.)

No. 1 2 3 4 5 6

I.(mA) 1.0 2.5 3.5 4.5 5.5 7.5
Fig. 3 The core flux changes and the current wave forms
in some parts of the circuit. Numbers of oscillograms refer
to the points on the control characteristic (Fg. 4) where
oscillograms were taken. (Bridge type magnetic amplifier)
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the flux level in core A ascends toward saturation, and that the resetting
mode of inductor B differs from that of inductor A.

(b) Control Characteristics

The full wave output current taken as ordinate against the half-wave
control current of input stage, represented by I.i, as abscissa, is shown in
Fig.4 as the control characteristic for various load resistances. The curreut
required to reset inductor A (I.:) is .-shown also and the way of this current
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Fig. 4 Measured control characteristic, illustrating effects

of wvariation of load resistance. Numbers on characteristic

curve correspond to those of oscillogram (Fig. 3).
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change is almost the same for various loads Rr. In this figure the
numbers on the curve correspond to those of wave form photographs
(Fig.3). Both gate currenté Ica and Igs must be of the same form and
equal amount, but it is not to be taken seriously, even if there is a
trifling difference between them. Wave forms of load current Ip in Fig.3
indicate that the right halves are from inductor A and the left halves are
from inductor B and the difference between Iga and Ige on the characteristic

shown in Fig. 5 is very small. Fig. 6 shows a control characteristic of
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HALF WAVE CONTROL CURRENT
I..-MILLIAMERES

Fig.5 Gate currents Iga, Igs and load current Ii.

half-wave controlled magnetic amglifier, illustrating effects of wvariation of
supply voltage. This control characteristic keeps the linearity even for the
severe voltage variation, and each half-wave form is well-balanced also.

As an example with inductive d. c. load, Fig. 7 shows its charac-
tersitic using a generator field (d. c. shunt generator 5KW, 110V, 45, 5A;
field resistance 90 OHMS; time constant z = 0.15 sec) as the load.

308



AVERAGE VALUE OF LOAD CURRENT
AND GATE CURRENT MILLIAMPERES

AVERAGE VALUE OF LOAD CURRENT

I -MILIAMPERES

NARUSE : Magnetic — Amplifiér Circuits Converting Half —Wave Input-
into Full—Wave OQutput with Transistor Switch

qo0 I
Ep Er ‘ ) . @
) 65 16.25 VOLTS (efd> l)—'—
goo 2> 60 15 - VOLTS (effd (2) =——
@) 55 1375 voLTSs (efd) @)
W 5o 12.5  voLrs (eff)
700
“)
Rci = Jooo  OHMS
Rez = 0 OHM / ju)
Gaor‘ %3 25 HMS / o]
— 3)
so00- KZ3)
=58 0HM § ——
400 78 oHM S—7Z/
300
200
loo |-
N 1 1
0 1 2 3 4L 5 6 7

HALF WAVE CONTROL CURRENT

I.:.-MILIAMPERES

Ii,Ien Jes
(mA)
T00 T
LOAD : D.¢. GENERATOR FIELD
ool Ep=60 VOLTS (eff)
Ec2=43 VOLTS (eff)

Et=15 VOLTS (eff) 1
soor Rei= 1000 DHMS -
Rez= 250 0HMS /

PPYY) S
300 /
/ Tea
- 200 Isa
100
‘ / |
0 i 2 3 [ 5 6 1

" HALF WAVE CONTROL CURRENT
I..-MILLIAMPERES '

309

Fig.6 - Measured
control characteristic
with "resistive load,

illustrating effects of

.variation of supply

voltage.

Fig. 7 Control
charactristic with

the inductive load.

D. C. generator
field was used
as the load.
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(¢) Comparison with the Ordinary Self-saturting Magnetic Amplifier

, It is interesting to compare the characteristic of the author’s amplifier
circuit with that of the generally used self-saturating magnetic amplifier
which is shown in Fig. 8. To make an experiment for the comparison,

-

x

Ee | o £ o
(a) |

(b)
Fig. 8 Circuits for comparison of the control characteristic.
(a) author’s magnetic amplifier.
(b) ordinary self-satuating magnetic amplifier.

joo0

the author’s magnetic amplifier

1001 £,-go TOLTS (et ~was altered to the ordinary
Er=15 VOLTs (eff) type of circuit whose control

g0 ———===1 winding is equal in number of
Ru= 58 OHM ~ turns to that of the former

700k J inductor A, and the charac-

teristic was obtained as shown
in Fig.9. In this case the input

stage magnetic amplifier was

Fig. 9 Compared control

characteristic with ordinay
self-saturating bridge type
magnetic amplifier.

(a) =~ for “half wave

controlled full wave output

magnetic amplifier’”” (Fig.1

AVERAGE VALUE OF LOAD CURRENT IL-MILLIAMPERES

—a).
(b) ----- for “ordinary self-
1o 0 saturating bridge type
D. C. CONTROL CURRENT magnetic amplifier’” (Fig.
I..-MILIAMPERES 8).
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removed and only both amplifier circuits of output stage were examined.
In order to compare the both under the condition of constrained magnetization,

R. = 52 OHMS
R: = 500 OHMS

Re; = 1000 OHMS

Re; = 250 OHMS

TR = Transistor2T85 (N-P—N)
REC-1 ~ 2 =Germanium diode
2GJ 2B -

REC-T = Germanium diode 17T22
REC-N,;= Germanium diode
1T22x 2 (series)

Fig. 10 Two stage magnetic-
amplifier for a-c output with
half-wave control signals.

Fig. 11 Measured control
characteristic of half wave
controlld doubler type magnetic
amplifier, illustrating effect of
variation of load resistance.
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the high impedance choke coil
(15 HENRYS: 60MA; d. c.
resistance 250 OHMS) was
inserted in either of the control
circuit. The experimental
results show no remarkable
difference between them.

(d) Circuit for a-c Output
Two stage half-wave
controlled type of magnetic
amplifier for providing an a-c
output is shown in Fig.10. For
this purpose a part of the
connection shown in Fig.3 is
changed. In this casé, compared
with the voltage for the full-

Ep=60V0LTS (¢

EL:“ vom‘ﬁé R.= 58 onrts
Er=16voLTs (eff)
Ra=1000 oHMS

Rea= 250 OHMS

5 78 ouMSle

-

4

128 OHMS

178 04MS

I 2 3 4 5

o
HALF WAVE CONTROL CURRENT
I.-MILLIAMPERES
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{000

Ep= 60 yoLTS (e}f)
ool E;=16 VOLTS (eff)

78 oHMS

EFECTVE VALUE OF LOAD CURRENT I;-MILLIAMPERES

D. C. CONTROL CURRENT
I..-MILLIAMPERES
Fig. 12 Comparison of the control
characteristic of half wave controlled
a-c output amplifier with ordinary
self staturating doubler type magnetic
amplifier.
(a) = for *half wave controlled
a-c -output amplifier.
(b) ---- for ‘“‘odirary self-saturating
doubler type magnetic amplifier.

30 20 14 0

‘wave output, the supply

voltages of transistor and low
power stage are increased by
6.7 peér cent, otherwise the
magnetic amplifier does not
operate well, as the voltages
are left as they were. Experi-
mental results on this circuit

are shown in Fig. 11, 12, 13.

The obtained static control
characteristic (Fig. 11) is
superior to that of the
half-wave controlled full-wave
output magnetic amplifier.
But the response time is larger
than that of full-wave output
bridge type magnetic amplifier.
This phenomenon is also
observed in the ordinary type
of doubler and bridge type

magnetic amplifiers,(®

It may be contributed to the
fact that this. comes from the
rectifier reverse current péssi_ng
through the gate v&inding’ ‘Nea
of saturated inductor A during

the prefiring interval of

inductor B and its being transformed into the control circuit, to produce

some positive feed-back.
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Ic(mA) 1.0 1.5 1.7 2.0 2.5 4.0
Fig.13. The core flux changes and the current wave forms in some

parts of the circuit. Numbers of oscillograms refer to the points
on the control characteristic (Fig. 11) where oscillograms were
taken. (Doubler type magnetic amplifier)

(e) Transient Response

The results of transient response test of the half-wave controlled
magnetic amplifier circuits with wvarious loads are shown in Fig.14 (a) (b)
(¢). In their oscillograms, the upper trace shows the load current, the
middle trace the half-wave resetting signal applied to control inductor A
and the lower trace the input stage half-wave control signal.

The effect of gate circuits on the transient responsz of ths half-wave
controlled magnetic amglifier may be understocd by analogy with the
ordinary original sclf-saturating magnetic amplifier circuits.

However, the transition of the gate current Iga and Igs in the
process of contr:lling is not always similar to each other, even though
these currents become the same after all. This fict is resulted from the
difference of the irductor A and B in the constitution of reset circuit.
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Fig. 14 Transient response causel by input stage control
current-I.: suddenly changed. Oscillograms of load current-IL,
output stage control curreat-I.;, and input stage control

current-I.;, are shown,

(a) Full wave output with resistive Isad (Rp = 78 OHMS).

(b) Full wave output

with inductive load (Generator field

was used as the inductive Ioad.)
(c) A-c output with resistive load (Rr = 78 OHMS).

(d) Transieat response

of current through the generator

field by d-c voltage suddenly applied,
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Conclusion

As pointed out previously, it is certain that‘ the author’s half wave
controlled magnetic amplifier circuits are useful for the general use of
multistage magnetic amplifier. Indeed, there is some fear that the utilization
of the transistor might change the control characteristics as a result of
fluctuation of ambient temperature, but utilizing the transistor as a
means of switching is very much free from such fear in comparison with
the normal use of transistor. Perhaps the rectifiers, used also in the
ordinary magnétic amplifier, are rather apt to be affected by the amplifier
ambient temperature. And_ consequently it is safe to treat the author’s
in the same way as the generally used type.

The author wishes to express his hearty gratitude to Dr. T. Kikuchi
and Dr. Y. Watanabe who have supported this work and also have given
him many suggestions. , (Received September 26, 1959)
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Avpendix

Half-wave-controlled Magnetic Amplifier
with Resst-adjustable-winding
In the preceding explanation of the half-wave controlled magnetic amplifier
shown in Fig.5, a trifling difference between the gate current Iga and Igm
haé not been taken into the discussion, being negligible in practical use.
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If it is required that there should be no difference at all between the gate
currents Iga and Igs, an auxiliary winding added on the core B, named

“the reset- adjﬁstable winding’’ serves to adjust the amount to be reset by the

tranmstor Thus the circuit shown in Fig. 15 was set up and a satisfactory

JIG(B )

IL '

Fig .15 Two stage half-fwave

controlld magneitic amplifier
provided with the reset-

' adjustable windng.

Fig. 16  Measured contvol

characteristic of the haif
wave controlled bridge type
Magnetic amplifier provided
with the reset-adjustable
winding.

AVERAGE VALUE OF LOAD CURRNET I.-MILLIAMPERES

performance Was obtained. Fig. 16
shows a characteristic obtamed in this
circuit. In this caé since the core B is
reset by the transisor collector current
in the pref1r1ng interval of 1nductor A

“and the adjustment of the core resetting

is made in the conducting interval of
1nductor A, they are not mterfered by
each other and the core’ resettmg is
brought into good cond1t1on.‘ '

Ep=60 VOLTS
Ec2=43 VOLTS
100 FE <15 voLTs
1 Rei=fo000 oHMg| = R =58 OHMS
800 Rea= 250 OHMS 4
Ry= /7 OHMS
700F R,= 2000 0HMS
Nag= & TURNS
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IL<
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400
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