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This invention relates to voltage regulators and
particularly to electronic regulators capable of
maintaining the voltage of an alternating current
supply substanhtially constant.

According to conventional practice, numerous
forms of electronic voltage regulators have been
used to maintain the voltage of an alternating
current supply system substantially constant.

. Generally this type of regulator employs a regu-
lating or rheostat tube, connected in series with
the supply circuit. Such a tube, in turn, is con-
trolled by another tube, connected in paralle] with
the supply circuit. The second tube responds to

- yoltage fluctuations in the supply circuit and ap-
propriately alters the impedance of the rheostat
tube to counteract tendencies for the voltage of
the supply system to deviate from a predeter-
mined normal value. :

As is well known in the art, however, devices
of this character employing conventional elec-
tronic devices, depend for their successful opera-
tion upon the impression of voltages thereon of
substantial magnitudes, usually of the order of
several hundred volts. There are some types of
loads which, for successful operation, require no
deviation from a predetermined value of the volt-
age impressed thereon and these loads frequently
are such that the impressed voltage is relatively
low, as for example, of the order of six volts.
One load of this character is the heater elements
of the electronic devices used in a vacuum tube
voltmeter. Where the voltage to be measured by
such an instrument is of a relatively low order
of magnitude a slight fluctuation in the voltage
of the alternating current supply for the cath-
ode heater elements effects a change in the emis-
sion from the cathodes sufficient to introduce
relatively large inaccuracies in the voltmeter in-
dications. Inasmuch as & heater voltage is con-
siderably lower than that required for the suc-
cessful operation of electronic voltage regulators
known to the prior art, such devices are not ade-
quate.

It is an object of the present invention, there-
fore, to provide a novel voltage regulator for an
alternating current supply which is instantane-
ously responsive to extremely small voltage fiuc-
tuations and, furthermore, is capable of main-
talning the voltage at a substantially constant
value.

In accordance with this invention, there is con-
nected to & source of alternating current supply
for a load circuit & coil having an iron core. The
impedance of this coil is determined by the mag-
nitude of the constant magnetization of the core.
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The regulator also includes a means responsive
to voltage fAuctuations of the alternating current
supply to vary the magnitude of the constant core
magnetization. In this manner, as the voltage
of the alternating current source tends to in-
crease, the constant core magnetization is varied
in a sense, whereby to effect a compensating
change in the impedance of the coil. C

For a better understanding of the invention,
together with other and further objects thereof,
reference is had to the following description, taken
in connection with the accompanying drawing,
and its scope will be pointed out in the appended
claims. '

The single figure of the accompanying draw-
ing is a schematic circuit diagram of one form of
voltage regulator embodying the instant inven-
tion.

Referring now to the drawing, there is shown
diagrammatically an alternating current source
{. This source may be a commercial power sys-
tem or any other convenient source of alter-
nating current such as an electronic oscillator.
The source may have substantially any desired
frequency, such, for example, as in a commercial
power system, 60 cycles per second. One ter-
minal of the source | may be grounded, as shown.
The other terminal is connected through a coil
2, which is provided with an iron core 3, to one
terminal of an alternating current load 4. The
other terminal of the load may be connected to
ground.

There also is connected across the terminals
of the load #, the primary winding 5 of a volt-
age step-up transformer 6. The secondary wind-
ing T of the transformer is shunted by the re-
sistance element of a potentiometer 8. :

A rectifier tube 9, which in the event that half
wave rectification is desired -may be a diode, is
connected in series with a load resistor 11 across
a selected portion of the potentiometer 8. The
alternating current voltage impressed upon the
rectifier tube may be varied by means of an ad-
justable contact 12 provided with the. potenti-
ometer. - A filter condenser {3 is connected in
parallel with the load resistor (1.

The anode of the rectifier tube 9 is connected
through a resistor {4 to the control grid 15 of a
direct current amplifier tube 16. A by-pass con-
denser 11 is connected between the control grid
and the grounded cathode 18 of the amplifier tube.
The suppressor grid 18 of this tube also is con-
nected to the cathode. The screen grid 21 of
the amplifier tube is connected through a resistor
92 to the positive terminal of a source of direct
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current energy such as a battery 28. The nega-

tive terminal of the battery is connected to

ground,

One terminal of the secondary winding T of
the transformer § is connected through the re-
sistor 22 to the positive terminal of the battery
23. Also, a voltage regulating tube 24 is con-
nected between this terminal of the transformer
secondary winding T and ground. The regula-
tor tube s shunted by a by-pass condenser 28,

The anode 28 of the amplifier tube {8 is con-
nected through a coil 2T to the positive termi-
nal of the battery 23. The coil 27 is wound upon
the iron core 3 and provides a substantially con-
stant magnetization of the core. If desired, the
coll 21 may be shunted by a condenser 28 and/or
a resistor 289,

Referring now to the operation of the described
voltage regulating apparatus, the detalled de-
scription will be prefaced by g brief consideration
of the behavior of iron cored reactors where the
core magnetization is influenced by both alter-
nating current and direct current components.
It is well known that the impedance of a coil
such as the coil 2 is a function of the total of
the ohmic non-inductive resistance and the in-
ductive reactance thereof. The non-inductive
resistance remains substantially constant. The
inductive reactance of the coil depends upon the
point on the magnetization curve of the iron core
3 about which the alternating current component
varies. This point is determined by the constant
magnetization of the core by the direct current
component. The higher up on the magnetiza-
tion curve that this point is located, the lower is
the inductive reactance of the coil 2, and, conse-
quently, the lower is the impedance of this colil.
In order to effect operation at a higher point on
the magnetization curve it is necessary to in-
crease the direct current magnetizing compo-
nent. The present invention takes advantage of
this characteristic of an iron core reactor,

Before describing in detail the operation of the
voltage regulator, a brief consideration will be
given to the voltages impressed upon the input
circuit of the amplifier tube 16. The cathode I8
of .this tube is maintained, by a direct connec-
tion, at ground potential. The positive terminal
of the rectifier load resistor {1 is maintained at
a fixed positive potential with respect to ground
by means of the regulator tube 24. The negative
terminal of the load resistor is coupled to the
control grid I5 of the amplifier tube. Under
normal operating conditions, the potentiometer
contact 12 is adjusted suitably to effect the de-
velopment n the load resistor (i of a voltage
substantially equal to the voltage across the regu-
lator tube. Inasmuch as the voltage across the
load resistor is of opposite polarity to the voltage
across the regulator tube, it is seen that the con-
trol grid I5 of the amplifier tube is malintained
substantially at the same potential as the cath-
ode 8. Under these conditions the space cur-
rent flow between the cathode {8 and the anode
28 of the amplifier tube is of normal magnitude.

The voltage developed in the load resistor 11
is proportional to the voltage impressed upon the
load circuit 4. The proportionality is determined
by the step-up ratio of the transformer § and
the adjustment of the contact 12 of the potenti-
ometer 8. Preferably in a device of this charac-
ter, the voltage across the regulator tube 24, and
the substantially equal and opposite voltage de-
veloped in the load resistor » Is of the order of
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: 4
thirty times greater than the voltage impressed
up on the load circuit 4. . '

The normal value of space current conducted
through the tube (8§ also flows through the mag-
netizing winding 21. This winding furnishes the
direct current constant magnetizing component
for the iron core 3. So long as the voltage of
the ‘alterhating current supply to the Joad 4 re-
mains at the desired vahrte,” the “direct turrent
through the magnetizing cofl 21, remains con-
stant. Consequently, the inductive reactance
and the impedance of the coil 2 also remain
constant. )

Assume now that the voltage of the alternat-
ing current supply to the load & increases by a
very slight amount such as, for example, a frac-
tion of a volt. As a result, the voltage induced
in the secondary winding T of the transformer 6
is increased proportionately. By reason of the
step-up ratio between the secondary winding 5
and the primary winding 1, the increase of the
secondary winding voltage may be of the order
of several volts, Consequently, when the select-
ed portion of this voltage is rectified in the tube
9, there is developed in the load resistor 11 a
negative voltage increased in magnitude by sev-
eral volts over the normal value thereof. By
reason of the fact that the positive terminal of
the resistor {1 connected to the transformer
winding 7 is maintained at a predetermined
value with respect to ground by the regulator
tube 24, and the fact that the cathode 18 of the
amplifier tube {8 i{s maintained permanently at
ground potential, the increased voltage developed
in the load resistor I1 effects the impression
upon the control grid 1§ of the amplifier tube of
8 negative voltage increased in magnitude by
severad volts. - .

The conduction of space current in the tube
and in the magnetizing winding 17 is decreased
correspondingly. As a result of the decrease in
the magnitude of the current flowing in the mag-
netizing winding 27, the constant value of the
magnetization of the core 3 is decreased.: In
other words, the operating point on the magneti-
zation curve is lowered. There is effected in this
manner a corresponding increase -in the induc-
tive reactance, and consequently, the impedance
of the coil 2. Since this coll is in series with the
connection between the alternating ~current
source | and the load 4, there is effected a volt-
age drop in the coll of an increased magnitude
over that which previously existed. The magni-
tude of the increase in the voltage drop through
the coll 2 may be made, by suttable design and
adjustment of the voltage regulating apparatus,
equal to the slight increase of the voltage im-
pressed upon the load 4 which, as described, also
is responsible for the change made in the func-
tioning of the voltage regulating apparatus,

It is obvious without further detailed descrip-
tion.that a slight decrease from normal of the
voltage impressed upon the load 4 will effect an
increase in the constant magnetization of.the
core 3, whereby a compensating decrease of the
inductive reactance and the impedance of the
coll 2 is effected. ) o

It has been found in many cases that satisfac-
tory operation of the voltage regulating appa-
ratus may be secured without shunting the mag-
netizing winding 21. In other cases, somewhat

Iimproved results have been obtained by shunt-

ing this winding éither by a condenser such as
8 or by a resistor such as 28 or By both, as illus-
trated. Similarly, satisfactory results have been
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obtained by effecting only a half wave rectifi-
cation of the alternating voltage impressed upon
the load. It, however, is considered to be with-
in the scope of this
wave rectification of the voltage, if desired. The
substitution of a double diode for the single di-
ode 8 shown and the necessary circuit modifi-
cations are deemed to be within the skill of those
versed in the art, and consequently, require no
specific illustration thereof. Obviously, it also
is within the scope of this invention to connect
the coil 2 in parallel with the load 4. In sucha
case the sense of the magnetization changes in
the core 3 to compensate for voltage fluctuations
will be opposite to those described.

The present invention is not considered to be
limited for use with alternating current supply
circults of any particular voltage or frequency,
or load requirements. Therefore, the following
table of circuit constants is given by way of ex-
ample only. To supply approximately 1 am-
pere of alternating current to a load at 6.3 volts
the coll 2 may consist of approximately 40 turns,
the iron core 3 may be approximately 1 square
inch in cross section and the coil 27 may include
approximately 3400 turns. The normal direct
current conducted through the coil 21 may be
approximately 9 milliamperes.

A, C. source—8.3 volts, 60 cycles/sec.
Transformer 6—Step-up ratio 30:1
Potentiometer 8—50,000 chms
Rectifier tube 8—72 of 6H6
Resistor {1—250,000 chms
Condenser {3—0.25 microfarad
Resistor 14—270,000 ohms
Amplifier tube 18—6AC7
Condenser 1T—1 microfarad -
Resistor 22—10,000 ohms
Battery 23—300 volts
Tube 26—VR150
Condenser 26—15 microfarads
Condenser 28—0.01 microfarad
Resistor 29-—100,000 ohms

. While there has been described what, at pres-
ent, is considered the preferred -embodiment of
the invention, it will be obvious to those skilled
in the art that various changes and modifica-
tions may be made
from the invention, and therefore, it is aimed
in the appended claims to cover all such changes
and modifications as fall within the true spirit
and scope of the invention.

What is claimed is: o

1. In an alternating current supply system in-
cluding & source of altermating current and &
load circult connected thereto, & voltage regu-
lator comprising, an iron core reactor having 2
first winding connected in series between sald
source and said load circult, & rectifier coupled
across said load circuit to rectify said alternat-
ing current and thereby develop a negative uni-
directionsl control voltage, a direct current am-
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plifier having an input circuit including & con-
trol grid responsive to said control voltage, .and
an output circuit for said amplifier including a
source of direct current energy and a second
winding on said iron core reactor.

2. In an alternating current supply system in-
cluding a source of alternating current and a
load circuit connected thereto, a voltage regula-
tor comprising, an iron core reactor having a
first winding connected in series between said
source and sald load circuit, a transformer hav-
ing a primary winding connected across said load
circuit, a rectifier connected to said load circuit
to rectify said alternating current and thereby to
develop a negative unidirectional control volt-
age, 8 secondary winding on said transformer
connected effectively in series with said rectifier,
a direct current vacuum tube amplifier having
an input circuit including a control grid respon-
sive to said control voltage, and an output cir-
cuit for said amplifier including a source of di-
rect current energy and a second winding on said
iron core reactor.

3. In an alternating current supply system in-
cluding a source of alternating current and &
load circuit connected thereto, a voltage regu-
lator comprising, an iron core reactor having a
first winding connected in series between said
source and said load circuit, a voltage step-up
transformer having a primary winding con-
nected across said ioad circuit, a rectifier includ-
ing a load impedance, a secondary winding on

_said transformer connected effectively in series
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with said rectifier and said load impedance, a di-
rect current vacuum tube amplifier having an
input circuit including a control grid and a cath-
ode, said cathode being maintained substantially
at ground potential, means including a voltage
regulating tube for maintaining the positive ter-
minal of said load impedance at a predetermined
positive potential with respect to ground, means
including a potentiometer connected to said rec-
tifier for effecting the development in said load
impedance of a voltage substantially equal to said
predetermined positive potential, means for con-
necting the negative terminal of said load imped-
ance to said control grid, and an output circuit
for sald amplifier including a source of direct cur-
rent energy and a second winding on said iron
core reactor.
LAMBERT L. JOHNSON.
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