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 This invention relates to voltage regulation and’
particularly to an improved voltage regulator of

the type in which the alternating voltage im-
pressed upon a rectifier which supplies direct cur-
.rent to a load is varied under control of load volt~
age variations for maintaining the.average load
voltage substantially constant.

In accordance: with a specific embodlment of
the invention shown and described herein for the
purpose of illustration, there is provided a means
responsive to voltage variations across the load
to which current is supplied from an alternating
current rectifier for causing the alternating volt-
age supplied to the rectifier anode-cathode ecir-
cuit to vary by such amount and in such direction
that the average load voltage is maintained sub-
stantially constant. 'The alternating voltage sup-
plied to the rectifier anode-cathode circuit: is
changed by means of a booster type control equip-
ment comprising an autotransformer having.its
primary circuit connected across the alternating
current line and its continuously variable sec-
ondary circuit connected in series with the pri-
mary winding of a booster transformer, the sec-
ondary winding of the booster transformer being
connected in series with the primary winding: of
a transformer which supplies anode voltage: to
the rectifier tubes to the alternating current sup-
ply line. The number of turns in the secondary

tircuit of the autotransformer is varied by means

of a movable brush in electrical contact with the
autotransformer winding which brush is driven
in either direction by means of a reversible motor
the energization of which is controlled by polar-
ized relays connected to the galvanometer corners
of a resistance bridge circuit.
anode-cathode circuit of an electronic device is
connected in one of the bridge arms so that one
or the other of the relays is operated when the
bridge circuit becomes unbalanced due to an in-
crease or decrease of the output resistance of the
electronic device. Variationg in load voltage are
amplified by an electronic amplifier and the am-
plified voltage is applied to the input or conkrol
electrode-cathode circuit of the electronic device
in the bridge circuit for controlling its resistance.

In order to obtain a high rate of .change of

output resistance of the electronic device in the.

bridge circuit with respect to voltage apnlied to
the input or control eircuit of the device, the po-

tential of the control electrede should preferably

be maintained at a negative value with respect to
the potential of the cathode. Tt is also desirable
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to avoid the necessity for providing sonrces of

direct voltage other than voltages which are de- '
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» substantially constant.

rived from the source of load voltage for supply-
ing direct potentials to the electrodes of the elec-
tric discharge devices. To realize these desirable
operating conditions the positive input terminal:
of the bridge circuit is connected to the positive
load voltage terminal and the negative input ter-
minal of the bridge is maintained 2t a potential
which is positive with respect to the negative load
voltage terminal by connecting between the nega-

- tive bridge terminal and the negative load volt-

age terminal a cold cathode tube the resistance
of which varies in response to current changes
over the operating range in such manner that the-
voltage drop across the tube terminals remains
The load voltage is im-
pressed upon a current path including the anode-
cathode path of the amplifier electronic device
and a resistor connected between the amplifier.
cathode and the negative load voltage términal
and a control grid of the electronic device in the
bridge circuit is connected to the resistor. The
positive terminal of the cold cathode tube is con~
nected to the control grid of the amplifier device
to maintain it at a desired operating potential.
with respect to its cathode. The electronic device
employed in the bridge  circuit is preferably of
the beam power type the screen grid of which
is connected to the positive load voltage terminal -
either directly or, if the load voltage is too high,"’
through a resistor. N

The single figure of the drawing to which ref-.
erence will now be made is a schematic view of a
voltage regulator constructed in accordance w1th,
the invention.

The voltage regulator may be employed for con-
trolling the charging of a battery I8 across which
a variable load Il is connected. The battery is
charged by direct current from a full-wave recti-
fier comprising rectifier tubes 12 and 13, the out--

~ put circuit of which is connected through a suit-
able low-pass filter comprising series inductive: -

elements 14 and shunt condensers 15 to the ter--
minals of battery 0. Alternating current is sup-
plied to the primary transformer winding 16 from

-a line connected to an alternating. current source.

1T through the secondary winding 18 of a booster
transformer having a primary winding 19. A sec~
ondary winding 20 associated with transformer
winding 1% supplies voltage to the anodes of the
rectifier tubes {2 and 13." Heating current is sup-..
plied to the cathodes of the rectifier tubes from :
a- transformer 2{ the primary of which is con-
nected to the alternating current line.” The wind-
ing of an autotransformer 22 is connected across

"the alternating current supply line and a portion



of the voltage across the autotransformer winding
is impressed upon the winding 18 of the booster
transformer. The voltage across the bhooster
transformer and therefore the voltage impressed
upon the rectifier through transformer 16, 20 is
changed due to the movement of a brush 23 along
the winding of the autotransformer 22 to vary
the number of turns of the winding in the sec-
ondary circuit of the autotransformer. 'The brush
23 is moved along the winding 22 in either direc-
tion by a reversible motor 24 in accordance with
its energization by current from a suitable source
such as grounded battery 25, the motor being
energized to cause its rotation in one direction
when the energizing circuit is completed through
the armature and contact of polarized relay 26
and in the opposite direction when the energizing
circuit is completed through- the armature and
contact of polarized relay 27.

The windings of polarized relays 26 and 27
are connected in series in a current path con-
necting the galvanometer corners of a resistance
bridge circuit three arms of which comprise re-
sistors 28, 29 and 30, respectively, and the fourth
arm of which is the anode-cathode or output
circuit of a beam power electric discharge de-
vice 4% having an anode 4, a beam forming
plate 42, a screen grid 43, a conr,rol grid 44, and
a cathode 45. One of the input corners of the
bridge formed by a connection to a terminal of
each of resistors 28 and 29 is connected to the
positive terminal of the voltage across load I
and battery 18. The other input terminal of
the bridge is connected to a terminal -of a cold
cathode tube 46 the other terminal of which is
connected to the negative terminal of the voltage
across the load 1! and battery 10, The resist-
ance of the cold cathode tube &5 varies in such
a manner in response to changes in current pass-
ing through the tube that the voltage measured
across the tube terminals remains substantially
constant over the operating range of current.
The screen grid 43 is connected to the positive
load voltage terminal through a resistor 47 which
causes the voltage at the screen grid to be re-
duced to a desired operating value. Where the
voltage difference between the positive load volt-
age terminal and the voltage at cathode 45 is less
than the maximum operating value of screen
grid voltage the resistor 47 may be omitted. The
amplifier electric discharge device $8 having an
ancde 5f, a cathode 52 and a control grid 53
has its anode-cathode circuit in a current path
connected in shunt to the load voltage, the anode
heing connected through a resistor %6 to the
positive  load voltage terminal and the cathode
being connected through a potentiometer 54 to
the negative load voltage terminal. 'The control
grid 53 of tube 50 is connected to the cathode 4%
of tube 40 and the control grid 44 of tube 48 is
connected to a vauable tap 55 of potantlometer
54.

It will be noted that current from the load
voltage source flows through the bridge circuit
and the cold cathode tube 48 to produce a sub-
stantially constant voltage drop across the cold
cathode tube and that the cold cathode {tube is
cohnécted "in the input or control grid-cathode
circuit of tube 40 and also of tube 58 to bias the
control grids 44 and 53 of these” tubes, respec-
tively, to the 1equhed operating potential.

The regulator operates in the following man-
ner. When there is an increase in the voltage
across the load ! f and battery {0 with respect to
its mormal value, the current flowing through the
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anode-cathode path of amplifier tube 50 and .
potentiometer 54 increases to cause the control
grid 44 of tube 40 to become relatively less nega-
tive with respect to its cathode. The resistance
of the anode-cathode path of tube 40 is thus
decreased to unbalance the bridge cireuit and to
cause current to flow through the windings of
relays 25 and 27 in such direction as to. cause one
of the relays, relay 28 for example, to operate.
As a result the motor 24 is caused to rotate in g
direction to decrease the voltage impressed upon
the primary winding {8 of the booster trans-
former and therefore to decrease the voltage
impressed upon the transformer 16, 20 which
supplies plate voltage to the rectifier tubes {2
and -13. The current output of the rectifier is
thus decreased to cause a reduction in load volt-
age and, therefore, g reduction in current flowing
through potentiometer 54. The control grid
potential of electric discharge tube 406 becomes
more negative to increase its anode-cathode re-
sistance to restore the balance of the bridge cir-
cuit and thus cause the drmature of relay 25 to
be released and the energizing circuit for. motor
24 to be opened. Similarly when the load volt- -
age falls below ifs normal operating value the
cutrent flowing through potentiometer 54 is de-
creased to make the grid 44 more negative. The
resistance of the anode-cathode path of tube 40
is thus increased to cause the bridge to become
unbalanced and current to flow through the
windings of relays 26 and 27 in a direction to
cause the operation of relay 27. The motlor. 24
of the booster control equipment is thus operated:
in a direction to cause an increase in the alter-~
nating ‘current voltage ‘supplied to the rectfier
tubes and a resulting increase in output curr ent
from the rectifier.

It is seen, therefore, that when the load voltage-
changes by a certain small amount from a de-.
sired normal value, the regulator operates to
restore the load voltage to the normal value:
This norma] or average value of the lcad voltage
may be changed by changing the setting of the
tap 55 of potentiometer 54. For example;, the
average load voltage may bs reduced by increas~
ing the portion of resistor 54 which is in the in-:
put circuit of electric discharge tube 40. This
adjustment causes the control grid 44 of the
discharge tube 49 to become less negative with
respect to its cathode with the result that relay
26 operates to cause a reduction in the load
voltage.

‘While the a,mphﬁel dlscharge device 50 is
preferably a triode, a device having additionatl
electrodes could be used. If a device having a-
screen grid were used, for example, an operating
potential would be impressed upon the screen
grid by connecting it to a desired portion of a
voltage dividing resistor connected in shunt with
respect to the load.

What is claimed is: -

1. Apparatus responsive to changes in' direct
current voltage across a load circuit for maintain--
ing the average load voltage substantially con-:
stant comprising an electronic device having an
anode, a cathode and a control eléctrode, a resist-
ance bridge circuit having resistors in each of
three arms thereof and the anode-cathode path
of said electronic device in the Tourth bridge arm,
means for connecting one of the input terminals
of said bridge to the positive terminal of said load-
voltage, the cathode of said electronic device-
being connected to the second input terminal of
said bridge, biasing means in a current path con:
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necting said second input terminal of said bridge
to the negative load voltage terminal for main-
taining said second input bridge terminal at a

substantially constant positive potential with re-

spect to the negative terminal of said load voltage

in response to current from said load voltage

source flowing through said bridge circuit and
said biasing means, means responsive to current
flowing in g circuit connected to the galvanometer
corners of said bridge when the bridge becomes
unbalanced for causing the average load voltage
to be maintained substantially constant, and
means for impressing upon said control electrode
a potential which varies in accordance with load
voltage variations for causing a change in the
anode-cathode resistance of said electronic devme
and & resulting unbalancing of said bridge.

2. An apparatus in accordance with claim:1 in
which the last-mentioned means called for in that
claim comprises a second electronic device having
an anode, a cathode and a control electrode,:a
current path connected in shunt to the load volt-
age source including the anode-cathode path of
said second electronic device and a resistor, and
means for connecting a portion of said shunt
path in the control electrode-cathode circuit of
the first-mentioned electronic device.

3. An apparatus in accordance with claim 1 in
which the last-mentioned means ealled for in that
claim comprises a second electronic device having
an anode, a cathode and a control electrode, a
current path connected in shunt to the 1oad volt-
age source including the anode-cathode path. of
said second electronic device, a potentiomséter

having two end terminals and an adjustable tap, :

one of said end terminals being connected to the
negative load voltage termina] and the other end
terminal being connected to the cathode of said
second electronic device and means for connect-
ing said adjustable tap to the ¢ontrol electlode of
said first-mentioned electronic device. -

4. In combination, rectifying means for supplv-
ing direct current to a load, means for supplymg
. alternating current fo said rectifier, means for
regulating the voltage of the alternating current
supplied fo said rectifier for maintaining the
average:. load voltage substantially constant, a
first electric discharge device having an anode; a
cathode and a control electrode, means connect-
ing said anode to the positive load voltage termi-
nal, resistive means for connecting said cathode
to the negative load voltage terminal, a resistance
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bridee circuit having input terminals to which a
voltage is applied and a circuit connected to the
galvanometer terminals of the bridge through
which current flows when the bridge becomes
unbalanced due to a change in resistance of one
of the bridge arms, a second electric discharge
device having an anode, a cathode and a control
electrode, means for connecting the anode-cath-
ode path of said second electric discharge device
‘in said one bridge arm, said cathode being con-
‘nected to the negative input terminal of said
bridge, means for connecting -the positive input
terminal of the bridge to the positive terminal of
said load voltage, means in a current path con-
necting the negative load voltage terminal with
the negative input terminal of the bridge for
maintaining said negative bridge input terminal
at a substantially fixed positive potential with re~
spect to said negative load. voltage terminal in
response to current flowing through said means,
means for connecting the control electrode of said
first electric discharge devicé to the cathode of
said second electric discharge device, means for
connecting the control electrode of said second
electric discharge device to a portion of said re-
sistive means, and means in said circuit connect-
ing the galvanometer terminals of said bridge re-
sponsive to the current flowing therein for con-
trolling said alternating voltage regulating means.

5. A combination in accordance with claim 4
in which said second electric discharge device
comprises a screen grid which is electrically con-
nected to the positive load voltage terminal.

6. A first electronic device having a cathode-
control element circuit and-an anode-cathode cir-
cuit, a resistance common to both said circuits
of said first electronic device, a constant voltage
device in said cathode-~control element circuit of
said first electronic device, a second electronic
device having a cathode-control element circuit
and an anode-cathode circuit and having said
constant voltage device inboth its cathode-control
element circuit and its anode-cathode circuit, a
common source of variable potential supplying
voltage to the anode-cathode circuits of both said
devices, and means under-control of the current
variations through the anode-cathode circuit of
said second electronic device for controlling the
voltage supplied from said source to both said
anode-cathode circuits tendmg to malntam said
voltage constant. :
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