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This invention relates to voltage regulators of:

the type which receive power from an alternating

current source and deliver direct current to a.

load circuit. The invention has. particular ref-
erence to voltage regulators capable of delivering
a voltage which is constant to one part in 600,600
with respect to a reference yoltage socurce which is
used as a standard.

Electronic regulator circuits are old in the art

and many different ecircuits have been preposed:

and used. The most popular arrangements gen-
erally employ one or more tricde discharge cde-
vices in series connection hetween the supply line
and the load with a.voltage sensitive circuit cou-
pled between the load and control. electrode of
the series tube. The voltage sensitive circuit may
use a battery or a gaseous discharge tube as a
reference voltage. Such circuits regulate quite
well, especially those using a battery as a refer-
ence voltage. When properly adjusted these cir-

cuits provide a compensation for voltage varia--

ions of the power source and also for variations
of the load impedance.

Prior art regulators, however, have not bheen
designed to give perfect regulation and there has
always existed a small variation in the load volt-
age when the supply voltage varies by several
percent. The greatest defect of prior art reg-
ulators is the slow drift in lead voltage which oc-
curs over a period of several minutes or hours,
and which is caused by ambient temperature
changes and variations in contact potential in the
voltage sensitive part of the circuit.

One of the objects of this invention is to pro--

vide an improved voltage regulator which avoids
one.or more of the disadvantages and limitations
of prior art arrangements.

Another object of the invention. is to. deliver
a constant unvarying potential to a load circuit
using a controlled variable tap on a voltage di-

vider to compensate and correct for.the slow drift.

caused by. variable characteristics in the voltage
sensitive circuit.

Another object of the invention is to. improve
the voltage regulation in electronic regulator eir-

cuits so. that a variation of ten percent in the.

supply voltage will cause the load voltage to vary
less than one part in 600,000.

Still another object of the invention is to im-
prove the voltage regulation in the presence of
abrupt variations in lecad impedance and low
frequency variations in load current, thereby
greatly reducing the effective internal impedance
(as measured at the output terminals) of the
power supply. Impedances of less than.an ohm
are: easily obtainable.
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The invention includes an electron discharge.
device in series arrangement. between the source
and the load. The bias potential of the control
electrode of the discharge device is derived from .
the output of a three stage direct current ampli-
fier. The input of this amplifier is connected to.
the variable contact of a voltage divider which.
in turn is connected to. the load terminals. A
novel feature of the invention comprises a voltage:
sensitive eircuit for detecting an error voltage,
a, reference battery, an inverter system for con-.
verting the error veltage.to alternating. current,.
an amplifier and phase discriminator,. and a
reversible motor which is coupled to the variable.
contact on the voltage divider to return the
system to equilibrium and.reduce the error volt-
age to zero.

For a. better understanding of the present in-
vention, together with other and further objects.
thereof, reference is made.to the fcllowing de--
scription taken in connection with the accom-
panying drawings.

Fig. 1 is. a schematic diagram of connections
showing a circuit of a voltage regulator.

PFig. 2 is a schematic diagram of connections.
of a part of a voltage regulator showing an alter-
nate arrangement for connecting the input circuit
of the direct current amplifier.

Fig. 3 is a curve showing the current wave shape
obtainable at the mid-point of. the transformer
which supplies the anode power in the phase dis-
criminator stage when the input to that stage is.
Zero.

Fig. 4 is a curve similar to Fig. 3 but showing.
the current wave shape when the input is other
than zero.

Referring now to the drawing, power. lines. 10
are connected to the usual 69.cycle commercial
supply. A primary {i of an iron-cored trans-
former is connected across the power: lines and
secondaries 12 and {3 supply power to the anodes.
and filament of a.rectifier tube. 14. A pulsating
voltage is obtained between the mid-points of the:
two secondaries and a filter 15 is employed to.
eliminate the alternating components and de-
liver direct current power across a terminal res
sistor I6.

One or more electron tubes {71 are connected’
in series-with the positive power conductor and
constitute the means for regulating the load
voltage. The control electrodes of the series tubes:
17 are connected to the anode of an amplifier.
tube 18 and the cathodes of the series tubes.are.
connected to the anode of a second amplifier-tube:
20. Amplifier tubes 18 and 20 are part of a.direct:
current amplifier system which includes a .third
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tube 21 and an input circuit comprising a bias
battery 22 and a movable contact point 23 which
is part of a voltage divider 24.

The movable contact point 238 is controlled by
a reversible motor 25 through a mechanical link-
age 26. The reversible motor receives its power
from an A. C. amplifier 27 and a phase discrim-
inating stage 28. The input to these amplifier
stages comes from an inverter circuit which in-
cludes a set of contacts 38 driven by a coil 3i
which is connected across the power lines 0. The
inverter circuit also includes a filter circuit 32,
a voltage reference battery 33, and a voltage di-
vider 34 which is connected across the load ter-
minals 35, 36. An ammeter 371 may be included
in the circuit.

The operation of the circuit is as follows: Let
it first be assumed that the circuit is balanced,
the input voltage is constant, and the output
impedance does not vary. Under these condi-
tions all the voltages are stabilized and the motor
armature does not turn. The voltage drop from
the contact point 38 to ground is equal to the
voltage of the reference battery 33. Since these
voltages are equal, there is no tendency for cur-
rent to flow between the contact points 33 when
they are made, and as a result the input to am-
plifier 27 is zero and the control electrodes of
the tubes in stage 28 receive no added voltage.

~“In the balanced condition the voltage drop
between contact point 23 and ground is substan-
tially equal to the voltage of battery 22 and tri-
ode tubes 21, 20 and {8 all pass a steady average
current between their anodes and cathodes.

Now let it be assumed that the voltage of the
supbply lines 18 is increased by ten percent of the
normal value. This action causes the voltage
across resistor {6 to be increased a like amount
and the potential of the anodes of triodes 17
has a tendency to increase and send more cur-
rent through the triode anodes. However, the
anodes are connected, through a high resistor,
to the anode of triode 18 and the control elec-
trodes of triodes I1. The control electrode of
triode 18 is connected to a voltage divider which
is connected across the load terminals and, there-
fore, the increase in supply voltage tends to in-
crease the potential of this electrode. The in-
crease in potential tends to increase the flow of
current through the anode of triocde 18 and re-
duce the potential of the control electrodes of

triodes 18, thereby lowering the current through

the series triodes and lowering the voltage across
the load circuit.

PFrom the above analysis it will be evident that
triode 18 has a regulating action all its own
without using a voltage reference or standard.
The amount of regulation available, however; is
not sufficient to produce accurate results unless
supplemented by other and more refined circuit
elements.

An increase in potential on the supply lines 10
tends to increase the voltage drop across divider
24 and hence add to the voltage of bias battery
22 and raise the potential of the control elec-
trode of amplifier triode 2i. This ihcrease in
voltage is transmitted through the amplifier
stages by a decrease of potential of the control
electrode of triode 28 and an increase of potential
of the control electrode of triode 18. The result
of the amplifier action is a decrease of the po-
tential of the control electrodes of series triodes
_ 17 and a consequent lowering of the voltage to

the original steady state value at the load ter-
minals 35, 36. .
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The anode-cathode current of triode 20 passes
through resistor 41 which is common to triode
18 and, therefore, a change in this current is
applied to the potential difference between the
cathode and control electrode of iriode 8.

The above described circuit (omitting voltage
divider 34 and associated circuits) functions as
an accurate voltage regulator and if the eircuit
constants associated with the direct current am-
plifier remained constant over a Ilong interval
of time the circuit would no doubt be satisfactory
for most classes of voltage supply.

It is well known that direct current ampli-
flers are subject to a variety of circuit variations
which alter the overall gain and in the present
application produce erroneous results. Changes
in contact potential, changes in resistance due
to ambient temperature changes, and changes in
operating tube characteristics all produce a vary-
ing anode-cathode current in the output triode
18. These changes occur at a very slow rate
and produce a gradual drift in output current
rather than an abrupt change.

To compensate for the above mentioned grad-
ual drift in output current the additional con~
trol means is added to the circuit. Its operation
may be described as follows: When the charac-
teristics of the direct current amplifier changes
to produce a different voltage across the load
terminals 35, 36, the condition is sensed by the
circuit combination which includes voltage di-
vider 34, battery 23, and contacts 38. When
the voltage drop between contact point 38 and
ground differs from the voltage of battery 33, a
voltage difference is produced across open con-
tacts 36, and when the contacts are made a cur-
rent pulse is produced which is applied to the
input terminals of A. C. amplifier 27. The filter
32 prevents the pulse from travelling back to
the load terminals 35, 36. The filter also pre-
vents unwanted alternating components from
entering the A. C. amplifier.

The output of amplifier 27 is applied to the
control electrodes of a pair of power triodes 42
and 43, the anodes of which are connected to
the opposite ends of a secondary transformer
winding 44. The primary winding 45, coil 31,
and windings 46 of motor 25 are all connected to
the alternating power lines 10 and all receive

.the same frequency. During normal operation

when the system is balanced no alternating volt-
age is impressed on the control electrodes of
tubes 42, 43 and the current pulses through the
tubes are equal.

The anode of one triode is positive when the
other anode is negative and as a result each
tricde conducts only during alternate halves of
the cycle. With no signal applied to the control
electrodes, the combined anode currents in con-
ductor 8§ produce a wave as shown in Fig. 3,
having a frequency of 120 cycles per second, sim-~
ilar to the output of a full wave rectifier.

. If the pulses are equal, no 60 cycle component
appears in the output. . However, when a 60 cycle
signal from amplifier 27 is applied to the control
electrodes of triodes 42, 48, the pulses through
one friode are increased while the pulses through
the other triode are decreased, thereby creating
a 60 cycle component in conductor 50 as indi-
cated by the curve shown in Fig. 4. Depending
upon the phase of the signal applied to the con-
trol electrode, the 60 cycle component is either
in or out of phase with the line voltage. Since
the direction of rotation of motor 25 is deter-
mined by the phase relationship between the
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currents in windings 48 and 47, the phase of the
60 cycle component in the output signal from
amplifier 27 controls the direction of motor: ro-
tation. Windings 47 are the usual split phase
windings in series with a large capacitor 48; they
are permanently connectsed to power lines i8 and
always carry current.

The motor windings and the transformer
windings are. connected so as to move contact
point 23 (by means of mechanical coupling 26)
toward the ground end of the voltage divider 24
whenever a change in the amplifier characteris-
ties produces-too high a line voltage at the load
terminals. When the load voltage drifts toward
a.lower value, contact point 23 is moved toward
the negative end of the voltage divider.

The partial circuit shown in Fig. 2 is an: al-.
ternate connection which may- be. employed to
obtain the same result. In this circuit battery
22 is-connected permanently to the. positive line
conductor. Connections for the reference bat-
tery 33 and the voltage divider 34 are the same
as shown in Fig. 1. However, the compensating
effect, caused by motfor 25 and delivered through
the mechanical linkage £8, is applied to a contact
point. 61 on a resistor §2 which is inserted i
the cathode line of triode 21. It is cbvious that
a. change in resistance value in resistor 62 pro-
duces a change in the control electrode potential
of triode 21 in the same manner as a shift in
contact point 23 on voltage divider 24. In all other
ways.the circuits indicated by Figs. 1 and 2 are
identical and function in the same manner to
deliver a constant voltage toload 38.

While there have been described and illustrat-
ed specific embodiments of the invention, it
will be obvious that various changes and modifi-
cations may be made therein without departing
from the. field of the invention which should be
limited only by the scope of the appended claims.

What is claimed is:

1. An electronic voltage regulator circuit com-
prising, a source of direct current power, an elec-
tron discharge device conhected in series ar-
rangement between the source and a load circuit,
a voltage sensitive circuit connected across the
load circuit for sensing g variation of load volt-
age, a direct current amplifier for amplifying
said voltage variations having iis input connect-
ed to the voltage sensitive circuit and its output
connected to a control elecirode in the series
electron discharge device, an inverter for con-
verting said voltage variations into a series of
pulses, an electric motor with a mechanical con-
necting means for altering the characterictic of
the direct current amplifier, and an alternat-
ing current amplifier with its inpub connected
to the inverter and its output connected to the
motor for amplifying the series of pulses and ap-
plying the amplified power to the motor to
change the direct current amplifier characteris-
tie.

2. An electronic voltage regulator circuit com-
prising, a source of direct curren{ power, an
electron discharge device connected in series ar-
rangement between the source and a load circuit
and having g control electrode for varying the
series impedance, a voltage sensitive circuit con-
nected across the load circuit for sensing a varia-
tion of load voltage above or below a desired
voltage value, a direct current amplifier for am-
plifying said voltage variations having its inpub
connected to the voltage sensitive circuit and its
output connected to the control electrode in the
series electron discharge device, an inverter for
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6:
converting said voltage variations. into- g series
of -pulses, a.motor with g mechanical connecting,
means for altering the characteristic- of the
direct current amplifier, and an alternating cur-
rent amplifier with its input connected to the in-
verter and its- output connected to the motor
for amplifying  the series of pulses and applying
the amplified power to the motor to change the.
direct current-amplifier characteristic.

3. An electronic voltage regulator circuit com-
prising; a source of direct current power, an elec-
tron discharge device connected in series ar-
rangement between the source.of a load circuit
and having a control electrode for varying the
series impedance, a voltage sensitive circuit in-
cluding  a voltage reference element: connected
across the load circuit for sensing a variation. of
load voltage above or helow a desired voliage
value, & direct current amplifier for amplifying
said voltage variations having its input connect-
ed to the voltage sensitive cireuit and its output
connected to the control electrode in the series:
electron. discharge device, an- inverter for con-
verting said voltage variations into a series of
pulses, a motfor with a mechanical connecting
means for altering the characteristic of the 2i-
rect current amplifier, and an alternating cur-
rent amplifier with its input connected to the in-
verter and its output connecied to the motor
for amplifying the series of pulses and applying
the amplified power to the motor to change the
direct current amplifier characteristic.

4. An electronic voltage regulator circuit com-
prising, a source of direct current power, an elec-
tron discharge device connected in series ar-
rangement between the source and a load circuit
and having a control electrode for varying the
series impedance, a voltage sensitive cireuit in-
cluding a voltage reference element connected
across the load circuit for sensing a variation of
load voltage above or helow a desired voltage
value, g direct current amplifier for amplifying
said voltage variations having its input connect-
ed to the voltage seusitive circuit and its output
connected to the control electrode in the- series
electron discharge device, an inverter including
vibrating contacts controlled by an alternating
current supply for converting said voitage varia-
tions into a series of pulses the polarity of which
depends upon the polarity of the variation of load
voltage, a motor with a mechanical connecting
means for altering the gain characteristic of the
direct current amplifier, and an alternhating cur-
rent amplifier with its input connected to the in-
verter and its output connected to the motor
for amplifying the series of pulses and applying
the amplified power to the motor to change the
gain of the direct current amplifier.

5. An electronic voltage regulator circuit com-
prising, a source of direct current power, an elec-
tron discharge device connected in series arrange-~
ment between the source and a load eircuit and
having a control electrode for varying the series
impedance, a voltage sensitive circuit including g
voltage reference element connected across the
load circuit for sensing a variation of load voltage
above or below a desired voltage value, a direct
current amplifier for amplifying said voltage
variations having its input connected to the volt-
age sensitive circuit and its output connected to
the control electrode in the series electron dis-
charge device, an inverter including vibrating
contacts controlled by an alternating current sup-
ply for converting said voltage variations into a
series of pulses the polarity of which depends
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upon the polarity of the variation of load voltage,
a two-phase motor having a first set of coils con-
nected to the alternating current supply and hav-
ing a mechanical connecting means for changing
the output amplitude of the direct current ampli-
fier, and an alternating current amplifier with its
input connected to the inverter and its outpus
connected to a second of coils in the two-phase
motor for amplifying the series of pulses and
applying the amplified power to the motor to
change the output amplitude of the direct current
amplifier.

6. An electronic voltage regulator circuit com-
prising, a source of direct current power, an elec~
tron discharge device connected in series arrange-
ment between the source and a load circuit and
having a control electrode for varying the series
impedance, a voltage sensitive circuit including a
voltage reference element connected across the
load circuit for sensing a variation of load voltage
above or below a desired voltage value, a direct
current amplifier for amplifying said voltage
variations having its input connected to the volt-
age sensitive circuit and its output connected to
the control electrode in the series electron dis-
charge device, an inverter including vibrating
contacts controlled by an alternating current sup-
ply for converting said voltage variations into a
series  of pulses the polarity of which depends
upon the polarity of the variation of load voltage,
a two-phase motor having a first set of coils con-
nected to the alternating current supply and hav-
ing a mechanical connecting means for changing
the output amplitude of the direct current ampli-
fier, and an alternating current amplifier and
phase discriminator with its input connected to
the inverter and its output connected to a second
set of coils in the two-phase motor for amplifying
the series of pulses in their proper phase relation
and applying the amplified power to the motor
to change the output amplitude of the direct cur-
rent amplifier and thereby eliminate the varia-
tion of load voltage.

7. An electronic voltage regulator circuit com-
prising, a source of direct current power, an elec-
tron discharge device connected in series arrange-
ment between the source and a load circuit and
having a control electrode for varying the series
impedance, a first voltage sensitive circuit inelud-
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ing a voltage reference element connected across
the load circuit for sensing a variation of load
voltage above or below a voltage value, a second
voltage sensitive circuit also including g voltage
reference element connected across the load cir-
cuit for sensing a variation of load voltage above
or below a desired voltage value, a direct current
amplifier with its input circuit connected to said
first voltage sensitive circuit and with its output
circuit connected to the control electrode in the
series electron discharge device, an inverter con-
nected to the second voltage sensitive circuit and
including vibrating contacts controlled and op-
erated by an alternating current supply for con-
verting said voltage variations into a. series of
pulses the polarity of which depends upon the
polarity of the variation of load voltage, a two-
phase motor having a first set of coils connected
to the alternating current supply and having a
mechanical connecting means for changing the
output amplitude of the direct current amplifier,
and an alternating current amplifier and dis-
criminator with its input connected to the in-
verter and its output connected to g second set
of coils in the two-phase motor for amplifying the
series of pulses in their proper phase relation and
applying the amplified power to the motor to
change the output amplitude of the direct current
amplifier and thereby eliminate the variation of
load voltage as sensed by the second voltage sen-
sitive eircuit. .
FRANK J. LUPO.
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