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VOLTAGEREGULATOR. 

Frank J. Lupo, Hackensack, N. J., assignor to 
Chatham Electronics Corporation, Newark, 
N. J., a corporation of New Jersey 
Application March 16, 1951, Serial No. 216,069 

(C. 323-4) 7 Claims. 

This invention relates to voltage regulators of: 
the type which receive power.from an alternating 
Current Source and deliver direct current to a., , 
load i circuit. The invention has particular ref 
erence to voltage regulators capable of delivering 
a voltage Which is constant to one part in 600,000 
With respect to a reference voltage Source which is 
U.Sed aS a Standard. 

Electronic regulatOr i circuits are old in the art 
and many different. circuits have been proposed: 
and liSed. The most popular arrangementS gen 
erally employ one or more triode discharge i de 
vices in series connection between 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 
lUISe a battery or a gaseous discharge tube as a 
reference voltage. Such circuits regulate quite 
Well, especially those. uSing a battery as a referir 
ence Voltage. When properly adjusted these ciri 
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 been 
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 
LlatOIrS is the Slow drift in load 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 un Varying potential to a load circuit 
using a controlled variable tap om 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 ciri 
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 load 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 electrom 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 circuit for detecting an error Voltage, 
a, reference battery, an inverter System for con- - 
verting the error voltage to alternating current, 
an amplifier and phase discriminator, , and a 
reversible motor. Which is coupled to the Variable 
contact on the voltage diWider to return the 
System to equilibrium and reduce the err?r Woit 
age to Zer0. 

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

Fig. 1 is a Schematic diagram of connections 
showing a circuit of a voltage regulatOr. 

Fig. 2 is a Schematic diagram of connections. 
Of a part Of a voltage reg Ullator 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 transforme 
Which Supplies the anode p?Wer in the phase dis 
Criminator Stage when the input: to. that stage is 
ZETO, 

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 diraWing, power, liness || 0 
are connected to the uSUal 60. cycle commercial 
Supply. A primary of an iron-cored trans 
former is connected across the power. lines and 
Secondaries 2 and i 3 Supply power to the anodes. 
and filament of a rectifier tube. I 4. A pulsating 
Voltage is obtained betWeen the mid-points of the : 
tWo . Secondaries and a filter i 5 is employed to 
eliminate the alternating components and des 
liver direct current power across a terminal re 
SistOr i 6. 
One Or more electron tubes 7 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 : 

i are connected to the anode of an amplifier. 
tube 18 and the cathodes of the series tubes are. 
connected to the amode of a second amplifier: tube. 
20. - Amplifier tubes i 8 and 20 are part of a direct : 
current amplifier System which includes a „third 
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tube 2 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 23 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 30 driven by a coil 3 i 
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 37 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 3 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 dirOp 
between contact point 23 and ground is substan 
tially equal to the voltage of battery 22 and tri 
ode tubes 2 , 20 and 8 all pass a steady a Verage 
current between their anodes and cathodeS. 
Now let it be assumed that the voltage of the 

Supply lines i 0 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 7 
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 i 8 and the control elec 
trodes of triodes 7. The control electrode of 
triode 8 is connected to a voltage diVider Which 
is connected across the load terminals and, there 
fore, the increase i 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 triode 8 and re 
duce the potential of the control electrodes of 
triodes i 8, thereby lowering the current through 
the series triodes and lowering the voltage across 
the load circuit. 
From the above analysis it will be evident that 

triode 8 has a regulating action all its own 
Without uSing a Woltage 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 O 

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 21. This increase in 
voltage is transmitted through the amplifier 
Stages by a decrease of potential of the control 
electrode of triode 20 and an increase of potential 
of the control electrode of triode 8. The result 
of the amplifier action is a decrease of the po 
tential of the control electrodes of series triodes 
7 and a consequent lowering of the voltage to 

the original Steady State Walue at the load ter 
minals 35, 36. 
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The anode-cathode current of triode 20 passes 

through resistor 4 which is common to triode 
8 and, therefore, a change in this current is 
applied to the potential difference between the 
cathode and control electrode of triode i 8. 
The above described circuit (omitting voltage 

divider 34 and associated circuitS) functions as 
an accurate voltage regulator and if the circuit 
constantS aSSociated with the direct current am 
plifier remained constant over a long interVal 
of time the circuit Would no doubt be satisfactory 
for most classes of Voltage supply. 

It is well known that direct current ampli 
fiers are Subject to a Variety of circuit variations 
which alter the overall gain and in the present 
application produce erroneous results. Change:S 
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 
8. 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 33, and contacts 30. 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 30, 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 3, 
and windings 46 of motor 25 are all connected to 
the alternating power lines i 0) 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 
triode conducts only during alternate halves of 
the cycle. With no signal applied to the control 
electrodes, the combined anode currents in con 
ductor 50 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, 43, the pulses through 
one triode 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 46 and 47, the phase of the 
60. cycle component in the output Signal f'Om 
annpilifier 27 controls the direction of motOP. 'O- 
tation. WindingS 47. are the usual split phaSe 
windings in series with a large capacitor 48; they 
are permanently connected: to poWer lines i and 
alWay.S Carry Curret, 
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 
tics produces: too high a line voltage at the load 
terminals. When the load Woltage driftS tCuWard 
a lower value, contact, point 23 is moyed "GoWard 
the negative end Of the Woltage 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 p?SitiVe 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 motor 25 and delivered through 
the mechanical linkage 26, is applied to a contact 
point. 5 on a resistor 52 Which is in Serted lill 
the cathode line of triode. 2. It is obvious that 
a change in resistance Value in reSiStOr 32 prO 
duces a change in the control electro de potential 
of triode 2 in the same manner as a shift in 
contact point 23 on voltage divider 23. In all other 
Ways the circuitSindicated by FigS. 1 and 2 are 
identical and function in the same manner to 
deliver a constant voltage to load 33. 
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 in Vention Which Should be 
limited only by the scope of the appenáded clainS. 
What is claimed iS: 
1. An electronic voltage regulator circuit com 

prising, a source of direct current poWer', a.n. elec 
tron discharge device connected in Series ar 
rangement between the source and a load circuit, 
a voltage sensitive circuit connected acroSS the 
load circuit for sensing a variation of load Volt 
age, a direct current amplifier for aimplifying 
said voltage variations having its input COinNect 
ed to the voltage sensitive circuit and its Output 
connected to a control electrode in the Series 
electron discharge device, an in Verter for COil 
verting said voltage variations into a Series Of 
pulses, an electric motor with a mechanical Con 
necting means for altering the characterigtic Of 
the direct current amplifier, and an altEi’ihat 
ing current amplifier with its input 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 
tic. 

2. An electronic voltage regulator circuit com 
prising, a source of direct current power, an 
electron discharge device connected in Series al'- 
rangement between the source and a load circuit 
and having a control electrode for varying the 
series impedance, a voltage sensitive circuit COm 
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 input 
connected to the voltage sensitive circuit and its 
output connected to the control electrode in tine 
series electron discharge device, an inverter for 
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6. 
CONVerting Said voltage variations into . a. Serie:S 
Of pulseS, a motor With a 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-. 
Werter and its - Output connected to the OtOld' 
fOr animplifying 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, ain 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 SenSiti We circuit in 
cluding a voltage reference element connecked 
acrOSS the load circuit for Sensing a Valiation of 
load voltage above or below a desired Voltage 
value, a direct current amplifier for amplifying 
said voltage variations having itS input - CONnect 
ed to the voltage sensitive, circuit and its Output 
Connected to the control electrOde in the Series: 
electron discharge device, an in Verter for COn 
verting said voltage variations into a Series Of 
pulses, a motor With a mechanical connecting 
means for altering the characteristic of the di 
rect current amplifier, and an alternating cur 
rent amplifier With its input connected to the in 
verter and its output coinnected 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. COÑm 
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 circuit in 
cluding i 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 aimplifying 
said voltage variations having its input connect 
ed to the voltage sensitive circuit and its Output 
connected to the control electrode in the Serie:S 
electron discharge device, an inverter including 
vibrating contacts controlled by an alternating 
current supply for converting said voittage varia - 
tjions 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 alternating cur 
rent amplifier with its input connected to the in 
verter and its output connected to the moto 
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 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 
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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 haW 
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 output 
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 COintrO, 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 includ 
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8 
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 a 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 º connected to the in 
verter 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 current 
amplifier and thereby eliminate the variation of 
load voltage as sensed by the second voltage sen 
sitive circuit. 

FRANK J. LUPO. 
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