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This invention relates to automatic voltage 
regulators and more particularly to improve 
mentS in static circuits for producing a constant 
Output Voltage over a wide range of variation of 
input voltage or of output current or both, the 
variation in output current being in magnitude or 
power factor or both. 
An important feature of the invention con 

prises a very sensitive and accurate wide range 
impedance means which exhibits a constant volt 
age drop over a wide range of current variation. 
This impedance means is connected in parallel 
or shunt circuit relationship with a load whose 
Voltage is to be maintained constant. In this 
manner variations in Suppy Voltage, or load mag 
nitude, or load power factor or a combination 
thereof are automatically corrected for. 
if the supply voltage varies, my novel variable im 
pedance means automatically adjusts itself so as 
to vary the current supplied by the source an 
amount sufficient to produce a change in voltage 
drop in either the inherent series internal in 
pedance of the source or the conductors leading 
therefrom or a lumped series impedance, which 
change in voltage drop is sufficient exactly to 
counteract the change in supply voltage. Simi 

Thus, 
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is made adjustable by means of a variable volt 
age auto-transformer; Fig. 4 is a further modi 
fication in Which the series impedance means has 
constant current characteristics, and Fig. 5 is a 
Set of volt-ampere characteristics for illustrat 
ing the principle of operation for the constant 
current portion of Fig. 4. 

Referring now. to the drawing and more par 
ticularly to Fig. 1, my circuit comprises a pair 
of input terminals in series with which is an 
impedance 2, and a pair of output terminals 3 
in parallel With which is an impedance means 
4 comprising a serially-connected capacitor 5 
and a reactor 6. The impedance 2 may be of 
any kind Such as a resistor, a reactor, a capac 
itor or any combination thereof. Occasionally 
the inherent internal impedance of a source of 
current Supply will be sufficient as in supply cir 
cuits or current sources which have unusually 
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larly, if the load current varies, the change in 
voltage drop in the supply circuit causes my novel 
variable impedance means to vary its impedance 
sufficiently to compensate for the change in im- 3 
pedance of the load. This compensation is 
characterized by maintaining the vector sum of 
the supply voltage and the series impedance volt 
age a constant in magnitude, but not necessarily 
a constant in phase angle. As the vector sum 
of these two voltages equals the load voltage and 
as the vector sum of all three voltages must equal 
zero, it will be seen that the magnitude of the 
load voltage is independent of the load current. 
An object of the invention is to provide a new 

and improved regulator, circuit. 
Another object of the invention is to provide 

a new and improved automatic voltage regulator 
circuit having no moving partS. 
The invention will be better understood from 

the following description taken in connection 
with the accompanying drawing and its Scope will 
be pointed out in the appended claims. 

In the drawing Fig. 1 illustrates diagrammat 
ically a simple form of my invention; Fig. 2 
is a set of volt-ampere characteristics for illus 
trating the principle of operation of Fig. 1; Fig. 
3 is a modification in which the series imped 
ance is supplied by the leakage impedance of a 
supply transformer and in which the load voltage 
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poor inherent regulation. 
The reactor 6 has a special volt-ampere char 

acteristic indicated by the curve 7 in Fig. 2. 
This curve has a sharp knee or bend near the 
origin and is practically a straight line over a 
relatively Wide range of current. This charac 
teristic may be obtained by providing the reactor 
With a core having an air gap 8 which is bridged 
by one or more restricted core sections 9. These 
restricted core sections saturate quickly and at 
relatively low values of current and thereafter 
the reactor acts like an air core reactor by rea 
son of the air gap and thus has a substantially 
straight line volt-ampere characteristic. The 
initial saturated effect produced by the restricted 
sections serves to offset the straight line portion 
of the characteristic from the origin of coordi 
nates. This is important as will now be ex 
plained. 
The capacitor 5 has a volt-ampere character 

istic 0 which in common with all, capacitors is 
a straight line passing through the origin of 
coordinates. However, the capacitor 5 is so pro 
portioned that the slope of its volt-ampere chair 
acteristic is made numerically equal but of course 
of opposite sign to the slope of the straight line 
portion of the reactor characteristic. By rea 
Son of the offset produced by Saturation of the 
straight line portion of the reactor characteristic 
the nunnerical values of the voltage across the 
reactor and across the capacitor at any given cur 
rent within the straight line range indicated by 
the currents I1 and I2 will be different. Further 
more, by reason of their signs being opposite, this 
difference which actually is the vector sum of the 
individual voltage is constant throughout the 
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current range Il-2. This is clearly shown by 
rotating the capacitor characteristic into the 
quadrant occupied by the reactor characteristic. 
As the slopes of the characteristics are equal, 
they will be parallel when the capacitor charac 
teristic is so rotated as indicated by the dotted 
line and consequently the numerical difference 
between their voltages being the vertical dis 
tance between two parallel lines Will be equal over 
the current range. 
In practice the capacitor and reactor are SO 

proportioned that their resultant voltage corre 
Sponds to the desired constant load voltage. The 
circuit will then maintain constant load Voltage 
regardless of relatively wide variations in Source 
voltage and load current by automatically varying 
its resultant impedance in response to any change 
in resultant voltage or resultant current in such 
a manner as to change the current drawn through 
the impedance 2 by an amount sufficient to cause 
an impedance voltage drop which will automat 
ically neutralize any variation in Supply voltage 
or any variation in voltage drop caused by a 
variation in load current. 
This regulation is independent of variations in 

load power factor so long as the current in the 
impedance means 4 stays within the range Il-I2 
in Fig. 2. The worst condition for regulation so 
far as power factor is concerned is a lagging 
power factor. This is because the resultant im 
pedance of the capacitor 5 and reactor 6 is 
inductive. This is clearly shown in Fig. 2 in 
which the voltage across the reactor always ex 
ceeds in magnitude the voltage across the capac 
itor. Consequently, the quadrature lagging con 
ponent of load current adds or subtracts numer 
ically from the current in the automatically var 
iable impedance means 4 whereas with a resist 
ance or unity power factor load the load current 
is in quadrature with the current through the 
impedance means 4 and with a leading power 
factor load the leading quadrature component is 
in phase opposition with the current through 
the impedance means 4. 

For these reasons it is best to have the cur 
rent through the impedance means 4 at some 
intermediate value. In when the Supply voltage 
is normal and the load value is normal and at 
unity power factor. Assuming that the Supply 
voltage stays constant and that the power fac 
tor of the load is zero lagging, any change in 
load current will cause an equal and opposite 
change in current in the impedance means 4, 
whereas if the power factor is Zero leading, the 
same changes in load current will cause equal 
changes in the same direction of the current in 
the impedance means 4. For all intermediate 
power factors the current change in the imped 
ance means 4 will not be equal in magnitude to 
the load current change but it will be in the 
opposite direction or in the same direction 
depending upon the power factor. 

In Fig. 8 the impedance 2 is replaced by a con 
ventional supply transformer whose inherent 
leakage impedance is all that is necessary to gain 
control of the voltage. For adjusting the mag 
nitude of the load voltage to our predetermined 
value a simple variable ratio auto-transformer 
2 is interposed between the output terminals of 
the circuit of Fig. 1 of the load. 

In one modification shown in Fig. 4 the Series 
impedance is made a constant current imped 
ance means 3 consisting of a capacitor f4 and 
a reactor 5 connected in parallel with each 
other. The reactor 5 is provided with a core 
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similar to the core of the reactor 6 of Fig. 1 and 
the volt-ampere characteristics of elements 4 
and 5 are so proportioned that they have thc 
same numerical slope Over a predetermined range 
of voltage thereacross which is usually greater 
than the range of Suppy voltage variations. 
This relationship is shown in Fig. 5 in which 

the reactor characteristic is shown at 6' and 
the capacitor characteristic is shown by the 
straight line T. When the characteristic 7 is 
rotated into the same quadrant with the reactor 
characteristic is for purposes of comparison it 
will be seen that they are parallel, thus show 
ing that their slopes are numerically equal and 
it will also be seen that over the Voltage range 
W1-W2 the numerical difference or vector Sun 
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of the currents of the individual elements is con 
stant. Consequently, over this voltage range 
means 3 automatically regulates the current to 
a constant value in the supply circuit. 
By reason of this, Fig. 4 has a substantially 

greater range of regulation than Fig. 1 because 
means 3 automatically compenSates for varia 
tions in supply voltage so that means 4 is relieved 
of this duty and need only compensate for varia 
tions in load magnitude and power factor. 
For simplicity and ease of manufacture the 

capacitors 5 and 4 may be made identical and 
the reactors 6 and 5 may be made identical. 
Usually, however, this does not make the most 
suitable circuit. i. 
On a circuit having such identical elements 

which I have tested over a variation of supply 
voltage from 160 to 210 and with a variation of 
load volt-amperes from zero to 100 per cent with 
power factors varying from .6. lagging to .8 lead 
ing the maximum variation in load voltage was 
-3% from a normal value of 110 volts. As pre 
viously explained, the Worst conditions for regul 
lation are at low power factor lagging so that if 
the lagging power factor range is limited to a 
value.8 the circuit maintains the voltage within 
2% or normal. 
Under certain conditions, which at the present 

time are not fully understood, an unstable cir 
cuit condition occurs wherein the load voltage 
apparently OScillates from a low to a high ampli 
tude as well as between two different phase 
angles. I have found, however, that this can be 
corrected by inserting a relatively small value 
of resistance in the impedance means 4 and I 
have found that it can also be controlled by con 
structing the reactor 6 so that it has appreciable 
loSSes. This unstable condition is not always en 
COuntered but When it does occur either of the 
above remedies is effective. 
While there have been shown and described 

particular embodiments of this invention, it will 
be obvious to those skilled in the art that various 
changes and modifications can be made therein 
without departing 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 inven 
tion. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. An automatic voltage regulator for a load 

circuit comprising, in combination, a pair of 
impedance elements connected in series with 
each other and in parallel with said load circuit 
across the load end thereof, said elements having 
such volt-ampere characteristics that the vector 
Sum of their respective voltages is a constant 
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over a current range which is of the order of 
magnitude of full load current. 

2. An automatic voltage regulator for a load 
circuit comprising, in combination, a capacitor 
and a Saturated core reactor connected in series 
With each other and in parallel with said load 
circuit across the load end thereof, said elements 
having such volt-ampere characteristics that the 
vector sum of their respective voltages is a con 
stant over a current range which is of the order 
of magnitude of full load current. 

3. In combination, a circuit having a variable 
voltage source end and a constant voltage load 
end, a series impedance connected in said cir 
cuit, and a voltage regulating circuit connected 
across said circuit on the load side of said imped 
ance, said regulating circuit comprising a capac 
itor in series with a reactor, said reactor having 
a magnetic core provided with an air gap which 
is bridged by a restricted portion of said core, 
the volt-ampere characteristic of said reactor 
Over a portion of its range being parallel to but 
displaced from the volt-ampere characteristic of 
Said capacitor. 

4. In combination, an electric circuit for in 
terconnecting a source of alternating current and 
a load, and means for automatically maintaining 
substantially constant load voltage during Sub 
stantial variations in source voltage and load 
magnitude including a capacitor and Saturated 
core reactor connected in series with each other 
and in shunt with said load, the volt-ampere 
characteristics of said capacitor and reactor hav 
ing numerically equal slopes over a predeter 
mined Current range. 

5. In combination, means including a trans 
former for supplying alternating current at Con 
stant frequency and at a voltage which is sub 
ject to variation above and below a rated value, a 
variable load connected to be energized by said 
means, and voltage regulating means for Said 
load connected in shunt therewith comprising a 
saturated core reactor and a capacitor connected 
in series, said reactor having a volt-ampere char 
acteristic which is substantially a straight line 
above the knee thereof, said capacitor having a 
volt-ampere characteristic which has the same 
slope as said straight line portion of said reactor 
characteristic. 

6. In combination, a source of variable volt 
age, a constant voltage variable load, constant 
current impedance means interconnecting said 
source and load, and constant voltage regulating 
means connected in shunt with said load, said 
regulating means comprising a pair of serially 
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value of said constant current and the variable 
load current drawn from said output terminals. 

8. A voltage regulating system comprising in 
combination, variable-voltage constant-fre 
quency alternating-current input terminals and 
constant-voltage variable-load-current output 
terminals, a pair of identical capacitors and a 
pair of identical saturated core reactors, one of 
Said capacitors and one of said reactors being 
connected in parallel with each other and in 
Series with said input terminals, the vector sum 
of the currents in said parallel connected capac 
itor and reactor being constant throughout the 
range of Voltage variation of Said input terminals, 
the remaining capacitor and the remaining reac 
tor being connected in series across said output 
terminals, the vector sum of the voltages of said 
remaining capacitor and remaining reactor be 
ing constant over a current range which is equal 
to the vector difference between the constant 
current value maintained by the parallel con 
nected capacitor and reactor and the variable 
load current drawn from said output terminals 
Over a wide range of power factor. 

9. A voltage regulating System comprising, in 
combination, a pair of input terminals connected 
respectively to a pair of output terminals, a 
capacitor and reactor connected in parallel with 
each other between one of said input terminals 
and its associated output terminal, said capac- . 
itor and reactor having offset volt-ampere char 
acteristics which have slopes of equal numerical 
value over a given voltage range thereacross, a 
second capacitor and a second reactor connected 
in series across said output terminals, said sec 
ond capacitor and said second reactor having 
Offset volt-ampere characteristics whose slopes 
are numerically equal Over a predetermined range 
of current therethrough, and means for pre 
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connected impedances the vector sum of whose voltages is constant over a predetermined range . 
of current therethrough. 

7. A voltage regulating system comprising in 
combination, variable voltage input terminals 
and constant voltage variable load current out 
put terminals, a capacitor and a saturated core 
reactor connected in parallel with each other: 
and in series with said input terminals, the vector 
sum of the currents in said capacitor and reac 
tor being constant over a predetermined volt 
age range thereacross, a second capacitor and 
a second reactor connected in series across said 
load terminals, the vector. sum of the voltages 
across said second capacitor and said second re 
actor being constant over a current range which 
is equal to the vector difference between the 
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venting unstable electrical oscillations in said 
system. 

10. A voltage regulating System comprising, in 
combination, a pair of input terminals connected . 
respectively to a pair of output terminals, a ca 
pacitor and reactor connected in parallel with 
each other between one of said input terminals 
and its associated output terminal, said capac 
itor and reactor having offset volt-ampere chair 
acteristics which have slopes of equal numerical 
value over a given voltage range thereacross, a 
second capacitor and a Second reactor connected 
in series across said output terminals, said 
second capacitor and said second reactor having 
offset volt-ampere characteristics whose slopes 
are numerically equal Over a predetermined range 
of current therethrough, and means for prevent 
ing unstable electrical oscillations in said sys 
term comprising a power consuming element in 
circuit with said second capacitor. . 

11. A voltage regulating system comprising, in 
combination, a pair of input terminals connected 
respectively to a pair of output terminals, a ca 
pacitor and a saturated reactor connected in 
parallel with each other between one of said 
input terminals and its associated output ter 
minal, a second capacitor and a second satu 
rated reactor connected in Series across said out 
put terminals, said second capacitor and said 
second reactor having volt-ampere characteris 
tics whose slopes are numerically equal over', a 
predetermined range of current therethrough. 
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