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This invention relates to power modulators and par 
ticularly to one for use as line voltage or constant cur 
rent regulators. 

In the prior art, devices for regulating voltage or cur 
rent have been relatively expensive. In some instances 
moving parts have been employed. Another problem has 
been that they have not been fast enough in their response 
and the waveform has been unsatisfactory. 
One of the objects of this invention is to provide a rela 

tively inexpensive power modulator. 
Another of the objects of the invention is to provide 

a power modulator which is fast in response and which 
will have the desired waveform and no moving parts. 

In one aspect of the invention, a high leakage reactance 
transformer is used having a core with a magnetic shunt 
path, there being an air gap therein. The primary is on 
one side of the air gap and the secondary on the cither 
side. A D.C. control winding means is positioned on the 
core so that change of D.C. thereto will shift the flux 
from the secondary to the shunt path so as only to affect 
the secondary winding flux. All or only a portion of the 
primary and secondary windings may be on their respec 
tive sides of the air gap. Also, the D.C. control winding 
means may or may not be on the same leg of the core 
as the secondary or primary. Preferably, the D.C. con 
trol winding is in two parts, each on tongues or separated 
portions of a bifurcated portion of the core, the winding 
parts being connected in opposed relation. Further, in 
one form, the core has a center leg with a bifurcated por 
tion adjacent one end thereof, the D.C. windings being 
on the tongues thereof and the secondary winding wound 
around the pair of D.C. windings. The primary winding 
then is wound adjacent the opposite end of the center 
leg, the shunt air gap being between the primary and 
secondary. Thus, without D.C., the flux will flow in 
the center leg to the outer legs and not through the air 
gap shunt. When control D.C. is applied to the control 
windings, increase thereof will cause shifting of flux affect 
ing the secondary to the shunt path so as to control the 
secondary output. 
The arrangement can be used in various circuits, one 

being shown herein which is especially useful for power 
or voltage output control. in this systern, the primary 
may be in the form of an aito-transformer or one having 
an extension so that more than the input voltage is avail 
able across the primary. The secondary has one end con 
nected to the load and the other to the primary extension, 
the opposite ends of both the primary and secondary 
being connected to the load. When the secondary is in 
bucking relation, increase in D.C. will result in an output 
voltage increase and vice versa. It is to be understood, 
however, that the invention can be applied to other circuits 
and arrangements. The term "power modulator” means 
power, voltage and/or current modulation. The arrange 
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ment also could be used as a magnetic amplifier, the D.C. 
windings being the control windings thereof. 

These and other objects, features and advantages will 
become apparent from the following description and 
drawings which are merely exemplary. 

In the drawings: S. . . . . . . 

FIG. 1 illustrates one form of core and high leakage 
reactance transformer. W . . w 

FIG. 2 is a wiring diagram showing one form of circuit 
with which the invention can be used. 

FIG. 3 shows an oscillograph picture showing no load 
wave form. m 

FIG. 4 is similar to FIG. 3 except it is under full load 
conditions. 
The invention first will be described in conjunction 

with a line voltage regulator and a shell-type core arrange 
ment. Referring to FIG. 1, the core may comprise outer 
legs it, and a center leg 12, the center leg in the form 
shown having a bifurcated end or tongue-like shape with 
tongues 13, 14. Magnetic shunt air gap paths 15, 16 are 
provided between the center leg and the two outer legs 
50 and 11. The primary 17 may be wound on one por 
tion of the center core leg, secondary means 18 being 
wound on the center core leg on the opposite side of 
magnetic shunt air gaps 15, 16. The D.C. control wind 
ings 9, 20 are wound on the tongues 13, 14 and connected 
in opposite polarity. In the form illustrated, the second 
ary winding 18 is wound over the D.C. control windings. 
The D.C. control windings are wound and connected so 
that the fundamental frequency will not be introduced 
therein. When there is no D.C. control current being 
supplied, the secondary will have flux pass therethrough 
from the primary, returning through the outer legs to the 
center core leg. When the D.C. control windings are 
energized so as to saturate the upper portion of the center 
leg, the flux from the primary will pass through the mag 
netic shunts and return along the lower sections of the 
side legs. In this manner, the D.C. control windings will 
serve to shift the flux from its path through the secondary 
to a path through the magnetic shunt located therebe 
tween and thus affect only the voltage induced in the 
secondary winding. It should be evident that other ar 
rangements of the core can be made, for example, wind 
ing the primary on each of the side legs and the second 
aries on each of the side legs, the control winding remain 
ing on the center leg. Also, the upper portion of the 
side legs may be bifurcated (not shown) and D.C. wind 
ings placed on each of the bifurcated sections. 

Merely as an example, when used as a line voltage 
regulator to maintain the output voltage constant for 
varying input line voltage, one circuit is illustrated in 
FIG. 2 wherein the primary 25 is in the form of an auto 
transformer arrangement having main section 26 and a 
boost or series section 27, such serving to boost the line 
voltage by a predetermined percentage. The secondary 
winding 28 is connected to the primary winding, there 
being a D.C. control winding arrangement 29 and 30 cor 
responding to control windings 19 and 20 of FIG. 1. A 
suitable source of D.C. control power can be applied at 
3 as needed. - - - - 

in a preferred form, the secondary coil 28 is arranged 
in a bucking relationship so that when there is no control 
current in the D.C. coils, it will serve to buck the voltage 
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output of the primary. In such an arrangement, the volt 
age Supplied by the secondary should be made slightly 
greater than the voltage added by the boost section 27 
of the primary. Thus, when there is no control current, 
the voltage will be less than that available from the 
primary section. As control current is applied to the 
D.C. windings, the effect of the secondary will be lowered 
until with full control current, the sum of the voltages 
of the primary section 26 and boost coil 27 will be avail 
able at the output terminals 32. In the arrangement illus 
trated in FIG. 2, the primary is fed from a suitable source 
of A.C. to the terminals 24. 

Referring to FIG. 1, when direct current is applied to 
the D.C. windings, then a D.C. component of flux is 
circulated up one of the fingers of the center section and 
down the other finger of the center section so as to 
Saturate the same and thus reduce the effectiveness of 
the secondary bucking windings 28. 

It also is possible to arrange the secondary section 28 
in aiding relation and therefore control the amount of 
voltage added to the primary section 26 and boost coil 27. 

Merely by way of example, a line voltage regulator 
having a rating of 10 kva. was connected in a circuit similar 
to FIG. 2. The length of the core was 10', the width 
7%' and the stack height 3'. The primary 26 and 234 
turns and the series section 27 had 30 turns. The D.C. 
windings were 160 turns each and the secondary had 50 
turns, 
With a line voltage from 220 to 250 volts and a load 

current variation from 0 to 45 amps. and by suitably 
regulating the D.C., the output voltage was maintained 
at 225 volts. The waveform was maintained substan 
tially sinusoidal as can be seen in FIG. 3 showing no load 
and FIG. 4 showing full load. 

It should be apparent that various changes may be 
made in the details of the circuit without departing from 
the spirit of the invention except as defined in the 
appended claims. 
What is claimed is: 
1. In a power modulator for controlling power de 

livered from an A.C. source to a load over a predeter 
mined normal continuous range of operation, the com 
bination including a high leakage reactance transformer 
core having a first loop path therein for magnetic flux 
and said core having at least one magnetic shunt path 
with an air gap therein for bypassing a portion of said 
first loop path in said normal continuous range, primary 
winding means on said core having a pair of input ter 
minals for connection to the A.C. source for providing 
primary flux in said first loop path, an extension of Said 
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primary winding means on said core connected in circuit, 
in series with said primary winding means, secondary 
winding means on said core surrounding said portion of 
said first loop path and being linked by the primary flux 
in said portion for inducing voltage in said secondary 
winding means, a pair of output terminals for connection 
to the load, circuit means for connecting said primary 
winding means, said extension and said secondary Wind 
ing means in circuit in series between said pair of output 
terminals with said secondary winding means and said 
extension being in voltage opposing relationship, and 
D.C. control winding means on said core for shifting said 
primary flux in said normal continuous range from said 
portion of said first loop path to said air gap magnetic 
shunt path bypassing said core portion for diverting said 
primary flux away from said secondary winding means 
for reducing the amount of primary flux linking said 
secondary winding means as the direct current in said 
D.C. winding means is increased within said normal 
continuous range for reducing the effective amount of 
voltage opposition between said secondary winding means 
and said extension. 

2. In a power modulator for controlling power deliv 
ered from A.C. source to a load over a predetermined 
normal continuous range of operation, the combination 
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4. 
including a high leakage reactance transformer core hav 
ing a first loop path therein for magnetic flux and said 
core having at least one magnetic shunt path with an air 
gap therein for bypassing a portion of said first loop path 
in said normal continuous range; primary winding means 
on said core on one side of said shunt path and having 
a pair of input terminals for connection to the A.C. 
source for providing primary flux in said first loop path, 
an extension of said primary winding means on said core 
connected in circuit in series voltage boosting relationship 
with said primary winding means, secondary winding 
means on said core on the other side of said shunt path 
surrounding said portion of said first loop path and being 
linked by the primary flux in said portion for inducing 
voltage in said secondary winding means, a pair of output 
terminals for connection to the load, circuit means for 
connecting said primary winding means, said extension 
and said secondary winding means in circuit in series 
between said pair of output terminals with said secondary 
winding means in voltage bucking relationship with said 
primary winding means and extension, and D.C. control 
winding means on said core for shifting said primary flux 
in said normal continuous range from Said secondary j 

- 

winding means to said shunt path as the direct current 
in said control winding means is increased within said 
normal continuous range for reducing the voltage bucking 
effect of said secondary winding means. 

3. In a power modulator for controling power delivered 
from an A.C. source to a load over a predetermined 
normal continuous range of operation, the combination 
including a high leakage reactance transformer having 
a first loop path therein for magnetic flux and said core 
having a magnetic shunt with an air gap therein for 
bypassing a portion of said first loop path in said normal 
continuous range, primary winding means on said core 
on one side of said shunt having a pair of input terminals 
for connection to the A.C. source for providing primary 
flux in said first loop path, an extension of said primary 
winding means on said core on said one side of said shunt 
connected in circuit in series voltage boosting relation 
ship with said primary winding means for boosting the 
A.C. voltage of said source by a predetermined per 
centage, secondary winding means on said core on the 
other side of said shunt surrounding said portion of said 
first loop path and being linked by the primary flux in 
said portion for inducing voltage in said secondary wind 
ing means slightly greater than the voltage added by said 
boosting extension, a pair of output terminals for con 
nection to the load, circuit means for connecting said 
primary winding means, said extension and said secondary 
winding means in circuit in series between said pair of 
output terminals with said secondary winding means in 
voltage bucking relationship with said primary winding 
means and extension, and D.C. control winding means 
on said core for shifting said primary fux in said normal 
continuous range from said portion of said first loop path 
to said air gap magnetic shunt bypassing said core portion 
for diverting said primary flux away from said secondary 
winding means to said shunt path upon increase in the 
direct current in said control winding means for reducing 
the amount of primary flux linking said secondary wind 
ing means as the direct current in said control winding 
means is increased within said normal continuous range 
for reducing the amount of bucking voltage. 

4. In a power modulator for controlling power de 
livered from an A.C. source to a load, the combination 
including a high leakage reactance transformer having a 
magnetic shunt with an air gap, primary winding means 
on one side of said shunt providing primary flux, second 
ary winding means on the other side of said shunt, input 
terminal means for connecting a portion of said primary 
leans to said A.C. source so as to provide an extension 

thereof in voltage boosting relationship with said primary 
winding means; first output terminal means for connect 
ing one end of Said primary means to said load, second 
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output terminal means for connecting one portion of 
said secondary means to said load and another portion of 
said secondary means with said extension of said primary 
means, said connection between said secondary means 
and said primary means being in voltage bucking rela 
tion, and D.C. control winding means on said core for 
shifting said primary flux from said secondary winding 
means to said shunt path upon increase in D.C., Said con 
trol winding means affecting the primary flux linking the 
secondary winding and shunt path flux so that increase of 
D.C. to said control winding means will reduce output 
to said load. 

6 
References Cited in the file of this patent 

UNITED STATES PATENTS 
2,673,321 Stimler ---------------- Mar. 23, 1954 
2,843,215 Streuber ---------------- July 15, 1958 
2,904,743 McClain --------------- Sept. 15, 1959 
2,992,386 Rosin ------------------ July 11, 1961 

OTHER REFERENCES 

IBM Technical Disclosure Bulletin, Ferroresonant 
l0 Transformer, by A. M. Baycura et al., vol. 3, No. 3, 

August 1960. 


