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My invention relates to transformer voltage 
regulators and more particularly to transform 
er voltage regulators provided with automatic 
means for changing the transformer ratio under 
load. . 
In changing the ratio of a voltage regulating 

transformer while it is under load it is very de 
sirable that the change be made without inter 
rupting the load current and with the produc 
tion of minimum voltage disturbance in the 
transformer circuit. Heretofore I have done this by changing taps on the secondary or se 
ries winding of the transformer and during the 
tap changing operation I have caused the trans 
former load current to flow through a non 
linear characteristic current by-pass. 

In accordance with my present invention 
provide a novel and simple transformer voltage 
regulating circuit in which the connections in 
the main load current carrying circuit are not 
changed during a regulating step and the 
change in voltage is secured by changing the 
connections of the transformer exciting winding 
and I provide a non-linear characteristic in 
pedance for limiting the voltage across the excit 
ing winding and hence, limiting the voltage drop 
across the secondary or series winding of the 
transformer during a voltage or ratio changing 
Operation. 
An object of my invention is to provide a new 

and improved voltage regulating transformer. 
Another object of my invention is to provide 

a new and improved automatic transformer 
voltage regulator. 
Another object of my invention is to provide 

a new and improved way of changing the ratio 
of a transformer under load. 
My 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 is a simplified diagram 

matic showing of one form of my transformer 
voltage varying circuit; Fig. 2 is a diagrammatic 
showing of an automatic transformer voltage 
regulator embodying my invention and which is 
adapted for operation on a three-wire alter 
nating current secondary distribution circuit; 
and Figs. 3 to 10 inclusive illustrate various 
modified connections between the ratio chang 
ing switch or contactor and the transformer ex citing windings for securing various different 
combinations 
voltage. 

of . maximum and minimum 
Referring now to the drawing and more par 

8 Claims. (C. 171-119) 
ticularly to Fig. 1, I have shown therein a 
simple two-wire alternating current circuit 
having a source end 2 and a load end 3. Con 
nected in the circuit f is a regulating trans 
former having a series winding 4 and a shunt or 5 
exciting winding 5, both wound on the same 
core which is represented by the dotted line 6. 

For controlling the connections of the excit 
ing winding 5 there is provided a single-pole, 
double-throw switch 7 and for limiting the im- 10 
pedance of the transformer during a positional 
change of the switch 7 a negative impedance 
current characteristic impedance 8 is connected 
acroSS the exciting winding 5. 
The impedance 8 is preferably one or more 5 

pieces of the ceramic resistance material known 
as Thyrite, the composition of which is disclosed 
and claimed in Patent 1,822,742, granted Sep 
tember 8, 1931 on an application of K. B. 
McEachron and assigned to the assignee of the 20 
present application. This resistance material 
has the property of reducing its resistance in 
stantaneously and to a very marked extent with 
increases in voltage across it or current through 
it. In fact the decrease in resistance is so great 25 
that as the current through the resistance in 
Creases its resistance decreases until the Voltage 
drop across the resistance becomes substantially 
constant and independent of the current. 
The switch is so arranged that in one posi- 30 

tion the exciting winding 5 is connected across 
the circuit while in the other position the 
Winding 5 is short circuited. 
In the operation of Fig. 1, when the circuit f is 

connected to a source (not shown) and the Switch 35 
T is in , the position shown, a predetermined 
amount of voltage boost or buck, depending upon 
the relative direction of the current in the wind 
ings 4 and 5, will be produced by the series wind 
ing 4 in the main circuit. The impedance 8 is so 
proportioned that for the normal circuit voltage 
its impedance or resistance is practically infinite 
so that substantially all of the current in the 
shunt circuit flows through the shunt winding 
5 and substantially none of the current flows 4 
through the impedance 8. If now the switch is 
moved to the other position the transformer will 
saturate, if circuit is carrying load current, as 
the movable contact of the switch is passing from 
one position to the other. The effect of this so 
saturation is to limit to a certain extent the re 

*actance and voltage drop of the winding 4. While 
Switch is passing between its two contact making 
positions the series winding 4 will be acting as a 
primary winding and will tend to induce a rela- 55 
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2 
tively very high voltage in the exciting winding 5. 
For example, if the transformer produces a 10% 
boost, the voltage tending to be induced in the 
exciting winding 5 during the operation of the 
Switch will be ten times the circuit voltage. HoW 
ever, before the voltage can reach anywhere near 
this high value the resistance of the device 8 will 
decrease so much that the voltage across the 
exciting winding will be limited to a relatively low 
Value which is not much higher than normal cir 
cuit voltage. The importance of this is that it 
causes the impedance of the regulating trans 
former, referred to the secondary winding 4, to be 
not much greater than its impedance when the 
exciting winding 5 is connected across the cir 
cuit. Consequently the voltage drop across the 
winding 4 during the operation of the switch 
will be relatively low and will cause hardly any 
voltage disturbance in the circuit and will not 
CauSe lamp flicker if incandescent lamps are ener 
gized from the load end 3 of the circuit . As 
soon as the switch 7 engages the lower fixed con 
tact the exciting winding 5 and impedance 8 will 
be short circuited. As the impedance of the short 
circuit of the winding 5 is substantially zero the 
impedance of the transformer as a whole will be 
Substantially zero and no voltage buck or boost 
Will be produced in the circuit . 

If the Switch is moved back again to the upper 
contact the saturation of the transformer due to 
the load current combined with the voltage limit 
ing effect of the impedance 8 will be the same as 
before until the positional change has been com 
pleted when the exciting winding will be con 
nected across the circuit and a definite voltage 
boost or buck will be produced in the circuit f. 

In tests on an arrangement as shown in Fig. 1 
in which the load voltage was 220 volts and the 
transformer produced a 10% voltage boost of 22 
volts and the load current was 33 amperes, the 
current Switched by the switch 7 was 3.3 amperes 
and the switch made 350,000 operations with prac 
tically no wear on the contacts. 
From the above description of Fig. 1 it will be 

Seen that no Switching operation takes place in 
the main load current carrying circuit and that 
the Switching current during the regulating 
operation is very much less than the main load 
Current So that the switch may be made smaller 
and less expensive than a switch capable of carry 
ing the main load current. Furthermore, the 
negative impedance-current characteristic imped 
ance 8 may be made of small size and conse 
quently at low cost in comparison with an ordi 
nary load current by-pass impedance of this type 
which is capable of carrying the entire circuit 
load current. 
The complete automatic voltage regulator 

shown in Fig. 2 is made for Operation in a three 
Wire alternating current secondary distribution 
circuit. This circuit has outer conductors A and 
B and a neutral conductor N. The usual voltage 
of Such circuits is 230 volts between the outer 
conductors and 115 volts between each outer con 
ductor and the neutral, as is indicated at the left 
hand or source end of the circuit. The regulat 
ing transformer is provided with two series wind 
ingS 4 and 4' connected respectively in the outer 
Conductors A and B. This transformer is also 
provided with two separate exciting windings 5 
and 9. The winding 5 corresponds to the same 
winding in Fig. 1 and has the negative impedance 
current characteristic impedance 8 connected in parallel therewith. 

2,068,693 
The switch T is arranged to be operated electro 

magnetically by means of the winding 0. It is 
arranged to provide double breaks in the circuit 
in both directions of operation and has no flexible 
Connection to the moving parts. As shown, it has 
a movable bridging contact member which in the 
illustrated position is connecting two contacts 
and 2 and in the other position will bridge two 
contacts 3 and 4. Essentially, however, it is a 
single-pole, double-throw switch. 
The terminals of the winding 9 are connected 

respectively to the contacts and 2 so that the 
winding 9 is short circuited when the switch T 
is in the position shown. This position will be re 
ferred to as the minimum position of the switch. 
The contacts f2 and f4 are interconnected by 
a jumper and contacts 3 and are connected 
respectively to the line conductors A and B. With 
this arrangement, when the coil 0 is energized 
the switch moves over to its other or maximum : 
position and as the bridging member engages 
contacts 3 and f4 the winding 9 will be connect 
ted between the line conductors A and B. Conse 
quently, the exciting winding 9 will be energized 
in such a manner as to induce a regulating volt 
age boost in the secondary or series windings 4 
and 4'. 
Switch T is controlled automatically in response 

to voltage by means of a known type of resonant 
relay 5 comprising an adjustable resistance 6, 
an adjustable inductance and a capacitor 8 
connected in series between the conductor A and 
the neutral conductor N. An auxiliary relay 9 
is connected across the capacitor 8 and the con 
tacts of this relay control the energization of the 
operating winding O of the switch 7. 
The reactor has a magnetically saturable 

core and the resonant relay circuit is so arranged 
that at a predetermined critical voltage the mag 
netic Saturation of the core of reactor f7 causes 
the inductance of the reactor to neutralize the 
capacitance of the capacitor 18 throughout a 
portion of each cycle of the applied voltage there 
by producing a condition of partial resonance in 
the Series circuit. At a lower voltage than the 
Critical voltage the circuit is dissonant. At reso 
nance the current through the resonant circuit 
increases thereby increasing the voltage across 
the capacitor fe and causing the auxiliary relay 
9 to open its contacts. 
The adjustments on the resistor f6 and the 

reactor provide for adjusting the regulating 
band, that is to say the difference in voltage be 
tween the critical value at which the relay picks 
up and the value at which it drops out, and also 
for adjusting the drop-out voltage value of the relay 9. 
The parts are shown in Fig. 2 in the position 

they will occupy when the system is deemergized. 
When voltage is applied at the source end of the 
circuit, the winding O will be energized through 
the closed contacts of the relay S and the switch 

will be bridging the contacts f2 and f4 thereby 
energizing the shunt winding 9 and causing a 
predetermined voltage boost in the circuit. If 
the circuit voltage increases to the critical value 
relay 9 will pick up thereby deemergizing the 
winding 0 and causing the switch 7 to snap over 
to its minimum position in which the contacts 
and 2 are bridged thereby to short circuit the winding 9. 
While the SWitch is changing positions the 

regulating transformer saturates as in Fig. 1 and 
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2,068,698 
are limited by the negative characteristic of the 
impedance 8 because as the winding 5 is on the 
same core as the other windings it is inductively 
coupled to all of them. As soon as the switch 
reaches its minimum position and the winding 9 
is short circuited the impedance of the trans 
former with respect to the main circuit is sub 
stantially zero, so that the regulator may be said 
to be in its neutral position as it is neither buck 
ing nor boosting. If now the voltage falls below 
the critical value the resonant circuit becomes 
dissonant, relay 9 closes thereby energizing 
winding. O causing the switch to move over to 
its maximum position and energize the winding 9 
so as to cause a desired voltage boost in the main 
circuit. 
The regulator of Fig. 2 can easily be adapted 

for use with two-wire instead of three-wire cir 
cuits by merely making an interconnection be 
tween the conductors B and N. In this case the 
voltage applied to the exciting winding or wind 
ings of the transformer will be half that with the 
three-wire circuit and consequently the regulate 
ing voltages will be half of what they would be 
for three-wire operation. 

If the ratio of the number of turns of the ex 
citing windings 9 and 5 is 3 to 2 it is possible by 
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changing the connections between these windings 
and the Switch 7 to secure a great many different 
ranges of regulation. First, if the winding 9 when 
excited alone across the conductors A and B pro 
duces a six-volt raise or boost, then reversing this 
connection will produce a six-volt buck or lower. 
If now the contacts f and 2 of switch T are 
connected to the winding 5 instead of to the wind 
ing 9 the difference in turns between the wind 
ing 5 and the winding 9 will cause the winding 5 
to produce a nine-volt raise - if the connections 
correspond to those in the drawing but if they are 
reversed they will produce a nine-volt lower. In 
cidentally, this connection corresponds to that 
shown in Fig. 1 in that the winding 5 is alter 
nately short circuited and excited across the main 
circuit. If now the windings 5 and 9 are con 
nected differentially in series the number of ef 
fective turns will be half the number of turns in 
the winding 5. Consequently, with this differen 
tial connection it is possible to secure either an 
18-volt raise or an 18-volt lower. If now the 
Windings are connected in series cumulatively in 
Stead of differentially the number of effective 
turns will be five times that of the differential 
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connection so that, the voltage will be 4 of the 
voltage of the differential connection. That is 
to say, it will be 3.6 volts either raise or lower, 
depending upon the polarity of the connections 
to the series cumulative connection. w 
In the following table are listed all the various 

combinations of the above connections so as to 
give in all 36 different ranges of regulation. 
Each of the first eight of the listed connections 
are illustrated in one of the detailed Figures 3 
to 10, inclusive, and in the table each figure in 
the drawing, including Figs. 1 and 2, correspond 
ing to each range of regulation is tabulated. The 
voltage V will be 18 volts if the windings 5 and 9 
are the same as in Fig. 2 but this need not neces 

However, the table is based on sarily be true. 
a ratio of turns in the windings 9 and 5, of 3 to 2. 
Other ratios may be employed if desired. The 
table and Figures 3 to 10 are arranged in de 
scending order of magnitude of the maximum 
voltage coupled with a descending order of mag 
nitude o the minimum voltage. 

Range of regulation 

Maximum Minimum 
Figs. 

Wolts Connections Wolts Connections 

3 +V Winding 9 boost---4W Winding 5 boosting 
ing in series with 
Mading 5 buck ng. 

4 Y----- do------------- --SV Winding 9 boosting. 
5 --W ----- do---------------SV Winding 5 boosting 

in series with widg. 
9 boosting. 

6 --W ----- do------------ 0 Wogs. 9 and 5 short 
edin series. 

7 tW -----do------------ -$V Wolg. 9 bucking in 
series with widg. 5 bucking. 

8 --V----- do------------ -3W Winding 9 bucking. 
9 --W-----do------------ -36V Winding 5 bucking. 
0 tW -----do------------- -V Wag. 5 boosting in 

series with woig. 9 
bucking. 

-4W Wising 5 boost. --34W Winding 9 boosting. 
. 

---3W -----do------------ +%W Wag 5 boosting in 
series with widg. 9 
boosting. 

1. --2W -----do------------ 0 Winding 5 shorted. 
--2V. --- do-...---------- -% WWag 5 bucking in 

series with wag. 9 
- bucking. . 

--3W ----- do.-- -3W Winding 9 bucking. 
--%W ...--do.- Winding 5 bucking. 
--4V -----do.-- Wdg. 5 boosting in 

series with widg. 9 
- bucking. 
--SW Winding 9 boost- --SW Wogs. 5 and 9 in 

ing. series boosting. 
2 33W -----do------------ 0 Winding 9 shorted. 

--3W ----- do------------- --&W Wags. 5 and 9 in 
series both buck lag. 

---3W.--- do------------ -4W Winding 9 bucking. 
--SW -----do------------ -36V Winding 5 bucking. 
--SW ----- do------------- -W Wodg. 9 bucking in 

series with widg. 5 
boosting. 

--SW. Wolg. 5 boosting in 0 Wogs, 5 and 9 
series with wolg. shorted in series. 
9 boosting 

-h%V -----do------------ -SW Wodgs. 5 and 9 in series bucking. 
Winding 9 bucking. 
Winding 5 bucking. 
Wolg. 9 bucking in 
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series with woig. 5 
boosting. 

0 Wodgs. 5 and 9 -%W. Wodgs. 5 and 9 in 
shorted in series. series both buck 8. 

O Winding 9 shorted -3W Winding 9 bucking. 
0 Winding 5 shorted -2V. Winding 5 bucking. 
0 Wigs. 5 and 9 -WWolg. 9 bucking in 

shorted in series. series with wag. 5 boosting. 
-34V Wag 5 bucking in -%W. Winding 9 bucking. 

series with widg. 
36V skin Wilding 5 buck a- -----00--- Inding 5 bucking. 

-%W -...-do--- Widg. 9 bucking in 
series with wig. 5 

sv winding bucking-Yvi witHucki ucking - Inding 5 bucking, 
-4W -----do------------- -V Wag 5 boosting in series with weig.9 

bucking. 
-W Do. -3W Winding 5 bucking 

In Figs. 3 to 10, inclusive, only the Switch and 
the exciting windings 5 and 9 are shown and it 
is to be understood that these figures merely rep 
resent the changes in Fig. 2 necessary to give 
the various ranges of regulation specified in the 
table. 

It will be noted that in Figs. 3, 5, 7, 8, and 10 
it is necessary to employ a double-pole, double 
throw switch instead of the single-pole, double 
throw switch shown in the other figures. This, 
however, can readily be done in Fig. 2 by merely 
adding another movable lever, and two other sets 
of contacts bridged thereby, to be operated by the 
coil 0. 

In Fig. 6 it will be noted that when the switch 
7 is in its minimum position the two windings 
5 and 9 are short circuited in Series with each 
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other. This produces substantially the same ef- is 
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While I have shown and described particular 
embodiments of my invention, it will be obvious 
to those skilled in the art that changes and mod 
ifications may be made therein and therefore I 
aim in the appended claims to cover all Such 
changes and modifications as fall within the true 
spirit and scope of my invention. 
What I claim as new and desire to secure b 

Letters Patent of the United States is: 
1. In combination, an alternating current cir 

cuit, a transformer having a plurality of wind 
ings including a series winding in said alternat 
ing current circuit and an exciting winding, a 
negative impedance current characteristic imped 
ance connected across one of the windings of 
said transformer other than said Series winding, 
and a circuit controller for Selectively connecting 
said exciting winding across said alternating cur 
rent circuit and disconnecting it therefrom. 

2. In combination, an alternating current cir 
cuit, a transformer having a series winding con 
nected in said alternating current circuit and 
having an exciting winding, a negative imped 
ance-current characteristic impedance connected 
across said exciting winding, and a circuit con 
troller for selectively connecting said exciting 
winding across said alternating current circuit 
and short circuiting said winding. 

3. In combination, an alternating current cir 
cuit, a transformer having a plurality of Wind 
ings including a series winding in said alternating 
Current circuit and a plurality of exciting wind 
ings, a negative impedance-current characteristic 
impedance connected across one of said exciting 
Windings, and a circuit controller for Selectively 
Connecting One of Said exciting windings across 
Said alternating current circuit and short cir 
cuiting one of said exciting windings. 

4. In combination, an alternating current cir 
cuit, a transformer having a plurality of wind 
ings including a Series winding in Said alternat 
ing current circuit and a plurality of exciting 
Windings, a negative impedance-current charac 
teristic impedance connected across one of Said 
exciting windings, and a circuit controller for 
Selectively connecting said exciting windings in 

2,068,698 
series relation across said alternating current 
circuit and for changing the connections of said 
exciting windings relative to said alternating cur 
rent circuit. 

5. In combination, an alternating current cir 
cuit, a transformer having a series winding in 
Said circuit and having two exciting windings 
with different numbers of turns, a negative in 
pedance-current characteristic impedance con 
nected across one of said exciting windings, and 
a two-position switch connected so that in One 
position one of said exciting windings is con 
nected across Said circuit and in the other po 
sition said exciting winding is connected in an 
other circuit. 

6. In combination, an alternating current cir 
cuit, a transformer having a series winding in 
Said circuit and having two exciting windings 
with different numbers of turns, a negative im 
pedance-current characteristic impedance con 
nected across one of Said exciting windings, and 
a two-position Switch connected so that in one 
position one of Said exciting windings is con 
nected across said circuit and in the other posi 
tion the other one of said exciting windings is 
Short circuited. 

7. In combination, a single phase, three-wire 
alternating current circuit, a regulating trans 
former having series windings connected respec 
tively in the two outer conductors of said circuit 
and having an exciting winding, and a switch 
for Selectively connecting said exciting winding 
across said circuit and disconnecting it there 
from. 

8. In combination, a main alternating current 
circuit, a transformer having a series winding 
in said circuit and an exciting winding adapted 
to be connected across said circuit, a nega 
tive impedance-current characteristic impedance 
connected across said exciting winding, a switch 
for Selectively connecting said exciting winding 
across said circuit and connecting it in another 
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circuit, and means responsive to the voltage of 
said main circuit for controlling the operation of 
Said Switch. 

ORN P. McCARY. 
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