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My invention relates broadly to automatic 
electrical regulating arrangements and more 
particularly to automatic voltage regulating 
arrangements which depend for their oper 
ation upon negative impedance-current char 
acteristic impedance elements. 
The expression “negative impedance-cur 

rent characteristic' is used here as a short way 
of designating broadly any impedance which 
decreases in value with increases in the volt 
age across it, or the curent through it, or both. 

Perhaps the most common type of negative 
impedance-current characteristic impedance 
is a resistance having a relatively high tem 
perature coefficient of resistance. Materials 
like boron, and some forms of carbon, have 
relatively high negative temperature coeffi 
cients of resistance, so that, under ordinary 
conditions, their resistance decreases with in 
creases of current therethrough. 
Such materials, however, are relatively 

sluggish in action as they depend upon a 
change in temperature. They are also af 
fected by changes in the ambient, or sur 
rounding temperature. As a consequence of 
these properties these materials are not ideal 
elements of automatic regulating systems, or 
circuits, where it is usually desirable that the 
action be rapid and independent of any con 
dition except the regulating condition. 

I have found that a relatively new type 
of negative impedance-current characteristic 
element is very well adapted for use in regu 
lating circuits. This is the synthetic resist 
ance material which is described and claimed 
in Patent No. 1,822,742, granted September 
8, 1931, on an application of K. B. McEach 
ron, and assigned to the assignee of the pres 
ent application. This material has the prop 
erty of reducing its electrical resistance sub 
stantially instantaneously with increases in 
applied voltage, or increases in current there 
through. Its change in resistance with 
changes in temperature is relatively insig 
nificant. 
Broadly speaking, my invention relates to 

automatic voltage regulation by means of a 
main winding and a parallel connected buck 
ing winding, whose net ampere turns control 
the voltage to be regulated. Automatic con 

trol is secured by a substantially instan 
taneously acting negative impedance-current 
characteristic element connected in series 
with the bucking winding. 
An object of my invention is to provide an 

improved voltage regulating arrangement. 
A further object of my invention is to pro 

vide a simple, quick acting static type voltage 
regulating arrangement. 
My invention will be better understood 

from the following description taken in con 
nection with the accompanying drawing, and 
its scope will be pointed out in the appended 
claims. 

In the drawing, Fig. 1 illustrates an em 
bodiment of my invention as applied to regu 
'ating the voltage of a variable speed direct 
current generator, while Fig. 2 illustrates 
another embodiment of my invention for 
regulating the output voltage of a transform 
er which is connected to a variable voltage 
source of current supply. 

In Fig. 1 of the drawing I have illustrated, 
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by way of example, a direct current generator 
1, which is connected to be operated at vari 
able speed by any suitable means, such for 
example, as by a railway car wheel 2. Gen 
erator 1 is provided with a main shunt field 
winding 3, and a differential shunt field wind 
ing 4, connected in series with an instantane 
ously acting negative impedance-current 
characteristic resistance 5 of the type which 
is the subject matter of the above referred to 
McEachron patent. A load circuit 6 is con 
nected to generator 1. 
The operation of the arrangement illus 

trated in Fig. 1 is as follows: Changes in 
speed of the car wheel 2 cause the generator 
to produce corresponding changes in voltage. 
Assume for example that the speed increases 
and that consequently the voltage increases. 
The voltage across the circuit including dif 
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ferential winding 4 and special resistance 5 
will therefore increase, thereby decreasing 
the resistance value of resistance device 5 95 
with the result that the current through the 
bucking, or differential winding 4 increases. 
This has the effect of opposing the increase in 
ampere turns of the field winding 3 due to 
the increase in terminal voltage of the gen 
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erator 1. Resistance device 5 has a substan 
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increases. 

tially hyperbolic impedance-current charac 
teristic with the result that its resistance may 
be made to decrease extremely rapidly with 
increases in applied voltage. Thus, with in 
creases in speed of generator 1 the increase 
in current through the coil 4 may be made 
so large as actually to cause a decrease in 
the net ampere turns of the two coils 3 and 
4, taken together, with the result that the 
voltage of generator 1 may be maintained 
substantially constant over a considerable 
speed range. w 
When the speed of generator 1 is again 

reduced the voltage will drop and the resist 
ance of the element 5 will increase, thereby 
restoring conditions to their normal relation. 
In Fig. 2 I have shown a transformer core 

7 having a primary winding 8 connected to 
a variable voltage source of supply, such as 
a single phase alternating current generator 
9, and a secondary winding 10 connected to 
supply any suitable load, such for example, 
as incandescent lamps 11. Transformer 
core 7 is provided with an auxiliary bucking 
winding 12 which is connected in circuit with 
a negative volt-ampere characteristic resist 
ance, or impedance 13, across the primary 
winding 8. Impedance 13 is preferably made 
of the resistance material which is described 
and claimed in the above referred to Mc 
Eachron patent. An adjustable rheostat 14 
is connected in circuit with bucking wind 
ing 12 and element 13 for the purpose of ad 
justing the current therethrough. 
The operation of the arrangement shown in 

Fig. 2 may be described as follows: With a 
given voltage produced by source 9, the two 
windings 8 and 12 will produce a resultant 
flux in the transformer core which will induce 
a given voltage in the secondary winding 10. 
Assume, now, that the voltage of source 9 

This will cause an increased cur 
rent to flow in the negative impedance-cur 
rent element 13, thereby causing this device 
to reduce its impedance. This causes a dis 
proportionate increase in current through 
bucking winding 12 which, in effect, increases 
the magnetic reluctance of the magnetic cir 
cuit of the transformer with respect to the 
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primary sity 8. This in turn increases 
the ratio of the leakage-flux of the primary 
winding to the core flux which threads the 
secondarv winding. By proper proportion 
ing of the various elements the increase in 
Eile flux may be made substantially equal 
to the increase in flux produced by winding 
8 alone, when the supply voltage increases, 
so that substantially constant core flux is 
maintained. 
In connection with Fig.2 it should be noted 

that my invention is not necessarily limited 
to maintaining constant the output voltage 
of a transformer to which a variable input 
voltage is applied but that it is applicable to 
any case where a constant core flux is de 
sired but where the supply voltage, for the 
exciting winding for the core, is variable. . 
While I have described what I at present 

consider preferred embodiments of my in 
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vention, it will be obvious to those skilled in 
the art that various changes and modifica 
tions may be made without departing from 
my invention, and I, therefore, 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 

by Letters Patent of the United States, is: 
1. In combination, a transformer having 

a pair of windings, a bucking winding con 
nected in parallel with one of said windings, 
and a resistance element whose electrical re 
sistance decreases substantially instanta 
neously with increases in current there 
through connected in series with said bucking winding. 

2. In combination, a transformer having a 
primary winding and a secondary winding, 
a bucking winding connected in parallel with 
said primary winding, and a resistance ele 
ment whose electrical resistance decreases 
substantially instantaneously with increases 
in applied voltage, in a manner which is 
substantially independent of temperature, 
connected in series with said bucking wind 
ling. 
In witness whereof, I have hereto set my 

hand. 
WILLIAM K. RANKIN. 
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