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3,040,240 
POTENTAL TRANSFORMER 
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10 Claims. (C. 323-50) 

This invention relates to potential transformers and, 
more particularly, to means for reducing or eliminating 
the phase angle errors in such transformers. 
A problem arises in providing certain types of conven 

tional potential transformers for use with burdens having 
a low power factor. This is because the reactive load 
current flowing through the resistance of such a trans 
former produces an out-of-phase voltage drop which in 
troduces a phase angle error between the primary and 
Secondary voltages of the transformer. In order to re 
duce the phase angle error in such a potential transformer, 
it is conventional practice to reduce the resistance of the 
transformer by using larger conductors in the windings 
of the transformer or, in other words, to increase the phys 
ical size of the transformer to obtain a desired perform 
ance with respect to phase angle errors. It is, therefore, 
desirable to provide a potential transformer of the type 
described for use with low power factor burdens, includ 
ing means for reducing phase angle errors without increas 
ing the physical size and weight of the transformer. 

It is, therefore, an object of this invention to provide a 
new and improved potential transformer. 
Another object of this invention is to provide a new 

and improved potential transformer including compen 
sating means for reducing the phase angle error between 
the transformer primary and secondary voltages. 
A further object of this invention is to provide a com 

pensating means for potential transformers which will limit 
the phase angle error between the transformer primary 
and secondary voltages to a predetermined value for low 
power factor burdens. 
A still further object of this invention is to provide a 

new and improved potential transformer having a phase 
angle error less than a predetermined value for a particu 
lar range of low power factor burdens and being physical 
ly smaller and lighter. 

Other objects of the invention will, in part, be obvious 
and will, in part, appear hereinafter. 
For a fuller understanding of the nature and objects 

of the invention, reference should be had to the follow 
ing detailed description taken in connection with the ac 
companying drawing, in which: 
FIGURE 1 is a view partly in side elevation and partly 

in section of a potential transformer embodying the teach 
ings of this invention; 

FIG. 2 is a fragmentary view of the potential trans 
former shown in FIG. 1 with the end section of the core 
removed; 

FIG. 3 is an equivalent schematic diagram of the po 
tential transformer shown in FIG. 1 when there is no load 
on the secondary winding of the transformer; 
FIG. 4 is a vector diagram of currents and voltages of 

the equivalent circuit shown in FIG. 3; 
FIG. 5 is an equivalent schematic diagram of the po 

tential transformer shown in FIG. 1 when the secondary 
winding of the transformer is connected to a burden hav 
ing a low power factor; and 

FIG. 6 is a vector diagram of the voltages and currents. 
of the equivalent schematic diagram shown in FIG. 5. 

Referring now to the drawings and FIGS. 1 and 2 in 
particular, there is illustrated a potential transformer 10 
embodying the teachings of this invention. The potential 
transformer 10 comprises a magnetic core 20, which is 
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2 
illustrated as being of laminated construction, a primary 
winding 40 which is disposed in inductive relationship 
with the magnetic core 20, a secondary winding 50 which 
is also disposed in inductive relationship with the magnetic 
core 20 adjacent to the primary winding 40 and the close 
circuited compensating windings 22 and 24 which are 
disposed in inductive relationship with the primary wind 
ing 40 and the secondary winding 50. The insulation 32, 
which may be of any suitable type, is disposed around 
the primary winding 40 and the secondary winding 50. 
The compensating windings 22 and 24 are, therefore, in 
sulated from the primary winding 40 and the secondary 
winding 50. 

Referring to FIG. 2, the compensating winding 22 is 
illustrated as being a short-circuited turn disposed about 
the secondary winding 50. A potential transformer em 
bodying the teachings of this invention may include one 
or more compensating windings similar to the compensat 
ing windings 22 and 24. It is to be understood that a 
closed-circuited compensating winding could be employed 
including a particular impedance connected in circuit re 
lationship with said compensating winding for certain ap 
plications. The compensating windings 22 and 24, as il 
lustrated, have a dominantly or highly resistive imped 
ance characteristic for reasons which will be explained 
hereinafter. In other words, the voltage induced in the 
compensating windings 22 and 24, when the primary wind 
ing 40 is connected to a source of voltage, (not shown) 
causes a current to flow in the compensating windings 22 
and 24 which is substantially in phase with the induced 
voltage. The compensating windings 22 and 24 are pro 
vided in order to produce a current in the primary wind 
ing 40 which is substantially in phase with whatever Volt 
age is impressed across the primary winding 40 of the 
transformer 10. 

Referring to FIGS. 3 and 4, the operation of the poten 
tial transformer 10 will be considered first when no load 
or burden is connected to the secondary winding 50. Re 
ferring to FIG. 3 in particular, the terminals 12 and 14 
represent the input terminals of the potential transformer 
10 which are connected to the primary winding 40. RH 
and X represent the resistance and the reactance, respec 
tively, of the primary winding 40 of the potential trans 
former 10. Rr and Xr represent the resistance and the 
reactance, respectively, of the compensating windings 22 
and 24 of the potential transformer 10. The terminals 
26 and 28 represent the output terminals of the compensat 
ing windings 22 and 24, which in this case are effectively 
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short-circuited. The voltage EP represents the voltage at 
the input terminals 12 and 14 of the primary winding 40 
when the potential transformer 10 is connected to a source 
of voltage (not shown). The terminals 42 and 44 repre 
sent the output terminals of the potential transformer 10 
when no load or burden is connected across the secondary 
winding 50. The current Irrepresents the current pro 
duced in the primary winding 40 by the compensating 
windings 22 and 24 when no load or burden is connected 
to the secondary winding 50. The voltage EsNI, repre 
sents the output voltage across the secondary winding 50 
of the potential transformer 10 when no load or burden 
is connected to the secondary winding 50. As illustrated 
in FIG. 4, the voltage EsNI, is the vector difference be 
tween the voltage Ep at the input terminals of the primary 
winding 40 and the voltage drop across the resistance 
R and the reactance XH of the primary winding 40 due 
to the current IT which is the current produced in the 
primary winding 40 by the compensating windings 22 
and 24. - 

Since the compensating windings 22 and 24 each have 
a dominantly resistive impedance characteristic which is 
relatively large compared to the reactances X and X 
of the primary winding 40 and the compensating wind 
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ings 22 and 24, respectively, the current Ir is substan 
tially in phase with the voltage, EP, at the input terminals 
12 and 14 of the primary winding 40. Therefore, the 
voltage drop produced by the current IT across the re 
actance X of the primary winding 40 is substantially in 
quadrature or 90° out of phase with the voltage Ep at 
the input terminals i2 and 14, as shown in FiG. 4. The 
voltage drop produced by the current IT across the re 
sistance R.H. of the primary winding 46 is substantially in 
phase with the voltage, Ep, at the input terminals 2 and 
14 of the primary winding 40. The voltage drop produced 
across the entire impedance of the primary winding 40 
is represented by the vector IZ. In summary, the effect 
of the compensating windings 22 and 24 is to introduce 
a phase angle difference or shift y between the voltage, 
EP, at the input terminals 12 and 4 of the primary wind 
ing 40 and the voltage Esri, across the secondary winding 
50 which appears at the terminals 42 and 44 of the equiv 
alent circuit in FIG. 3 when the secondary winding 50 is 
not connected to a load or burden. The phase angle shift 
or correction y between the voltage, Ep, and the voltage, 
EsNI, across the secondary winding 50 when no load or 
burden is connected thereto, is conventionally regarded as 
a negative phase angle shift or correction since the sec 
ondary voltage, EsNI, lags the primary voltage, Ep, in 
time phase. It is to be understood that the voltage drops 
ITXH and IrRH, as well as the phase angle y, are exag 
gerated in the vector diagram shown in FIG. 4, in order 
to clarify the explanation of the operation of the potential 
transformer 10 when no load or burden is connected to 
the secondary winding 50. 

Referring to FIGS. 5 and 6, the operation of the poten 
tial transformer 10 will be considered for the normal case 
where a burden 60 is shown connected to the output 
terminals 100 and 102 of the secondary winding 50. Rs 
and Xs represent the resistance and the reactance, respec 

4. 
below a predetermined value for a particular range of 
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tively, of the secondary winding 50 in the equivalent 
circuit shown in FIG. 5. The equivalent circuit shown in 
FIG. 5 is similar to the equivalent circuit shown in FIG. 
3 except that the equivalent circuit shown in F.G. 5 
illustrates the case when the secondary winding 50 is 
connected to a load or burden 60. The current Is repre 
sents the current which flows in the primary winding 40 
when a burden 60 having a low power factor is connected 
to the terminals 100 and 102 of the secondary winding 50. 
The total current, p, in the primary winding 40 is the 
vector sum of the current, IT, produced by the compen 
sating windings 22 and 24 in the primary winding 40 and 
the current, Is, which is the current produced in the 
primary winding 40 when a burden 60 is connected to 
the terminals 100 and 102. 

Referring now to FIG. 6 in particular, the vector volt 
age, Es, represents the output voltage of the potential 
transformer 10 across the secondary winding 40 at the ter 
minals 100 and 102 when a burden 60 having a low power 
factor is connected to the terminals 100 and 102. The 
voltage, Es, is the vector difference between the voltage 
EsNL, which would appear at the terminals 100 and 102, 
as well as the terminals 42 and 44, when no burden or 
load is connected to the terminals 100 and 102, and the 
voltage drops across the reactances XH and Xs of the 
primary winding 40 and the secondary winding 50, respec 
tively, and the voltage drops across the resistances R. 
and Rs of the primary winding 40 and the secondary 
winding 50, respectively, due to the current Is which 
flows when a burden 60, having a low power factor is 
connected to the terminals 100 and 102. It is clear that 
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for a particular burden having a low power factor, as . 
illustrated in FIG. 6, the voltage, Es, will be substantially 
in phase with the voltage, EP, applied at the input ter 
minals 12 and 14 of the primary winding 40 and that the 
phase angle error between the primary and secondary volt 
ages of the transformer 10 will be substantially eliminated 
for that particular burden having a low power factor. It 
has also been found that the phase angle error is reduced 
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burdens having a low power factor due to the effect of the 
compensating windings 22 and 24. It should be noted that 
the phase angle shift or correction y produced by the corn 
pensating windings 22 and 24 between the voltage, Ep, 
across the primary winding 40 and the voltage, EsNI, 
which is the voltage across the secondary winding 50 
when no load or burden is connected to the terminals 160 
and 62, remains the same regardless of the magnitude or 
power factor of the burden 60 connected to the terminals 
2.88 and 182. The compensating windings 22 and 24 also 
produce a change in the effective ratio of the potential 
transformer 10 which may be compensated for by a 
change in the actual turns ratio between the primary wind 
ing 40 and the secondary winding 50 of the potential 
transformer 10. It should be noted that in the vector 
diagrams the turns ratio of the transformer 10 is assumed. 
to be 1:1 in order to permit greater clarity of representa 
tion. It will be recognized that this is the equivalent of 
letting the vectors represent volts per turn instead of 
total voltage. 
The effect on the operation of the potential transformer 

10 of the compensating windings 22 and 24 can be more 
clearly understood by considering the operation of the 
transformer 10 in the absence of the compensating wind 
ings 22 and 24. Referring to the vector diagram shown 
in F.G. 6, there would be substantially no phase angle 
shift or correction y in the absence of the compensating 
windings 22 and 24. Therefore, the voltage, Es, across 
the secondary winding at the terminals. 100 and 102 
would be the vector difference between the voltage, E, 
at the input terminals 12 and 14 of the transformer 10 
and the voltage drops across the resistance, RH, and the 
reactance, XH, of the primary winding 40 and the voltage 
drops across the resistance, Rs, and the reactance Xs, of 
the secondary winding 50 produced by the current is 
which flows when a burden 60 having a low power factor 
is connected to the terminals 180 and 102 of the secondary 
winding 50. It will be readily appreciated that the phase 
angle between the voltage, Es, at the terminals. 160 and 
62 will then be out of phase with the voltage, E, at the 

input terminals 12 and 14 of the transformer 10 by a 
phase angle error which is conventionally regarded as 
positive. 

In summary, the compensating windings 22 and 24 
operate to produce a voltage drop IX across the re 
actance XH of the primary winding 40 which is substan 
tially equal and opposite or 180° out of phase with the 
voltage drop produced across the through resistance of the 
transformer 0, which includes the resistances, R, and, 
Rs, of the primary winding 40 and the secondary winding 
50, respectively, by the current, Is, which flows to the 
burden 60 having a low power factor for a particular value 
of the burden 60. For a particular range of variation of 
the burden 60 having a low power factor, the phase angle 
error between the primary voltage, Ep, and the secondary 
voltage, Es, of the transformer 10 will be reduced or sub 
stantially eliminated. 

In order to obtain a particular phase angle shift or 
correction y between the primary voltage, E, and the 
Secondary voltage, EsNL, when no load or burden is con 
nected to the terminals 100 and 102, it is obvious that 
the current, IT, may be varied by varying the resistance 
of the compensating windings 22 and 24 or by varying 
the reactance, Xi, of the primary winding 40 by conven 
tional methods such as varying the relative spacing be 
tween the primary winding 40, the secondary winding 50 
and the compensating windings 22 and 24. In order to 
obtain a higher value for the reactance X, the primary 
winding 40 and the secondary winding 50 should prefer 
ably be of the type known to the art as pancake coils. 
In addition, the reactance X can be increased by loosely 
coupling magnetically the primary winding 40 to the 
Secondary winding 50 and by loosely coupling magneti 
cally the primary winding 40 to the compensating wind 
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ings 22 and 24. The reactance X can also be increased 
by closely coupling magnetically the compensating wind 
ings 22 and 24 to the secondary winding 50. 

It is to be understood that a closed short-circuited com 
pensating winding similar to the compensating windings 
22 and 24 could be provided for a potential transformer 
in a particular application with suitable impedance con 
nected across the compensating winding in order to obtain 
a desired value for the phase angle shift or correction y 
between the primary and secondary voltages of a poten 
tial transformer when no load or burden is connected to 
the secondary winding of the transformer. 
The apparatus embodying the teachings of this inven 

tion has several advantages. 
including means for compensating for phase angle error 
when a burden having a low power factor is connected 
to the secondary winding of the transformer, would be 
physically smaller in size and lighter in weight than a 
conventional potential transformer which reduces the 
phase angle error by increasing the physical size of the 
potential transformer in order to reduce or substantially 
eliminate phase angle errors for particular burdens hav 
ing a low power factor. In addition, the means disclosed 
for compensating for phase angle error in a potential trans 
former is relatively simple and convenient in its applica 
tion and manufacture or assembly. 

Since numerous changes may be made in the above 
described apparatus and different embodiments of the 
invention may be made without departing from the spirit 
thereof, it is intended that all the matter contained in the 
foregoing description or shown in the accompanying draw 
ing shall be interpreted as illustrative and not in a limit 
ing sense. 
We claim as our invention: 
1. A potential transformer comprising a magnetic core, 

a primary winding disposed on said core and adapted for 
connection across a source of voltage, a secondary wind 
ing disposed on said core and connected to a burden hav 
ing a low power factor, said primary winding and said 
secondary winding being disposed in side by side relia 
tion and displaced from one another on said core, 
and a short-circuited compensating winding disposed on 
said core for producing in said primary winding a com 
ponent of current substantially in phase with the 
voltage from said source to compensate for phase 
angle error between the primary and secondary voltages 
of said transformer due to the flow of the low 
power factor current of said secondary winding through 
the effective resistances of said primary and secondary 
windings, the impedance of said compensating winding 
being dominantly resistive. 

2. A potential transformer comprising a magnetic core, 
a primary winding disposed in inductive relationship with 
said core, a secondary winding disposed in side by side 
relation with said primary winding along a common axis 
and in inductive relationship with said core and primary 
winding, and a close-circuited compensating winding hav 
ing a highly resistive impedance characteristic disposed 
in inductive relationship with said primary winding and 
core for producing in said primary winding a current which 
is substantially in phase with the voltage across said 
primary winding to compensate for phase angle error 
between the primary and secondary voltages of said trans 
former, the current which flows in said compensating 
winding producing a phase angle shift between the voltage 
input applied across said primary winding and the volt 
age across said secondary winding which is substantially 
equal and opposite to the phase angle shift between said 
voltages produced by the current which flows in said 
primary winding for a predetermined burden connected to 
said secondary winding having a low power factor. 

3. Means for compensating for the phase angle error 
between the primary and secondary voltages in a potential 
transformer having a magnetic core on which are disposed 
in side by side relation and spaced apart from one another 

A potential transformer, 
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6 
a primary winding adapted for connection across a source 
of voltage and a secondary winding adapted for connection 
to a low power factor burden comprising a close-circuited 
compensating winding disposed around said secondary 
winding in inductive relationship with said primary and 
secondary windings for producing in said primary wind 
ing a current which is substantially in phase with said 
voltage of said source across said primary winding to 
thereby limit the phase angle error between the primary 
and secondary voltages of said transformer to a predeter 
mined value for a predetermined range of values of said 
burden, 

4. A potential transformer comprising a magnetic core, 
a primary winding disposed on said core and adapted for 
connection across a source of voltage, a secondary wind 
ing disposed on said core and adapted for connection to 
a low power factor burden, said primary winding and 
said secondary winding being disposed in side by side 
relation and displaced from one another along a portion 
of said core, and a compensating winding comprising 
a short-circuited turn having a dominantly resistive im 
pedance disposed in inductive relationship with said pri 
mary and secondary windings for producing in said pri 
mary winding a current substantially in phase with the 
voltage of said source across said primary winding, the 
current produced in said primary winding by said turn 
producing a voltage drop across the reactance of said 
primary winding which is substantially equal and 180 
out of phase with the voltage drop across the through 
resistance of said transformer produced by the current 
flow to a predetermined burden when connected to said 
Secondary winding to thereby compensate for the phase 
angle error between the primary and secondary voltages 
of said transformer. 

5. A potential transformer comprsing a magnetic 
core, a primary winding disposed in inductive relation 
ship with said core and adapted for connection across a 
source of voltage, a secondary winding disposed in in 
ductive relationship with said core and adapted for con 
nection to a burden having a low power factor, said pri 
mary winding and said secondary winding being disposed 
in side by side relation and displaced from one another 
along a portion of said core, said secondary winding be 
ing loosely coupled magnetically with said primary wind 
ing, and a close-circuited compensating winding disposed 
in inductive relationship with said primary and secondary 
windings for producing a current in said primary wind 
ing which is substantially in phase with the voltage of 
said source across said primary winding to compensate 
for the phase angle error between the primary and sec 
ondary windings of said transformer. 

6. A potential transformer adapted for connection 
across a source of voltage comprising a magnetic core, 
a primary winding disposed about said core and adapted 
for connection across said source of voltage, a secondary 
winding disposed on said core adjacent to said primary 
winding and adapted for connection to a low power factor 
burden, said primary winding and said secondary winding 
being disposed in side by side relation along a common 
axis on said core and displaced from one another, and 
a close-circuited compensating winding having a domi 
nantly resistive impedance characteristic disposed about 
said secondary winding in concentric relation with said 
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Secondary winding and said core adjacent to said primary 
winding for producing in said primary winding a current 
substantially in phase with the voltage of said source 
across said primary winding, the current produced in said 
primary winding by said compensating winding resulting 
in a voltage drop across the reactance of said primary 
winding which is substantially equal and opposite in phase 
to the voltage drop across the through resistance of said 
transformer produced by the current flow to a predeter 
mined burden when connected to said secondary winding 
to thereby compensate for the phase angle error between 
the primary and secondary voltages of said transformer. 



7 
7. A potential transformer adapted for connection 

across a source of voltage comprising a magnetic core, 
a primary winding disposed in inductive relation with 
said core and adapted for connection across said Source 
of voltage, a secondary winding disposed in inductive rela 
tion with said core in side by side relation with said pri 
mary winding and adapted for connection to a low power 
factor burden, said secondary winding being loosely 
coupled magnetically with said primary winding, and a 
close-circuited compensating winding disposed in induc 
tive relation with said primary and secondary windings 
for producing a current in said primary winding which is 
substantially in phase with the voltage of said solice 
across said primary winding to compensate for phase angie 
error between the primary and secondary voltages of said 
transformer, said compensating winding being loosely cou 
pled magnetically with said primary winding and closely 
coupled magnetically with said secondary winding, said 
compensating winding having a dominantly resistive in 
pedance characteristic. 

8. A potential transformer adapted for connection 
across a source of voltage comprising a magnetic core, a 
primary winding disposed on said core and adapted for 
connection across said source of voltage, a secondary 
winding disposed on said core and adapted for connec 
tion to a burden having a low power factor, said primary 
winding and said secondary winding being generally hoi 
low cylindrical in configuration and disposed in side by 
side spaced relation with one another along a common 
axis, a short-circuited compensating winding disposed on 
said core around said secondary winding for producing in 
said primary winding a component of current substan 
tially in phase with said voltage from said source across 
said primary winding to compensate for phase angle error 
between the primary and secondary voltages of said 
transformer, the voltage drop produced by the latter cur 
rent component across the effective reactance of said pri 
mary winding being substantially 180° out of phase with 
the voltage drop produced across the through resistance 
of said transformer due to the current in said secondary 
winding, the impedance of said compensating winding 
being dominantly resistive, and being relatively large com 
pared to the equivalent reactances of said primary wind 
ing and said compensating winding. 

9. In combination, a source of voltage, a potential 
transformer including a magnetic core, a primary wind 
ing associated with said core and adapted for connection 
across a source of voltage and a secondary winding asso 
ciated with said core and adapted to apply a measure of 
said voltage to a burden having a low power factor, said 
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8 
primary winding and said secondary winding being dis 
posed in side by side relation along a common axis and 
axially displaced from one another, a compensating wind 
ing comprising a short-circuited turn disposed in induc 
tive relationship with said core and in concentric rela 
tion with said secondary winding for producing in said 
primary winding a current which is substantially in phase 
with said voltage across said primary winding to compen 
sate for phase angle error between the primary and sec 
ondary voltages of Said transformer, the voltage drop 
produced by the latter current component across the ef 
fective reactance of said primary winding being substan 
tially 180° out of phase with the voltage drop produced 
across the through resistance of said transformer due to 
the current in said secondary winding, the impedance 
characteristic of said turn being dominantly resistive, and 
being relatively large compared to the equivalent react 
ances of said primary winding and said turn. 

10. A potential transformer adapted for connection 
across a source of voltage comprising a magnetic core, a 
primary winding disposed in inductive relation with said 
core and connected across said source of voltage, a sec 
ondary winding disposed in inductive relation with said 
core in side by side relation with said primary winding 
and connected to a low power factor burden, said second 
ary winding being loosely coupled magnetically with said 
primary winding, and a close-circuited compensating wind 
ing disposed in inductive relation with said primary and 
secondary windings for producing a current in said pri 
mary winding which is substantially in phase with the 
voltage of said source across said primary winding to 
compensate for phase angle error between the primary and 
secondary voltages of Said transformer, the voltage drop 
produced by the latter current component across the ef 
fective reactance of said primary winding being substan 
tially 180 out of phase with the voltage drop produced 
across the through resistance of said transformer due to 
the current in said secondary winding, said compensating 
winding being loosely coupled magnetically with said pri 
mary winding and having a dominantly resistive imped 
ance characteristic which is relatively large compared 
to the equivalent reactances of said primary winding and 
said compensating winding. 
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