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This invention relates to current trans 
formers of a type in which the phase angle 
and transformation errors may be made sub 
stantially uniform throughout the entire load 

In current transformers of previously 
known designs, the exciting current does not 
vary directly with the load, because of_the 
magnetic characteristics of the single iron 
core which is commonly utilized and, due 
to this non-uniform relation, the transformer 
errors, which are introduced by the exciting 
current, depend, in relative magnitude, upon 
the value of load at which the transformer is 
being operated. Adequate compensation for 
these errors at one particular value of load, 
therefore, cannot be entirely effective 
throughout the entire load range, and, in 
many applications in which uniform accu 
racy is required, the use of current transform 
ers having such variable~error characteris 
tics is highly unsatisfactory. 
Through my invention, I am able to con 

struct a current transformer having a sub 
stantially straight-line variation of excitin 
current with respect to load current. Sue 
a relation results in practically uniform er 
rors for different loads, and thus ensures that 
a proper compensation for errors at one pre 
determined point in the transformer load 
curve will also effect a similar compensation 
for theseerrors at all the other loads. 

. Generally stated, it is the object of my in 
vention to provide a current transformer in 
which both the phase-angle and the transfor 
mation errors are substantially independent 
of the load. v > 
Another object of my invention is to pro 

vide a current transformer in which the ex 
citing current has a substantially straight 
line variation with respect to the load. 
Other ob'ects of the invention will become 

ap arent t rough a description of speci?c 
em diments thereof, when taken in conjunc 
tion with the following drawinig, 

Figures 1, 2 and 3 represent, iagrammat 
ically three di?erent embodimentsof current 
transformers constructed in accordance with 
my invention. _ , _ 

Fig. he a vector diagram, showing the rel 

in which _ 

> ative magnitudes and phase positions of the 
primary, secondary and exciting currents in 
a current transformer, at vsome given load 
value. . 

Fig. 5 is a curve representing the magnetic 
characteristics of such iron cores as are uti 
lized in the transformers ‘of my invention, and 

Fig; 6 is the exciting current curve for a 
current transformer constructed in accord 
ance with my invention, and the curve for a 
comparable transformer of previously known 
designs. _ l . 

To achieve the results desired, I provide, 
in a current transformer, two separate iron 
cores coupled with the secondary winding. 
According to my invention, the number of 
ampere turns of the primary conductor per 
unit length of iron core is different for the 
two cores, so that the magnetic intensities 
are of correspondingly different magnitudes. 
‘Referring to the drawing, particularly. 

Figs. 1, 2 and 3 thereof, numerals 10 and 
11 indicate, in each ?gure, the two iron cores 
which are inductively related to the second 
ary winding 12. In the transformer of Fig. 
1, the iron core 11 has the larger ortion 13 
of the primary winding locate ‘thereon, 
while the iron core 10 has the smaller por 
tion 14 of the samewinding located there 
on. 

In the embodiment shown in Fig. 2, the 
primary winding isin the form of a single 
through conduct-or 1.5, and the magnetic 
length of the annular core_10 is much great 
er “than that of the annular core 11. The 
primary conductor 15 extends through the 
opening in each core, as shown. 
- _ The embodiment shown in Fig. 3 has one 
portion of the primary ‘winding 16 arran ed, 
as shown, tomagnetize both cores 10 an 11, 
while the remainder 17 of the primary wind 
ing magnetizesk only the core 11. 
-It is, therefore, evident that, in all three 

designs, the respectivdtwo cores are oper 
ated at different de" rees of magnetic satura 
tion, with a bene?cial result to be explained. 
‘ The vector diagram of Fig. 4 shows the 
current'relations.which obtain in a current 
transformer which, for illustrative purposes, 
is assumed to have a ratio of 1:1. It will 
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be recognized that the selection of the 1:1 
ratio is the equivalent of letting the vectors 
represent ampere turns instead of current 
and gives equal magnitudes to the vectors 
for both the primary and .the secondary, 
thus permitting~the relations to be repre 
sented/ more clearly in a single diagram. 
In Fig. 4, vector 18 represents, at some 

given instantof time, the ‘secondary cur 
rent at a particular value of load, while 
vector 19 represents the corresponding ex 
citing current, and vector 20 the primary cur 
rent required for this given load condition. 

It is seen that the secondary current dif 
fers substantially 180° from the phase po 
sition of the primary current, except for the 
effect of the exciting current which, in the 
diagram, has been exaggerated, in magni~ 
tude, to more clearly indicate its effect. 
The diagram illustrates, as is well known 

in the art, that, in a current transformer, 
the current in the secondary coil, divided 
by the ratio of transformation, takes a value 
equal to the vector difference between- the 
total primary current and the exciting-cur 
rent component. 
The exciting current varies with the load ' 

in current transformers, and, in those of 
previously known designs, in some manner 
such as is indicated by curve 21 of Fig. 6, 
in which the distance, measured along the 
horizontal axis, represents load current, and ' 
the distance along the vertical axis repre 
sents exciting current. By reference to 
curve 21- which deviates considerably from 
a straight line, it will be evident that, in I 

. the case of previously known current trans 
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.formers, exciting-current vector 19 will 
change in length at a different rate than will 
primary and secondary current vectors 20 
and 18, with the result that the angle error, 
denoted by theta, does not remain constant, 
and the transformation error does not re 
main uniform throughout the load range. 
My invention, the structural arrangement 

of which has already been described, sub 
stantially overcomes this objectionable fea 

. ture of variable exciting-current error in 
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current transformers through the provision‘ 
of the two separate iron cores which become 
saturated at different values of load current. 

Fig. 5 illustrates,,at curve 22, the depend 
ence of the intensity of magnetic, flux in the 
iron core upon the ampere-turns magnetizing 
force per unit core length, and curve 23 illus 
trates'thespeci?c magnetic reluctance of the 
iron, obtained from curve 22 according to 
known laws applying to this condition. 
From these curves it can be seen that the 

reluctance offered b a magnetic circuit made 
up of iron is a function of the ?ux intensity,‘ 
the iron offering a comparatively high re 
luctance at extremely low ?ux densities, a 
minimum reluctance at some intermediate 
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density, and higher values again as the ?ux 
density is further increased. 7 
In the current transformers of my inven 

tion, the magnetizing ampere turns per unit 
length of iron are so proportioned ‘between 
the two cores that, for the cores designated 
by numeral 10, in Figs. 1, 2 and‘ 3, the spe 
ci?c magnetic reluctance,’ at normal full load, 
is within the range designated by A in Fig. 
5, which is below the vminimum value 24 
shown by curve 23, while, in the iron cores 11, 
this value lies within the range B, principally 
above the point of minimum value 24. 

It will be seen that, inlthe curves of Fig. 5, 
the distance A is about one-tenth of the dis 
stance B. Hence, if, at full load, the am 
pere turns magnetizing cores 10 and 11 are 
of the values indicated by 25 and 26, respec 
tively, the highly saturated core 11 will reach 
its point of minimum reluctance at approxi 
mately one-tenth of full load. 
By thus proportioning the magnetic cir 

cuits 10 and 11, I am able to construct a cur 
rent transformer in which the exciting cur 
rent varies with the load in a manner indi 
cated by curve 27 of Fig. 6. It will be evi 
dent that this curve, representing as it does 
the total exciting current of the transformer, 
comprises the sum of the individual exciting 
currents of the two iron\~ cores 10 and 11 
which, due to the relative degrees of magnetic 
saturation of these cores, as represented in 
Flg, 5, combine to produce the substantially 
straight-line variation, shown by curve 27 
of Flg. 6. 

It will be evident that a current trans 
former having'such a straight-line variation 
of exciting current throu hout the entire load 
range, Wlll maintain su stantially constant 
angle and transformation errors, irrespec 
tlve of the load. The transformation error 
is represented by the difference in length of 
the primary and secondary current vectors 
20 and 18, respectively, of Fig. 4, while the 
angle error is similarly represented by the 
angle theta, indicating the deviation of the 
primar and the secondary currents from the 
180° p ase position. 

It is, therefore, evident that, through my, 
invention, 1. have provided a method for 
making the transformation and the angle 
errors of a current transformer of substan- . 
tially constant proportions for all loads, and,‘ 
by a proper compensation of these errors for 
any given load, by known means, their ef 
fects will similarly disappear for" all the 
other loads. 
Although I have shown and described cer 

tain speci?c embodiments of my invention. __ 
,I am fully aware that many modi?cations ' 
thereof are possible. My invention, there 
fore, is not to be restricted except insofar as 
is necessitated by“ the prior art and by the 
spirit of the, appended claims. 
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I claim as my invention: 
1. A current transformer comprising, in 

combination, a primary winding, a secondary 
winding, and two separate iron cores sim 
ilarly coupled with the secondary winding, 
said cores having similar magnetic lengths 
of iron, one core being enclosed b all of the 
primary winding turns-and the ot er by only 
a portion of the total primary turns to there 
by'prcduce such relative degrees of magnetic 
saturation within the cores that, at normal 
load, the magnetic reluctance is in the range 
below the point of minimum value for one 
and in, the range above the point of minimum 
value for the other. - 

‘ 2. A current transformer comprising in 
combination, a primary winding, a secon ary 
winding, and two separate iron cores having 
similar magnetic lengths, both of said cores 
being similarly coupled with one of said 
windings and one core being linked by a 
larger number of turns of the other of said 
windings than is the other core, the resulting 
difference in relative degrees of magnetic sat 
uration within the two cores being such that 
at normal load the magnetic reluctance of 
one core will decrease with increasing mag 

‘ netizing force and the reluctance of the 
other will increase with increasing magnetiz 

50 ing force. 
In testimony whereof, I have hereunto sub 

scribedgmy name this 24th day of November, 
1930. 

ALBERT CALLSEN. _ 
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