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57) ABSTRACT 
A differential transformer having a balancing sleeve inter 
posed between its primary and secondary windings to provide 
a substantially identical degree of coupling between each of 
the primary windings and the secondary winding. The balanc 
ing sleeve is made of magnetic and/or electrically conductive 
materials. 

2 Claims, 6 Drawing Figures 

    

  



Patented May 23, 1972 3,665,356 
2. Sheets-Sheet L 

M 

Sys NSny Nyxmanry Nar Nyr Naxx xx 
orror HK 

ZZZZZZYZZZZZZZZZZZZZZZZZZZZZZZ s 

SNSSO are NRS as NSSESSOS Sons 
ZZZZZZZZZZZZZZZZZZZZZZZZZZZ 

a NavaNNASSNNANAANCSSAYSCYaaa has 

INVENTORS 
ELLWOOD S DOUGLAS 

WALLACE W WAHLG REN 
24, 4%-4 24% 
24.2%. 241 

ATTORNEYS 

  

  

  



Patented May 23, 1972 3,665,356 
2 Sheets-Sheet 2 

INVENTORS 
ELLWOOD S. DOUGLAS 

WALLACE W WAHLGREN . 
za, 4% 24 
a 4, 22.4% 

ATTORNEYS 

BY 

  



1. 
DIFFERENTIAL TRANSFORMER wiTH BALANCING 

MEANS 
BACKGROUND OF THE INVENTION 

Heretofore, differential transformers have been provided 
wherein a currentis induced in a secondary winding in propor 
tion to the difference between the currents flowing in two or 
more primary windings. A problem exists in such transformers, 
in providing balanced coupling between each of the primary 
windings and the secondary winding. 10 

This problem is particularly severe with differential trans 
formers which are used in ground fault detectors of the type 
described in U.S. Pat. No. 3,213,321, issued Oct. 19, 1965. 
Such transformers must be capable of detecting leakage cur 
rents on the order of 5 milliamperes. Thus, for typical primary 
currents on the order of 100 amperes, a sensitivity on the 
order of 50 parts in a million is required. In order to have a 
sensitivity ratio of this magnitude, it is necessary to have avery 
high degree of balance among the primary windings of the 
transformer. The magnitude of the requisite degree of balance 
becomes apparent when one considers that the current due to 
unbalanced coupling should be at least an order of magnitude 
smaller than the leakage current which is to be detected. In 

15 

20 

the example given, the ratio of current due to unbalanced 25 
coupling to current flowing in the primary windings must be 
on the order of 5 parts in a million, or less. 

In differential transformers of the toroidal type, attempts 
have been made at improving the balance by improving the 
geometrical symmetry of the transformer. However, only 
limited improvement can be obtained in this manner, and this 
improvement can be quite expensive. 
There is a need for a new and improved differential trans 

former which overcomes these and other problems of dife 
ferential transformers heretofore provided. 

sUMMARY AND OBJECTS OF THE INVENTION 
The present invention provides a differential transformer 

having a plurality of single turn primary windings, at least one 
secondary winding, and balancing means interposed between 
the primary and secondary windings to provide a substantially 
identical degree of coupling between each of the primary 
windings and the secondary winding. 

It is in general an object of the present invention to provide 
a differential transformer wherein a substantially identical 
degree of coupling is provided between each of the primary 
windings and the secondary winding. 
Another object of the invention is to provide a differential 

transformer of the above character which can be readily and 
economically produced. 

Additional objects and features of the invention will be ap 
parent from the following specification in which the preferred 
embodiments of the invention are described in detail and illus 
trated in the accompanying drawing. 

BRIEF DESCRIPTION OF THEDRAWING 

FIG. 1 is a perspective view of one embodiment of a dif 
ferential transformer incorporating the present invention. 

FIG. 2 is an end view of the embodiment shown in FIG. 1. 
F.G. 3 is a sectional view of a second embodiment of a dif 

ferential transformer incorporating the present invention. 
FIG. 4 is a sectional view of a third embodiment of a dif 

ferential transformer incorporating the present invention. 
FIG. S is a sectional view of a fourth embodiment of a dif 

ferential transformer incorporating the present invention. 
FIG. 6 is a sectional view of a fifth embodiment of a dif 

ferential transformer incorporating the present invention. 
Like reference numerals are used to designate correspond 

ingelements in each figure of the drawing. 

DESCRIPTION OF THE PREFERREDEMBODIMENTS 
The embodiment of the differential transformer shown in 

FIGS. 1 and 2 comprises generally a toroidal core 10, primary 
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windings 11, a secondary winding 12, and a balancing sleeve 
13. 
Toroidal core 10 is made of a material having a high mag 

netic permeability, such as supermalloy. Preferably, this core 
should be as nearly circular in shape as possible and should 
have a uniform cross section. While these core dimensions are 
not as critical as they would be in a conventional differential 
transformer, some improvement in balance may nevertheless 
be obtained by properattention to the symmetry of the unit. 

Primary windings 11 consist of a plurality of current-carry 
ing conductors which pass through the opening in toroidal 
core 10, thereby forming a plurality of single turn primary 
windings. The size of these conductors is dependent upon the 
currents which they must carry, and the number of windings is 
determined by the application for which the transformer is in 
tended. The embodiment shown has four primary windings 
and, hence, is suitable for a three-phase, four-wire system. 
While the placement of the wires is not as critical as it would 

be in a conventional differential transformer, some improve 
ment in balance may be realized by arranging primary 
windings 11 in a symmetrical manner. Ideally, all primary 
windings should lie exactly on the axis of toroidal core 10. In a 
three-phase, four-wire system, the neutral or return conductor 
can be located at or near the axis, with the remaining conduc 
tors being distributed around it in a symmetrical pattern. 
Some additional improvement in balance can be provided by 
twisting the conductors together in the vicinity of toroidal 
core 10, 
The secondary winding 12 consists of a plurality of turns 

wound on the toroidal core 10. A pair of leads 14 is provided 
for connection to the secondary winding. Preferably, the 
secondary turns should be tightly wound and evenly dis 
tributed about the toroidal core. In addition, it is desirable that 
the secondary winding occupy an integral number of layers on 
the core. In transformers having more than one secondary 
winding, it is desirable that each of these windings be tightly 
and symmetrically wound. 
The balancing sleeve 13 is disposed between the primary 

windings 11 and the secondary winding 12. Sleeve 13 is 
generally cylindrical in shape. It encircles primary windings 11 
in the vicinity of toroidal core 10 and passes through the open 
ing in the core. Preferably, the axis of sleeve 13 should coin 
cide with the axis of toroidal core 10. 
The dimensions of balancing sleeve 13 are not critical. It has 

been observed, however, that more balanced coupling is ob 
tained when sleeve 13 has an external diameter approaching 
the internal diameter of core 10. Likewise, the degree of 
balance increases as the wall thickness of sleeve 13 is in 
creased. Satisfactory results have been obtained with a wall 
thickness as small as 0.050 of an inch. 
The improvement in balance provided by sleeve 13 in 

creases within certain limits as sleeve 13 is increased in length. 
It has been observed that the improvement in balance 
decreases sharply as tube 13 is made shorter than the width of 
toroidal core 10. Thus, in the preferred embodiment, sleeve 
13 should be at least as long as core 10 is wide. It has also been 
observed that little additional improvement in balance is pro 
vided by making sleeve 13 more than about three times as long 
as core 10 is wide. The axial placement of sleeve 13 is not 
critical as long as the sleeve extends completely through core 
10. In the preferred embodiment, the sleeve is centered within 
the core. 
The balancing sleeve 13 can be fabricated of any material 

having a high magnetic permeability. This magnetic material 
apparently, serves to short out any uncancelled fluxes from the 
primary windings before they can reach the secondary wind 
ing. Although this magnetic sleeve eliminates a substantial 
portion of the uncalcelled fluxes from the primary windings, it 
has been observed to have no significant effect upon the sen 
sitivity of the transformer to the leakage currents to be de 
tected. While there may be a slight reduction in the sensitivity 
of the transformer, this reduction is almost undetectible in 
view of the ratio of the cross section of the balancing sleeve to 
the cross section of the toroidal core. 
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An additional improvement in the coupling balance can be 

provided by fabricating balancing sleeve 13 of a material 
which is electrically conductive, as well as having a high mag 
netic permeability, Suitable materials having these two pro 
perties include soft iron, nickel, and nickel-iron alloys, such as 5 
permalloy and supermalloy. It is thought that the electrical 
conductor provides a path for eddy currents, so that the eddy 
currents can distribute themselves in such a manner as to im 
prove the coupling balance. 
The various elements of the differential transformer can be 10 

assembled and held together by conventional means. One par 
ticularly effective and convenient means is to "pot" the entire 
assembly in an epoxy rosin. 

FIG. 3 shows another embodiment of the present invention 
which is similar to that previously described except for the 
construction of the balancing means 13. In this embodiment, 
balancing means 13 comprises an annular cylindrical sleeve 
16 and an outer cylindrical sleeve 17. Sleeves 16 and 17 are 
concentric with respect to each other and with respect to the 
axis of toroidal core 10. Sleeve 16 is fabricated of an electri 
cally conductive material, such as copper, and sleeve 17 is 
fabricated of a material having a high magnetic permeability. 
This embodiment has been found to provide a greater im 
provement in the balance of the coupling between the primary 
and the secondary windings than is provided by the embodi 
ment shown in FIG. 1. 

In the embodiment shown in FIG. 4, the balancing means 13 
includes an inner electrically conductive sleeve 21 and an 
outer electrically conductive sleeve 22. These sleeves are 
generally cylindrical in shape and are concentric with respect 
to each other and with respect to the axis of toroidal core 10. 
Sleeves 21 and 22 are joined together at their ends by annular 
rings 23. Rings 23 are also made of an electrically conductive 
material and are joined to sleeves 21 and 22 by conventional 
means, such as soldering. A sleeve of magnetic material 24 is 
disposed in the space defined between sleeves 21 and 22 and 
rings 23. The effectiveness of this embodiment in improving 
the balance in coupling between the primary and secondary 
windings has been found to be comparable to that of the em 
bodiment shown in FIG. 3. w 
Operation of the embodiment shown in FIG. 4 is believed to 

be as follows. Current flowing in the primary conductors 11. 
induces a flux in the magnetic sleeve 24. The rate of change of 
this flux induces a voltage from end-to-end in the inner con- 45 
ductive sleeve 21. This voltage forces current to flow from 
end-to-end in the outer conductive sleeve 22, returning 
through the inner sleeve. The induced current in the inner 
sleeve 21 is in a direction opposite to that of the current in the 
primary windings. Where the sleeve assembly is provided with 50 
adequate core material and conductive sleeves, the induced 
current will be nearly as large as the primary current, thereby 
reducing the flux in the magnetic sleeve 24 to a value much 
less than it would be with no conductive sleeves and no in 
duced currents. Thus, the magnetomotive force seen by to- 55 
roidal transformer core 10 is mostly due to the induced cur 
rent flowing in the outer conductive sleeve 22. If one of prima 
ry windings 11 is in a position such that its coupling to inner 
conductive sleeve 21 varies around the sleeve, the induced 
current will have circumferential components at the ends of 60 
the sleeves which distribute the current more evenly over the 
outer sleeve 22. Thus, the net result of using this sleeve as 
sembly is an improvement in transformer balance without any 
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4. 
substantial effect on the sensitivity of the transformer to the 
leakage currents to be detected. 
The embodiment shown in FIG.S is similar to those previ 

ously described except for the construction of the balancing 
sleeve 13. The balancing sleeve is formed to include a substan 
tially cylindrical central portion 26 and flared end portions 27. 
This embodiment can be constructed more compactly than 
those previously described. The central sleeve portion 26 can 
have a length corresponding generally to the width of the to 
roidal core 10, and the flared portions 27 should preferably 
extend radially outward to the outer surface of the toroidal 
core. The flared sleeve is most conveniently fabricated in two 
sections which can be inserted into the toroidal core 10 from 
opposite sides and joined together at a seam 28 by conven 
tional means. The sleeve 13 can be fabricated of a material 
having a high magnetic permeability or a material which is 
electrically conductive in addition to having a high magnetic 
permeability. The improvement in coupling balance provided 
by the flared sleeve is comparable to that provided by the 
other embodiments heretofore described. 
The embodiment shown in FIG. 6 is very similar to that 

shown in FIG.S. In FIG, 6, however, the balancing sleeve 13 
includes a central cylindrical member 31 and annular end 
rings 32. The end rings 32 are fitted over the end portions of 
the central member 31 and joined thereto by conventional 
means. The sleeve 13 in this embodiment can be fabricated of 
the same types of materials as the sleeve in the FIG. Sembodi 
ment, with a comparable improvement in the coupling 
balance. - 

While the preferred embodiments have been described in 
terms of differential transformers having toroidal cores, it is to 
be understood that the present invention is not limited to this 
particular type of transformer. Thus, for example, the inven 
tion can also be utilized in differential transformers having a 
rectangular core, in which case the balancing sleeve would 
preferably be rectangularin cross section to correspond to the 
shape of the core. 

It is apparent from the foregoing that there has been pro 
vided a new and improved differential transformer with 
balancing means which provides a substantially identical 
degree of coupling between each of the transformers, primary 
windings and its secondary winding. 
We claim: 
1. In a differential transformer, a core of magnetic material, 

a plurality of conductors passing through said core to form a 
plurality of single turn primary windings, a secondary winding 
wound on said core, and current balancing means surrounding 
said conductors and extending through said core to provide a . 
substantially identical degree of coupling between each of said 
primary windings and said secondary winding, said current 
balancing means including spaced apartinner and outer sleeve 
portions fabricated of an electrically conductive material 
disposed coaxially of said core, means electrically connecting 
said inner and outer sleeve portions together at their ends, and 
a sleeve of magnetic material intermediate said inner and 
outer sleeve portions, said sleeve extending coaxially of said 
CO2. 

2. A differential transformer as in claim 1 wherein said inner 
and outer sleeve portions are cylindrical sleeves and the 
means connecting the ends of said sleeveportions together in 
cludes annular rings extending between said sleeves at the 
ends thereof. 
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