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My invention relates to linear couplers or mu 
tual inductance coupling devices, and particularly 
to the provision of toroidal windings for such de 
vices. 
In certain protective devices or Systems for 

protecting a multi-terminal bus or other electri 
cal apparatus against internal faults therein, it 
has been found useful to employ parallel con 
nected Woltage producing couplers or mutual in 
ductances which are substantially linearly re 
sponsive to the currents in the respective termi 
nals of the bus or other protected apparatus. It 
is required that these transformers or couplers 
be both substantially linearly responsive to the 
terminal current and also substantially astatic, 
that is, non-responsive to external fields. In 
order to meet the first requirement, it is necessary 
to use a non-saturating core and in order to meet 
the second requirement it is necessary to use a 
toroidal secondary winding in which the several : 
turns are equally spaced. 
These toroidal transformers produce results 

differing from Ordinary iron core current trans 
formers in developing an internal Woltage that is 
Substantially linearly responsive to the line cur 
rent rather than in developing a secondary cur 
rent that refects the phase and magnitude of 
the primary current regardless of the secondary 
impedance. These toroidal transformers over 
come a limitation of the iron core type of current 
transformer which fails properly to reproduce the 
primary current when it is much greater than 
normal (during line faults) because of Saturation 
of the iron core of that type of current trans 
former. 

In order to provide a toroidal transformer 
winding having the desired characteristic of be 
ing astatic or non-responsive to external fields, it 
is necessary that the turns of the Winding be 
equally spaced about the axis of the toroid. This 
is not easy to accomplish in forming such Wind 
ings. It has been the practice to form such wind 
ings by hand using an annular form upon which 
the conductor forming the Winding is Wound. 
This operation requires a repeated passing of 4. 
the winding conductors through the opening in 
the toroid and bringing it about for as many 
tinnes as the Winding is to be provided With Wind 
ing turns. Many such windings require many 
hundred turns which makes the operation . Of 
winding by hand a very tedious and difficult one, 
since it is necessary to evenly distribute the vari 
ous turns about the axis of the toroid, 

It is an object of the invention to provide a 
transformer or inductive coupler having a toroi 
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dal Winding that is substantially astatic and in 
Which the Winding turns are evenly distributed 
OVer the toroid. 
It is a further object of the invention to pro 

vide a method of forming a toroidal winding 
which will result in a substantially uniform dis 
tribution of the winding turns about the axis of 
the toroid to provide a substantially astatic wind 
ling. 

It is a further object of the invention to pro 
Wide a method for forming a winding of the above 
indicated character which is inexpensive and 
easily practiced and can be relied upon to give 
Uniform resultS. 
Other objects and advantages of the invention 

Will be apparent from the following description of 
preferred embodiments thereof, reference being 
had to the accompanying drawing, in which: 

Figure 1 is a side elevational view partly bro 
ken a Way and partly in Section of a winding after 
the Winding turns have been formed into a cy 
indrical winding structure and before being bent 
into the finished toroidal shape. The sectional 
portion of the figure is taken on lines I-I of 
Fig. 2, 

Fig. 2 is an end view of the winding shown in 
Fig. , with the mandrel renoved. 

Fig. 3 shows a portion of the end of the wind 
ing in Fig. 1 taken along the section line III-III 
in Fig. 2, 

Fig. 4 is a view illustrating the method of bend 
ing the cylindrical Winding into the form of a 
torus, 

Fig. 5 illustrates the use of the toroidal winding, 
Fig. 6 illustrates a modified form of the Wind 

ing, and 
Fig. 7 illustrates the end view of a winding sim 

ilar to Fig. 2 but Wound on a Substantially rec 
tangular form. 
In accordance with the invention, the conductor 

forming the Winding is first wound, as shown in 
Fig. 1, into a cylindrical or other suitably shaped 
form, the Winding turns being placed about a 
mandrel or form , the several layers 2, 3, 4, 5, 
etc., being Wound the one about the other until 
the desired number of Winding turns have been 
provided. When the winding turns are being 
placed upon the mandrel , positioning imarinbers 
3, and 8, which may be formed of cloth tape 
are placed between the several layers of turns as 
best Shown in FigS. 1 and 2, on one side of the 
Winding, and positioning members 9, and , 
which may be formed of rubber tape, are placed 
between layers on the Opposite side of the turns. 
The positioning members on the lower side, as 
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illustrated, are usually much less elastic than 
members 9, and and tend to bind the turns 
of the layers against excessive relative movement 
While the Spacing members on the opposite side 
are more elastic, and, as they stretch to form the 
toroid, frictionally engage the individual turns 
of the adjacent, layers and tend to effect a like 
movement between the turns of each layer. The 
Several positioning tape members 6, 7 and 8, may, 
if desired, be formed of the same elastic material 
as the members 9, and . 

Also when the winding is being formed on the 
mandrel Suitable means, such as cloth tape 2, 
best shown in Figs. 2 and 3, are placed about a 
few end turns of the winding for attaching the 
opposite ends of the cylindrical Winding together 
after it has been completed and formed into a 
toroid. If the number of layers used in forming 
the cylindrical Winding is an even number, the 
opposite ends of the conductor will be at opposite 
ends of the Winding, and if an odd number of 
layers are used, it is necessary to thread the 
terminal conductor fronn one end of the Winding 
through the cylindrical winding so that the two 
terminals of the winding will be at the opposite 
ends of the cylinder. 

Fig. 4 illustrates the method of bending the 
Winding to form the toroidal structure. For pur 
poses of simplifying the drawing, a single layer 
toroidal winding is shown, but it will be appre 
ciated that the winding as actually formed will 
be a multiple layer Winding Such as shown in 
Figs. 1, 2 and 3. The cylindrical winding 3 hav 
ing terminals 4 and f shown in dot and dash 
lines and corresponding to the WindingS shown 3 
in Figs. 1 and 2 is bent by hand or otherwise to 
bring the two opposite ends together, and these 
opposite ends are attached by tying the tape 2 
or fasteining linenbers provided for that purpose. 
In bending the cylindrical winding of Fig. into 
a toroidal shape, the non-elastic spacer members 
6, 7 and 8 will be on the inside of the opening 
so formed and the elastic members 9, and 
Will be on the outside. When the elastic members 
9, G and stretch as required to form the 
toroidal shaped winding, the adjacent parts of 
the winding turns in each layer separate equally 
about the axis of the toroid because of their fric 
tional engagement with the expansible members. 
The adjacent turns on the inner side of the toroid 
will, of course, be compressed together and will 
be held by the spacer members 6, and 8, SO that, 
as the cylindrical Winding is bent into the form 
of a toroid the various parts of adjacent turns 
of the Winding separate equally about the axis 
of the toroid. The completed winding is shown 
in perspective in Fig. 5, the drawing attempting 
to show only a two-layer winding instead of a 
Winding having the larger number of layers that 
would be employed. The several turns are Wound 
on layer upon layer progressing from one end to 
the other in one layer and in the opposite direc 
tion in the next layer, thus giving the turns in 
succeeding layers pitches in the opposite direc 
tions. It will be noted that the individual turns 
6 in the outer layer have a slight pitch in One 

direction while the turns 7 of the next lower 
layer have a slight pitch in the opposite direction, 
so that the alternate change in pitch between 
layers tends to support the turns of the structure, 
and this supporting characteristic is increased 
in efficiency by placing a tubular member 3 
within the opening of the torus Snugly fitting the 
opening so as to create a slight outward pressure 
against the turns of the toroidal winding. The 
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4. 
Winding and tube are also dipped in a varnish 
or binding Compound which Cements the Various 
turns in their existing positions and reinforces 
the structure. As commonly used, the primary 
winding of the transformer is, as shown in Fig. 5, 
a conductor 9 extending through the central 
opening of the tube 8. 

Fig. 6 shows a winding in which the Spacer 
members 9, 0 and and also the members 6, 
and 8 change their position between the wind 

ings So as to Weave back and forth between layers 
as shown at 2 and 22, respectively. Such Weav 
ing of the Spacing tape back and forth between 
the layers of turns as initially wound tends to 
increase the frictional contact between the spac 
ing members or tapes and the Winding turns. It 
has been found, however, that usually the fric 
tional engagement resulting from placing the 
binding tape members between layerS in the man 
ner shown in Figs. 1 and 2 is adequate to main 
tain the equal spacing of the corresponding parts 
of the winding turns when the cylindrical Winding 
is bent into the form of a torus. 

Fig. 7 is an end view, similar to Fig. 2, showing 
a Winding wound on a Substantially rectangular 
mandrel instead of on a cylindrical mandrel. It 
Will be appreciated that any Suitable cross Sec 
tion of mandrel and coil shape may be employed, 
the Wound coil, in each case being thereafter bent 
into a toroidal shape. 

It Will be appreciated that a Winding built in 
accordance with the invention results in a rugged 
construction in which the spacing of the indi 
vidual conductors throughout the entire winding 
is equalized by a very simple method, So that 
similar windings similarly formed will, upon test, 
show a remarkable accuracy with extremely Small 
differences in different Windings, thus avoiding. 
the errors that inevitably result in the manufac 
ture of different individual specimens of Wind 
ings where the winding is formed by threading 
the conductor continuously through a toroidal 
form in accordance with prior methods of manu 
facture. 

It Will be apparent to One skilled in the art that 
modifications in the structural details from the 
Subject matter disclosed may be made within the 
Spirit of my invention, and I do not wish to be 
limited otherwise than by the scope of the ap 
pended claims. 
I claim as my invention: 
1. The process of forming a toroidal winding 

assembly which consists in winding several layers 
of insulated conductor on a form, and in placing 
relatively non-stretchable tapes between layers 
On One side of the Winding turns and in placing 
relatively stretchable tapes of elastic material 
between layers of turns on the opposite side of 
the Winding turns, in renowing the form and in 
bending the assembly of winding turns so formed 
into a toroid in a manner to position the relative 
ly non-stretchable tapes on the inner side of the 
toroid and the relatively stretchable tapes of 
elastic material on the outer side of the toroid, 
So that, as the toroid is formed, the tapes of elas 
tic material are elongated to equally space the 
Winding turns of the toroid. 

2. The process of forming a toroidal Winding 
assembly which consists in winding several layers 
of insulated conductor on a form, and in placing 
relatively non-stretchable tapes between layers 
On one side of the winding turns and in placing 
stretchable tapes of elastic material between 
layers of turns on the opposite side of the winding 
turns, in removing the form and in bending the 
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assembly of winding turns so formed into a 
toroid in a manner to position the substantially 
non-stretchable tapes on the inner side of the 
toroid and the stretchable tapes of elastic ma 
terial on the outer side of the toroid, so that, 
as the assembly of winding turns is bent to form 
the toroid, the tapes of elastic material are elon 
gated to equally space the winding turns of the 
toroid, and in thereafter fastening the ends of 
the initially formed winding together, in placing 
a circular tube through the opening in the toroid 
having a sufficiently tight fit to shape the toroid, 
and in thereafter dipping the structure in a bind 
ing material to cement the Winding turns against 
relative movement. 

3. The process of forming a toroidal Winding 
assembly which consists in Winding several layers 
of insulated conductor on a form and in placing 
a substantially non-stretchable tape between 
layers on One side of the Winding turns and in 
placing a stretchable tape of elastic material be 
tween layers of turns on the opposite side of the 
winding turns, in removing the form, in bending 
the assembly of winding turns to form a toroid 
having the substantially non-stretchable tape on 
the inner side of the winding and the stretchable 
tape of elastic material on the outer side of the 
toroid to effect an even elongation of the elastic 
material to effect an equal separation of the like 
parts of the Winding turns while forming the 
toroid, and in thereafter attaching the opposite 
end turns of the initially formed Winding. 

4. The process of forming a toroidal Winding 
assembly which consists in Winding several layers 
of insulated conductor on a form and in placing 
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a substantially non-stretchable tape between 
layers On One side of the Winding turns and in 
placing a stretchable tape of elastic material be 
tween layers of turns on the opposite side of the 
Winding turns, in removing the form, in bending 
the assembly of winding turns to form a toroid 
having the Substantially non-stretchable tape on 
the inner side of the Winding and the stretchable 
tape of elastic material on the Outer side of the 
toroid to effect an even elongation of the elastic 
material to effect an equal separation of the like 
parts of the winding turns while forming the to 
roid, and in thereafter attaching the opposite end 
turns of the initially formed Winding, in placing a 
circular tube through the opening in the toroid 
having a sufficiently tight fit to shape the toroid, 
and in thereafter dipping the structure in a bind 
ing material to cement the Winding turns against 
relative movement. 

5. A multi-layer toroidal winding having a 
plurality of layers of Winding turns telescoped 
one layer within another in close proximity with 
closely adhering Spacer members between the 
layers on the inner and outer parts of the con 
volutions of the Winding, the Spacer members be 
tween the layers on the Outer parts of the Con 
volutions of the Winding being of elastic material 
Subject to an even elongation per unit length 
when stretched for effecting an even spacing be 
tween the outer parts of the turns of the winding, 
and the Spacer members between layers on the 
inner part of the convolutions of the winding 
being of non-elastic material. 

EDWARD C. WENTZ. 

  


