
2,885,646 May 5, 1959 K. c. BUGG 
ELECTRICAL TRANSFORMERS 

2 Sheets-Sheet 1 Filed April 22, 1953 

w 

kw 



May 5, 1959 K. c. BUGGV 2,385,646 
ELECTRICAL TRANSFORMERS 

Filed April 22, 1955 2 Sheets-Sheet 2 

IN V EN TOR, 

BY- Eéflgy G 5 LX199] 



.. ited States Patent - 
1 

2,885,646 
ELECTRICAL TRANSFORMERS 

Kenly C. Brigg, Fort Wayne, Ind., assignor to Kendick 
Manufacturing Company, Inc., Fort Wayne, Ind., a 
corporation of Indiana 

Application April ‘22, 1953, Serial No. 350,397 

1 Claim. (Cl. 336-421) 

This invention relates to a new and improved trans 
former and more particularly to a transformer having a 
flexible or deformable core. 
More speci?cally the invention relates to transformers 

wound on toroidal or continuous cores which, after wind 
ing, may be deformed to bring core portions closer to 
gether to reduce the space occupied by the transformer 
and to increase its rigidity. The present invention is on 
the nature of an improvement on the invention disclosed 
in my application Serial No. 334,450, ?led February 2, 
1953, for Transformers. 
The transformers are of a type including a generally 

toroidal continuous core formed of a plurality of layers 
or strands spirally wound; The strands or layers may 
consist of thin wires or ribbons of suitable iron or of 
strands or ribbons of suitable plastic carrying ?nely di 
vided iron internally or externally thereof. Such wires, 
ribbons or strands are closely wound together to form a 
compact core which is ?exible or deformable. The pri 
mary and secondary windings are wound on the core 
before the core has been substantially deformed and after 
the winding the core is deformed to provide a more com 
pact and rigid transformer. By this method of construc 
tion a transformer is provided having a continuous core, 
a major portion of which is covered by the windings 
which are normally in one or two layers with portions of 
each winding exposed so that their characteristics may 
be adjusted after the winding and deformation of the 
core has taken place. 
The uniformity of the effective permeability of a core 

and consequently the ?ux density is dependent upon the 
wires, strands or ribbons forming the core being main 
tained in uniform proximity to each other. It has been 
found that when deforming a transformer of this type 
there is a tendency for non-uniform separation of some 
of the layers or strands of the core when the core is 
held together only by the wire windings placed thereon. 
The wire is non-resilient and the relatively ?ne wire used 
in such windings may stretch to permit separation of 
core elements. 

It is an object of the present invention to provide a 
transformer with a deformable core having resilient means 
for holding the core elements in close juxtaposition. 

It is also an object to provide a transformer with a 
deformable core and a winding thereon of strands or 
?laments of resilient material adapted to maintain the 
elements of the core in close arrangement upon deforma 
tion of the core. 

It is an additional object to provide a transformer of 
this character which is simple in design and construction 
and adapted for commercial production and use. 

Other and further objects will appear as the descrip 
tion proceeds. 

I have shown certain preferred embodiments of my 
invention in the accompanying drawings in which 

Figure 1 is a plan view of a transformer before de 
formation, 
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Figure 2 is a section taken on line 2—2 of Figure 1, on 
an enlarged scale, 

Figure 3 is a view similar to Figure 2, but showing a 
modi?ed form of construction, 

Figure 4 is a fragmentary view showing the core and 
windings, 

Figure 5 is a plan view of a completed and deformed 
transformer, 

Figure 6 is a fragmentary view similar to Figure 4, 
showing a modi?ed form of construction, 

Figures 7 and 8 are plan views of other forms of com 
pleted and deformed transformers, and 

Figure 9 is a view similar to Figure 4 showing a further 
modi?ed form. 

In Figure 1 there is shown a plan view of a transformer 
after winding but before distortion. It will be apparent 
that the core is in the form of a toroid and, as shown, 
has three windings 12, 14 and 16 thereon. Various 
numbers of windings and various proportions of turns 
between windings may be used dependent on the par 
ticular characteristics of the desired transformer. While 
it is usually preferable to have only one or two layers 
of coils on transformers to be deformed, it will be under 
stood that a greater number of layers may be used if 
required. The lower number of layers reduces the in 
sulation requirements and the danger of shorting portions 
of the coils and also reduces their distributed capacity. 
As shown in Figure 2, the winding 12 is superposed 

on an intermediate winding 18 which is wound directly 
on the core 20. The core 20 is shown as made up of a 
plurality of spirally wound laminations. These lamina 
tions may be formed of suitable iron having the proper 
characteristics for a core of a transformer of the char 
acter being wound. It is to be understood that the lami 
nations will be quite thin so that the completed core may 
be deformed without dif?culty. For very high frequency 
use the laminations may consist of ?nely divided iron 
vincorporated in a non-conducting binder or applied to 
the surface of a non<conducting ?lm or ribbon by means 
of a suitable binder. Such powdered iron cores are well 
known in the art for high frequency use. As a speci?c 
example, a core may be wound of iron laminations one 
thousandth of an inch or less in thickness. The core 
may approximate one-fourth of an inch in height and 
thickness. In its original toroidal form, the core may 
have a diameter of several inches. It will be understood 
that the exact diameter will depend on the required cir 
cumference and the length of windings to be wound on 
the core. This speci?c example is to be understood to 
be illustrative only as the cores may be made over a 
wide range of sizes. In general, however, the invention 
is especially applicable to cores of small dimensions. 
The intermediate winding 18 is formed of strands or 

?laments which are resilient and serve to retain the core 
laminations in intimate contact when the core is ulti 
mately deformed as shown, for example, in Figures 5, 7 
and 8. This Winding 18 may be formed of a variety of 
materials which are non-conducting and resilient and they 
will preferably be wound under an initial tension so that 
they are pre-stressed during the winding. As suitable 
materials there may be mentioned Te?on, nylon and other 
similar synthetic ?bers or ?laments or natural or syn 
thetic rubbers or other resilient non-conducting material. 
Te?on is particularly suitable as it has a high thermal 
e?iciency and dielectric characteristics. It is highly de 
sirable that the winding be made of strong, resilient mate 
rial and that the winding be closely spaced. It is also 
preferable to use relatively small strands or ?laments so 
that the core is held together by the turns of the winding 
at closely spaced points. The individual turns are thus 
not deformed substantially when the core is deformed 
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and maintain the core elements in close and uniform 
contact. 
The form of construction shown in Figure 3 varies 

from that of Figures 1 and 2 in that the core is formed 
by a plurality of wires or strands 22 rather than by the 
?at laminations of Figures 1 and 2. These wires or 
strands 22 are enclosed by the intermediate winding 24 
similar to the winding 18 and a conducting transformer 
winding 26 is superposed on the intermediate winding 
24. It will be understood that the size and number of 
the turns of the core 22 may be modi?ed over wide 
limits and they may be formed of the various mate 
rials discussed in connection with Figures 1 and 2. For 
some purposes the core wires or strands may have an 
insulating coating 27, as shown in Figure 3, and if de 
sired, the laminations of Figure 2 may ‘be similarly in 
sulated. 

Figure 4 represents a fragmentary plan View of the 
construction of Figures 1 and'2 with portions of the wind 
ings removed in order to make clear the arrangement 
thereof. 
One form of ?nished transformer, after deformation 

of the core, is shown in Figure 5. The transformer core 
and windings shown at 37 are initially in the general 
form shown in Figure 1. The transformer is elongated 
and one end is looped over a stud 41]. A stud 41 is 
spaced from stud 40 approximately the width of the 
transformer core and windings thereon. These studs 40 
and 41 may be mounted in ‘a temporary jig or may be 
incorporated in a cup-shaped housing having a bottom 
43 and a circumferential wall 45. The core 37 is then 
wound upon itself in spiral form as shown, the portions of 
the core and windings being separated by a plurality of 
pins 47. These pins are preferably formed of non-mag 
netic and non-conducting material. The windings of re 
silient material on the core will maintain the core layers 
or strands in close and uniform relationship even when 
the core is deformed to the extent shown in Figure 5. 
The construction shown in Figure 6 is similar to that 

of Figure 4 with the exception that the holding winding 
54} is shown as formed of a strand having a rectangular 
or square cross section so that it continuously contacts 
the core 20. it is important, however, that the strand 
it} be relatively narrow as a tape or band will be so dis 
torted when the core is deformed that it will not be 
continuously effective in holding the core elements to 
gether. 

In Figure 7 is shown a plan view of a fully wound 
transformer which is not deformed to the extent of the 
transformer of Figure 5. The transformer of Figure 7 
is merely changed from the circular plan view of Figure 1 
to a generally ‘?gure eight con?guration. The trans 
former 52 is held in this form by a binding 54 of non 
conducting material. The binding 54 may be formed of 
the same types of material as the holding windings 18 of 
Figures 1, 2 and 4, winding 24 of Figure 3 or winding 
50 of Figure 6. 
The construction of Figure 8 differs from that of Fig 

ure 7 in that the central portion which is held together 
by binding 56 is much longer than that held together by 
binding 54 of Figure 7. The transformer is thus more 
elongated and can be located in a narrower space. It 
will be apparent that any suitable forms of binding 
means or holding or retaining means may be used in 
the constructions of Figures 7 and 8. The transformers 
are not distorted after the binding is applied and the 
binding does not serve to hold core elements together. 
Consequently tapes or sleeves of suitable material may be 
used for binding purposes. 

in Figure 9 there is shown a fragmentary View of a 
transformer having a core 20 of the same character as 
that shown in Figures 2 and 4. On this core are inter 
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4 
wound windings 61 and 63. The winding 61 is one 
of the conducting transformer windings, either a pri 
mary or secondary. The interwound winding 63 is 
formed of the same type of material as the windings 18 
and 24 of Figures 2, 3 and 4. This winding 63 serves 
to uniformly separate the turns of the transformer wind 
ing 61 and to resiliently hold the layers of the core 
againts displacement upon deformation of the core. In 
some uses of transformers, a winding of this character 
is desirable in that the conducting winding is placed 
closely upon the core and the distributed capacity of the 
winding is reduced by the separation of the turns. It 
will be understood that the wire of the winding 61 will 
be provided with an insulating coating or the core 21) 
will have an insulating coating so as to insulate the wind 
ing from the core. 
The present invention is not directed to the number 

or character of the conducting windings on the core of 
the transformer. They must be, however, either single 
layer windings or windings of a few layers only in order 
to permit the Wound transformer to be deformed and 
rendered more compact. Since compactness is an im 
portant feature of the invention, there will usually be no 
substantial portion of the core which does not carry a 
winding. The windings may be closely spaced, inter 
wound, superposed or interleaved in accordance with 
Well known transformer practice and insulation of a kind 
and amount supplied depending upon potential differ 
ences between the windings and the windings and the 
core. 

The various embodiments shown are to be understood 
to be illustrative only. Various types of deformable cores 
may be used and various types of resilient windings may 
be applied thereto. The purpose of the winding is to 
maintain the laminations or other substantially parallel 
elements of the core in close and uniform arrangement. 
The character, thickness and strength of the resilient 
winding will therefore be somewhat dependent upon the 
nature of the core and the tendency of core elements to 
separate when the desired deformation of the core is 
made. They will also be somewhat dependent to the 
use to which ‘the transformer is put, particularly, for ex 
ample, to temperatures to which it may be subjected and 
the voltages to be applied to the coils to be wound there 
on. I therefore contemplate such modi?cations as come 
within the spirit and scope of the appended claim. 

I claim: 
A transformer comprising a toroidal, ?exible core in 

cluding a plurality of adjacent turns of magnetic ma 
terial, a close wound winding of narrow strands of ?ex 
ible, resilient, electrically non-conducting material form 
ing a layer on the core and holding the core turns to 
gether, and conducting windings on the non-conducting 
winding layer, the core with windings thereon having 
portions located closely adjacent each other to form 
a compact assembly, and an additional non-conducting 
winding holding the transformer in its compact shape. 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 

685,470 Heany a ____________ __ Oct. 29, 1901 
1,586,889 Elmen ______________ __ June 1, 1926 
1,965,649 ' Jaumann ____________ __ July 10, 1934 

1,978,568 Crossley et al _________ __ Oct. 30, 1934 
2,267,955 Squibb ____ -. _______ __ Dec. 30, 1941 

2,269,678 Mauerer ____ _V__... ____ __ Jan. 13, 1942 
2,407,391 Woolfolk ____ ________ __ Sept. 10, 1946 
2,436,742 Bussey ____ _w_p__?___g____ Feb. 24, 1948 
2,516,930 Varian ______________ __ Aug. 1, 1950 

2,542,806 Ford et al. ____ _____.__l__ Feb. 20, 1951 
2,569,468 Gaugler ______________ __ Oct. 2, 1951 


