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United States Patent Office 2,782,386 
Patented Feb. 19, 1957 

2,782,386 
HIGH-FREQUENCY TRANSFORMER 

CONSTRUCTION 

Frank J. Cornell, Saker Heights, Ohio, assignor to The 
Ginio Crankshaft Company, Cleveland, Ohio, a corpo. 
ration of Ohio 

Application September 1, 1953, Serial No. 379,620 
4 Ciaims. (C. 336-220) 

This invention pertains to the art of electrical trans 
formers and, more particularly, to a high-frequency, 
high-power electrical transformer. 
The invention is particularly applicable to transformers 

of the step-down type employing a multiturn primary and 
a single-turn secondary such as are employed in imped 
ance-matching, high-frequency, induction-heating appa 
ratus wherein frequencies con the order of 1,000 to 20,000 
cycles per second are empioyed and will be described with 
particular reference thereto, although it will be appre 
ciated that the invention has broader applications. 

In the art to which this invention particularly pertains, 
it is conventional to use a multiturn primary coil and a 
one-turn secondary coil in inductive relationship there 
with. The primary coil is ordinarily made up of rectan 
gular, hollow, water-cooled copper tubing. The sec 
ondary coil heretofore has taken one of two forms. For 
example, the secondary coil has been in the form of a 
sheath or sleeve of copper surrounding the primary coil 
and coextensive with the length thereof. This sheath 
or sleeve is split over its length and terminal blocks are 
fastened to the sheath on each side of the split so that 
electrical connections can be made to the secondary of 
the transformer. The other form of secondary coil has 
been in the form of individual single turns of rectangul 
lar, hollow, water-cooled copper tubing interleaved be 
tween the turns of the primary which are thus spaced 
from each other. The ends of the secondary single turns 
extend outwardly and are all connected to spaced ter 
minal blocks so that these single individual turns are in 
electrical parallel relationship. This second form of 
transformer has somewhat greater electrical efficiency; 
that is, lower copper loss and less leakage reactance, 
than does the first form of secondary referred to. How 
ever, the cost of manufacturing the latter form of trans 
former is much greater than the sheath form of sec 
ondary. 

It is known that high-frequency electrical currents flow 
only in the outer skin or on the surface of electrical 
conductors, this effect becoming more pronounced as the 
frequency increases. Thus, no matter what the cross 
Sectional area of the electrical conductor, only a rela 
tively small percentage of the cross-sectional area is em 
ployed for the transmission or the carrying of the elec 
tric currents. Inefficient use of the copper results. 
As the depth of penetration; i. e., the efficiency of 

use of a given conductor, is primarily dependent upon the 
frequency and not upon the amount of current being 
conducted, this efficiency figure is not generally en 
ployed and, in fact, copper tubing is often employed to 
save using undue amounts of copper. If the currents 
are distributed uniformly around the entire periphery 
of the conductor, then it is normally considered that the 
conductor is being used to 100 percent efficiency. How 
ever, it is also known that when one electrical conduc 
tor carrying high-frequency currents is placed in induc 
ing relationship to another electrical conductor, the cur 
rents crowd to the adjacent side of the two conductors 
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to the exclusion of the other side of the conductors. 
Thus, it is possible to have an efficiency of use of the 
periphery of a conductor on the order of 15 percent or 
less, the exact percentage depending upon the areas in 
inducing relationship and their proximity. 

in the sheath-type transformer, the electric currents, 
in accordance with these above principles, flow only on 
the inner side of the sheath and the outer edges of the 
primary turns. Unless the primary turns have a sub 
stantial axial width, a relatively large portion of the pe 
riphery of the conductor is wasted. Employing a pri 
mary conductor of such a width, however, makes for 
an unusually long transformer which is undesirable. At 
best, assuming a primary conductor of infinite axial width 
and Zere radial width, a maximum efficiency of use of 
the copper of 50 percent can be obtained. Practical 
values of efficiency of use of 33 percent can be obtained 
using a conductor having an axial length two times the 
radial thickness of the conductor. in either event, ap 
proximately 50 percent of the sileath will be empleyed 
to carry the current. 

In the interleaved secondary type of transformer, the 
efficiency of use of the primary and secondary copper is 
Somewhai better, approaching a theoretical 100 percent 
for conductors of infinite radial width and zero axial 
lengths. Practical values using conductors of 2 times the 
radial thickness over the axial width of 66 percent for 
both the primary and secondary can be obtained. 
These improvements of efficiency as pointed out above 

can only be obtained at a higher manufacturing cost 
and a bulkier transformer. 
The present invention contemplates an electrical trans 

former of the type referred to which approaches the 
sheath fornia in simplicity and cost of construction but 
has improved efficiencies and lower copper losses than 
the interleaved form of transformer. 

in accordance with the invention, there is provided 
a transformer having a pair of windings relatively insu 
lated from each other and in inductive relationship. One 
of these windings which, for convenience, will be called 
a primary winding as in the case of a step-down trans. 
former, although it could be a secondary if the trans 
former were to be used for voltage Step-up purposes, is 
comprised of a multiturn winding of an electrical con 
ductor having axially spaced turns. TËThe other windirig 
which, for convenience, will be referred to as a secondary 
winding is comprised of ail electrical conductor surround 
ing the outer periphery of the primary conductor and ex 
tending at least partway into the space between the pri 
mary turns. 
The cross-sectional shape of the secondary conductor 

generally conforms to the cross-sectional shape of the 
primary conductor so that except for electrical insta 
tion, the Surfaces of the two conductors may be in close 
spaced proximity to each other. 

Thus, in general, it may be said that the invention con 
templates a secondary construction and arrangement 
with the primary such that a maximum efficiency of use 
of the eiectrical conductors can be cbtained. 

In preferred embodiments of the invention, the sec 
ondary conductor is in the form of a sheath as hereto 
fore known in the art which fits closely around the outer 
Surface of the primary winding and is coextensive there 
with. This sheath has ribs of electrically conductive 
material on the inner surface corresponding to the pitch 
of the primary turns, which ribs fit in between the spaces 
of the primary turns generally for the entire radial 
width thereof. Preferably, the primary conductor is rec 
tangular in cross-sectional shape having the maximum 
dimension on a radius so that the ribs may be flat in 
cross Section. The transformer may have a minimum 
length. Thus, the secondary conductor surrounds and 
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is in close-spaced proximity to the outer periphery of the 
primary conductor and two sides of each primary turn. 

Efficiencies of use of 83 percent of the periphery of 
the primary conductor, assuming the same two-to-one 
dimension ratio referred to above, can be obtained. The 
same efficiency of use may be obtained for the secondary 
construction. 
The principal object of the invention is the provision 

of a new and improved transformer construction particul 
larly intended for the transforming of high-frequency elec 
trical energy which has increased efficiencies and de 
creased leakage reactances for a given weight and volume 
of copper. 

Another object of the invention is the provision of a 
new and improved transformer of the type referred to 
having the secondary and primary so relatively arranged 
that the high-frequency currents will be distributed over 
a maximum surface area of the individual winding. 

Still another object of the invention is the provision 
of a new and improved high-frequency transformer having 
a multiturn winding made up of spaced turns and a second 
winding surrounding at least the outer periphery of the 
first winding and extending at least partway into the space 
between the turns of the first winding. 
Yet another object of the invention is the provision of 

a new and improved transformer comprised of a primary 
comprised of spaced multiturns and a sheath-type sec 
ondary coaxial with and coextensive with the primary, 
the sheath having portions extending inwardly between 
the space turns of the primary. 
The invention may take physical form in certain parts 

and arrangements of parts, a preferred embodiment of 
which will be described in detail in this specification and 
illustrated in the accompanying drawing which is a part 
hereof, and wherein: 

Figure 1 is a front elevational view of a high-frequency 
transformer with the winding in section illustrating a 
preferred embodiment of the invention; 

Figure 2 is a cross-sectional view of Figure 1 taken 
approximately on the line 2-2 thereof; 

Figure 3 is a front elevational view of Figure 1 show 
ing the arrangement of the terminal blocks of a trans 
former. 

Referring now to the drawings wherein the showings 
are for the purposes of illustration only and not for the 
purposes of limiting the invention, the figures show pre 
ferred embodiments of a transformer comprising a pri 
mary winding A, a secondary winding B and a core C, 
all in assembled and operative relationship. 
The primary A is comprised of a continuous length of 

a rectangularly shaped copper tubing 10 wound into a 
multiturned helix with the individual turns being uni 
formly spaced as will appear. At the ends of the helix, 
the tubing 10 is bent at approximately right angles and 
extends in an axial direction from the winding to form the 
terminals 11, 12 of the coil for the primary. Plumbing 
connections not shown may also be provided whereby 
cooling water may be circulated through the length of 
the tubing 10 from one end of the helix to the other. 
The tubing 10 is insulated over its entire length from 

the terminal 11 to the terminal 12 by means of insulation 
14. This insulation 14 may be of any known type such 
as insulating tape wound in a continuous overlapping man 
ner around the tube 10, by a tube of insulating material 
which has been slipped over the length of the tube 10 
either before or after coiling to the shape shown or by 
means of dipping the tube 10 in a liquid insulating mate 
rial which is subsequently baked or hardened or by any 
combination of the above. The spacing or pitch of the 
individual turns of the tube 10 are such that even with 
the insulation 14, there still remains a space between 
the individual turns. 
The secondary winding B is generally a single turn and 

is comprised of a sleeve or tube 17 of electrically con 
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A. 
ductive material such as copper of a length generally 
corresponding to the axial length of the primary coil A 
and having a split 18 over its entire length at one point 
in its circumference. Terminal blocks 19 are fastened to 
the sheath 17, one at each side of the split 18, by any 
suitable means such as brazing. The electrical connec 
tions for the secondary B are made to these terminal 
blocks 19. It will be noted that with a single-turn Sec 
ondary, a stepdown ratio to one of whatever the number 
of turns the primary is made up of will always result. 
The tarminal blocks have as is conventional in trans 

formers of this type longitudinally extending passages 20 
therethrough through which cooling water may be cir 
culated. In a like manner, the outer surface of the sheath 
has copper tubing 22 brazed to the outer surface and 
extending around the outer sides thereof from one ter 
minal block 9 to the other. This tubing 22 has an in 
ternal passage 23 communicating at each end with the 
passages 20 in the terminal blocks 19. Suitable plumbing 
connections to the terminal blocks 19 provide means for 
circulating water into the passages 20 and 23 for the pur 
pose of cooling the entire secondary B. 

Generally, it may be said that the primary winding A 
and secondary winding B as described to here are rela 
tively conventional with the possible exception of the spac 
ing between the primary turns, the purpose of which will 
now be described. 
The inner surface of the sheath 7 has a plurality of 

spaced conductors in the form of fins extending radially 
inwardly into the space between the primary turns of 
the primary winding A. These fins 25 are generally rec 
tangular in cross section and may be integral with the 
sheath 17 or brazed thereto as is desired. These con 
ductors have a pitch corresponding to the pitch of the 
primary coil A and a width corresponding to the spacing 
of the primary turns, taking into account that each pri 
mary turn has a width including that of the insulation 
thereon. These fins 25 are each in the form of a single 
turn terminating adjacent the split of the sheath. They 
are generally solid in cross section as it has been found 
that they do not need artificial cooling in actual practice. 
Because of the current distribution therein which is rela 
tively uniform, they do not tend to heat and any heat 
which is generated therein is conducted readily through 
the fins 25 to the sheath 17 and thus to the cooling water 
in the passage 23. 

It will thus be seen that a primary winding comprised 
of a plurality of spaced turns is provided in combination 
with a secondary winding having a surface coaxial with 
and in close space to the outer periphery of the tube 10 
together with portions extending at least in part between 
the primary turns. In fact, in the embodiment shown, 
the primary turns are incased on three sides by the sec 
ondary winding. Extremely low leakage reactance re 
sults, and extreme uniformity of current distribution 
throughout both the primary and secondary results so that 
the copper losses will be a minimum. 

In the embodiment of the invention shown, the primary 
and secondary are each constructed independently of the 
other. Subsequently, the primary winding is threaded 
into the interior of the sheath or secondary B. This is 
possible with the cylindrical shape shown. 

It is also possible that the primary and secondary each 
have a different cross-sectional shape Stich as rectangular, 
oval or otherwise. In this event, however, the secondary 
B is preferably made in two half sections which are 
boited together along one edge after the primary and 
secondary are finaily assembled. With such a construc 
tion, it is appreciated that the fins 25 will have a gap adja 
cent the bolted or fastened portions of this secondary 
but it has been found that this is not objectionable in 
practice. 
The transformer shown is also provided with a core 

C which is relatively conventional and forms no part of 
the present invention. Suffice it to say that the core is 
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made up of a stack of magnetic laminations 30 of E 
shape with the center leg 31 extending axially through 
the center of the primary A and the outer two legs 32 
extending in parallel relationship along each side of the 
sheath 17. A keeper leg 34 is provided abutting the 
ends of the center leg 31 and the two end legs 32 to 
complete and close the magnetic circuit. Obviously, this 
core C will be electrically insulated from the windings 
A and B. 

If desired, the individual laminations can vary in the 
widths of their legs so that the final assembled stack will 
conform to the inner shape of the primary A and the 
cuter shape of the secondary B as is shown in Figure 2. 
If desired, however, all of the individual laminations can 
be of similar shape and insulating spacer members pro 
vided to accurately position the assembled primary and 
secondary on the core. 
The tubing 10 is shown as having a radial width ap 

proximately twice the axial width. Obviously, any other 
shape of tubing could be employed or any other propor 
tion of width to height. The particular cross section 
shown has proven to be effective in practice. 
With the shape and construction of the primary and 

secondary shown, the currents flowing in the tubing 10 
will be distributed evenly over three sides thereof which 
is a substantial improvement over transformers having 
a conventional sheath without the fins 25 or with inter 
leaved individual secondary turns as has heretofore been 
the practice. Furthermore, the secondary has had a very, 
very substantial increase in the surface thereof which 
can and will carry the high-frequency electric currents 
induced therein. In either event, a substantial reduction 
in copper losses results together with decreases in the 
cooling problems of the transformer. 
The transformer shown has employed both a water 

cooled primary and water-cooled secondary. Obviously, 
if less powers are to be handled, this water cooling can 
be omitted. Also, if desired, the fins 25 can be water 
cooled. Further, the primary tubing 10 can be manu 
factured without electrical insulation and the electrical 
insulation mounted only on the inner surface of the 
sheath 17 together with the fins 25. 

It will also be appreciated that it is possible to divide 
the sheath 17 and terminal blocks 19 along their axial 
length at any number of points. 
The present invention can be used either with or with 

out the core C shown, depending upon the frequency of 
electrical power with which the transformer is to be em 
ployed. Also, if desired, the core C can also be artifi 
cially cooled by means of water-cooled laminations inter 
leaved with the magnetic laminations. 
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The invention has been particularly described with 

reference to a preferred embodiment thereof. Obviously, 
modifications and alterations of this embodiment and 
radically differing in appearance therefrom will occur to 
others upon a reading and understanding of this specifi 
cation. It is my intention to include all such modifica 
tions and alterations insofar as they come within the 
Scope of the appended claims. 

Having thus described my invention, I claim: 
1. A transformer comprised of a pair of coils in mutual 

inductive relationship, one of said coils being comprised 
of a plurality of axially spaced turns of electrically con 
ductive material, the other of said coils being comprised 
of a conductor peripherally and axially coextensive with 
the turns of said first coil and having conductive portions 
extending at least between the turns thereof, the portions 
and the turns being alternately disposed. 

2. A transformer comprising a primary winding and 
a secondary winding, said primary winding being com 
prised of a plurality of axially spaced turns, said sec 
ondary winding being comprised of an electrically con 
ductive sheath coaxial with said primary winding and 
having electrically conductive portions extending between 
the turns of said primary winding, the portions and the 
turns being alternately disposed. 

3. A high-frequency transformer comprised of a pri 
mary winding and a secondary winding, said primary 
winding including a plurality of axially spaced turns, said 
secondary winding including an axially split sheath co 
axial with said primary winding and having conductive 
portions extending radially between said primary turns, 
the portions and the turns being alternately disposed. 

4. In a transformer, a first winding comprised of a 
single layer of axially spaced turns, a second winding 
comprised of an electrically conductive sheath coaxial 
with said primary and having conductive fins extending 
between the turns of said first winding the fins and the 
turns being alternately disposed. 
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