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UNITED STATES PATENT of FICE 
2,378,884 

TRANSFORMER, 

Charles E. Seifert, Swampscott, Mass., assignor to 
Thomson-Gibb Electric Welding Company, 
Lynn, Mass., a corporation of Massachusetts 
Application June 20, 1940, Serial No. 341,489 

(C. 175-356) Claims. 

This invention relates to electric transformers 
and Inore particularly to those employed for re 
sistance Welding where large volumes of second 
airy Crest are required for brief intervals in 
the Welding Operations. 
One object of the invention is to increase the 

efficiency of the transformer and to reduce the 
demand made on power lines from the use of 
such transformer, while at the same time still se 
curing the large Volumes of secondary current as 
are called for. 

In the use of such transformers, due to the 
reactance of the entire circuit, the primary cur 
rent input required to secure the necessary vol. 
time of secondary current is apt to be very high, 
causing a serious voltage drop in the power line 
When the welding or secondary circuit is closed. 
This results in wide fluctuations in the voltage 
in the power line which are difficult and ofter 
impractical to control at the central station, 
This voltage drop is due in part to the resist 
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ance and reactance of welding circuit outside of . 
the transformer, owing to characteristics of the 
welding machine which are fixed and unchange 
able. The leakage reactance in the transformer 
itself, however, contributes materially to the re 
actance of the circuit as a whole and to the drop 
in the voltage at the terminals of the trans 
former when under load. 
When the current flows through the primary 

of the transformer it magnetizes the transformer 
core and the pulsating flux induces a current in 
the Secondary winding opposite in phase to that 
of the primary current. These opposing currents 
tend to set up a leakage flux, a part of which re 
turns through the iron core of the transformer 
and part through the air space between the pri 
mary and Secondary coils. This leakage fiux ma 
terially reduces the open circuit or no-load ter 
minal voltage of the transformer when it is 
placed under load. 
Leakage between the primary and secondary 

coils, however, is not confined to the air gap be 
tween the coils but some of this leakage flux 
passes through the copper windings themselves. 
This tends to set up eddy currents in the wind 
ings, serving only to heat the copper and further 
increase the voltage drop on closed circuit. 

. The reactance in a transformer increases with 
the thickness in an axial direction of both the 
high and low voltage coils or groups of coils, with 
the distance in an axial direction between the 
centers of high and low coils or groups of coils, 
and also with the square of the number of high 

30 

35 

40 

50 

55 

voltage turns effective in establishing leakage 
flux across any one leakage path. 
The present invention is designed to provide 

the closest practical approach to an ideal condi 
tion in respect to each of these factors, pringing 
the reactive drop in the transformer to a mini 
mum. This is accomplished by providing both 
high and low voltage coils of the maximum pos 
sible thinness, interleaved in close compact face- . 
to-face relation to reduce the distance between 
coil centers, and with a minimum number of high 
voltage turns interleaved with each low voltage 
turn, which latter are connected in multiple. 
This makes it possible greatly to lessen the react 
ance and to increase the aggregate number of 
primary turns in inductive relation to the Second 
ary, thereby to increase the transfor nation ratio 
and provide the required volume of secondary 
current with a greatly reduced input &mperage. 
This will be evident for the angeres ruitiplied 
by the number of turns must be the saile in both 
the primary and secondary windings, and, since 
there is but one effective turn in the secondary, 
increasing the aggregate number of primary 
turns reduces the needed primary aiperage. 
This object is secured by providing the primary 

windings in a plurality of serially connected sec 
tions, each section consisting of a minimum nun 
ber of turns each in the form of a relatively wide 
thin flat conductor wound edgewise, and further 
providing secondary turns which may be con 
nected in multiple, each secondary turn being 
also in the form of a relatively wide thin flat con 
ductor and also wound edgewise, one secondary 
turn being interleaved between each two adja 
cent primary sections and in close compact face 
to-face relation with the primary turns, sepa 
rated only by the necessary intervening insula 
tion. Both the primary and secondary windings 
may be wound edgewise to form wiridings of a 
generally rectangular or other polygonal shape Or 
of a generally circular shape. 
The use of relatively wide flat conductors, 

wound on edge, for the primary and secondary 
coils and arranged and interleaved as indicated 
not only greatly reduces the reactance, but since 
the intersecting flux can cut only the relatively 
narrow edges of the windings the eddy current 
losses in the windings are greatly reduced. 
Another object of the invention is to provide 

effective cooling for the windings by availing of 
the peculiar characteristics which are presented 
by this method of forming the windings. 
These and other objects of the invention will 

be best understood by the following description 

...vy 



2 
when taken in connection with the accompany 
ing illustrations of one or more embodiments 
thereof. 

In the drawings: 
Fig. 1 is a detail showing in side elevation the 

formation of one form of a Secondary turn when 
made from a thin flat strip of conductive metal 
capable of being bent or folded; 

Fig. 2 shows in side elevation a primary wind 
ing comprising a succession of turns as they ap 
pear when also made from a thin flat strip of 
conductive metal; 

Fig. 3 illustrates the first step in the formation 
of the primary windings; 

Fig. 4 illustrates the next succeeding step; 
Fig. 5 is a perspective illustrating how a single 
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secondary leg is interleaved with successive pri 
mary turns; 

Fig. 6 shows the relation of the primary and 
secondary windings, which are here spaced apart 
for clarity, and with the cross-over connections 
between Successive primary turns shown dia 
grammatically; 

Fig. 7 is an elevation showing the transformer 
with the windings assembled on the core, look 
ing in a direction transversely the windings; 

Fig. 8 is an elevation of the transformer look 
ing in a direction lengthwise the windings; 

Fig. 9 shows in side elevation another trans 
former, embodying the same principles but in 
which windings are formed from heavier strips 
or plates of copper; 

Fig. 10 is a plan view showing the relation of 
the windings in the transformer of Fig. 9; 

Fig. 11 is a detail showing in side elevation One 
of the secondary legs or turns for the transformer 
shown in Fig. 9; 

Fig. 12 is a cross-section of the secondary leg, 
taken on the line f2-f2 in Fig. 11, where the 
leg is formed of several strips; 

Fig. 13 shows one method of forming the sec 
ondary leg by use of inner and outer concentric 
strips; 

Fig. 14 is a cross-section on the line 4-4 in 
Fig. 13, illustrating a difference in the cross-sec 
tion of the inner and outer strips; 

Fig. 15 shows in elevation one section of the 
primary windings of the transformer of Fig. 9; 

Fig. 16 is a plan view of a primary winding sec 
tion; 

Fig. 17 shows in plan a section of the windings 
of a transformer similar to that of Figs. 9 and 10, 
but with the back of each secondary leg provided 
With a water cooled fin; 

Fig. 18 is a side elevation showing the water 
cooled fin for one of the secondary turns; and 

Fig. 19 is a section in plan on the line 9-9 
in Fig. 18. 

Referring to the drawings, and first to Figs. 1. 
to 8 inclusive, there is shown for illustrative pur 
poses one embodiment of the invention in which 
both the primary and secondary turns are formed 
of relatively wide flat strips of conductive metal, 
such as copper, of such thinness that their flat 
faces are capable of being bent and folded. 

In this case, the secondary legs of the trans 
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turns are formed from a similar but longer strip 
of flat thin copper. In forming the primary 
turns, one end of the strip (Fig. 3) is first bent 
along the diagonal lines of fold 3 and 5, as de 
Scribed in connection with Fig. 1, leaving an ex 
tension which serves as one primary terminal. 
The other leg of the strip is then bent upward 
about the line of fold 9, as indicated in Fig. 3. 
Next, as shown in Fig. 4, the upstanding continu 
ation of the strip is bent along the diagonal line 
of fold 2, thereby forming one complete turn of 
the primary winding which consists of the upper 
and lower strips 23 and 25 and the side strips 27 
and 29. 

Successive steps of this operation are then re 
peated over and over again, bending the contin 
uous strip to form a series of similar turns. The 
primary winding, when completely formed, as 
Sumes the shape shown in Fig. 2, with the ulti 
mate end 3 of the strip forming an extension 
parallel to the extension f to serve as the re 
maining primary terminal. 
The primary winding when completed presents 

a continuous flat-sided winding on edge (Fig. 2) 
enclosing a polygonal and herein rectangular 
core space 33, the successive turns of which can 
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be opened up or separated like the helices of a 
spring to permit the interleaving by insertion 
between successive turns of the Separate sec 
Ondary legs. 
The windings having been thus formed, the 

strips constituting the secondary legs are covered 
with any suitable thin insulating material such, 
for example, as glass tape. The primary wind 
ings may be similarly insulated, but where a Sec 
ondary is disposed between each two adjacent pri 
mary turns, the primary insulation may be un 
necessary since the insulated secondary separates 
one primary turn from another. 
To interleave the windings each Secondary leg 

is inserted into the nest of primary turns, one to 
lie between two adjacent primary turns, the next 
to lie between the next adjacent primary turns, 
and so on. This may be accomplished by inter 
leaving the secondary leg between two adjacent 
primary turns, as illustrated in Fig. 5, SO that the 
upper strip T of the secondary leg lies between 
the strips 23 of adjacent primary turns, the lower 
strip 9 of the secondary between the strips 25, and 
the cross strip of the secondary between side 
strips 27, but with the side strip 29 of one primary 
turn to the next turn passing from one side of 
the secondary strip 7 to the opposite side of the 
secondary strip 9. This leaves the side strip 29 
of one primary turn crossing from one side of the 
secondary leg to the opposite side thereof and 
serves as a cross-over connection for the adja 
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former may each be formed, as shown in Fig. 1, 
by taking a suitable length of such a copper 
strip , bending it over and against itself on the 
diagonal line of fold 3, and again similarly on the 
diagonal line of fold 5, so that the strip then as 
sumes the shape of a flat-sided thin U-shaped 
copper leg or turn with the projecting terminal 
strips T and 9 and the cross-connecting strip . 
Any desired and suitable number of primary 
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cent primary turns in the open Space of the Sec 
ondary leg. Each complete primary turn thus 
constitutes a primary winding section with a sec 
ondary turn interleaved between adjacent pri 
mary winding sections and, when finally assen 
bled, are in close compact face-to-face relation 
separated Only by the intervening insulation. 
This interleaving assemblage of the primary 

and secondary windings provides one secondary 
turn placed face-to-face compactly between each 
two adjacent primary turns, with all the primary 
turns Serially connected and with the closest pos 
sible relation between the windings. This leaves 
the Successive primary and secondary turns in a 
relationship which may be diagrammatically rep 
resented in Fig. 6, but where the primary and 
Secondary turns for clarity are shown spaced 
One from another, the primary turns being repre 
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Sented at 35, the secondary legs at 37 and the 
Cross-over connections between successive pri 
mary turns at 39. 
The windings after assemblage in a compact 

face-to-face relation are mounted in a laminated 
iron core 4 of any usual or suitable construc 
tion, having (Figs, 7 and 8) the winding core 
In ember 43 of rectangular cross-section to fit the 
Core space 33 in the windings. 

ers (not shown) by bolting or brazing all the ex 
tensions of the secondary legs to one terminal 
head of the welding circuit and the extensions 
9 to the remaining terminal head. The extension 
f7 of the primary winding is connected to one 
terminal of the line and the extension 3 to the 
other terminal thereof, so that all the primary 
windings are in series. 
While the optimum condition is reached by 

compactly interieaving one secondary winding leg 
between each two successive primary turns, cer 
tain advantages of this type of transformer wind 
ing may be had by so interleaving the secondary 
legs that they are opposed in compact face-to 
face relation each to a group of two or more se 
rialily connected primary turns. 
The number of primary and secondary turns 

will, of course, be selected according to the ratio 
of transformation desired, and this ratio may be 
varied by dividing the serially connected primary 
turns into groups, which groups in turn are con 
nected in multiple. 
The described method of forming the windings 

may be employed where copper in strip form is 
used of a thickness which permits the bending 
and folding described. By way of example, a 
transformer suitable for lower capacities in weld 
ing work may be constructed by this method using 
Copper Strips for the windings from to 4 inches 
wide and approximately .010 to .050 inch thick. 

Since the thickness of the primary and sec 
ondary turns, the distance between their centers 
and the number of primary turns effective in 
establishing leakage flux across any one leakage 
g&th have been reduced to a minimum and the 
primary and secondary windings are preserted 
to the intersecting flux in a most effective relation 
for preventing eddy current losses, the leakage 
reactance in the transformer is reduced to a mini. 
intun, the number of primary turns can be in. 
creased and the same current volume may be se 
Ctired in the Welding circuit, with a reduced cur. 
rent voiune in the primary. 

In larger capacity units, welding currents of 
Very large volume may be called for, requiring a 
CFOSS-Sectionai area in the windings inconvenient 
or in practicable to secure with flexible copper 
strips. C3 for mechanical reasons it Enay be in 
practicable to construct the primary in the form 
of a continuous heliz. In this case substantially 
the same principle may be utilized Boy employing 
thicker strips of copper or other conductive metal 
World or beat on edge about suitable forms or 
arbors, the Secondary turns being formed each 
into a fiat horse-shoe or hair-pin shape, and the 
primary winding being formed into separate sec 
tions each of which comprises one or more com 
piete turns. 
One transfortner of this type is illustrated in 

Figs. 9 and io. In this case (Fig. 1) the sec 
ondary turns 47 comprise each a relatively wide 
flat copper strip which, for example, might be 
is of an inch thick and several inches in width. 
This is formed into a flat horse-shoe shaped leg, 
as shown in Fig. 1, by being bent on edge about 

The secondary 
turns are connected in multiple to terminal head 0 
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3 
a suitable form or arbor, after which it may be 
covered with thin insulating tape 49 (a portion 
Only of which is shown), which however prefer 
ably terminates short of the projecting ends 5 
and 53 of the leg so as to leave the bare metal 
of the latter exposed to the air. 
Where the combined width and thickness of 

the secondary leg called for by current require 
ments make it difficult to bend the copper on 
edge as described, the secondary leg may be 
formed of two or more thinner copper strips 47a, 
4b, 47c, etc., as indicated by the cross-section 
in Fig. 12, which are then taped together so that 
they act as one solid section or a composite con 
ducting leg. 
The current carrying capacity of the second 

ary leg may furthermore be increased, if de 
sired, by increasing the width of the secondary 
leg. If the width is increased to the point where 
mechanical difficulties are encountered in bend 
ing the strip, the leg may be formed in two parts, 
as shown in Fig. 13. Here the leg is made up 
of an outer strip 47 d bent about one arbor and 
an inner strip 4e bent about another and Small 
er arbor but closely interfitting within the outer 
strip. The secondary turn then comprises ar. 
inner and an outer flat strip each wound or 
edge and arranged concentrically one within the 
other. The two parts may then be taped to 
gether and function as one single section. In 
this case both the outer and inner strips 4d 
and 47e may be formed from two or more lami 
nated copper strips, as illustrated in Fig. 12. 
Where an inner strip is employed arranged 

concentrically within an outer strip, as illustrated 
in Fig. i5, the outer strip which presents the 
longer path to the current may be made of some 
what greater thickness than the inner strip, as 
indicated in Fig. 14, thereby to equalize the cur 
rent flow and the heating effect of the Current 
throughout the secondary turn. 
The prinary turns are also formed of thin fiat 

strips 55 of copper of a width corresponding to 
the width of he secondary turns. AS is the case 
of the secondary legs, the turns of each prinary 
section may be formed from a singie stirip or 
made up of iaminated strips face-to-face, as in 
Fig. 12, or built up of concentric inner and Outer 
strips, as in Fig. 13, or the methods of both. Fig. 
12 and Fig. 13 may be employed, as well as the 
use (Fig. 4.) of inner and outer turns of differs 
en, thickness, 

It will be observed that, whether a secondary 
or a primary turn is formed from & single strip - 
of conductive metal, or is of composite forma 
tion, as through the use of laminated strips, of 
concentiric inner and outer members, any one 
conductive turn is not only wide, thin and at 
but the part, or parts of which it is composed 
function as a single conductor. It is accord 
ingly intended to include within the term of wide 
thin flat conductive turns both those composed of 
a single strip and those of congosite formation . 
acting as a gingle conducto. 

In the case of primary windings, eaci Section. 
is formed by bending the strip about a suitable 
arbor so that it assumes the helical form snown 
in Figs. 15 and 16, the winding being provided 
preferably with one or more complete turns. The 
strip terminals 5 and 59 are left projecting 
tangentially from the section, as indicated in Figs. 
9 and 15, and the terminals 59 are bent laterally 
into such a position (Fig. 10) that a series con 
nection from one primary winding section to 'an 
other can be readily made. The helical strip 
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constituting each primary section is insulated 
as by being wound with thin insulating tape 55a 
(a short length only of which is shown), which 
however may be applied to leave uncovered and 
exposed to the air the bare metal of the pro 
jecting tails or terminals 57 and 59. 
Each section of the primary winding may be 

wound in a number of helical turns, but this 
number is preferably kept as low as practicable 
for each section, preference being that they 
should not exceed two or three turns, thereby 
providing a relatively large number of very thin 
flat primary sections, each of a low number of 
turns, between adjacent Sections there being in 
terleaved a single secondary turn in close COm 
pact face-to-face relation to the primary turns. 
In the case of the primary section illustrated 
in Figs. 15 and 16, the primary winding of each 
section has somewhat less than three complete 
effective turns formed from the flat coils wound 
on edge and compactly arranged side by side. 

In the transformer, the primary sections and 
secondary legs are mounted in the core 6, having 
the winding core member 63, indicated in Fig. 9 
but omitted for simplicity from Fig. 10. On the 
core they are assembled, as shown in the draw 
ings, with one secondary leg (Fig. 10) inter 
leaved between each two adjacent primary Sec 
tions, with the broad, flat sides of each thin sec 
ondary turn in close compact face-to-face rela 
tion with the corresponding broad, flat sides of 
the adjacent insulated thin primary sections. If 
desired the insulation may be omitted from the 
secondary turns. 
The projecting terminal ends 5 and 53 of the 

secondary legs project from the core in One di 
rection, the ends of the upper legs 5 being 
seated and brazed in Spaced recesses of one ter 
'minal head 65 of the welding circuit and the. 
ends of the lower legs 53 similarly connected to 
the underlying other terminal head 67 of the 
welding circuit, thereby connecting all the sec 
ondary legs in multiple. The terminals 57 and 
59 of each primary section project from the op 
posite side of the core, preferably extending for 
a substantial distance at one side of the trans 
former and clear of the compactly related sec 
ondary turns. The terminal 59 of one section is 
bolted or otherwise connected to the terminal 
5 of the next adjacent Section to provide a 
series connection for the entire group of primary 
sections. Connection to one side of the line cir 
cuit is established through the terminal 5 of the 
end primary section of the group and connec 
tion to the opposite side of the line circuit through 
connection to the terminal 59 at the Opposite 
end of the group. w 
This arrangement of the primary and sec 

ondary windings, provided each with wide flat 
conductors wound on edge and interleaved in 
close compact face-to-face relation with one sec 
ondary turn between each adjacent primary Sec 
tion, provides a close approximation to the con 
ditions described in connection with the trans 
former in Figs. 1 to 8. Furthermore, it provides 
a highly important condition of greatly enhanced 
cooling capacity for the transformer as a whole. 
The primary coil sections being wound in com 
paratively few turns, the tendency for the pro 
duction of hot spots is greatly reduced since 
there is relatively little insulation for the heat 
to pass through. Copper being a good heat con 
ductor, the heat generated in the turns can 
readily escape lengthwise the relatively short 
intervening path to the wide flat exposed ex 
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tensions 57 and 59 which provide the series con 
nections from Section to section. 
These extensions each presents a heat radiat 

ing or conducting surface relatively large in pro 
portion to its cross-section, and the group as a 
whole, comprising two extensions or tails for 
each primary section, each exposed to the air, 
is capable of rapidly dissipating the heat con 
ducted to them. Similarly, the bare exposed 
extensions 5 and 53 of the secondary windings, 
being also exposed to the air, contribute their 
effect to the further dissipation of heat. 
The natural dissipation of heat, from the 

primary and secondary extensions may be in 
creased by forcibly blowing air or circulating 
other cooling medium over either or both, or by 
immersing them in a cooling tank suitably ar 
ranged to enclose them, or the entire trans 
former might be immersed in a tank of oil for 
cooling it. Additional cooling means might be 
applied to the secondary windings by circulating 
cooling water through passages in the termi 
nals 65 and 6. 
In Figs. 17 to 19 inclusive there is shown an 

effective cooling means for the Secondary turns, 
the use of which is facilitated by this method 
of arranging and interleaving the windings. 
This is accomplished by attaching to the sec 

ondary leg 47, intermediate its terminals and 
preferably at the mid portion of its curved back, 
a rearwardly projecting copper or other metal 
lic cooling fin f of substantially the same thick 
ness as that of the leg and having its attached 
edge curved to mate with the curved outer edge 
of the leg. This attachment is preferably by 
brazing the metal of the fin to the metal of the 
leg so that it becomes in effect an extension 
of the metal of the leg. 
This fin is herein provided with an internal 

chamber 73 through which a cooling medium, 
such as cold water, may be circulated, entering 
through one pipe, such as the pipe 75, at the 
botton of the fin from any Suitable. Source (not 
shown) and being discharged through another 
pipe, such as the pipe 77, at the top of the fin. 
These fins may be made to present a large cross 
section for heat conduction from the secondary 
and a broad internal area exposed to the cooling 
Water for the effective abstraction of conducted 
heat. In the illustrative example they assume 
Such a form as to provide a large rectangularly 
shaped cooling chamber. The heat generated 
in the secondary leg is rapidly conducted to the 
projecting fin and abstracted therefrom by the 
circulated cooling Water or other cooling me 
dium. 
The primary and Secondary turns are as 

Sembled as previously described and as indicated 
in Figs. 17 and 18. There is shown in Fig. 17 a 
group of five primary sections, but this is merely 
illustrative and it will be understood that any 
desired number of primary sections may be en 
ployed to Secure the desired ratio of trans 
formation, there being a secondary turn between 
each two adjacent primary sections. As before, 
the flat thin secondary legs are interleaved, one 
between each thin flat primary section, in close 
face-to-face Compact relation. This also con 
pacts each fin, or a large part of it, between the 
adjacent primary sections. The secondary turns 
with attached fins may be covered with thin 
insulation or left uninsulated, with the insula 
tion on the primary sections to provide the re 
quired insulation between the primary and sec 
Ondary turns. In the latter case, the insulation 
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covering for the primary turns should be carried 
Cut far enough along the primary extensions 57 
and 59 to overlie the surface of the fins 7 ?. The 
cooling chambers may be connected each sep 
arately to the Supply source for the cooling me 
dium, or they may be serially connected to cause 
the latter to pass in succession from one to 
another. 
While there is herein disclosed by way of ex 

ample several embodiments of the invention, it 
will be understood that wide departures from the 
form, relative arrangement and details of the 
parts as herein described may be made, all with 
out departing from the spirit of the invention. 

I claim: 
1. A transformer having a plurality of serially 

connected primary winding sections, each section 
comprising one or a small plurality of turns in 
the form of a relatively wide thin flat conductor 
wound edgewise, said transformer having sec 
ondary turns connected in multiple each in the 
form of a relatively wide thin flat conductor also 
wound edgewise, there being one single secondary 
turn interleaved between each two adjacent pri 
mary sections and in close compact face-to-face 
relation thereto, separated only by intervening 
thin insulation. 

2. A transformer having a plurality of Serially 
connected primary winding sections, each section 
comprising a single turn in the form of a rela 
tively wide thin fiat conductor wound edgewise, 
said transformer having Secondary turns con 
nected in multiple each in the form of a relatively 
wide thin flat conductor also wound edgewise, 
there being One single secondary turn interleaved 
between each two adjacent primary single-turn 
Sections and in close compact face-to-face rela 
tion thereto, separated only by intervening thin 
insulation. 

3. A transformer having a primary winding 
consisting of a relatively wide thin flat strip of 
conductive metal, folded on itself at spaced in 
tervals, forming an edgewise wound helical wind 
ing providing a core space of polygonal cross 
Section, said transformer having secondary turns 
connected in multiple formed each from a rela 
tively wide thin flat strip of conductive metal, 
also folded on itself at spaced intervals to pro 
Wide an edgeWise-wound turn, there being a Sin 
gle secondary turn interleaved between adjacent 
primary turns and in close compact face-to-face 
relation thereto, separated only by intervening 
insulation. - 

4. A transformer having a primary winding 
consisting of a relatively wide thin flat strip of 
conductive metal, folded on itself at spaced in 
tervals to form thereby an edgewise-wound heli 
cal winding, providing an enclosed core space of 
polygonal cross section. 

5. A transformer having a winding, each turn 
of which consists of a relatively wide thin flat 
strip of conductive metal, folded on itself at 
spaced intervals. 

6. A transformer having a plurality of serially 
connected primary winding sections, each sec 
tion comprising a relatively few helical turns in 
the form of a relatively wide thin flat conductor 
wound edgewise to provide an enclosed core 

() 
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space, said transformer having secondary turns 
shaped each to provide a leg in the form of a 
relatively wide thin flat conductor also wound 
edgewise, the projecting ends of the leg being 
connected in multiple, there being one single sec 
ondary leg interleaved between each two adja 
cent primary sections and in close compact over 
lying face-to-face relation thereto, separated 
only by intervening thin insulation. 

7. A transformer having a plurality of serially 
connected primary sections each comprising a rel 
atively few helical turns each in the form of a 
relatively wide thin flat conductor wound edge 
wise, said transformer having secondary turns 
connected in multiple in the form of a relatively 
wide thin flat conductor also wound edgewise, 
there being one single secondary turn interleared 
between each two adjacent primary Sections and 
in close compact face-to-face relation thereto, 
separated only by interleaving thin insulation, the 
serially connected terminal ends of successive 
primary sections extending for a substantial dis 
tance at one side of the transformer and clear 

30 

of the compactly related secondary turns and ex 
posed thereat to the effect of a cooling mediun, 

8. A transformer having a plurality of serially 
connected primary winding Sections, each section 
comprising One or more turns in the form of a 
relatively wide thin flat conductor wound edge 
wise, said transformer having secondary turns 
connected in multiple each in the form of a rel 
atively wide thin flat conductor also wound edge 
wise, there being One single secondary turn inter 
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leaved between each two adjacent primary sec 
tions and in close compact face-to-face relation 
thereto, Separated only by intervening thin in 
sulation, and projecting cooling fins attached to 
the Outer edges of a plurality of said secondary 
turns intermediate the terminals thereof and 
Containing each a cooling chamber for the circu 
lation of a cooling medium. 

9. A transformer having secondary windings 
consisting of a plurality of Separate turns con 
nected in multiple, each turn in the form of a 
single relatively wide thin flat electrically unitary 
conductor wound edgewise and having attached 
to its outer edge at a point intermediate its length 
a projecting cooling fin containing a cooling 
chamber for the circulation of a cooling medium. 

10. A transformer having secondary windings 
consisting of a plurality of separate turns con 
nected in multiple, each turn in the form of a 
single relatively wide thin flat electrically unitary 
conductor wound edgewise and having attached 
to its outer edge at a point intermediate its length 
a projecting cooling fin of substantially the same 
thickness as that of the conductor. 

11. A transformer having secondary turns in 
the form of a single relatively wide thin flat elec 
trically unitary conductor wound edgewise, each 
such conductor comprising concentric inner and 
outer thin flat metal strips each wound on edge 
and closely interfitted radially and secured to 
gether to present a single conductive turn, the 
outer strip being substantially thicker than the 
inner One, 
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