
Oct. 31, 1933. W. F. GAKLE 1,933,140 
MAKING SAME 

Filled Jan. 29, 1929 2 Sheets-Sheet l 

  



Oct. 31, 1933. W. F. GAKE 1933,140 
TRANSFORMER AND METHOD OF MAKING SAME 

Filed Jan. 29, 1929 2 Sheets-Sheet 2 

PA 
sf 

Erra / vue; ot 

6 --7-" " 
424%4. 672//e. 

a set e - 

t 7% 44.24 s 7. ar e tto: 1 c : 

    

  

  

  



Patented Oct. 31, 1933 1933,140 

UNITED STATES PATENT of FICE 
1933,40 

TRANSFORMER AND METHOD OF 
MAKNG SAME 

Wendolyn F. Gakle, Bay City, Mich., assignor to 
Kuhlman Electric Company, Bay City, Mich., a 
corporation of Michigan 
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1. Claims. (C. 175-356) 

This invention relates to an electric transform 
er and a method of making the same. 

It is an object of the invention to improve the 
magnetic circuit of electric transformers and to 

5 facilitate the assembly of the laminations of 
which this magnetic circuit is composed. 
Another object of the invention is to provide a 

Imagnetic circuit of reduced weight, as compared 
with the magnetic circuit of known transformers 
of similar capacity, and to assemble for this pur 
pose the laminations of the core in loop form so 
that the major part of the core material is at the 
short perimeter of the loop. 
Another object of the invention is to provide 

a method for assembling laminations which will 
tacilitate the positioning of the transformer 
windings in proper relation to the core, and to 
provide greater facilities for the insulation of 
the Windings from the core. 

It is also an object of the invention to provide 
a novel method of assembling laminations for a 
transformer core in such manner that they can 
readily be deformed to facilitate the windings of 
the coils in loops of the core, and may be returned 
again to the position in which they constitute 
closed magnetic circuits. 

It is, further, an object of the invention to sim 
plify the contour and shape of the laminations 
of which the core and yoke is composed, and to 
eliminate the great amounts of waste and scrap 
which heretofore Were unavoidable in the forma 
tion of these cores. 
With these and numerous other objects in view, 

the invention is described in the following speci 
fication in which reference is made to the accom 
panying drawings. 

In the drawings: 
Fig. is a side elevation of an assembled trans 

former produced in accordance with the present 
invention. 

Fig. 2 is partly a top plan view and partly a 
horizontal section of the transformer core, the 
transformer coils being Omitted. 

Fig. 3 shows on a different scale a sheet of metal 
in plan view to illustrate the method of cutting 
the various laminations. 

Fig. 4 is a plan view of one of the short lamina 
tions. 

Fig. 5 is a plan view of one of the longer lami 
nations. 

Fig. 6 is an edge view showing one of the lami 
nations bent to shape. 

Fig. 7 is a fragmentary sectional view taken on 
the line - of Fig. 8. 

Fig. 8 is a front view of a form to which th 
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core is Secured to permit the application of the 
Coil, two of the core loops being shown closed, 
the others being shown in opened position, with 
means for holding the laminations in open posi 
tion. 

Fig. 9 is a fragmentary transverse Sectional 
view through one of the form discs. 

In transformer practice as formerly followed 
by all manufacturers the magnetic circuit con 
sists of rectangular or L-shaped pieces assembled 65 
in various forms, some with single circuits, others 
With multiple circuits, but all functioning in the 

80 

Same manner, which is to form a closed magnetic 
circuit around a coil which is placed on a part of 
Said magnetic circuit, this part is called the core 70 
and the remaining part is called the shell or yoke. 
Now in Order to project the core section that is 

within the coil around the outside thereof, it is 
neceSSary to have part of this core close to the coil 
and other parts progressively more distant, the 75 
side which is close to the coil being termed the 
short perimeter, while the side farthest from the 
Coil is termed the long perimeter of the magnetic 
circuit, and it is in these perimeters that the im 
portant feature of this invention resides. In my 80 
Construction the short perimeter or adjacent sur 
face of the coil is more thoroughly used than 
heretofore thereby causing more of the core sec 
tion to be projected around the coil on its short 
perimeter, leaving progressively less material to 
be projected around the coil as the core progresses 
away from the coil and towards the long perime 
ter. 
The net result is a reduction in weight of mag 

netic material for a given coil enclosure, this in 
turn results in lower core loss and also presents 
the designer with means whereby he can main 
tain former performance, and reduce the weights 
very materially of the magnetic circuit, the elec 
tric circuit, and the insulation. The cross-sec- 95 
tion of the assembled core also is utilized econom 
ically to a higher degree than heretofore, since 
the portion of the core having the Smaller perime 
ter and being closer to the coil is broader than the 
portion of the core adjacent the outer perimeter. 

For this purpose the core sections of the trans 
former are each composed of strips which are 
bent into loop shape, the loops formed of a plu 
rality of strips nested one in the other, and being 
preferably of elongated shape to receive the coil 
therein. A plurality of these sections are then 
assembled with One part of the loop in the cen 
tral part of the coil of which the transformer is 
built up, and the other part of the loop on the 
outer side of the coil. To reduce the cross-section 110 
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2 
of the core portions adjacent the central part of 
the coll the cross-sections of the core parts grad 
ually decrease in direction towards the axis of the 
coil, and they also decrease in direction towards 
the outer perimeter of these individual loop core 
sections. 

This form of cross-section is produced by build 
ing up the core of individual laminations or strips, 
the width of which decreases in each core portion 
in proportion to the approach of the respective 
strip to the outer perimeter of each loop, so that 
for instance the Outer perimeter of each loop is 
formed by the narrowest strip which must be the 
longest, while the inner perimeter of the loop is 
formed by the widest strip, which naturally also 
will be the shortest of all of the strips of which 
the core is being built up. 

It has been found that the proper variation 
of the length and of the width of the different 
strips can best be produced by cutting them from 
a sheet of metal having two parallel sides and 
two sides which are converging. The form of 
this sheet, therefore, may be that of a trapezoid. 
The longer and narrower strips are cut from near 
the base of the trapezoid, the width of the strips 
increasing coincidentally with the decrease of 
their length when progressing from the base of 
the sheet in direction towards the opposite par 
allel side. 
This method of cutting the strips has been 

indicated diagrammatically in Fig. 3, in which 1 
indicates a trapezoidal shaped sheet of metal 
having the base 2 and the Opposite parallel side 
3, while the two non-parallel sides are indicated 
at 4 and 5 and are shown here as sides of a reg 
ular trapezoid forming angles with the base 2. 
This sheet 1 is then subdivided by cuts 6 extend 
ing parallel to the base, whereby strips 7 of 
unequal length are produced. The strips cut 
from adjacent the base 2 are considerably longer 
than those cut from that portion of the sheet 
which is adjacent the opposite parallel side 3. 
These strips 7, however, also are cut of non 
uniform width, each strip having equal width 
throughout its length, but the longer strips be 
ing narrower than the shorter ones. All of the 
strips 7 produced in this manner are similar to 
each other but have different length at the base 
line and also different height. 
The strips may then be piled on each other in 

such manner that the shortest and widest strip 
7 is at the bottom of the pile, the other strips 
being superimposed so that the narrowest and 
longest strip constitutes the top of the pile. This 
entire stack of strips may then be held together 
in a suitable way by wires or the like, not illus 
trated in the drawings. This stack is then bent 
into the form of a loop, the bending force being 
exerted in a direction at right angles to the 
planes of the greater transverse dimension of the 
strips or laminae, so that the greater transverse 
dimensions of the laminae will be, in the com 
pleted core, substantially concentric with the coil 
instead of radial with respect to the coil as here 
tofore and the narrowest and longest strip will 
be located at the Outer perimeter of the loop, 
while the shortest and broadest strip will con 
stitute the inner perimeter, the intermediate 
strips by their assembly forming the body of 
the loop. The opening of the loop may be cir 
cular or of any other desired formation, COrre 
sponding preferably to the cross-sectional con 
tour of the coll to be placed in the core window 8. 
The ends of the individual strips are placed in 
overlapping relation, as clearly shown at 9 in 

1,988,140 
Fig. 6, of the drawings. The proportion of the 
parts is selected in such manner that the extent 
of the overlap 9 is approximately the same with 
all of the strips or gradually converging either 
Way. 

It will, furthermore, be noted that owing to 
this overlap of the projecting ends and the inter 
linkage of these ends with the strips, the leg 10 
of the loop containing two overlapping portions 
9 of each strip will have a thickness about twice 
as great as the other leg 11 in which this section 
is formed of the central portions of the strips 
Only. 
The sections having been assembled and bent 

as above described are held together by suitable 
elements, such as clamps or steel wire (not 
shown) to prevent their deformation, and in this 
condition the various sections are annealed. The 
bending of the individual strips is somewhat in 
jurious to the electric characteristic of the iron, 
and this detrimental effect of the bending opera 
tion is eliminated by the annealing operation 
which takes place after the strips have been bent 
to shape. 

Several of these core sections S each composed 100 
of a plurality of strips 7 bent into loop shape, 
may then be assembled to form a star or cross 
shaped transformer core C, Fig. 2. The central 
part of the core will be constituted by the inner 
legs 11 of the sections S, which inner legs in 105 
cross-section are reduced towards the outer per 
imeter of each loop. This assembly is indicated 
in Fig. 2, where it is shown that the inner legs 
11 are placed in close relation to each other, 
leaving between them and the outer legs of the 110 
same section, a window through which the trans 
former coil 12 may be placed. 
In order to facilitate the winding of the coil 

12 in the assembled core, the outer legs 10 of 
the section S are opened, this is accomplished 115 
by means of a suitable clamping device Such as 
shown in Figs. 7 and 8 of the drawings, which 
comprises spaced apart disk members 13 convex 
shaped and so proportioned that the "opening' 
stresses do not exceed the elastic limit, these 120 
members are connected together by means of the 
centrally disposed bolt 14, which projects through 
the center of the core. After the assembled Sec 
tions are placed in position in the clamping de 
vice, the ends of the laminations are bent out 
wardly against the face of the members 13 to 
form open loops in which the coil may be wound, 
the laminations being held in this position by 
means of clamps comprising spaced apart bolt 
members 15, the upper ends of which are hook 130 
shaped to accommodate a cross member 16, the 
lower end of the bolts being preferably thieaded 
and are provided with conventional nuts for ad 
justment, a suitable crank (not shown) being 
provided for turning the device so that the wind- c.5 
ing of the coil is facilitated. After the coil 12 
of the transformer has been positioned, the 
portions of the legs which were “opened' are 
returned again to their original position, and 
secured therein, and in that way the section is 40 
closed. 

It will therefore be obvious that for a given 
core section and required window space for the 
coil that the weight of the iron copper and in 
sulation is materially reduced, it further serves 145 

80 
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to eliminate scrap which is unavoidable with 
L-shaped laminations Or laminations consisting 
of a pair of spaced legs, and it is obvious that 
also the production of the core from these trape 
Zoid shaped strips eliminates the necessity of 50 
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using dies for cutting the laminations. The 
trapezoidal sheet may be subdivided automati 
cally into strips of gradually decreasing length 
and proportionately increasing width by a sin 
ple automatic attachment which can readily be 
secured to an ordinary shears, and which affects 
the feeding of the material to the tool. 

It is also obvious that OWing to this construc 
tion of the core, the number of the pieces is re 
duced as compared with the present-day con 
struction, and that in this manner it is feasible 
to obtain Satisfactory results with less material 
or better results With the same amount of ma 
terial that went heretofore into the construc 
tion of the cores. 
The assembly of the strips also can be carried 

out in less time and With less labor than the as 
Sembly of laminations having irregular shapes. 
The reduction of the cross-section of the core in 
Width towards the center of the transformer also 
induces a more uniform and better radiation of 
heat, because joints are eliminated and better edge 
presentation to cooling oil is provided. The as 
sembled core is more accessible for repairs, and 
the opening of the loop where it should become 
necessary, would require less effort than the sep 
aration of sheets which are inserted between the 
free ends of the legs of laminations as has been 
done in standard practice. 
The coils are Wound into the loops after they 

have been opened to the desired extent, thereby 
removing the Space factor and inducing a greater 
rigidity than was known heretofore. The pro 
vision of these loops also make it possible to place 
insulating material against the laminations on 
the inner perimeter, permitting the insulating 
material to project beyond the coils. 
What I claim is:- 
1. The method of making the magnetic core 

of a transformer, consisting of forming a plu 
rality of loops each composed of laminae, or strips 
bent to required form, assembling the loops so 
that their inner legs are proximate to one an 
Other, opening the outer legs of the loops, wind 
ing the coil on the inner legs of the loops through 
the open outer legs thereof and restoring the 
Outer legs of the loops to their initial closed 
Condition. 

2. The method of making the magnetic core 
of a transformer, consisting of forming a plus 
rality of loops each composed of laminae, bent so 
that the minor portion of the metal is at the 
long perimeter thereof, assembling the loops so 
that their inner legs are proximate to one an 
other, opening the outer legs of the loops, wind 
ing the coil on the inner legs of the loops through 
the open outer legs thereof, and restering the 
Outer legs of the loops to their initial closed con 
dition and arranging the ends of each laminae 
in Overlapping relation. 

3. The method of forming a loop, for the 
magnetic core of a transformer, consisting in ar 

3 
ranging a plurality of strips in superimposed re 
lation and bending said strips so that the inter- . 
mediate portions of the strips form an inner 
COre leg and the Outer portions of the strips 
form an openable Outer core leg, Franging the 
ends of each strip in Overlapping relation, and 
annealing the bent strips. 

4. The method of making the magnetic core 
of a transformer, consisting of forming a plu 
rality of... loops each composed of strips bent So 
that the minor portion of the metal is at the long 
perimeter of the loop, and so that the inter 
mediate portions of the strips form an inner 
COre leg, and the Outer portions of the strips 
form an openable outer core leg, arranging the 
ends of each strip in Overlapping relation, and 
then annealing the bent strips. 

5. A transformer core comprising an assembly 
of loops composed of laminae of progressively 
Varying Widths and lengths, said lamine being 
bent in the direction at right angles to the planes 
of the greater transverse dimensions of the 
lamine, and so that the minor portion of the 
metal is at the long perimeter of the loop. 

6. A core as claimed in claim 5, in which the 
intermediate portions of the laminae form a con 
tinuous inner leg and the end portions of the 
lamine form an openable outer leg. 

7. A core as claimed in claim 5, in which the 
intermediate portions of the laminae form a con- 105 
tinuous inner leg and the end portions of the 
laminae form an openable outer leg, and the end 
portions of each laminae being arranged in over 
lapping relation. w 

8. A transformer core comprising a plurality of 110 
loops each composed of laminae of varying widths 
and lengths, producing in the complete core a 
CrOSS Section of substantially triangular shape 
With the major part of the metal at the short 
perimeter of the loop, and a coil inter-linked 15 
With the loop of the core. 

9. A transformer core comprising a plurality 
of loops each composed of laminae bent in the 
direction at right angles to the planes of the 
greater transverse dimensions of the anninae, said 120 
laninae progressively diminishing in width from 
the inner to the outer perimeter of the loop. 

10. A transformer having the cross section of 
its core divided into sections, each of said sec 
tions being composed of aminae or strips, the 125 
narroWest and longest strips being at the center 
of the combined cross section, said strips gradual 
ly widening as they approach the rim of the coil 
opening. 

11. A transformer having the cross section of 130 
its core divided into sections, each of said sec 
tions being composed of laminae or strips of 
varying widths and lengths, the narrowest and 
longest strips being at the center of the com 
bined cross section, said strips gradually widen 35 
ing as they approach the rim of the coil opening. 

WENDOLYN F. CAEKE, 
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