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1. 
My invention relates to electromagnetic in 

duction apparatus, to a core of the curved iron 
type, and to methods of producing such a core 
and an assembled magnetic core and winding 
for such an apparatus. 

Heretofore it has been known that an assen 
bled electromagnetic induction apparatus in 
cluding a preformed conductive winding struc 
ture and core erefor may be formed by pro 
viding two generally U-shaped core members of 
curved or bent *::p of magnetic material and 
assembling the two U-shaped members with 
winding legs passing through the window of the 
conductive winding structure and a butt joint 
being provided between adjacent ends of the 
U-shaped core members. However, such a butt 
joint construction has a relatively high loss at 
the joints when compared with the loss in the 
remainder of the core structure even when pains 
are taken to cut a toroidally shaped wound core 
to produce a relatively good joint. A core may 
also be formed by assembling a plurality of 
magnetic sheets from two stacks to provide a 
pair of U-shaped core members and applying 
preSSure to the assembled cores So that the ad 
jacent ends of the sheets will provide a rela 
tively tight butt joint. Such a core construction 
is described and claimed in my application Serial 
No. 538,303, filed June 1, 1944, and assigned to 
the same assignee as this present invention. In 
order to provide a still lower loss joint the sheets 
may be So cut as to provide a Scarfed butt joint 
and also the sheets may be so assembled as to 
provide an overlapping scarfed butt joint. This 
overlapping may be accomplished by peripherally 
displacing adjacent sheets. Such a method of 
assembling magnetic sheets to provide a core of 
the curved iron type being described and claimed 
in my copending patent application Serial No. 
536,748 filed May 22, 1944, now Patent No. 
2,456,457, and assigned to the same assignee as 
this present invention. 

However, as mentioned in both of my above 
mentioned applications when two U-shaped core 
members are provided with an overlapping butt 
joint in the winding legs, unless the various 
layers are made Sufficiently thick, some diff 
culty may be encountered in pushing the two 
U-shaped core members together as a unit so 
that the projecting ends fit into the desired 
place between adjacent ends of layers in the 
other U-shaped core member. For example, if 
a plurality of sheets are used of relatively thin 
material and an overlapped butt joint is desired 
in the winding leg then when the two U-shaped 
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2 
members are pushed together in a direction sub 
stantially in the plane of the sheets in the leg, 
the ends may buckle rather than interfitting to 
provide a staggered Or Overlap butt joint, 

It is therefore an object of my invention to 
provide an improved core construction of the 
curved iron type in which an overlap butt joint 
may be obtained within the winding leg which 
is efficient in operation and which may be con. 
veniently and simply manufactured. 
A further object of my invention is to provide 

an improved method of forming a core of the 
Curved iron type. 
A still further object of my invention is to 

provide an improved method of producing an 
assembled magnetic core and a conductive wind 
ing structure for an electromagnetic induction 
apparatus. 

Further objects and advantages of my inven 
tion will become apparent from the following 
description referring to the accompanying draw 
ing, and the features of novelty which charac 
terize my invention will be pointed out with 
particularity in the claims annexed to and 
forming a part of this specification. 

In the drawing Fig. 1 is a perspective view of 
an electromagnetic induction apparatus such as 
a transformer which is provided with an em 
bodiment of my invention; Fig. 2 is a top view of 
one sheet which is employed in one of the core 
portions of Fig. 1; Fig. 3 is a stack of magnetic 
sheets which is employed to produce one of the 
U-shaped core members which forms one of the 
cores of Fig. 1; Fig. 4 is a stack of magnetic 
sheets of Fig. 3 being assembled to produce an 
overlap Scarfed butt joint; Fig. 5 is a perspec 
tive view of the stack illustrated in Fig. 4; Fig. 
6 is a view of the stack of magnetic sheets of 
Figs. 4 and 5 before the stack is bent to produce 
a U-shaped core construction; Figs. 7 and 8 
illustrate the stack of magnetic sheets of Fig. 6 
during StepS in the production of a U-shaped 
core member; Fig. 9 is a perspective view of two 
U-shaped core members before being assembled 
around a conductive winding structure; Fig. 10 
is a Sectional Side elevation of the transformer 
construction in Fig. 1 with one of the cores hav 
ing been assembled around one winding leg and 
the other core during the process of assembly; 
Fig. 11 is a stack of sheets of magnetic material 
which is used to produce a modification of my 
invention; Fig. 12 illustrates two U-shaped core 
members which are produced from stacks of the 
type illustrated in Fig. 11; Fig. 13 is a sectional 
side elevation illustrating a modification of my 
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invention, and Fig. 14 illustrates my invention as 
applied to a scarfed butt joint. 

Referring to Fig. 1 of the drawing I have illus 
trated an electromagnetic induction apparatus 
such as a transformer having a winding with 
a core formed of generally U-shaped portions 2 
and 3 surrounding a leg 4 of the winding and a 
similar core formed of core portions 5 and sur 
rounding another leg 7 of the conductive wind 
ing structure . Although two cores are pro 
vided around two legs of a conductive winding 
structure in Fig. 1 it will be understood that my 
invention may be employed with any suitable 
number of cores surrounding any suitable num 
ber of conductive winding structures. 
As will be seen in Fig. 1, each of the core por 

tions 2, 3, 5, and 6 is a generally U-shaped core 
portion and butt joints 8 and 9 of the type which 
will be described in detail below are provided 
between the core portions 2, and 3, and 5 and , 
respectively. 

In order to produce the core portions illus 
trated in Fig. 1 I provide a plurality of sheets 
o, one being shown in Fig. 2. These sheets of 

magnetic material may be formed of any suitable 
material such as highly directional strip steel 
having the most favorable magnetic direction 
running longitudinally of the sheets. Since a 
stack of sheets of the type illustrated in Fig. 2 
are bent into the form of a U-shaped core men 
ber it will be understood that the layer at the 
outer perimeter of the core will be longer than 
the layer adjacent the inner perimeter of the 
core, the difference in length being proportional 
to the thickness of the core member. 
therefore to produce a joint construction 8 which 
runs generally in a direction perpendicular to 
the plane of the magnetic sheets in the legs of 
the U-shaped core members rather than produc 
ing a scarfed joint, the sheets are of progressively 
increasing length, that is the longest sheet will 
be at the outer periphery and the shortest sheet 
will be at the inner periphery. A stack of such 
sheets is illustrated in Fig. 3 and indicated gen 
erally by the numeral f. Thus the longest sheet 
O is at the top of the stack and the shortest 

sheet 2 is in the bottom of the stack, and it 
will be understood that a designer given the size 
of the finished core may calculate the desired 
length of each of the sheets which will be used : 
to produce the finished U-shaped core portion. 
As has been mentioned above, when two U 

shaped core members are assembled with a con 
ductive winding structure and an overlap joint 
is provided, care must be taken during assembly 
in order to See that the adjacent ends of the 
sheets of the two U-shaped members return to 
their desired position. In order to provide a joint 
which will facilitate the assembly of two U 
shaped core members having joints in the legs, 
the ends of the sheets are cut diagonally with 
respect to the longitudinal axis of the sheets and 
the sheets are also peripherally displaced so as 
to provide overlapping butt joints so that when 
the ends of the two U-shaped core members 
approach each other, angularly extending edges 
will be the first to become contiguous, and I have 
found that this thereby considerably facilitates 
the assemblage of the core members. Referring 
to Fig. 2, it will be seen that the sheet e is pro 
vided with edges 3 and 4 which extend diag 
onally with respect to the longitudinal axis as 
well as extending diagonal with respect to the 
path of the most favorable magnetic direction of 
the sheet. It will be seen that the other sheets 
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4. 
in the stack illustrated in rig. 3 also have edges 
which have planes which are parallel to the 
planes of the edges and 4, the difference be 
tween the various sheets being that they are of 
progressively different lengths. These sheets 
may be formed in any suitable manner such as 
by cutting by hand from a strip or by cutting 
on a suitable index shearing machine such as of 
the type described in my copending application 
Serial No. 539,255, filed June 8, 1944, now Patent 
No. 2,369,617, and assigned to the same assignee 
as this present invention. 

In order to stagger the adjacent edges of con 
tiguous layers which produce the U-shaped core 
members the various layers or sheets are longi 
tudinally displaced, as will be seen in Figs. 4 and 
5. In order to facilitate this longitudinal dis 
placement it will be seen that the magnetic sheet 
0 in Fig. 2 is provided with holes S and B ad 

jacent the opposite ends thereof. Furthermore, 
the holes and are spaced different distances 
from the adjacent edges, the hole U being rela 
tively close to the edge 8 while the hole is 
relatively further from the edge 4, and it will 
become apparent as the description proceeds that 
the difference between the distances of the holes 

and from their adjacent edges determines 
the amount of overlap between adjacent joints in 
the finished core. Furthermore, the various 
other sheets of the stack it are also provided 
with holes similar to the holes S and B with 
those holes also being a similar distance from 
the edges of those sheets as the holes S and B 
are from the edges 3 and 14, respectively of the 
sheet ), 

In order to stagger the joints the various sheets 
of the stack are assembled by reversing adja 
cent sheets as will be illustrated in Figs. 4 and 5. 
Thus the sheet f will be assembled with its hole 

at one end of the stack, for instance, at the 
left of the stack illustrated in rigs. 4 and 5, while 
the next adjacent sheet will be assembled with 
its hole adjacent the right of the stack illus 
trated in Figs. 5 and 6. This will be seen more 
clearly in Fig. 6, in which the sheet D is pro 
vided with a hole thereof adjacent the left of 
the stack while the next adjacent sheet T is pro 
vided with a hole in registry with the hole B. 
In this manner it will be seen that the sheets 
and are peripherally displaced, or an edge 3 
of the sheet f overhangs an edge of the sheet 

. It will be understood that the relative ar 
rangements of the stacks illustrated in Figs. 4 
and 5 are included for the sage of clarity, as it 
will be understood that in the production of the 
Core members the sheets may be taken from a 
stack as illustrated in Fig. 3 and restacked di 
rectly into a stack as illustrated in Fig. 6. Any 
suitable number of sheets may be used to produce 
the layers f and T depending on the thickness 
of the sheets, and when 10 mill sheets are used 
three sheets in each layer is a suitable number. 

In order to facilitate the stacking, the sheets 
may be stacked by passing a pin through the 
adjacent holes. A dot dash line 2 is shown ad 
jacent the opposite end of the sheets to illus 
trate how the holes at this end of the sheets line 
up when the sheets are stacked in the manner 
illustrated in Fig. 6. 

In order to facilitate the bending or curving of 
the sheets into a substantially U-shaped core 
portion, adjacent ends of the sheets as is illus 
trated in Fig.6 may be placed between mandrels 
2 and 22, and with the mandrels 2 and 22 
clamped tightly to the opposite sides of the stack. . 
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The mandrel 2 may then be rotated on a shaft. 
23 and the sheets forced against a relatively sta 
tionary pin 24. Upon rotating the mandrel 
through approximately 90 degrees as is illustrated 
in Fig. 7, the sheets will be bent sufficiently so 
that a pin 25 may be passed through the holes 
at the free ends of the sheets, The sheets may 
be further bent then until the pin 25 extends 
through corresponding openings in the mandrels 
2 and 22, at which time the pin 9 may be re 
moved. A third mandrel 26 may then be 
clamped adjacent the remaining surface of the 
sheet so that the sheets are relatively tightly 
held in the manner as is illustrated in Fig. 8. 
In order to remove the deleterious strains 
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5 
caused by the bending of the sheets as well as 
to give the sheets a permanent set in the position 
as is illustrated in Fig. 8, the bent sheets with 
the three mandrels may be placed in a furnace 
and annealed in this condition, or two U-shaped 
core members may be assembled and then an 
nealed in this condition, 
Upon removal of the sheets from the annealing 

oven rivets 27 may be placed in the holes of the 
sheets which are in registry so as to relatively 
tightly hold the sheets in the same relative po 
sition which they had when they were removed 
from the annealing oven. 

In order to assemble the U-shaped core por 
tions with the conductive winding structure 
they may be passed through the windows in the 
manner illustrated in Fig. 10. Thus the U 
shaped core portions 2 and 3 have been assemi 
bled around the legs 4 of the winding while 
the U-shaped core portions 5 and 6 are in the 
process of being assembled around the winding 
leg 7. 

I have found that when core portions of the 
type illustrated in Fig. 10 are assembled with a 
preformed conductive winding structure, that 
since the edges of the adjacent sheets of the two 
core portions are angularly arranged with respect 
to each other, when the sheets are pushed to 
gether in a direction parallel with the planes of 
the sheets in the legs, the extending corners 28 
and 29 will be the first to become contiguous, as 
will be seen from an inspection of Fig. 9, and I 
have found that it is much easier to assemble 
such U-shaped core portions to provide an over 
lap joint when diagonally extending edges are the 
first to come together. 

20 

25 

30 

35 

40 

50 

In the cores described above, the adjacent , 
sheets are longitudinally displaced so that the 
corresponding ends of adjacent sheets of each of 
the U-shaped core members are spaced from each 
other. It will be understood, however, that the 
corresponding edges of the adjacent sheets may 
be placed in any suitable relationship to each 
other, and in Fig. 11. I have illustrated a stack of 
sheets of magnetic material in which the sheets 
are so stacked that the adjacent edges of the 
sheets cross each other in the vicinity of the mid 
dle of each of the sheets. The stack of sheets 
illustrated in Fig. 11 are formed of sheets similar 
to that illustrated in Fig. 3 except that the holes 
are placed the same distance from the adjacent 
edges rather than different distances as is illus 
trated in Figs, 2 and 3. Thus a layer 30 is pro 
vided and the adjacent layer 3 is similar to the 
layer 30 except that it is laterally reversed, or 
flopped over. It will be understood, of course, 
that the layer 3 is slightly longer than the layer 
30 in order to produce joints which run generally 
from the inner surface of the final core to the 
Outer Surface in the same general plane. The 
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layers 3 and 3 may include any suitable number 
of sheets. 
The stack of sheets of Fig. 11 may be bent in 

mandrels in the same manner as described above 
in connection with Figs. 6, 7 and 8, so as to pro 
duce a core portion 2 as is illustrated in Fig. 
12. Fig. 12 also illustrates a similar core por 
tion 3. The cores, of course, after they have 
been bent to the position to assume the shape 
they will have in the finished apparatus may be 
annealed and after removal of the strain relief 
anneal may be assembled around a conductive 
winding structure. The cores may also be as 
Sembled, annealed, and then disassembled and 
tembed around a conductive winding struc 

e. 

In Fig. 13 I have illustrated the core portions 
2 and 3 except that guide members are placed 
adjacent the inner and outer surfaces of each 
of the legs of the U-shaped core portion 2. These 
guide members 34 may be formed of any suitable 
material such as steel and they may be sup 
ported through the rivets 27. It will be under 
stood that when the core portions 2 and 3 are 
assembled around the leg 4 of the conductive 
winding structure that the guide members 34 
will facilitate the assembly so that the adjacent 
ends of the sheets of the two U-shaped portions 
will be placed in the desired relative positions 
as illustrated in Fig. 13. 

In Fig. 14 I have illustrated a core construc 
tion having the same general type of joint as that 
shown in Fig. 12 except that the joint progresses 
diagonally from the inner layer to the outer layer 
rather than progressing in the same general 
planes. This type of scarfed butt joint is ob 
tained by providing two groups of magnetic 
sheets of suitable lengths and for one type of 
scarfed joint one group of sheets may have pro 
gressively different lengths and the other group 
the same length. The core of the type shown 
in Fig. 14 may be formed and assembled in the 
manner described above in connection with Figs. 
1 through 10. 
Although I have shown and described particu 

lar embodiments of my invention, I do not desire 
to be limited to the particular embodiments de 
scribed, and I intend in the appended claims to 
cover all modifications which do not depart from 
the spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. The method of forming a core of the curved 

iron type for an electromagnetic induction ap 
paratus including the steps of Cutting from a 
strip of magnetic material a plurality of accu 
rately precut length sheets with edges diagonal 
with the longitudinal axis of the sheets, assem 
bling the sheets into a stack so that adjacent ends 
of sheets are angularly arranged with respect to 
each other and flatwise bending the sheets so 
that the stack has the configuration of the fin 
ished core. 

2. The method producing an assembled mag 
netic core and winding for an electromagnetic 
induction apparatus including the steps of cut 
ting a magnetic strip diagonally crosswise with 
respect to the longitudinal axis of the strip into 
a plurality of sheets, assembling the sheets into 
two packets in which certain of the sheets are 
reversed end for end relative to the others, and 
forming them into a pair of generally U-shaped 
core portions, annealing the core portions, and 
assembling the U-shaped core portions with a 
coil winding structure and with Corresponding 
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diagonally cut ends of sheets of the core por 
tions substantially abutting each other to form 
a close core around the coll winding structure. 

3. The method of producing an assembled mag 
netic core and winding for an electromagnetic 
induction apparatus including the steps of cut 
ting a magnetic strip diagonally crosswise with 
respect to the longitudinal axis of the strip into 
a plurality of sheets, stacking the sheets into a 
pair of stacks by reversing adjacent sheets of 
cach stack, flatwise bending said stacks into 
curved core portions, annealing the pair of stacks, 
and assembling with a coil winding structure with 
corresponding diagonally cut ends of sheets of 
the stacks substantially abutting each other to 
provide a relatively low loss joint between the 
stackS. 

4. The method of producing an assembled mag 
netic core and winding for an electromagnetic 
induction apparatus including the steps of cut 
ting magnetic strip material diagonally cross 
wise with respect to the longitudinal axis of the 
strip into a plurality of sheets with adjacent cuts 
substantially parallel to each other, stacking the 
sheets into a pair of stacks by reversing adjacent 
sheets of each stack, flatwise bending said stacks 
into curved core portions, annealing the pair of 
stacks, and assembling with a coil winding struc 
ture with corresponding diagonally cut ends of 
sheets of the stacks substantially abutting each 
other to provide a relatively low loss joint be 
tween the stacks. 

5. The method of producing an assembled mag 
netic core and winding for an electromagnetic 
induction apparatus including the steps of cut 
ting magnetic strip material diagonally crosswise 
with respect to the longitudinal axis of the strip 
into a plurality of sheets, stacking the sheets 
into a pair of stacks by reversing and longitudi 
nally displacing adjacent sheets of each stack, 
flatwise bending said stacks into curved core por 
tions, annealing the pair of stacks, and assen 
bling with a coil winding structure with corre 
sponding diagonally cut ends of the sheets of 
the stacks substantially abutting each other to 
provide a low loss butt overlapped joint between 
the stacks. 

6. The method of producing an assembled mag 
netic core and winding for an electromagnetic 
induction apparatus including the steps of cut 
ting magnetic strip material diagonally cross 
wise with respect to the longitudinal axis of the 
strip into a plurality of sheets, providing adjacent 
cuts substantially parallel to each other, stack 
ing the sheets into a pair of stacks by reversing 
and longitudinally displacing adjacent sheets of 
each stack, flatwise bending said stacks into 
curved core portions, annealing the pair of stacks, 
and assembling with a coil winding structure with 
corresponding diagonally cut ends of the sheets 
of the stacks substantially abutting each other to 
provide a low loss butt overlapped joint between 
the StackS. 

7. The method of producing an assembled mag 
netic core and winding for an electromagnetic 
induction apparatus including the steps of cut 
ting magnetic strip material diagonally crosswise 
with respect to the longitudinal axis of the strip 
into a plurality of sheets, providing adjacent cuts 
substantially parallel to each other, stacking the 
sheets into a pair of stacks by reversing adja 
cent sheets of each stack, forming the stacks 
into a pair of generally U-shaped core portions, 
annealing the core portions, and assembling the 
U-shaped core portions with a coll winding struc 
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ture by pressing the ends of the U-shaped core 
portions so that adjacent sheets come together 
with the angularly cut ends becoming contigu 
OS, 

8. The method of forming a core for an elec 
tromagnetic induction apparatus including the 
steps of cutting magnetic strip material into a 
plurality of sheets, providing the sheets with holes 
in the vicinity of the ends of the sheets and 
with the holes adjacent opposite ends of the 
sheets different distances from the adjacent ends, 
stacking the sheets by longitudinally reversing 
groups of adjacent sheets and aligning holes of 
the sheets adjacent one end of the stack, passing 
a pin through said aligned holes, and flatwise 
bending Sald sheets into their final shape in said 
COre, 

9. The method of making a laminated mag 
netic core with a low reluctance joint which is 
easily opened and closed including the steps of 
providing a plurality of different length strips 
of magnetic material whose ends are all cut on 
the same bias angle, stacking said strips in the 
order of their length with alternate groups of 

5 adjacent strips reversed so that their ends are 
at an angle with each other, simultaneously flat 
wise bending said strips into the final shape they 
will have in Said core, and setting said strips in 
that shape by strain relief annealing them. 

10. In a normally closed bent iron magnetic 
core, at least one core joint between parallel core 
Sections which is Openable as a unit for the pur 
pose of linking said core with a preformed con 
ducting winding, said core joint being a series 

5 of staggered butt joints between ends of the core 
laminae, the even-numbered butt joints being 
parallel with each other, the odd-numbered butt 
joints being parallel with each other and mak 
ing an angle with the even-numbered butt joints 
whereby closure of said core joints is facilitated by 
initial point contact of overlapping laminae, the 
odd- and even-numbered butt joints extending 
diagonally in One continuous straight line across 
the ends of their respective laminae at equal and 
Opposite angles relative to the center lines of the 
laninae, the odd- and even-numbered butt joints 
crossing each other at the longitudinal center 
line of their respective laminations, the crossing 
points of successive butt joints progressing cir 
cumferentially and through said core. 

11. In a normally closed laminated bent iron 
magnetic core, at least one core joint between par 
allel core sections which is open able as a unit 
for the purpose of linking said core with a pre 
formed conductive winding, said core joint being 
a series of staggered unbroken straight line butt 
joints between ends of the core laminae, adja 
cent ones of Said butt joints making different 
angles with the center line of their respective 
laminae whereby closure of said joint is facili 
tated by initial point contact of overlapping lami 
nae, each of said staggered butt joints including 
a plurality of adjacent superposed laminations. 

12. In a normally closed bent iron magnetic 
core, at least one core joint between parallel core 
sections which is openable as a unit for the pur 
pose of linking said core with a preformed con 
ducting winding, said core joint being a series 
of staggered butt joints between ends of the core 
laninae, the even-numbered butt joints being 
continuous straight line parallel with each 
other, the odd-numbered butt joints being con 
tinuous straight line parallel with each other and 
making an angle with the even-numbered butt 
joints whereby closure of said core joints is fa 
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cilitated by initial point contact of overlapping 
laninae, each of said odd- and even-numbered 
butt joints including a plurality of adjacent su 
perposed laminations. 
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