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My invention relates to electromagnetic in 

' duction apparatus and magnetic cores of the 
curved iron type, to a method of producing the 
core, and to a method of producing the aSSem 
bled magnetic core and winding for the appa 
ratyuS. ^ 

Electromagnetic induction apparatuS have 
{ been formed with cores of a plurality of aSSem 
\bled flat punchings, or of a curved or bent strip 
of magnetic material, or of bonded powdered 
ion. The powdered iron type core has usually 
been used in high frequency apparatus, the 
wound core type has been used in the Smaller 
distribution type transformers, and the flat lam 
inated type has been used in the larger distribu 
tion transforners and power transformerS. 
In my application S. N. 5:36,748, filed concur 

rently herewith and assigned to the Same aS 
signee as this present invention, I haVe de 
scribed and claimed a curWed iron type core for 
electromagnetic induction appartus which may 
be efficiently applied to a relatively wide range 
of transformer sizes. This cur'Wed iron type core 
includes generally the use of a plurality of sheetS 
of magnetic material formed of magnetic Strip 
having the most favorable magnetic direction in 
line with the fluX path and aSSembling the 
sheets, which sheets are assembled and given the 
shape the core will have in the finished appara 
tus. The core is then annealed in this position, 
and assembled around a preformed conductive 
winding structure with a minimum of flexure 
of the magnetic SheetS. My improWed curwed 
iron type core and method of forming the core 
which forms the Subject matter of the present 
application may be employed to produce any 
suitable type of joint, construction, and in cer 
tain types of electromagnetic inductiora appara 
tus, such as reactors, it is desirable to have both 
an air gap and an overlapped or staggered butt 
joint, and it is therefore a general object of my 
invention to provide an improwed electromag 
netic induction apparatus which Will have an 
air gap in one leg and an overlap joint in an 
other leg. 
A further object of my invention is to prowide 

an improved method of forming a curved iron 
type core for an electromagnetic induction ap 
paratus. 
A still further object of my invention is to 

provide an improved method of producing an 
assembled magnetic core and winding for an 
electromagnetic induction apparatus. 

Further objects and advantages of my inven 
| tion will become apparent from the following 
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description referring to the accompanying 
drawing, and the features of nowelty which char 
acterize my imWention will be pointed out, with 
particularity in the claims annexed to and form 
img a, part of this specification. ? 

Referring to the drawings, Fig. 1 illustrates a 
perSpective WileW of a transformer Which is pro 
wided with an embodiment, of my invention; 
Fig. 2 is a perspective wiew of the two groups of 
magnetic Sheets to form each of the cores of 
Fig. 1, and a ring within which the sheets from 
each of the groups are assembled; Fig. 3 illus 
trates the laminations assembled in the ring of 
Fig. 2; F'ig., 4 is a fragmentary wiew of the r;hag 
hetic Sheets expanded with the adjacent ends of 
the laminations in general abutting relation; 
Fig. 5 is an exploded perspective view of the 
aSSembled magnetic Sheets and the form used 
to expand the core; Fig. 6 illustrates the core 
during a further step in giving the core the 
Shape it will have in the finished apparatus; 
Fig. ' is a side view of the core in the shape it 
haS when inserted into an annealing furnace; 
Fig. 8 illustrates the reactor of Fig. 1 with one 
core aSSembled around one of the legs of the 
Winding and the other core in the process of 
being assembled, and Fig. 9 illustrates an elec 
tromagnetic apparatus with the sheets hawing a 
nodified joint construction. 

Referring to Fig. 1 of the drawings, I have illus 
trated an electromagnetic induction apparatus 
including a preformed conductive winding struc-- 
ture l With coreS 2 and 3 passing through the 
Window of the winding and surrounding legs 
thereof. A core clamp is provided in the form 
of U-shaped bars 4 and 5, which are placed on 
either Side of the cores and forced together by 
boltS 6. 

In the construction illustrated in Fig. 1, two 
cores are provided with legs passing through 
the winding window, but it is to be understood 
that any suitable number of cores may be em 
ployed. AS Will be seen more clearly in Fig. 8, 
each of the cores 2 and 3 includes two J-shaped 
core p\`ortions ' and 8 with air gaps 9' between 
the adjacent ends of the leg portions 9 and 10 
within the winding window and overlapping or 
Staggered butt, joints I f’ between the outer leg 
portionS 4 l and 12. Such a construction may 
be employed with any suitable type of electro 
magnetic induction apparatus but, this construc 
tion has particular application to a reactor. 
Since each of the cores 2 and 3 are similar, only 
one will be described below in connection with 
FigS 2 through '. 
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fn order to produce the magnetic core 2, I 
provide two groups of sheets of magnatic mate 
rlal, the groups being indicated generally by the 
numerals 3 and f4 in Fig. 2. The magnetic 
sheets may be formed in any suitable manner 
such as by cutting from magnetic strip material 
having the most .. favorable magnetic direction 
longitudinally of the strip. Furthermore, as 
will be seen from Frig. 28, the magnetic sheetS are 
cut of progressively different lengths. 
given the size of the core, its configuration in the 
conpleted apparatus and the relative position 
of the joints, the perlpheral distance of each of 
the sheets for the layer may be determined. The 
sheets may be cut by hand to the predetermined 
length or they may be cut on an index Shearing 
machine of the type described and clained in. 
ny patent application S. N. 539,255, filled June 8, 
1944, now patent, No. 2,369,617, and assigned to 
the same assignee as this present invention. 
The groups of sheets [3 and l4 illustrated' in 

F"lg. 2 may be assembled in any Suitable manner. 
to produce my improved core and I have illuS 
trated in Frig.2 a band I into which the Sheets ? 
may be assembled to produce the core. The ma 
chine including this band upon which the lami 
nations are assembled is described in further de 
tail in my application S. N. 536,748, which haS 
been referred to above. 

In order to assemble the various Sheets from 
the groups 3 and 4 into the band, the longest 
sheet, 6 from the group f4 is inserted inside 
the band by bending it sufficiently so as to gen 
erally follow the contour of the inside Surface 
of the band. In order to facilitate assembly of 
the various sheets inslde the band l9, pinS fil and 
6} are anchored in plate [9 and extend inward. 

It will also be seen that the various Sheets which 
make up the group l4 each have an opening 20 
positioned slightly from one end thereof. Thus 
upon introduction of the sheet, {6 within the 
band the pin { is passed through the Opening 
20. A corresponding sheet 2f of the group l is 
then remowed and introduced into the band lb 
so that, in the finished core the sheet l6 from the 
group f4 and the corresponding sheet 2f from the 
group i3 will make one complete layer. Refer 
ring to F'ig. 4, it will be seen that an end 22 of 
the Sheet, I6 will abut the corresponding end 23 of . 
the Sheet, 2. However, for convenience in as 
sembly the ends 22 and 29 of the sheets 16 and 
2, respectively, are allowed to stay in overlap-- 
plng relation until any suitable number are as 
sembled. The sheets, however, may be made to 
have the ends 22 and 29 butt against each other 
by expanding and curwing them sufficiently when 
they are inserted within the ring. 
AS will be seen, particularly in relation to Figs. 

3 and 4, the total length of the Sheets [6] and 2 
make up one complete layer with the ends 22 and 
23 in abutting relation, and the opposite ends 2 
8and 25 also in abutting relation or with a gap 
therebetween, as desired. It will be noted, how 
ewer, that the ends 22 and 23 are not placed d1 
rectly opposite the gap between the ends 24 and 
25, and aSSuming that the gap made by the ends 
24 and 25 will be in approximately the center 
of the leg 9-10, the joint, between the ends 22 
and 23 as shown in Figs. 3 and 4 will be dis 
placed slightly to the right of the center line 26. 
The joint between the ends 22 and 23 may be 
displaced any Suitable amount by merely warying 
the relatiWe lengths of the Sheets l6 and 2, and 
in the construction illustrated in R'lg. 3 the sheet 
l6 is longer than the sheet, 2l by the amount in 

Thus' 

4 
'which the doint between the ends 24 and 2 ex 
tends to the right of the center line 20. 

In order that the doints in the outside 1eg nade 
of the portions { f and {2 will be staggered So as 
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to provide overlapping butt doints, while the doints 
between the inner leg portions 9 and f? will all 
be in registry so as to provide a straight gap, 
the riext layer formed of sheets adjacent the 
sheets {6} and 2 { will be so formed that a sheet 
from the group. I will be placed contiguous with 
sheet l? of the group l4. Thus referring to Fig. 
2, a sheet 2T is taken from the group l9 which 
1s the next shorter sheet of the group l adjacent 
the sheet, 2! and introduced into the ring with 
the pln. I passing through the opening 29, and 
the sheet, 2T extending around the ring to the left 
looking at Fig. 3 and adjacent , the Sheet l. 
Similarly, a sheet, 28 is taken from the group 
4 and introduced into the ring with a pin l? 
passing through the opening 20 of the Sheet and 
the sheet extending around to the right adjacent 
the sheet, 2. Since the sheet, 29 is longer than 
sheet, 2T by the same amount, that the Sheet, l 
is longer than the sheet 21, the ends 0 and ) { 
of the sheets 2) and 28, respectively, will 1n the 
finished core provide a butt, joint to the left of 
the center line 26 as will be seen in Fig. 4, Thus 
providing a closed magnetic core by aSSembling 
sheets from two groups in which the Sheets of one 
group are slightly longer than one-half the pe 
riphery and the corresponding sheets of the other 
group being slightly less than one-half the pe 
riphery and with the sheets of each group being 
assembled alternately, an overlap butt, joint, Will 
be provided in one of the legS. Since the holes 
20] and 28 are provided the same distance, from 
the adjacent ends of the sheets it will be Seen 
that in the opposite leg the Warious ends of the 
sheets will be placed in registry So as to provide 
either a, butt, joint or a straight, Slded gap across 
the leg fl-2 of the finished core. 

After all the sheets have been introduced as 1s 
1llustrated in Fig. 3 and described above, the Wari 
ous overlapping ends may be placed in abutting 
relation by applying pressure to fingers 92 and 
3 in the manner described in my application 

S. N. 536,748. This will cause the ends to be 
pulled slightly apart in the manner as shown in 
Fig., 4 after which they may be forced together 
so as to provide a relatively tight; butt joint be 
tween the adjacent ends of the Sheets from each 
of the groups. Instead of stacking one sheet at 
a time from each group, any other suitable nun 
ber from each group may be Stacked at one time. 
The core may then be used in a circular form 

or it may be expanded by using an expansion type 
wedge, as is illustrated in B'lg. 5, including two 
Similar blocks 34 with a wedge member 89. The 
introduction of the wedge shaped mandrel in the 
position as illustrated in Fig., 5 and then the forc 
ing of the wedge 9 - into the positlon as is illu 
Strated in Fig. 6, will elongate the core. How 
ever, Since the $oints are placed in oppo51te legs 
the use of the expansion mandrel may cause the 
joints to open up, and in order to complete the 
expanding operation as well as to cause the 
adjacent ends of the sheets to filt relatively tightly 
together the core may be introduced into a press, 
one leg of the core being put cm a base of the 
press and the press hawing mowable plstons 30, 3 
and 88. Thus by pressing on the core fron four 
opposite sides the core may be given the oblong 
configuration as is illustrated in Fig. ''. In order 
to hold the core in this position a bracket is placed 
around the core hawing plates 99 and 40 which are 
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held tightly on either side of the core by meanS 
of bars 4 and 42, which may be attached to the 
plates in any suitable manner such as by Spot 
welding. In order to remove all deleterious 
strains and give the sheets a permanent Set in 
the position they...will have in the final core, the 
core construction as illustrated in Fig. 't may be 
placed in an oven and given a, suitable Stratn 
relief anneal. 
In order to assemble the core around the leg of 

a preformed conductive winding structure the 
brackets 39 and 40 are remowed and the U --Shaped 
core portions disassembled by pulling them apart 
by applying force to the U-shaped members T and 
8 in the opposite directions, which force will be 
parallel with the longitudinal axis · of the core. 
RivetS 43 may be introduced through the holeS 
So as to relatively tightly hold the adjacent ends 
of the Sheets together. The two U-shaped por 
tions ' and 8 are then aSSembled with the pre 
formed coil winding structure I by projecting the 
legs 9 and f0 into the winding window with their 
ends forming am air gap or a registering but 
joint. UpOn holding the ends in the desired re 
|lation inside the Winding Window the outer ends 
of the core are pulled outWardly in any suitable 
manner Such aS by graSping With hands, as iS 
illustrated diagrammatically in Fig. 8. The lami 
nations are then allowed to slip back into position 
by allowing first one lanaination from the co1'e 
portion ' and then the corresponding Sheets froxm 
the core portion 8 to drop into place. Thus a, 
longer sheet, 44 from the core portion T is allowed 
to drop into place and then the corresponding 
Shorter sheet 45 from the core portion 8 until the 
ends are in abutting relation as is illustrated in 
Big. 8. The various sheets are then allowed to 
Slip back into place until the core takes the poSi 
tion aS is illustrated by the core 3 in F'ig. 8, which 
core is Shown as already assembled around the 
conductive winding structure. It will also be 
noted that a strip of inSulating materia1 46 has 
been placed between the adjacent ends 9 and !0 
of the leg portionS So as to fix the length of the 
air gap but it is to be understood that the ends 
may be placed in abutting relation without the 
insulating sheet if desired. In order that the ends 
may not be strained with the use of the layer 46 
the core before anneal has a metal piece 4 of 
the Same dimenSionS as the Sheet 46 between the 
leg portionS 9 and I0. 
In Fig. 9 I have illustrated a modification of 

my_invention including a preformed winding 50 
Which is aSSembled With tWo cores including 
U-shaped portionS 5l and 52 which form one core 
and U --Shaped portions 53 and 64 which make 
up the other core. In the conStruction illu-- 
strated in Fig. 9, rivets 55 and 56 tightly hold 
together the adjacent sheets of both of the cores 
Which make up the legS Which project into the 
Winding WindoW. ThuS the cores are aSSembled 
With the preformed coil by introducing the 
U-shaped memberS 5 and 53, and 52 and 54 from 
oppOSite directionS to form the gap or butt, joint 
5] and then forming the owerlap butt, joint in the 
outer legs in the Sane manner described above in 
connection with Fig. 8. It Will alSO be Seen that 
in the construction illustrated in Fig. 9 there is a, 
build-up on the two Outer legs in the wicinity of 
the joints and this particular joint is more com 
pletely described in my application. S. N. 553,528, 
filed September 11, 1944, and aSSigned to the 
Same assignee as this present invention. 
Although I haWe shown and described particu 

lar embodiments of my invention, I do not desire 
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6 
to be limited to the embodiments described, and 
I intend in the appended clains to cower all 
modifications which do not depart from the Splrit 
and scope of my inWentlon. 
What I claim as new and desire to Secure by 

Letters Patent of the United StateS is: 
1. The method of producing an assembled 

magnetic core and Winding for an electromagnetic 
induction apparatus including the steps of cut 
ting from magnetic strip material at least tWo 
groups of sheets each hawing a length less than 
the total length of the perimeter of the finished 
core and with the lengths of the Sheets of each 
group having progreSSiWely different lengthS, aS 
Sembling the Sheets of both groups to prowide a 
closed core of a plurality of layerS and prowiding 
the longer sheets of each group at the Outer' 
periphery with each layer including one Sheet 
from each group and With the Sheets of each 
group being assembled alternately, aligning the 
ends of the Sheets to proWide aligned joints in one 
portion of the core and Staggering the opposite 
ends to provide staggered butt, joints in another 
portion of the core, applying preSSure at both 
the inside and Outside Surfaces of the assembled 
core structure So a$ to abut relatively closely 
adjacent ends of the Sheets of each layer and to 
provide a relatively tight laminated structure 
With the shape the core Will have in the finished 
apparatus, anmealing the core, and disaSSembling 
the groupS of SheetS into tWo core portions and 
reaSSembling the tWo core portions around the 
Winding. 

2. The method of producing an assembled 
magnetic cOre and Winding for an electromag 
netic induction apparatus including the steps of 
cutting from magnetic strip material two groups 
of Sheets hawing progresSiwely different; lengths 
With the corresponding Sheets of one group hav 
ing a length Slightly more than one-half the total 
perimeter and the corresponding sheet, of the 
other group haWing a length Slightly less than 
one-half the perimeter of the core at a predeter 
mined layer in the aSSembled core structure, and 
aSSembling the Sheets of both groups to pro 
wide a plurality of layers and providing the longer 
Sheets of each group at the outer perimeter with 
each layer including one Sheet of each group 
and with adjacerat, SheetS being fron different; 
groupS So aS to stagger the butt, joints at at least 
One Side of the core, applying preSSure at, both 
the inside and Outside Surfaces of the assembled 
core structure So as to abut relatively closely 
adjacent ends of the Sheets of each layer' and 
prOwide a relatively tightly laminated Structure 
with the shape the core will have in the finished 
apparatuS, annealing the core, and disaSSembling 
the groupS of SheetS into two core portionS and 
reaSSembling the tWo core portions around the 
Winding. 

3. The method of , prowiding a core for an 
electromagnetic induction apparatus including 
the Steps of prOwiding tWo groups of SheetS of 
magnetic material, the corresponding Sheets of 
each group haWing different, lengths and the total 
length of any tWo corresponding sheets of the 
groups being equal to the total perimeter of the 
a.SSembled core at a predetermined layer, and 
aSSembling one sheet, from each group with ends 
in predetermined Spaced relation to prowide a 
layer, and aSSembling an adjacent layer of one 
Sheet, from each group with ends in predeter 
mined Spaced relation and with the SheetS of one 
group lying contiguous With the sheets of the 
other group. 
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4. The method of forming a core for an elec 
tromagnetic induction apparatus including the 
steps of providing two groups of sheets of mag 
netic material of progressively different; lengths, 
with corresponding sheets of each group having 
dlfnferent; lengths and with holes Spaced the Same 
distance from one end of the sheetS, and as 
sembling a plurality of sheets from each group 
so that one sheet fron each group forms a layer 
in the finished core and aligning holes of corn 
tiguous sheetS So that the ends prowide a smooth 
faced gap in one pOrtlon of the core, the aS 
sembling step including placing Sheets from both 
groups contiguously SO .that ends of adjacent 
sheets will overlap in another portion of the 
COre, 

5. 'The nethod of producing an aSSermbled 
magnetic core and Winding for an electromag 
netic induction apparatus including the steps of 
prowlding two groups of sheetS havirag progres 
sively different; lengths with the corresponding 
sheets of one group havikag a length slightly more 
than one-half the total perimeter and the cor 
responding sheet of the other grOup having a, 
length slightly less than one-half the perimeter 
of the core at a predetermined layer in the aS 
sembled core structure, aSSembling the SheetS 
with one sheet, from one group adjacent a sheet, 
fron the second group with the longer sheets at 
the outer perimeter So as to provide a core with 
aligned doints in one leg and staggered butt 
joints in the other leg, annealing the core, dis 
assembling the core lnto two U-shaped core por 
tions, placing the legs of the U-shaped portions 
hawing the aligned joints in a winding window, 
and slightly flexing the sheets of the outer leg 
So as to place'"' the adjacent, Sheets of the core 
pOrtlons with overlapping ends and in the posi-- 
t|lora subsequent to anneal. 

6. The method of prowiding a core for an elec 
tronagnetic induction apparatus including the 
steps of prowlding tWo groupS of SheetS of mag 
netic material of progressively different; lengths, 
and assembling one sheet, from each group to 
form at least a portion of a layer of the core, 
and forming ~ at least a portion of an adjacent, 
layer by assembling one sheet from each group 
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and with the sheet of one group in one layef 
|lying contiguous with the sheet, from the other 
group in the adjacent layer. 

'. The rnethod of linking a, conductive wind 
ing with a magnetic core Which comprises build 
ing up a laminated magnetic loop from a plu 
rality of bent magnetic strips in whaich each layer 
consists of two unaequal Bength StripS, prOwld 
ing a Substantially equal registering gap between 
one pair of ends of the stripS in each layer, pro 
wdding a butt, joint, ... between the other pair of 
ends of the strips in each layer, rewerSing the 
inequality in length of said Strips in certain Of 
Said layerS So as to stagger Said butt jointS, 
mechanically forcing Saild loop into a generally 
rectangular shape with Said gap in one Straight 
leg and S8ald Staggered butt, joint, frn the op 
poSite Straight leg, annealing Sadd core, Separat 
ing said core at said gap and butt, doints into 
two U-shaped members, placing the legS of Sald 
members whose ends form Said gap into the win 
dow of said conductive winding frorn Opposite 
Sides thereof, and flexing the other legs of sald 
memberS So aS to interleave Said strips and re 
form Said Staggered butt, dointS. 

GARETH G. SOMERVILILE. 
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