Oct. 27, 1964 B. B. ELLIS 3,154,758
PLURAL PART TRANSFORMER GORE HAVING JOINTS

DIVIDED BETWEEN THE SIDES OF THE CORE
Filed Dec. 11, 1957 2 Sheets-Shest 1

12

Fig.l.

WITNESSES INVENTOR
i E Bl — Belvin B. Ellis
BY
ATTORNEY




Oct. 27, 1964

Filed Dec. 11, 1957

B. B. ELLIS
PLURAL PART TRANSFORMER CORE HAVING JOINTS
DIVIDED BETWEEN THE SIDES OF THE CORE

3,154,758

2 Sheets-Sheet 2

94
Fig.7.
50 84 8 50
T
T2
20
Fig.lO.
1 2
80
24
54 44 3% 34 4454
50 94 5, 94 50
72
207 24 74 24
34°44 54 ‘64’ 54 44 34
Fig.8.
30 40
L V4
[ [
i 14104
|02\ ) /|02 104 —~
M\ I @Jrlos 10
32 _ 32— : :
] |
: 1,106 106
3lp ez of b
102 ~102 |
. |

I~
4
B~

Fig.9.

8~
({
E__

Fig.ll.




United States Patent Office

3,154,758
Patented Oct. 27, 1964

1

3,154,758

PLURAL PART TRANSFORMER CORE HAVING
JOINTS DIVIDED BETWEEN THE SIDES OF THE
CORE

Belvin B, Eliis, Lackawanna Township, RMercer County,
Pa., assignor te Westinghouse Fisctric Corporation,
East Pittsburgh, Pa., & corporaticn of Pennsylvania

Filed Dee. 11, 1957, Ser, No. 702,096
4 Claims, (CL 336-—211)

This invention relates to wound type magaetic cores
and more particulaily to improvements in such cores, and
the method of making the cores.

In the making of a core and coil assembly for induc-
tive apparatus, two or more wound type cores, each effec-
tively cut only once through the laminations, are some-
times fitted through the window of a preformed winding
or coil. In order to allow the outer laminations of each
core to be conveniently fitted through the window of the
preformed winding, it is necessary that a predetermined
amount of space be left between the cores fitted through
the window. The latter arrangement reduces the amount
of space that can be utilized within the window of the
preformed winding or coil. In addition, if only a small
space is left between the cores fitted into the window of
the preformed winding, it is found that the onter lamina-
tions of each core may be deformed in order to fit the
outer laminations of each core through the window of
the preformed winding. Any deformation of the outer
laminations results in at least a small increase in the
losses of a wound type core. Fitting the outer lamina-
tions of each core through the window of the preformed
winding also presents difficulties in the making of core
and ceil assemblies since the fitting may have to be done
manually which requires additional time and care in the
manufacture of a core and coil assembly. It is, there-
fore, desirable to provide a wound type core which can
be conveniently fitted through the window of a preformed
winding and yet more fully utilize the space in the win-
dow of a preformed winding to obtain a maximum space
factor in the core and coil assembly and thereby also re-
duce the conductor requirements in the preformed coil.

It is, therefore, an object of this invention to provide
a mew and improved wound type core for inductive
apparatus.

Another object of this invention is to provide a new
and improved method of making a wound type magnetic
core.

A further object of this invention is to provide a new
and improved joint in a wound type core suitable for as-
sembly with a preformed winding or coil.

Other cbjects of the invention will in part be obvious
and will in part appear hereinafter.

The invention, accordingly, comprises the several steps
and the relation and order of one or more of such steps
with respect to each of the others, and the apparatus
embodying the features of construction, properties, and
the relation of elements which are exemplified in the fol-
lowing detailed disclosure, and the scope of the applica-
tion of which will be indicated in the claims.

For a fuller understanding of the nature and objects of
the invention, reference should be had to the following
detailed description taken in connection with the acconl-
panying drawings, in which:

FIGURE 1 is a view in end elevation showing how the
turns of a core are wound in accordance with this inven-
tion;

FIG. 2 is a view in end elevation of the core shown
in FIG. 1 with the furns cut to provide independent
laminations; .

FIG. 3 is a view in end elsvation of the core showing
how the laminations are arranged in stepped relationship;
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FIG. 4 is a fragmentary view showing the laminations
separated into grouns with the ends disposed in stepped
relationship;

FIG. 5 is a fragmentary view showing the joints of the
outermost group of laminations of a core displaced rela-
tive to the joints of the inner groups;

FIG. 6 is a fragmentary view showing a second embodi-
ment of a core in which the joint of the outermost lami-
nation of the core is displaced relative to the joints of the
outermost group of laminations;

FIG. 7 is a view partly in section and partly in side
elevation of a core and coil assembly showing how the
cores may be fitted through the window of a preformed
winding or coil after a core constructed as shown in
FIG. 5 has been shaped;

FIG. 8 is a fragmentary view showing a core and coil
assembly completely assembled after the last group of
laminations of each core shown in FIG. 7 has been fitted
through the window of a preformed winding;

FIG. 9 is a top view of a core and coil assembly, in-
cluding cores constructed in accordance with FIG. 6, with
the outermost laminations of each core secured to the
next adjacent lamination;

FIG. 10 is a view in end elevation of a third embodi-
ment of a core similar to the core shown in FIG. 1 ex-
cept that the outermost lamination is provided with an
overlapping portion which remains after the turns of the
core are cut; and

FIG. 11 is a top view of a core and coil assembly in-
cluding a core having an outermost Iamination with an
overlapping portion constructed in accordance with FiG.
10.

Referring now to the drawings and FIG. 1 in partic-
ular, a wound type core is shown generally at 10 having
a plurality of turns 12 of oriented magnetic strip material
wound on one another. The core 18 has a predetermined
number of turns of magnetic strip material wound in a
closed loop which preferably has substantially a ring
shape, but may have any other desired shape in a closed
loop which need not be circular, as illustrated. The
thickness and width of the magnetic strip and the number
of turns are determined by. the necessary capacity of the
final core and the dimensions of the preformed winding
with which the core is to be assembled.

The core 1§ shown in FIG. 1 may be wound by any
of several, well-known suitable means. The core 10 may
be annealed after it is wound in substantially a ring shape
as shown or alternatively, the turns of the core may be
retained in the ring shape or closed loop by any suitable
means, such as precurving during the winding of the core.

Referring to FIG. 2, the core 18 is next cut or severed
aleng a line 22 substantially at right angles to the turns
12 to provide independent laminations 12, which are
egal in number to the number of turns in the core 18
before it is cut, in order that the core 19 may be fitted
through the window of a preformed winding.

In order to prevent spreading by formation of burrs
during cutting of the core 18, it has been found necessary
to clamp the core 18 near the line 22 on each side by
suitable means (not shown). If the core 12 has substan-
tially a ring shape as illustrated, the cut along the line 22
would be along a diameter of the ring-shaped core 18,
but the cut along the line 22 may be varied somewhat to
meet a special purpose in a particular core embodying
this invention.

Referring to FIG. 3, after the core 10 is cut, the lamina-
tions 12 of the core 10 are separated into groups by any
suitable means such as the fixture or jig 69 having a plu-
rality of curved grooves or recesses 62, 63 and 66 in order
to arrange the cut ends of the laminations 12 in a desired
pattern. -As illustrated, the laminations 12 of the core 16
are shown partially arranged into three groups 24, 34,
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and 44, each group having a plurality of laminations dis-
posed with the ends of each lamination offset or dis-
placed from the cut ends of the adjacent lamination in a
stepped relationship.  Each lamination of the core 18
forms a joint which is offset or staggered with respect
to the joint in each adjacent lamination. The cut ends
of each lamination lap the cut ends of each adjacent
lamination. The end portion of each lamination over-
laps the end portion of the next adjacent lamination to
form a joint which may be described as a stepped-lap
joint because of the manner in which the cut ends of the
laminations are disposed.

Referring to FIG. 4, after all of the laminations 12 of
the core 10 have been arranged in groups with the cut
ends of the laminations 12 in stepped relationship, the
groups 24, 34, 44, and 54 of the laminations 12 are
then assembled to make a series of stepped-lap joints in
a closed core. The groups of the laminations 12 may
be arranged in a recurring pattern as shown in FIG. 4.
The number of laminations 12 in each group need not be
the same and may be varied to suit particular design
requirements. Each of the groups 24, 34, 44, and 54, as
illustrated, preferably consists of at least seven individual
laminations. The cut ends of each of the laminations
12 are substantially aligned with one anocther forming a
joint that is offset or staggered with respect to the joint
in the adjacent lamination in the order of 5 to 10 times
the thickness of each lamination to form a stepped joint
in each group whose length is preferably substantial
compared to the thickness of the core. As illustrated in
FIG. 4, the groups 24, 34, 44, and 54 are superimposed
on one another forming an overall stepped joint that ex-
tends through a substantial sector of the core. The cut
ends of the laminations 12 may abut one another as
illustrated, but this is not essential to the core since satis-
factory results have been obtained with the cut ends of
each lamination spaced from one another by a distance
equal to the thickness of one or two of the laminations
12. The cut ends of the adjacent laminations 12 should
overlap one another by a substantial amount, preferably
by a distance equal to or in excess of six times the thick-
ness of one of the laminations 12.

1t is to be noted that the ratio of the overlapping dis-
tance to the thickness of a lamination may be varied in
a particular application to obtain a more balanced mag-
netic reluctance from the inside of the core to the out-
side of the core by making the ratio progressively larger
from- the innermost group to the outermost group of
laminations. This would compensate for the variation
in the length of the laminations from the inside to the
outside of the core.

Referring to FIG. 5, after the groups of laminations
12 have been assembled as shown in FIG. 4, at least one
of the outermost groups of laminations, such as the

group 54, is displaced or shifted by a predetermined-

amount or distance relative to the joints of the inner
groups of the laminations 12 which include the balance
or rest of the groups 24, 34, and 44. As will be ex-
plained hereinafter, the amount or distance that the group
54 is displaced will depend on the desired location of the
joints of the outermost group or groups of laminations
on ihe final shaped core. Several steps in obtaining the
arrangement of the laminations 12 shown in FIG. 5, may
be combined by substituting a special fixture or jig (not
shown) for the fixture 68 shown in FIG. 3, the special
fixture having the outermost group -or groups separated
by-a disproportionate amount from the other groups in
the special fixture (not shown) in order that at least the
joints of one -of the outermost groups be displaced rela-
tive to-the joints of the inner groups as shown in FIG. 5.
The latter method would allow at least.the joints-of one
of the outermost groups to be displaced or shifted in one
direction for a particular prior arrangement of the groups
relative to the joints in the balance of the groups.
Referring to FIG. 6, a second embodiment of a core
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embodying the teachings of this invention is illustrated
in which the joint in the outermost of the laminations 12
is displaced or shifted relative to the joints of the dis-
placed group or groups shown in FIG. 5. In particular,
the cut ends of the outermost of the laminations 12
shown at the line 32 is shifted back to its original posi-
tion before the outer group 54 is displaced. For reasons
which will be explained hereinafter, the cut ends of the
outermost of the laminations 12 will then be disposed or
located on the same portion of the final shaped core as
the inner groups 24, 34 and 44 whose joints were not
displaced.

After the groups of the laminations 12 have been as-

" sembled as shown in FIG. 5, the core is next shaped to a
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predetermined shape suitable for assembly with a pre-
formed winding (not shown). The core is usually shaped
to a substantially rectangular shape as shown in FIG. 7.
After the core is shaped, it will be annealed to relieve
stresses set up in the core by the shaping step by any
of several suitable means which are well-known in the
art, . After the core has been shaped and annealed, the
core is disassembled to the extent necessary to fit the core
through the window of a preformed winding -or coil.
Disassembly of the core is facilitated by the fact that
bonding of the laminations is not required. It has also
been found that it is.unnecessary to work the cut ends
of the laminations to remove burrs since any burrs pres-
ent would be disposed in contact with an insulating layer
provided cn the magnetic strip material used to wind the
core.

Referring to FIG. 7, the manner in which two cores
constructed in accordance with this invention are fitted
through the window of a prefermed winding or coil 29
is illustrated. Each of the cores 50 includes a plurality
of groups 24, 34, 44, 54, 64, 74, &4 and 94 of lamina-

ions. All of the groups except the outermost group
94 are shown already fitted through the window of the
preformed winding 28, the step joint in all of the groups
except the cutermost group 94 being disposed or located
on the ycke of each of the cores 50. The cut ends of
the laminations of the outermost group %4 which are
shown generally at the lines 72 were displaced from
the joints of the rest of the groups of the laminations
in each of the cores 3¢ in a similar manner to that shown
in FIG. 5. By displacing the step joint of the outermost
group 24 relative to the step joint in the balance of the
groups, the cut ends or joints of the laminations in the
outermost group 94 are disposed or located, as shown,
on a leg of each of the cores 58. )

Referring to FIG. 8, the complete core and coil assem-
bly including the cores 5¢ and the preformed winding 20
is illustrated after the outermost group $4 has been
fitted in the window of the preformed winding 28. It
is to be noted that an overall joint is obtained in which the
step joints of the groups of laminations are divided or
distributed between the yoke and leg portions of each of
the cores 58. The slope of the cut ends of the laminations
of the outermost groups 24 disposed on a leg of each of
the cores 50 may be in either direction, the preferred slope
being as shown in order that a flat plate or shim (not
shown) may be used to fit the cut ends of the outermost
group 94 of displaced laminations into the window of the
preformed winding 20. Any flat plate or shim (not
shown) used to fit the outermost group %4 into the
window of the preformed winding 20 would be removed
after assembly of the cores 58 and the winding 20. - After
the cores 50 and the preformed winding 20 have been
completely assembled as shown in FIG. 8, any suitable
means may be provided, such as a band (not shown),
around each of the cores 56 to maintain the shape of each
of the cores 5§. B

1t has been found that deformation of the outer groups
of laminations is' substantially eliminated in the fitting
of these laminations through the window of a preformed
winding 28 such as illustrated in FIGS. 7 and 8. This is '
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because the stepped joint of the outermost group 94 of
the cores 56 is disposed on a leg of each core and may be
fitted through the window of the preformed winding 20
without difficulty or bending and without the usual space
between the cores such as required in a conventional
core and coil assembly of this type. Thus, the space in
the window of the preformed winding 290 is utilized to
a maximum degree with a resuiting economy in the
amount of conductor required for the preformed winding
29. Also the losses of a core constructed as illustrated
in FIGS. 7 and 8 are reduced because of the absence of
deformation of the outermost group or groups of lamina-
tions disposed on the inner legs of the cores 50.

It is to be understood that although the core and coil
assembly shown in FIGS. 7 and 8 are iliustrated with only
one outer group having its joints displaced so as to be
located or disposed on the legs of the cores 56, a core
embodying this invention could be constructed with two
or more of the outermost groups disposed on a leg of a
core similar to the core illustrated in FIGS. 7 and 8. It
is also to be understood that the joints of the outer groups
94 which are each disposed on an inner leg of the cores
58 could be disposed on the outer legs of the cores 50
rather than on the inner legs as illustrated in FIGS. 7 and
8. In addition, a core embodying the teachings of this
invention could be provided in which the outer displaced
group or groups could be disposed on the yoke of the
core and the balance of the inner group disposed on a leg
or legs of the core by properly arranging the joints of
the Iaminations of the core before it is finally shaped.
The arrangement shown in FIGS. 7 and 8 is preferred,
however, for convenience in the making of core and coil
assemblies as illustrated and allows easier inspection of
the major portion of the joint during assembly of the cores
56 and the winding 29.

Referring to FIG. 9, a core and coil assembly is illus-
trated including a preformed winding or coil 30 and the
cores 42 which have been constructed in accordance with
the arrangement shown in FIG. 6. In this embodiment
of the invention, the cut ends of the outermost lamination
on each of the cores 42 is disposed on the yoke of each
of the cores after the cores are finally shaped as indicated
generally along the line 32 on each of the cores 42. Ex-
cept for the outermost lamination of each of the cores. 42,
the making of the cores 42 would be similar to the steps
already described for the cores 56 shown in FIGS. 7 and
8. In the embodiment shown in FIG. 9, however, the
outermost lamination is disposed with the cut ends of
the outermost lamination on the yoke of each of the cores
42 so that the outermost lamination may be secured to the
next adjacent lamination thereby maintaining the shape
of the cores 42 after the cores and the preformed winding
3§ are completely assembled. In this instance, the outer-
most lamination of each of the cores 42 is secured to the
next adjacent lamination by the spot welds 162 which are
disposed on each side of the cut ends of the outermost
lamination of each of the cores 42. In this embodiment
of the invention, therefore, it is not necessary to provide
a separate means for maintaining the shape of the cores
42 after they have been fitted through the window of
the preformed winding 30. It is to be understood that
means other than spot welds may be employed to secure
the cut ends of the outermost lamination of the cores 42,
such as a suitable tape,

Referring to FIGS. 10 and 11, a third embodiment of
a core which incorporates the teachings of this invention
is illustrated. The making of the cores 8¢ shown in FIG.
10 differs from the making of the cores 58 shown in FIGS.
7 and 8 in that, prior to the cutting of the turns 82 of each
of the cores 8@, the outermost turn is pulled back from
the rest of the turns 82 as illustrated in FIG. 10. The
core 80 is then cut along a diameter at substantially right
angles to the turns 82 leaving the outermost lamination
of the core 88 with a portion that overlaps the cut ends of
the rest of the laminations 82 of the core 88. The over-
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lapping portion of the outermost lamination of the core
80 is indicated at 104 in FIG. 11. The additional steps
in making the core 89 are the same as previously discussed
for the cores 50 shown in FIGS. 7 and 8.

Referring to FIG. 11, a core and coil assembly includ-
ing a preformed winding 49 and the cores 89 constructed
as indicated in FIG. 10 is illustrated. The overlapping
portion 184 of the outermost lamination of each of the
cores 80 is secured to the next adjacent lamination by the
spot welds 166. The latter arrangement also eliminates
the need for separate means such as bands for maintain-
ing the shape of the cores 88 after they have been fitted
through the window of the preformed winding 40. The
embodiment shown in FIGS. 10 and i1 requires less spot
welds to secure the cutermost lamination to the next
adjacent lamination than the embodiment shown in FIGS.
6 and 9. It is to be understood that the overlapping por-
tion 184 which is shown as disposed on the yoke of the
core 80 might also be conveniently located on the legs
of the cores 80 in a particular design.

It will be readily appreciated that a magnetic core em-
bodying the teachings of this invention may be con-
structed by means other than winding magnetic material.
For example, magnetic material which has been cut or
sheared into punchings of various lengths which are then
shaped as required may be assembled into a core as shown
in FIG. 8.

It is to be understood that the arrangement of lamina-
tions shown in FIG. 6 may be obtained directly from
the arrangement of laminations shown in FIG. 4 by dis-
placing all of the laminations 12 in the outermost group
54 except for the outermost lamination of the group 54
whose cut ends are shown at 32 in FIG. 6. It is also to
be understood that a core embodying the teachings of this
invention could be constructed having only one group of
laminations arranged to form a series of step-lapped
joints. In this case the joints of at least a portion of the
outermost laminations would be shifted or displaced rela-
tive to the joints of the inner laminations so that after
the core was finally shaped the joints in the laminations
would be divided or distributed between the yoke and
legs of the core. In addition, a core embodying the teach-
ings of this invention preferably includes only one overall
cut of the turns, but the core may include additional cuts
with a corresponding increase in the losses. One cut per
core would normally be used for a shell form type trans-
former designed as shown in FIG. 9 and two cuts would
normally be used with a core form transformer (not
shown) which has one core and two windings.

The apparatus embodying the teachings of this inven-
tion has several advantages, for example, a wound type
core embodying the teachings of this invention, with
groups of laminations distributed between the yoke and
legs of the core, eliminates the space between two cores
fitted into the window of a preformed winding thereby
improving the space factor and reducing the amount of
conductor required for the preformed winding. In addi-
tion, the outer laminations can be more easily fitted into
the window of a preformed winding substantially elimi-
nating the deformation of the outer laminations, and thus
substantially eliminating the increase in core losses which
result from deformation of the outer laminations. A core
embodying the teachings of the invention shown in FIGS.
9 and 11 would have an additional advantage of not re-
quiring a separate means, such as a band, for maintaining
the shape of the core after the core has been fitted into
the window of a preformed winding.

A core constructed in accordance with this invention
permits convenient clamping during manufacture. The
weight of the coil also assists in maintaining the joint
after assembly. Easier inspection of most of the joint is
also possible during assembly. The core combines the
advantages of allowing convenient assembly of most of
the groups of laminations on the yoke portion while there
is ample room and convenient assembly of the outer-
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most laminations on the leg portion when there is less
room available to thereby prevent deformation of the
outermost laminations.

1t has also been found that a core having only one cut,
constructed in accordance with the teachings of this in-
vention is an extremely low loss core with a very low ex-
citing current and with a very low sound level.

Since numerous changes in carrying out the above de-
scribed process and certain modifications in the apparatus
which embody the invention may be made without de-
parting from the spmt thereof, it is intended that all the
maiter contained in the foregoing description or shown
in the accompanying drawings shall be interpreted as illus-
trative and not in a limiting sense.

I claim as my invention:

1. A wound type magnetic core having a yoke and legs
comprising a predetermined number of turns of oriented
magnetic material, the turns of said magnetic material
being each cut at a single predetermined place and ar-
ranged in groups, each group comprising a number of
turns arranged in step relation, the ends of each turn
being substantially aligned with one another forming a
joint, the joint of each turn being displaced from the joint
of the next adjacent turn to form a series of stepped-lap
joints in each group, the joints of-at least one of the outer
groups being displaced relative to the joints of the rest
of said groups, the joints of said groups being d1v1ded be:
tween the yoke and legs of said core.

2. A wotund type magnetic core having a yoke and legs
comprising a predetermined number of turns of oriented
magnetic material, the turns of said magnetic material
being each cut at a predetermined place and arranged
in groups, each group comprising a number of turns ar-
ranged in step relation, the ends of each turn being sub-
stantially aligned with one another forming a joint, the
joint of each turn being displaced from the joint of the
next adjacent turn to form a series of stepped-lap joints
in each group, the joints of at least one of the outer
groups, except for the outermost lamination, being -dis-
placed relative to the joints of the rest of said groups, the
joints of said groups being -divided between -the yoke
and legs of said core, the ends of the outermost lamina-~
tion being finally positioned on the yoke of said core and
secured to the adjacent lamination.

3. A magnetic core of substantially rectangular shape
having a pair of spaced longitudinal portions and con-
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necting end portions comprising a plurality of turns of
oriented magnetic strip material, the turns of magnetic
material being each cut at a single predetermined place
and arranged in groups, each group comprising a plu-
rality of turns arranged in step relation, the ends of each
turn being displaced from the joint of the next adjacent
turn to form a series of single cut stepped-lap joints in
each group, the joints of at least one of the outermost
groups being peripherally displaced relative to the joints
of the rest of said groups, the joints of the displaced
groups being disposed on one of the longitudinal portions

of said core and the joints of the rest of said groups being

disposed intermediate one of the connecting end portions
of said core.

4, A four sided substantially rectangular magnetic core
comprising a plurality of approximately single turns of
oriented magnetic strip material, said turns of magnetic
strip material being cut at a single point and arranged in
groups, most of said groups of turns of magnetic strip
material being arranged with the ends of said turns lo-
cated in one side of said core, the two ends of each of said
turns being substantially aligned with each other, the ends
of each said turn being displaced with respect to the ends
of each adjacent turn to provide single cut stepped lap
pattern joints with the ends of said turns in said one side
of said core, and the remainder of said groups of turns
being arranged with the ends of said turns substantially
aligned to formsingle cut step lap pattern joints in another
side of said core.
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