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1

This invention relates to magnetic cores and
more particularly to improvements in lap joints
for laminated magnetic cores. |
- It Is usually necessary to have one or more
Joints in closed laminated magnetic cores. In
the case of cores which are made by stacking
straight flat punchings against each other, joints
are necessary at the corners of the core. In
the case of bent lamination cores, of either the
wound or precut-preformed variety, which are
usually characterized by one or more straight
winding legs and rounded corners, at least one core
Joint is desirable in order that standard preform-
ed coils or windings can be fitted onte the wind-
ing leg. By the term, ‘“core joint,” it is meant
that all the individual lamination joints making
up the core joint lie close to the same transverse
plane through the core, as distinguished from s
jointless core in which the joints in the individual
lamination layers are distributed widely through-
the length and breadth of the core. A core joint
is ordinarily characterized by being openable
and closable and it has a relatively short length-
wise extension compared to the length of the
core’s magnetic circuit, whereas cores having the
individuyal laminations provided with widely sep-
arated joints are not openable or separable in
any practical sense, -

Core joints may be classified as butt joints and
lap joints. In butt joints, the ends or sides or
both of the laminations forming the joint all lie
In the same surface, which is usually a plane. In
lap joints, the individual joints in adjacent lami-
nation layers are overlapped, usually in a reg-
ular pattern. Each lamination layer is one or
more laminations thick. The overlap pattern
may either be recurring (. e. repetitive or cyclic)
or nonrecurring. Heretofore, the recurring pat-
tern has been characterized by what may be
called “reversibility” i. e. for every overlap or
series of overlaps in one direction there is an
equal and opposite overlap or series of overlaps
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in the opposite direction in successive lamination

layers. An example of this is the standared so-

called two-way overlap core joint in which all the

joints in the even numbered lamination

layers
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are In one plane which is offset a given distance

from another parallel plane in which lie all the
- Joints in the odd numbered lamination layers.
Such reversibly recurring lap pattern core joints,
while characterized by good mechanical strength

50

and relatively short length, have rather high

reluctance unless quite carefully
closely fitted together. R
- On the other hand, the nonrecurring lap pat-

made and very
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tern core joint has poor mechanical strength,
and in cores having s relatively large number
of lamination layers, such 2 Joint extends along
such a large part of the core length that it is
impractical and there is not adequate space for
1t on the core. This is because the overlap be-
tween joints in adjacent lamination lavers must
ordinarily be of the order of three-quarters of
an inch, and in power transformers having hun-
dreds of lamination layers, the total length of

8 ntonrecurring pattern lap joint will be several
feet.. |

In accordance with this invention, there is
provided what may be called an irreversibly
asymmetrically recurring lap pattern core joint.
Such g joint is further characterized by having a
three, four, or more way lap. It has remarkably
low reluctance even at relatively wide separation
or opening and it has good mechanical strength.
The very much improved magnetic properties
of the Irreversibly recurring pattern lap joint
make it practical greatly to increase the number
of joints in a given magnetic circuit so that
hitherto impractical forms of COr'es are now prac-
tical. Other advantages of the improved core
Joint are that it is relatively easy to put together

‘and it is relatively quiet in operation.

An object of the invention is to provide a new
and improved magnetic core.

Another object of the invention is to provide
2 new and improved joint for a laminated mag-
netic core. :

An added object of the invention is to reduce
the reluctance of lap joints of magnetic cores.

A further object of the invention is to provide
& core joint whose reluctance is relatively inde-
pendent of its degree of opening within wide
Iimits. | ; S

'The invention will be better understood from
the following description taken in connection
with the accompanying drawings, and its scope
will be pointed out in the appended claims.

In the drawings, Fig. 1 is a perspective view.
partly broken away, of a precut-preformed Y
yoke three-phase core embodying the invention;
Fig. 2 is a detailed view showing in enlarged form
certain of the joints of the core shown in Fig. 1: -
Fig. 3 is an enlarged detail view showing the
Joint construction at the center of the yoke part
of the core shown in Fig. 1; Fig. 4 shows a mod-
ified four-way lap joint; Fig 5 shows the wrong
way to assemble the laminations so as to provide
a reversibly or symmetrically recurring. pattern
lap joint; Fig. 6 is a front view of a suitable jig
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- for forming the bent yoke cap portions of the core
shown in Fig. 1; Pig. 7 is a side view of the struc-

ture shown in fig. 6; Fig 8 shows, partly in sec-
tion, how the jig. of PFig. 6 forms simultancously
two of the yoke cap members; Fig. 9is a sectional

view showing how the straight leg laminations
may be perforated and assembled so as {0 pro-
vide the three-way lap joint shown in Figs. 1 and
2: Pig. 10 is a set of magnetization curves for com-
paring the magnetic properties of my improved

10

joint with the magnetic properties of the core steel

itself and with a standard three-quarter inch
two-way lap joint core; Fig. 11 is a set of curves
illustrating the relationship between exciting cur-
rent and joint opening at a flux density of 100
kilolines per square inch for my improved joint
and a standard two way lap joint; Fig. 12 is simi-
lar to Fig. 11 except that the flux density is 80
kilolines per square inch and Fig. 13 is a set of
curves which compares the noise made by similar
cores having different joints.

Referring now to the drawings, and more
particularly to Fig. 1, the coré may consist of
three identical straight winding legs | whose cor-
responding ends are joined together by Y-shaped
yokes which are indicated generally by 2. AS
shown most clearly by the section of the cut-
away portion of the left-hand winding leg, the
core is of so-called cruciform cross section and
it consists of steps of different width laminations.
The ends of the legs | are connected to the yokes
2 by novel joints 3. The yokes 2 in turn may
each consist of identical curved core members
4 and central connector or insert members 9.
The joints between the members 4 and 5 are also
of the same pattern or conflguration as the joints
3 hetween the legs | and the curved members 4.
These joints are indicated at 6.

In Fig. 2, some of the laminations of a leg I
and of two curved members 4 are shown edge-
wise and enlarged. The upper joint 3 is shown
entirely open and the lower joint 3 is shown
tightly closed. It will also be seen that each
lamination layer consists of two lamination pieces.
In practice, it is usual to have several lamina-
tions in each lamination layer so as to facilitate
handling of the parts as the layers become more
rigid and easier to handle when they are built
up of two, three, or four lamination members.

Considering the joints 3 which are shown in
Fig. 2, it will be seen that there is a joint T in
the outer layer 8 which is offset in a given direc-
tion from a joint 9 in the second layer 10. In
the third layer i{, there is a joint 12 which is
offset from the joint 8 in the same direction and
by the same amount as was the case with respect
to the joints 7 and 8. In the next layer 13, there
is a joint (4 which instead of being overlapped
by the same amount as heretofore is overlapped
all the way back to the same transverse location
or plane as the joint 7. In the next layer 19,
there is a joint 16 which corresponds with the
joint 9 in layer 10, and in the last layer |1, there
is a joint I8 which corresponds in lengthwise
location with the joint 12. The joints 1, 9, and
12 thus form a pattern which pattern is repeated
in the joints 14, 16, and {8, but this repetition
or recurrence is asymmetrical and not reversible
because the step or overlap between adjacent
joints 12 and 14 is the full width of the core
joint instead of being merely the amount of
overlap between the adjacent joints in the pattern
1—9—12 or 18—16—I(8. This will be explained
more fully in connection with Fig. 5§ in which
the lamination layers are improperly assembled
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to form a symmetrically reversible pattern lap
joint.

One of the things to notice about the joints 3

in Fig. 2 is that although there are six lJamina-
tion layers shown, the ends of these lamination

layers do not all come together at the same time
when the joints close. This is clearly shown by
the open upper joint in Fig. 2 in which the ends
of the lamination layers of the curved member
4 which form the layer joints 7 and {4 have a
relatively wide space which in fact is equal to
twice their width or that of four laminacion
layers, in which to adjust themselves transversely
as the core joint closes. 'This is in marked con-
trast with an ordinary two-way reversible lap
pattern joint in which all of the long ends of the
Jamination layers must come into contact with
each other at the same time when the joint i3
closed.

Another and very important feature of the
joint can be seen most clearly in connection with
the closed lower joint 3 shown in Fig. 2, that is,
that only one-third of the cross section of the
core consists of layer butt joints or gaps in any
plane and the other two-thirds of the core in that
plane is continuous magnetic material. For ex-
ample, consider the plane containing the layer
joints or gaps T and 4. Those joints or gaps
are in two of the six lamination layers SO that
in that plane the other four lamination layers
are uninterruptedly available for carrying the
core lux. The same thing is also true for the
plane containing the joints or gaps 9 and 6 and
for the plane containing the joints or gaps i2
and 18. Thus, the core is magnetically sym-
metrical so far as these three planes are con-
cerned, and the magnetic properties ot the core
are the same in each plane.

The specific reluctance of each of the layer
joints or gaps is, of course, higher than the
specific reluctance of the iron or steel itself, so
that what is believed to happen is that at each
layer joint or gap the flux tends to crowd into
the adjacent layer or layers, thus increasing their
flux density. When it is realized that modern
electric induction apparatus operates with 1ts
magnetic cores very little below the knee of the
saturation curve, it will be seen that not much
crowding can take place without raising the flux
density in the crowded parts of the core to above
the knee of the saturation curve, thus producing
local saturation with the result that there is a
very marked increase in reluctance and hence
in exciting current required to produce the total
fiux, the value of which is fixed by the voltage
of the apparatus. .

Fig. 3 illustrates the details of the joints §
hetween the center insert members 8§ and the
curved yoke member 4. The joints 8 between
these members are essentially the same as the
joints 3. The lamination pieces which make up
the leg | and the curved yoke members 4 are
preferably made of material such as a high re-
duction cold rolled silicon strip steel which has
a highly favorable magnetic direction which co-
incides with the direction of rolling and which
coincides with the direction of normal flux travel
in the lamination pieces. As the flux does not
always travel in the same direction in the center
insert pieces 5, there is not much, if any advan-
tage in using the same kind of materiai for these
inserts. However, if directional material is used
it is desirable to rotate successive pieces & 120°,
so that for each of the different directions of flux
travel, some of the pieces will have their most
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favorable magnetic direction in line with the flux.

The three-phase Y yoke core shown in Fig. 1
is a species of the core which forms part of the
subject matter of an application Serial No.
722,843, filed January 18, 1947, now Patent No.
2,456,461, issued December 14, 1948, in the name of
Cecil G. Dunn, and assigned to the present assign-

ee. Also the generic idea of a core having lap |

joints between straight stacked winding legs and
flatwise curved yoke members is described and
claimed in application Serial No. 645,650, filed
February 2, 1946, in the name of Ivanhoe H. Scla-
ter, and assigned to the present assignee.

Fig. 4 illustrates a modification of .the joint
illustrated in the previous figures, and it may be
described as a four-way lap joint in contradistinc-
tion to the three-way lap joint shown in the pre-
vious figures. In the four-way lap joint, there
are four spaced planes through the core, each of
which contains a number of lamination layer
joints or gaps, the number being one-fourth of
the total number of lamination layers. In other
words, in each plane through the core which
contains laver joints or gaps, there is three-
quarters of the total cross-sectional core area of
metal which is available for carrying the total
fiux. The four-way lap joint has still better mag-
netic properties than the three-way joint. How-
ever, it has been found that for each increase in
the number of steps the corresponding improve-
‘ment in magnetic properties gets less and less soO
that the diminishing returns will ordinarily make
it uneconomical to increase the number of steps
or “ways” substantially above four. -

In Fig. 5, there is illustrated a reversibly re-
“curring three-step or three-way lap joint pattern.
Thus, individual layer joints or gaps i8, 19, and
- 90 progress as do joints 1, 9, and 12 in Fig. 2.
However, the joint 21 in the next layer overlaps
only by the amount of overlap between adjacent
joints 18, 19, and 20, so that it is in the same plane
with joint 19. Similarly, the next joint 22 is in
the same plane with joint 8. Thus the pattern
of joints 20, 21, and 22 is just the reverse of the
~ pattern of joints (8, 19, and 20, and these patterns
are symmetrically reversibly repeated throughout
the thickness of the core. The result i1s a very
uneven distribution of the number of layer joints
or gaps in the three different transverse planes
through the core which contains these joints.
Thus, in the plane containing the joint or gap
90 there are only two joints or gaps, although
there are nine layers, whereas in the plane con-
taining the joint 19 there are four joints, while
in' the plane containing the joint I8 there are
three joints, Consequently, the average flux den-
sity will be quite different in the iron in these three
different planes, it being by far the highest In
the middle plane containing the joint or gap (9,
because substantially half the area is layer joints
and substantially only the other half is magnetic
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bly of laminations and are laterally spaced from
the side surfaces 27 and 28 of the jig by the thick-
ness of the assembled stack of laminations. Con-

sequently, as the rod is moved upward, the ends
- of the clamped laminations are bent downwardly

into the position shown in Fig. 8. A suitable
clamp 29 may then be applied to hold the bent
laminations in this position, after which the
assembly can be removed from the jig and an-
nealed in the usual way. By properly predeter-
mining the lengths of the individual lamination .
layers, their ends will all form the desired pat-
terns as shown in Fig. 8.

The core legs | may be assembled readily by
means of -a pair of properly spaced pins 30 in
combination with suitably spaced perforations
in the laminations. Layer 8, which is the same as
every fourth layer, such as the layers 8’ and 8'',
may be provided with a round hole near one end
and a slot near the other end, the hole fitting over
the upper pin 30 and the slot fitting over the

lower pin 30. The layers If, {1’, and |{1’’ are all

also the same as each other and, furthermore,
they may be exactly the same as the layers 8, 8’
and 8’’ except that they are reversed lengthwise
so that their round holes fit over the lower pin
30 and their slots fit over the upper pin 30. The
intermediate layers 10, 10’ and 10’’ are also all
alike but they are different from the other layers
in that their perforations and particularly the
location of the holes to fit shugly over one pIin
are positioned so as to bring the ends of these

intermediate layers 10, 10’ and (0’ into the

proper relation to the other layers.

In Fig. 10, the dashed curve 3f is the mag-
netization curve of the magnetic material from
which the core shown in Fig. 1 is made. That is
to say, it represents an ideal jointless core made
of the same magnetic material, Curve 32 is &
curve of the same size core having two standard
three-quarter inch two-way lap joints. As will
be seen, the exciting current increases very
rapidly when the flux density exceeds 60 kilo-
lines per square inch. Curve 33 is for a similar
core having two three-way lap joints of the type
illustrated in Fig. 2, for example. It 'will be

seen that in this case, the flux density can be

carried up to 80 kilolines per square inch before
manifestations of saturation appear and the eX-

80 citing current begins to increase rapidly. Curve
34 is for g similar core but having two four-

material which is available for carrying the total

flux.

Fig. 6 illustrates one way of forming the curved
yoke members 4, two at a time. As shown, the
individual lamination pieces, which preferably
have been automatically precut to the proper
length, are stacked in the proper order in a Jig
which by means of side arms 23 and a clamping
bar 24 are held firmly in place with one joint
assembled at the center. Fig. 7 shows a side view
of the jig with the cruciform cCross section core
parts clamped in place. The entire jig is carried
by a vertically movable rod 25 and a pair of fixed
forming rollers 26 are mounted above the assem-

70

way lap joints of the type shown in Fig. 4. Here

the flux density can be carried up to 90 kilolines
before saturation begins Presumably increasing
the number of ways or laps will produce a fam-
ily of curves in between curves 3{ and 34.

The data for curves 32, 33, and 34 was obtained
from rectangular cores having two winding legs
and two curved yokes, the thickness of the core
being three inches, its width heing four inches,
and the dimensions of the-central window being
6 inches by thirty-two -inches. They contained
gpproximately 267% pounds of SX10 steel. The

joints had an opening of .000 Inch. By that it

is meant that there was that much gap or open-
ing or separation between the adjacent ends of
the laminations in each layer. This is about as
far as lap joints can be closed without taking
very special care in making the joint and with-
out applying excessive pressure to close it.

In Fig. 11, the curves 35, 36, and 37 show the
relation between exciting current and joint open-
ing in inches for the same three cores having
respectively the standard reversible pattern two-

78 way overlap and the three and four-way irre-
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versible overlap shown in Figs. 2 and 4. In curve

38 the exciting current goes up very rapidly
and practically doubles for each twentieth of an

inch of opening. Curve 36 for the three-way lap
joint shows that exciting current is no higher
with an opening of one-quarter inch (.250) than
is the exciting current for the standard core
when it is open only .050 inch. Curve 37 for the
four-way overlap shows a still further reduc-
tion In sensitivity of exciting current to joint
opening. All the curves in Pig. 11 were taken
at a flux density of 100 kilolines per square inch.,

In Fig. 12, curves 35’, 36’, and 37’ correspond
to curves 35, 36, and 37, except that the flux
density is 80 kilolines per square inch. Here it
will be seen that there is a marked difference
between the standard two-way lap joint on the
one hand and the three and four-way lap joints
on the other hand. There is practically no dif-

ference between the latter two and, further- ‘

more, the exciting current is practically the same
for the latter two at an opening of 25 inch as
it 1s when the joint is practically fully closed.

It has also been found that cores which are
provided with this novel joint are substantially
quleter than similar cores which are provided
with the same number of conventional joints
such as two-way lap joints. The results of noise
tests are shown in Fig. 13, in which curve 38
shows the relationship between core noise in dec-
ibels and core flux density for a given size core
having two standard two-way lap joints. Curve
38 shows the decibel flux-density characteristic
~of the same size core which is provided with a
four-way lap joint of the type shown in Fig.
4 and it will be seen that the noise which is pro-
duced at corresponding flux densities is substan-
tially lower in the case of this joint. Curve 40
is for the same size core which has the joints
In the individual lamination layers distributed
at random throughout the entire core <o that,
in effect, the core has no joint. It will be seen
Irom a comparison of curves 39 and 40 that the
four-way lap joint is almost as quiet as no joint
at all.

While there have been shown and described
particular embodiments of the invention, it will
be obvious to those skilled in the art that changes
and modifications can be made without depart-
Ing from the invention and, therefore, it is aimed

in the appended claims to cover all such changes °

and modifications as fall within the true spirit
and scope of the invention. .
What I claim as new and desire to
Letters Patent of the United States is:
1. In a laminated magnetic core, a closed loop
comprising at least six radially nested flatwise
curved lamination layers of magnetic strip ma-
terial, each of said layers having at least two
closely adjacent ends of said strip material which
between them form a high specific reluctance sec-
tion, said high reluctance sections collectively
comprising a lap joint extending entirely across
the core perpendicular to the plane of the lamina-
tions and extending along the length of the core
parallel with the plane of laminations for a dis-
tance which is a small fraction of the total length
of the magnetic circuit of the core, said lap joint
being characterized by a three step pattern which
1s irreversibly repeated, the corresponding steps in
each three step pattern beginning in the same
plane perpendicular to the plane of laminations.
2. In a laminated magnetic core, a closed loop

secure by
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» curved layers

lar to the

least two-thirds of the core

8

comprising at least twelve radially nested flatwise
curved lamination layers of magnetic strip ma-
terial, each of said layers having at least two

closely adjacent ends of said strip material which
between them form a gap, saild gaps in successive
layers being offset in g pattern which irreversibly
repeats at least every fourth layer, the length of
the offsets being greater than the separation of
the gaps, the repetitive pattern forming at least
three groups of longitudinally separated gaps,
which groups lie respectively in different planes
which are perpendicular to the surface of the
layers. . |

3. The core recited in claim 1 in which there
are at least two superposed laminations in each
layer. | |

4, The core recited in claim 2 in which the
lengthwise separations of the two outermost of.
sald planes is short in comparison with the radial
thickness of said core. |

9. In a magnetic core having a plurality of
lamination layers, a joint whose length is short
in comparison with the thickness of said core, said
Joint comprising a separated butt joint between
the ends of lamination pieces in each lamination
layer, said butt joints being staggered in an
asymmetrically recurring pattern which includes
at least three successive lamination layers so that
In a perpendicular plane through any group of
transversely aligned separated butt Joints at least
two-thirds of the cross sectional area of the core
will be magnetic material.

6. In combination, a closed magnetic core in-
ciuding a plurality of radially nested, flatwise
of maghetic material, a separable
and closable joint in said core, said joint includ-
ing a gap in each layer, all of said gaps being
paraliel with each other said gaps in successive
layers being offset lengthwise by greater distances
than the gap lengths, the offsetting being in a
regular pattern which iIrreversibly repeats at least
every fourth layer and at most every sixth layer,
said pattern being Characterized by arranging all
of said gaps into at least three substantially equal
numbered groups of gaps, the gaps in each group
being aligned in a plane substantially perpendicu-
surface of the layers, the transverse
separation between adjacent gaps in each group
being equal, the lengthwise separation of said
planes being substantially uniform whereby at
Cross sectional areg
In each of said planes is magnetic materigl -‘

1. The combination recited in clalm 5 in which
there are at least two superposed laminations in
each layer,

GARETH G. SOMERVILLE.
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