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T-JOINT FOR A MAGNETIC CORE

Donald C. Graham, Pittsfield, Mass., assignor to Gen-
eral Electric Company, a corporation of New York

Application May 13, 1957, Serial No. 658,554
7 Claims. (CL 336—215)

This invention relates to stationary electrical induction
apparatus, and more particularly to an improved T-joint
between the center leg and yoke members of a magnetic
core of the fiat stacked lamination or plate type.

Magnetic cores for stationary electrical induction ap-
paratus are frequently comprised of a plurality of groups
of flat stacked magnetic strips, the groups being arranged
to form a plurality of winding leg members extending
between and perpendicularly joining at their respective
ends a pair of parallel yoke members. This type of
core is known as the flat stacked lamination or plate type
as distinguished from the wound type.

It has been previously found that reduction in losses
in a magnetic core can be obtained by employing grain
oriented magnetic material, the grain orientation of the
material being parallel to the lengthwise direction of the
magnetic strips of the core. Cores employing such ma-
terial have also been provided with mitered joints at the
corners, in order to reduce the core losses by having the
magnetic lines of flux run substantially parallel in all
sections of the core to the grain orientation of the lami-
nations.

Still further reduction in core losses have been ob-
tained by employing laminations of the split or divided
type, wherein each layer of the leg and yoke members
is divided longitudinally into two or more parallel strips
lying in the same plane. This construction provides for
more uniform clamping pressure on the leg members
which results in lower core loss and noise level, Such
construction also provides the advantage that the magnetic
flux is better distributed throughout the core, eddy cur-
rent losses are reduced in the laminations, and the split
laminations may be separated to form cooling ducts.

In a three phase core of the split type, means must
be provided for obtaining a common junction for the
multiple magnetic flux paths set up by the three phase
windings in order to provide full fux transfer between
any two paths. 1t is desirable that such a junction take
advantage as much as possible of the oriented character-
istics of the magnetic material forming the core, taking
into consideration the fact that the direction of the mag-
netic flux passing through the common junction changes
from omne instant to another due to the phase displace-
ment of the magnetic fluxes in the respective winding
legs.

Such a common junction has been provided in the T-
joint between the central leg and yoke members disclosed
in U.S. Letters Patent 2,698,924, which issued on appli-
cation of T. D. Gordy and is assigned to the assignee
of the present invention. In the T-joint of the Gordy
patent, a four sided magnetic insert is provided in each
layer of laminations, the inserts are positioned with their
four side edges obliquely arranged with respect to the
longitudinal axis of the yoke and leg members at the
T-joint.

In the arrangement of the above-mentioned Gordy
patent, each outer core section yoke member makes a
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butt joint with a separate side of the insert, and each
inner core section yoke member also makes butt contact
with a separate side of the insert member. The leg
member parts make butt contacts with the inmer core
section yoke member parts and the sides of the insert
member joining the inner core section yoke member
parts. While this arrangement has been found to have
satisfactory magnetic characteristics, it has been found
that certain difficulties arise in the fabrication thereof.

In fabricating a three phase split magnetic core, the
three winding leg members, both magnetic insert- mem-
bers and one of the yoke members are usually assembled
horizontally and clamped together. Then the partially
formed core is raised to a vertical position and windings
are assembled on the winding legs. The strips of the
remaining yoke member are then placed in their respec-
tive positions.

In the magnetic core disclosed in the above-mentioned
Gordy patent, the ends of the inner yoke strip lamina-
tions must be inserted in a notch defined by one side
of the four sided insert and the leg member lamination.
Since the yoke strip could not be inserted directly into
position, the end sheeting of the core was difficult. The
difficulty may be better appreciated when it is realized
that the joints and the core are overlapped, and the re-
quired manipulation of the one end of the thin elongated
yoke strip into the overlapped notch joint followed by
manipulation of the other end of the yoke strip into the
overlapped corner mitered joint was time-consuming.
While it was mechanically possible to reduce the size of
the insert to eliminate the presence of the notch, this
would have resulted in an undesirable increase in the
cross flux at the inner strips at the joint.

it is therefore an object of my invention to provide
an improved T-joint arrangement between the yoke and
leg members of a grain oriented split lamination type
magnetic core.

It is a further object to provide means for reducing
the difficulty of end sheeting of a magnetic core of the
grain oriented plate type having split laminations.

Briefly stated, in accordance with one aspect of my
invention, I provide a T-joint between perpendicularly
disposed winding leg and yoke members in the lamina-
tion layers of a plate type magnetic core for stationary
electrical induction apparatus. The leg member has two
elongated parallel sections, and the yoke member has
iwo parallel sets of two elongated yoke sections extend-
ing in opposite direction from and perpendicular to an
end of the winding leg. Hexagonal shaped insert mem-
bers are provided for joining the winding leg and yoke
sections. In each layer of laminations the hexagonal
shaped insert has a pair of diametrically opposite sides
parallel to the lengthwise direction of the winding leg,
and these parallel sides make butt joints with ‘the yoke
section of each pair of parallel yoke sections nearest
the winding leg. The insert has a first .apex extending
toward the winding leg and a second apex extending
away from the winding leg. The outer sections of the
yoke members make butt joints with the sides of the
hexagonal insert adjacent the second apex, and the wind-
ing leg sections make butt joints with the sides of the
insert adjacent the first apex. The leg member sections
also make butt joints with the yoke sections nearest the
winding leg. All the parts of the core are formed of
magnetic strip material having grain orientation, the
orientation of the leg and yoke member strips being
parallel to their lengthwise directions.

While the specification concludes with claims par-
ticularly pointing out and distinctly claiming the subject
matter which I regard as my invention, it is believed

- that the invention will be better understood from the
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following description taken in comnection with the ac-
companying drawing.

In the drawing:

Fig. 1 is a perspective view of a grain orlented split
lamination plate type magnetxc core having a T-joint
according to my invention, a portion of the outer lamina-
tion being separated from the core to illustrate the next
adjacent layer.

Fig. 2 is an enlarged elevation of the T-joint of the
- .outer lamination of the core of Fig. 1 and illustrating
in dashed lines the joints of the next adjacent layer.

Referring now to the drawing, and more in particular
to Fig. 1, therein is illustrated a magnetic core for sta-
tionary electrical induction apparatus, the core having
three parallel winding leg members 18, 11 and 12 joined
at their respective ends by a pa}r of yoke members 13
and 14. ‘The core of Fig. 1 is of the plate type, com-
prised of a plurality of layers of flat stacked strips of
magnetic material, and the magnetic material has a grain
orientation parallel to the lengthwise direction of the
strips as illustrated by the arrows in the drawing. The
central winding. leg 11 is disposed between the outer
winding legs 16 and 12, and forms a “T-joint” 15 with
each of the yoke members 13 and 14.

The outer lamination layer of central winding leg
member 11 is comprised of parallel strips 16 and 17 of
elongated flat magnetic material, the parallel stacks pref-
erably being separated by a gap 18. The outer lamina-
tion layer of the yoke members 13 and 14 is comprised
of two parallel strips 19 and 20 of elongated flat mag-
netic material extending in one direction away from the
T-joint 15, and two parallel strips 21 and 22 of magnetic
material extending in the opposite direction from the
T-joints 15. The yoke member strips 19, 28, 21 and
22 are perpendicular to-the leg member strips 16 and
17, and the individual lamination strips of the yoke mem-
ber are coplanar with the individual lamination strips
of the leg member.

A hexagonal shaped insert 24 is provided in the T-
joints in the outer layer -of laminations of the core.
The hexagonal shaped insert, which may be more clearly
seen in Fig. 2 of the drawing, has diametrically opposite
sides 26 and 27 parallel to the lengthwise direction of
leg member strip 16 and leg member strip 17. The
hexagonal shaped insert 24 has one apex 3¢ generally
toward the leg member 11, and another apex 31 gener-
ally away from the leg member 31,

 The side 26 of the insert 24 makes a butt joint with
outer lamination layer yoke strips 20, and the hexagonal
insert side 27 makes a butt joint with outer lamination
layer yoke member strip 22. One side 37 of the hexag-
onal insert 24 adjacent the apex 30 makes a butt joint
with the outer lamination layer leg member strip 16,
and the other side 38 of the hexagonal insert 24 adja-
cent the apex 30 makes a butt joint with the outer lami-
nation layer leg member strip 17. A portion of the end
of the leg member strip 17 also makes a butt joint with
a portion of the end of yoke strip member 22.

‘One side 46 of the hexagonal insert 24 adjacent the
apex 31 makes a butt joint with outer lamination layer
yoke member strip 19, and the other side 42- of the
hexagonal insert adjacent the apex 31 makes a butt
joint with outer lamination layer yoke member strip 21.
A portion of the end of yoke member strip 19 also makes
a butt joint with a portion of the end of yoke member
strip 21, the joint between these two lamination strips
being preferably perpendicular to the lengthwise direc-
tion of the strips 19 and 21.

The grain orientation of the hexagonal insert 24 is
generally between the side 38 adjacent the apex 3¢ and
diametrically opposite side 40 adjacent the apex 33.

The joints between the lamination strips and between
the lamination strips and insert are preferably over-
lapped in adjacent layers in order to improve the mag-
netic characteristics of the core. For example, the layer
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adjacent the outer layer may be comprised- of strips
and inserts identical to the strips of the outer layer but
reversed in- position. Thus, as illustrated in Fig. 1,
strips 16 and 17 of the outer layer cover respectively
strips 17 and 16 of the next adjacent layer. Similarly,
yoke strips 19, 20, 21 and 22 of the outer layer: cover
respectively strips 21, 22, 19 and 2§ of the next adjacent
layer. Thestrips of the core have such a shape that the
hexagonal shaped inserts are offset with respect to the
longitudinal axis of the center leg member 11, so that the
joints of the core at the T-joint will be overlapped
in adjacent layers, as more clearly seen in Fig. 2.  This
manner of overlapping the joints of adjacent layers em-
ploys a minimum number of sizes and shapes of lamina-
tion strips without reauiring offsetting of entire Iayers
The overiap of the joints in successive layers may alter-
nately be provided by varying the size of the hexagonal
shaped inserts, as is disclosed in the above-mentioned
Gordy patent with reference to four-sided imserts, or
similarly the adjacent layers of the core may be identical
and offset from each o‘her to provide overlap of the
joints.

The insert 24 does not necessarily have the shape of
a regular hexagon. For example, the side 27 may be
longer than diametrically opposite side 26, and the side
40 may be longer than the side 42 in order to facilitate
fabrication of the magnetic strips. Similarly, one or
more of the corners of the insert, such as the corner
at the apex 30, may be trimmed to facilitate forming
and assembly of the magnetic strips. It shall be under-
stood, however, that even with such trimming the insert
still retains a generally hexagonal shape.

A hole 50 may be provided extending through the
Lexagonal shaped inserts in order that a bolt may pass
therethrough to clamp the core according to conventional
practice.

As has been previously stated, in the fabrication of
a magnetic core, the winding legs, inserts and one yoke
are generally assembled in a horizonial position and then
raised to a vertical position to receive windings on the
winding legs. Finally the core is end sheeted by posi-
tioning the laminations of the remaining yoke. In the
arrangement of my invention, the lamination strips of
the inner yoke stacks, i.e., yoke strips 28 and 21, may
be inserted without the necessity of manipulating their
two ends separately. The arrangement therefore greatly
reduces the difficulty and time of the end sheeting
operation.

It will be understood, of course, that, while the form
of my invention herein shown and described constitutes
the preferred embodiment of the invention, it is not
intended herein to illustrate all of the possible equivalent
forms or ramifications thereof. It will also be under-
stood that the words used are words of description rather
than of limitation, and that various changes may be made
without departing from the spirit or scope of the invention
herein disclosed and it is aimed in the appended claims
to cover all such changes as fall within the true spirit
and scope of the invention.

What 1 claim as new and desire to sectre by Letters
Patent of the United States is:

1. A T-joint between perpendicular winding leg and
yoke members in a lamination layer of a plate type mag-
netic core for stationary electrical induction apparatus
comprising in combination two elongated parallel wind-
ing leg parts, two parallel sets of two clongated yoke
parts extending in opposite directions from and perpen-
dicular to an'end of said winding leg parts, and a gen-
erally hexagonal insert for joining said winding leg and
yoke parts, said parts all being made of magnetic strip
material having grain orientation in their lengthwise
directions, said insert having diametrically opposite sides
parallel to the lengthwise direction of said winding leg
and making butt joints with the yoke part of each pair
of parallel yoke part sets nearest said winding leg, said
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insert having a first apex toward said winding leg and
a second apex away from said winding leg, the other
patts of said parallel yoke part sets making butt joints
with third and fourth sides of said insert adjacent said
second apex, said leg parts making butt joints with fifth
and sixth sides of said insert adjacent said first apex
and said yoke parts nearest said winding leg.

2. A laminated magnetic core having a T-joint com-
prised of superimposed layer T-joints. each as defined
in claim 1, the joints between the parts and insert being
overlapped in successive layers of said core.

3. The laminated magnetic core of claim 2 in which
the parts and insert of successive layers of said core
are substantially identical, said inserts being displaced
from the axis of said winding leg member and the parts
and inserts being reversed in successive layers to pro-
vide overlap between said joints.

4. A T-joint between perpendicular winding leg and
yoke members in a lamination layer of a plate type mag-
netic core for stationary electrical induction apparatus
comprising in combination two elongated parallel wind-
ing leg parts, two parallel sets of two elongated yoke
parts extending in opposite directions from and perpen-
dicular to an end of said winding leg parts, and a gen-
erally hexagonal insert for joining said winding leg and
yoke parts, said parts and insert all being made of grain
oriented magnetic material, the grain orientation of the
yoke and leg parts being in their lengthwise directions,
said insert having diametrically opposite sides parallel to
the lengthwise direction of said winding leg and making
butt joints with the yoke part of each pair of parallel
yoke part sets nearest said winding leg, said insert having
a first apex toward said winding leg and a second apex
away from said winding leg, the other parts of said
parallel yoke part sets making buit joints with third
and fourth sides of said insert adjacent said second apex,
said leg parts making butt joints with fifth and sixth
sides of said insert adjacent said first apex and said yoke
parts nearest said winding leg, the grain orientation of
said insert extending generally between diametrically op-
posite sides thereof.
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5. The T-joint of claim 3 wherein the grain orienta-
tion of said insert extends generally between said third
and fifth sides of said insert, said third and fifth sides
being diametrically opposite.

6. A laminated magnetic core having a T-joint com-
posed of superimposed T-joints each as defined in claim
3, the joints between the parts and inserts being over-
lapped in successive layers of said core, the grain orienta-
tion of said insert alternating between said third and fifth
sides and between said fourth and sixth sides in succes-
sive layers of said core, said third and fifth sides and
said fourth and sixth sides being diametrically opposite.

7. A magnetic core for stationary electrical induction
apparatus comprising a plurality of groups of flat stacked
magnetic strips having lengthwise grain orientation and
arranged to form at least one winding leg member per-
pendicularly joining at one end thereof a yoke member
to form a T-joint, said T-joint in a given layer of said
strips comprising a generally hexagonal shaped member
of magnetic material joining the strips of said leg and
yoke members, said insert having a pair of diametrically
opposite sides parallel to the lengthwise direction of
said leg member, a first apex toward said leg member,
and a second apex away from said leg member, the strips
of said yoke and leg members in said layer being longi-
tudinally divided to form pairs of parailel spaced apart
strip portions, the strip portions of said yoke member
toward said leg member joining said parallel sides of said
insert, the other strip portions of said yoke member
joining the sides of said insert adjacent said second apex,
and the strip portions of said leg member joining the
sides of ‘said insert adjacent said second insert and the
strip portions of said yoke member toward said leg
member.
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