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This invention relates to stationary electrical induction
apparatus and more particularly to an improved magnetic
core construction for such apparatus.

In the construction of magnetic cores for large size
stationary electrical induction apparatus, one of the most
serious problems encountered is that of providing ade-
quate structural strength in the magnetic core. For ex-
ample, considerable difficulty has been expenenced with
the ].egs of such large size magnetic cores bending in such
manner as to interfere with the insulating cylinders which
often surround the core legs, and cracked insulating cylin-
ders due to. crocked core legs are an ever present danger.
However, this problem is not confined to core legs, but
also applies to the yoke portions of the core. For ex-
ample, the standard plate cere is structurally weak in a
horizontal plane, with the result that the core cannot
be laid on its side without the use of many structural
steel clamping members.

Furthermore, there is a definite relation between me-
chanical strain imposed on a magnetic core and the mag-
netic properties of the core. Mechanical strain lowers
the permeability of the magnetic material, with a result-
ing higher core loss.
construction which reduces mechanical strain on mag-
netic Jaminations will improve the magnetic characteristics
of such magnetic maierial, and result in lower core losses.

Also, there is a relation between mechanical strain on
a magnetic core and the audio noise characteristics of the
core. It can be shown that varying permeability in the
magnetic core caused by mechanical strain results in
harmonics in the magnetic flux which adversely affects
the audio noise characteristic of the core,

Accordingly, it is an object of this invention to provide
a new and improved magnetic core construction providing
increased structural strength in the magnetic core, with a
consequent improvement in magnetic and audio sound
characteristics of the magnetic core.

it is a further object of this invention to provide a new
and improved magnetic lamination construction for the
leg or yoke members of laminated magnetic cores which
will reduce the danger of bending of the core legs or
yokes, thereby providing an improvement in the mag—
netic and audio sound characteristics of the core.

In accordance with these objectives, this invention pro-
vides an arrangement whereby certain of the lamma‘uons
of a magneiic cere are longitudinally bent, either along
the edges of the respective laminations or intermediate
of the width of the laminations, in order to provide a re-
inforcing and supporting edge in a longltudmal or axial
direction with respect to-the particular core element in
which the bent laminations are situated. '

The features of my invention which I believe to be
novel are set forth with particularly in the appended
claims. My iavention itself, however, both as to its or-

ganization and use, together with further ob]ects and ad-
vantages thereof, may best be Lndﬂrstood by reference
to the followmg desonptlon taken in connection Wlth the
accompanying drawing in which Fig. 1 represents a mag-
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netic core of generally hollow rectangular shape embody-
ing the structural support members of my invention; Fig.
2 represents a cross-sectional view along line 2—2 of the
magnetic core of Fig. 1; Fig. 3 represents a view of sev-
eral laminations of the type used in the magnetic core of
Figs. 1 and 2; Fig. 4 represents a cross-sectional view
of a moedified embodiment of my invention in which
special beat insert members are used in lieu of bending
the entire leg or yoke lamination; Fig. 5 is a cross-sec-
tional view of a modified construction in which lamina-
tions are bent on both edges; Fig. 6 is a cross-sectional
view of a construction in which lonvxtudmally-bent lami-
nations are used in a core element which is rectangular
in cross section; Fig. 7 represents a view of a modified
type of longitudinally-bent lamination in which the bent
portion is positioned intermediate of the width of the lami-
nation, rather than on the edge; Fig. 8 is a cross-sectional
view of a magnetic core leg embodying bent laminations
of the type shown in Fig. 7; Fig. ¢ is a cross-sectional
view of part of a magnetic core element having a plurality
of longitudinal bends positioned intermediate of the width
of the laminations; Fig. 10 represents a cross-sectional
view of a modified embodiment of my invention in which
the lengitudinal bends are obtained by providing each bent
lamination with & continuously-curved surface, producing
a corrugated effect; while Fig. 11 is a perspective view of
a joint arrangement which may be used with laminations
bent in accordance with my invention,

eferring new to Fig. 1, there is shown a magnetic
core 1 of generally hollow rectangular shape. It will be
understood that this particular form of core is shown only
because of its simplicity and that my invention may be
equally well applied to other {ypes of magnetic core con-
figuraticns. The magnetic core 1 of Fig. 1 has two leg
members 2 and 3 which are connected together at their
upper and lower ends respectively by yoke members 4
and 5.

The magnetic core 1 shown in Fig. 1 is of cruciform
cross-section and is constructed of flat rectangular strips
of magnetic material, such for example as high reduc-
tion cold rolled silicon steel, which are stacked in a con-
ventional butt and lap arrangement. While I have il
lustrated my invention in connection with a core having
a cruciform cross-section, it will be understood, and shown
later, that my longiiudinally-bent laminations may be
used with equal facility on cores of rectangular cross-
section.

In accordance with the cruciform cross-section of the
core which can best be seen in Fig. 2 of the drawing, the
magnetic core is constructed of groups or packs of mag-
netic laminations of varying width, the cutermost lamina-
tions being narrower and shorter than the centrally posi-
tioned laminations. Cores of cruciform cross-section of
the type illustrated are widely used with large trans-
formers which have insulating cylinders positioned around
the winding legs of the magnetic core. By employing a
core of cruciform cross-section, a greater quantity of mag-
netic material can be concentrated within an encircling
cylinder of a given diameter than would be possible. with
a core of rectangular cross-section. This cruciform
cross-section is ¢onventional and forms no part of this
invention,

In accerdance with my invention, and as will be szen
in Figs. 1, 2 and 3, the outer edges of ceriain of the log
laminations are provided with a bend 6 which cxtends
longitudinally of the respective leg laminations for sub-
stantially the entire length of the core window, for the
purpose of reinforcing the core leg in an axial or lengi-
tudinal direciion.. The bent edges & are preferably at
right angles with respect to the main face of the lamina-
tion containing the bend, although fot necessarily at right
angles. While in the parhcuhr embodiments shpwn in
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Figs. 1, 2 and 4, right angle extensions or bends 6 are
provided only in the groups of laminations on either side
of the centermost group, I may usc longitudinally bent
laminations in all of the groups of laminations of the
respective core elements. ’ .

Laminations having longitudinally-bent portions in ne-
cordance with my invention may be arranged in many dif-
ferent ways. The bent porticns may be contained either
in laminations which extend for the entire width of the
particular core element, such as the leg or yoke member.
or imsert members having longitudinally-bent portons
may be used, the insert element having one side which
extends for part of the width of the leg or yoke member,
with the rest of the width of the core element being
covered by a simple unbent lamination.

In the particular embodiment of my invention showsn
in Figs. I and 2, I position the bends in laminations
which extend for the entire width of the core leg, these
particular laminations being bent only on ong edge. |
prefer to alternate the use of laminar Iayers having bent
edge members and layers having only flat or unbent mem-
bers. Thus, as will be seen in Fig. 2, lamination 7 is
unbent at either edge, lamination &, adjacent larnination
7, extends for the entire width of the core leg. and is
provided with a bent portion at its right-hand edge, with
respect to the view shown in the drawing. Lamination 9,
adjacent lamination 8, is unbent at either edge, while
lamination 18, adjacent lamination 9, is provided with a
bend 6§ at jts left-hand edge with respect to the view
shown in the drawing.

There is shown in Fig. 3 a detailed view of a pair of
adjacent leg laminations of the type used in the construc.
tions of Figs. ! and 2, showing the manner in which the
edge of the laminaiion § is provided with a longitudinal
bend 6 at right angles to the principal surface of the
lamination. Tt will be noted that the adjacent lamination
7 is unbent, since I prefer to alternate bent and unbent
laminations even in the portion of the core containing
the longitudinally bent laminations.

There is shown in Fig. 4 auother application of my
longitudinally-bent laminations in which the bends are
contained in insert members which extend for only part
of the width of the particular core element, such as the
core leg, rather than having the bend in laminations which
extend for the entire width of the core element. Thus,
there are shown in Fig. 4 a plurality of insert members il
each respectively having a bent edge 12. FEach insert
member is provided with a porticn extending for part of
the width of the core element, such as the corc leg, with
an unbent lamination 13 being used in the same laminar
layer to supplement the insert member by extending across
the portion of the width of the core leg or other core
element not covered by the insert member.

As shown in Fig. 5, instead of using laminations hav-
ing bends at one edge only, I may instead use channel-
shaped members which are benl at both edges,  As
will be seen in the cross-sectional view of Fig.'5, the
laminations 14 are provided with bends at their respeciive
opposite edges. Preferably, unbent laminations are alter-
nated with the bent laminations, although the bent
laminations alone may be used if desired.

Where my bent portions extend laterally across the
edges of several unbent laminar edges, it is desirable
that the bent portion closest to the unbent laminar edges
be spaced away from the adjacent unbent edges, in fact,
it is desirable that some suitable insulating material 15
be positioned between the bent edge closest to the ad-
jacent unbent edges and the adjacent unbent cdges as
shown in Figs. 2, 4, and 5 in order to prevent magnetic
short-circuiting of the adjacent unbent laminar edges.

If desired, as shown in Fig. 6, each laminar layer hav-
ing insert members may be provided with two such insert
members in the respective layers, with an insert member
being positioned at opposite edges of the given layer, an
unbent lamination extending between the respective insert
members in each layer having insert members. Thus, in
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Fig. 6, there is shown a core having bent corner insert
members 16 at its left-hand edge with respect to the view
shown in the drawing and bent corner insert members 17
at the right-hand edge of each layer, with respect to the
view shown in the drawing.

in ihe embodiment shown in Fig. 6, sufficient unbent
layers are positioned between each layer having the bent
insert members that successive bent edges do not over-
lap, thereby permitting a core which is substanially
rectangular in cross-section,

There is shown in Fig. 7 a modified type of longitu-
dinally-bent lamination having the bent porticn inter-
mediate the width of the lamination, rather than on the
edge of the lamination. The lamination 18 of Fig. 7
Is provided with a generally V-shaped bend 19 extending
for all or the greater part of the length of the Jamination
and positioned intermediate of the width of the lamina-
tion. The longitudinal bend 19 which s positioned inter-
mediate the width of the lamination obviously may have
cross-sectional shapes other than the v shape shown in
Fig. 7.

There is shown in Fig. 8 a cross-sectional view of a
magnetic core embodying laminations of magnetic ma-
terial of the type shown in Fig. 7, in which the bent
portions are positioned intermediate of the width of the
respective laminations. When laminations having bends
of the type shown in Figs. 7 and 8§ are used, the bent
laminations are preferably situated in the outer as well
as the inner laminar layers of the magnetic core ele-
ment in which they are situated, as shown in Fig. 8.

As shown in Fig. 9, a plurality of longitudinal bends
may be positioned intermediately of the width of the
laminations, rather than using only a single intermedi-
ately-positioned longitudinal bend such as is shown in
Figs. 7 and 8. If desired, as shown in Fig. 9, alternate
longitudinally-extending bends in the same sheets may
extend in opposite directions.

In another embodiment of my invention, the bends
may be obtained by providing the laminations with a
continuously curved surface, as shown in Fig. 10. This
produces, in effect, a corrugated lamination, with the
corrugations extending longitudinally of the respective
laminations.

When the longitudinally-bent portions are positioned
intermediately of the width of the respective laminations,
as shown in Figs. 7, 8, 9, and 10, the bent portions may
extend for only a portion of the length of the lamina-
tions, as shown in Fig, 7, or they may extend for the
entire length of the laminations. When the bent por-
tions extend for only a portion of the length of the re-
spective laminations, with the ends of the laminations
remaining unbent, mating leg and yoke laminations may
be stacked in a conventional butt and lap assembly.

When the longitudinally-bent portions extend for the
entire length of the respective laminations, the mating
laminations in the intersecting core element may be pro-
vided with mating grooved portions to permit a satis-
factory joint between intersecting leg and yoke lamina-
tions. .

There is shown in Fig. 11 a type of joint structure
which may be used when the longitudinally-bent portions
extend for the entire length of the bent laminations.
A leg member 26 of a magnetic core is provided with
longitudinally-extending grooves 21, the grooves in this
instance being positioned intermediately of the width of
the respective laminations. The laminations of leg 20
extend alternately to the top and bottom edges of the
laminations' of yoke member 22. The laminations of
yoke member 22 extend alternately to the inner and outer
edges of the laminations of leg member 20. The yoke
Jaminations which extend to the outer edge of leg mem-
ber 20 are provided with transverse grooves which mate
with the longitudinal grooves 21 of leg member 20. The
interlocking between the longitudinal grooves and trans--
verse grooves provides a strong joint between the inter-
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secting leg and yoke laminations, and is effective in
preventing the leg and yoke members from shifting with
respect to one another.

In addition to providing reinforcement for the core
legs against bending, as has been explained hereinbefore,
the use of my longitudinaliy-bent lamination members
also provides certain other advantages. One additional
advantage in the case of edge-bent laminations is that it
permits the use of more magnetic material within an
encircling cylinder of a given radius.

A further advantage of the use of my longitudinally-
bent laminations, particularly where the bent portions
are at the edges of the respective laminations, is that in
certain applications where the stationary elecirical in-
duction apparatus is air-cooled, the bent edges serve as
cooling fins, in addition to the mechanical strengthening
obtained by their use.

While the longitudinally-bent laminations hereinbe-
fore described will probably most generally be used for
reinforcing leg members of magnetic cores, they may
equally well be used for reinforcing the yoke members,
and in a given core either leg or yoke members or both
may be reinforced with the use of longitudinally-bent
laminations.

It can be seen that the longitudinally-bent laminations
in accordance with my invention provide a reinforce-
ment for the legs and yoke members of a magnetic core,
thereby reducing tendency to bending of the lez and
yoke members, and danger of cracking of any insulating
cylinders which may surround the core legs.

It will be understood that while I have illustrated my
invention in connection with a magnetic core having a
cruciform cross section, my invention may be used equal-
ly well with other types of magnetic cores. Also, while
{ have illustrated my invention in coanection with a mag-
netic core having butt and lap joints, the use of my in-
vention is independent of the particular type of joint
structure used. Also, as mentioned previously, while I
have shown the use of right angle bends where the lam-
inations are longitudinally bent at their edges, such edge
bends need not necessarily be at right angles.

While I have illustrated my invention in connection
with a core of the flat stacked type, it will be under-
stood that my longitudinally-bent laminations may also
be used with cores of the bent sirip type, in which strips
of oriented magnetic material are bent into shapes con-
forming to the core configuration.

Also, it will be obvious that wherever I have used
o single laminar layer by way of illustration for a par-
ticular longitudinally-bent lamination arrangement, a
plurality of Iaminar layers may be used instead.

While there have been shown and described particular
embodiments of my invention it will be obvious to those
skilled in the art that various changes and modifications
can be made therein without departing from the in-
vention 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 secure by Leiters
Patent of the United States is:

1. A magnetic core for stationary electrical induction
apparatus comprising, in combination, a winding leg
member having a plurality of flat stacked elongated gen-
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erally rectangular-shaped laminations, said laminations
being divided into groups of laminations of predetermined
width having aligned edges between which are inter-
spersed wider laminations, said wider laminations being
laterally offset relative to the narrower laminations so
that they each have an edge in alignment with an edge
of the narrower laminations and an edge extending bevond
the other edges of the narrower Iaminations, said wider
laminations being selectively offset laterally in opposite
directions, said laterally extending side edges being longi-
tudinally bent in overlapping relation at approximately a
right angle to said narrower laminations for stiffening said
leg member.

2. A core member of a magnetic core for staticnary
electrical induction apparatus comprising a plurality of
flat stacked generally elongated laminations of magnetic
material, said flat laminations being divided into groups
of adjacent laminations, the laminations of each group
having the same widths and aligned edges, and a plurality
of laminations of magnetic material having substantially
right angle bends extending longitudinally thereof, said
bent laminations having portions interspersed between
said flat laminations and portions extending from the
edges of said flat laminations, the sa2id interspersed por-
tions lying in planes parallel to the planes of said flat
laminations and the bends of said bent laminations ex-
tending longitudinally of said core member, said extend-
ing portions being bent in overlapping relationship with
respect to the extending porticns of adjacent said bent
laminations.

3. A core member of a magnetic core for stationary
electrical induction apparatus comprising a plurality of
flat stacked generally elongated laminations of magnetic
material, said flat laminations being divided into groups
of adjacent laminations, the laminations of each group
having the same widths and aligned edges, and a plural-
ity of laminations of magnetic material each having a
substantially right angle bend extending lengitudinally
thereof, said bent laminations having portions interspersed
between said flat laminations and portions extending from
the edges of said laminations, each of said bent lamina-
tions having one edge in alignment with one edge of said
flat laminations with said one edge of alternate bent
laminations aligned with epposite edges of said flat lami-
nations, said interspersed portions aligned in planes paral-
lel to the planes of said flat laminations, the said inter-
spersed portions lying in planes parallel to the planes
of said flat laminations and the bends of said bent lami-
nations extending longitudinally of said core member,
said extending portions being bent in overlapping rela-
tionship.
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