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amorphous material strips 10, 10'. The amorphous strips are wound to define a plur-
ality of superposed layers 14, 14" of amorphous strips, each layer defining a core
loop of the transformer. The winding step 1 ) provides at least a certain layer includ-
ing interlaced, adjacent strips having ditfering widths thereby defining overall width
of the certain layer to be greater than a width of the widest strip of the certain layer,
and 2) ensures that a layer is in superposed relation with the certain layer.
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INTERLACED AMORPHOUS MATERIAL TRANSFORMER CORE

BACKGROUND OF THE INVENTION

The present invention relates to cores for an electric transformer and, more

particularly to wound, interlaced amorphous material transformer cores.

Strips of amorphous materials are used to form conventional transformer
cores because the material has low losses, and thus a higher efficiency.
Amorphous material is mechanically fragile and very thin, and slitting and
handling the material subsequently reduces the magnetic properties of the
material, decreasing efficiency. The amorphous material is manufactured in
limited widths. With reference to FIG. 1, the fragility of the material requires
that strips 10 of amorphous steel material, arranged in groups 12, are wound
in loops with quadrilateral cross-sections when forming a transformer core 17.
Each layer wound adds to the height of the core loop and increases the cross-
sectional area. As the power rating of a transformer increases, so must the
cross-section of the core. Cores made of wound amorphous material with a
quadrilateral cross-section result in a poor fill factor inside a transformer coil
and, due to the limited production widths, multiple adjacent loops with
quadrilateral cross-sections must be used to increase the total core cross-
section as the power rating increases. It is difficult to keep multiple loops in
place and avoid mechanical stress, which may damage the amorphous
material.

Thus, there is a need to provide a transformer core whose overall cross-
sectional width is formed by stacking several strips of amorphous material in
interlaced layers, with some or each of the strips being offset or in overlapping
relation.
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SUMMARY OF THE INVENTION

An objective of the present invention is to fulfill the need referred to above. In
accordance with the principles of the invention, this objective is obtained by
providing a method of making a transformer core that provides a plurality of
amorphous material strips. The amorphous strips are wound to define a
plurality of superposed layers of amorphous strips, each layer defining a core
loop of the transformer. The winding 1) provides at least a certain layer
including interlaced, adjacent strips having differing widths thereby defining
overall width of the certain layer to be greater than a width of the widest strip
of the certain layer, and 2) ensures that a layer is in superposed relation with
the certain layer.

In accordance with another aspect of an embodiment, a transformer core
includes a certain layer of amorphous material strips. The certain layer is
wound to define a core loop of the transformer. The certain layer includes
adjacent, interlaced strips having differing widths thereby defining overall
width of the certain layer to be greater than a width of the widest strip of the
certain layer. At least another layer of amorphous material strips is
superposed with the certain layer.

Other objectives, features and characteristics of the present invention, as well
as the methods of operation and the functions of the related elements of the
structure, the combination of parts and economics of manufacture will become
more apparent upon consideration of the following detailed description and
appended claims with reference to the accompanying drawings, all of which
form a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood from the following detailed description
of the preferred embodiments thereof, taken in conjunction with the
accompanying drawings, wherein like reference numerals refer to like parts, in

which:
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[0011] FIG. 1 is side view of conventional groups of cut and stacked amorphous
strips.

[0012] FIG. 2 is a top view of the amorphous strips of IFG. 1.

[0013] FIG. 3a is an end view of a layer of amorphous strips in adjacent, staggered

positions in accordance with an embodiment.

[0014] FIG. 3b is an end view of a layer of amorphous strips in unidirectional overlap
positions in accordance with another embodiment.

[0015] FIG. 3c is an end view of a layer of amorphous strips in poly-directional
overlap positions in accordance with another embodiment.

[0016] FIG. 4 is a top view of the strips of a layer of an embodiment, arranged in
adjacent positions.

[0017] FIG. 5 is an end view of a core showing stacked layers defining a height of the
core.
[0018] FIG. 6a is an end view of two layers of amorphous strips in a single layer

overlap relation, with the next layer overlapping the previous layer in

accordance with another embodiment.

[0019] FIG. 6b is an end view showing symmetric poly-layer overlapping, with groups
of layers overlapping each other in accordance with an embodiment.

[0020] FIG. 6¢ is an end view showing asymmetrical poly-layer overlapping, with a
unidirectional overlapping layer, overlapping another layer in accordance with

an embodiment.

[0021] FIG. 6d is an end view showing intermittent, single layer overlapping in

accordance with an embodiment.
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[0022] FIG. 7 shows staggered amorphous strips for a transformer core having a
non-quadrilateral shape in accordance with an embodiment.

[0023] FIG. 8a shows a small offset of strips of layer with respect to the strips of a

layer below in accordance with another embodiment.

[0024] FIG. 8b shows a large offset of strips of a layer with respect to strips of a layer

below in accordance with another embodiment.

[0025] FIG. 8c shows staggered layers of strips with multiple layers of strips between

overlap in accordance with another embodiment.

[0026] FIG. 9a shows that a single layer can be wound at any angle.

[0027] FIG. 9b shows that one or more layers can be wound at the same or different
angles.

[0028] FIG. 9c shows that multiple layers can be wound at any angle offset and with

any amount of laminations.

[0029] FIG. 10a shows a continuously wound core with distributed gap in accordance

with an embodiment.

[0030] FIG. 10b shows a continuous wound core in accordance with another
embodiment.
[0031] FIG. 10c shows a core formed by the combination of FIGs. 10a and 10b with

a gap between continuous laminations.

[0032] DETAILED DESCRIPTION OF AN EXAMPLE EMBODIMENT

[0033] As used herein and by those skilled in the art, the term "strip" refers to a
lamination of amorphous magnetic material of limited width that has been fully
parted to create a certain length. The term "group” refers to a plurality of strips



[0034]

[0035]

[0036]

WO 2012/173720 PCT/US2012/037405

that are assembled so as to be substantially aligned on both their longitudinal
and transverse edges. The term “layer” refers to a single winding of a core
loop that can comprise one or more strips.

In accordance with an embodiment, a method stacks of amorphous material
(such as steel) strips in layers to increase the width of a core loop or to create
a transformer core with a cross-section that deviates from a quadrilateral
shape. With reference to layer end views in FIGs. 3a-3c, within a single layer
14 of a core loop, the amorphous material strips 10 may be wound in
adjacent, interlaced positions (FIG. 3a) with gaps between lamination edges
15 forming the joints. Alternatively the strips 10 or laminations can be in
overlapping, interlaced relation. FIG. 3b shows a unidirectional overlap of
amorphous strips 10 with varied overlap lengths forming the joints, while FIG.
3c shows a poly-directional overlap of amorphous strips 10, with varied
overlap lengths forming the joints. In FIGs. 3a-3c, the dimensions a, b, ¢, are
defined as the width of a strip and dimensions d and e being a gap dimension
or an overlap dimension. Thus, in FIGs. 3a-3c¢ the dimensional relationships
can be as follows: a=or#b=0r#c, d=0r#e, with the dimensions being selected
to any suitable dimension. The thickness of each strip is about 0.0001 inches.

FIG. 4 shows a top view of strips 10 of a layer 14 with edges 15 thereof
arranged in adjacent positions (as in FIG. 3a). Adjacent strips 10 of a layer 14
enable a cross-sectional width W (FIGs. 3a and 4) that is greater than the
width of the widest strip (e.g., dimension a in FIG. 3a). Multiple strip widths
may be used throughout the layer. FIG. 5 shows how multiple stacked layers
14 increases the height H of a core 17.

With reference to end views in FIGs. 6a-6d, layers of amorphous strips
stacked in a superposed relationship can overlap a layer below. FIG. 6a
shows single layer overlapping, with the next layer 14’ (having unidirectional
overlapping) overlapping the layer 14 (also having unidirectional overlapping).
FIG. 6b shows symmetric poly-layer overlapping, with groups of layers
overlapping each other. For example, group 18, comprising symmetrical
amorphous strips 10°, overlaps group 16, comprising symmetrical amorphous
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strips 10. FIG. 6¢c shows asymmetrical poly-layer overlapping, with
unidirectional overlapping layer 14’ overlapping the layer 14. FIG. 6d shows
intermittent single layer overlapping.

For larger core sizes associated with higher rating transformers,
conventionally, wider steel laminations or strips are used. When the width of
the steel is restricted due to manufacturing limitations, multiple amorphous
steel core loops are typically used. The embodiment uses interlaced
laminations or strips to increase the width of the core loop. Interlaced
laminations are distinct from increasing the core width with merely adjacent
loops because the interlaced laminations reinforce each other and no barrier
is placed between interlaced laminations.

With reference to end views of layers in FIGs. 8a-6¢ and FIG. 7, the position
of a strip in the next layer may be offset from the layer below. FIG. 7 shows
staggered amorphous strips 10, 10" in layers (e.g., 14, 14’) stacked in a
superposed and interlaced relationship defining a transformer core, generally
indicated at 17, having a non-quadrilateral shape. The overall cross-sectional
width thus varies between layers as indicated by W and Wy, allowing the core
17 cross-section to have the non-quadrilateral shape. Non-quadrilateral
shapes can have a better fill factor, improving the material efficiency in the
transformer coil. The embodiment is an improvident over conventional
methods, since it is difficult to cut non-quadrilateral shapes with amorphous
steel because the material is delicate. Lamination interlacing as in the
embodiment allows amorphous steel to be used for core loops that are not
quadrilateral or parallelograms.

FIG. 8a shows a small offset of strips 10’ of layer 14’ with respect to the strips
10 of layer 14. FIG. 8b shows a large offset of strips 10’ with respect to strips
10 there-below. FIG. 8c shows staggered layers 14, 14’ with multiple layers
between overlap. Offset amorphous material strips 10, 10’ may be wound in
every layer or with any numerical arrangement of layers between the next
offset. If the amorphous material strips overlap within a layer, then the strips
may or may not be offset between the layers. If strips are wound to overlap
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within a layer, the strips may be offset to not overlap for any number of layers
before the next overlap. Between all and none of the strips may overlap within
a layer. Any number of layers may also overlap any number of layers. The
gap between adjacent lamination strips or the overlap distance may vary

between and within core loops.

Conventional transformer joints often have offsets between core loop layers,
and a parallelogram core loop may also have offset core layers, but these
offsets follow a pattern of an offset distance between two layers. An interlaced
lamination offset of the embodiments can occur with any paittern, and a
lamination in one layer may overlap multiple laminations in a single layer.

Essentially, adjacent lamination interfaces are offset between layers.

For clarity of illustration, FIGs. 3a-8c show gaps between layers (e.g., 14, 14’).
It can be appreciated that the layers 14, 14’ and all further layers are stacked
in superposed relationship with no significant gap between layers.

With reference to FIG. 9a, a single layer 14 can be wound at any angle. FIG.
9b shows that one or more layers can be wound at the same or different
angles to increase cross-sectional area or approximate a cross-sectional
shape (e.g., rectangle). FIG. 9c shows that multiple layers can be used at any
angle offset and with any amount of laminations 10 to approximate cross-
sectional shapes (e.g., non-quadrilateral shapes). Thus, laminations within a
layer may be wound at an angle to overlap adjacent laminations within the
same layer. Subsequent layers may be wound at the same angle or at a
different angle from the previous layer.

With reference to FIG. 10a, a continuously wound core 17 is shown with a
distributed gap 20 in accordance with an embodiment. Alternatively, FIG. 10b
shows a continuous wound core 17’. Still further, FIG. 10c shows a core 177
formed by the combination of FIGs. 10a and 10b with a gap between
continuous laminations. Winding of the cores 17 is conventional and may
employ an arbor of the type disclosed U.S. Patent No. 5,315,754, the contents
of which is hereby incorporated by reference into this specification.
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The process disclosed herein may be used for core loops in single or multiple
phase transformers. One or more loops with identical or different cross-
sections may pass through a transformer coil. This technique may be used to
produce quadrilateral core loop cross-sections as well as other cross-
sectional shapes.

The mechanical stability of the amorphous material core is greater with
interlaced or offset strips than if larger widths are achieved using adjacent but
separate loops. This allows larger cores to be manufactured to meet the

requirements of higher transformer power ratings.

It can be appreciated that the embodiments increase the overall width of the
transformer core or core loop cross-section by using multiple strips of limited
widths. This allows for many different strip widths to be imitated without
requiring manufacturing large strip widths or additional slitting of standard
manufactured widths. Increasing cross-sectional widths allow production of
higher transformer power ratings. The embodiments also allow the overall
width of the transformer core or core loop to vary between layers, permitting
any cross-sectional shape, which can increase the filling factor within a
transformer coil, thus increasing the material efficiency of the unit. By
staggering strip position within layers and overlapping intra- and/or inter-layer
strips, a laminar contact area is provided that becomes a site for compression.
This compression between laminations improves the mechanical stability of
the core or core loop without adding mechanical stresses from additional
fixtures to hold the separate segments.

The foregoing preferred embodiments have been shown and described for the
purposes of illustrating the structural and functional principles of the present
invention, as well as illustrating the methods of employing the preferred
embodiments and are subject to change without departing from such
principles. Therefore, this invention includes all modifications encompassed
within the spirit of the following claims.
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1.

What is claimed is:

A method of making a transformer core comprising the steps of:

providing a plurality of amorphous material strips, and

winding the amorphous strips to define a plurality of superposed
layers of amorphous strips, each layer defining a core loop of the
transformer, the winding step 1) providing at least a certain layer including
interlaced, adjacent strips having differing widths thereby defining overall
width of the certain layer to be greater than a width of the widest strip of
the certain layer, and 2) ensuring that a layer is in superposed relation with
the certain layer.

The method of claim 1, wherein the layer superposed with the certain layer
includes adjacent, interlaced strips having differing widths so that an
overall width thereof is greater than a width of the widest strip thereof.

The method of claim 1, wherein the winding step further includes winding
the superposed layers of strips so that an overall cross-sectional width
varies between layers thereby defining the core having a non-quadrilateral

cross-sectional shape.

The method of claim 1, wherein winding of the certain layer includes
overlapping certain of adjacent strips of the certain layer.

The method of claim 4, wherein the overlapping is unidirectional.

The method of claim 4, wherein the overlapping is poly-directional.

The method of claim 2, wherein edges of certain adjacent strips of the
certain layer or the layer superposed therewith are disposed in spaced

relation defining a gap there-between.

The method of claim 7, wherein a distance of the gap varies within a layer.
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10.

11.

12.

13.

14.

15.

16.

17.

The method of claim 1, wherein the strips of the layer superposed with the
certain layer are offset with respect to strips of the certain layer.

The method of claim 1, wherein the winding step is continuous until
completion thereof.

The method of claim 1, wherein the winding step provides at least one gap

in the winding.

A transformer core comprising:

a certain layer of amorphous material strips, the certain layer
being wound to define a core loop of the transformer, with the certain
layer including adjacent, interlaced strips having differing widths thereby
defining overall width of the certain layer to be greater than a width of the
widest strip of the certain layer, and

at least another layer of amorphous material strips superposed
with the certain layer.

The transformer of claim 12, wherein the another layer includes adjacent,
interlaced strips having differing widths so that an overall width thereof is
greater than a width of the widest strip thereof.

The transformer of claim 12, wherein an overall cross-sectional width
varies between layers thereby defining the core having a non-quadrilateral
cross-sectional shape.

The transformer of claim 12, wherein strips within the certain layer or strips
within the another layer are in overlapping relationship.

The transformer of claim 12, wherein strips within the certain layer and
strips within the another layer are in overlapping relation.

The transformer of claim 15, wherein the overlapping is unidirectional or
poly-directional.

10
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18.

19.

20.

The transformer of claim 13, wherein edges of certain adjacent strips of
the certain layer or edges of certain adjacent strips of the another layer are
disposed in spaced relation defining a gap there-between.

The transformer of claim 17, wherein a distance of the gap varies within a
layer.

The transformer of claim 12, wherein the strips of the another layer are
offset with respect to strips of the certain layer.

11
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