wo 2012/177399 A1 || IO OO A R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

(10) International Publication Number

WO 2012/177399 Al

27 December 2012 (27.12.2012) WIPO | PCT
(51) International Patent Classification: (74) Agents: STEMBERGER, Edward, J. et al.; Manelli Sel-
HOIF 27/245 (2006.01) HOIF 41/02 (2006.01) ter PLLC, 2000 M Street, N.W., Suite 700, Washington,
. .. DC 20036 (US).
(21) International Application Number:
PCT/US2012/041195 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Aéj, BA, BB, BG, B}{, BR, BW, BY, BZ.
7 June 2012 (07.06.2012) CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
61/500,231 23 June 2011 (23.06.2011) US OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US). ABB TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
TECHNOLOGY AG [CH/CH]; Affolternstrasse 44, CH- . L
8050 Zurich (CH). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Inventors/Applicants (for US only): SAVER, Charlie, H. UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

[US/US]; 14506 North Scenic Highway, Rocky Gap, VA
24366 (US). PAULEY, William, E. [US/US]; 319 White
Pine Dr., Bland, VA 24315 (US).

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: RADIUS CUT TRANSFORMER CORE CONFIGURATION FOR STEP LAP YOKE AND CENTRAL LEG

/DO
1272
/ozB /0 /74
// iz,
;7/6
\
(
{olow |
19— d | 20
, Jlo
L /%
A1 | 1287
ra
" 1640
/
) 120 \
/o P
e oAb 124 04

(57) Abstract: A transformer core includes a plurality of first and
second outer leg plates (106, 108), a plurality of inner leg plates (110),
each having opposing, arc-shaped ends (122, 124), and a plurality of
upper yoke plates and a plurality of lower yoke plates (102, 104). Each
of the upper and lower yoke plates has an outer side and an inner side
with an arc-shaped notch formed in the inner side (129, 130). The inner
leg plates, the upper and lower yoke plates, and the first and second out-
er leg plates are joined to form first and second outer legs from the first
and second outer leg plates, respectively; an upper yoke and a lower
yoke from the upper and lower yoke plates, respectively; and a central
leg from the inner leg plates, with each arc-shaped end of the inner leg
plates being joined with an associated arc-shaped notch of each of the

|__ 7! Z— upper and lower yoke plates.
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RADIUS CUT TRANSFORMER CORE CONFIGURATION
FOR STEP LAP YOKE AND CENTRAL LEG

[0001] FIELD OF THE INVENTION

[0002] The invention relates to transformers and more particularly, to transformers
having a stacked core and methods of making the same with reduced waste and

improved core performance.

[0003] BACKGROUND OF THE INVENTION

[0004] A stacked transformer core is comprised of thin metallic laminate plates, such as
grain oriented silicon steel. This type of material is used because the grain of the
steel may be groomed in certain directions to reduce the magnetic field loss. The
plates are stacked on top of each other to form a plurality of layers. A stacked
core is typically rectangular in shape and can have a rectangular or cruciform
cross-section. A front view of a conventional three leg stacked core 10 for a
three phase transformer is shown in FIG. 1. The core 10 comprises an upper
yoke 12, a lower yoke 14, an inner leg 16, and first and second outer legs 18, 20.
A pair of windows 22 are disposed between the inner leg 16 and the first and
second outer legs 18, 20, respectively. Wire coils (not shown) are mounted to
the inner leg 16 and the first and second outer legs 18, 20, respectively.

[0005] The upper yoke 12 comprises a stack of plates 24, the lower yoke 14 comprises
a stack of steel plates 26, the first outer leg 18 comprises a stack of plates 28 and
the second outer leg 20 comprises a stack of plates 30. The plates 24, 26 of the
upper and lower yokes 12, 14 have opposing ends that form joints with opposing
ends of the plates 28, 30 of the first and second outer legs 18, 20, respectively.
A V-shaped upper notch 32 is formed in each of the plates 24 of the upper yoke
12 and a V-shaped lower notch 36 is formed in each of the plates 26 of the lower
yoke 14. The upper notches 32 form an upper groove 38 in the upper yoke 12,
while the lower notches 36 form a lower groove 40 in the lower yoke 14. The size
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of the individual plates 24-30 vary depending on the stacking technique used to
assemble the core 10.

The inner leg 16 comprises a stack of plates 42. Each of the plates 42 has an
upper tined end 42a formed by a pair of miter cuts and a lower tined end 42b
formed by a pair of miter cuts. The upper and lower tined ends 42a, b of the
plates 42 provide the inner leg 16 with upper and lower tined ends 16a, b, which
are adapted for receipt in the upper and lower grooves 38, 40 of the upper and
lower yokes 12, 14, respectively.

The manufacture of the conventional core 10 described above results in a
significant amount of steel being cut away and discarded. For example, during
the manufacture of the inner leg 16, four pieces of steel must be cut away from
each plate 42 to provide the plate 42 with tined ends.

There is a need to provide a stacked transformer core and method of making the
same that reduces the amount of steel that is scrapped and, thus, wasted.

SUMMARY OF THE INVENTION

An object of the invention is to fulfill the need referred to above. In accordance
with the principles of the present invention, this objective is achieved by providing
a transformer core including a plurality of first and second outer leg plates, a
plurality of inner leg plates, each having opposing, arc-shaped ends, and a
plurality of upper yoke plates and a plurality of lower yoke plates. Each of the
upper and lower yoke plates has an outer side and an inner side with an arc-
shaped notch formed in the inner side. The inner leg plates, the upper and lower
yoke plates, and the first and second outer leg plates are joined to form first and
second outer legs from the first and second outer leg plates, respectively; an
upper yoke and a lower yoke from the upper and lower yoke plates, respectively;
and a central leg from the inner leg plates, with each arc-shaped end of the inner
leg plates being joined with an associated arc-shaped notch of each of the upper
and lower yoke plates.



[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

WO 2012/177399 PCT/US2012/041195

In accordance with yet another aspect of the invention, a method of making a
core for a transformer provides a plurality of first and second outer leg plates; a
plurality of inner leg plates, each having opposing, arc-shaped ends; and a
plurality of upper yoke plates and a plurality of lower yoke plates. Each of the
upper and lower yoke plates has an outer side and an inner side with an arc-
shaped notch formed in the inner side. The method joins the inner leg plates, the
upper and lower yoke plates and the first and second outer leg plates to form first
and second outer legs from the first and second outer leg plates, respectively; an
upper yoke and a lower yoke from the upper and lower yoke plates, respectively;
and a central leg from the inner leg plates, with each arc-shaped end of the inner
leg plates being joined with an associated arc-shaped notch of each of the upper
and lower yoke plates.

Other objects, 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 numbers indicate like parts, in which:

FIG. 1 shows a front elevational view of a prior art transformer core.

FIG. 2 shows a front elevational view of a transformer core constructed in

accordance with an embodiment of the invention.

FIG. 3 shows an enlarged view of a portion of central leg of the core of FIG. 2,
shown spaced above a lower yoke.
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DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

With reference to FIG. 2, a core 100 is shown for a transformer, such as a
distribution transformer. The transformer may be an oil-filled transformer, i.e.,
cooled by oil, or a dry-type transformer, i.e., cooled by air. The core 100 has a
rectangular shape and generally comprises an upper yoke 102, a lower yoke 104,
first and second outer legs 106, 108 and a central leg 110 disposed generally
centrally between the outer legs. Upper ends of the first and second outer legs
106, 108 are connected to first and second ends of the upper yoke 102,
respectively, while lower ends of the first and second outer legs 106, 108 are
connected to first and second ends of the lower yoke 104. The central leg 110 is
disposed about midway between the first and second outer legs 106, 108 and
has an upper end connected to the upper yoke 102 and a lower end connected to
the lower yoke 104. With this construction, two windows 112 are formed between
the central leg 110 and the first and second outer legs 106, 108.

The upper yoke 102 has an inner side 102a and an outer side 102b, and the
lower yoke 104 has an inner side 104a and an outer side 104b. The upper yoke
102 comprises a stack of yoke plates 114, while the lower yoke 104 comprises a
stack of yoke plates 116. Both the plates 114 and the plates 116 are arranged in
groups. In one exemplary embodiment of the present invention, the groups are
groups of seven, but for ease of illustration, four groups are shown and described
herein. Of course, groups of different numbers may be used. Each of the plates
114, 116 is composed of grain-oriented silicon steel and has a thickness in a
range of from about 7 mils to about 14 mils, with the particular thickness being
selected based on the application of the transformer. The plates 114, 116 each
have a unitary construction and are trapezoidal in shape. In each of the plates
114, 116, opposing ends of the plate 114, 116 are mitered at oppositely-directed
angles of about 45 degrees thereby providing the plate 114, 116 with major and
minor side edges. The plates 114 have the same width to provide the upper yoke
102 with a rectangular cross-section and the plates 116 have the same width to
provide the lower yoke 104 with a rectangular cross-section. However, the
lengths of the plates 114 are not all the same and the lengths of the plates 116

4
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are not all the same. More specifically, the lengths within each group of plates
114 are different and the lengths within each group of plates 116 are different.
The pattern of different lengths is the same for each group of plates 114 and the
pattern of different lengths is the same for each group of plates 116. The
difference in lengths within each group permits the formation of multi-step lap
joints with plates 118, 120 of the first and second outer legs 106, 108.

With reference to FIG. 2, an upper arc-shaped notch 122 is formed in each inner
side 102a of the plates 114 of the upper yoke 102 and an arc-shaped lower notch
124 is formed in each inner side 104a of the plates 116 of the lower yoke 104.
The upper interior edges 126 (defining the notches 122) in adjacent plates 114 of
the upper yoke 102 have different depths for forming vertical lap joints with upper
ends 127 of inner leg plates 128 of the central inner leg 110, as will be described
more fully below. Similarly, and as best shown in FIG. 3, the lower interior edges
130 in adjacent plates 116 -116c¢ of the lower yoke 104 have different depths for
forming vertical lap joints with lower ends 129 of the inner leg plates 128 of the
central leg 110, as will be described more fully below.

The first outer leg 106 comprises a stack of the plates 118, while the second
outer leg 108 comprises a stack of the plates 120. Both the plates 118 and the
plates 120 are arranged in groups of the same number as the plates 114, 116.
Each of the plates 118, 120 is composed of grain-oriented silicon steel and has a
thickness in a range of from about 7 mils to about 14 mils, with the particular
thickness being selected based on the application of the transformer. The plates
118, 120 each have a unitary construction and are trapezoidal in shape. In each
of the plates 118, 120, opposing ends of the plate are mitered at oppositely-
directed angles of about 45 degrees, thereby providing the plate 118, 120 with
major and minor side edges. The plates 118 have the same width to provide the
first outer leg 106 with a rectangular cross-section and the plates 120 have the
same width to provide the second outer leg 108 with a rectangular cross-section.
However, the lengths of the plates 118 are not all the same and the lengths of the
plates 120 are not all the same. More specifically, the lengths within each group
of plates 118 are different and the lengths within each group of plates 120 are
different. The pattern of different lengths is the same for each group of plates
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118 and the pattern of different lengths is the same for each group of plates 120.
The difference in lengths within each group permits the formation of the muilti-
step joints with the plates 114, 116 of the upper and lower yokes 102, 104, as will
be described more fully below.

Referring now to FIG. 3, there is shown an enlarged view of a portion of the lower
end of the central leg 110 spaced from the lower yoke 104. When the lower end
of the central leg 110 is assembled to the lower yoke 104, the convex arc-shaped
ends 129 of first, second, third and fourth inner leg plates 128, 128a, 128b and
128c abut (form joints with) the concave arc-shaped lower interior edges 130 of
first, second, third and fourth plates 116, 116a, 116b, and 116c of the lower yoke
104, respectively. The first through fourth inner leg plates 128-128c are vertically
offset such that lower ends thereof are located successively farther downward. In
order to accommodate these differences in length, the lower interior edges of the
plates 116-116¢ are cut successively deeper. With this construction, the first
plate 116 overlaps the joints between the second inner leg plates 128a and the
second plate 116a, the second plate 116a overlaps the joints between the third
inner leg plates 128b and the third plate 116b, and the third plate 116b overlaps
the joints between the fourth inner leg plates 128cd and the fourth plate 116c.
Although not shown, additional groups of the plates 116 and inner leg plates 128
are provided and repeat the pattern of the first through fourth plates 128-128c
and the first through fourth plates 116-116c¢. In this manner, multi-step lap joints
are formed between the plates 116 of the lower yoke 104 and the inner leg plates
128, with plates 116 of the lower yoke 104 overlapping plates 128.

Since the lower ends of the first through fourth inner leg plates 128-128c are
located successively farther downward, upper ends of the first through fourth
inner leg plates 128-128c are located successively farther downward. As a
result, the upper interior edges 126 (and, thus, the upper notches 122) of the
plates 114 within each group are successively shallower, which is the inverse of
the lower yoke 104. With this construction, vertical multi-step lap joints are
formed between the plates 114 of the upper yoke 102 and the inner leg plates
128 in the manner similar to that described above with regard to the lower yoke
104.
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It should be appreciated that the inner leg plates 128 may be offset differently so
as to have plates 114 of the upper yoke 102 overlapping inner leg plates 128,
and inner leg plates 128 overlapping plates 116 of the lower yoke 104. In
addition, the inner leg plates 128 may be offset to form a seven or other number
step lap joint pattern, instead of the four step lap joint pattern.

In the embodiment where the inner leg plates 128 have different lengths, such as
four different lengths, vertical multi-step lap joints are formed between the plates
114, 116 of the upper and lower yokes 102, 104 in a manner similar to that
described above, however, the upper interior edges 126 (and thus the upper
notches 122) of the plates 114 of the upper yoke 102 may have the same
arrangement as the lower interior edges 130 (and thus the lower notches 124) of
the plates 116 of the lower yoke 104 with regard to depth, because there is no
vertical shifting of the inner leg plates 128.

Plates of the first and second outer legs 106, 108 are joined in a multi-step lap
joint arrangement with plates the upper and lower yokes 102, 104 in a manner
similar to the joining of the central yoke 110 to the upper and lower yokes
102,104, described above. Such joining of the outer legs 106, 108 is described in
U.S. Patent No. 7,877,861 B2, the content of which is hereby incorporated by
reference into this specification.

In the embodiment, each arc-shaped noich 122, 124 is a continuous cut-out
defined by a continuous arc between points 132 that intersect with the associated
inner side 104a the yoke plate 116 (FIG. 3). The size of the arc or radius in the
plates 128 of the central leg 110 and the mating arc or radius of the plates 114,
116 in the upper and lower yokes 102, 104, respectively, is selected based on the
width of the steel plates. Core steel scrap is reduced by using the radius or arc
cut into the upper and lower yokes, as compared to the V-notch used in the prior
art configuration of FIG. 1.

The foregoing preferred embodiments have been shown and described for the
purposes of illustrating the structural and functional principles of the present

7



WO 2012/177399 PCT/US2012/041195

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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What is claimed is:

1. A transformer core comprising:

a plurality of first and second outer leg plates;

a plurality of inner leg plates, each having opposing, arc-shaped ends; and

a plurality of upper yoke plates and a plurality of lower yoke plates, each of
the upper and lower yoke plates having an outer side and an inner side with an arc-
shaped notch formed in the inner side,

wherein the inner leg plates, the upper and lower yoke plates, and the first
and second outer leg plates are joined to form first and second outer legs from the
first and second outer leg plates, respectively; an upper yoke and a lower yoke from
the upper and lower yoke plates, respectively; and a central leg from the inner leg
plates, with each arc-shaped end of the inner leg plates being joined with an
associated arc-shaped notch of each of the upper and lower yoke plates.

2. The core of claim 1, wherein each of the plurality of first and second outer leg
plates, the plurality of inner leg plates, and the plurality of upper and lower yoke
plates, are in stacked relation.

3. The core of claim 2, wherein the arc-shaped ends are joined with the arc-
shaped notches so as to be in a multi-step, lap joint arrangement.

4. The core of claim 1, wherein the first and second outer legs are joined to the
upper and lower yokes to define a generally rectangular shape, with the central leg
disposed between the upper and lower yokes, generally centrally between the first
and second outer legs.

5. The core of claim 1, wherein each of the arc-shaped notches of the upper and
lower yoke plates is a continuous cut-out defined by a continuous arc between points
that intersect with the associated inner side of the associated yoke plate.

6. The core of claim 5, wherein each the arc-shaped notch is concave and the
arc-shaped end that is joined therewith is convex.
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7. A method of making a core for a transformer, the method comprising:

providing a plurality of first and second outer leg plates;

providing a plurality of inner leg plates, each having opposing, arc-shaped
ends;

providing a plurality of upper yoke plates and a plurality of lower yoke plates,
each of the upper and lower yoke plates having an outer side and an inner side with
an arc-shaped notch formed in the inner side; and

joining the inner leg plates, the upper and lower yoke plates and the first and
second outer leg plates to form first and second outer legs from the first and second
outer leg plates, respectively; an upper yoke and a lower yoke from the upper and
lower yoke plates, respectively; and a central leg from the inner leg plates, with each
arc-shaped end of the inner leg plates being joined with an associated arc-shaped
notch of each of the upper and lower yoke plates.

8. The method of claim 7, wherein the step of providing the plurality of first and
second outer leg plates, the plurality of inner leg plates, and the plurality of upper
and lower yoke plates, provides each plurality of plates in stacked relation.

9. The method of claim 8, wherein the joining step includes joining the plates in a

multi-step, lap joint arrangement.

10. The method of claim 7, wherein the joining step includes joining first and
second outer legs to the upper and lower yokes to define a generally rectangular
shape, with the central leg disposed between the upper and lower yokes, generally
centrally between the first and second outer legs.

11.  The method of claim 7, wherein the step of providing the upper and lower
yoke plates with arc-shaped notches, provides a continuous cut-out defined by a
continuous arc between points that intersect with the associated inner side of the
associated yoke plate.

12. The method of claim 11, wherein each the arc-shaped notch is concave and
the arc-shaped end that is joined therewith is convex.

10
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