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() Transformer cores.

@ A method of manufacturing transformer cores of either
the continuously wound or cut wound type using electrical
steel strip having approximately a linear taper. By selectinga
suitable taper, a hexagonal (or higher order} approximation of
a circular cross-section for the legs of the cores is available.
Two complementary dore strips can be cut from a single
rectangular stock strip in a scrapless manner.
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BACKGROUND OF THE INVENTION

~{

(1) Fizld of the Invention

This invention relates to transformer cores of
the wound core type and is suitable for either single phase
or threc phase transformers.

(7) Description of the prior art

There are a multitude of existing designs, which
‘an be broadly catergorized as rectangular or cruciform, After
exrmination of these existing types, it was considered that
the erucifoiw types were philosophically superior, but the
rectangular ivpes embodied production advantages, including
simplt.citye

BRIEF SUMMARY OF THE INVENTION

The object of the present invention is to improve
upon these existing cores.
It is a preferred object to be able to produce a
cruciform-like circular core cross-section,
It is a further preferred object to produce the
cores without a large number of different widths of electrical
steel strip being required.
— A preferred feature of the present invention is

the use of tapered electrical steel strip to produce a hexagonal
..

or better approximation to circular cross-section for those

portions of the core under the windings to enable the production

of cores of near optimum geometry as a straight forward procodurs
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Other objects of the present inventios will
become apparent from the following description,

In the broad aspect, the present invention .osides
in & wmethod of manufacturing a transformer core from electrical
steel strip including the step of:

cutting at least a portion of the strip with non-
parallel sides.

Preferably the portion of the strip is cut with an
zpproximately linear taper,

In another aspect, the present invention resides
in a transformer constructed using the method,

The invention, in its preferred simplest form, i;
the hexagonal form approximation, which can be achieved in
either of two ways, both using a single width size of convent-
ionally slit steel strip, which is then specially slit, For
scrapless production of cores two identical cores can be slit
from the normal parallel sided strip in such a manner that the
tapered pieces are complementary to each other, Two identical
tapered strips can readily be cut from a suitable rectangﬁlar
piece Qz;cutting it at an appropriate angle,

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE

DRAWINGS.
To enable the invention to be fully understood, a

number of preferred embodiments will now be described with
reference to the accompanying drawings, in which:
FIG. 1 is a front view of a single phase core of

substantially hexagonal cross-section;
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SI1G. 1A is a cross-sectional view taken 0Q101042/

line 1A-1LN of P34 1

FI1t, 183 stows the culting plan of the strip for
the core of FlG, 1;

I'14G, 2 is a cross-sectional view of a modified
Torm of the core of® FIG, 1;

FIG, 2A shows the cutiing plan of the strip forn
v cote ot FIG . 2;

Flo, 3 is o ffrent view of a single phase shell
type core:

FlI: . S5A is a cross-sectional view taken on line
3A ~ 3A of i, i

+1G, 4 is & front view of a three phase "delta" .
core;

FIG. 4A is a cross-sectional view taken on line
ba -~ LA of FIG. L;

FIG. 5 is a cross~sectional view of a three-phase
star core;

FIG. 5A is a view of an assembled layer of the core
of FIG. 5; and

FIG, 5B is a nlan view of the strips for the
assembled layer of FIG. 5A.

.. DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS
The production of the tapered electrical steel

strip is implemented by a suitable slitting machine. Becaus«
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the angle of taper is so small c.g. less than 10, thao
axis of the slitting rollers is set perpendicular to the
strip of el cctrical steel, and the necessary taper is achicwved
by forcing ihe rollers across the sheet, The need for
precise control of the positioning of the slitting rollers
meaus that the slitting machine is best built with a single
pair of rollers for the slittiing operation., This means that
it only has to accomodate the width of steel needed for the
Largest core to be cut by the method, The details of the
method are most easily illustiated by a description of the
relevant pafts of the machine. After dereeling, the strip *
is passed through a pair of plain rollefs, comﬁrising a d?iven
roller to control the speed of the étrip, and its idler. The
strip then passes through two guides with tungsten carbide
wear parts which control its lateral position, and then through
a second pair of rollers similar to the first. The second
idler is identical to the first, l.ut the oth¢r roller is
machined to have a circumference which matchés the number of
pulses per revolution of the pulse generator (shaft encoder)
that it drives. This unit thus measures the length along the
strip as it "is fed through, and the slitting roller assembly
is immediately adjacent to it. The slitting rollers are mounted
on a very rigid frame, and can be set so that they are pre-

loaded to minimize deflection and with the desired armount of over-

lap, The roller frame is wider than the strip, since it must
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be anis no mero nack and forth across the strip, The frame
is mounted on a machine bed and driven by a worm drive from
a direct current motor geared down by a large amount because
of the slow travel required. Included in this assembly is a
second shaft encoder with its own small roller which enables
the pousition of the slitting rollers to be known and controllecd.
The ¢ontrol system for the slitting roller assembly is straight-
forward in that the motion of tlie slitting rollers sideways
seross the strip is direc:ly proportional to the leng.hi of
stip passing through., This can be implemented by ordinary
logic and sorvosystem components, but is better and simplcr
done by a microprocessor based computer which may control’the
re-i of the machine. Thus the tapered strip required for the )
core designs can readily be produced.

Referring to FIGS. 1, 1A and 1B, the core 10 whiich
is continuously wound, has a substantially hexagonal cross-
section as shown in FIG. 1A comprising a section 10A of inczras-~
ing width, a central section 10Bnof maximum width, and @ section
10C of decreasing width,

Referring to FIG. 1B, section 10A is wound from
strip 11A which is cut from a rectangular stock strip 12, the
strip 10A having a linear taper from a substantially zero width
upto the width of the stock-sirip 12,

Section 10B is wound from a sirip 11B cut from a

length of the stock strip 12 and has parallel sides,
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Section 10C is wound from a strivn 1IC cut Trom
stock strip 12 and has a linear taper from the width of the
stock strip 12 down to substantially zero width., As the
scrip 11A, 11C are of the same width, they ean be cut from
iengths of stock strip 12,

In the modified form of the core illustrated in
FIGS, 2 and 2A, lhe core 20 has a section 20A of increasing
width and a sc¢ction 20B of decreasing width, The sections
Luth have a maximum width equal to the maximum width of the
core and a minimun width equal to one-half of the core, the
sections 20A, 20B being wound from strips 21A, 21B respectively
i'1'om rectangular stock strip 22 which has a ﬁidth equal to .,
1.5 times the maximum width of the cc;re'ZOo As the strips

21A, 20B are complementary, two transformer cores 20 can be cut

from a single length of stock strip 22 without scrap. The single

phase shell-type core 30 of FIGS. 3 and 3A has a pair of core
frames 31A each with a cross-section which is substantially
identical with an isoséeles trapezium, When the two frames are
placed back-to-back, the central leg is substantially hexagonal
in cross-section (as shown in FIG. 3A). Each frame can be wound
from a ;;ngle strip of increasing width, such as strips 21A, 21B
shown ifn-FIG. 2A. As these strips are complementary, the core
30 can be produced from a single piece of rectangular stock
strip i.e. strip 22,

The three-phase delta core 40 shown in FIGS. 4 and
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La compzihcé'turvo t'rames 41 each conjoined at their sides
tu the o;hny two frames, the legs of the core having a
substantially hexapgonal cross-section, Fach frame 41 is
continuously wound I'rom a section 42 of fixed width ( equal
to 0,5 times the diameter of the leg) cut from a length of
rectanguiar stock strip of that width, and then a section 43
of decreasing width, As the sections 43 of two of the frames
can be complementary, they can be cut from rectangular stock
strip having a width equal to 0.5 times the diameter of the
core legs, The corec 40 is assembled by placing the frames 41
in the configuration shown in FIGS. 4 and 4A and securing
the frames together,

FIGS. 5, 5A and 5B show a three-phase "star" or * .
"yt core 50 with legs of substantially hexagonal cross-section,
The core 50 comprises three frames 51A, 51B, 51C each of
substantially C-shape in side view, |

Each frame 51A, 51B, 51C is formed from a series of
lamination lengths A,B,C respectivelf cut from a tapered strip
53,

The strip 53 is of increasing taper to form section
52A of each frame and of decreasing taper to form section 52B
and may be cut as shown in FIG. 2A,

" Lamination lengths A.B.C are cut to selected length

of square-ended strip 53 with two cuts at 60° to the longit-

udinal axis of the strip 53, This cutting step for most size
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cores can ignore the taper on the layers whici come Trom
the taper: | strip because of the small angle of taper,

kach layer is formed as shown in FIG. 5A where the
angled cut ends of each lamination length are butted to the
side of adjacent strip adjacent its free ends.

The nmethod of assembling a star core is to lay
together all the laminations so that one joint (e.g. the
bottom joint) is assembled and the core has the appé%iance of
three radial arms, The joint is clamped and the lamination
lengths A,B, C are bent upward until they are perpendiculay to
the plane of the joint. The lengths are secured and thei: the
Laps joint is sequentially folded together,  The electromégnetic
properties of the Jjoint are best when each layer is rotated ;ne
ihird of a turn from the previous layer, that is when piece A
of FIG., 5A is placed on each core leg in turn, This joint is
applicable not only to cores with tapered strip, but to any core
of this type, also known as Y~(wye) cores, The section labelled
E can be seen to protrude from the joint, but there is no
advantage to be gained by removing it,

A1l of the new core designs, being of the wound core
type, reéquire annealing after they have been cut and formed teo
shape., ..

By using the tapered strip to form the cores, which

can be continuously wound ( except for the star core 50 of

FIGS, 5, 5A and 5B), the transformer designer can achieve great
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flexibilizy 1in desipgn., By careful selection of the iuper
of the electrical strip, he can achieve almost any core
cross-sertion which he may require and can almost achieve the
theoretically optinum circular cross—section. For simplicity,
the hexaponal cross-scction as an approximation of the circular
cross—-scection is rewadily achievable,

ghy invention, in addition to its application as
a means ol produe ing the hexapgonal form approximation, can in
.. analogous fashiion to the cruciform case, be used to produce
gctagonal o1 higher order even regular sided approximations to
& circular crossg-section. However, for each pair of sides in
excess of six an additional size of parallel strip is reyuiréd
tu llow scrapless production of the core.

Various changes and modifications may be made to
the methods described without ﬁeparting from the scope of the

present invention,
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1, A method of mammmtactur inge a4 ttanstormer core from
‘electrical steel stiprip including the step of':
cutting at least o portion of the strip with

peparallel sides,

(%]
1
L

? A method as clajwed in claim 1 wvhereins

the portion obf the strip is cut with an approx-
inirtelby bineas taper
l’;. A e thod e clannaed. in olatm 2 wherein:

two tapeted cote strips are cut from a parallel

10 ‘sidy ol tion obf electrical steel strip, the tapered core
.;'Vt.l'i.[ph‘ being couplenentary i.orz‘ach other, .
-'!. A nethod as elaimed in claim 3 whereins )
the parallel side portion has a width of approx-
imately 1;5 times the width of the core section: and
15 the itapered core strips have a width of .upprox-
“imately 0.5 times the width of the core Sectioxl,
N A method as claimed in claim 2 for cutting a core
\gitrh a core section of substantially hexagoual cross-section
and frrther including:
20 - cutting a fiist portion with a iaper of increasing
width; and
cutting a second portion with a taper of decreasingg
width, the length of the second portion being greater thun tie
length of the first portion,
25 6. A method as clained in claim 5 whorein:

the electrical sirip section has a widilh ol

wpproximately 1.5 times Lhe width of the core section; ot
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the minimum widths of the ffirst portion and the
second portion are arproximately equal to 0.5 times the width
o1 ths core section,
7 A method as claimed in claim 6 and Turther including:

cutting a third por tion with substantially parallel
sides to be interposed between the first portion and the
second portion, the third portion having a width equal to the
miaanimum widtih of the core section,

c A method as claimed in any one of claims 1 to 7

whoerein the cc.e is continuously wound from the electrical

S LIPS,

9., A method as claimed in claim 2 {for a delta coré
coumprising the conjunction of three frames and have three
vertical leg sections of substantially hexagonal cross-secticn
including:
cutting a first portion for each frame with

substantially parallel sides. said first portion lL.eding of a
width substantially equal to U.5 iinres the diameter ot the leg
sections of the core; and

— cutting a second portion for each frame with an
increasing or decreasing taper.,

[
10, A method as claimed in claim 2 for a star or Y-core
comprising three Irames ¢ich of substantially C-shape in side
view and substantially hexagonal in cross-section, the frames
being arranged at substantially 120° apart, including:

cutting a first portion of increasing taper I'rom a
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cutting a sccond portion frou o naxirur width
to a ninimunm width;

cutting cach portion into e p.lurelity of iarination
lengths, each group of three lanination lenatis
being scbarated frum the adjacent group at cach
end by a cut at substantially 90° to its lonuitudinal
axis, cach soid aroup terning a layer of the core,
with thce three lamination lengths in the vroup
heing sceparated from cach other by cutn ot substantially
60° to the longitudinal axis;

butt joining the ends of two of the lamination »
lengths cut at substantially 60° toc the sides of
a third lamination length cut substantially 9C°
adjacent the ends of the third lamination length
to form a lauwination layer; and asscembling the

lamination layers to form the assembled core.

11. A transformer core formed by the nethod as

claimed in any one of Clairs 1 to 10.

Sn——
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