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INTERLEAVING IN PANCAKE SECTIONS
Albert Edward Brierley and John Alan Clarkson Forres;'t,
Stafford, England, assignors to The English Electric
Company Limited, Strand, London, England, a British
company
Filed Feb. 28, 1963, Ser. No. 261,753
Claims priority, application Great Britain, Mar. 6, 1962,
8,567/62
4 Claims. (Cl. 336—69)

This invention relates to inductive windings, such as
the windings of electric transformers and chokes.

According to the invention, there is provided an induc-
tive winding wherein a portion of the conductor of the
winding is arranged in a pair of sections spaced apart along
a common axis, a first set of turns of the conductor of both
sections of the pair is wound in interleaved fashion with
a second set of turns of the respective section, the inter-
leaved turns extend over part only of the radial width of
the sections so that each section also includes adjacent
turns of the same set of turns, and the sections are inter-
connected so that is a noninductive capacitative bypath
from the starting turn to the finishing turn of the pair
of sections.

According to a feature of the invention, there is pro-
vided an inductive winding wherein a portion of the con-
ductor of the winding is arranged in a plurality of pairs
of sections spaced apart along a common axis, a first set
of turns of the conductor of each of said sections is wound
in-interleaved fashion with a second set of turns of the
respective section, the interleaved turns extend over part
only of the radial width of each of the sections so that
each sectjon also includes adjacent turns of the same set
of turns, the sections of each said pair have at least three
cross-connections between them, and the sections are inter-
connected so that there is a noninductive capacitative by-
path from the starting turn of the first of said plurality
of pairs of sections to the finishing turn of the last of said
plurality of pairs of sections, said capacitative bypath
comprising in each pair of sections the capacitative cou-
pling between the set of turns incorporating the starting
turn -of said pair of sections and the second set of turns
of the first section of said pair, the capacitative coupling
between the set of turns incorporating the finishing turn of
said pair and the other set of turns of the second section
of said pair, and a cross-connection between a turn of the
second set of turns of the first section adjacent the starting
turn and a turn of said other set of turns of the second
section adjacent the finishing turn of said pair of sections.

The number of interleaved turns in each pair of sections
may be varied in progressive steps, or in any desired fash-
ion, along the length of the winding.

According to another feature of the invention, there is
provided an inductive winding wherein a portion of the
conductor of the winding is arranged in a plurality of pairs
of sections spaced apart along a common axis, a first set
of turns of the conductor of each of said sections is wound
in interleaved fashion with a second set of turns of the
respective section, the interleaved. turns extend over part
only of the radial width of each of said sections, the ex-
tent of interleaving decreases from one pair of sections
to the next in the direction away from the high-potential
terminal, the sections of each said pair have at least three
cross-connections between them, and the sections are inter-
connected so that there is a noninductive capacitative by-
path from the starting turn of the first of said plurality
of pairs of sections to the finishing turn of the last of
said plurality of pairs of sections, said capacitative bypath
comprising in each pair of sections the capacitative cou-
pling between the set of turns incorporating the starting
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turn of said pair of sections and the second set of turns of
the first section of said pair, the capacitative coupling
between the set of turns incorporating the finishing turn
of said pair and the other set of turns of the second sec-
tion of said pair, and a cross-connection between a turn
of the second set of turns of the first section adjacent the
starting turn and a turn of said other set of turns of the
second section adjacent the finishing turn of said pair of
sections.

According to another feature of the invention, there is
provided an inductive winding wherein a portion of the
conductor of the winding is arranged in two pairs of sec-
tions spaced apart along a common axis, a first set. of
turns of the conductor of both said sections is wound in
interleaved fashion with a second set of turns of the respec-
tive section, the interleaved turns extend over part only
of the radial width of at least the pair of sections further
from the high-potential terminal so that each of the sec-
tions of the last-mentioned pair also includes adjacent
turns of the same set of turns, the number of interleaved
turns of said last-mentioned pair of sections are less than
the number of interleaved turns of the other said pair,
and the sections are interconnected so that there is a non-
inductive capacitative bypath from the starting turn to the
finishing turn of the pair of sections. :

According to yet another feature of the invention, there
is provided an inductive winding wherein a portion of the
conductor of the winding is arranged in a plurality of pairs
of sections spaced apart along a common axis, a first set
of turns of the conductor of each of said sections being
wound in interleaved fashion with a second set of turns
of the respective section, the interleaved turns extending
over the whole radial width of one or more but not ail
of the sections, and .the interleaving in other sections ex-
tending over part only of the radial width of said other
sections so that each of said other sections also: includes
adjacent turns of the same set of turns, the sections of
each said pair having at least three cross-connections -be-
tween them, and the sections being interconnected so that
there is a noninductive capacitative bypath from the start-
ing turn of the first of said plurality of pairs of sections
to the finishing turn of the last of said plurality of pairs
of sections, said capacitative bypath comprising in each
pair of sections the capacitative coupling between the sét
of turns incorporating the starting turn of said pair of
sections and the second set of turns of the first section
of said pair, the capacitative coupling between the set of
turns incorporating the finishing turn of said pair and the
other set of turns of the second section of said pair, and’a
cross-connection between a turn of the second set of turns
of the first section adjacent the starting turn and a turn
of said other set of turns of the second section adjacent
the finishing turn of said pair of sections.

A number of embodiments of the invention will now be
described by way of example, with reference to the ac-
companying drawings, of which:

FIG. 1 is a diagram illustrating one arrangement of
transformer winding in accordance with the present in-
vention;

FIG. 2 is a detail of the arrangement of FIG. 1;

FIG. 3 is a diagram illustrating a second arrangement
of winding;

FIG. 4 is a detail of the arrangement of FIG. 3;

FIG. 5 is a diagram illustrating a third arrangement;
and

FIG. 6 is a diagram illustrating a fourth arrangement.

The transformer windings described herein may form
part of either a single-phase or a three-phase transformer,
and in the embodiments shown have a core, around a
limb L of which is wound a layer-type low voltage wind-
ing W, which in turn is surrounded by a high-voltage



3,221,282

3

pancake winding generally indicated at H. Parts of the
transformer which are not necessary to an understanding
of the invention are omitted from the drawings for the
sake of clarity.

The high voltage winding H has its conductor arranged
in a considerable number of annular sections Al, BI,
A2, B2, etc. which are spaced apart along a common
axis X—X, which is the axis of the core limb L. The
sections are supported in spaced relation in any known
or convenient manner.

Each pair of sections, e.g. Al and BY, is termed a coil
in the art, and the winding spirals inwardly in the first
section in each coil and outwardly in the second for a
given sense of rotation. For example in section Al the
winding ‘spirals inwardly and in section Bl jts spirals
-outwardly .in the clockwise sense when viewed from
above. The turns of the conductor of the winding are
indicated at 1, 2, 3, etc.

The portion of the winding to which the invention is
applied, as shown in FIGS. 1 and 2, consists of the five
pairs of sections nearest the high-potential end of the
winding, -and turn 1 may be considered the starting turn
of these pairs of sections and turn 158 may be considered
their finishing turn.

The high-potential terminal T is conencted to the first
turn 1 of the conductor, which lies at the outside of the
first section-A1 of the winding and form the starting turn
of the pair of sections Al, B1. 1In the first section Al
two sets of turns of the conductor are wound together
in interleaved fashion over part of the radial width of
the section; the first set of turns 1, 2, 3, 4, 5, 6 of the
conductor extends from the outside of section Al only
part way to the inside, whereas the second set of turns
13, 14, . . . 21 of ‘the conductor extends over the full
width from the outside to the inside of the section. Thus
the turns 2, 3, . . . 6 each lic between a pair of turns
13,14, . . . 18 of the second set, the turns 19, 28, 21 of
the same set being each directly adjacent to the preceding
turn outside it.

The inside turn 6 of the first set of turns of section
Al (though not at the inside of the winding) is connected
through cross-connection M to the inside turn 7 of one
of the sets of turns of the second section B1, this set of
turns 7, 8, . . . 12 being interleaved with a set of turns
25, 26, . . . 30, including the finishing turn 30 of the
pair of sections Al, BY, between turn 7 and the outside
of the winding. Thus the turns 7, 8, 9, 10 and 11 each
lie between a pair of turns 25, 26, . . . 30 of the second
set of turns of section B1, but the inner turns 22, 23, 24
of the same set are each directly adjacent to the preceding
turn.

The outside turn 12 of the first set of turns of section
B1 is connected to the outside turn 13 of the second set
of turns of section Al through cross-connection N, and
the inside turn 21 of the second set of turns of section
A1l is connected to the inside turn 22 of the second set
of turns of section B1, through cross-connection P. The
finishing turn 30 of the pair of sections Al, B1, is con-
nected through connection Q to the first turn 31 at the
outside of the first section A2 of the second coil, which
forms the starting turn of the second pair of sections
A2, B2.

Sections A2 and B2 are identical with sections Al and
B1 respectively except that instead of there being five
complete turns of the first set of turns of each section
interleaved with the turns of the second set of turns, there
are only four such complete turns 31, 32, . . . 35 and
36, 37, . . . 40.

The following sections A3, B3, A4, B4, A5 and B5 are
also identical except that the number of turns of the first
set of turns is progressively reduced, sections A3 and B3
having three such complete turns, sections A4 and B4
having two such turns and sections A5 and BS having
one such turn.
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Sections A6 and B6, and succeeding coils, are wound
in conventional fashion, without any interleaved turns.

The current-carrying path of the winding passes from
the high-potential terminal T through the turns of the
winding, in the order in which they are numbered, to the
low-potential terminal; there is however also a capaci-
tative by-path from the high-potential terminal T to the
finishing turn 15@ of this portion of the winding, which
includes the capacitative coupling between turns 1, 2, . . .
6 and 13, 14, . . . 18 of section A1, cross-connection N
and the capacitative coupling between turns 12, 1L, . . .
7 and 30, 29, . . . 25 of section B1, connection Q and
the corresponding elements of the following sections A2,
B2, . . . B5; it will be noted that in this embodiment
no capacitative coupling is provided in section A6 or
sections nearer -the low-potential terminal.

In the embodiment shown in FIGS. 3 and 4, the wind-
ing is modified as compared with the arrangement of
FIGS. 1 and 2 and in this embodiment a first set of turns
1, 2, ... 10 of the first section Al of the winding ex-
tends from the outside of the winding, where the starting
turn 1 of the pair of sections Al, B1 is connected to the
high-potential terminal T, over the full radial width to
the inside. Here turn 10 is connected through cross-
connection M to the inside turn 11 of one of the sets of
turns 11, 12, . . . 20 of the second section B1, which
extends from the inside to the outside of the winding.

Interleaved with the first set of turns of the first sec-

tion Al is a second set of turns 21, 22, . . . 25, each
of which lies between a pair of turns 1, 2, . . . 6 of the
first set. The outside turn 21 of the second set is con-

nected by cross-connection N to the outside turn 20 of
one set of turns of the second section, and it will be noted
that the second set of turns 21, 22, . . . 25 extends only
part way across the radial width of the winding so that
turns 6, 7, . . . 16 of the same set are adjacent one an-
other. The innermost turn 25 of the second set of turns
of the first section A1 is connected by cross-connection
P to the inner most turn 26 of a second set of turns 26,
27, ... 30 of the second section B1. The latter are
interleaved with the first set of turms 11, 12, ... 20
between turn 26 and the outside of the winding, so that
each turn 26, 27, . . . 30 lies between a pair of turns
15, 16, . . . 20 of the first set, but turns 11, 12, . . . 15
of the same set are adjacent one another.

Moreover this second set of turns includes the finishing
turn 36 of the pair of sections Al, B1 which is connected
to the starting turn 31 of the next pair of sections A2, B2
by connection Q.

As in the embodiment described with relation to FIGS.
1 and 2, the remaining sections of the portion of the
winding to which the invention is applied are identical
with sections A1 and B1 respectively except that the
number of turns of the second set of turns is progressive-
ly reduced, the pairs of sections A2, B2, A3, B3 and A4,
B4, having respectively three, two and one complete
turns. Sections A5 and B5 and succeeding coils are
wound in conventional fashion,

In this embodiment also the current-carrying path passes
through the turns in order, the capacitative bypath in-
cluding the capacitative coupling between the two sets
of turns in the first section of each pair, cross-connection
N, and the capacitative coupling between the two sets
of turns in the second section of each pair of sections.

A number of variations are possible within the scope
of the invention; for example, in one or more coils
(though not all) the turns may be interleaved over
the full width of the winding, form the outside to the
inside. In another example, instead of the number of
turns which are interleaved being varied progressively
through the first, second and subsequent coils, the number
may be varied in any desired manner, and may even
in certain embodiments increase from one section to
another section further from the high-potential terminal.
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In the embodiment shown in FIG. §, which is a modi-
fication of the arrangement shown in FIG, 1, the first coil
comprising sections Al, Bl, has the turns interleaved
over the full width of the winding, from the outside to

the inside. The set of turns 1, 2, . . . 8 of section Al
is interleaved with the set of turns 17, 18, . .. 23 of
that section, and likewise the set of turns 9, 10, . . . 16

of section Bl is interleaved with the set of turns 24,
25, . . . 30 of that section.

In the second and third coils the extent of interleav-
ing is progressively reduced, as before, but the extent
of interleaving in the fourth coil, comprising sections A4,
B4, is the same as in the third coil. It will be seen
that the set of turns 91, 92, . . . 94 has three complete
turns as in the set of turns 61, 62, . . . 64, and that the
set .of turns 95, 96, . . . 98 has the same number of
turns as in the set 65, 66, . . . 68. Moreover the other
set of turns 99, 100, . .. 109 in section A4 has the
same number of turns as the corresponding set in section
A3, and so on.

In the fifth coil, comprising sections A5, BS5, the
extent of interleaving is again reduced, and the sixth coil
is wound in conventional fashion.

In the embodiment shown in FIG. 6, the first three
coils are identical with those of FIG. 5, but in the fourth
coil, comprising sections A4, B4, the extent of interleav-
ing is increased as compared with the third coil. It
will be seen that the set of turns 91, 92, . .. 95 has
four complete turns, as has the set 96, 97, . . . 100, as
compared with three complete turns of the corresponding
sets in sections A3, B3.

In the fifth coil in this embodiment, the extent of
interleaving is again reduced, two complete turns being
shown.

In yet another variation, the line terminal may be
connected to the inside turn of the winding, in which
case the interleaved turns will begin at the inside, instead
of at the outside, of the winding; this arrangement of
winding would be represented diagrammatically -exactly
as. in FIG. 1 or FIG. 3, except that the inside of the
winding would be the outside and vice versa.

It will also be evident that the interleaving need not
be confined to single conductors: for example where there
are two or more conductors wound in parallel, the con-
ductors may be individually interleaved, i.e. in section
Al, the conductors may occur in the order 1A, 13A,
1B, 13B, 2A, 14A, etc. where A and B represent two
parallel conductors.

It will be evident that numerous combinations of these
variations are possible, within the scope of the inven-
tion.

The arrangements described above have important ad-
vantages in the design of inductive windings such as are
used in transformers, compared with the previously known
arrangement in which the interleaving was applied to all
the turns of each section of the winding.

What we claim as our invention and desire to secure
by Letters Patent is:

1. An inductive winding comprising a plurality of an-
nular sections spaced apart along a common axis, a first
of said sections having a first set of turns wound in a
spiral and including first and second end turps, and a
second set of turns wound in a spiral alternately with
part at least of said first set of turns, said second set in-
cluding first and second end turns; a second of said sec-
tions having a third set of turns substantially equal in
number to the number of turns of the first set, said third
set being wound in a spiral and including first and second
end turns, and a fourth set of turns substantially equal
in number to-the number of turns of the second set, said
fourth set being wound in a spiral alternately with part
at least of said third set of turns and including first and
second end turns; a first cross-connection between said first
end turn of the first set of turns and said first end turn
of the third set of turns, said first end turn of the third
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set of turns being adjacent said first end turn of the first
set of turns; a second cross-connection between said first
end turn of the second set of turns and said first end
turn of the fourth set of turns, said first end turn of the
fourth set of turms being adjacent said first end turn
of the second set of turms; and a third cross-connection
between said second end turn of one of said sets of
turns of said first section and said second end turn of
one of said sets of turns of said second section; a third
of said sections having a fifth set of turns wound in
a spiral and including first and second end turns, and
a sixth set of turns wound in a spiral alternately with
part of said fifth set of turns, said sixth set including first
and second end turns; a fourth of said sections having
a seventh set of turns substantially equal in number
to the number of turns of the fifth set, said seventh
set being wound in a spiral and including first and sec-
ond end turns, and an eighth set of turns substantially
equal in number to the number of turns of the sixth
set, said eighth set being wound in a spiral alternately
with part of said seventh set of turns and including first
and second end turns, the number of turns of said sixth
and eighth sets being less than the number of turns of
said second and fourth sets respectively; a fourth cross-
connection between said first end turn of the fifth set of
turns and said first end turn of the seventh set of turnms,
said first end turn of the seventh set of turns being ad-
jacent said first end turn of the fifth set, of turns; a fifth
cross-connection between said first end turn of the sixth
set of turns and said first end turn of the eighth set of turns
said first end turn of the eighth set of turns being adjacent
said first end turn of the sixth set of turns; a sixth cross-
connection between said second end turn of one of said sets
of turns of said third section and said second end turn of
one of said sets of turns of said fourth section; and a
seventh cross-connection between said second end turn
of the remaining set of turns of said second section and
the second end turn of the remaining set of turns of the
third section.

2. An inductive winding comprising a plurality of an-
nular sections spaced apart along a common axis, a first
of said sections having a first set of turns wound in a
spiral and including first and second end turns, and a
second set of turns wound in a spiral alternately with
said first set of turns, said second set including first and
second end turns; a second of said sections having a
third set of turns substantially equal in number to the
number of turns of the first set, said third set being wound
in a spiral and including first and second end turns, and
a fourth set of turns substantially equal in number to the
number of turns of the second set, said fourth set being
wound in a spiral alternately with said third set of turns
and including first and second end turns; a first cross-
connection between said first end turn of the first set of
turns and said first end turn of the third set of turns,
said first end turn of the third set of turns being adjacent
said first end turn of the first set of turns; a second cross-
connection between said first end turn of the second set
of turns and said first end turn of the fourth set of turns,
said first end turn of the fourth set of turns being adjacent
said first end turn of the second set of turns; a third cross-
connection between said second end turn of the first set
of turns and said second end turn of the fourth set of
turns; a high-potential terminal, a connection from said
second end turn of the second set of turns to the high-
potential terminal; a third of said sections having a fifth
set of turns wound in a spiral and including first and sec-
ond end turns, and a sixth set of turns wound in a spiral
alternately with part of said fifth set of turns, said sixth
set including first and second end turns; a fourth of said
sections having a seventh set of turns substantially equal
in number to the number of turns of the fifth set, said
seventh set being wound in a spiral and including first and
second end turns, and an eighth set of turns substantially
equal in number to the number of turns of the sixth set,
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said eighth set being wound in a spiral alternately with
part of said seventh set of turns and including first and
second end turns, the number of turns of said sixth and
eighth sets being less than the number of turns of said
second and fourth sets respectively; a fourth cross-con-
nection between said second end turn of the third set of
turns and said second end turn of the sixth set of turns; a
fifth cross-connection between said first end turn of the
fifth set of turns and said first end turn of the seventh set
of turns, said first end turn of the seventh set of turns
being adjacent said first end turn of the fifth set of turns;
a sixth cross-connection between said first end turn of the
sixth set of turns and said first end turn of the eighth set
of turns, said first end turn of the eighth set of turns being
adjacent said first end turn of the sixth set of turns; a
seventh cross-connection between said second end turn
of the fifth set of turns and said second end tura of the
eighth set of turns, a fifth of said sections having a ninth
set of turns wound in a spiral and including first and sec-
ond end turns, and a tenth set of turns wound in a spiral
alternately with part of said ninth set of turns, said tenth
set including first and second end turns; a sixth of said
sections having an eleventh set of turns substantially
equal in number to the number of turn of the ninth set,
said eleventh set being wound in a spiral and including
first and second end turns, and a twelfth set of turns sub-
stantially equal in number to the number of turns of the
tenth set, said twelfth set being wound in a spiral alter-
nately with part of said eleventh set of turns and including
first and second end turns, the number of turns of said
tenth and twelfth sets being less than the number of
turns of said sixth and eighth sets respectively; an eighth
cross-connection between said second end turn of the
seventh set of turns and said second end turn of the tenth
set of turns; a ninth cross-connection between said first
end turn of the ninth set of turns and said first end turn
of the eleventh set of turns, said first end turn of the
eleventh set of turns being adjacent said first end turn
of the ninth set of turns; a tenth cross-connection between
said first end turn of the tenth set-of turns and said first
end turn of the twelfth set of turns; and an eleventh cross-
connection between said second end turn of the ninth set
of turns and said second end turn of the twelfth set of
turns, whereby a capacitative, non-inductive current path
is provided from the high-potential terminal to the second
end turn of the eleventh set of turns, the extent of the
capacitative coupling effect being decreased from the first
of said sections to the sixth of said sections.

3. An inductive winding as claimed in claim 2 compris-
ing also a seventh and an eighth of said sections spaced
apart along said common axis, said seventh section having
a thirteenth set of turns wound in a spiral and including
first and second end turns, and a fourteenth set of turns
wound in a spiral with part of said thirteenth set of turns
and including first and second end turns; said eighth sec-
tion having a fifteenth set of turns substantially equal in
number to the number of turns of the thirteenth set, said
fifteenth set being wound in a spiral and including first
and second end turns, and a sixteenth set of turns substan-
tially equal in number to the number of turns of the four-
teenth set, said sixteenth set being wound in a spiral alter-
nately with part of said fifteenth set of turns and including
first and second end turms, the number of turns of said
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fourteenth and sixteenth sets being equal to the number
of turns of said tenth and twelfth sets respectively; a
twelfth cross-connection between said second end turn of
the eleventh set of turns and said second end turn of the
fourteenth set of turns; a thirteenth cross-connection be-
tween said first end turn of the thirteenth set of turns and
said first end turn of the fifteenth set of turns, said first
end turn of the fifteenth set of turns being adjacent said
first end turn of the thirteenth set of turns; a fourteenth
cross-connection between said first end turn of the four-
teenth set of turns and said first end turn of the sixteenth
set of turns; said first end turn of the sixteenth set of turns
being adjacent said first end turn of the fourteenth set of
turns; and a fifteenth cross-connection between said sec-
ond end turn of the thirteenth set of turns and said sec-
ond end turn of the sixteenth set of turns, whereby a ca-
pacitative, noninductive current path is provided from the
high-potential terminal to the second end turn of the fif-
teenth set of turns.

4. An inductive winding as claimed in claim 2 compris-
ing also a seventh and an eighth of said sections spaced
apart along said common axis, said seventh section having
a thirteenth set of turns wound in a spiral and including
first and second end turns, and a fourteenth set of turns
wound in a spiral with part of said thirteenth set of turns
and including first and second end turns; said eighth sec-
tion having a fifteenth set of turns substantially equal in
number to the number of turns of the thirteenth set, said
fifteenth set being wound in a spiral and including first and
second end turns, and a sixteenth set of turns substantially
equal in number to the number of turns of the fourteenth
set, said sixteenth set being wound in a spiral alternately
with part of said fifteenth set of turns and including first
and second end turns, the number of turns of said four-

- teenth and sixteenth sets being greater than the number

of turns of said tenth and twelfth sets respectively; a
twelfth cross-connection between said second end turn of
the eleventh set of turns and said second end turn of the
fourteenth set of turns; a thirteenth cross-connection be-
tween said first end turn of the thirteenth set of turns and
said first end turn of the fifteenth set of turns, said first end
turn of the fifteenth set of turns being adjacent said first
end turn of the thirteenth set of turns; a fourteenth cross-
connection between said first end turn of the fourteenth
set of turns and said first end turn of the sixteenth set of
turns; said first end turn of the sixteenth set of turns
being adjacent said first end turn of the fourteenth set
of turns; and a fifteenth cross-section between said sec-
ond end turn of the thirteenth set of turns and said sec-
ond end turn of the sixteenth set of turns, whereby a
capacitative, noninductive current path is provided from
the high-potential terminal to the second end turn of the
fifteenth set of turns.
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