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6 Claims. (CL 175—362)

This invention is concerned with the avoidance
of difficulties of insulation against abnormal
voltage distributions in electrical inductance
windings such as the windings of chokes and
transformers. :

The invention may be applied only near the
high potential end of a winding, or it may be
applied in other parts also. The term “winding”
will hereafter be used to mean any part of a
winding to which the invention is applied.

The invention is applied in a winding which
is divided into a plurality of annular sections each
of which comprises one or more spiral conductors,
these sections being spaced apart along a com-
mon axis. The conductors in some sections
spiral outwards while those of other sections
spiral inwards for the same direction of turn
around the common axis. If any one section,
however, comprises more than one spiral con-
ductor, then in that section they all spiral in-
wards or all outwards. The turns of any one
spiral may all be superposed in a single radial
layer, but alternatively in any section compris-
ing more than one spiral conductor they may be
interchanged axially once or more than once in
the course of winding.

The term “coil” will be used herein to mean
two spiral conductors, one spiralling outward and
one inward, connected in series with each other.
These are necessarily in different sections, be-
cause they spiral oppositely. The winding is
made up of a plurality of coils in series,

In a winding according to the principal feature
of the invention, one of the first few turns of
every coil is placed in the same section as, and
immediately beside, one of the last few turns of
the same coil or one of the first few turns of
the next coil, so as to provide a high capacitance
path in parallel with at least the greater part of
every coil.

The provision of such high capacitance paths
leads to more uniform potential distribution
through the winding when a potential variation
of steep wave front is applied; and it also reduces
the amplitude of subsequent oscillations which
are produced in the winding under this condition.

In the accompanying drawings, Fig. 1 is a part
sectional elevation of the core and windings of a
transformer of the kind in which the invention
can be applied, Fig. 2 is a diagram illustrating one
arrangement of winding in accordance with the
invention and Fig. 2a is a diagram illustrating
the arrangement of the connections at the out-
side of the winding represented by Fig. 2. Figs.
3, 4, and 5 are diagrams similar to Fig. 2 but

2 .
each representing a different arrangement of
winding according to the invention, and Figs.
3a, 4a, and 5a, are diagrams corresponding to

" Fig. 2a and showing the arrangement of the con-
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nections at the outsides of the windings repre-
sented by the corresponding Figs. 3, 4, and 5.

The transformer shown in Fig. 1 is a single
phase core type transformer having similar wind-
ings on the two limbs of the core I. On each
limb there is a winding P of layer type sur-
rounded by a winding S which is a winding of the
kind to which the invention can be applied.
Parts of the transformer which are not necessary
to an understanding of the invention are omitted
from Fig. 1 for the sake of clarity.

The winding S in Fig. 1 is made up of a con-
siderable number of annular sections A, B, C, etc.
which are spaced apart along a common axis
X—X which is the axis of the limb of the scofe I
around which this winding is mounted. The
sections A, B, C, etc, are spaced apart in the usual
manner by radial strips R; and cooling fluid is
enabled to flow between the sections in the spaces
between these strips R. )

Each of the sections A, B, C, ete. is made up
of one or more conductors spirally wound about
the axis X—X. For the same direction of turn
around the axis the windings of successive sec-
tions spiral alternately inwards and outwards.
The high potential terminal H of the winding is
cannected to the outside turn A: of section A and
the winding of this section spirals inwards. The
last turn A2 which is therefore at the inside, is
connected to the first turn B: of section B which
is wound spirally outwards. The last turn Ba
of section B, which is at the outside, is connected
to the first turn Ci of section C. This section is
wound spirally inwards. The connections con-
tinue in the same manner throughout the
winding.

Fig. 2 shows diagrammatically the arrange-
ment and connections of the conductors making
up the first four sections A, B, C, D, of a pre-
ferred winding according to the invention. The
turns on the right represent the outside turns
Aj, Bs, Ci, etc. and the turns on the left represent
the inside turns Az, Bi, Ca, etc.

In the arrangement shown in Fig. 2, each sec-
tion comprises two spiral conductors which are
superposed in a single radial layer. The turns
{, 2, 3, 4, B, represent the turns of one of these
conductors in section A; and the turns 1, 12, 13,
14, 15, represent the turns of the other conductor
in this same section A. The turns of the second
conductor lie between the turns of the first con-
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ductor and similarly the turns of the first con-
ductor lie between the turns of the second con-
ductor. Section B similarly comprises {wo spiral

conductors superposed in a single radial layer:.

but in this section the winding spirals outward.
Section C is similar to section A and section D
is similar to section B.

Turn #0 in section B, which is the outside turn

of one of the conductors in section B, is directly

connected to turn {{ in section A, which is the
outside turn of one of the conductors in section
A. Turn 5 in section A, which is the inside turn
of one of the conductors in section A, is con-
nected to turn 6 in section B which is the inside
turn of one of the conductors in section B. Turn
15, which is the inside turn of the other con-
ductor in section A, is connected to turn 16, which
is the inside turn of the other conductor in sec-
tion B. The last turn 26 of this conductor in
section B is connected to the first turn i of one
of the conductors in section C.

The first coil of this winding, in the sense in
which the term “coil” is used in this specification,
is made up of the turns { to 5 in section A, which
spiral inwards, and the turns 6 tc {8 in section B,
which spiral outwards, connected in series with
each other. The second coil consists of turns 11
to 15 in section A, which spiral inwards, con-

cted in series with turns 16 to 20 in section B,
which spiral outwards.

With this arrangement, the first turns { and 2
of the first coil are placed in the same section A
as, and immediately beside, the first turn {{ of
the second coil. The last turn 10 of the first coil
is placed in the same section B as, and imme-
diately beside, the last two turns {9 and 28 of the
second coil. The high capacitances between turn
{1 and each of turns { and 2 provide paths of high
capacitance in parallel with the first coil. Simi-
lar paths are provided by the capacitances be-
tween turn 10 and each of turns {9 and 20 in
parallel with the next coil; and by the capac-
itances between turn {1 and each of turns { and
2 in section C, and so on. .

Thus high capacitance paths are provided in
parallel with each coil of the winding by placing
the first turn ! in section A, at the high po-
tential end of the winding, immediately beside
turn {1 which is directly connected to a turn {0 in
another section B; this turn 10 itself being placed
immediately beside a turn 20 which is directly
connected to a turn 1 in another section C; and
this continues throughout the winding, or
throug™out that part of the winding to which the
inventicn is applied.

The arrangement of the connections at the out-
side of the winding are seen in Pig. 2a. Any of
these connections may be made by carrying on a
continuous conductor or Ly joining the ends of
two separate conductors.

In the alternative arrangement shown in Fig. 3,
each section comzrises only a single spirally wound
conductor, with the exception that the outside
turns of the two sections are exchanged with each
other. The necessary arrangement of the con-
nections at the outside of the winding to effect
this exchange is illustrated in Fig. 3a. Sections
A and B now provide only a single coil. There are
high capacitance raths between the first turn |
and the penuitimate turn 19 and again between
the secend turn 2 and the last turn 26. Each of
these high capacitance paths is in parallel with
the greater part of the coil.

In the arrangement shown in Fig. 4, each of the
sections comprises two spirally wound conductors,
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but these are placed side by side axially instead of
radially so that the turns of one are not super-
posed upon and do not lie between the furns of the
other. The conductors usually have an axial
width greater than their radial thickness and
therefore this arrangement does not provide such
high capacitance paths as are obtainable with the
arrangement shown in Fig. 2. Nevertheless the
capacitance is considerable and appreciable bene-
fit may be obtained from this arrangement.

In the arrangeinent shown in Fig. 5, each sec-~
tion is spirally wound with two conductors placed
axially beside each other but these are wound so
that each conductor provides two turns in each
axial layer of the section; and the two conductors
are crossed over in passing from each layer to the
next within the section. The first coil is made up
of turns { to {0 in section A in series with turns
¢1 to 20 in section B. The second coil is made up
of turns 21 to 38 in section A in series with turns
3¢ to 40 in section B. Turn | has a high capaci-
tance to turns 21 and 24. Turn 2 has high capa-
citance to turns 21, 22 and 283, ’

In the arrangement shown in Fig. 3, high capa-
citance paths in parallel with the coils are provid-
ed only by the outer few turns of each coil. The
arrangements shown in Figs. 2, 4, and 5 have the

- advantage that every turn throughout that part
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of the winding to which the invention is applied is
placed immediately beside a turn which is con-
nected considerably further on in the winding.
This may necessitate increased insulation, but it
also serves to provide a very large number of high
capacitance paths throughout the winding which
are of assistance in achieving a more uniform po-
tential distribution throughout the winding when
a potential variation of steep wave front is ap-
plied.

What I claim as my invention and desire to se-
cure by Letters Patent is:

1. An inductive winding having a portion at its

- high potential end arranged in a pair of annular

60

sections spaced apart along a common axis and
having cross-connections between them, one of

5 the sections containing at least one conductor

which consists of a plurality of turns spiralling in-
wards and the other of the sections containing
at least one conductor which consists of a plu-
rality of turns spiralling outwards, characterized
in that there is a conductive path from a starting
turn near the outside edge of one section to a fin-
ishing turn near the ocutside edge of the other sec-
tion, this conductive path comprising, in the order
named, from the starting turn an inward spiral
in one section, an inner cross-connection, an out-
ward spiral in the other section, an outer cross-
connection, a second inward spiral in the first-
named section, a second inner cross-connection,
and a second outward spiral in the second-named
section to the finishing turn, and further char-
acterized in that there is a capacitive by-path
from said starting turn to said finishine turn com-
prising in the order named, the capacitive coupling
between the starting turn and the first turn of the
second inward spiral, said outer cross-connec-
tion, and the capacitive coupling between the last
turn of the first outward spiral and the finishing
turn,

2. An inductive winding according to claim 1,
characterized in that the turns of the two in-

- ward spirals are superposed and interleaved in

75

a single radial layer, and similarly the turns of
the two outward spirals are superposed and in-
terleaved in g single radial layer.

3. An inductive winding having a portion at
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5

its high potential end arranged in a pair of an-
nular sections spaced apart along a common
axis and having cross-connections between them,
one of the sections containing at least one con-
ductor which consists of a plurality of turns
spiralling inwards and the other of the sec-
tions containing at least one conductor which
consists of a plurality of turns spiralling out-
wards, characterized in that there is a conductive
path from a starting turn near the outside edge
of one section to a finishing turn near the out-
side edge of the other section, this conductive
path comprising in the order named, the start-
ing turn in one section, an outer cross-connec-
tion, an inward spiral in the other section, an
inner cross-connection, an outward spiral in the
first-named section, a second outer cross-con-
nection, and the finishing turn in the second-
named section, and further characterized in that
there are two capacitive by-paths in parallel with
each other from said starting turn to said finish-
ing turn, one of said by-paths consisting of the
capacitive coupling between sald starting turn
and the last turn of sald outward spiral in the
first-named section, and of sald second outer
cross-connection to the finishing turn, and the
other of said by-paths consisting of the first said
outer cross-connection from the starting turn and
the capacitive coupling between the first turn
of sald inward spiral in the second section and
sald finishing turn.

4, An inductive winding having a high poten-
tial end portion comprising a pair of annular
sections each containing a plurality of conduc-
tor turns and comprising a plurality of cross-
connections between said sections, at least some
of the conductor turns in one section forming at
least one inward spiral, and at least some of
the conductor turns in the other section form-
ing at least one outward spiral, and wherein a
conductive path is provided from the outermost
turn of one section to the outermost turn of
the other section, said conductive path being
wholly within said pair of sections and said cross-
connections, and passing through at least one in-
ward spiral, at least one inner cross-connection
between an inward and an outward spiral, at
least one outward spiral, and at least one outer
cross~-connection between the second outermost
turn of one of said sections and one of the two
outermost turns of the other of said sections, and
wherein a capacitive by-path is provided through
sald outer cross-connection and through at least
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one of the capacitances between the outermost
turns and the second outermost turns of said sec-
tions.

5. An inductive winding having a high poten-
tial end portion comprising a pair of annular
sections spaced apart along a common axis, one
of sald sections comprising a plurality of con-
ductors spiralling inward and having the first
turn of a first conductor in close capacitive cou-
pling with an adjacent first turn of another con-
ductor, the other of said sections comprising a
plurality of conductors spirally outward and hav-
ing the last turn of a last corductor in close
capacitive coupling with an adjacent last turn
of another conductor, and having a conductive
path from said first turn of said first conductor
to said last turn of said last conductor, said con-
ductive path passing in series through a plu-
rality of conductors selected alternately from
said two sections, and having a direct conductive
path from sald adjacent first turn to said adja-
cent last turn.

6. An Inductive winding having a high poten-
tial end portion comprising a pair of annular
sections spaced axially apart, a conductor spiral-
ling outwardly in a first of said sections, but
having its last turn transposed into the second
of said sections, a conductor spiralling inwardly
in the second of said sections, but having its
first turn transposed into the first of said sec-
tions, having a conductive path from said first
turn to said last turn, said conductive path pass-
ing through sald conductors in series, and having
capacitive paths from said first turn to said last
turn through the capacitive couplings between the
transposed turns and the adjacent turns in the
sections into which they have been transposed.

GEORGE FLETCHER STEARN.
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