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(54) METHOD AND CONDUCTOR STRUCTURE FOR MANUFACTURING AN ELECTRIC WINDING 
OF AN ELECTROMAGNETIC INDUCTION APPARATUS

(57) A method for manufacturing an electric winding
(100) of an electromagnetic induction apparatus, com-
prising the following steps:
- providing a conductor structure (1) including a conduc-
tor element (2) extending longitudinally along a main ex-
tension direction (L) and a plurality of spacer elements
(3A, 3B) made of electrically insulating material, said
spacer elements being fixed to at least a lateral surface
(2A, 2B) of said conductor element and being arranged
spaced one from another along said lateral surface (2A,
2B);
- forming an electric winding (100) by means of said con-
ductor structure, said electric winding extending axially

along a winding direction (DW) and having a plurality of
turns (101) arranged around said winding direction.

Each turn (101) of said electric winding (100) is
formed by a corresponding longitudinal portion (2E, 2F)
of said conductor element (2).

Said spacer elements (3A, 3B) are interposed be-
tween adjacent turns of said electric winding (100) at op-
posite sides (101A, 101B) of said turns (101).

For at least a turn (101) of said electric winding, each
spacer element (3A, 3B) at one side (101A) of said turn
is partially overlapped with two spacer elements (3A, 3B)
at the opposite side (101B) of said turn.
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Description

[0001] The present invention relates to the field of elec-
tromagnetic induction apparatuses for electric power
transmission and distribution grids, for example power
transformers.
[0002] More particularly, the present invention relates
to a method and a conductor structure for manufacturing
an electric winding of an electromagnetic induction ap-
paratus.
[0003] Electric windings of electromagnetic induction
apparatuses may be manufactured at industrial level ac-
cording to various methods.
[0004] A widely used method consists in winding a con-
ductor around a winding direction, so that the electric
winding has a plurality of adjacent turns arranged around
said winding direction.
[0005] As it is known, generally, electric windings for
electromagnetic induction apparatuses have axial and
radial channels to ensure the passage of an electrically
insulating medium (e.g. insulating oil) among the turns.
[0006] Traditionally, axial channels of an electric wind-
ing are obtained by arranging insulating blocks oriented
in parallel to the winding direction.
[0007] Electrically insulating spacers interposed be-
tween adjacent turns of the electric winding and oriented
radially with respect to the winding direction instead de-
fine the radial channels.
[0008] According to most traditional solutions of the
state of the art, the above-mentioned insulating spacers
are inserted manually between each pair of adjacent
turns, during the winding process. According to most re-
cent manufacturing methods, the insulating spacers are
fixed along a suitable lateral surface of a conductor in-
tended to form the turns of the electric winding. The con-
ductor structure so obtained is then wound around a
winding direction. In this way, insulating spacers take po-
sition between each pair of adjacent turns of said electric
winding.
[0009] State-of-the-art electric windings for electro-
magnetic induction apparatuses generally perform their
functions in a satisfying way. However, there are still
some critical aspects.
[0010] Electric windings, in fact, often show deformed
turns, particularly at the regions where radial channels
are formed. Basically, this phenomenon is due to the fact
that, in operation, an electric winding is subject to huge
compressive forces along directions substantially paral-
lel to its winding direction.
[0011] The above-illustrated technical issue may lead
to a dangerous unbalancing condition of the overall wind-
ing structure, which may cause its collapse in certain op-
erating conditions, e.g. when short-circuit currents flow
along the electric winding and this latter is subject to huge
mechanical stresses.
[0012] The main aim of the present invention is to pro-
vide a method and a conductor structure for manufactur-
ing an electric winding of an electromagnetic induction

apparatus, which allows the above-mentioned critical as-
pects to be overcome or mitigated.
[0013] Within this aim, another object of the present
invention is providing a method and a conductor structure
for manufacturing an electric winding, which allow ob-
taining an electric winding with a high structural balancing
and a high resistance to mechanical stresses.
[0014] Another object of the present invention is pro-
viding a method and a conductor structure for manufac-
turing an electric winding, which are relatively easy and
inexpensive to implement at industrial level.
[0015] This aim and these objects, together with other
objects that will be more apparent from the subsequent
description and from the accompanying drawings, are
achieved, according to the invention, by a method for
manufacturing an electric winding of an electromagnetic
induction apparatus, according to claim 1 and to the re-
lated dependent claims.
[0016] In a general definition, the method according to
the invention comprises the following steps:

- providing a conductor structure including a conduc-
tor element extending longitudinally along a main ex-
tension direction and a plurality of spacer elements
made of electrically insulating material. Said spacer
elements are fixed to at least a lateral surface of said
conductor element and are arranged spaced one
from another along said a lateral surface;

- forming an electric winding by means of said con-
ductor structure, said conductor structure extending
axially along a winding direction and having a plu-
rality of turns arranged around said winding direction.

[0017] According to the invention, each turn of said
electric winding is formed by a corresponding longitudinal
portion of said conductor element.
[0018] According to the invention, said spacer ele-
ments are interposed between adjacent turns of said
electric winding at opposite sides of said turns.
[0019] According to the invention, each spacer ele-
ment, which is positioned at one side of a turn, is partially
overlapped with two other spacer elements, which are
positioned at the opposite side of said turn.
[0020] Conveniently, for at least a turn of the electric
winding:

- a spacer element at a first side of said turn is over-
lapped with at least two spacer elements at a second
side of said turn, which is opposite to said first side;
and

- a spacer element at a second side of said turn is
overlapped with at least two spacer elements at a
first side of said turn.

[0021] Conveniently, each first spacer element at the
first side of a turn has at least two overlapping portions,
each overlapped, according to suitable overlapping di-
rections, with a corresponding overlapping portion of a
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different second spacer element at the second side of
said turn.
[0022] Conveniently, each second spacer element at
the second side of a turn has at least two overlapping
portions, each overlapped, according to suitable over-
lapping directions, with a corresponding overlapping por-
tion of a different first spacer element at the second side
of said turn.
[0023] Conveniently, said overlapping directions are
parallel to the winding direction of the electric winding.
[0024] According to an aspect of the invention, said
conductor structure comprises first and second spacer
elements with an elongated shape fixed to lateral surfac-
es of said conductor element along first and second fixing
directions transversal to the main extension direction of
said conductor element.
[0025] According to a possible variant of the invention,
said first fixing directions or said second fixing directions
are perpendicular to the main extension direction of said
conductor element.
[0026] According to another possible variant of the in-
vention, both said first fixing directions and said second
fixing directions are not perpendicular to the main exten-
sion direction of said conductor element.
[0027] According to some embodiments of the inven-
tion, said conductor structure comprises first and second
spacer elements fixed to said conductor element on op-
posite lateral surfaces of said conductor element, along
the main extension direction said conductor element.
[0028] According to other embodiments of the inven-
tion, said conductor structure comprises first and second
spacer elements fixed to said conductor element on a
same lateral surface of said conductor element.
[0029] According to some embodiments of the inven-
tion, said conductor structure comprises first spacer el-
ements or second spacer elements made of a single
piece of electrically insulating material.
[0030] According to other embodiments of the inven-
tion, said conductor structure comprises first spacer el-
ements or second spacer elements made of multiple
pieces of electrically insulating material aligned along first
fixing directions or second fixing directions, respectively.
[0031] According to an aspect of the invention, said
spacer elements are fixed to said conductor element by
gluing or by means of an electrically insulating tape or
by means of an electrically insulating mesh wound
around said conductor element.
[0032] According to some embodiments of the inven-
tion, said conductor element is a continuously transposed
conductor.
[0033] In a further aspect, the present invention relates
to a conductor structure for manufacturing an electric
winding of an electromagnetic induction apparatus ac-
cording to the following claim 13.
[0034] The conductor structure, according to the inven-
tion, comprises:

- a conductor element extending longitudinally along

a main extension direction;
- a plurality of spacer elements made of electrically

insulating material, said spacer elements being fixed
to at least a lateral surface of said conductor element
and being arranged spaced one from another along
said lateral surface.

[0035] The conductor structure, according to the inven-
tion, is intended to form an electric winding extending
axially along said winding direction and having a plurality
of adjacent turns arranged around said electric winding
direction.
[0036] According to the invention, each turn of said
electric winding is formed by a corresponding longitudinal
portion of said conductor element.
[0037] According to the invention, said spacer ele-
ments are interposed between adjacent turns of said
electric winding at opposite sides of said turns.
[0038] According to the invention, for at least a turn of
said electric winding, each spacer element, which is po-
sitioned at a side of said turn, is partially overlapped with
two other spacer elements, which are positioned at the
opposite side of said turn.
[0039] In yet a further aspect, the present invention
relates to an electric winding for an electromagnetic in-
duction apparatus, according to the following claim 14.
[0040] In yet a further aspect, the present invention
relates to an electromagnetic induction apparatus for
electric power transmission and distribution grids accord-
ing to the following claim 15.
[0041] Preferably, said electromagnetic induction ap-
paratus is an electric transformer for electric power trans-
mission and distribution grids.
[0042] Further characteristics and advantages of the
present invention will be more apparent with reference
to the description given below and to the accompanying
figures, provided purely for explanatory and non-limiting
purposes, wherein:

- Fig. 1 schematically shows a conductor element
used in the manufacturing method and conductor
structure, according to the present invention;

- Fig. 2 schematically shows an electric winding for an
electromagnetic induction apparatus obtained by
means of the manufacturing method, according to
the present invention;

- Figs. 2A, 2B schematically show opposite views of
a turn portion of the electric winding of Fig. 2 manu-
factured according to an embodiment of the method
of the invention;

- Fig. 3 schematically shows opposite views of a turn
portion of the electric winding of Fig. 2 manufactured
according to an embodiment of the method of the
invention;

- Fig. 4 schematically shows opposite views of a turn
portion of the electric winding of Fig. 2 manufactured
according to another embodiment of the method of
the invention;
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- Figs 5-8 schematically illustrate some embodiments
or parts of a conductor structure, according to the
present invention.

[0043] With reference to the aforesaid figures, the
present invention relates to method for manufacturing an
electric winding 100 of an electromagnetic induction ap-
paratus (not shown) for electric power transmission and
distribution grids.
[0044] Such an electromagnetic induction apparatus
may be an electric transformer for electric power trans-
mission and distribution grids, for example a power trans-
former or a distribution transformer.
[0045] The manufacturing method, according to the in-
vention, comprises a step of providing a conductor struc-
ture 1 intended to form the electric winding 100 (figures
5-8).
[0046] The conductor structure 1 comprises a conduc-
tor element 2 extending longitudinally along a main ex-
tension direction L (figure 1).
[0047] Preferably, the conductor element 2 is shaped
as an elongated parallelepiped including conductive ma-
terial.
[0048] Preferably, the conductor element 2 has a
shaped section (e.g. a rectangular or square cross sec-
tion) opposite first and second lateral surfaces 2A, 2B
and opposite third and fourth lateral surfaces 2C, 2D.
[0049] According to some embodiments of the inven-
tion, the conductor element 2 is a continuously trans-
posed conductor.
[0050] In this case, the conductor element 2 may be
manufactured according to the construction shown in fig-
ure 1.
[0051] As an example, the conductor element 2 may
comprise two or more stacks 21, 22 of conductors, which
are placed side by side along the extension direction L
of said conductor element. Stacked conductors 20 have
portions alternating between the above-mentioned
stacks 21, 22. In this way, portions of stacked conductors
20 alternately occupy every possible cross section posi-
tion along the whole longitudinal extension of the con-
ductor element 2. Stacked conductors 20 may be at least
partially covered by electrically insulating material.
[0052] The conductor element 2 may include an insu-
lating separator 23 arranged between the stacks 21, 22
of conductors along the extension direction L of said con-
ductor.
[0053] The conductor element 2 may include an insu-
lating tape or mesh (not shown) wound around the
stacked conductors 20 to maintain these latter in position
during the winding operations.
[0054] According to other embodiments of the inven-
tion, however, the conductor element 2 may have differ-
ent constructions (which may be of known type).
[0055] For example, it may include a single conductor,
a plurality of conductors arranged side by side or a bundle
of twisted conductors.
[0056] As a further example, the conductor element 2

may be formed by one or more conductive bars or by one
or more conductive foils or disks.
[0057] According to some embodiments of the inven-
tion (not shown), the conductor structure 1 include one
or more layers of electrically insulating material arranged
in such a way to externally cover the conductors of said
conductor element.
[0058] Such an electrically insulating material may be
arranged according to solutions of known type. For ex-
ample, it may be selected in a group of materials com-
prising: paper, polyester materials, aramid or stabilized-
PE materials, fiberglass materials, and the like.
[0059] The conductor structure 1 comprises a plurality
of spacer elements 3A, 3B (or spacers 3A, 3B) made of
electrically insulating material (figures 5-8).
[0060] Preferably, such an electrically insulating ma-
terial is selected in a group of materials comprising:
pressed paperboard, plastic materials, fiberglass mate-
rials, nylon-based materials.
[0061] Preferably, the spacer elements 3A, 3B have
an elongated shape, e.g. with a rectangular or parallel-
ogram shape.
[0062] The spacer elements 3A, 3B are fixed to one or
more lateral surfaces 2A, 2B of the conductor element 2
transversally with respect to the main extension direction
L of said conductor element.
[0063] The spacer elements 3A, 3B are arranged
spaced one from another to delimit suitable empty re-
gions 3C along the one or more lateral surfaces 2A, 2B
of the conductor element 2.
[0064] According to some embodiments of the inven-
tion, the spacer elements 3A, 3B are fixed to the conduc-
tor element 2 by gluing.
[0065] The spacers 3A, 3B may be directly fixed to the
conductors of the conductor element 2, or on an insulat-
ing layer of said conductor element or on an insulating
tape or mesh surrounding said conductor element.
[0066] The spacers 3A, 3B may have one surface or
two opposite surfaces at least partially covered by glue.
[0067] The glue may applied as a uniform layer, as a
diamond-dot patterned layer, as a circle-dot patterned
layer, as a line-patterned layer, as a matrix-patterned lay-
er, and the like.
[0068] Glue may be applied to the spacers 3A, 3B
and/or to the corresponding fixing surfaces 2A, 2B of the
conductor element 2 in a known manner, for example by
spraying, brushing, dusting, by immersion or by applying
a prepreg film activatable by UV radiation or heat.
[0069] Special glues designed to withstand high tem-
peratures (e.g. up to 250 °C) may be used. This solution
is particularly advantageous when the insulating medium
of the electromagnetic induction apparatus is made of
epoxy resin or similar materials.
[0070] The above-describe solutions are quite advan-
tageous. Gluing the spacer elements allows preventing
or reducing possible undesired dislocations of said spac-
er elements. Such dislocations of the spacers 3A, 3B
may occur due tangential forces exerted on the winding
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turns during the operation of the electromagnetic induc-
tion apparatus (this phenomenon is also referred to as
"spiraling" of the electric winding) or during manufactur-
ing.
[0071] According to other embodiments of the inven-
tion, the spacer elements 3A, 3B are fixed to the conduc-
tor element 2 by means of an electrically insulating tape
or an electrically insulating mesh wound around the con-
ductor itself, e.g. made of a glass-fiber material or poly-
ester.
[0072] Also in this case, the spacers 3A, 3B may be
directly fixed on the conductors 20 of the electrical con-
ductor element 2, or on an insulating layer of said con-
ductor or on an insulating tape or mesh surrounding said
conductor.
[0073] According to other embodiments of the inven-
tion (not shown), the conductor structure of the invention
may comprise one or more strips of electrically insulating
material (e.g. paper) fixed to corresponding one or more
lateral surfaces of the conductor element along the main
extension direction L of said conductor. In general, said
strips of insulating material may be fixed to the conductor
element in a known manner, e.g. by gluing. Conveniently,
the above-mentioned spacer elements are fixed to the
said strips of electrically insulating material. The assem-
bly so obtained may be wrapped by an insulating con-
ductor or mesh to form the conductor structure.
[0074] According to the method of the invention, once
the conductor structure 1 is obtained, it is carried out a
step of forming the electric winding 100 by means of the
conductor structure 1 described above.
[0075] The electric winding 100 extends axially along
the winding direction DW (figure 2).
[0076] Preferably, e.g. when the conductor structure
can be suitably bent by means of a suitable bending ap-
paratus, the step of forming the electric winding 100 in-
clude winding the conductor structure 1 around the wind-
ing direction DW.
[0077] According to alternative embodiments, e.g.
when the conductor structure cannot be bent, the step
of forming the electric winding 100 may include the step
of mechanically connecting separated portions of the
conductor structure 1 to form the electric winding 100.
[0078] The electric winding 100 has a plurality of ad-
jacent turns 101 arranged around the winding direction
DW (figure 2).
[0079] Each turn 101 is formed by a corresponding lon-
gitudinal portion of the conductor element 2 included in
the winding structure 1.
[0080] In the electric winding 100, the first and second
lateral surfaces 2A, 2B of the conductor element 2 are
positioned perpendicular to the winding direction DW and
form first and second sides 101A, 101B of each turn 101,
which extend radially with respect to said winding direc-
tion, while the third and fourth lateral surfaces 2C, 2D of
the conductor element 2 are positioned parallel to the
winding direction DW and form third and fourth sides
101A, 101B of each turn 101, which extend parallel and

coaxially to said winding direction (figures 2A, 2B).
[0081] In the electric winding 1, the spacer elements
3A, 3B are interposed between adjacent turns 101 at the
first and second sides 101A, 101B of these latter. In this
way, the spacer elements 3A, 3B extend along radial
planes perpendicular to said the winding direction DW
(figure 2).
[0082] The empty regions 3C delimited by the spacer
elements 3A, 3B form radial channels 104 of the electric
winding 100, which ensure the passage of an electrically
insulating medium (e.g. insulating oil) among adjacent
turns 101.
[0083] An important aspect of the invention consists in
that, in the electric winding 100, each spacer element
3A, 3B at one side 101A, 101B of a turn 101 of the electric
winding is partially overlapped with at least two spacer
elements 3B, 3A at the opposite side 101B, 101A of said
turn (figures 2, 2A, 2B, 3, 4).
[0084] In other words, in the electric winding 100, each
spacer element 3A, 3B at a side 101A, 101B of a turn
101 has at least two overlapping portions 30A, 30B, each
overlapping with a corresponding overlapping portion
30B, 30A of a spacer element 3B, 3A at the opposite side
101B, 101A of said turn.
[0085] Figures 2A, 2B show opposite views (i.e. related
to the opposite sides 101A, 101B) of a portion of a turn
101 of an electric winding 100, manufactured according
to an embodiment of the method of the invention.
[0086] The turn 101 is formed by the conductor ele-
ment 2, which may be manufactured as described above.
[0087] At the first side 101A and at the second side
101B of the turn 101, first spacer elements 3A and second
spacer element 3B are respectively positioned spaced
one from another to define intermediate empty spaces
3C intended to form the radial channels 104 of the electric
winding 100.
[0088] Figure 3 shows opposite views (i.e. related to
the opposite sides 101A, 101B) of a portion of a turn 101
of an electric winding 100, manufactured according to an
embodiment of the method of the invention.
[0089] According to the example of Figure 3, the spac-
er elements 3A are oriented according to first fixing di-
rections F1, which are transversal and perpendicular to
the main extension direction L (longitudinal axis) of the
conductor element 2.
[0090] The spacer elements 3B are instead oriented
according to second fixing directions F2, which are trans-
versal and not perpendicular to the main extension di-
rection L of the conductor element 2.
[0091] Figure 4 shows opposite views (i.e. related to
the opposite sides 101A, 101B) of a portion of a turn 101
of an electric winding 100, manufactured according to
another embodiment of the method of the invention.
[0092] According to the example of Figure 4, both the
first and second fixing directions F1 and F2 of the spacer
elements 3A and 3B are transversal and not perpendic-
ular to the main extension direction L of the conductor
element 2.
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[0093] As it is possible to notice, in all the above-illus-
trated embodiments of the invention, each spacer ele-
ment 3A at the first side 101A of the turn 101 is overlapped
with two spacer elements 3B at the second side 101B of
the turn 101.
[0094] In particular, each spacer element 3A has two
overlapping portions 30A overlapped with a correspond-
ing overlapping portion 30B of two different spacer ele-
ments 3B along suitable overlapping directions parallel
to the winding direction DW.
[0095] Similarly, each spacer element 3B at the second
side 101B of the turn 101 is overlapped with at least two
spacer elements 3A at the first side 101A of the turn 101.
[0096] In particular, each spacer element 3B has two
overlapping portions 30B overlapped with a correspond-
ing overlapping portion 30A of two different spacer ele-
ments 3A along suitable overlapping directions parallel
to the winding direction DW.
[0097] It has been seen that the solution provided by
the claimed invention greatly improves the overall resist-
ance of the electric winding 100 to compressive forces
as it ensures an optimal structural balancing.
[0098] It is therefore possible to prevent or remarkably
mitigate the onset of deformation phenomena of the turns
of the electric winding 100 during the operation of the
electromagnetic induction apparatus.
[0099] As it can be understood from the examples of
figures 3 and 4, the above-mentioned result is achieved
by suitably arranging the spacer elements 3A, 3B of the
conductor structure 1.
[0100] Preferably, the spacer elements of the conduc-
tor structure 1 include first spacer elements 3A with an
elongated shape (e.g. as an elongated plate of rectan-
gular shape) fixed to the conductor element 2 along first
fixing directions F1 transversal to the main extension di-
rection L of said conductor element.
[0101] Preferably, the spacer elements of the conduc-
tor structure 1 include also second spacer elements 3B
with an elongated shape (e.g. as an elongated plate of
parallelogram shape) fixed to the conductor element 2
along second fixing directions F2 transversal to the main
extension direction L of said conductor element.
[0102] Preferably, the first and second fixing directions
F1, F2 are not parallel. In practice, the fixing directions
F1, F2 intersect one to another (when they are referred
to a same reference plane).
[0103] Both the first and second fixing directions F1
and F2 of the spacer elements 3A and 3B are transversal
to the main extension direction L of the conductor element
2.
[0104] According to some embodiments of the inven-
tion (Figures 3, 6-8), the first fixing directions F1 or the
second fixing directions F2 are perpendicular to the main
extension direction L of the conductor element 2.
[0105] According to other embodiments of the inven-
tion (Figure 4), both the first and second fixing directions
F1 and F2 are not perpendicular to the main extension
direction (L) of said conductor element.

[0106] According to some embodiments of the inven-
tion, the first spacer elements 3A or the second spacer
elements 3B may be made of a single piece of electrically
insulating material.
[0107] Figures 3-4, 6-8 show embodiments of the in-
vention in which both the spacers 3A, 3B are made of a
single piece of insulating material.
[0108] According to other embodiments of the inven-
tion (figure 5), the first spacer elements 3A or the second
spacer elements 3B may be made of multiple pieces of
electrically insulating material aligned along the first fixing
directions F1 or the second fixing directions F2.
[0109] According to some embodiments of the inven-
tion, the first and second spacer elements 3A, 3B are
fixed to the conductor element 2 on a same lateral surface
2A of said conductor.
[0110] Figure 6 shows an embodiment of this type, in
which the first and second spacer elements 3A, 3B are
fixed at subsequent consecutive longitudinal portions 2E,
2F of the conductor element 2, along the main extension
direction L of said conductor. Conveniently, each longi-
tudinal portion 2E, 2F has a length (measured along the
main extension direction L) equal to the length of a turn
101 of the electric winding 100.
[0111] According to other embodiments of the inven-
tion (figures 7-8), the first and second spacer elements
3A, 3B are fixed to the conductor element 2 on opposite
lateral surfaces 2A, 2B of said conductor along the main
extension direction L of this latter.
[0112] Figure 7 shows an embodiment of this type, in
which the first and second spacer elements 3A, 3B are
fixed to opposite lateral surfaces 2A, 2B of the conductor
element 2 at same longitudinal portions 2G of the con-
ductor element 2, along the main extension direction L.
Conveniently, the longitudinal portions 2G of said con-
ductor, on which the spacers elements are fixed, alter-
nate (along the main extension direction L) with longitu-
dinal portions 2H, on which no spacer elements are fixed.
Conveniently, each longitudinal portion 2G, 2H has a
length (measured along the main extension direction L)
equal to the length of a turn of the electric winding 100.
[0113] Figure 8 shows another embodiment of this
type, in which the first and second spacer elements 3A,
3B are fixed to opposite lateral surfaces 2A, 2B of the
conductor element 2 along the entire length of the con-
ductor element 2. According to this solution, the spacer
elements 3A, 3B of adjacent turns 101 may be over-
lapped and in contact one with another. This improves
the overall structural sturdiness of the electric winding
100 even if it may cause an increased spacing between
each pair of adjacent turns 101.
[0114] The method and conductor structure, according
to the invention, provide relevant advantages.
[0115] The method and conductor structure, according
to the invention, allow obtaining an electric winding with
a high structural balancing and a high resistance to me-
chanical stresses, in particular to compression stresses.
[0116] This allows preventing or reducing the deforma-
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tion of the turns of the electric winding in operation with
a consequent remarkable increase of the reliability of the
electromagnetic induction apparatus in operation, even
in presence of fault events or short-circuit events.
[0117] The method and conductor structure, according
to the invention, are relatively easy to implement at in-
dustrial level at competitive costs with respect to known
solutions of the state of the art.

Claims

1. A method for manufacturing an electric winding (100)
of an electromagnetic induction apparatus, compris-
ing the following steps:

- providing a conductor structure (1) including a
conductor element (2) extending longitudinally
along a main extension direction (L) and a plu-
rality of spacer elements (3A, 3B) made of elec-
trically insulating material, said spacer elements
being fixed to at least a lateral surface (2A, 2B)
of said conductor element and being arranged
spaced one from another along said lateral sur-
face (2A, 2B);
- forming an electric winding (100) by means of
said conductor structure, said electric winding
extending axially along a winding direction (DW)
and having a plurality of turns (101) arranged
around said winding direction,
wherein each turn (101) of said electric winding
(100) is formed by a corresponding longitudinal
portion (2E, 2F) of said conductor element (2);
wherein said spacer elements (3A, 3B) are in-
terposed between adjacent turns of said electric
winding (100) at opposite sides (101A, 101B) of
said turns (101);

characterised in that, for at least a turn (101) of
said electric winding, each spacer element (3A, 3B)
at one side (101A) of said turn is partially overlapped
with two spacer elements (3A, 3B) at the opposite
side (101B) of said turn.

2. Method, according to claim 1, characterised in that,
for at least a turn (101) of said electric winding:

- a spacer element (3A) at a first side (101A) of
said turn is overlapped with at least two spacer
elements (3B) at a second side (3B) of said turn,
which is opposite to said first side;
- a spacer element (3B) at a second side (101B)
of said turn is overlapped with at least two spacer
elements (3A) at a first side (3B) of said turn.

3. Method, according to one or more of the previous
claims, characterised in that said conductor struc-
ture (1) comprises first and second spacer elements

(3A, 3B) with an elongated shape fixed to at least a
lateral surface (2A, 2B) of said conductor element
(2) along first and second fixing directions (F1, F2)
transversal to the main extension direction (L) of said
conductor element.

4. Method, according to claim 3, characterised in that
said first fixing directions (F1) or said second fixing
directions (F2) are perpendicular to the main exten-
sion direction (L) of said conductor element.

5. Method, according to claim 3, characterised in that
both said first fixing directions (F1) and said second
fixing directions (F2) are not perpendicular to the
main extension direction (L) of said conductor ele-
ment.

6. Method, according to one or more of the previous
claims, characterised in that said conductor struc-
ture (1) comprises first and second spacer elements
(3A, 3B) fixed to said conductor element (2) on a
same lateral surface (2A) of said conductor element.

7. Method, according to one or more of the claims from
1 to 5, characterised in that said conductor struc-
ture (1) comprises first and second spacer elements
(3A, 3B) fixed to said conductor element (2) on op-
posite lateral surfaces (2A, 2B) of said conductor el-
ement.

8. Method, according to one of the previous claims,
characterised in that said conductor structure (1)
comprises first spacer elements (3A) or second
spacer elements (3B) made of a single piece of elec-
trically insulating material.

9. Method, according to one of the previous claims,
characterised in that said conductor structure (1)
comprises first spacer elements (3A) or second
spacer elements (3B) made of multiple pieces of
electrically insulating material aligned along first fix-
ing directions (F1) or second fixing directions (F2),
respectively.

10. Method, according to one of the previous claims,
characterised in that said spacer elements (3A, 3B)
are fixed to said conductor element (2) by gluing or
by means of an electrically insulating tape or by
means of an electrically insulating mesh wound
around said conductor element (2).

11. Method, according to one or more of the previous
claims, characterised in that said conductor ele-
ment (2) is a continuously transposed conductor.

12. Method, according to one or more of the previous
claims, characterised in that said electromagnetic
induction apparatus is an electric transformer for
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electric power transmission and distribution grids.

13. A conductor structure (1) for manufacturing an elec-
tric winding (100) of an electromagnetic induction
apparatus, comprising:

- a conductor element (2) extending longitudi-
nally along a main extension direction (L);
- a plurality of spacer elements (3A, 3B) made
of electrically insulating material, said spacer el-
ements being fixed to at least a lateral surface
(2A, 2B) of said conductor element and being
arranged spaced one from another along said
lateral surface (2A, 2B);

wherein said conductor structure (1) is intended to
form an electric winding (100) extending axially along
said winding direction and having a plurality of turns
(101) arranged around said electric winding direc-
tion,
wherein each turn (101) of said electric winding (100)
is formed by a corresponding longitudinal portion
(2E, 2F) of said conductor element (2);
wherein said spacer elements (3A, 3B) are inter-
posed between adjacent turns of said electric wind-
ing (100) at opposite sides (101A, 101B) of said turns
(101);
characterised in that, for at least a turn of said elec-
tric winding, each spacer element (3A, 3B) at one
side of said turn is partially overlapped with two spac-
er elements (3A, 3B) at the opposite side of said turn.

14. An electric winding (100) for an electromagnetic in-
duction apparatus characterised in that it compris-
es a conductor structure (1), according to claim 13.

15. An electromagnetic induction apparatus for electric
power transmission and distribution grids charac-
terised in that it includes an electric winding (100),
according to claim 14.
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