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(54) COIL AND METHOD OF MANUFACTURING A COIL

(57) The invention relates to a coil (1) enabling more
efficient thermal management and a method for manu-
facturing the coil (1). The coil (1), which is an electromag-
netic coil, has a first end (2) and an opposite second end
(3) and is provided as a tube with a cut (4). The cut (4)
penetrates a wall (6) of the tube, has a helical portion (5)
and extends from the first end (2) to the second end (3).
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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] This invention relates to a coil and a method of
manufacturing a coil.

DESCRIPTION OF PRIOR ART

[0002] In relation to coil manufacturing, especially
manufacturing of electromagnetic coils, the methods typ-
ically used involve bending of continuous blank materials,
such as rods or bars, into helical shapes. Typically, such
electromagnetic coils are manufactured of metal, such
as aluminum or copper, the blanks having a rectangular
or spherical cross-section and forming a path of conduc-
tion for electric current. The helical shapes so produced
typically have a linear or curved middle axis and a circular
or oval cross-section.
[0003] A problem typically associated with electromag-
netic coils is their significant heating in certain applica-
tions where high electric currents are conveyed or in-
duced to the coil. Said heating has therefore to be taken
into account in the coil design, for example by increasing
the conductive cross-section area or by providing the coil
with sufficient means for cooling. Due to said limitations,
the coils often need to be dimensioned larger than would
be otherwise required, or their outer shape may not ac-
commodate optimally the available space.

SUMMARY OF THE INVENTION

[0004] An object of the present invention is to solve the
above-mentioned drawbacks and to provide a solution
facilitating a more efficient thermal management. These
objects are achieved with a method according to inde-
pendent claim 1 and a coil according to independent
claim 6.
[0005] By providing a cut on a tube of an electrically
conductive material, the cut extending from the first end
to the second end of the tube and having a helical portion,
coils with various shapes fulfilling different design criteria
may be provided.
[0006] Preferred embodiments of the invention are dis-
closed in the dependent claims.

BRIEF DESCRIPTION OF DRAWINGS

[0007] In the following the present invention will be de-
scribed in closer detail by way of example and with ref-
erence to the attached drawings, in which

Figure 1 illustrates one embodiment of a coil,
Figure 2 illustrates a variation of the coil of Figure 1,
Figure 3 illustrates a tube for manufacturing the coil
of Figure 1 or 2,

Figure 4 illustrates cross-sections of different varia-
tions of the coil,
Figure 5 illustrates a cross-section of a variation of
the coil with cooling rods,
Figure 6 illustrates a second variation of the coil,
Figure 7 illustrates a cross-section of the coil of Fig-
ure 6,
Figure 8 illustrates a third variation of the coil, and
Figure 9 illustrates a part of a cross-section of the
coil of Figure 8 along the line A-A.

DESCRIPTION OF AT LEAST ONE EMBODIMENT

[0008] Figures 1 and 2 illustrate one embodiment of a
coil 1, as seen in a diagonal angle. As seen in this ex-
ample, the coil 1 is provided as a tube with a first end 2
and an opposite second end 3 and is provided with a cut
4. The cut 4, which may be provided by laser cutting, for
example, penetrates the tubular wall 6 of the coil and
extends from the first end 2 to the second end 3. The cut
4 has a helical portion 5, which in said example extends
along the wall 6 with a constant helix angle 7 and cut
width 8. In other words, the cut 4 extends from the outer
surface of the coil to a cavity 19 delimited by the tubular
wall 6, such that a conduction path 17 is formed to the
coil 1 between the turns of the helix. The dimensions of
the helical portion 5, as well as the dimensions of the
conduction path 17 may deviate from the example of Fig-
ures 1 and 2 in other variations of the coil, so as to ac-
commodate the requirements set for each use case.
[0009] In the examples of Figures 1 and 2, the coil 1
also comprises a connection terminal 10 connecting
seamlessly to the first end 2 and the second end 3 of the
coil 1. In other words, the connection terminals 10 have
been provided without discontinuities caused by, for ex-
ample, seams or attachment parts between the connec-
tion terminals 10 and the ends of the coil 1. The benefit
of said arrangement over conventional coil structures,
wherein the connection terminals are typically attached
to the coil by welding or soldering, is that no disturbances
for the passing of electric current are introduced by said
discontinuities. Such disturbances typically introduce ad-
ditional heating and power losses to the coil, and the
connection terminals 10 may need to be oversized to
accommodate for this heating. In the coil 1 according to
the examples of Figures 1 and 2, the width of the con-
nection terminal 10 may be set independently of the width
of the conduction path 17 in other parts of the coil 1, so
as to accommodate the heat build-up during use. In other
variations of the coil 1, the connection terminal 10 may
be provided to only one of the first 2 and the second end
3, or they may be completely omitted.
[0010] Figure 6 illustrates a second variation of the coil.
In this example, the wall 6 of the coil is provided with ribs
12 extending in a longitudinal direction of the coil 1. These
ribs are visible especially in Figure 7, illustrating a cross-
section 11 of the coil of Figure 6 in a direction parallel to
the longitudinal direction. In this specific example, the
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ribs 12 are provided both to the outside and to the inside
of the wall 6, such that the ribs on the inside extend to
the cavity 19 delimited by the wall 6. The ribs 12 in said
example form an integral part of the wall 6 and may be
provided as a part of the wall structure directly during the
manufacture. In the example of Figures 6 and 7, the ribs
12 form a uniform pattern circulating the wall 6, but may
also be provided to, for example, only a part of the wall
in other variations of the coil. Their number and dimen-
sioning may also be set freely to accommodate the re-
quirements set by a specific use case, or they may also
be completely omitted from either one of the inside and
the outside of the wall 6.
[0011] The wall 6 according to the example of Figures
6 and 7 is also provided with grooves 13, said grooves
extending in a longitudinal direction of the coil 1 similarly
to the ribs 12. The grooves 13 may also be provided as
a part of the wall structure directly during the manufac-
ture, or they may be provided by, for example, milling or
cutting. As in the case of the ribs 12, the grooves 13 may
be dimensioned and located freely on the wall 6 based
on the requirements of the use case, and they may be
provided together with or independently of the ribs 12.
[0012] By providing the wall 6 with at least one of the
ribs 12 and the grooves 13, the area of either one of the
inner and the outer surface of the wall 6, or both, may be
increased. Thereby, a larger cooling surface may be pro-
vided on either side of the wall 6 in comparison to a con-
ventional coil, enabling more efficient cooling of the coil
by introducing a cooling medium to the surfaces. Said
cooling medium may be, for example, a liquid or a gas,
and a different medium may be provided to each of the
inner and the outer surfaces. Thereby, the inner side of
the coil 1 may be provided with, for example, a liquid
cooling system, while the outer side of the coil may be
provided with, for example, a gaseous cooling fluid.
[0013] In some variations of the coil 1, the coil may
also be provided with at least one connector member 15
for connecting to a cooling rod 16. Such variation is illus-
trated in the example of Figure 5, illustrating schemati-
cally the cross-section 11 of the coil with four cooling rods
16 in a direction parallel to the longitudinal direction. Said
connecting may be accomplished by, for example, pro-
viding the connector member 15 as a snap-fit -type con-
nector fitting around the cooling rod 16, as illustrated in
the example of Figure 5. The connector member 15 may
be provided as a part of the coil structure directly during
the coil manufacture, such that it connects seamlessly
to the tubular wall 6. The number of the cooling rods 16
may be adjusted based on the cooling requirements of
a specific use case, and they may comprise, for example,
an internal channel for a cooling fluid or they may be
arranged as solid objects of a thermally conductive ma-
terial. In the example of Figure 5, the connector members
15 and the cooling rods 16 are provided to the inside of
the tubular wall 6, but may also be provided to its outer
surface in other variations of the coil.
[0014] As illustrated in the example of Figures 1 and

2, the tubular wall 6 may also comprise a planar section
14 extending between the first end 2 and the second end
3. In other words, the planar section 14 may be provided
as a section of the wall 6 defined by the cross-sectional
shape of the coil 1 in a direction parallel to the longitudinal
direction. Said planar section may be provided to either
one or both of the inner and the outer surface of the wall
6 in order to, for example, create a contact surface for a
cooling structure provided to the coil 1. Such a cooling
structure may comprise, for example, a heat sink having
a flat cooling surface to be brought into contact with the
planar section 14.
[0015] Figure 4 illustrates some possible variations of
the cross-section 11 of the coil 1 in a direction parallel to
the longitudinal direction. As illustrated in the example,
the tubular wall 6 of the coil may have a rectangular,
angular or asymmetric cross-section 11 in addition to the
spherical and oval variations illustrated in the previous
examples. In this context, the term angular means any
shape of the wall cross-section 11 provided with one or
more angles, such as triangular, pentagonal, hexagonal
or star-like shapes, for example. This type of coil cross-
section 11 may be used to increase the surface area of
the wall 6 in comparison to a spherical or oval cross-
section, for example, so as to increase the efficiency of
cooling of the coil 1 by providing a larger cooling surface.
The asymmetric cross-section variations may include, for
example, D-shapes or L-shapes, wherein the coil wall 6
is arranged asymmetrically relative to the longitudinal
middle axis of the coil. The shape and dimensions of the
wall cross-section may be chosen based on, for example,
the shape and the volume of the space available for the
coil 1 in a given application or the surface area required
for enabling sufficient cooling of the coil.
[0016] The coil according to the examples of Figures
1, 2 and 4 to 9 may be manufactured by first taking into
use a tube 101 with a wall of an electrically conductive
material. An example of such a tube is illustrated in Figure
3, wherein the tube 101 has a first end 2 and an opposite
second end 3. The tube is then provided with the cut 4
to produce an electromagnetic coil, such that the cut 4
penetrates the tube wall 6 and extends from the first end
2 to the second end 3 such that the helical portion 5 is
formed to the cut. The cut may be provided by, for ex-
ample, laser cutting such that the tube 101 is fed to a
mobile laser cutting head carrying out the cutting based
on a predefined cutting path. Alternatively, or in addition
to the movement of the laser cutting head, the tube 101
may be moved relative to the cutting head by, for exam-
ple, rotation. The tube 101 may be formed by extrusion,
such that any of the cross-section variations of the coil 1
described above may be produced directly to the tube
101. An advantage of the manufacturing methods as de-
scribed is that said shape variations may be produced
inexpensively using largely automatized processes, such
that no additional manufacturing steps are required for
providing the shapes of the wall 6 as described above,
such as the ribs 12, grooves 13 or connector members
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15, for example.
[0017] Another advantage of the manufacturing meth-
ods as described is the high degree of dimensional ac-
curacy achievable for the coil 1. For a coil having a di-
ameter in the range of, for example, 100 mm, the dimen-
sional deviation of said diameter from the target value
may be in the range of, for example, 0.01 to 0.1 mm. By
contrast, the dimensional accuracy achievable by con-
ventional manufacturing methods, involving bending of
a blank material to form the coil, is typically multiple times
lower. The high dimensional accuracy provided by the
disclosed method enables a higher degree of optimiza-
tion of the electromagnetic properties of the coil 1, as
well as higher efficiency of cooling achievable by utilizing
additional cooling structures forming a contact with the
coil. That is, in order to provide efficient heat transfer
between the coil 1 and the cooling structure, such as a
cooling rod 16, a tight interface between the coil and the
surface of the cooling structure is required. This may limit
the use of such cooling structures in relation to coils man-
ufactured by said conventional methods, wherein the low
degree of dimensional accuracy may impair the integrity
of the interface between the coil and the cooling structure.
[0018] In the manufacturing method of the coil 1 ac-
cording to the examples of Figures 1 and 2, the tube 101
may be further cut at the first end 2 or the second end 3,
or both, to define a connection terminal 10. In other
words, the connection terminal may be provided by re-
moving material at the first 2 and the second end 3 such
that the outlines of the connection terminals 10 are de-
fined by the cut provided to the tube 101 at this manu-
facturing step. This way, the connection terminals 10 are
provided so as to form a unibody structure with the other
parts of the coil 1, and no discontinuities are formed to
the structure between the connection terminals 10 and
said other parts. Said cut may be provided to the tube
101 as a continuation to the cut 4 comprising the helical
portion 5, or it may be provided as a separate cut during
a following manufacturing step. At this manufacturing
step, also additional shapes, such as connection holes,
may be provided to the connection terminals 10 by cut-
ting. By providing the connection terminals 10 through a
manufacturing step as described, the manufacture of the
coil is further simplified as compared to the conventional
methods in which the connection terminals are provided
as separate parts.
[0019] Before carrying out the cutting, a path for the
cut 4 may be set to define at least one of the helix angle
7, cut width 8 and cut extent 9 at the helical portion 5. By
defining at least one of said parameters, also the dimen-
sions of the conduction path 17 forming in the coil 1 be-
tween the turns of the helix in the helical portion 5 may
be determined, thereby influencing the electromagnetic
properties of the coil 1. In this context, the cut extent 9
at the helical portion means the extent of the helical por-
tion 5 as measured in the longitudinal direction of the coil
1. Said electromagnetic properties, including for example
the inductance of the coil 1, are influenced largely by the

length and the cross-section area 18 of the conduction
path 17. On the other hand, the cross-section area 18
also influences the build-up of heat at the conduction
path 17, such that reduction of the cross-section area 18
results in a higher degree of heating-up of the conduction
path 17 when other factors are kept constant.
[0020] As in the context of the examples of Figures 1,
2 and 4 to 9, the number of turns included in the conduc-
tion path 17 at the helical section is in praxis also deter-
mined by said helix angle 7, cut width 8 and cut extent
9, setting of these parameters greatly influences the
length of the conduction path 17. The cut width 8, mean-
ing the width of the cut 4 in the longitudinal direction of
the coil 1, determines the distance between two adjacent
turns of the conduction path 17 at the helical section 5,
simultaneously influencing the cross-section area 18 of
the conduction path. The desired cut width 8 may be
achieved by, for example, adjusting the width of the cut-
ting medium, such as the laser cutting head, or by forming
the cut 4 between two adjacent cut lines, the distance
between said cut lines matching the cut width 8.
[0021] The setting of the path for the cut 4 may be
based on at least one of inductance optimization, thermal
optimization and dimensional optimization of the coil 1.
In this context, the thermal optimization refers to optimi-
zation of heating-up behaviour of the coil 1 as a result of
an electric current being conveyed or induced to it. For
example, the path for the cut 4 may be set so as to max-
imize the inductance of the coil 1 in an application wherein
the properties of the electric current, such as voltage and
frequency, as well as the outer dimensions of the coil 1
are predetermined, while enabling the temperature of the
coil 1 to remain below a set maximum value. In another
example, the path for the cut 4 may be set so as to min-
imize the outer dimensions of the coil 1, while maintaining
the required electromagnetic properties of the coil 1, such
as inductance. In praxis, it is often desirable to maximize
the inductance of the coil 1, for example by increasing
the length of the conduction path 17, while in order to
simultaneously avoid overheating of the coil, it is neces-
sary to keep the cross-section area 18 of the conduction
path sufficiently large. In such case, for example by set-
ting at least one of the helix angle 7 and cut width 8 so
as to increase the cross-section area 18 at a certain sec-
tion of the conduction path 17, the resulting reduction of
heat build-up may be targeted to pre-identified hotspot
areas of the coil 1. Thereby, the cross-section area 18
may be kept smaller in the less critical parts of the con-
duction path, 17, enabling a higher inductance to be ob-
tained for the coil without a substantial increase of its
dimensions.
[0022] The path for the cut 4 may be set by, for exam-
ple, setting coordinate parameters to an actuating device
responsible for moving the cutting medium, such as the
laser cutting head, or the tube 101 to be cut. Said induct-
ance optimization, thermal optimization and dimensional
optimization of the coil 1 may be done by, for example,
utilizing computer-based calculation- or modelling tools.
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[0023] Figures 8 and 9 illustrate schematically a part
of a third variation of the coil 1, wherein Figure 9 illustrates
roughly one half of the cross-section of the coil of Figure
8 so as to better illustrate the structure of the cut 4 and
the conduction path 17 at the helical portion 5. In this
example, the helical portion 5 of the cut 4 has a non-
constant helix angle 7 and a non-constant cut width 8.
More specifically, the helix angle 7 has been set to con-
tinuously fluctuate across the length of the cut 4, such
that a wave-like pattern is formed to the helical portion
5. In other variations of the coil 1, the helix angle 7 may
also be set to have, for example, a constant value at a
certain part of the cut at the helical portion 5 and another
constant value at another part of the cut at the helical
portion 5. The helix angle 7 may be set to alternate sharp-
ly along the cut 4 such that sharp angles are formed to
the conduction path 17, or it may be set to alternate with
smooth transitions as illustrated in the example of Figures
8 and 9. The fluctuation of the helix angle 7 as described
may be done to, for example, increase the length of the
conduction path 17 at the helical portion 5, thereby influ-
encing the electromagnetic properties of the coil 1.
[0024] In the example of Figures 8 and 9, the cut 4 has
a non-constant cut width 8 such that the distance be-
tween adjacent turns of the conduction path 17 at the
helical section 5 is set to alternate. This may be done to,
for example, increase the breakdown voltage of the coil
1 at a given area of the helical portion 5 by allowing for
more separation between the turns, or to decrease or
increase the cross-section area 18 of the conduction path
17 at a given portion. In said example, the conduction
path 17 has a non-constant cross-section area 18 across
the length of the conduction path 17, which in relation to
the manufacturing method disclosed above may be
achieved with the non-constant helix angle 7 and cut
width 8. In other words, when the shape of the tubular
wall 6 is kept constant across the longitudinal direction
of the coil 1, the tubular wall 6 together with the helical
portion 5 delimiting the conduction path 17, the cross-
section area 18 may be determined by the setting of the
helix angle 7 and the cut width 8. This may be done, for
example, as a part of the inductance optimization, ther-
mal optimization or dimensional optimization of the coil
1 as described above. In other variations of the coil 1,
also just one of the helix angle 7 and the cut width 8 may
be set to be non-constant, while maintaining a constant
value for the other.
[0025] The coil 1 as disclosed may be manufactured
of several materials, preferably of electrically conductive
materials such as metals. The coil may also be coated
with an electrically insulating material after the disclosed
manufacturing steps.
[0026] It is to be understood that the above description
and the accompanying figures are only intended to illus-
trate the present invention. It will be obvious to a person
skilled in the art that the invention can be varied and
modified without departing from the scope of the inven-
tion.

Claims

1. A method for manufacturing a coil (1), characterized
in that the method comprises:

taking into use a tube (101) with a wall of an
electrically conductive material, the tube (101)
having a first end (2) and an opposite second
end (3), and
providing a cut (4) in the wall (6) of the tube (101),
which cut extends from the first end (2) to the
second end (3), and which cut has a helical por-
tion (5), wherein the cut (4) penetrates the tube
wall (6) to produce an electromagnetic coil.

2. The method for manufacturing a coil (1) according
to claim 1, characterized in that the cut (4) is pro-
vided by laser cutting.

3. The method for manufacturing a coil (1) according
to claim 1 or 2, characterized in that said taking
into use comprises extrusion of the tube (101).

4. The method for manufacturing a coil (1) according
to any one of the claims 1 to 3, characterized in
that the method further comprises:
setting a path for the cut (4) to define at least one of
a helix angle (7), cut width (8) and cut extent (9) at
the helical portion (5) based on at least one of in-
ductance optimization, thermal optimization and di-
mensional optimization of the coil (1).

5. The method for manufacturing a coil (1) according
to any one of the claims 1 to 4, characterized in
that the method further comprises:
cutting the tube (101) at at least one of the first end
(2) and the second end (3) to define a connection
terminal (10).

6. Acoil(1),characterized in that

the coil (1) has a first end (2) and an opposite
second end (3), and
the coil (1) is an electromagnetic coil provided
as a tube with a cut (4), which cut (4) penetrates
a wall (6) of the tube, has a helical portion, and
extends from the first end (2) to the second end
(3) .

7. The coil (1) according to claim 6, characterized in
that the coil has a rectangular, angular or asymmet-
ric cross-section (11).

8. The coil (1) according to claim 6 or 7, characterized
in that the wall (6) is provided with at least one of a
rib (12) and a groove (13) extending in a longitudinal
direction of the coil (1).
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9. The coil (1) according to claim 8, characterized in
that the at least one of a rib (12) and a groove (13)
is provided to an inside of the wall (6).

10. The coil (1) according to any one of the claims 6 to
9, characterized in that the wall (6) comprises a
planar section (14) extending between the first end
(2) and the second end (3).

11. The coil (1) according to any one of the claims 6 to
10, characterized in that the coil (1) further com-
prises at least one connection terminal (10), wherein
the at least one connection terminal (10) connects
seamlessly to the first end (2) or the second end (3)
of the coil (1).

12. The coil (1) according to any one of the claims 6 to
11, characterized in that the coil (1) is provided with
at least one connector member (15) for connecting
to a cooling rod (16), wherein the at least one con-
nector member (15) connects seamlessly to the wall
(6).

13. The coil (1) according to claim 12, characterized in
that the at least one connector member (15) is pro-
vided to the inside of the wall (6).

14. The coil (1) according to any one of the claims 6 to
13, characterized in that the helical portion (5) of
the cut (4) has at least one of a non-constant helix
angle (7) and a non-constant cut width (8).

15. The coil (1) according to claim 14, characterized in
that the coil (1) has a conduction path (17) delimited
by at least the helical portion (5), wherein the con-
duction path (17) has a non-constant cross-section
area (18) across the length of the conduction path
(17).
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