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A conductor joint (1) for joining a copper conductor (2) to a fiber-structured heating element (3) whose dimensions are length (L)

>> width (W) >> thickness (T), and which heating element (3)
(2) Is transversely disposed to the longitudinal direction (L) of

comprises carbon fiber strands (30), wherein the copper conductor
the heating element (3) to form a layered structure in the thickness

direction (T), on both sides of the heating element (3), the copper conductor (2) comprising strands (20) separable from each
other. The strands (20) of the copper conductor (2), the number and diameter of which are suitable for transferring a power of
more than ten kW, are quantitatively substantially evenly distributed on both sides of the heating element (3), the strands (20) are
disposed In a planar manner in such a way that the strands (20) substantially lie in one plane, adjacent to each other, and the ends
(201) of the strands extend, in the width direction (W) of the heating element (3), beyond the heating element (3), wherein the
portions of the ends (201) of the strands extending beyond the heating element (3) overlap each other, and an electric joint Is

formed between the lateral faces of these overlapping strands
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Abstract

~ A conductor joint (1) for joining a copper conductor (2) to a fiber-structured
heating element (3) whose dimensions are length (L) >> width (W) >> thick-
ness (T), and which heating element (3) comprises carbon fiber strands (30),
wherein the copper conductor (2) is transversely disposed to the longitudinal
direction (L) of the heating element (3) to form a layered structure in the thick-
ness direction (T), on both sides of the heating element (3), the copper con-
ductor (2) comprising strands (20) separable from each other. The strands (20)
of the copper conductor (2), the number and diameter of which are suitable for
transferring a power of more than ten kW, are quantitatively substantially even-
ly distributed on both sides of the heating element (3), the strands (20) are dis-
posed in a planar manner in such a way that the strands (20) substantially lie
in one plane, adjacent to each other, and the ends (201) of the strands extend,
in the width direction (W) of the heating element (3), beyond the heating ele-
ment (3), wherein the portions of the ends (201) of the strands extending be-

yond the heating element (3) overlap each other, and an electric joint is formed
between the lateral faces of these overlapping strands (20).



CA 02913600 2015-12-01

Conductor Joint and Conductor Joint Component

[001] The invention relates to a connecting piece for connecting a copper
conductor to a carbon fiber heating element. More particularly, the invention
relates to connecting a copper conductor to an anti-icing carbon fiber heating
element in a wind turbine blade for electric heating. The invention is a conductor
joint for joining a copper conductor to a fiber-structured heating element whose
dimensions can be length >> width >> thickness, and which heating element
comprises carbon fiber strands, wherein the copper conductor is transversely
disposed to the longitudinal direction of the heating element to form a layered
structure in the thickness direction, on both sides of the heating element, the

copper conductor comprising strands separable from each other.

[002] The invention is intended to be used in wind turbines where any ice-forming
environmental conditions may, due to deteriorated blade aerodynamics, decrease
the efficiency of the wind turbine. The present invention is intended for use iIn
megawatt-class wind turbines typically requiring a power transfer efficiency of
dozens of kilowatts, such as 25 to 45 kW, from the conductor joint. Further, the
aerodynamic properties of the blade, that is the shape and rigidity thereof, must
remain, despite the electric heating, within the manufacturing and design
tolerances for the blade. This imposes special requirements on the conductor joint
because the conductor joint must be very thin and unnoticeable shape but it still
has to transmit quite a high electric power. In addition to the above-mentioned, the
fact that the blades of a wind turbine are very likely to be struck by lightning,
determines which kind of structure can be used. If a blade, or a heating element in
the blade, is struck by lightning, a huge voltage and current peak, possibly running
through the present conductor joint, is created. Because the conductor joint is very
difficult to reach for service and reparation, the conductor joint must also be

lightning-proof.
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[003] WO2012/164167A1 is known from the prior art, disclosing solutions for
transferring an electric current to a heating element in a wind turbine blade. In
particular, the embodiment described in Figure 2b of the specification, and in the
corresponding section of the description, has proven to be a technically successful
solution. Therein, the heating element is a multilayered structure having an

intermediate conductor.

[004] An objective of the present invention is to improve the solution known from
the prior art and to ensure a reliable transfer of a high electric power from a copper
conductor to a carbon fiber heating element. A particular objective is to provide a
solution where so-called hotspots can be avoided, i.e. points where the density of
the current flow increases compared to the rest of the joint and which may start to

become heated, possibly causing damage to the structure or making it weaker In

some other way.

[005] The conductor joint according to the invention is characterized in what Is set

forth in the characterizing part of the independent claim.

[006] Hence, the invention is a conductor joint for joining a copper conductor to a
fiber-structured heating element whose dimensions are length >> width >>
thickness, and which heating element comprises carbon fiber strands, wherein the
copper conductor is transversely disposed to the longitudinal direction of the
heating element to form a layered structure in the thickness direction, on both
sides of the heating element, the copper conductor comprising strands separable
from each other. The strands of the copper conductor, the number and diameter of
which typically are suitable for transferring a power of more than ten kW, are
guantitatively substantially evenly distributed on both sides of the heating element,
the strands are disposed in a planar manner in such a way that the strands
substantially lie in one plane, adjacent to each other, and the ends of the strands
extend, in the width direction of the heating element, beyond the heating element,

wherein the portions of the ends of the strands extending beyond the heating
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element overlap each other, and an electric joint is formed between the lateral

faces of these overlapping strands.

[007] The above shows, by means of a conventional mathematical operator that,
as for the dimensions of heating element, the length of the heating element
typically is considerably greater than its width, which, in turn, is considerably
greater than its thickness. As a practical example, the length, width and thickness
of the heating element can vary from meters to dozens of meters, from ten
centimeters to one meter and from less than millimeter to one millimeter,
respectively. In some cases, the width and length can be approximately of the

same magnitude, if heating only is needed locally in a small area.

[008] In an embodiment, the heating element comprises carbon fiber strands,
possibly intersecting each other, or, the heating element can be made of a
unidirectional carbon fiber mat. The intersecting carbon fiber strands can be
positioned, for example, at a 45° angle relative to the longitudinal direction,
resulting in a very neutral behavior of the heating element with respect to the rest
of the blade structure. That is, the heating element does not stiffen the blade
structure. Overall, the type of the heating element used is of hardly any importance
to the conductor joint. The solution is also applicable to other electrical heating

elements having a lower conductivity than copper, wherein, because of the lower
conductivity, the conductor joint is increased in area and is similar in shape as

explained above.

[009] A special feature of the invention is that it provides a low-profile conductor
joint in the thickness direction of the structure. A particularly functional structure is
obtained if the strand diameter of the copper conductor and the thickness of the
heating element are 0.3 mm and 0.2 mm, respectively. The thickness of the
layered structure is thus 2*0.3 mm + 3%0.2 mm, 1.2 mm In total. Of course, the
iInvention is not restricted to these dimensions but other dimensions are feasible.

The number of strands needed is given by the following equation: n = k*4*A / d?
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where A is the cross-sectional area of the copper conductor, determined by how
high a current transfer capacity is required, based on the standards and
regulations on electrical safety and installations, whereas k is a strand number

constant based on experience on the number of strands needed, typically k = 0.9 -
1.1.

[010] The above-mentioned number of the copper conductor strands s
quantitatively substantially evenly distributed on both sides of the heating element,
the strands being disposed in a planar manner to substantially lie in one plane,
adjacent to each other. Of course, when the strands are very abundant in number,
the accuracy is not absolute but 45 % of them can be disposed one side and 55 %
of them can be disposed on the other side, without any great consequences on the
conductor joint. The planarity provides a maximum area between the strands of
the copper conductor and the carbon fiber strands of the heating element. At the
same time, any electric cross-currents caused by strands crossing over each
other, possibly contributing to hotspots, are avoided. That is, strands crossing over
each other cause a diminished conductive contacting area and a local
accumulation of the current in very conductive spots, resulting in an undesired

increased local current flow.

[011]Further, the ends of the strands extend, in the width direction of the heating
element, beyond the heating element, wherein the portions of the ends of the
strands extending beyond the heating element overlap each other, and an electric
joint is formed between the lateral faces of these overlapping strands. This
maximizes the current transferred from the lateral faces of the strands of the
copper conductor to the carbon fiber structure. Studies show that a current
transferred from the end of a strand to a heating element is considerably more
likely to create a hotspot there, i.e. the current is accumulated in the end region of
the strand. When the strands of the copper conductor form a joint brought together

outside the heating element, this portion aids, to a great extent, the current to pass
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from the strands of the copper conductor to the heating element, exactly in the

desired manner. This is another feature providing a more steady current flow.

[012] In the following, the invention will be explained in more detail with reference
to the accompanying drawings wherein
- Figure 1 shows an embodiment of the conductor joint, and

- Figure 2 shows a partial width of a copper conductor.

[013] Figure 1 shows a conductor joint 1 for joining a copper conductor 2 to a
fiber-structured heating element 3 whose dimensions are length L >> width W >>
thickness T, and which heating element 3 comprises intersecting carbon fiber
strands 30, wherein the copper conductor 2 is transversely disposed to the
longitudinal direction L of the heating element 3 to form a layered structure in the
thickness direction T, on both sides of the heating element 3, the copper conductor
2 comprising strands 20 separable from each other. The strands 20 of the copper
conductor, the number and diameter of which are suitable for transferring a power
of dozens kilowatts, such as 25 - 45 kW, are quantitatively substantially evenly
distributed on both sides of the heating element 3, the strands 20 are disposed In
a planar manner in such a way that the strands 20 substantially lie in one plane,
adjacent to each other, and the ends 201 of the strands extend, in the width
direction W of the heating element 3, beyond the heating element 3, wherein the
portions of the ends 201 of the strands extending beyond the heating element 3
overlap each other, and an electric joint is formed between the lateral faces of
these overlapping strands 20. In the inlet end of the copper conductor 2, the
suitably spaced strands extending in one plane can be bundled up 23 and
connected to a transmission cable by means of a conventional conductor joint (not
shown).The layers are laminated or glued together during the manufacture, using
a suitable method and materials. For a carbon fiber heating element, reinforced
plastic construction methods, typically manual laminating and vacuum-bag curing,

are used as the method. It 1s also possible to use other known laminating
methods.
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[014]In an embodiment, the strands 20 of the copper conductor 2 extend, at the
ends 201 of the strands, beyond the heating element by a distance, this distance
being more than 10 times greater than the strand diameter d, preferably more than
30 times greater than the strand diameter. This ensures, up to the end of the edge
of the heating element 3, that the electric current is evenly transferred from the
copper conductor 2 to the heating element 3, throughout the entire width W of the
heating element 3. Preferably, the proportions length >> width >> thickness also
apply to the conductor joint, the orientation just is transverse to the longitudinal

direction compared to the corresponding dimensions of the heating element.

[015] The layered structure also comprises, on the side of the strands 20 of the
copper conductor 2 facing away from the heating element 3 in the thickness
direction T, a strip 31 of the heating element 3 adapted to equalize the electric
potential between the heating element 3 and the copper conductor 2 as well as to
increase the conductive area between the heating element and the copper

conductor.

[016] Figure 2 is a view of an embodiment, or, more particularly, a part of the
embodiment. across a short width of the copper conductor 2 and the strands 20
thereof. The figure is intended to illustrate how some of the strands 20 can be
attached to each other while others of the strands can be slightly detached from
each other. The strands preferably consist of a straight, unbraided and uninsulated
copper wire in order to avoid a weakened contact caused by strand bending. The
easiest way of obtaining a desired very conductive joint is to use straight strands.
Figure 2 shows the diameter d of one strand which preferably is approximately 0.3
mm. The number of strands needed is calculated by the following equation: n =
k*4*A /| md* where A is the cross-sectional area of the copper conductor
determined by how high a current transfer capacity is required. The strand number

constant k is based on experience on the number of strands needed, typically k =

0.9 - 1.1. Further, the magnitude of the current transfer capacity is chosen to allow
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an electric power of dozens of kilowatts, such as 30 kW, through the conductor

joint, also resulting in a reliable ability to withstand most lightning strikes.

[017] In an aspect of the invention, the invention also relates to a prefabricated
conductor joint component for making a conductor joint according to the invention.
Therein, the strands of the copper conductor are removably fixed to an auxiliary
substrate, such as adhesive tape, on which the strands are disposed in a planar
manner in such a way that the strands substantially extend in one plane only,

adjacent to each other.
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Claims

1. A conductor joint (1) for joining a copper conductor (2) to a fiber-structured
heating element (3) whose dimensions are length (L) >> width (W) >> thickness
(1), and which heating element (3) comprises carbon fiber strands (30), wherein
the copper conductor (2) is transversely disposed to the longitudinal direction (L)
of the heating element (3) to form a layered structure in the thickness direction (T),
on both sides of the heating element (3), the copper conductor (2) comprising
strands (20) separable from each other, characterized in that the strands (20) of
the copper conductor (2), the number and diameter of which are suitable for
transferring a power of more than ten kW, are quantitatively substantially evenly
distributed on both sides of the heating element (3), the strands (20) are disposed
In @ planar manner in such a way that the strands (20) substantially lie in one
plane, adjacent to each other, and the ends (201) of the strands extend, in the
width direction (W) of the heating element (3), beyond the heating element (3),
wherein the portions of the ends (201) of the strands extending beyond the heating
element (3) overlap each other, and an electric joint is formed between the lateral

faces of these overlapping strands (20).

2. A conductor joint (1) as defined in claim 1, characterized in that the strands
(20) of the copper conductor (2) extend, at the ends (201) of the strands, beyond
the heating element (3) by a distance, this distance being more than 10 times

greater than the strand diameter (d), preferably more than 30 times greater than
the strand diameter (d).

3. A conductor joint (1) as defined in claim 1, characterized in that the layered
structure also comprises, on the side of the strands (20) of the copper conductor
(2) facing away from the heating element (3) in the thickness direction (T), a strip
(31) of the heating element (3) adapted to equalize the electric potential between
the heating element (3) and the copper conductor (2) as well as to increase the

conductive area between the heating element (3) and the copper conductor (2).
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4. A conductor joint (1) as defined in claim 1, characterized in that the strands

(20) consist of a straight, unbraided and uninsulated copper wire.

5. A conductor joint (1) as defined in claim 1, characterized in that the
maghnitude of the current transfer capacity is chosen to allow an electric power of

dozens of kilowatts, such as 25 to 45 kW, through the conductor joint (1).

6. A conductor joint (1) as defined in claims 1 and 5, characterized in that the
number of strands (20) needed is calculated by the following equation: n = K*4*A /
md® where A is the cross-sectional area of the copper conductor determined by

how high a current transfer capacity is required.

/. A conductor joint component for making a conductor joint (1) according to
claim 1, characterized in that the strands (20) of the copper conductor (2) are
removably fixed to an auxiliary substrate, such as adhesive tape, on which the
strands (20) are disposed in a planar manner in such a way that the strands (20)

substantially extend in one plane, adjacent to each other.
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FIG. 1

FIG. 2
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