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ABSTRACT

It is described a stator for an energy converting apparatus, the stator
comprising the stator including a support structure having an annular shape around
an axial direction; a first protrusion coupled to the support structure and extending
radially from the support structure; a second protrusion coupied to the support
structure and extending radially from the support structure, the second protrusion
being spaced apart from the first protrusion in a circumferential direction; and a first
wire arranged between the first protrusion and the second protrusion in a plurality of
first radial layers located at different radial positions and configured such that a
circumferential extent of a cross-sectional area of the first wire increases radially

outwards. Further is described an energy converting apparatus including the stator,

and a wind turbine including the energy converging apparatus.
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Description

Stator for an energy convertling apparatus and energy convert-

1ng apparatus using the same

Field of invention

by by

The present invention relates to a stator for an energy con-

verting apparatus, to an energy converting apparatus compris-
ing the same, to a wind turbine comprising the energy con-

verting apparatus, and to a method for manufacturing a stator

for an energy convertlng apparatus.

Background Art

In the state-of-the-art an electrical generator 1s known to

convert mechanical energy, such as rotational energy, 1into
electrical energy. A generator makes use of Faraday’s law

which states that a voltage is induced between two points of

a conductor, if a magnetic flux through an area encompassed
by this conductor changes. For this, a conventilional generator
comprises a coil belonging to a stator and a moving magnet
belonging to a rotor rotated by a mechanical energy source.
Upon rotating the magnet relative to the coil a voltage 1is
induced in the coil resulting to an electrical current which
may deliver electrical energy. The stator part of the genera-
tor may comprise a ring-shaped structure from which a number
of salient cores or protrusions protrude radially. On each of
these salient cores a coil may be imposed. The wires consti-
tuting all these coils imposed on the salient cores may be
connected to an appropriate circuitry to deliver electrical

energy at an output of the circuitry.

It has been observed that conventional generators and enexrgy

converting machines in general may not have a sufficient ef-

ficiency.
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There may be a need for a stator for an energy converting ap-
paratus which can be used for an energy converting apparatus

to improve the efficiency of the energy converting apparatus.
Further, there may be a need for an energy converting appara-

tus having improved efficiency.

Summary of the Invention

e A o L e

According to an embodiment, a stator for an energy converting

apparatus in provided, the stator comprising a support struc-

ture providing at least a segment of an annular shape around

an axial direction; a first protrusion coupled to the support

structure and extending radially from the support structure;
a second protrusion coupled to the support structure and ex-
tending radially from the support structure, the second pro-
trusion being spaced apart from the first protrusion in a
circumferential direction; and a first wire arranged between
the first protrusion and the second protrusion in a plurality
of first radial layers located at different radial positions
and configured such that a circumferential extent of a Ccross-

sectional area of the first wire increases radially outwards.

The stator may be suitable for an electrical motor or for an
electrical generator. The support structure may be made of
any material as long as it can withstand heat which may be
generated by the current induced in the first coill and 1in the
second coil, when the stator is 1in operation in a generator
or an electrical motor. The support structure provides at
least a segment of a portion of a ring shape and may in par-
ticular provide at least a segment of a circular shape. A
number of segments, such as four, six or eight, may pairwilse

be connected to provide an annular structure.

The first protrusion coupled to the support structure and the
second protrusion coupled to support structure may be inte-

grally formed with the support structure or it (they) may be
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separate component (s) coupled to the support structure by
coupling means such as bolts, screws and/or adhesive. The
first protrusion and the second protrusion may also be welded
to the support structure. The first protrusion and the 8econd
protrusion both extend radially from the support structure,
i.e. they extend perpendicular to the axial direction, the
axial direction being in particular a symmetry axis of the
support structure. The first protrusion and/or the second
protrusion may extend radially inwards or radially outwards
from the support structure. For example, the first protrusion
and the second protrusion may extend by 5 cm - 10 cm from the
support structure, thus they may have a radial extent or di-
mension between 5 cm — 10 cm. Further, an axial extent or di-
mension of the first protrusion and the second protrusion may
amount to between 3 cm and 10 cm. Further, a circumferential
extent or dimension of the first protrusion and the second

protrusion may amount to between 3 cm and 15 cm.

The stator may comprise more than two protrusions, for exam-
ple 60 to 140 protrusions. Further, the stator may comprise

the same number of coils coupled to respective protrusions or
a different number of coils, wherein the coils may 1n either

case be arranged around one or more protrusions.

The first wire may at least partly be wound or bent around
one of the first protrusion or the second protrusion. The
first wire may form a first coil enclosing one or more pro-
trusions. A space between the first protrusion and the second
protrusion may form a slot into which plurality of first ra-
dial layers may be inserted. The first radial layers may com-
pletely fill the slot (in the radial and/or the circumferen-
tial direction) in a so-called “one colil per slot”-
arrangement, wherein a wire arranged between neighbouring
protrusions belongs only to one coil. In contrast, 1n a so-
called “two coils per slot”-arrangement, two wires may be ar-
ranged between neighbouring protrusions the two wires belong-
ing to two coils. In this case only the two wires together

may completely fill the slot (in the radial and/or the
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circumferential direction) between the first protrusion and

the second protrusion.

The first wire (and the second wilre, described below) may
comprise a core made from a conductive material, such as cop-
per, and an insulation layer which may cover the core. Due to
the insulation layer covered onto the conductive core mate-
rial of the wire adjacent windings of the first wire forming
the first coil may be insulated from each other. Further, due
to the insulation layer covering the conductive core material
of the second wire (described below) plural windings of the

second wire forming a second coil may be insulated from each

other.

The stator comprises at least a first protrusion and a second
protrusion the second protrusion being spaced apart from the
first protrusion in a circumferential direction. The circum-
ferential direction may be a direction perpendicular to the
axial direction and also perpendicular to any radial direc-
tion. A radially extending element may specify an element

which may extend in any radial direction, wherein each radial

direction is perpendicular to the axial direction.

In particular, the circumferential extent of a cross-
sectional area of the first wire may increase radially out-
wards from one first radial layer to the next first radial

layer being located radially farther outwards. Thus, the

circumferential extent of a cross-sectional area of the first

wire may continuously (or monotonically) increase radially

outwards.

Embodiments may solve the problem of increasing the "Slot-
Fill-Factor" for a "trapezoid slot, rectangular protrusion’-
stator (i.e. a stator having one or more protrusions extend-

ing radially and having rectangular shape between which slots

having a trapezoid shape are formed). Thereby, the Slot-Fill-
Factor may be a percentage of cross-sectional area of the

slot which is filled with conductor material (copper) com-
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prised 1n the wire, thus not including air (free space)

and/or the isolation material around the wire windings be-

longing to one or more colls.

Another concept of stator construction may be a "rectangular
slot, trapezoid tooth" construction which the present inven-
tion may not primarily address, since the slots of this con-

struction may be filled out with wires having uniform cross-

sectional shape.

Embodiments may relate to both one-layer and two-layer con-
structions i.e. one-layer construction where each slot 1s
hosting wire windings from one coil only, and two-layer con-

struction where each slot is hostling wire windings from two

colLls.

Embodiments may relate to both parallel- and series coll con-
structions i.e. the wire windings may be connected 1n series
to form a multi-turn coil or the wire windings may be con-

nected in parallel to form "multiple single-turn windings

parallelly connected.

According to an embodiment the number of wire windings on top
of each other (i1.e. the number of radial layers being layers
of the wire in the radial direction) may be 1n the range ot
10 to 20 windings. As mentioned above these windings may be
connected in parallel or in series. Other embodiments may

provide a lower or greater number of radial layers.

According to an embodiment the number of wire winding layers

in the circumferential direction (perpendicular to the radial

direction) may be in the range of 1 to 2. Other embodiments

may provide a lower or greater number of circumferential lay-

ers.,

According to an embodiment the stator further comprises a

second wire arranged between the first protrusion and the

F

second protrusion 1n a plurality of second radial layers lo-
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cated at different radial positions, wherein a section of the
first wire at a radially outer first radial layer 1is adjacent
to a section of the second wire at a radially outer second
radial layer, wherein 1n particular a circumferential extent
of a cross—-sectional area of the second wire increases ra-
dially outwards. Thereby, a “two colls per slot”-arrangement
may be provided, wherein two wires are arranged between the
first protrusion and the second protrusion, the two wires be-
longing to two different coils. In this case the first coil
and the second coil together may completely (or along at

—

least 90% of a radial extent of the protrusion) fill the slot

(in both the radial and the circumferential direction) be-

tween the first protrusion and the second protrusion.

As mentioned above, the first wire may form a first coil and

the second wire may form a second coil. In a cross-section of
the stator by forming a section perpendicular to the axial
direction the first coil and the second coll may extend ra-
dially and in the circumferential direction. Thereby, the
first coil may comprise a radially inner portion and a ra-
dially outer portion which is arranged radially farther out-
wards (in particular representing a radially outermost por-
tion) than the radially inner portion of the first coll.
Analogously, the second coil may comprise a radially inner
portion and a radially outer portion which 1s arranged ra-
dially farther outwards than the radially inner portion. In
particular, the radially outer portion of the first coil may
be formed by segments of the first wire which are arranged
radially farthest outwards such as that radially farther out-
wards of these segments no other segments of the first wire
may be present. Further, the outer portion of the second coil

may be formed by segments of the second wire located radially

farthest outwards such that radially farer outwards than

these segments no other segments of the second wire are ar-

ranged.

The section of the first wire at the radially outer portion

of the first coil may be immediately adjacent to the section
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of the second wire at the radially outer portion of the sec-

ond coll such that no other structure (and also no empty

space) may be in between this section of the first wire and
this section of the second wire. In particular, a distance
between the section of the first wire at the radially outer
portion of the first coil from the section of the second wire
at the radially outer portion of the second coil may be less
than 5 times, 3 times, 2 times, or 1.5 times an average dis-

o

tance between adjacent sections of the first wire within the

first coil or less than 5 times, 3 times, 2 times, or 1.5

times an average distance between adjacent sections of the

second wire within the second coil.

Thereby, the first coil may immediately abut the second coil
such that no gap is formed between the first coil and the
second coil. Thereby, a hollow (air) space or a gap between
the first protrusion and the second protrusion i1s avoided,
but this gap is filled by segments of the first wire within
the first coil and segments of the second wire within the
second coil to allow induction of a current, when the stator
is used for example in a generator. Thereby, the efficiency

gy

of the generator using the stator according to an embodiment

may be improved. In particular, providing segments of the
first wire and segments of the second wire at radially outer

portions of the first coil and the second coil, respectively,

may improve the efficiency of the generator, as these sec-
tions of the first wire and the second wire may be closer to
magnets rotating around the stator and arranged radially out-
wards from radial outer ends of the coils, because a strength

pr—

of the current induced in the first coil and the second coil

may increase with decreasing distance to the rotating mag-

nets.

According to an embodiment, the first wire and/or the second
wire is configured to fill a space between the first protru-
sion and the second protrusion along at least 70% of a radial

dimension (h) of the first protrusion and along at least 70%

of a radial dimension (h) of the second protrusion, 1n par-
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ticular along the entire circumferential extent between the

first and the second protrusion.

Also, the first coll and the second coill may be configured to
fill a space between the first protrusion and the second pro-
trusion along at least 70% of a radial dimension of the first
protrusion and along at least 70% of a radial dimension of

the second protrusion.

The radial dimension of the first protrusion and the second
protrusion may be measured as a length of the first protru-
sion and the second protrusion in a radial direction over
which the first protrusion and the second protrusion extends
radially from the support structure. In particular, the first
protrusion and the second protrusion may comprise a respec-
tive radially inner end (in particular at which they are cou-

pled to the support structure) and a respective radially

outer end (in particular farther (or farthest) away from the

support structure than the radially 1nner ends) between which

P

the length of the respective protrusion may be measured.

The first protrusion and the second protrusion may have dif-
ferent shapes, such as a cylinder shape, cuboild shape result-
ing in different cross-sectional shapes, such as a rectangu-
lar shape, or a square shape. Further, they may exhibit a
trapezold shape, as long as they allow at least partly impos-
ing a coil. In particular, a circumferential space between
the first protrusion and the second protrusion along at least
90% of the radial dimension of the first protrusion and along
at least 90% of the radial dimension of the second protrusion
may be filled by segments of the first wire and/or the second

wilre.

According to an embodiment, the first coil and/or the second
coll extends radially in the circumferential direction,

wherein a circumferential dimension of the first coil and/or
the second coil increases radially outwards. Advantageously,

thereby, a gap between the first protrusion and the second
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protrusion may be filled by maximizing the circumferential
dimension of the first coi1il and the second coil in particular
at radlially outer portions thereof 1in particular such that
they abut each other (the constituting wire sections may be
adjacent to each other or may even contact each other).
Thereby, the strength of current induced 1n the first coil
and the second coil, when the stator 1s used in a generator,

may be enhanced improving the efficiency of the generator.

According to an embodiment, the first protrusion and the sec-

~ond protrusion protrude radially outwards. For a given diame-

ter of the stator providing that the first protrusion and the

ﬂ
-

second protrusion protrude radially outwards enhances an ef-

ficiency of a generator compared to the situation where the

first protrusion and the second protrusion protrude radially
inwards. Further, this construction may facilitate assembling
the stator, as the first coil and the second coil may be more
easily imposed on the first protrusion and the second protru-

sion, respectively.

According to an embodiment a size of a cross-sectional area
of the first wire and/or the second wire is constant along a
longitudinal extent of the respective wire. It is understood
that due to variations and inaccuracies of a manufacturing
process of the first wire and the second wire the cross-
sectional area of the first wire and/or the second wire may

not be absolutely constant, but may vary by a few percent not

exceeding for example 10%, 5%, 2%, or 1%. The size of the
cross-sectional area of the first wire and/or the second wire
may be determined for the first wire and the second wire not
assembled into the first coil and the second coil and before
imposing the first coil and the second coil on the first pro-
trusion and the second protrusion, respectively. Thus, the
cross—-sectional area of the first wire and the second wire
may be determined immediately after manufacturing the first
wire and the second wire but before assembling the stator.

The cross-—-sectional area of the first wire and the second
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wire may be determined by measuring a size of an area of the

respective wire perpendicular to 1ts longitudinal extent.

Providing a constant size of the cross-sectional area of the

first wire and the second wire may result 1n an at least ap-

F

proximately constant electrical resistance per length of the

first wire and the second wire. Thereby, inhomogeneous heat-
ing of different segments of the first wire and the second

wlre 1S avolded, when currents are 1nduced 1n the first coil
and the second coil. Thereby, a maximum operational current
may not be restricted by a particular segment of the first

wire or the second wire having a smallest size of its cross-
sectional area (and thus having a greatest electrical resis-

tance resulting in highest heat dissipation).

According to an embodiment a dimension of the cross-sectional

area of the first wire and/or the second wire in a predeter-

mined cross-sectional direction varies (relative to an aver-

—

age cross—-sectional area of the respective wire) along the

'—0

longitudinal extent of the respective wire by more than 10%,

in particular by more the 20%, in particular by more the 40%,
in particular by more the 60%, in particular by more the
100%, 1n particular by more the 150%. The predetermined
cross-sectional direction may be a direction within the plane
defined by the cross-section, this plane being perpendicular

to the longitudinal extent of the respective wire. The prede-

termined cross-sectional direction may for example represent
a height of the first wire and the second wire or may repre-
sent a width of the first wire and the second wire. In par-
ticular, the predetermined cross—-sectional direction may be
perpendicular to a longitudinal extent of the first wire and

the second wire, respectively.

Thereby, different cross-sectional shapes of the first wire
and/or the second wire may be provided. Concurrently, the
size of the cross-sectional area may be maintained unchanged
according to an embodiment. Providing a first wire and/or a

second wire having cross-sectional shapes varying along their
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respective longitudinal extents may advantageously facilitate

filling the space or gap between the first protrusion and the

second protrusion.

According to an embodiment the first wire and/or the second
wire has a rectangular cross—-sectional shape in at least a
section thereof. In particular, the rectangular cross-
sectional shape may represent a shape that 1s at least ap-
proximately rectangular. In particular, the approximately
rectangular cross-sectional shape may have sharp edges or
rounded edges. At least portions of the cross-sectional shape
may be (at least approximately) straight portions, the

straight portions being in particular connected by curved

portions.

According to an embodiment the first wire and/or the second

wilire has a trapezoid cross-sectional shape in at least a fur-

ther section thereof. In particular, the trapezoid cross-
sectional shape may represent a shape that 1s at least ap-
proximately a trapezoid cross-sectional shape. In particular,
the trapezold cross-sectional shape may comprise sharp or
rounded edges or corners. In particular, a first wire and a
second wire having such a cross-sectional shape may be easily
manufactured and may facilitate filling a space between the

first protrusion and the second protrusion.

According to an embodiment the first coil and/or the second
coll is formed by plural windings (1n particular spaced apart
in the circumferential direction) of the first wire and the
second wire, respectively, the plural windings being located
at different radial positions, where a first number of wind-
1ngs located at a first radial position is the same as a sec-

ond number of windings located at a second radial position

different from the first radial position.

The number of windings at a particular radial position (i.e.
circumferential windings) may be between 1 and 6 according to

an exemplary embodiment. Segments of the first wire and/or
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the second wire located at a particular radial position may

have a same cross-sectional shape. By providing same numbers
of windings of the first wire or the second wire and differ-
ent radial positions may improve the inductive coupling and
induction of current, when the stator is used i1n an electri-

cal generator.

According to an embodiment it may not be possible to just add
another circumferential winding layer in order to fill the
free space between neighbouring protrusions, because the
cross—sectional circumferential dimension (or cross-sectional
width) of the wire windings may be bigger than the circumfer-
ential dimension of the remaining free space (i.e. not occu-
pied by wire windings) between protrusions to be filled.
Therefore, it may be necessary to provide a wire having vary-

ing cross-sectional shape.

According to an embodiment a minimum of the cross-sectional
circumferential extent (or cross-sectional width) of the
first wire (and/or the second wire described below) may be
greater than 0.4 times, 0.45 times, 0.8 times, 0.9 time, 0.95
times a circumferential distance between a surface of the
first protrusion and an opposing surface of the second pro-

trusion taken at a radially inner end of the protrusions.

According to an embodiment a maximum of the cross-sectional
circumferential extent (or cross-sectional width) of the
first wire (and/or the second wire described below) may be
greater than 0.4 times, 0.45 times, 0.8 times, 0.9 time, 0.95

times a circumferential distance between a surface of the

first protrusion and an opposing surface of the second pro-

trusion taken at a radially outer end of the protrusions.

According to an embodiment an energy converting apparatus 1s
provided which comprises a stator according to an embodiment
as described above and a rotor comprising a magnet element

operable as a magnet, the rotor being rotatable relative to

the stator. Thereby, an electrical motor or 1in particular an
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electrical generator may be provided according to an embodi-
ment. Due to the improved construction of coils adjacent to
each other filling a gap between adjacent respective protru-

sions current i1nduced in the colils may be enhanced thereby

improving the efficiency of the generator.

According to an embodiment a wind turbine is provided which

comprises an energy converting apparatus according to an em-

bodiment described above which 1is used as a generator for
generating electrical energy, wind turbine comprising a pro-
peller, wherein the propeller is mechanically coupled to the
rotor. Due to the usage of a generator improved regarding 1ts
efficiency also the wind turbine may be i1mproved regarding

its efficiency to generate electrical energy.

The above features of some embodiments described with refer-
ence to system type claims may be applied to other embodi-

ments relating to method type claims disclosed below.

According to an embodiment a method for manufacturing a sta-
tor for an energy converting apparatus 1s provided, wherein
the method comprises forming an support structure having an
annular shape around an axial direction; forming a first pro-
trusion coupled to the support structure and extending ra-
dially; forming, spaced apart from the first protrusion in a
circumferential direction, a second protrusion coupled to the
support structure and extending radially; forming a plurality

of first layers of a first wire; arranging the plurality of

first layers of the first wire between the first protrusion

and the second protrusion, wherein the forming and the ar-
ranging the plurality of first layers of the first wire 1is
performed such that a circumferential extent of a cross-

sectional area of the first wire increases radially outwards.

According to an embodiment the method may further comprise
forming a plurality of second layers of a second wire; ar-
ranging the plurality of second layers of the second wire be-

tween the first protrusion and the second protrusion such
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that a section of the first wire at a radially outer first

radial layer 1s adjacent to a section of the second wire at a

radially outer second radilial layer.

According to an embodiment the method may further comprise
forming plural further protrusions, forming plural further
coils and imposing the further coils on the further protru-
sions, respectively, wherein for each neighbouring and adja-
cent pair of coils a section of the first wire at a radially
outer portion of the first coil of the pair of coils 1s adja-
cent to a section of the second wire at a radially outer por-
tion of the second coil of the pair of coils. Thereby, gaps

formed in a conventional stator between adjacent protrusions

s thus

are filled by wire segments belonging to adjacent coil

enabling improving an efficiency of an energy converting ap-

paratus, such as a generator, when the stator according to

this embodiment is used in operation of such a machine.

According to an embodiment the forming the plurality of first

layers and/or second layers comprises shaping a cross-

sectional area of the first wire and/or the second wire such
that a dimension of the cross-sectional area in a predeter-
mined cross-sectional direction varies along the longitudinal

extent of the respective wire by more than 10%.

Further, the forming the first coil and/or the second coil
may comprise shaping a cross-sectional area of the first wire

and/or the second wire such that a dimension of the cross-

sectional area in a predetermined cross-sectional direction
varies along the longitudinal extent of the respective wire

by more than 10%. Thereby, a rolling or milling process util-

izing one or more pairs of opposite barrels or rollers, 1in
particular oriented in different directions, may be employed

which may be configured to deform the first wire and/or the

second wire upon exerting pressure and/or draw to appropri-

ately shape the cross-sectional area of the first wire and/or

the second wire. In particular, the size of the cross-

sectional area of the first wire and/or the second wire may
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be malntained at least approximately constant along a longi-

tudinal extent of the respective wire.

According to an embodiment the forming the first layers
and/or the second layers comprises bending the first wire

and/or the second wire around an auxiliary structure plural

times such that segments of the first wire and/or the second

wire are stacked on top of each other and then bending the
first wire and/or the second wire around the auxiliary struc-
ture at a different position plural times such that segments
of the first wire and/or the second wire are stacked on top

of each other.

Further, the forming the first coil and/or the second coil
may comprise bending the first wire and/or the second wire
around an auxiliary structure plural times such that segments

P

of the first wire and/or the second wire are stacked on top

of each other and then bending the first wire and/or the sec-

ond wire around the auxilliary structure at a different posi-

tion plural times such that segments of the first wire and/or

the second wire are stacked on top of each other.

Thereby, the first wire and the second wire may have a re-
spective constant cross-sectional shape across a longitudinal
extent which corresponds to a sum of lengths of sections of
the first wire and/or the second wire which are bent around
the auxiliary structure at a particular position stacked on

priin

top of each other. Thereby, it i1s enabled to use a wire whose

extent 1n the predetermined cross-sectional direction step-
wise increases or decreases along 1ts longitudinal extent.
Thereby, segments of the first wire and/or the second wire
having a particular cross-—-sectional shape may have a greater
longitudinal extent compared to other winding procedures.
Thereby, manufacturing of the first wlire and the second wire

may be simplified.

It has to be noted that embodiments of the invention have

I

been described with reference to different subject matters.
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In particular, some embodiments have been described with

reference to method type claims whereas other embodiments have
been described with reference to apparatus type claims.

However, a person skilled 1n the art will gather from the above

and the following description that, unless other notified, in
addition to any combination of features belonging to one type

of subject matter also any combination between features

relating to different subject matters, 1n particular between

features of the method type claims and features of the

apparatus type claims 1s considered as to be disclosed with

this document.

According to one aspect of the present 1nvention, there 1s
provided a method for manufacturing a stator for an energy
converting apparatus, the method comprising: forming an support
structure having an annular shape around an axial direction;

forming a first protrusion coupled to the support structure and

extending radially; forming, spaced apart from the first
protrusion in a c¢circumferential direction, a second protrusion

coupled to the support structure and extending radially;

forming a first coil from a plurality of first radial layers of

a first wire; imposing the first formed coil on the first
protrusion, wherein the forming and the arranging the plurality

of first layers of the first wire 1s performed such that a

circumferential extent of a cross-sectional area of the first
wire increases radially from a value at a radially i1nnermost
layer of the first radial layers to a value at a radially

outermost layer of the first radial layers the forming of the

first radial lavyers comprises: bending the filrst wilire around an

ﬁ

auxiliary structure a plurality of times such that the radially

innermost layer is formed, and bending the first wire around
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the auxiliary structure at a different radial position a
plurality of times such that a radial layer of the first radial
layer is formed after a previously from layer until the radial

outermost layer 1s formed.

The aspects defined above and further aspects of the present

invention are apparent from the examples of embodiment to be

described hereinafter and are explained with reference to the
examples of embodiment. The invention will be described in more
detail hereinafter with reference to examples of embodliment but

to which the invention 1s not limited.

Brief Description of the Drawlngs

Embodiments of the present invention will now be described with

reference to the accompanying drawlings. Elements or components

similar in structure and/or function are denoted by similar

reference signs.

Figure 1 schematically illustrates a cross—-sectional view part

of a stator according to an embodiment;

Figure 2a schematically illustrates a longitudlinal cross-

sectional view of a wire according to an embodiment;

Figure 2b schematically illustrates a transverse Cross-

sectional view of the wire illustrated in Figure 2a;

Figure 2c schematically illustrates a transverse Cross-

sectional view of the wire illustrated 1in Figure Z2Z2a at another

longitudinal position of the wire;



10

15

20

25

30

35

CA 02732578 2011-02-24
201000581

17

Figure 3 schematically i1llustrates a part of a stator accord-

ing to an embodiment.

Detailed Description

The illustration in the drawing 1s schematically. It is noted
that in different figures, similar or identical elements are
provided with the same reference signs or with reference

signs, which are different from the corresponding reference

signs only within the first digit.

Figure 1 schematically 1llustrates a cross-sectional view of
a stator 100 according to an embodiment. The stator 100 com-
prises a support structure 103 which has a ring shape being
circular and having a symmetry axis (not illustrated in Fig-
ure 1) which runs in an axial direction 105 perpendicular to
the drawing plane of Figure 1. The cross-sectional perspec-
tive view of part of the stator 100 in Figure 1 corresponds

to a cross-section perpendicular to the axial direction 105.

The stator 100 further comprises a first protrusion 107 which
1s coupled to the support structure 103 and extends radially
outwards from the support structure 103. “Extending radially”
means that the first protrusion extends in a radial direction
109 which 1s perpendicular to the axial direction 105,
wherein the radial direction 109 is a direction originating

from the not 1llustrated symmetry axis of the circular sup-

port structure 103 and running away from the symmetry axis
perpendicular to the symmetry axis and thus also perpendicu-
lar to the axial direction 105. The stator 100 further com-
prises a second protrusion 111 also coupled to the support
structure 103 and extending radially outwards from the sup-
port structure. In particular, the second protrusion 111 ex-

tends along the radial direction 113 being different from the

radial direction 109.



10

15

20

25

30

35

CA 02732578 2011-02-24
201000581

18

In the cross—-section i1llustrated in Figure 1 the first pro-

trusicon 107 and also the second protrusion 111 has a rectan-

gular shape having both a width w (extent in the circumferen-

tial direction 123) and a height h (extent in the radial di-

rection 109 and 112, respectively) as indicated. In the 1il-
lustrated exemplary embodiment a ratio between the height h
and the width w 1s around 2 but the ratio may range between 5
and 0.5. The first protrusion 107 and the second protrusion

111 both have a (not illustrated) depth d (extent in the ax-

1al direction being perpendicular to the drawing plane) which

may be 1n a similar range as the width w. In particular, the

height h of the first protrusion 107 and the second protru-
sion 111 may amount to between 5 cm and 15 cm, and the width
w and the depth d may both amount to between 3 cm and 8 cm
according to exemplary embodiments. Other dimensions are pos-

sible and may depend on the intended application.

On the first protrusion 107 a first coil 115 is imposed and

on the second protrusion 111 a second coil 117 is imposed.

The coils 115 and 117 thereby at least partly are surround
the protrusions 107 and 109 along their entire radial extent,

respectively. The first coil 115 comprises a wire 119 ar-

ranged between the first protrusion 107 and the second pro-

trusion and the second coil 117 comprises a wire 120 arranged

between the first protrusion 107 and the second protrusion
such that a plurality of radial layers 121 1, 121 2, ., 121 n

are formed (1llustrated exemplarily for a further coil 116 in
Fig. 1), wherein n is an integer, which may be between 2 and
15. Thereby, the radial layer 121 1 is arranged in a radially

inner portion of the first coil 115 and the second coil 117

and the last radial layer 121 n is arranged at a radially

outer portion of the first coil 115 and the second coil 117,

respectively. It is noted that the first coil and also the

second coll may surround one or more protrusions each.

In the sectional view of Figure 1 the first coil 115 as well

as the second coil 117 has a wedge-like shape such that their

extents or dimensions in the circumferential direction 123
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increases radially outwards. Exemplarily indicated 1n Figure

1 are the cilrcumferential extent c¢ 1 of the inner radial

F

layer 121 1 and the circumferential extent ¢ n of the ra-

dially outer radial layer 121 n of the first coil 115. It 1is

apparent that the circumferential extent ¢ 1 of the radially

innermost layer 121 1 1s smaller than the circumferential ex-

F

tent ¢ n of the radially outermost layer 121 n. Circumferen-

gri=e

tial extents of radial layers 121 2, .., 121 (n-1) may amount

to between c¢c 1 and c n.

In the 1llustrated stator 100 in Figure 1 the change of the

P

clrcumferential extent of the coils 115 and 117 in a direc-

tion radially outwards 1s achieved by using a wire 119 form-
1ing the first coil 115 and a wire 120 forming the second coil
117, wherein the wire 119 as well as the wire 120 exhibits a
cross—-sectional shape which varies along a longitudinal ex-

—

tent of the wire 119 and the wire 120, respectively. It is

apparent, that a circumferential extent (extent or dimension

in the circumferential direction 113) of a cross-sectional

area of the first wire 119 increases from a value w2 at a ra-
dially inner layer 121 1 to a value wl at a radially outer
layer 121 n, wherein wZ 1s greater than wl. In particular
thls 1ncrease may be continuous or proportional to the radial

position.

With reference to Figure 2a the wire 119 is schematically il-
lustrated 1n a longitudinal cross-sectional view. The wire
120 may have same or different geometrical properties. In the
Figure Z2a the direction of the longitudinal extent of the
wlire 1s 1n the z-direction. The wire 119 comprises a section

124 spanning a portion of its longitudinal extent and com-

prises a section 125 spanning another portion of its longitu-

dinal extent. As 1s 1llustrated in Figure 2a, a height hl of

the wire 119 1n the segment 123 is smaller than a height h2

cf the wire 119 in the other segment 125. In particular, the
height h2 is about 25% greater than the height hl. In other
embodiments the ratio between the height h2 and the height hl

may amount to between for example 5 and 1.
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Figure 2b schematically illustrates a transverse cross-

P

sectional view of the wire 119 in the segment 123, the cross-

sectional view beilng perpendicular to the direction z of the

longitudinal extent of the wire 119. Figure 2c in turn sche-

P
—

matically illustrates a transverse cross-sectional view of

the wire 119 in the segment 125. As is apparent from Figs. 2b
and 2c¢, the width of the wire 119 in the segment 123 (1llus-

trated in Figure 2b in a cross-section) is different than 1in
segment 125 (illustrated in Figure 2c in a cross-section).
While in the section 123 the width of the wire 119 1s wl, the
width of the wire 119 in the segment 125 1s w2 which 1is
smaller than wl. Thus, while in the segment 123 the height of
the wire 119 is smaller than i1n the segment 125, the width 1n
the segment 123 1s greater than in the segment 125.

In particular, the product of the width wl and the height hl
equals the product of the width w2 and the height hZ. Thus, a
size of the cross-sectional area of the wire 119 in the seg-
ment 123, 1.e. wl * hl, i1s equal to the cross-sectional area

in the segment 125, 1.e. w2 * hZ2. The wire 119 may have a

constant size of 1ts cross-sectional area along 1ts entire

longitudinal extent. Advantageously, when using such a wire

for forming coils 1n the stator 100 1llustrated partially in

Figure 1, the wire 119 will exhibit a constant resilistance per

longitudinal unit length, when a current is induced by a ro-
tating magnet rotating radially outwards from the radially
outermost radial wire layer 121 n. Thereby, 1nhomogeneous
heating of the wire 119 comprised i1n the coils 115 and 117

may be avoided.

The wire 119 (and/or wire 120) schematically illustrated in
Figs. 1, 2a, 2b and 2c¢c at least approximately has a rectangu-

lar shape having varying height and varying width along 1its

longitudinal extent. In particular, 1n a cross-section the

rectangular shape may comprise rounded edges or corners,

wherein the rounding may comprise differing chamfer radii.

Further, the wire 119 may comprise a conductilive inner core



10

15

20

29

30

395

CA 02732578 2011-02-24
201000581

21

made from a metal, such as copper, which may be covered by an

insulating layer such that the 1ndividual windings of the

wire 119 and 120 in the coils 115 and 117, respectively, are

electrically insulated from each other.

Again referring to Figure 1 it 1s apparent that a space be-

tween the first protrusion 107 and the second protrusion 111

is entirely filled by the wire 119 forming the coil 115 and

the wire 120 forming the coil 117. In particular, the radial
wire layers 121 1, 121 2, .., 121 n span a radial extent h 1105
for the first coil 115 and h 117 for the second coil 117

P

which equals the height h of the first protrusion 107 and the

second protrusion 111.

In particular, the first coil 115 abuts the second coil 117

at an interface 127 which 1s located half between the first

protrusion 107 and the second protrusion 111 and including a

radial direction. In particular, the first coil abuts the
second coll 117 along 1its entire radial extent h 115 such
that no gap 1s formed between the first coil 115 and the sec-

ond coil 117. Thereby, circumferentially outermost (close to

interface 127) segments of the wire 119 forming the first

coll 115 are immediately adjacent to circumferentially outer-

most (close to interface 127) segments of the wire 120 form-

ing the second coil 117. Herein, the cilrcumferentlally outer-

most segments of the wire 119 forming the first coil 115 are
labelled by reference sign 128 and the circumferentially out-

ermost segments of the wire 120 forming the second coil 117

are labelled by reference sign 129. As 1s further apparent

from Figure 1 the number (four 1in the i1llustrated embodiment)
of circumferential segments of the wire 119 stacked on top to
each other i1n a particular radial layer 121 1, 121 2,.., 121 n
does not change from one radial layer to another radial

layer. Although the number of segments of the wire 119 1in one

radial layer does not change for different radial positions

the circumferential extent of a radial layer increases ra-

dially outwards due to the changing cross-sectional shape of

F

the wire 119. In particular, the height of the wire 1n the
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radially innermost layer 121 1 is larger than the height of
the wire in the radially outermost layer 121 n, while the

width behaves the other way round.

A distance d x between segments of the wire 119 in the cir-

cumferentially radially outermost portions of the first coil

115 and segments of the wire 120 in the cilrcumferentilially and

F

radially outermost portions of the second coil 117 1s smaller

than 3 times, in particular 2 times, in particular 1.5 times

an average distance d i of neighbouring wire segments within

the first coil 115 or within the second coil 117.

Figure 3 schematically illustrates another embodiment of a
stator 300 in a cross-sectional view perpendicular to the ax-

ial direction 105. The stator 300 comprises a support struc-

ture 303 and a plurality of protrusions from which only one

protrusion 307 is illustrated. The protrusion 307 1s mounted

at the support structure 303 and extends radially outwards. A
coil 315 is imposed on the protrusion 307. The coil 315 1is
formed by a wire 319 which has a cross-sectional shape that

varies along its longitudinal extent. In particular, the wire

319 has a trapezoid cross-sectional shape having a height h3

and a width w3 at a radially inner layer and having a height
hd and a width w4 at a radially outer layer of the wire 319.
As 1s apparent the height h3 is greater than the height hi

and the width w3 is smaller than the width w4. In particular,
a size of a cross—-sectional area may be constant along the
longitudinal extent of the wire 319. While in Figure 3 only
one circumferential layer comprising seven radlal segments of

the wire 319 which are radially spaced apart are shown, other

embodiments may comprise plural circumferential layers of the

wire 319, similar as illustrated in Figure 1.

Due to the trapezoid shape of the cross-sectional area of the

wire 319 exhibiting varying height and width a circumferen-

tial end of the coil 315 abuts an interface 327. Another coil

not illustrated in Figure 3 abuts this interface 327 from the

other side such that a space between neighbouring protrusions
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may be entirely filled by adjacent wire segments of

nelghbouring coils.

Whereas Fig. 1 has 1llustrated a “two coil per slot”-

arrangement, 1t can be modified in the following way:

According to an embodiment a “one coil per slot”-arrangement
1s provided, wherein a wlre arranged between neighbouring
protrusions belongs only to one coil. In this case the wire

119 and the wire 120 in Fig. 1 together form a single wire

belonging to a single coil. In particular, the single coil
may be formed by a single circumferential layer instead of
eight circumferential layers as illustrated in Fig. 1.
Thereby only one single wire is arranged between the first
protrusion 107 and the second protrusion 109, wherein a
clrcumferential extent of a cross-sectional area of this sin-
gle wire 1increases radially outwards to completely fill the
space between the neighbouring protrusions. In a region be-
hind the drawing plane of Fig. 1 the wire may cross with
other wires belonging to other coils (not illustrated). All
feature described with reference to a “two colil per slot”-
arrangement may also be applied to such a “one coil per

slot”-arrangement.

The stators i1llustrated 1n Figure 1 and Figure 3 may advanta-

geously be used as stators in a generator for generating

electrical energy. In this case rotating magnets, for example
permanent magnets, arranged radially outwards from the pro-
trusions and coils and rotating around the symmetry axis of

the support structure 103 or 303 may induce a current in the

colls due to a changing magnetic flux. Due to the filled gap

b

between neighbouring protrusions the areas of the coils are

increased (in particular maximized) compared to a situation
where a gap 1is left between adjacent coils, thus resulting in

a higher efficiency of the generator.

Such a generator may in particular be employed in a wind tur-

bine, wherein the rotor comprising the magnets is mechani-
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cally coupled to a propeller comprising a number of wind
blades.

Embodiments of the present invention provide methods for

manufacturing a stator as 1llustrated in Figs. 1 or 3.

Thereby, a coill used for the stator may be formed using an
auxiliary structure. Thereby, a wire 1s bent around the aux-
1liary structure plural times such that segments of the wire
stack on top of each other. Such a stack of wire segments may
then correspond for example to the radially innermost (or,
alternatively, outermost) radial wire layer 121 1, as illus-
trated in Figure 1. Advantageously, this layer 121 1 may com-

prise wire segments having at least approximately a same

cross—sectional shape having same heights and same widths. In
a next step a further stack of wire segments may be formed by
bending the wire around the auxiliary structure at a differ-
ent position plural times. Thereby, the radial layer 121 2,
as 1llustrated in Figure 1, may be formed which again may
comprise wlre segments having substantially a same cross-

sectional shape and having same heights and same widths. Fur-

ther, the process of forming plural additional stacks of wire
segments may continue until a last stack of wire segments is
formed corresponding to the radially outermost layer 121 n,
as 1llustrated in Figqure 1. Finally, the thus formed coil may

be imposed on one of the protrusions of the stator 100.

It should be noted that the term “comprising” does not ex-
clude other elements or steps and “a” or “an” does not ex-
clude a plurality. Also elements described in association
with different embodiments may be combined. It should also be

noted that reference signs 1n the claims should not be con-

strued as limiting the scope of the claims.

In order to recapitulate the above described embodiments of

the present invention one can state:
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CLAIMS:
1. A method for manufacturing a stator for an enerqgy

converting apparatus, the method comprising:

forming an support structure having an annular shape

5 around an axial direction;

forming a first protrusion coupled to the support

structure and extending radially;

forming, spaced apart from the first protrusion in a

circumferential direction, a second protrusion coupled to the

10 support structure and extending radially;

forming a first coil from a plurality of first radial

layers of a first wire;

imposing the first formed coll on the first protrusion,

wherein the forming and the arranging the plurality of

15 first layers of the first wire 1s performed such that a

circumferential extent of a cross-sectional area of the first

wire increases radially from a value at a radially 1nnermost

layer of the first radial layers to a value at a radially

outermost layer of the first radial layers

2.0 the forming of the first radial layers comprises:

bending the first wire around an auxiliary

structure a plurality of times such that the radially innermost

layer 1s formed, and

bending the first wire around the auxiliary

25 structure at a different radial position a plurality of times
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such that a radial layer of the first radial layer 1s formed

after a previously from layer until the radial outermost layer

18 formed.

2. The method according to claim 1, further comprising:

g

forming a second coil from a plurality of second radial

layers of a second wire; and

imposing the second coil on the second protrusion such

that a section of the first wire at a radially outer first
radial layer 1s adjacent to a section of the second wire at a

radially outermost second radial layer.

3. The method according to claim 2, wherein the forming the

first and/or second coilils comprises shaplng a cross-sectional

area of the first wire and/or the second wire such that a

dimension of the cross-sectional area in a predetermined Cross-
sectional direction varies along the longitudinal extent of the

respective wire by more than 10%.
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