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(57) Abrege(suite)/Abstract(continued):
spaced winding slots (WS1, WS2, ...) formed In It, each winding slot (W31, WS2, ...) extending along an axial length of the first

cylindrical surface and set up to embed a segment of a single stator winding (W1, W2, W3), each stator winding (W1, W2, W3) is
pre-formed as a closed loop, two substantially parallel segments of each stator winding (W1, W2, W3) set up to be embedded in a
first (WS1, WS3, WS5) and a second winding slot (WS2, WS4, WS6) of the stator (6), with the second winding slot (WS2, WS4,
WS6) being the third adjacent winding slot to the first winding slot (WS1, WS3, WS5), each of the three stator windings (W1, W2,
W3) having a first winding head segment (WH1, WH2, WH3) leaving the winding slots (W31, WS2, ...) In axial direction of the
stator (S). Furthermore the first winding head segments (WH1, WH2, WH3) of the three stator windings (W1, W2, W3) differ In
form so that the first winding head segments (WH1, WH2, WH3) of at least two of the three stator windings (W1, W2, W3) are
differently tilted in radial direction of the electric machine and the length of the three stator windings (W1, W2, W3) is substantially
the same.
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Abstract

Group of three stator windings for a stator of an electric

machine, a stator arrangement, a generator, and wind turbine

The invention concerns a group of three stator windings (W1,
W2, W3) for a stator (S) of an electric machine, a stator
arrangement, a generator, and wind turbine, whereas the
stator (S) having a first cylindrical surface with a
plurality circumferentially spaced winding slots (WS1l, WSZ,
.) formed in it, each winding slot (WS1l, WSZ, ...)
extending along an axial length of the first cylindrical
surface and set up to embed a segment of a single stator
winding (Wl, W2, W3), each stator winding (Wl, W2, W3) 1s
pre-formed as a closed loop, two substantially parallel
segments of each stator winding (Wl, W2, W3) set up to be
embedded in a first (WS1l, WS3, WS5) and a second winding slot
(WS2, WS4, WS6) of the stator (6), with the second winding
slot (WS2, WS4, WS6) being the third adjacent winding slot to
the first winding slot (WS1l, WS3, WS5),each of the three
stator windings (Wl, W2, W3) having a first winding head
segment (WH1, WH2, WH3) leaving the winding slots (WS1l, WSZ,
.) 1n axial direction of the stator (S).
Furthermore the first winding head segments (WH1l, WHZ, WH3)
of the three stator windings (W1, W2, W3) differ in form so
that the first winding head segments (WH1, WH2, WH3) of at
least two of the three stator windings (W1, W2, W3) are
differently tilted in radial direction of the electric
machine and the length of the three stator windings (Wl, W2,

W3) 1s substantially the same.

Figure 1
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Description

Group of three stator windings for a stator of an electric

machine, a stator arrangement, a generator, and wind turbine

The invention relates to a group of three stator windings for
a stator of an electric machine. The invention concerns also
a stator arrangement comprising such stator windings, a
generator - e.g. a direct drive generator for a wind turbine
- comprising such a stator as well as a wind turbine

comprising such a generator.

In large electrical machines or generators 1t is common to
use a so called double-~layer winding. This winding type has
the benefit that all coils are identical and the coils are

easy to manufacture.

However, 1n electrical machines with a high number of poles
and a small pole pitch the traditional double layer windings

can be difficult to mount because an insertion of a last coil

within dedicated slots require to temporarily lift a first

colil out of the slots while completing the winding of the
coll, so that the last coil can be inserted underneath the

temporarily removed part of the first coil.

Furthermore, for a segmented electrical machine double laver

windings require coils that connect across the segment joint.

It 1s possible to make single-layer windings that do not

requlire the removal of the first inserted coils when
inserting the last coils in a stator. It is also possible to
make single-layer windings that do not need to cross segment
joints. Consequently, single-layer windings can be advanta-

geous for large electrical machines.
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Single-layer windings normally requlire both i1n-plane and out-

of-plane winding overhangs. These winding overhangs are also

called end windings or winding heads.

It 1is possible to make a single layer winding that does not

fr—

need to cross the segment joint of a segmented stator, but when

using known single-layer technology this leads to large winding

overhangs takling up a large space at the ends of the stator

pack and consuming large amounts of copper for the winding.

It is therefore an object of the present invention to provide a

ﬁ

group of stator windings, a stator arrangement, a generator as

well as a wind turbine in such a way, that the winding

overhangs consume less copper.

According to one aspect of the present invention, there 1s

f— ﬁ

provided a group of three stator windings for a stator of an

electric machine, wherein the stator comprises a first

cylindrical surface with a plurality circumferentially spaced

winding slots, each wilinding slot extending along an axial

length of the first cylindrical surface and formed to embed a

pr—

segment of a single stator winding, each stator winding pre-

formed as a closed loop, two substantially parallel segments of

ceach stator winding formed to be embedded 1n a first and a
second winding slot of the stator, with the second wilinding slot

being the third adjacent winding slot to the first winding

F

slot, each of the three stator windings comprising a first

winding head segment extending from the winding slots 1n an

F

axial direction of the stator, and a second winding head

segment extending from the winding slots in opposite axial

direction of the stator than the first winding head segment,
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g—
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gr—

head segments of the three stator windings

so that the first winding head segments of at

least two of the three stator windings are differently tilted

e

in a radial direction of the electric machine, and a length of

—

the closed-loop of each one of the three stator windings

substantially the

same and each stator winding lacking twists

along the length of the closed-l1loop.

According to another aspect of the present invention, there 1s

g

provided a group of three stator windings for a stator of an

electric machine,

wherein the stator comprises a first

cylindrical surface with a plurality circumferentially spaced

winding slots, each winding slot extending along an axial

ﬁ

length of the first cylindrical surface and formed to embed a

yr—

segment of a single stator winding, each stator winding pre-

| T

‘ormed as a closed loop, two substantially parallel segments of

h

ceach stator winding formed to be embedded 1n a first and a

second winding slot of the stator, with the second winding slot

being the third adjacent winding slot to the first winding

slot, each of the

three stator windings comprising a first

winding head segment extending from the winding slots 1n an

axial direction of the stator, and a second winding head

segment extending

from the winding slots in opposite axial

direction of the stator than the first winding head segment,

the first winding

differing in form

least two of the three stator windings are di:

in a radial direction of the electric machine, and a length of

head segments of the three stator windings

rl-O'
—

so that the first winding head segments of at

~ferently tilted

ﬁ

)

g~

the closed-loop o:
substantially the

- each one of the three stator windings

same and each stator winding lacking twists
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2b

-

along the length of the closed-loop, wherein the

first and/or

the second wlinding head segments of one of the three stator

windings comprising a section that 1s continuously

tilted on a

curvature whereln the curvature 1s more than a 90 degree

r-!

segment of a substantially circular arc.

F

According to the invention a group of three stator

'*-

a stator of an electric machine - e.g. a generator

windings for

- 18

defined, whereas the stator having a first cylindrical surface

with a plurality circumferentially spaced winding slots formed

in 1t, each winding slot extending along an axial length of the

first cylindrical surface and set up to embed a segment of a

“ormed as a

single stator winding, each stator winding 1s pre-:

—

closed loop, two substantially parallel segments o:

- each stator

winding set up to be embedded in a first and a second winding

J—

slot of the stator, with the second winding slot being the

third adjacent winding slot to the first winding slot, each o:

the three stator

h
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windings having a first winding head segment leaving the
winding slots in axial direction of the stator, the first
winding head segments of the three stator windings differ in
form so that the first winding head segments of at least two
5 of the three stator windings are differently tilted in radial

direction of the electric machine and the length of the three

stator windings 1s substantially the same.

This 1s advantageous because all three coils have the same
10 length and therefore having all the same resistance. This 1s
true for the three windings but particularly also for the
three coils that each are comprised of a plurality of the
same number of windings. This then also results i1n that the

three coils pull the same current.

15
Advantageously the three windings represent the three phases
in an electrical machine with one pole per slot per phase and
are arranged of equal angular pitch, and - in terms of the
distance between the first and the second winding slot - with
20 a pitch of three winding slot pitches. This means that

P

between the first and the second winding slot of a first

winding and between the second winding slot of a first

winding to the first winding slot of another winding
belonging to the same coil representing one phase, two
25 winding slot gaps are existing that will be filled with two

further windings belonging to two further coils for the other

two phases.

Besides, advantageously the invention concerns single-layer

30 stator windings so that only one winding will be mounted 1in

one winding slot.

The stator windings may be pre-formed that way that the
cross-section of a winding will be substantially rectangular.

35 The cross section of the windings may be the same overall the

whole loop of the winding.
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The winding heads may be arranged that the windings do not

touch each other when mounted i1nto adjacent winding slots.

Further, the invention 1s 1n particular advantageous because
the overall length of all windings and therefore also the
colls may be kept at a minimum length resulting in a
reduction of material for the windings, especially copper.
Besides, this also results in a reduction of weight, e.g. a
couple of hundred kilograms 1n a large generator for example

in a wind turbine.

Additionally the invention allows reducing the axial extent
of the winding heads so that the stator including the
windings will have a smaller axial dimension. This may reduce
the dimension of the housing of the electric machine and also

the overall weight of the electric machine.

The above mentioned invention defines a first winding head
extending in one axial direction of the stator. Obviously to
close the loop also a second winding head is present
extending in the other axial direction of the stator. In a
preferred embodiment, the second winding head has the same
dimension as the first winding head, possibly being reflec-

tion symmetric and/or point symmetric to the first winding
head.

Besides, each of the three stator windings may itself be
reflection symmetric with the axis of symmetry being parallel

to the winding slots, including also the first and the second

winding head.

An advantageous shape for examples of the winding heads will

be explained later with respect to a schematic drawing.

The object of the present invention is also inventively
achieved by a stator arrangement comprising the group of
windings as described before, by a generator comprising such
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a stator arrangement and a wind turbine comprising such a

generator.

The invention will in the following be explained in more

detail with reference to the schematic drawings, wherein

FIG 1 shows three winding heads of three windings,

FIG 2 shows alternative winding heads.

FIG 1 and FIG 2 each show a three-dimensional section of a
stator S for a large conventional rotating electrical machine
~ esgpeclally a generator for a wind turbine. The complete
stator S comprises a stator core SC and a large number of
open-type radial winding slots WS1l, wWS2, ... that are
uniformly spaced around the circumference of the radially
inner or outer surface of the stator core SC, depending
whether the stator S 1s an i1nner or an outer stator of the
electrical machine. Due to the large dimension of the stator
S, the shown section of the stator S appears in FIG 1 as a
cuboid with substantially parallel winding slots WS1l, WS2Z,

P

., WSx (x being a integer value of 1 to 6). This 1is

acceptable as an approximation but 1t need to be understood
that the adjacent winding slots WS1l, WS2, ... are not
completely parallel planes regarding their slots, because the
slots all are directed radially to a centre axis of the
electrical machine. As a further approximation - or 1in other

situations this might be absolutely true - the slots are

cubolid narrow channels with a rectangular cross-section.

It has to be noted that i1in the example the winding slots are
arranged parallel to the longitudinal axis of the stator, but

1t 1s also possible to have the winding slots formed at an

angle to the longitudinal axis of the stator.

The stator core SC may be laminated, i.e. formed from a

plurality of axially stacked laminations.
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FIG 1 and 2 show furthermore three windings Wl, W2, W3 that
are pre-formed and have a rectangular cross-section fitting

right into the cross-section of the winding slots WS1l, WS2,

In FIG 1 and 2 a single layer stator winding 1s shown, soO
that only a single segment of a single winding Wl, W2, W3 1s
placed 1nto a single winding slot WS1l, WS2, ... - 1instead of
placing a segment of a first winding and a segment of a
second winding into single winding slot being substantially

on top of each other in the slot, as it i1s done for double-

layer winding.

Furthermore the windings Wl, W2, W3 each have two segments
that get inserted i1nto two winding slots - e.g. winding Wl
will be inserted with one segment of the winding loop into
the first winding slot WSl and with another segment of the
winding loop into the second winding slot WS2. The windings

Wl, W2, W3 are closed loops therefore requiring a section to

close the loops between the Substantially parallel sections

of the windings inside the winding slots. This 1s done via
winding heads WH1, WH2, WH3 that extend outside of the stator
S and close the loop at both axial ends of the stator S.

The winding slots build pairs of slots to mount a single

30

35

winding. In the figures the winding slots WS1 and WS2 build a
palr of slots for the first winding Wl, the winding slots WS3
and WS4 build a pair of slots for the second winding W2, and
the winding slots WS5 and WS6 build a pair of slots for the

first winding W3.

It 1s assumed that each of the windings is symmetric - axial
symmetric to a radial plane in the centre of the stator S -,
so in the following usually only one winding head of the
windings is observed, but all that is said is also applicable

to the winding heads at the other end of the stator.
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Furthermore 1t 1s assumed that the length of all windings 1s
identical. The only difference between the first winding W1,
second winding W2, and third winding W3 is the three-
dimensional shape of their winding heads WH1, WH2, WH3.

Regarding the winding Wl it is assumed that it is substan-
tially formed that way that the winding head WH1 stay in an
area between the radial plane of the winding slot WS1 and the
radial plane of the winding slot WS2, so that the winding W1
does not touch or interfere adjacent windings. The winding
head WH1 may extend i1n radial direction between these radial
planes, but 1t is assumed only the space in one radial
direction should be used so to not interfere with the rotor,
which 1s not shown in the figures. Taking the circumferential
surface of the stator core SC as the reference plane, for an
inner stator the space from that reference plane facing the
axis of the stator could be consumed for the winding head
WH1. For an outer stator the space from that reference plane
facing the radial outside of the electrical machine until the

housing of the electrical machine could be consumed for the

winding head WH1.

The above said regarding winding Wl and winding head WH1
applies accordingly also for the winding W2 and W3 with their

winding heads WH2 and WH3.

The windings Wl, W2, and W3 furthermore are preferably formed
that way that they can easily be mounted by following a
specific order of mounting the windings into the stator
winding slots. Specifically the windings should not to be
tangled up so that all three windings need to be mounted in
one step. Preferably the windings should be formed like this
that as a first option all windings W3 could be inserted
overall the stator, followed by winding W2 and finally by
winding Wl. As a second option the stator could be mounted
with the windings W1, W2, W3 winding by winding, putting in
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first a single W3, then single W2, followed by a single W1,

and starting all over again with W3.

In the following description, 1f the terms “underneath” or
5 “above” or similar directional terms are used, this belongs
to the orientation as 1t 1s shown in the figures. “Above”
means 1n the direction from where the windings get mounted.
For an inner stator this means the direction away from the

centre axis of the stator. With “underneath” the opposite

10 direction 1s meant.

In the following specifically focusing on FIG 1, the first
winding head WH1 extends in the plane of the two substan-
tially parallel segments of the stator winding Wl. The

15 winding loop stays in one plane and is flat and not tilted
out of the plane. In other words, once mounted, winding Wl
including i1ts winding head WH1 stays 1n the same plane as the

plane of the winding slots WS1 and WS2 of the stator S.

20 The length of the section of the winding head WH1 that
longitudinally extends the winding segments within the
winding slots WS1l, WS2 is set up that way, that the winding
length of winding Wl has substantially the same length as the
length each of the other two windings W2, W3.

25
Proceeding to winding W2, the winding head WH2 is tilted at
one pivotal point and then extend in a plane different from
the plane of the two substantially parallel segments of the

. stator winding W2. The pivotal point is in the area of the

30 winding head WH2 and close to the substantially parallel
segments of the stator winding W2. Therefore the winding W2
1s tilted close to the stator block. The winding head WH2,
after the turn at the pivotal point extends then underneath
the winding head WH1l, so that the loop of the winding W2 can

35 Dbe closed underneath the winding Wl and above the winding W3.
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The winding W2 might perform a “sharp turn” at the pivotal
point but preferably might also perform a continuous change

of direction over a specific section around the pivotal
point.

The change of direction at the pivotal point might preferably
be 45 degrees, measured from the plane of the two substan-

tially parallel segments. Also different angles could be

beneficial, starting from close to 0 degree and ending with a
10 wvalue close to 90 degree.

Now regarding the winding W3, its winding head WH3 comprises
a section that i1s continuously tilted on a curvature, whereas
the curvature 1s a 90 degree segment of a substantially

15 circular arc. In the figure, after the 90 degree turn has
reached, the winding W3 then further extends in a plane that

1s perpendicular to the plane of the substantially parallel
winding segments.

20 The winding head WH3 after the perpendicular extension

extends then underneath the winding head WH2.

Not mentioned so far, all three windings Wl, W2, W3 close
theilr loops between the radial planes of their winding slots
25 with a connection section perpendicular to these mentioned
radial planes. The transition from the winding head sections
located 1in the radial planes to/from the connection section

1s performed via a 90 degree turn with a fairly small radius.

The connection itself is then substantially plain and
30 straight.

Due to the fact that the cross-section of each winding W1,
W2, W3 1s substantially rectangular, the connection section
itself is substantially cuboid and therefore located in a

35 plane of the cuboid. Regarding winding Wl, this plane of the
connection section of winding head WH1 is parallel to the

side surface of the cylindric stator core SC. Regarding
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winding W2, the plane of the connection section of winding
head WH2 is substantially in a 45 degree angle in relation to
the side surface of the cyvlindric stator core SC. Regarding
winding W3, the plane of the connection section of winding
head WH3 is substantially in a 90 degree angle in relation to
the side surface of the cylindric stator core SC or, 1in other
words, parallel to the plane of the stator winding slots.

More general than shown in FIG 1 and than mentioned before,
the planes of the connections of each of the three stator
windings Wl, W2, W3 are arranged out of alignment, particu-

larly not 1in parallel.

Specifically in FIG 1, the connection sections of the three
winding heads WH1, WH2, and WH3 can be seen as arranged on a
surface of a virtual cylinder with the cylinder axis roughly
being located at side surface of the cylindric stator core SC

in the height of the plane of the winding slots.

The winding W1, which 1s not tilted at all, can be viewed as
a substantially rectangular belt. The windings W2 and W3 can
also be seen as such rectangular belt, only with the

modifications that close to the corner the longer side of the

rectangular 1s bent.

Proceeding to FIG 2, the most that was said before is still

applicable. Especially the features explained for the
windings Wl and W2 still apply, because both windings W1l, W2
as seen 1n FIG 2 are identical to the windings Wl and W2 of

FIG 1.

Winding W3 of FIG 2 differs from the winding W3 of FIG 1,
that the section that is continuously tilted on a curvature
of the winding head WH3 has a curvature that is more than a
90 degree segment of a substantially circular arc. Specifi-
cally in FIG 2 the angle, taken from the plane of the stator

winding slots 1s about 135 degrees, considering the angle of
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winding head WH2 is about 45 degrees. This allows a very
compact arrangement, because the plane of the connection of
winding head WH3 is parallel to the direction of a section of
the winding head WHZ2 and the underneath surface of the
winding W2. Therefore the winding head WH2 and the winding
head WH3 can be arranged very close to each other which again

allows to reduce the overall expansion 1n space of the

winding heads.

Both embodiments have the advantage that the length of each
winding can be reduced and that the length of the three
windings 1s identical. This allows a vast reduction of

material for the windings and a major reduction of weilght.

It has to be understood that slight variations of the

embodiments of FIG 1 and FIG 2, especilally regarding the
perfectness of the circular arc, regarding the perfect
planarity of the mentioned planes, or regarding specifically

mentioned angles, are also covered by this invention.
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CLAIMS:
1. A group of three stator windings for a stator of an

electric machine, whereiln

the stator comprises a first cylindrical surface with

O a plurality circumferentially spaced winding slots, each

winding slot extending along an axial length of the first

cylindrical surface and formed to embed a segment of a single

stator winding,

each stator winding pre-formed as a closed loop, two

1

10 substantially parallel segments of each stator winding formed

to be embedded i1n a first and a second winding slot of the

stator, with the second winding slot being the third adjacent

winding slot to the first winding slot,

cach of the three stator windings comprising a first

15 winding head segment extending from the winding slots in an

axlal direction of the stator, and a second winding head

segment extending from the winding slots 1n opposite axial

direction of the stator than the first winding head segment,

the first winding head segments of the three stator

r—
fr—

20 windings differing in form so that the first winding head

P r—

segments of at least two of the three stator windings are

differently tilted 1in a radial direction of the electric

machine, and

e — f—

a length of the closed-loop of each one of the three

25 stator windings substantially the same and each stator winding

P

lacking twists along the length of the closed-1o00p.
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2 . A group of three stator windilngs according to
claim 1,

gt
—

wherein the first winding head segment of a first of

the three stator windings 1s i1dentical 1n form to the second

pr— J—

winding head segment of a second of the three stator wilindings.

3. A group of three stator windings according to

claim 1,

wherein each of the three stator windings comprises a

second winding head segment extending from the winding slots in

opposite axial direction of the stator than the first winding

head segment, and

o
P—

wherein the second winding head segments of the three

e
—

fering in form so that the second winding

stator windings di:

i -

head segments of at least two of the three stator windings are

r’ﬁ

differently tilted in radial direction of the electric machine.

wl—

-
b

4 . A group of three stator windings according to

claim 1, wherein the electric machiline 1s a generator.

ﬁ

0. A group of three stator windings according to

ﬁ

- the three stator windings and the

claim 1, wherein the group Oo:

stator comprise one slot per pole per phase for a three-phase

electric machine.

o . A group of three stator windings according to

)

Fh

claim 1, wherein each of the three stator windings are 1itseltf

reflection symmetric with the axilis of symmetry beling parallel

to the winding slots.
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7. A group of three stator windings according to

claim 1, wherein the first and the second windling head segments

are reflection symmetric and/or point symmetric to each other.

pr——

3 . A group of three stator windings according to

claim 1, wherein the filrst and/or the second winding head

o -

segments of one of the three stator windings extend in the

ﬁ —

plane of the two substantially parallel segments of each stator

wilnding.

9. A group of three stator windings according to

claim 1, wherein the first and/or the second winding head

P— F

segments of one of the three stator windings are tilted at one

—
—

pivotal point and then extend 1n a plane different from the

—

plane of the two substantially parallel segments of each stator

winding.

10. A group of three stator windings according to

claim 1, wherein the first and/or the second winding head

-

segments of one of the three stator windings comprlising a

section that 1s continuously tilted on a curvature.

g

11. A group of three stator wlindings according to

claim 10, wherein the curvature 1s a 90 degree segment of a

substantially circular arc.

12. A group of three stator windings according to

claim 10, whereln the curvature 1s more than a 90 degree

segment of a substantially circular arc.

three stator windings according to

1

13. A group O!

claim 1, wherein the first and/or the second winding head
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segments having a substantially straight connection between a

curvature section within the plane of the first winding slot of

the stator and a curvature section within the plane of the

ﬁ

second winding slot of the stator, the connection being

arranged in a plane substantially perpendicular to the planes

of the first and second winding slots.

14. A group of three stator windings according to

claim 13, wherein the planes of the connections of each of the

-

three stator windings being out of parallel alignment.

15. A stator arrangement, comprising:

a plurality of groups of three stator windings as

claimed 1n claim 1; and

a stator which comprises a first cylindrical surface

with a plurality circumferentially spaced winding slots, each

pr—

winding slot extending along an axial length of the first

It

cylindrical surface and formed to embed a segment of a single

stator winding.

ﬁ

16. A group of three stator windings for a stator of an

electric machine, wherein

the stator comprises a filrst cylindrical surface with

a plurality circumferentially spaced winding slots, each

winding slot extending along an axial length of the first

cylindrical surface and formed to embed a segment of a single

stator winding,

each stator winding pre-formed as a closed loop, two

substantially parallel segments of each stator winding formed
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to be embedded 1n a first and a second winding slot o:

stator, with the second winding slot being the third adjacent

f1rst winding slot,

L1

winding slot to the

each of the three stator windings comprising a first

from the winding slots 1n an

5 winding head segment extending

axlal direction of the stator, and a second winding head

from the winding slots in opposite axial

segment extending

direction of the stator than the first winding head segment,

the first winding head segments of the three stator

‘ering in form so that the first winding head

e

10 windings dif:
f the three stator windings are

segments of at least two O:
ferently tilted 1n a radial direction of the electric

dj 4= -

machine, and

a length of the closed-loop of each one of the three

stator windings substantially the same and each stator winding

- the closed-1loo0p,

15

lacking twists along the length o

first and/or the second winding head

whereln the

segments of one of the three stator windings comprising a

section that 1s continuously tilted on a curvature wherein the

20 curvature is more than a 90 degree segment of a substantially

circular arc.

17. A group of three stator windings according to

claim 16,

T

whereln the first winding head segment of a first of

25 the three stator windings is identical in form to the second

winding head segment of a second of the three stator windings.

J—
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18. A group of three stator windlngs according to

claim 16,

g~

wherein each of the three stator windings comprises a

second winding head segment extending from the winding slots 1n

gr—

opposite axial direction of the stator than the first windilng

head segment, and

wherein the second winding head segments of the three

b

stator windings differing in form so that the second winding

J— g

head segments of at least two of the three stator windings are

differently tilted 1n radial direction of the electric machine.

o~

19. A group of three stator windings according to

e

claim 16, wherein the group of the three stator windings and

the stator comprise one slot per pole per phase for a three-

phase electric machine.

20. A group of three stator windings according to

"

claim 16, wherein each of the three stator windings are itself

reflection symmetric with the axis of symmetry beling parallel

to the winding slots.

21. A group of three stator windings according to

claim 16, wherein the first and the second windling head

segments are reflection symmetric and/or poilnt symmetric to

each other.

22 . A group of three stator windlngs according to

claim 16, wherein the first and/or the second winding head

'-
ot

segments of one of the three stator windings extend 1n the
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plane otf

winding.

23.
claim 16,

segments

CA 02680554 2016-02-08
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the two substantially parallel segments of each stator

fr—

A group O:

. three stator windings according to

whereln the first and/or the second winding head

ﬁ

of one of the three stator windings are tilted at one

o
-

pivotal point and then extend in a plane different from the

plane of

winding.

24 .

claim 160,

P

the two substantially parallel segments of each stator

f -

A group O]

- three stator windings according to

wherein the first and/or the second winding head

segments having a substantially straight connection between a

curvature section within the plane of the first winding slot of

—

the stator and a curvature section within the plane of the

ﬁ

second winding slot of the stator, the connection being

arranged 1n a plane substantially perpendicular to the planes

25,

claim 24,

of the first and second winding slots.

'-h

A group o:

- three stator windings according to

ﬁ

whereln the planes of the connections of each of the

-

three stator windings belng out of parallel alignment.
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