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AN ELECTRICAL MACHINE

(67)  Theinvention relates to a method and a twisting
device for twisting awinding head of a stator (10), wherein
during a twisting process of an end section (42) of con-
ductors (26, 28) of the stator (10), extending over a first
end face (14) of a stator core (12), a distance of the end
section (42) of the conductors (26, 28) to each other in
radial direction of the stator core (12) is at least partially
enlarged. For widening the radial gap between the end
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METHOD AND DEVICE FOR TWISTING A WINDING HEAD OF A STATOR, AND STATOR FOR

sections (42) of the conductors (26, 28) a winding core
(64) comprising at least one cam (70) protruding in radial
direction of the winding core (64) is arranged on the stator
core (12) in such a way that during the twisting process
at least the end section (42) of the first conductor (26)
slides of the cam, bending and/or necking the end section
(42) of the first conductor (26) in radial direction outward-

ly.
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Description

[0001] The invention relates to a method for twisting a
winding head of a stator, wherein during a twisting proc-
ess of an end section of conductors of the winding resp.
stator, protruding over an end face of a stator core, a
distance of the conductors to each otherin radial direction
of the stator core is at least partially enlarged. Further-
more, the invention relates to a device for twisting a wind-
ing head of a stator. A further part of the invention is a
stator for an electrical machine.

[0002] Methods for twisting a winding head of a stator
with hairpin, or I-pin technology are well known. Usually,
the stator comprises a stator core and a plurality of con-
ductors, which are arranged in slots of the stator core.
The stator core usually comprises a plurality of lamination
stacks, which are stacked together forming the stator
core. The slots are arranged on an inner surface of the
stator core, extending between a first end face of the
stator and a second end face of the stator being spaced
to the first end face. Furthermore, the slots are arranged
in peripheral direction of the stator spaced to each other.
A first row of conductors and a second row of conductors
are arranged in the slots, wherein the first conductors
and the second conductors are arranged in radial direc-
tion of the stator core next to each other. The conductors
of the first row and the second row protrude over the first
end face of the stator core. These conductor ends are
twisted in peripheral direction of the stator core wherein
the first conductor ends are twisted clockwise, and the
second conductor ends are twisted counterclockwise.
During the twisting process of the conductor ends, a coat-
ing of the conductors is stressed by friction and might
crack. For avoiding any shorting, an isolation paper is
placed between the first row and the second row of the
conductors. However, the arrangement of an isolation
paper is sometimes difficult and time consuming.
[0003] EP 1376818 A2describes a method for twisting
a winding head of a stator having a radial gap between
the conductors. According to the described method, a
tail side coil end includes a plurality of tail conductor pairs
sequentially disposed with predetermined radial gaps.
Theradial gaps between the conductor pairs are widened
near the end surface of a stator core. This arrangement
prevents adjacent tail joint portions or adjacent slanting
portions from undesirably contacting with each other,
thereby adequately maintaining electric insulation be-
tween the tail conductor pairs and improving the space
factor of the slot. However, the document does not de-
scribe how the radial gaps between the conductor pairs
are widened and how this gap can be reliably shaped
during and/or after the twisting process of the conductor
pairs.

[0004] Itis an object of the presentinvention to provide
a method and a device for twisting a winding head of a
stator, wherein the danger of shorting of the twisted con-
ductor ends of the stator can be easily reduced.

[0005] This objectis achieved by the subject matter of
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the independent claims. Preferred embodiments of the
invention are subject matter of the dependent claims or
described hereinafter.

[0006] According tothe invention, a method fortwisting
a winding head of a stator is provided, comprising the
following steps:

Providing a hollow cylindrical stator core having a
first end face and a second end face being spaced
apart to each other in longitudinal direction of the
stator core, and an inner surface facing a longitudinal
axis of the stator core with a least one slot on the
inner surface extending between the first end face
and the second end face having a slot depth in radial
direction of the stator core;

Positioning at least a first conductor and a second
conductor in the slot, arranged in radial direction of
the stator core next to each other, wherein at least
an end section of the conductors protrudes over the
first end face of the stator core;

Arranging a winding core, having at least one cam
protruding in radial direction outward of the winding
core, on the stator, the stator core and/or the first
end face;

Twisting the end section of the first conductor in pe-
ripheral direction of the stator core, wherein the end
section of the first conductor is moved over the cam,
bending and/or necking a part of the end section of
the first conductor, between the first end face of the
stator core and a distal end of the end section facing
away from the first end face, in radial direction of the
stator core in such a way, that a distance between
the end section of the first conductor and the end
section of the second conductor in radial direction of
the stator core is at least partially enlarged with re-
spect to the distance of the first and second conduc-
tor in radial direction of the stator core, which are
arranged in the slot.

[0007] In other words, according to that method, a hol-
low cylindrical stator core is provided. Usually, the stator
core comprises a plurality of lamination stacks, arranged
next to each other, forming the stator core. The stator
core comprises a first end face and a second end face,
wherein the first end face is spaced apart to the second
end face in longitudinal direction of the stator core. The
longitudinal direction of the stator core corresponds to
the longitudinal axis of the cylindrical stator core. At least
a slot is arranged on an inner surface of the stator core
facing the longitudinal axis of the stator core, wherein the
slot extends between the first end face and the second
end face having a slot depth in radial direction of the
stator core. Preferably, the stator core comprises a plu-
rality of slots on the inner surface, wherein the slots are
spaced to each other in peripheral direction of the stator
core.

[0008] Atleast a first conductor and a second conduc-
tor are arranged in the slot in radial direction of the stator
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core next to each other. In other words, the first conductor
is arranged on an imaginary first circle having its circle
center on the longitudinal axis of the stator core. The
second conductor is arranged on an imaginary second
circle, having a diameter smaller than the first circle, and
having its circle center on the longitudinal axis of the sta-
tor core. Atleast an end section of the first conductor and
an end section of the second conductor protrude and/or
extend over the first end face of the stator core. Prefer-
ably, a plurality of first conductors and a plurality of sec-
ond conductors are provided. More preferably, the plu-
rality of first conductors is arranged in peripheral direction
of the stator core on the first imaginary circle, wherein
the plurality of first conductors defines a first conductor
row. The plurality of first conductors might be arranged
next to each other and/or spaced apart to each other in
peripheral direction of the stator core. The plurality of the
first conductors can be arranged in such a way that only
one conductor of the first conductors is arranged in the
slot of the stator core. However, it is also possible that
more than one first conductor is arranged in the slot of
the stator core in peripheral direction of the stator core.
Preferably, the plurality of second conductors is arranged
in peripheral direction on the firstimaginary circle, where-
in the plurality of second conductors defines a second
conductor row. More preferably, the plurality of second
conductors is arranged next to each other and/or spaced
apart to each other in peripheral direction of the stator
core. The plurality of the second conductors can be ar-
ranged in such a way that only one conductor of the sec-
ond conductors is arranged in the slot of the stator core.
However, it is also possible that more than one second
conductor is arranged in the slot of the stator core in
peripheral direction of the stator core.

[0009] A winding core is arranged on the stator, the
stator core and/or the first end face of the stator core. In
other words, the winding core is arranged on the stator
core resp. the end face in longitudinal direction of the
stator core. The winding core might have a cylindrical or
a hollow cylindrical structure and/or shape. The winding
core comprises at least one cam. Preferably, the cam
protrudes in radial direction outwardly. However, itis also
possible thatthe cam protrudes in radial direction inward-
ly. Preferably, the winding core comprises a plurality of
cams wherein the cams are spaced to each other in pe-
ripheral direction of the winding core. The winding core
can also be named as a necking tool.

[0010] After arranging the winding core on the stator,
resp. the end face of the stator core, the end section of
the first conductor is twisted in peripheral direction of the
stator core. Due to that twisting process, the end section
of the first conductor is moved over the cam, wherein a
part of the end section of the first conductor, between the
first end face of the stator core and a distal end of the
end section of the first conductor facing away from the
first end face, is bend and/or necked in radial direction
of the stator core in such a way, that a distance between
the end section of the first conductor and the end section
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of the second conductor in radial direction of the stator
core is at least partially enlarged with respect to the dis-
tance of the first and second conductor in radial direction
of the stator core, which are arranged in the slot. Thus,
due to the winding core and especially the cam arranged
on the winding core, the end section of the first conductor
is bend and/or necked either in radial direction outwardly
or in radial direction inwardly, enlarging the radial gap
between the end section of the first conductor and the
end section of the second conductor. Hence, the danger
of shorting of the twisted conductor ends of the stator
can be easily reduced.

[0011] The conductors usually have a rectangular
shape in a cross section. However, the conductors can
also have a round shape or any other type of cross sec-
tion.

[0012] The winding core resp. the necking tool is only
used for the twisting process for bending and/or necking
the end section of the first conductor. After twisting the
end section of the first conductor in peripheral direction
of the stator core, the winding core is removed from the
stator.

[0013] Ina preferred embodimentof the invention, only
the part of the end section between the distal end of the
end section of the first conductor and the first end face
of the stator comprises an enlarged distance to the end
section of the second conductor in radial direction of the
stator core. For example, the radial distance between the
distal end of the first conductor and the distal end of the
second conductor corresponds to the radial distance of
the first conductor and the second conductor being ar-
ranged in the slot and only the twisted part of the end
section of the first conductor between the distal end and
the first end face of the stator is bend and/or necked
radially outward providing an enlarged gap in radial di-
rection to the respective part of the end section of the
second conductor. Hence, the distal ends of the first con-
ductor and the second conductor can be electrically con-
nected easily.

[0014] In a preferred embodiment of the invention, the
end section of the first conductor is at least partially de-
flected and/or bend in radial direction of the stator core
by a split tool. It is conceivable that the end section of
the first conductor is deflected and/or bend over its total
length in radial direction outwardly. The split tool is in-
serted in longitudinal direction of the stator core between
the end section of the first conductor and the end section
of the second conductor. Due to a movement of the split
tool in peripheral direction relative to the stator core, the
end section of the first conductor is at least partially bend
in radial direction outwardly. Preferably, the deflecting
step is carried out prior to the twisting step. Hence, by
deflecting and/or bending the end section of the first con-
ductor in radial direction of the stator, the distal end of
the end section can be shifted into a slot of a twisting tool
for twisting the end section of the first conductor in pe-
ripheral direction of the stator core.

[0015] The split tool might be arranged and designed
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in such a way that the end section of the first conductor
is deflected and/or bend over its total length in radial di-
rection outwardly. According to a preferred embodiment
of the invention, the split tool is designed as a split ring.
The split ring can be easily arranged between the end
section of the first conductor and the end section of the
second conductor and shifted in peripheral direction of
the stator core for deflecting the end section of the re-
spective conductor in radial direction.

[0016] In a preferred embodiment of the invention, the
end section of the first conductor is twisted in peripheral
direction of the stator core by a twisting tool having at
least one slot for receiving the distal end of the end sec-
tion. Preferably, the twisting tool comprises a plurality of
slots being spaced apart in peripheral direction of the
twisting tool, wherein the slots are arranged and config-
ured for receiving the distal ends of the end sections of
the conductors of the first conductor row.

[0017] It is conceivable that the at least one slot com-
prises an opening on an end surface of the twisting tool
facing the distal end of the end section of the first con-
ductor. Such a slot, having only one opening at the end
surface of the twisting tool is called a closed slot. Hence,
after the end section of the first conductor is deflected in
radial direction, the twisting tool is positioned in such a
way that the end of the first conductor enters at least
partially the slot via the opening. After entering into the
slot, the twisting tool is twisted in peripheral direction of
the stator core.

[0018] According to a preferred embodiment of the in-
vention, the slot is configured as a cut. Preferably, the
cut reaches through the wall thickness of the hollow cy-
lindrical twisting tool. Such a slot is called an open slot.
Hence, for example, the twisting tool is arranged on the
end section of the first conductor before deflecting the
end section in radial direction outwardly. After deflecting
the end section of the first conductor in radial direction
outwardly, the distal end of the end section of the first
conductor is deflected and/or shifted into the open slot
of the twisting tool. After entering the slot by the defection
of the end section of the first conductor end, the twisting
tool is twisted in peripheral direction of the stator core.
[0019] In a preferred embodiment of the invention, the
twisting step is carried out time shifted to the splitting
step. In other words, the splitting and/or deflecting step
for at least partially deflecting the end section of the first
conductor in radial direction is carried out prior to the
twisting step. However, after deflecting the end section
of the first conductor radially outward in such a way that
the distal end of the end section of the first conductor is
defected and/or shifted into the open slot of the twisting
tool, the split tool and the twisting tool are twisted togeth-
er, respectively simultaneously, in the same direction.
[0020] It is conceivable that the stator comprises fur-
ther conductors resp. conductor rows. Preferably, the
stator comprises a third conductor and a fourth conduc-
tor. In other words, the third conductor is arranged on an
imaginary third circle having its circle center on the lon-
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gitudinal axis of the stator core. The diameter of the im-
aginary third circle is smaller than the diameter of the
imaginary second circle of the second conductors. The
fourth conductor is arranged on an imaginary fourth circle
having the same circle center as the imaginary third cir-
cle, wherein the diameter of the fourth circle is smaller
than the diameter of the imaginary third circle.

[0021] Preferably, a plurality of third conductors and a
plurality of fourth conductors are provided. The third con-
ductors arranged in peripheral direction of the stator core
spaced to each other on the third imaginary circle, where-
in the plurality of third conductors defines a third conduc-
tor row. The fourth conductors are arranged in peripheral
direction of the stator core spaced to each other on the
fourth imaginary circle, wherein the plurality of fourth con-
ductors defines a fourth conductor row.

[0022] Preferably, the plurality of third conductors is
arranged in peripheral direction of the stator core on the
third imaginary circle, wherein the plurality of third con-
ductors defines a third conductor row. More preferably,
the plurality of third conductors is arranged next to each
other and/or spaced apart to each other in peripheral
direction of the stator core. The plurality of the third con-
ductors can be arranged in such a way that only one
conductor of the third conductors is arranged in the slot
of the stator core. However, it is also possible that more
than one third conductor is arranged in the slot of the
stator core in peripheral direction of the stator core.
[0023] Preferably, the plurality of fourth conductors is
arranged in peripheral direction of the stator core on the
fourth imaginary circle, wherein the plurality of fourth con-
ductors defines a fourth conductor row. More preferably,
the plurality of fourth conductors is arranged next to each
other and/or spaced apart to each other in peripheral
direction of the stator core. The plurality of the fourth con-
ductors can be arranged in such a way that only one
conductor of the fourth conductors is arranged in the slot
of the stator core. However, it is also possible that more
than one fourth conductor is arranged in the slot of the
stator core in peripheral direction of the stator core.
[0024] The first conductor, the second conductor and
the third conductor can be deflected and/or twisted ac-
cording to the above described method wherein, for de-
flecting and or twisting the respective conductor and/or
conductor row, the diameter of the winding core, split tool
and/or twisting tool has to be adjusted respectively dif-
ferent tools have to be used.

[0025] The invention further concerns to a twisting de-
vice for twisting a winding head of a stator, comprising

a holding device for holding a hollow cylindrical stator
core having a first end face and a second end face
being spaced apart to each other in longitudinal di-
rection of the stator core, and an inner surface facing
a longitudinal axis of the stator core with a least one
slot on the inner surface extending between firstend
face and the second end face having a slot depth in
radial direction of the stator core, wherein at least a
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first conductor and a second conductor is positioned
in the slot in radial direction of the stator core next
to each other, wherein at least an end section of the
conductors protrudes and/or extends over the first
end face of the stator core,

a winding core, having at least one cam protruding
in radial direction of the winding core, arrangeable
on the stator, the stator core and/or the first end face
of the stator core in such a way, that the cam is po-
sitioned next to the protruding end section in periph-
eral direction of the stator core, and

a twisting tool having at least one slot for receiving
a distal end of the end section of the first conductor
facing away from the first end face for twisting the
end section of the first conductor in peripheral direc-
tion of the stator core, wherein by twisting the end
section of the first conductor in peripheral direction
of the stator core, the end section of the first conduc-
tor is moved over the cam, bending the end section
of the first conductor radially outward in such a way,
that a distance between the end section of the first
conductor and the end section of the second con-
ductor in radial direction of the stator is at least par-
tially enlarged with respect to the distance of the first
and second conductor in radial direction of the stator
core, which are arranged in the slot.

[0026] In other words, a twisting device for twisting a
winding head of a stator is provided for caring out the
above described twisting method, wherein the danger of
shorting of the twisted conductor ends of the stator can
be easily reduced.

[0027] According to a preferred embodiment of the in-
vention, the cam comprises a sliding surface arranged
and configured in such a way that by twisting the end
section of the first conductor in peripheral direction of the
stator core, the end section is at least partially moved
over the sliding surface and thereby at least partially bend
radially outward for necking the first conductor. Hence,
the cam comprises a ramp structure for guiding the end
section of the first conductor when twisted in peripheral
direction or the stator core. Thus, the turning resistance
of the twisting tool in peripheral direction of the stator
core can be reduced. Furthermore, the end section of
the first conductor can be bend inradial direction carefully
and/or gently for avoiding any damage of an isolation on
the first conductor.

[0028] In a preferred embodiment of the invention, the
winding core comprises on an outer shell surface a con-
ductor guiding structure on which the at least one cam
is arranged, wherein the conductor guiding structure
comprises a conductor groove extending in longitudinal
direction of the winding core for receiving the second
conductor. Preferably, the conductor guiding structure
comprises a plurality of grooves and a plurality of cams,
wherein the grooves and the cams are arranged alter-
nating to each other. In other words, one groove is be-
tween two cams. The groove is designed and arranged

10

15

20

25

30

35

40

45

50

55

for receiving the end section of the conductor which is
not twisted by the twisting tool, wherein the end section
of the conductor for twisting by the twisting tool is ar-
ranged next to the cam.

[0029] In a preferred embodiment of the invention, the
twisting devise comprises a split tool with a tooth shaped
end in longitudinal direction of the split tool, wherein the
tooth shaped end comprises at least one receiving slot
for receiving the distal end of the end section of the first
conductor and a protrusion next to the receiving slot in
peripheral direction of the split tool having a sliding sur-
face arranged and designed in such a way, that when
turning the split tool in peripheral direction relative to the
stator core, the distal end of the end section of the first
conductor received in the receiving slot slides over the
sliding surface bending the end section of the first con-
ductor radially outward. Hence, the end section of the
first conductor can be easily shifted and/or moved in ra-
dial direction of the stator core by turning the split tool
relative to the stator core in peripheral direction. The end
section of the first conductor slides at least partially along
the sliding surface, which is preferably configured as a
ramp. Thus, the turning resistance of the split tool can
be reduced and the end section of the first conductor can
be at least partially deflected in radial direction of the
stator core gently.

[0030] In a preferred embodiment of the invention, the
slot of the twisting tool is open on an inner surface facing
the longitudinal axis of the twisting tool, respectively fac-
ing the end section of the first conductor. Hence, prefer-
ably the twisting tool is arranged on the end section of
the first conductor before deflecting the end section in
radial direction outwardly. After deflecting the end section
of the first conductor in radial direction outwardly, the
distal end of the end section of the first conductor is de-
flected and/or shifted into the slot of the twisting tool.
[0031] Ina preferred embodiment of the invention, the
splittool comprises an insertion opening on an outer shell
surface of the split tool for receiving a turning lever, and
the twisting tool comprises an insertion slit, larger than
the insertion opening of the split tool, designed in such
a way that a tuning lever can reach through the insertion
slit into the insertion opening. Hence, the twisting step
can be carried out time shifted to the splitting and/or de-
flecting step. A turning lever can reach through the inser-
tion slit to the insertion opening. Since, the insertion slit
is larger than the insertion opening, when turning the turn-
ing lever, the split tool in moved in radial direction shifting
and/or deflecting the end section of the first conductor in
radial direction, wherein the distal end of the end section
ofthefirstconductorintroduces into the slot of the twisting
tool. After the distal end section of the first conductor is
received in the slot of the twisting tool, the split tool and
the twisting tool are turned in peripheral direction of the
stator core simultaneously by the turning lever.

[0032] In a further aspect of the invention, a stator for
an electrical machine, preferably of an at least partially
electric driven vehicle, is provided, comprising
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a hollow cylindrical stator core having a firstend face
and a second end face being spaced apart to each
other in longitudinal direction of the stator core, and
an inner surface facing a longitudinal axis of the sta-
tor core with a least one slot on the inner surface
extending between first end face and the second end
face having a slot depth in radial direction of the sta-
tor core radially outward facing,

at least a first conductor and a second conductor
arranged in the slot in radial direction of the stator
core next to each other, wherein at least an end sec-
tion of the conductors protrudes and/or extends over
the first end face of the stator core, wherein

the end section of the first conductor is twisted in
peripheral direction of the stator core in a first direc-
tion and the end section of the second conductor is
twisted in peripheral direction of the stator core in a
second direction, which is in opposite direction of the
first direction, and

atleast a part of the end section of the first conductor
between the first end face of the stator core and a
distal end of the end section facing away from the
firstendface is bend and/or necked in radial direction
of the stator core outward in such a way, that a dis-
tance between the end section of the first conductor
and the end section of the second conductor in radial
direction of the stator core is at least partially en-
larged with respect to the distance of the first and
second conductor in radial direction of the stator
core, which are arranged in the slot.

[0033] Inotherwords, a statorfor an electrical machine
is provided, wherein the danger of shorting of the twisted
conductor ends of the stator can be easily reduced.
[0034] Ina preferred embodiment of the invention, only
the part of the end section between the distal end of the
end section of the first conductor and the first end face
of the stator core comprises an enlarged distance to the
end section of the second conductor in radial direction
of the stator core. For example, the radial distance be-
tween the distal end of the first conductor and the distal
end of the second conductor corresponds to the radial
distance of the first conductor and the second conductor
being arranged in the slot and only the twisted part of the
end section of the first conductor between the distal end
and the first end face of the stator core is bend radially
outward providing an enlarged gap in radial direction to
the respective part of the end section of the second con-
ductor. Hence, the distal ends of the first conductor and
the second conductor can be easily connected.

[0035] The features and advantages of the method do
also apply to the device and the stator. The features and
advantages of the device do also apply to the method
and the stator. Furthermore, the features and advantages
of the stator do also apply to the method and the device.
[0036] These and otheraspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments as per the drawings described hereinafter. In
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the following description, exemplary embodiments of the
invention are explained with reference to the accompa-
nying schematic drawing.

Fig. 1to 7  alongitudinal cross section through a sta-
tor according to the invention showing the
steps for twisting the winding head of the
stator,

a three-dimensional view of a split tool ac-
cording to the invention,

a three-dimensional view of a winding core
according to the invention,

a three-dimensional view of the stator with
the winding core and the split tool accord-
ing to the invention,

a three-dimensional view of the stator with
the winding core, the splittool and the twist-
ing tool according to the invention.

Fig. 8
Fig. 9

Fig. 10

Fig. 11

[0037] Fig. 1 to 7 show a longitudinal cross section
through a stator 10, wherein the different figures show
the steps for twisting the winding head 11 of the stator 10.
[0038] The stator 10 comprises a hollow cylindrical sta-
tor core 12, wherein the stator core 12 comprises a first
end face 14 and a second end face 16. The first end face
14 is spaced apart to the second end face 16 in longitu-
dinal direction 18 of the stator core 12. The longitudinal
direction 18 of the stator core 12 corresponds to the lon-
gitudinal axis of the cylindrical stator core 12. A least a
slot 20 is arranged on an inner surface 22 facing the
longitudinal axis 18 of the stator core 12, wherein the slot
20 extends between the first end face 14 and the second
end face 16 having a slot depth 24 in radial direction of
the stator core 12. Presently, the statorcore 12 comprises
a plurality of slots 20 on the inner surface 22, wherein
the slots 20 are spaced to each other in peripheral direc-
tion of the stator core 12.

[0039] The stator 10 comprises at least a first conduc-
tor 26, a second conductor 28, a third conductor 30 and
a fourth conductor 32 arranged in the slot 20 in radial
direction of the stator core 12 next to each other. In other
words, the first conductor 26 is arranged on an imaginary
first circle having its circle center on the longitudinal axis
18 of the stator core 12. The second conductor 28 is
arranged on an imaginary second circle, having a diam-
eter smaller than the first circle, and having its circle cent-
er on the longitudinal axis 18 of the stator core 12. The
third conductor 30 is arranged on animaginary third circle
having its circle center on the longitudinal axis 18 of the
stator core 12, wherein the diameter of the imaginary
third circle is smaller than the diameter of the imaginary
second circle of the second conductors 28. The fourth
conductor 32 is arranged on an imaginary fourth circle
having the same circle center as the imaginary third cir-
cle, wherein the diameter of the imaginary fourth circle
is smaller than the diameter of the imaginary third circle.
[0040] Presently, the first conductor 26, the second
conductor 28, the third conductor 30 and the fourth con-
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ductor 32 each comprises a plurality of conductors,
wherein the plurality conductors are arranged in periph-
eral direction of the stator core 12 spaced to each other.
The plurality of first conductors 26 defines a first conduc-
tor row 34 on the imaginary first circle. The second con-
ductors 28 are arranged in peripheral direction of the sta-
tor core 12 spaced to each other on the second imaginary
circle and define a second conductor row 36. The plurality
of third conductors 30 defines a third conductor row 38
and the plurality of fourth conductors 32 defines a fourth
conductor row 40.

[0041] At least an end section 42 of the first, second
third and fourth conductor 26, 28, 30, 32 protrudes and/or
extends over the first end face 14 of the stator core 12.
[0042] Fig. 2 shows the stator 10 known from Fig. 1,
wherein the end section 42 of the first conductor 26 is
deflected and/or bend in radial direction of the stator core
12 by a split tool 44 according to Fig. 8. The split tool 44
is designed as a split ring and shown in Fig. 8. The end
section 42 of the first conductor 26 is deflected and/or
bend over its total length of the end section in radial di-
rection outwardly.

[0043] Fig. 3 show the stator 10 known from Fig. 2
wherein the end section 42 of the first conductor 26 is
twisted angular in peripheral direction of the stator core
12 in a first direction which in the present example is a
counterclockwise direction according to a view in the di-
rection of the longitudinal axis 18 of the stator core 12.
At least a part of the end section 42 of the first conductor
26 between the first end face 14 of the stator core 12 and
adistal end 46 of the end section 42 of the first conductor
26 facing away from the first end face 14 is bend and/or
necked in radial direction of the stator core 12 outward
in such a way, that a distance between the end section
42 of the first conductor 26 and the end section 42 of the
second conductor 28 in radial direction of the stator core
12 is at least partially enlarged with respect to the dis-
tance of the first conductor 26 and second conductor 28
in radial direction of the stator core 12, which are ar-
ranged in the slot 20.

[0044] Fig. 4 shows the stator 10 known from Fig. 3,
wherein the end section 42 of the second conductor 28
is deflected and/or bend in radial direction of the stator
core 12 by the split tool 44. The Split tool 44 is shown in
Fig. 8. However, the split tool 44 is different for bending
end sections 42 of the different conductor rows. For ex-
ample, the split tool 44 for deflecting the end section 42
of the second conductor 28 might have a smaller diam-
eter than the one for deflecting the end section 42 of the
first conductor 26.

[0045] Fig. 5 shows the stator 10 known from Fig. 4,
wherein the end section 42 of the second conductor 28
is twisted angular in peripheral direction of the stator core
12 in a second direction which is in the opposite direction
of the first direction. The second direction is for example
a clockwise direction. At least a part of the end section
42 of the second conductor 28 between the first end face
14 of the stator core 12 and a distal end 48 of the end
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section 42 of the second conductor 28 facing away from
the first end face 14 is bend and/or necked in radial di-
rection of the stator core 12 outward in such a way, that
a distance between the end section 42 of the second
conductor 28 and the end section 42 of the third conduc-
tor 30 in radial direction of the stator core 12 is at least
partially enlarged with respect to the distance of the sec-
ond conductor 28 and third conductor 30 in radial direc-
tion of the stator core 12, which are arranged in the slot
20.

[0046] Furthermore, only the part of the end section 42
between the distal end 46 of end section 42 of the first
conductor 26 and the first end face 14 of the stator 12
comprises an enlarged distance to the end section 42 of
the second conductor 28 in radial direction of the stator
core 12. Hence, the radial distance between the distal
end 46 of the first conductor 26 and the distal end 48 of
the second conductor 28 corresponds to the radial dis-
tance of the first conductor 26 and the second conductor
28 being arranged in the slot 20 and only the twisted part
of the end section 42 of the first conductor 26 between
the distal end 46 and the first end face 14 of the stator
core 12 is bend radially outward providing an enlarged
gap in radial direction to the respective part of the end
section 42 of the second conductor 28. Thus, the distal
ends 46, 48 of the first conductor 26 and the second
conductor 28 can be electrically connected easily.
[0047] Fig. 6 shows the stator 10 known from Fig. 5,
wherein the end section 42 of the third conductor 30 is
twisted in peripheral direction of the stator core 12 in the
first direction, resp. counterclockwise, wherein at least a
part of the end section 42 of the third conductor 30 be-
tween the first end face 14 of the stator core 12 and a
distal end 50 of the end section 42 of the third conductor
28 facing away from the first end face 14 is bend and/or
necked in radial direction of the stator core 12 outward
in such a way, that a distance between the end section
42 of the third conductor 30 and the end section 42 of
the fourth conductor 32 in radial direction of the stator
core 12 is at least partially enlarged with respect to the
distance of the third conductor 30 and the fourth conduc-
tor 32 in radial direction of the stator core 12, which are
arranged in the slot 20. However, the end section 42 of
the third conductor 30 is not deflected in radial direction
of the stator core 12 by the split tool 44.

[0048] Fig. 7 shows the stator 10 known from Fig. 6,
wherein the end section 42 of the fourth conductor 32 is
twisted in peripheral direction of the stator core 12 in the
second direction, resp. clockwise, without any bending
or deflection in radial direction. Hence, the distal end 50
of the third conductor 30 can be easily connected to the
distal end 52 of the fourth conductor 32.

[0049] Fig. 8 shows the split tool 44. The split tool 44,
resp. split ring comprises a hollow cylindrical structure
with a tooth shaped end 54 in longitudinal direction 56 of
the split tool 44, wherein the tooth shaped end 54 com-
prises at least one receiving slot 58 for receiving the distal
end 46, 48 of the end section 42 of the first conductor 26
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or the second conductor 28 and a protrusion 60 next to
the receiving slot 58 in peripheral direction of the split
tool 44. The protrusion 60 comprises a sliding surface 62
arranged and designed in such a way, that for example
when turning the split tool 44 in peripheral direction rel-
ative to the stator core 12, the distal end 46 of the end
section 42 of the first conductor 26 received in the re-
ceiving slot 58 slides over the sliding surface 62 bending
the end section 42 of the first conductor 26 radially out-
ward. Hence, the end section 42 of the first conductor 26
can be shifted and/or moved in radial direction of the
stator core 12 by turning the split tool 44 relative to the
stator core 12 in peripheral direction of the stator core 12
easily. The end section 42 of the first conductor 26 slides
at least partially along the sliding surface 62, which is
preferably configured as a ramp. Thus, the turning resist-
ance of the split tool 44 can be reduced and the end
section42 of the first conductor 26 can be atleast partially
deflected in radial direction of the stator core 12 gently.
[0050] The diameter of the split tool 44 is different for
defecting the first conductor 26, the second conductor
28 and the third conductor 30, respectively for deflecting
the first conductor row 34, second conductor row 36 and
third conductor row 38.

[0051] Fig. 9 shows a hollow cylindrical winding core
64. The cylindrical winding core 64 comprises on an outer
shell surface 66 a conductor guiding structure 68 on
which the atleast one cam 70 is arranged. The conductor
guiding structure 68 comprises a conductor groove 72
extending in longitudinal direction 74 of the cylindrical
winding core 64 for receiving the ends sections 42 of the
conductors which should not be twisted during the twist-
ing step. Presently, conductor guiding structure 68 com-
prises a plurality of conductor grooves 72 and a plurality
of cams 70, wherein the conductor grooves 72 and the
cams 70 are arranged alternating to each other. In other
words, one conductor groove 72 is between two cams 70.
[0052] The cam 70 comprises a sliding surface 76 ar-
ranged and configured in such a way that by twisting the
end section 42 of the conductor to be twisted in peripheral
direction of the stator core 12, the end section 42 is at
least partially moved over the sliding surface 76 and
thereby at least partially bend radially outward. Hence,
the cam 70 comprises a ramp structure for guiding the
end section 42 of the respective conductor 26, 28, 30
when twisted in peripheral direction of the stator core 12.
[0053] The winding core 64 varies for guiding the dif-
ferent conductor rows of the first conductor 26, second
conductor 28 and third conductor 30 at least in its diam-
eter and the depth of the conductor groove 72 in radial
direction of the cylindrical winding core 64.

[0054] Fig. 10 shows the stator 10 with the winding
core 64 and the split tool 44. The winding core 64 is ar-
ranged on the stator core 12 in such a way, that the end
sections 42 of the second 28, third 30 and fourth conduc-
tor 32 are guided in the conductor groove 72. The end
section 42 of the first conductor 26 is arranged next to
the cam 70 of the winding core 64. Furthermore, the split
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tool 44 is arranged on the winding core 64, wherein the
distal end 46 of the end section 42 of the first conductor
26 is inserted in the receiving slot 58. When turning the
split tool 44 in peripheral direction of the stator core 12,
the distal end 46 of the end section 42 of the first con-
ductor 26 slides along the sliding surface 62 of the pro-
trusion 60, bending and/or necking the end section 42 of
the first conductor 26 in radial direction of the stator core
12 outwardly.

[0055] Fig. 11 shows the stator 10 known from Fig. 10
wherein a twisting tool 77 is arranged on the stator 10
respectively the end section 42 of the first conductor 26.
The twisting tool comprises at least one slot 78 at a distal
end facing the stator core 12 for receiving the distal end
46 of the end section 42 of the first conductor 26. The
slot 78 is configured as a cut. Preferably the cut reaches
through the wall thickness of the hollow cylindrical twist-
ing tool 77. Such a slot 78 is called an open slot. When
deflecting the end section 42 of the first conductor 26 in
radial direction outwardly, the distal end 46 of the end
section 42 of the first conductor 26 is deflected and/or
shifted into the open slot 78 of the twisting tool 77. After
that, the twisting tool 77 is moved in peripheral direction
of the stator core 12 for twisting the end section 42 of the
first conductor 26, wherein during the twisting step, the
end section 42 slides along the cam 70 of the winding
core 64, bending and/or necking the part of the end sec-
tion 42 of the first conductor 26, between the first end
face 14 of the stator core 12 and the distal end 46 of the
end section 42 facing away from the first end face 14, in
radial direction of the stator core 12 in such a way, that
the distance between the end section 42 of the first con-
ductor 26 and the end section 42 of the second conductor
28 in radial direction of the stator core 12 is at least par-
tially enlarged with respect to the distance of the first 26
and second conductor 28 in radial direction of the stator
core 12, which are arranged in the slot 20.

[0056] The twisting tool 77 varies for twisting the dif-
ferent conductor rows of the first conductor 26, second
conductor 28, third conductor 30 and fourth conductor
32 at least in its diameter.

Reference signs
[0057]

10  Stator

12  Stator core

14  First end face of the stator core

16  Second end face of the stator core
18  Longitudinal direction / axis of the stator core
20 Slot

22 Inner surface

24  Slot depth

26  First conductor

28  Second conductor

30  Third conductor

32  Fourth conductor



34  First conductor row

36  Second conductor row

38  Third conductor row

40  Fourth conductor row

42  End section of conductor

44  Split tool

46  Distal end of end section of first conductor
48 Distal end of end section of second conductor
50 Distal end of end section of third conductor
52  Distal end of end section of fourth conductor
54  Tooth shaped end

56  Longitudinal direction of split tool

58 Receiving slot

60  Protrusion

62  Sliding surface

64  Winding core

66  Outer shell surface

68  Guiding structure

70 Cam

72  Conductor groove

74  Longitudinal direction of winding core

76  Sliding surface cam

77  Twisting tool

78 Slot

80 Insertion opening

82  Outer shell surface of split tool

Claims

1. Method for twisting a winding head of a stator (10),
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comprising the following steps:

Providing a hollow cylindrical stator core (12)
having a first end face (14) and a second end
face (16) being spaced apart to each other in
longitudinal direction (18) of the stator core (12),
and an inner surface (22) facing a longitudinal
axis (18) of the stator core (12) with a least one
slot (20) on the inner surface (22) extending be-
tween the first end face (14) and the second end
face (16) having a slot depth (24) in radial direc-
tion of the stator core (12);

positioning at least a first conductor (26) and a
second conductor (28) in the slot (20) in radial
direction of the stator core (12) next to each oth-
er, wherein at least an end section (42) of the
conductors (26, 28) protrudes and/or extends
over the first end face (14) of the stator core (12);
arranging a winding core (64), having at least
one cam (70) protruding in radial direction out-
ward of the winding core (64), on the stator core
(12) and/or the first end face (14);

twisting the end section (42) of the first conduc-
tor (26) in peripheral direction of the stator core
(12), wherein the end section (42) of the first
conductor (26) is moved over the cam (70),
bending and/or necking a part of the end section
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(42) of the first conductor (26), between the first
end face (14) of the stator core (12) and a distal
end (46) of the end section (42) of the first con-
ductor (26) facing away from the first end face
(14), in radial direction of the stator core (12) in
such a way, that a distance between the end
section (42) of the first conductor (26) and the
end section (42) of the second conductor (28)
in radial direction of the stator core (12) is at
least partially enlarged with respect to the dis-
tance of the first (26) and second conductor (28)
in radial direction of the stator core (12), which
are arranged in the slot (20).

Method according to claim 1, wherein only the part
of the end section (42) between the distal end (46)
of the end section (42) of the first conductor (26) and
the first end face (14) of the stator core (12) com-
prises an enlarged distance to the end section (42)
of the second conductor (28) in radial direction of the
stator core (12).

Method according to claim 1 or 2, characterized in
that, the end section (42) of the first conductor (26)
is at least partially deflected and/or bend in radial
direction of the stator core (12) by a split tool (44).

Method according to claim 3, characterized in that,
the deflecting step is carried out prior to the twisting
step.

Method according to claim 3 or 4, characterized in
that, by deflecting and/or bending the end section
(42) of the first conductor (26) in radial direction of
the stator core (12), the distal end (46) of the end
section (42)is deflected and/or shifted into a slot (78)
of a twisting tool (77) for twisting the end section (42)
of the first conductor (26) in peripheral direction of
the stator core (12).

Method according to one of the previous claims,
characterized in that the end section (42) of the
first conductor (26) is twisted in peripheral direction
of the stator core by a twisting tool (77) having at
least one slot (78) for receiving the distal end (46) of
the end section (42).

Characterized in that, the twisting process is car-
ried out time shifted to the splitting step.

Twisting device for twisting a winding head of a stator
(10), comprising

a holding device for holding a hollow cylindrical
stator core (12) having a first end face (14) and
a second end face (16) being spaced apart to
each other in longitudinal direction (18) of the
stator core (12), and an inner surface (22) facing
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a longitudinal axis of the stator core (12) with a
least one slot (20) on the inner surface (22) ex-
tending between first end face (14) and the sec-
ond end face (16) having a slot depth (24) in
radial direction of the stator core (12), wherein
at least a first conductor (26) and a second con-
ductor (28) is positioned in the slot (20) in radial
direction of the stator core (12) next to each oth-
er, wherein at least an end section (42) of the
conductors (26, 28) protrudes and/or extends
over the first end face (14) of the stator core (12),
awinding core (64), having at leastone cam (70)
protruding in radial direction of the winding core
(64), arrangeable on the stator core (12) and/or
the first end face (14) of the stator core (12) in
such a way that the cam (70) is positioned next
to the protruding end section (42) in peripheral
direction of the stator core (12), and

a twisting tool (77) having at least one slot (78)
for receiving a distal end (46) of the end section
(42) of the first conductor (26) facing away from
the first end face (14) for twisting the end section
(42) of the first conductor (26) in peripheral di-
rection of the stator core (12), wherein by twist-
ing the end section (42) of the first conductor
(26) in peripheral direction of the stator core (12),
the end section (42) of the first conductor (26)
is moved over the cam (70), bending and/or
necking the end section (42) of the first conduc-
tor (26) radially outward in such a way, that a
distance between the end section (42) of the first
conductor (26) and the end section (42) of the
second conductor (28) in radial direction of the
stator core (12) is at least partially enlarged with
respect to the distance of the first (26) and sec-
ond conductor (28) in radial direction of the sta-
tor core (12), which are arranged in the slot (20).

Device according to claim 8, characterized in that,
the cam (70) comprises a sliding surface (76) ar-
ranged and configured in such a way that by twisting
the end section (42) of the first conductor (26) in pe-
ripheral direction of the stator core (12), the end sec-
tion (42) is at least partially moved over the sliding
surface (76) and thereby at least partially bend radi-
ally outward.

Device according to claim 8 or 9, characterized in
that the winding core (64) comprises on an outer
shell surface (66) a conductor guiding structure (68)
on which the at least one cam (70) is arranged,
wherein the conductor guiding structure (68) com-
prises a conductor groove (72) extending in longitu-
dinal direction (74) of the winding core (64) for re-
ceiving the second conductor (28).

Device according to one of the claims 8 to 10, com-
prising a split tool (44) with a tooth shaped end (54)
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in longitudinal direction (56) of the split tool (44),
wherein the tooth shaped end (54) comprises atleast
one receiving slot (58) for receiving the distal end
(46) of the end section (42) of the first conductor (26)
and a protrusion (60) next to the receiving slot (58)
in peripheral direction of the split tool (44) having a
sliding surface (62) arranged and designed in such
a way, that when turning the split tool (44) in periph-
eral direction relative to the stator core (12), the distal
end (46) of the end section (42) of the first conductor
(26) received in the receiving slot (58) slides over
the sliding surface (62) bending the end section (42)
of the first conductor (26) radially outward.

Device according to claim 11, characterized in that,
the slot (78) of the twisting tool (77) is open on an
inner surface facing the longitudinal axis of the twist-
ing tool (77) respectively the end section (42) of the
first conductor (26).

Device according to one of the claims 8 to 12, char-
acterized in that, the split tool (44) comprises an
insertion opening (80) on an outer shell surface (82)
of the split tool (44) for receiving a turning lever, and
the twisting tool (77) comprises an insertion slit (84),
larger than the insertion opening (80) of the split tool
(44), designed in such a way that an tuning lever can
reach through the insertion slit (84) into the insertion
opening (80).

Stator (10) for an electrical machine, comprising

a hollow cylindrical stator core (12) having a firstend
face (14) and a second end face (16) being spaced
apart to each other in longitudinal direction (18) of
the stator core (12), and an inner surface (22) facing
a longitudinal axis of the stator (18) core with a least
one slot (20) on the inner surface (22) extending be-
tween first end face (14) and the second end face
(16) having a slot depth (24) in radial direction of the
stator core (12) radially outward facing,

atleast afirst conductor (26) and a second conductor
(28) arranged in the slot (20) in radial direction of the
stator core (12) next to each other, wherein at least
an end section (42) of the conductors (26, 28) pro-
trudes over the first end face (14) of the stator core
(12), wherein

the end section (42) of the first conductor (26) is twist-
ed in peripheral direction of the stator core (12) in a
first direction and the end section (42) of the second
conductor (28) is twisted in peripheral direction of
the stator core (12) in a second direction which is in
opposite direction of the first direction, and

at least a part of the end section (42) of the first con-
ductor (26) between the first end face (14) of the
stator core (12) and a distal end (46) of the end sec-
tion (42) facing away from the first end face (14) is
bend and/or necked in radial direction of the stator
core (12) outward in such a way, that a distance be-
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tween the end section (42) of the first conductor (26)
and the end section (42) of the second conductor
(28) in radial direction of the stator core (12) is at
least partially enlarged with respect to the distance
of the first (26) and second conductor (28) in radial
direction of the stator core (12), which are arranged
in the slot (20).

Stator according to claim 14, wherein only the part
of the end section (42) between the distal end (46)
of the end section (42) of the first conductor (26) and
the first end face (14) of the stator core (12) com-
prises an enlarged distance to the end section (42)
of the second conductor (28) in radial direction of the
stator core (12).
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