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A Stator and a Method for Assembling a Stator

The invention relates to a stator for a permanent magnet syn-
chronous motor, comprising a multiplicity of stator teeth,
wherein each stator tooth of the multiplicity of stator teeth
has a tooth axis and a stator ring, with a stator axis,
wherein the multiplicity of stator teeth is arranged radially
along the circumference of the stator ring, and the tooth ax-
es cross the stator axis orthogonally within one plane, and a
multiplicity of stator coils, wherein each stator coil of the
multiplicity of stator coils has a coil axis and a coil open-
ing and comprises windings made of a wire, which windings ex-
tend along the coil axis, and the coil axis of the respective
stator coil is arranged parallel to the tooth axis of the re-
spective stator tooth and the coil opening of the respective

stator coil surrounds the respective stator tooth.

Moreover, the invention relates to a method for assembling a

stator for a permanent magnet synchronous motor.

Prior art stators for permanent magnet synchronous machines
often have stator coils, which are machined, i.e. winded di-
rectly around single-part stator teeth, which are subsequent-
ly assembled radially around a stator axis to achieve a final
stator configuration. This procedure allows usually a flexi-

ble and simple design of the coils.

However, such stators often have limited fill factors at the
stator coil or a low heat transfer between the individual
turns of the windings of the stator coil or to the stator
coil itself. Hence, the mechanical and electrical performance
of the prior art synchronous machines is limited disadvanta-

geously, especially at high operating frequencies.

The invention has its object to provide an improved stator
and a method for producing an improved stator to overcome the
disadvantages of prior art stators and subsequently to allow

a performance improvement of the stator.

This object is achieved according to a first aspect of the

invention with a stator of the aforesaid type, wherein the
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wire of the respective coil has a rectangular cross section
with a shorter side and a longer side, and the shorter side
of the wire of the respective coil is orientated parallel to
the coil axis of the respective stator coil. The longer side

has a larger dimension than the shorter side.

In this matter, using a rectangular profile wire for a stator
coil leads into a higher slot fill factor. Consequently, the
heat transfer between the individual turns of the windings or
to the respective stator tooth can be improved. However, in
case of high operating frequency the resistance can be in-
creased due to the skin effect. According to the invention,
the resistance increment can be reduced by winding the rec-
tangular wires in such a way, that the shorter side of the

wire is parallel with the tooth axis.

Thus, the losses of the resulting magnets can be lower and a
permanent magnet synchronous machine can have a higher torque

and a higher power density.

The solution according to the invention provides a simple
winding procedure, because the teeth can be wound one-by-one
before the assembly of the complete stator unit. Preferably
the wire of the stator coil has a cross section, which is
large enough that the manufactured coil is mechanically sta-
ble enough for a further handling without a specific wire
carrier for the wound stator coil at the subsequent assembly
of a stator tooth and a stator coil. This mentioned stability
can be achieved, if the cross section of the wire is more
than 0.5 mm?, preferably more than 1 mm? and more preferably
more than 1.5 mm?. This aspect supports stator configurations
for high current applications for high torque machines and/or

machines at high operating frequencies.

Moreover, it is beneficial, if the respective stator tooth
has a tooth width, which is defined by the dimension of the
cross section in the direction orthogonal to the tooth axis
and in a plane orthogonal to the stator axis, and the longer
side of the wire is slightly smaller than the half of the

tooth width. In particular, the respective cross section of
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the stator tooth is defined within the portion of the stator
tooth, where the stator coil is to be mounted. This leads to
a small bending radius of the wire at the windings, which en-
close the respective stator tooth and simplifies herewith the

production of the stator coil.

Consequently, enameled wires cannot be used in some cases as
the small bending radius can damage the insulation of the
wires. Therefore, it is advantageously if the turns of the
windings are insulated from each other after the winding pro-
cedure, for instance by spraying up or immersion of an enamel

finish.

In an additional aspect of the invention, the stator ring
comprises an outer side, directed radially outwards, on which
the multiplicity of stator teeth is arranged. This enables a
simple construction of a first preferred stator type, espe-

cially in combination with the aforesaid features.

It is further beneficial in this aspect, if the stator fur-
ther comprises a multiplicity of yoke segments, wherein each
yoke segment of the multiplicity of yoke segments is config-
ured to be mounted between two respective adjacent stator
teeth to connect the two respective adjacent stator teeth.
This aspect leads to a closed slot stator configuration,
which provides higher electrical performance versus an open
slot stator, which has mostly a higher flux leakage and
therefore reduces the overall efficiency of the electrical

machine.

It is beneficial for a simpler manufacturing of parts of the
stator if the multiplicity of stator teeth and the stator
ring constitute a one-piece part. The separate manufacturing
of the stator teeth and the stator coils allows a very simple
production of the stator coil as well as a simple assembly of
the stator.

It is preferred for an improved assembly of the stator, if
the multiplicity of yoke segments and the multiplicity of

stator teeth constitute the stator ring. A mounting means for
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holding the aforesaid parts together, e.g. an additional

ring, is not shown in the figures.

In a further additional aspect of the invention, the stator
ring comprises an inner side, directed radially inwards, on
which the multiplicity of stator teeth is arranged. This ena-
bles a simple construction of a second preferred stator type,

especially in combination with the aforesaid features.

It is beneficial, if the stator ring comprises a multiplicity
of notches, each notch of the multiplicity of notches is con-
figured to receive a mounting portion of the respective sta-
tor tooth. This aspect leads to a simple way of assembling

removeable stator parts.

Here, it is beneficial, if each notch has a longitudinal
elongation, which is orientated parallel to the stator axis
and has laterally, i.e. perpendicularly to the stator axis a
v-shaped opening, which is configured to receive a complemen-
tary shaped mounting portion of the respective stator tooth.
The shape enables an easy assembling process; thus, a v-shape
is preferred since a slip-in movement of the stator tooth in-
to a respective notch at the stator ring supports the aimed
easy assembling process and allows higher tolerances for the
opening and the complementary shaped mounting portion as well
as a simple and reliable final, but optionally releasable

fixation of both parts.

It has advantages, if the stator according to the invention

is arranged within a permanent magnet synchronous motor.

Moreover, it has advantages, if the stator according to the
invention is arranged within or as an electric propulsion
system of an aircraft, which preferably requires stator con-
figurations for high current applications for high torque ma-
chines and/or machines at high operating frequencies and an

overall light weight of the motor.

The problem is also solved by a method for assembling a sta-

tor with the steps of:

a) Providing a stator, comprising following parts:
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a multiplicity of stator teeth, wherein each stator tooth

of the multiplicity of stator teeth has a tooth axis, and

a stator ring with a stator axis, wherein the multiplici-
ty of stator teeth is arranged radially along the circum-
ference of the stator ring, and the tooth axes cross the

stator axis orthogonally within one plane, and

b) Providing a multiplicity of stator coils separately from

the multiplicity of stator teeth,

wherein each stator coil of the multiplicity of stator
coils has a coil axis and a coil opening and comprises
windings made of a wire, which windings extend along the

coil axis,

and the wire of the respective coil has a rectangular
cross section with a shorter side and a longer side, and
the shorter side of the wire of the respective coil is
orientated parallel to the coil axis of the respective

stator coil

c) Placing each stator coil on the respective stator tooth,
wherein the coil axis of the respective stator coil is
arranged parallel to the tooth axis of the respective
stator tooth and the coil opening of the respective sta-

tor coil surrounds the respective stator tooth.

d) Assembling the multiplicity of stator teeth, each carry-
ing a respective stator coil, together with the stator

ring, 1if applicable.

For performing the method the sequence of the steps a), b),
c) and d) is preferred. For example, the steps a) and b) or
steps ¢) and d) can also being swapped, if the respective

stator configuration allows it.

Step d) is only applicable, if the stator ring and the stator
teeth are manufactured as separate components, which need to
be assembled together. However, in the case that the stator
ring and the stator teeth are a one-piece part, step d) is

obsolete.
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Each stator tooth has a first end and a second end. In an as-
sembled configuration of a stator tooth with the stator ring,
the first end is joined with the stator ring and the second
end i1s facing radially orientated opposite to the first end.
With other words, the first end and the second end are ori-

ented along the respective stator tooth axis.

With an improvement of the method, an insulation layer is
provided at least partially on the surface the wire of the

respective coil between step b) and c).

The method allows the use of pre-wound windings as stator
coils, which leads to a simpler winding procedure of the sta-
tor coils since the coils can be wound separate from the sta-
tor tooth. In addition, the assembly of the stator is much
simpler compared to prior art since pre-processed parts just

need to be put together.

As mention before, it is beneficial if the longer side of the
wire is slightly smaller than the half of the stator tooth
width, since it leads to a small bending radius of the wire
at the windings, which enclose the respective stator tooth.
However, enameled wires cannot be used as the small bending
radius can damage the insulation of the wires. Therefore, af-
ter the winding procedure the turns of the windings can be
insulated from each other by the insulation layer, and subse-

quently the windings can be placed on to the teeth.

In a first further development, the multiplicity of stator
teeth preferably constitutes one piece together with the sta-

tor ring.

For the matter of the first further development, the method
comprises subsequently to the steps a), b), c¢) and d) further

steps of:

el) Providing a multiplicity of yoke segments, wherein each
yoke segment of the multiplicity of yoke segments is con-
figured to be mounted between two respective adjacent
stator teeth to connect the two respective adjacent sta-
tor teeth,
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f1l) Mounting the yoke segments between two respective adja-

cent stator teeth.

For performing the method of the first further development
the sequence of the steps a), b), c¢), d), el) and fl) is pre-
ferred. For example, the steps a) and b) or steps c¢) and d)

can also being swapped.

Here, it is beneficial, if the stator ring comprises an outer
side, directed radially outwards, on which the multiplicity
of stator teeth is arranged. This enables a simple construc-
tion of a first preferred stator type, especially in combina-

tion with the aforesaid features.

In this context the second end of the respective stator tooth
is facing radially outwards. Preferably, the yoke segments

connect the respective second ends of adjacent stator teeth.

In a second, alternative further development, the stator ring
comprises a multiplicity of notches each configured to re-
ceive a respective stator tooth and preferably each of the
multiplicity of notches has a longitudinal elongation, which
is orientated parallel to the stator axis and has laterally a
v-shaped opening, which is configured to receive a complemen-

tary shaped mounting portion of the respective stator tooth.

For the matter of the second further development, after

step d) of the method comprises further the step of:

e?2) Slide the stator tooth with the stator coil into the

notches.

For performing the method of the second further development
the sequence of the steps a), b), c¢) and d) is preferred,

wherein step e2) is a succeeding part of step d). For exam-
ple, the steps a) and b) or steps ¢) and d) can also being

swapped.

Here it is also beneficial, if the stator ring comprises an
inner side, directed radially inwards, on which the multi-
plicity of stator teeth is arranged. This enables a simple
construction of a second preferred stator type, especially in

combination with the aforesaid features.
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The invention shall now be explained based on preferred exem-

plary embodiments thereof with reference to the accompanying

drawings in more detail below. The figures show in:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

2a

2b

2¢c

3a

3b

oa

6b

oc

a perspective view of a stator coil,

a side view of a stator according a first embodi-

ment of the invention with a cutting plane A-A,

a front view of the stator in the cutting plane A-A

of Fig 2a,
a perspective view of the stator of Fig. 2a,

a side view of a stator according a second embodi-

ment of the invention with a cutting plane B-B,

a front view of the stator in the cutting plane B-B

of Fig 3a,

a perspective view of a yoke segment of the stator

of Fig. 2a,

a perspective view of stator parts of the stator of

Fig. 2a,

a side view of a stator according a third embodi-

ment of the invention with a cutting plane C-C,

a front view of the stator in the cutting plane C-C

of Fig 6a,
a perspective view of the stator of Fig. 6a,

a perspective view of a stator tooth of the stator

of Fig. oa,

a perspective view of a stator ring of the stator

of Fig. 6a.

It is clear, that further not shown parts are necessary for

the assembly and operation of a stator within an electrical

drive,

e.g. mounting parts, an electrical connection to a

power supply and electronic control components. For the sake

of better understanding these parts are not illustrated and

explained in the following description.
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Fig. 1 shows a stator coil 120-123 for three embodiments of
stators 100, 200 and 300 according to the invention, which
stator coil 120-123 has a coil axis 124 and a coil open-
ing 125.

The stator coil 120-123 comprises windings made of a

wire 130. The windings extend along the coil axis 124.

The coil axis 124 of the respective stator coil 120-123 is
designed to be arranged parallel to a tooth axis of a stator
tooth and the coil opening 125 is designed to surround a sta-
tor tooth.

The illustrated stator coil 120-123 illustrates the principle
of the arrangement. The windings are shown only for a basic
understanding and may have some inaccuracies in the represen-
tation. Moreover, the winding can have other configurations

of the input and output ports as shown.

Fig. 2a to 2c¢c show a first embodiment of a stator 100 accord-
ing to the invention for a permanent magnet synchronous mo-
tor. A rotor with permanent magnets for a motor is not shown.

The stator is designed to receive a permanent magnet rotor.

The stator 100 comprises a multiplicity of stator teeth,
wherein each stator tooth 110-113 of the multiplicity of sta-
tor teeth has a tooth axis 114.

The stator 100 further comprises a stator ring 101 with a
stator axis 102, which is the rotational axis of a final mo-
tor assembly, and wherein the multiplicity of stator teeth is
arranged radially along the circumference of the stator

ring 101. The tooth axes 114 cross the stator axis 102 or-

thogonally within one plane.

Moreover, the stator 100 comprises a multiplicity of stator
coils, wherein each stator coil 120-123 of the multiplicity
of stator coils has a coil axis 124 and a coil opening 125.
Each stator coil 120-123 comprises windings made of a

wire 130, which windings extend along the coil axis 124.

Each stator tooth 110-113 has a first end and a second end.
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The coil axis 124 of the respective stator coil 120-123 is
arranged parallel to the tooth axis 114 of the respective
stator tooth 110-113.

Basically, for other not shown specific embodiments, the
tooth axis can also have an angle with respect to the coil

axis, but preferably below 10°, and more preferably below 5°.

In the shown embodiment, the stator tooth 110-113 has a por-
tion of the tooth body, which is designed to be inserted into

the coil opening.

The stator tooth 110-113 has a body with an essentially rec-
tangular shape in its cross section, and the tooth axis 114

is in its center.

In general, the tooth axis can also go through any other por-
tion of the tooth, which is not shown in the embodiments. The

same applies to the stator coil, i.e. the coil opening.

The coil opening 125 of the respective stator coil 120-123

surrounds the respective stator tooth 110-113.

The wire 130 of the respective coil 120-123 has a rectangular
cross section with a shorter side 133 and a longer side 134,
and the shorter side 133 of the wire 130 of the respective
coil 120-123 is orientated parallel to the coil axis 124 of
the respective stator coil 120-123.

It is clear, if the wire 130 has an essentially rectangular
cross section, it means in practice the edges of the wire
have a small radius due to manufacturing issues. Of course,
the wire 130 has an insulating coating for electrically sepa-
rating the respective windings from each other. This aspect

is not shown in the figures.

The stator ring 101 comprises an outer side 103, directed ra-
dially outwards, on which the multiplicity of stator teeth is

arranged.

The stator 100 comprises a multiplicity of yoke segments,
wherein each yoke segment 140-143 of the multiplicity of yoke

segments is configured to be mounted between two respective
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adjacent stator teeth 110-113 for connecting the two respec-
tive adjacent stator teeth 110-113.

Fig. 3a and 3b show a second embodiment of a stator 200 ac-
cording to the invention, which is designed to receive a com-

plementary permanent magnet rotor.

The stator 200 comprises a multiplicity of stator teeth,
wherein each stator tooth 210-213 of the multiplicity of sta-
tor teeth has a tooth axis 214.

The stator 200 further comprises a stator ring 201 with a
stator axis 202, which is the rotational axis of a final mo-
tor assembly, and wherein the multiplicity of stator teeth is
arranged radially along the circumference of the stator

ring 201. The tooth axes 214 cross the stator axis 202 or-

thogonally within one plane.

The multiplicity of yoke segments and the multiplicity of
stator teeth constitute together the stator ring 201. A
mounting means for holding the aforesaid parts together, e.g.

an additional ring, is not shown.

Moreover, the stator 200 comprises a multiplicity of stator
coils, wherein each stator coil 120-123 of the multiplicity
of stator coils has a coil axis 124 and a coil opening 125,
as shown in Fig. 1, wherein the related description of a sta-

tor coil 120-123 also applies.

Each stator tooth 210-213 has a first end and a second end,
which are opposite to each other regarding the tooth ax-

is 214. The first end of a stator tooth 210-213 is oriented
inwards the assembled stator 200 and comprises a stator head,
which has a widening of the cross section 215 of the stator
tooth 210-213 for fixing a stator coil 120-123 during assem-
bly. The second end of the stator tooth 210-213 has a mount-
ing portion, e.g. a pair of notches, which hare configured to
receive corresponding counterparts mounted on yoke segments.
The portions of the pair of notches and the corresponding
yoke segments can be assembled and fixed together e.g. by
glue or screws in combination with an additional ring struc-

ture as a mounting means.
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The coil axis 124 of the respective stator coil 120-123 is
arranged parallel to the tooth axis 114 of the respective
stator tooth 210-213.

The stator tooth 210-213 has a body with an essentially rec-
tangular shape in its cross section, and the tooth axis 114

is in its center.

The coil opening 125 of the respective stator coil 120-123

surrounds the respective stator tooth 210-213.

The stator ring 201 comprises an outer side 203, directed ra-
dially outwards, on which the multiplicity of stator teeth is

arranged.

The stator 200 comprises a multiplicity of yoke segments,
wherein each yoke segment 140-143 of the multiplicity of yoke
segments is configured to be mounted between two respective
adjacent stator teeth 210-213 for connecting the two respec-
tive adjacent stator teeth 210-213.

Fig. 4 illustrates a single yoke segment 140-143. Each yoke
segment 140-143 connects, optionally removeable, adjacent
teeth at the second end of the respective tooth. The stator
tooth has a complementary shaped reception for receiving the
yvoke segment 140-143 by sliding the yoke segment 140-143 into
adjacent teeth with a movement parallel to the stator ax-

is 102. A final fixation between the yoke segment 140-143 and
the adjacent teeth can be achieved for instance by screws or

glue. This aspect is not shown.

At the assembled configuration each coil is located between
the first end and the second end of the respective tooth,
wherein the respective tooth is inserted into the coil open-

ing of the respective coil.

Moreover, in this embodiment the multiplicity of stator teeth
constitutes a one-piece part together with the stator

ring 101, which is depicted in Fig. 5.

The stator tooth 110 has a tooth width 115, which is which is
defined by the dimension of the cross section in the direc-

tion orthogonal to the tooth axis 114 and in a plane orthogo-
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nal to the stator axis 102, and the longer side 134 of the
wire 130 is smaller than the half of the tooth width 115.

In this embodiment each stator tooth 110-113 is joined with
the stator ring 101 at the first end. Some embodiments can

foresee separate respective parts, which are joinable.

Fig. 6a to 6¢, Fig. 7 and Fig. 8 show a third embodiment with
a stator 300 according to the invention for a permanent mag-

net synchronous motor.

The stator 300 comprises a multiplicity of stator teeth,
wherein each stator tooth 310-313 of the multiplicity of sta-
tor teeth has a tooth axis 314.

The stator 300 further comprises a stator ring 301 with a
stator axis 302, wherein the multiplicity of stator teeth is
arranged radially along the circumference of the stator

ring 301. The tooth axes 314 cross the stator axis 202 or-

thogonally within one plane.

The stator tooth 310 has a tooth width 315, which is which is
defined by the dimension of the cross section in the direc-
tion orthogonal to the tooth axis 314 and in a plane orthogo-
nal to the stator axis 302, and the longer side 334 of the
wire 330 is smaller than the half of the tooth width 315.

The stator tooth 310-313 is separately shown in Fig. 7 and
the stator ring 301 is separately depicted in Fig. 8.

Moreover, the stator 300 comprises a multiplicity of stator
coils according to the coil shown in Fig. 1, wherein each
stator coil 120-123 of the multiplicity of stator coils has a
coil axis 124 and a coil opening 125. Each stator coil 120-
123 comprises windings made of a wire 130, which windings ex-

tend along the coil axis 124.

The coil axis 124 of the respective stator coil 120-123 is
arranged parallel to the tooth axis 114 of the respective
stator tooth 110-113.

The coil opening 125 of the respective stator coil 120-123

surrounds the respective stator tooth 310-313.
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The wire 130 of the respective coil 120-123 has a rectangular
cross section with a shorter side 133 and a longer side 134,
and the shorter side 133 of the wire 130 of the respective
coil 120-123 is orientated parallel to the coil axis 124 of
the respective stator coil 120-123.

The stator ring 301 comprises an inner side 304, directed ra-
dially inwards, on which the multiplicity of stator teeth is

arranged.

The stator 301 comprises a multiplicity of notches, wherein
each notch 350-353 of the multiplicity of notches is config-
ured to receive a mounting portion of the respective stator
tooth 310-313.

Each notch 350-353 has a longitudinal elongation, which is
orientated parallel to the stator axis 302, and has laterally
a v-shaped opening, which is configured to receive a comple-
mentary shaped mounting portion of the respective stator
tooth 310-313.

The stators 100, 200, 300 according to the invention is well

suited for a permanent magnet synchronous motor.

It is advantageous if the stator 100, 200, 300 is used for a
permanent magnet synchronous motor, preferably within or as

an electric propulsion system of an aircraft.

The invention relates further to a method for assembling the
aforesaid stator 100, 200, 300 for a permanent magnet syn-
chronous motor. The steps of the method are not shown in the

figures, since they are clear to the skilled person.

An embodiment of the assembly method according to the inven-

tion comprises the steps of:
a) Providing a stator 100, 200, 300, comprising

a multiplicity of stator teeth, wherein each stator
tooth 110-113, 210-213, 310-313 of the multiplicity of
stator teeth has a tooth axis 114, 214, 314, and

a stator ring 101, 201, 301 with a stator axis 102, 202,

302, wherein the multiplicity of stator teeth is arranged
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radially along the circumference of the stator ring 101,
201, 301, and the tooth axes 114, 214, 314 cross the sta-
tor axis 102, 202, 302 orthogonally within one plane,

b) Providing a multiplicity of stator coils separately from

the multiplicity of stator teeth,

wherein each stator coil 120-123 of the multiplicity of
stator coils has a coil axis 124 and a coil opening 125
and comprises windings made of a wire 130, which windings

extend along the coil axis 124,

and the wire 130 of the respective coil 120-123 has a
rectangular cross section with a shorter side 133 and a
longer side 134, and the shorter side 133 of the wire 130
of the respective coil 120-123 is orientated parallel to
the coil axis 124 of the respective stator coil 120-123,

and

Providing an insulation layer at least partially on the

surface the wire 130 of the respective coil 120-123,

c) Placing each stator coil on the respective stator
tooth 110-113, wherein the coil axis 124 of the respec-
tive stator coil 120-123 is arranged parallel to the
tooth axis 114, 214, 314 of the respective stator tooth
110-113, 210-213, 310-313 and the coil opening 125 of the
respective stator coil 120-123 surrounds the respective
stator tooth 110-113.

d) Assembling the multiplicity of stator teeth, each carry-
ing a respective stator coil 120-123, together with the
stator ring 101, 201, 301, if applicable.

For performing the method the sequence of the steps a), b),
c) and d) is preferred. For example, the steps a) and b) or

steps ¢) and d) can also being swapped.

Step d) is only applicable, if the stator ring 101, 201, 301
and the stator teeth 110-113, 210-213, 310-313 are manufac-
tured as separate component, which need to be assembled to-

gether. However, in the case that the stator ring 101, 201,
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301 and the stator teeth 110-113, 210-213, 310-313 are a one-

piece part, step d) is obsolete.

For an embodiment of the method for a stator 100, which shows
a closed stator configuration, following steps of the method

are illustrated in the figures.

The provision of the stator teeth 110-113 and the stator

ring 101 from step a) a one-piece part can be seen in Fig. 2.

The provision of one stator coil 120-123 from step b) can be

seen in Fig. 1.

The application or provision of the insulating layer from
step b) is not shown in the figures but can be performed for
instance by spraying up or immersion of an enamel finish. Al-
ternatively, tape-like insulating layers can be applied be-
tween the windings, for example for high current applications

to provide a high insulation resistance.

Placing the stator coils 120-123 on the respective stator
tooth 110-113 from step c¢) results in the configuration shown

in Fig. 2a to 2c.

For an embodiment of the method, which shows a stator config-
uration with slipped teeth, following steps of the method are

illustrated in the figures.

The provision of the stator teeth 310-313 and the stator
ring 301 from step a) a one-piece part can be seen in Fig. 7

and Fig. 8.

The provision of one stator coil 120-123 from step b) can be

seen in Fig. 1.

The provision of the insulating layer from step b) is not
shown in the figures but can be performed by spraying an

enamel finish.

Placing the stator coils 120-123 on the stator the respective
stator tooth 310-313 from step c¢) results in the configura-

tion shown in Fig. 6a to 6b.

A further embodiment of the method for assembling the afore-

said stator, as depicted in Fig. 1 and from Fig. 2a to 2c,
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wherein the multiplicity of stator teeth preferably consti-

tutes one piece together with the stator ring 101.

For that matter, the method further comprises subsequently to

the steps a), b), c¢) and d) further subsequent steps of:

el) Providing a multiplicity of yoke segments, wherein each
yvoke segment 140-143 of the multiplicity of yoke segments
is configured to be mounted between two respective adja-
cent stator teeth 110-113, 210-213 to connect the two re-
spective adjacent stator teeth 110-113, 210-213,

fl) Mounting the yoke segments 140-143 between two respective
adjacent stator teeth 110-113, 210-213.

For performing the method of the first further development
the sequence of the steps a), b), c¢), d), el) and fl) is pre-
ferred. For example, the steps a) and b) or steps c¢) and d)

can also being swapped.

The yoke elements 140-143 are shown in Fig. 4, which are
slipped into the corresponding openings parallel to the sta-
tor axis 102 or 202. The final assembly is illustrated within
Fig. 2b, Fig 3b and Fig. 6b.

Preferably at the first and second embodiment, the stator
ring 101, 201 comprises an outer side 103, 203, directed ra-
dially outwards, on which the multiplicity of stator teeth is

arranged.

Another embodiment of the method for assembling the aforesaid
stator 300, as depicted in Fig. 1 and from Fig. 6a to 8§,
wherein the stator ring 301 comprises a multiplicity of
notches 350-353, each configured to receive a respective sta-
tor tooth 310-313.

Preferably, each of the multiplicity of notches 350-353 has a
longitudinal elongation, which is orientated parallel to the

stator axis 302, and has laterally a v-shaped opening, which

is configured to receive a complementary shaped mounting por-
tion of the respective stator tooth 310-313.

For that matter, after step d) the method comprises further

the step of:
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e?2) Slide the stator tooth 310-313 with the stator coil into
the notches 350-353.

For performing the method of the second further development
the sequence of the steps a), b), c¢c) and d) is preferred. For
example, the steps a) and b) or steps c¢) and d) can also be-

ing swapped.

The notches 350-353 are shown in Fig. 8, in which a respec-
tive stator tooth 310-313 is slipped into the corresponding
opening parallel to the stator axis 302. The final assembly
is illustrated within Fig. 6b and Fig 6c. This configuration
leads to a removeable connection between stator teeth 310-313

and the stator ring 301.

A final fixation between the notches 350-353 and the stator
teeth 310-313 can be achieved for instance by screws or glue.

This aspect is not shown in the figures.

Preferably at this embodiment, the stator ring 301 comprises
an inner side 304, directed radially inwards, on which the

multiplicity of stator teeth is arranged.

The invention is not restricted to the specific embodiments
described in detail herein, but encompasses all variants,
combinations and modifications thereof that fall within the

framework of the appended claims.

For example, a stator according to the invention can comprise
combinations with or without yoke segments or stator teeth on
the inner side or on the outer side of the stator ring as
well.
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List of reference numerals:

100, 200,
101, 201,
102, 202,
103, 203,
104, 204,
110-113,
310-313
114, 214,
115, 215,
120-123
124

125

126

127

128

130

131

132

133

134
140-143
350-353

300

301

302

303

304
210-213,

314
315

stator

stator ring

stator axis

outer side of the stator ring

inner side of the stator ring

stator tooth

tooth axis

tooth width

stator coil

coil axis

coil opening

coil height

coil width

coil length
rectangular wire
wire heigth

wire width

shorter side of wire
longer side of wire
yoke segment

notch

PCT/EP2019/074064
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Patent claims:
1. Stator (100, 200, 300) for a permanent magnet synchro-

nous motor, comprising

a multiplicity of stator teeth, wherein each stator
tooth (110-113, 210-213, 310-313) of the multiplicity of sta-
tor teeth has a tooth axis (114, 214, 314), and

a stator ring (101, 201, 301) with a stator axis (102, 202,
302), wherein the multiplicity of stator teeth is arranged
radially along the circumference of the stator ring (101,
201, 301), and the tooth axes (114, 214, 314) cross the sta-
tor axis (102, 202, 302) orthogonally within one plane, and

a multiplicity of stator coils, wherein each stator

coil (120-123) of the multiplicity of stator coils has a coil
axis (124) and a coil opening (125) and comprises windings
made of a wire (130), which windings extend along the coil

axis (124), and

the coil axis (124) of the respective stator coil (120-123)
is arranged parallel to the tooth axis (114, 214, 314) of the
respective stator tooth (110-113, 210-213, 310-313) and the
coil opening (125) of the respective stator coil (120-123)
surrounds the respective stator tooth (110-113, 210-213, 310-
313),

characterized in that the wire (130) of the respective

coil (120-123) has a rectangular cross section with a shorter
side (133) and a longer side (134), and the shorter

side (133) of the wire (130) of the respective coil (120-123)
is orientated parallel to the coil axis (124) of the respec-

tive stator coil (120-123).

2. Stator (100, 200, 300) according to the preceding claim,
wherein the respective stator tooth (110-113, 210-213, 310-
313) has a tooth width (115, 215, 315), which is which is de-
fined by the dimension of the cross section in the direction
orthogonal to the tooth axis (114, 214, 314) and in a plane
orthogonal to the stator axis (102, 202, 302), and the longer
side (134) of the wire (130) is smaller than the half of the
tooth width (115, 215, 315).
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3. Stator (100, 200) according to one of the preceding
claims, wherein the stator ring (101, 201) comprises an outer
side (103, 203), directed radially outwards, on which the

multiplicity of stator teeth is arranged.

4. Stator (100, 200) according to one of the preceding
claims, comprising a multiplicity of yoke segments, wherein
each yoke segment (140-143) of the multiplicity of yoke seg-
ments is configured to be mounted between two respective ad-
jacent stator teeth (110-113, 210-213) to connect the two re-
spective adjacent stator teeth (110-113, 210-213).

6. Stator (100) according to one of claims 1 to 4, wherein
the multiplicity of stator teeth and the stator ring (101)

constitute a one-piece part.

5. Stator (200) according to claim 4, wherein the multi-
plicity of yoke segments and the multiplicity of stator teeth
constitute the stator ring (201).

7. Stator (300) according to claim 1 or 2, wherein the sta-
tor ring (301) comprises an inner side (304), directed radi-
ally inwards, on which the multiplicity of stator teeth is

arranged.

8. Stator (300) according to claim 7, wherein the stator
ring (301) comprises a multiplicity of notches, each

notch (350-353) of the multiplicity of notches is configured
to receive a mounting portion of the respective stator

tooth (310-313).

9. Stator (300) according to claim 8, wherein each

notch (350-353) has a longitudinal elongation, which is ori-
entated parallel to the stator axis (202), and has laterally
a v-shaped opening, which is configured to receive a comple-
mentary shaped mounting portion of the respective stator
tooth (310-313).

10. Permanent magnet synchronous motor with a stator (100,

200, 300) according to one of the preceding claims.
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11. Aircraft with an electric propulsion system comprising a
permanent magnet synchronous motor according to the preceding

claim.

12. Method for assembling a stator (100, 200, 300) for a
permanent magnet synchronous motor according to claim 1 or 2,

characterized by the steps of:
a) Providing a stator (100, 200, 300), comprising

a multiplicity of stator teeth, wherein each stator
tooth (110-113, 210-213, 310-313) of the multiplicity of
stator teeth has a tooth axis (114, 214, 314), and

a stator ring (101, 201, 301) with a stator axis (102,
202, 302), wherein the multiplicity of stator teeth is
arranged radially along the circumference of the stator
ring (101, 201, 301), and the tooth axes (114, 214, 314)
cross the stator axis (102, 202, 302) orthogonally within

one plane, and

b) Providing a multiplicity of stator coils separately from

the multiplicity of stator teeth,

wherein each stator coil (120-123) of the multiplicity of
stator coils has a coil axis (124) and a coil open-
ing (125) and comprises windings made of a wire (130),

which windings extend along the coil axis (124),

and the wire (130) of the respective coil (120-123) has a
rectangular cross section with a shorter side (133) and a
longer side (134), and the shorter side (133) of the

wire (130) of the respective coil (120-123) is orientated
parallel to the coil axis (124) of the respective stator

coil (120-123),

c) Placing each stator coil on the respective stator
tooth (110-113, 210-213, 310-313), wherein the coil ax-
is (124) of the respective stator coil (120-123) is ar-
ranged parallel to the tooth axis (114, 214, 314) of the
respective stator tooth (110-113, 210-213, 310-313) and

the coil opening (125) of the respective stator
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coil (120-123) surrounds the respective stator
tooth (110-113, 210-213, 310-313),

d) Assembling the multiplicity of stator teeth, each carry-
ing a respective stator coil (120-123), together with the
stator ring (101, 201, 301), if applicable.

13. Method for assembling a stator (100, 200, 300) according
to claim 12, wherein an insulation layer is provided at least
partially on the surface the wire (130) of the respective
coil (120-123) between step b) and c).

14. Method for assembling a stator (100, 200) according to
claim 12 or 13, wherein the method comprises further steps
of:

el) Providing a multiplicity of yoke segments, wherein each
yoke segment (140-143) of the multiplicity of yoke seg-
ments is configured to be mounted between two respective
adjacent stator teeth (110-113, 210-213) to connect the
two respective adjacent stator teeth (110-113, 210-213),

fl) Mounting the yoke segments (140-143) between two respec-
tive adjacent stator teeth (110-113, 210-213).

15. Method for assembling a stator (100) according to
claim 14, wherein the stator ring (101) comprises an outer
side (103), directed radially outwards, on which the multi-

plicity of stator teeth is arranged.

16. Method for assembling a stator (300) according to
claim 12 or 13, wherein the stator ring (301) comprises a
multiplicity of notches (350-353), each configured to receive

a respective stator tooth (310-313), and

preferably each of the multiplicity of notches (350-353) has
a longitudinal elongation, which is orientated parallel to

the stator axis (302), and has laterally a v-shaped opening,
which is configured to receive a complementary shaped mount-

ing portion of the respective stator tooth (310-313),

wherein after step d) the method comprises further the step
of:
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e?2) Slide the stator tooth (310-313) with the stator coil in-
to the notches (350-353).

17. Method for assembling a stator (300) according to
claim 16, wherein the stator ring (301) comprises an inner
side (304), directed radially inwards, on which the multi-

plicity of stator teeth is arranged.
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