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(57) ABSTRACT

An electric motor (1), comprising a primary part (2a, 2b)
having an iron-free winding device (3) that comprises at least
two phases (6) , wherein one phase (6) comprises at least two
phase windings (4) and at least one electrical connecting
element (5), a secondary part (7a, 7b) having an even number
of' magnetic poles (8), which are arranged alternatively on the
secondary part (7a, 7b), wherein the winding device (3) is
arranged in an air gap (9) between the primary part (2a, 26)
and the secondary part (7a, 7b) relative to an axis (10a, 1056),
in such a manner that each phase winding (4) of a phase (6) is
arranged opposite a respective magnetic pole (8) and all mag-
netic poles (8) are usable simultaneously for force formation.
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ELECTRIC MOTOR HAVING AN IRON-FREE
WINDING

[0001] The invention relates to an electric motor having an
ironless winding with externally or permanently excitable
magnetic poles.

[0002] Electric motors are used more and more frequently
in many applications. The electro-mechanical energy in such
motor is converted either with permanent excitation using
permanent magnets or with external excitation using two
separate coil arrangements in the rotor and stator, as disclosed
for example in DE 69 735 825 T2. Losses occur during this
energy conversion, which are essentially composed of ohmic
losses, eddy current losses, hysteresis losses and friction
losses.

[0003] The use of a high number of turns enables high
power output, however at the expense of increased ohmic
losses. The more winding material is used, the greater is the
ratio of mechanical power output to consumed electric power
the opposite occurs in generators operation).

[0004] The windings are typically constructed of a stator
composed of motor iron with slots, in which the individual
phase windings are laid or pole pieces, around which the
phase windings are wound.

[0005] In addition, ironless winding arrangements, for
example, embedded in hardened resin or having a self-sup-
porting construction are known from DE 34 017 76 Al and
DE 27 44 145 C1.

[0006] Furthermore, slot-less stator designs are known, for
example, from DE 69 407 908 12, DE 44 14527 C1, and DE
69 735825 T2 Cl.

[0007] The arrangement of the winding in the air gap
between rotor and stator is known, for example, from DE 41
30016 A1,DE 120 606 7 B, DE 340 177 6 A1, DE 44 145 27
Cl1, and DE 69 735 825 T2.

[0008] Since the magnetic field in the windings of the elec-
tric motor varies over time, eddy current losses occur in the
form of heat, which is dissipated in the iron parts of the motor.
Contemporary electric motors use in part insulated stacks of
sheet metal to reduce spreading of the eddy currents. The
manufacture of these laminated stators is relatively expensive
and these stators are not always offered by the various manu-
facturers. In addition, permanent-magnet electric motors are
increasingly produced which, however, are unsuited for asyn-
chronous motors. A winding can be replaced by employing
permanent magnets, thereby reducing ohmic losses and
increasing the energy efficiency.

[0009] Furthermore, the absolute motor weight and the
motor dimensions, both of which are determined by the size
and shape of the stator and the rotor as well as the windings,
are of great importance for many applications, especially for
mobile drive applications.

[0010] Against this background, it is the object of the
present invention to provide an electric motor with which the
aforementioned technical problems of electric motors can be
reduced.

[0011] This object s attained with an electric motor accord-
ing to claim 1 and by the further advantageous embodiments
recited in the dependent claims.

[0012] An electric motor is proposed, which includes at
least the following components:

[0013] a primary part with an ironless winding arrange-
ment, which has at least two phases, wherein one phase
includes at least two phase windings and at least one
electrical connection element, and
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[0014] a secondary part with an even number of mag-
netic poles which are alternatingly arranged on the sec-
ondary part.

[0015] The winding device is arranged on the primary part
in an air gap between the primary part and the secondary part
relative to an axis such that

[0016] each of the respective phase windings of one
phase is arranged opposite a corresponding magnet pole,
and

[0017] all magnetic poles can be used at the same time

for force generation.
[0018] The electric motor can be used as both rotary motor
and a translationally operating linear motor.
[0019] The term “force generation” refers hereby to both
the torque generation in a rotary motor and the equivalent
force generation in a linear motor. When current is applied to
a conductor in the form of a winding, a magnetic field is
generated around this conductor and repels, for example, an
opposing permanent magnet, causing a rotary movement in a
rotor.
[0020] The term ironless winding refers to a winding that
has no iron (ferrous material) between the conductors. In
contrast thereto, conventional motors have, for example, slots
or pole pieces with a corresponding integrated winding.
[0021] Advantageously, such an electric motor has lower
losses than conventional motors, so a high efficiency can be
achieved in combination with a high power density. The rela-
tively small losses are due to a relatively simple motor struc-
ture, employing less conductor material and motor iron. The
electric motor is characterized by a compact lightweight
design that is desirable in particular in the field of mobile
drive applications, such as electric mobility.
[0022] The winding of the motor is located in the air gap
between a stator, which has preferably a slot-less surface, and
a rotor for a rotary motor or an armature for a linear motor,
which is provided with permanent-magnet poles or separately
excited poles. With a rectangular or ring-segment shaped
cross-section of the individual winding phases, the phase
windings have a shorter side H and a longer side B, which are
to be understood as height and width.
[0023] According to the invention, the smallest possible air
gap between the primary and the secondary part is desired.
The largest possible B/H ratio is therefore advantageous for
the cross-section of the phase windings so as to make the
magnetic flux acting on a conductor as large as possible, thus
producing a relatively large magnetic force. Preferred are B/H
ratios of between 2 to 100, particularly preferred between 4
and 20. However, all B/H combination are possible, as far as
they are technically realizable.
[0024] The winding is here arranged in the air gap so that
the shorter side H is aligned parallel with the course of the
magnetic field lines. In this way, a relatively small air gap can
be realized in spite of an integrated winding and thus a rela-
tively high force generation, Winding material include all
conductor materials and alloys, such as copper, aluminum,
gold, etc.
[0025] In one embodiment of the invention, the primary
part of the electric motor is a stator, the secondary part is
formed as a rotor, the axis is a rotation axis, and the secondary
partis arranged on the primary part in parallel to this axis. The
iron materials used in the primary and secondary part may
include all materials used for the construction of motors.
[0026] According to another embodiment of the invention,
the primary component of the is formed as a stator and the
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secondary part as an armature, wherein the axis is a thrust axis
and wherein the secondary part is arranged on the primary
part perpendicular to the axis. The invention is therefore
applicable to both a rotary motor and a translationally oper-
ating motor. The physical design is in both two variants based
on the same principle of an air gap winding, with the essential
difference relating to the support and in the orientation of the
force generation.

[0027] The magnetic poles of the electric motor can be
permanent magnets or externally excitable. Both variants
have their pros and cons. Permanent magnet poles attain a
much higher flux density in the air gap than externally excited
poles, do not require an external power supply, and can be
relatively easily integrated into a rotor Compact permanent
magnets have a relatively high inherent weight, but are still
are advantageous with respect to the power density, since
motors can be designed more compact, and materials can be
saved at other places.

[0028] All usable magnetic materials, such as for example
NdFeB, SmCo, ANiCo, SrFeBaFe, etc., can be used as per-
manent magnetic materials. Electromagnets are significantly
more advantageously than permanent magnet, but require a
coil with an additional current flow, which generates a mag-
netic field in conjunction with an iron core.

[0029] The secondary part can be arranged both inside and
outside the primary part. This flexibility allows various
design variants for very different applications.

[0030] External rotor motors have considerable potential
especially with direct drive strategies, for example a wheel
hub motor.

[0031] The electric motor can also be designed as a direct
current motor. Here, the motor has n phases for each pole,
where n-1 phases can be simultaneously controlled witha DC
voltage. Again, the magnetic poles can be permanent magnets
or externally excited and controlled with a DC voltage, for
example by using a conventional control method, preferably
in the form of block commutation.

[0032] Inanother embodiment of the invention, the electric
motor may be designed as an AC current motor, wherein the
individual phases can be controlled with an AC voltage hav-
ing a mutual phase shift of <180°. Conventional control meth-
ods, for example sinusoidal commutation, can be used.
[0033] Atleast two phases are required, which are arranged
such that a corresponding phase winding of all phases is
located under each permanent magnet or externally excited
magnetic pole. The more phases are used, the finer is the
control of the individual windings, thereby reducing torque
ripple.

[0034] Themotoraccording o the invention can be operated
in both motor mode and generator mode.

[0035] Inanotherembodiment ofthe invention, the primary
part of the electric motor is formed as a thin-walled hollow
cylinder, preferably with a slot-less surface. This advanta-
geously reduces the total weight because less material is used.
The thickness of the hollow cylinder must be dimensioned so
as not to cause magnetic saturation of the iron material due to
the penetration by magnetic field lines. The bearing of this
thin-walled hollow cylinder may be connected by various
combinations of materials, wherein the integrity of the motor
and the heat dissipation must be ensured.

[0036] The stator is made of motor iron and is selected so as
to have sufficient strength and an appropriate permeability.
[0037] The eddy current losses can be reduced by using
conventional methods of lamination of a stator, wherein the
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very simple geometry of the flux-carrying parts of the stator
allow a very simple and cost-effective construction.

[0038] The primary part may be farmed as a solid cylinder.
The feasibility of production, especially with very small pro-
duction runs, favors that the stator is made as a solid cylinder
for manufacturing reasons.

[0039] According to the invention, the primary part may
have at least one hollow cylinder segment. This design of the
stator has the advantage that only a small fraction of a com-
plete stator is needed. Furthermore, it may be advantageous
when there is a lack of space, or for weight reduction, etc. to
not completely form the stator, but to form the stator as a
cylinder segment or as a hollow cylinder segment.

[0040] The electrical connection elements provide the
shortest possible connection to the n” neighbor, i.e. the n
phase winding, in three dimensions, such that alternating
current flows can be realized in the neighboring phase wind-
ings of a phase. The term alternating current flows is meant to
indicate that the orientation of the current changes between
the adjacent phase windings of a phase connected by electri-
cal connection elements. In this way, all magnetic poles,
regardless of whether they are permanent magnets or exter-
nally excited, can be used for generating a force or a torque. In
contrast, while conventional electric motors eventually use all
poles, they do not use all poles simultaneously. In addition,
the very short connection elements keep resistive losses low,
thus increasing the efficiency of the motor.

[0041] Themagnetic circuitis characterized by a respective
thin-wall iron flux path in the primary part and secondary
part, by permanent-magnet poles or externally excited mag-
netic poles, a relatively small air gap and an air gap winding
with low number of turns. This magnetic circuit has a rela-
tively low magnetic reluctance and is thus advantageous for
generating a relatively large force.

[0042] The speed/torque characteristic can be influenced
by relatively simple parameter variations, for example, by
varying the number of pole pairs, the number of phases and
the like. Arbitrary operating points of a motor can thus be
defined in a relatively simple manner.

[0043] With direct current control of the electric motor, the
mutual inductance can be measured by using the n-1 phase,
i.e. the zero-current phase, and used for determining the posi-
tion of the rotor angle. The respective zero-current phase can
be used as a position sensor by measuring the induced volt-
age. The sensor can be constructed for digitally detecting the
polarization-reversal point between two adjacent poles as
well as for evaluating in analog form the electromotive force
(EMF) and for retrograde calculation of the rotor position.
This would allow a sensor-less control of speed, torque, cur-
rent, or position.

[0044] With the simultaneous permanent torque generation
on all poles, a relatively low torque ripple can be achieved
during the operation of the electric motor of the invention.

[0045] In a preferred embodiment of the invention, the
electrical connection elements may be connected to the phase
windings such that the connection elements are alternatingly
arranged on the first and second ends of the phase windings.
Preferably, the phase windings with the connection elements
are arranged in a meander pattern.

[0046] The electrical connection elements are connected
with the phase windings in such a way that they can be
mounted at the level of the respective phase windings, for
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example in a meander pattern or in a radial direction, i.e.
spatially arranged on the rotation axis at different levels, x-y,
X-Z, Y-Z.
[0047] Advantageously, the electric motor may have a
phase winding constructed in several parts and having a
cross-section formed as a rectangle or a annular segment.
Preferably, the height H of the cross-section is smaller than its
width B, wherein the cross-section may be divided into sev-
eral sections. A multipart construction of the cross-section of
the phase winding is meant to indicate that the phase winding
is formed by several conductors.
[0048] Advantageously, the height H of the cross-section
extends parallel to the magnetic field lines in the air gap, so
that a relatively small air gap can be realized in spite of the
integrated air gap winding.
[0049] Fora rotary motor, the phase windings of the electric
motor are oriented parallel to the rotation axis.
[0050] For alinear motor, the phase windings ofthe electric
motor are oriented perpendicular to the thrust axis.
[0051] The electrical connection elements can also be used
for securing the winding. Advantageously, the phase wind-
ings may be secured on the primary part by using the electri-
cal connection elements.
[0052] Ina further development of the invention, the phase
windings together with the electrical connection elements are
formed as a single piece.
[0053] Itis also contemplated that the winding arrangement
together with the primary part is formed as a single piece.
[0054] The total weight of this electric motor with a thin-
walled stator and an air gap winding is relatively low in
comparison to conventional motors, since conventional
motors have very massive stators with corresponding wind-
ing slots or pole pieces.
[0055] The phase windings and the electrical connection
elements of the motor according to the invention can be
produced, depending on the selected materials and material
combinations, by the following methods alone or in combi-
nation:
[0056] Separation methods, such as laser cutting, water
jet cutting, punching and the like,
[0057] Forming process, for example, bending, pressing,
casting, deep drawing, turning, grinding, etc.
[0058] Joining processes, such as welding, gluing, sol-
dering, e
and may be constructed in one or more parts, in particular in
one or more layers. Moreover, the phase windings and the
connection elements may have coatings that, for example,
increase the conductivity and can be applied, for example, by
spraying, dipping, sputtering and similar coating processes.
[0059] The electrical resistance of the electric motor
according to the invention is relatively low because the air gap
winding has relatively large cross-sections, and overall rela-
tively little winding material is required. Furthermore, rela-
tively short electrical connecting conductors are used
between the individual windings of the phases. Due to thin-
wall cylindrical ring of the stator, the core losses are lower
than in conventional motors, because less iron material is
required to produce the cylindrical ring.
[0060] Theelectric motor according to the invention, which
is characterized by relatively short winding connections, for
example in meander pattern, and a relatively small remaining
air gap, has relatively low hysteresis losses, eddy current
losses and ohmic losses.
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[0061] The electric motor according to the invention is also
characterized by a very low weight combined with arelatively
high power density and is very easy to produce, wherein the
dimensions ofthe primary part, the secondary part, the wind-
ing arrangement and the magnet poles can be readily
changed.

[0062] The proposed electric motor can be used in all fields
of application where conventional electric motors are used,
and can additionally be used in new fields of application, e.g.
in the field of electric mobility, with the invention is not
limited to the identified uses and materials and their combi-
nations.

[0063] Exemplary embodiments of the invention are illus-
trated and described in more detail in the following figures,
which show in:

[0064] FIG. 1a: schematically, the structure of an electric
motor having an external rotor (for example, three-phase
winding U, V, W),

[0065] FIG. 1b: schematically, the structure of an electric
motor with an internal rotor (for example, three-phase wind-
ing U, V, W),

[0066] FIG. 1c¢ schematically, the structure of a linear
motor,

[0067] FIG. 1d schematically the structure of a hollow cyl-
inder segment,

[0068] FIG. 2 schematically, the structure of a winding
phase.

[0069] FIGS. 3a and 3a schematic cross-sections of the
phase windings,

[0070] FIG. 3¢ schematically, the course of the magnetic

field lines for a linear motor, and

[0071] FIG. 4 a detail of the magnetic field distribution in a
motor having permanent magnet poles.

[0072] FIG. 1a shows schematically the structure of an
electric motor 1 with an external rotor, i.e. the primary part 2a
and the winding arrangement 3 are located inside the second-
ary part 7a with the magnetic poles 8. The winding arrange-
ment 3 is here composed of three phases 6, designated with
the letters “U”, “V” and “W”, wherein a phase is composed of
several phase windings 4 and electrical connection elements
5 which, although not illustrated in FIG. 1a, are visible in
FIG. 2, wherein at least one phase winding 4 of a phase 6 is
located underneath a magnetic pole 8 in the air gap 9, in
particular in such a way that the phase windings 4 are oriented
parallel to the rotation axis 10a, which implies that all mag-
netic poles 8 are used at all times for torque formation. The
magnetic poles 8 are polarized radially in relation to the
rotation axis 10a, with the polarization alternatingly chang-
ing between the adjacent magnetic poles 8. The primary part
2a and the secondary part 7a are supported on a common
rotation axis 10a.

[0073] FIG. 15 shows schematically the structure of an
electric motor 1 with an internal rotor, i.e. the primary part 2a
and the winding arrangement 3 are located outside the sec-
ondary part 7a with the magnetic poles 8. The winding
arrangement 3 is here composed of three phases 6, also des-
ignated with the letters “U”, “V”” and “W”, wherein a phase is
composed of several phase windings 4 and electrical connec-
tion elements 5 which, although not illustrated in FIG. 15, are
visible in FIG. 2, wherein at least one phase winding 4 of a
phase 6 is located underneath a magnetic pole 8 in the air gap
9, in particular in such a way that the phase windings 4 are
oriented parallel to the rotation axis 10a, which implies that
all magnetic poles 8 are used at all times for torque formation.
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The magnetic poles 8 are polarized radially in relation to the
rotation axis 10a, with the polarization alternatingly chang-
ing between the adjacent magnetic poles 8. The primary part
2a and the secondary part 7a are supported on a common
rotation axis 10a.

[0074] FIG. 1¢shows schematically the structure of a linear
motor 1, i.e. the primary part 25 and the winding arrangement
3 arelocated opposite the secondary part 76 with the magnetic
poles 8, wherein the secondary part 25 is an armature, but not
a rotor as in the rotary motor in FIGS. 1a, 15. The magnetic
poles 8 are polarized radially in relation to the air gap 9, with
the polarization changing alternatingly between adjacent
magnetic poles 8. The winding arrangement 3 in this embodi-
ment is composed of three phases U, V and W, wherein each
phase winding 4 of a phase 6 is located underneath a corre-
sponding magnetic pole 8 in the air gap 9, in particular in such
a way that the phase windings 4 are oriented parallel to the
thrust axis 105, which implies that all magnetic poles 8 can be
used at all times for torque generation. The primary part 2a
and the secondary part 7a are supported on a common thrust
axis 104.

[0075] FIG. 1d shows schematically the structure of an
electric motor 1 with a hollow cylinder segment 12 for a
primary part 2a (not shown) for an external rotor motor, i.e.
the primary part 2a and the winding arrangement 3 are located
inside the secondary part 7a with the magnetic poles 8,
wherein the primary part 2a is not a complete hollow cylinder,
but may be formed only as a hollow cylinder segment 12 over
at least two magnetic poles 8. The magnetic poles 8 are
polarized radially in relation to rotation axis 10a, with the
polarization changing alternatingly between adjacent mag-
netic poles 8. The winding arrangement 3 in this embodiment
is composed of three phases U, V and W, wherein a respective
phase winding 4 (not shown) of a phase 6 is located under-
neath a magnetic pole 8 inthe air gap 9, but only on the hollow
cylinder segment 12, in such a way that the phase windings 4
are oriented parallel to the rotation axis 10a, which implies
that all magnetic poles 8 can be used at all times for torque
generation. The primary part 2a and the secondary part 7a are
supported on a common rotation axis 10a.

[0076] FIG. 2 shows schematically an example of a phase 6
of the winding arrangement 3 (not shown in FIG. 2), for an
external rotor motor or internal rotor motor according to
FIGS. 1a or 15. It is evident that the phase windings 4 extend
parallel to the rotation axis 10a. The cross-section 11 of the
phase windings 4 is formed as an annular segment and is
made of a solid material. The electrical connection elements
5 may be formed in extension of the phase windings 4 or may
be mounted in the radial direction with respect to the rotation
axis 10a. The electrical connection elements 5 can be con-
nected to the phase windings 4 using any available joining
technique, or the entire phase 6 is made of a single piece,
meaning that phase windings 4 and electrical connection
elements 5 are made of a contiguous conductor material,
which is bent into the desired shape.

[0077] FIG. 3a shows schematically a cross-section com-
posed of a solid material 11 of a phase winding 4, wherein the
cross-section 11 is formed as an annular segment. Here, the
height H is several times smaller than the width B.

[0078] FIG. 35 shows schematically a cross-section 11 of'a
phase winding 4 composed of several sections 11' and having
a height H and a width B.

[0079] FIG. 3¢ shows schematically the course of the mag-
netic field lines 13 for a linear motor 1 with an armature 75
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having magnetic poles 8, a stator 25, and winding arrange-
ments 3 arranged on the stator 25 in an air gap 9 between the
stator 24 and the armature 75 relative to a thrust axis 105.
[0080] FIG. 4 shows a portion of the magnetic field distri-
bution for a motor with permanent-magnet poles 8, showing
more particularly that each magnetic circuit is closed via
adjacent magnets and is therefore shortened considerably
compared to conventional motors. Due to the reduced resis-
tance caused by the short path of the magnetic flux, the
magnetic flux density in the air gap is large compared to the
residual flux density of the permanent magnets. In addition,
the magnetic stray field is kept small.

LIST OF REFERENCE SYMBOLS

[0081] 1 Electric motor

[0082] 2 Primary part

[0083] 2a Stator rotary motor

[0084] 24 Stator linear motor

[0085] 3 Winding arrangement

[0086] 4 Phase winding

[0087] 4a First end of a phase winding

[0088] 44 End of a phase winding opposite the first end 4a
[0089] 5 Electrical connection element

[0090] 6 Phase

[0091] 7 Secondary part

[0092] 7a Rotor

[0093] 7b Armature

[0094] 8 Magnetic pole

[0095] 9 Air gap

[0096] 10 Axis

[0097] 10a Rotation axis

[0098] 1054 Thrust axis

[0099] 11 Cross-section of the phase windings composed

of a conductor
[0100] 11' Cross-section of the phase windings composed

of several conductors
[0101] 12 Hollow cylinder segment
[0102] 13 Course of the magnetic field lines

1. An electric (1), comprising:

a primary part (2a, 2b) comprising an iron-less winding
arrangement (3) having at least two phases (6), wherein
the phase (6) comprises at least two phase windings (4)
and at least one electrical connection element (5),

a secondary part (7a, 7b) comprising an even number of
magnetic poles (8) which are alternatingly arranged on
the secondary part (7a, 7b), wherein the winding
arrangement (3) is arranged on the primary part (2a, 25)
relativeto an axis (10a, 105) in an air gap (9) between the
primary part (2a, 2b) and the secondary part (7a, 7b),
such that

the respective phase windings (4) of a phase (6) are each
arranged opposite a corresponding magnetic pole (8),
and

all magnetic poles (8) can be used at the same time for force
generation.

2. The electric motor (1) according to claim 1, wherein the
primary part is a stator (2a), the secondary part is constructed
as a rotor (7a), the axis (10q) is a rotation axis, and wherein
the secondary part (7a) is arranged on the primary part (2a)
parallel to the axis (10a).

3. The electric motor according to claim 1, wherein the
primary part is a stator (2b) and the secondary part is formed
as an armature (7b), the axis (105) is a thrust axis, and wherein
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the secondary part (7b) is arranged on the primary part (26)
perpendicular to the axis (105).

4. The electric motor according to claim 1, wherein the
magnetic poles (8) are permanent magnets or externally excit-
able.

5. The electric motor according to claim 1, wherein the
secondary part (7a) is arranged inside or outside the primary
part (2a).

6. The electric motor according to claim 1, wherein the
electric motor is constructed as a DC motor and has n phases
(6) for each pole (8), wherein n-1 phases can be simulta-
neously controlled with a DC voltage.

7. The electric motor according to claim 1, wherein the
electric motor is constructed as an alternating current motor,
wherein the individual phases (6) can be controlled with an
AC voltage having a mutual phase shift of <180°.

8. The electric motor according to claim 1, wherein the
primary part (2a) is formed as a thin-wailed hollow cylinder,
preferably with a groove-less surface (7a).

9. The electric motor according to claim 1 wherein the
primary part (2a) is formed as a solid cylinder.

10. The electric motor according to claim 1, wherein the
primary part (2a) has at least one hollow cylinder segment
12).

11. The electric motor according to claim 1, wherein the
electrical connection elements (5) are connected to the phase
windings (4) of a phase (6) such that alternating current flows
can be generated between the phase windings (4) of a phase
(6), and wherein all magnetic poles (8) can be used at the same
time for force generation.

12. The electric motor according to claim 1, wherein the
electrical connection elements (5) are connected to the phase
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windings (4) such that they are alternatingly arranged at their
first ends (4a) and second ends (4b), preferably in a meander
pattern.

13. The electric motor according to claim 1, wherein the
electrical connection elements (5) are connected with the
phase windings (4) in such a way that they are spatially
arranged in the radial direction on different levels X-Y, X-Z,
Y-Z.

14. The electric motor according to claim 1, wherein the
phase winding (4) is formed in one or more parts and has a
cross-section (11) formed as a rectangle or an annular seg-
ment, wherein the height (H) of the cross-section (11) is
smaller than the width (B) and the cross-section (11) has one
or more segments (11").

15. The electric motor according to claim 1, wherein the
height (H) of the cross-section (11) is aligned parallel to the
course of the magnetic field lines (13) in the air gap (9).

16. The electric motor according to claim 1, wherein the
phase windings (4) are aligned parallel to the rotation axis
(10aq).

17. The electric motor according to claim 1, wherein the
phase windings (4) are aligned perpendicular to the thrust
axis (106).

18. The electric motor according to claim 1, wherein the
phase windings (4) are secured on the primary part (2a, 26) by
the electrical connection elements (5).

19. The electric motor according to claim 1, wherein the
phase windings (4) together with the electrical connection
elements (5) is formed as a single part.

20. The electric motor according to claim 1, wherein the
winding arrangement (3) together with the primary part (24,
2b) is formed as a single part.
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