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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to the field of motor equipment technologies, particularly
to a rotor structure, a permanent magnet auxiliary synchronous reluctance motor and an
electric vehicle.

BACKGROUND

[0002] Electric vehicles have characteristics of energy saving, environmental protection and so
on, and have developed rapidly. In order to realize functions of high power density and high
efficiency of existing electric vehicle drive motors, more and more motors adopt high-
performance rare earth permanent magnet motors. Rare earth permanent magnet motors can
achieve high efficiency and high power density, mainly by relying on high-performance rare
earth permanent magnets, and the most widely used currently are neodymium iron boron rare
earth permanent magnets. However, rare earth is a non-renewable resource, its price is
relatively expensive, and a fluctuation of the price of rare earth is also large, resulting in higher
production costs of electric vehicle drive motors, which is very unfavorable for promoting a
comprehensive development of electric vehicles. Further, in the prior art, ferrite permanent
magnet auxiliary synchronous reluctance motors have been applied to electric vehicles, but
such motors have problems of high noise, easy demagnetization, low efficiency, and the like.

[0003] US2017/187257A1 describes a motor. The motor includes a stator, and a rotor, which is
arranged within the stator. An end part of at least one air-gap slot of the rotor has an offset with
a predetermined distance and/or a predetermined angle relative to a main body part adjacent
immediately to the end part. With the offset of a predetermined distance and/or a
predetermined angle configured at the end part of at least one air-gap slot of the rotor, ripple
torque of the motor is effectively lower down while complexity of the motor, stator or rotor will
not be increased.

[0004] CN106329773A relates to a motor rotor, a motor and a vehicle. The motor comprises a
stator and a rotor. The rotor can comprise an iron core, a first magnet, a second magnet pair
and a third magnet pair, wherein the first magnet, the second magnet pair and the third
magnet pair are arranged from the outside in approximately along the tangential direction of
the ion core in the iron core; two magnets of the second magnet pair mutually form a first
magnet angle, two magnets of the third magnet pair mutually form a second magnet angle, the
second magnet angle is less than the first magnet angle, and the first magnet angle is less
than 180 degrees.

[0005] In addition, CN105958690A discloses a permanent-magnet auxiliary reluctance
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synchronous motor for electric propulsion of an electric vehicle. The permanent-magnet
auxiliary reluctance synchronous motor for electric propulsion of the electric vehicle comprises
a body, wherein the body comprises multiple pairs of dual-layer V-shaped permanent magnet
slot groups; each V-shaped permanent magnet slot comprises adjacent and symmetric first
segment and second segment; permanent magnets are arranged in the first segments and the
second segments; and magnetic isolating slots are arranged in two ends of each V-shaped
permanent magnet slot.

SUMMARY

[0006] A main purpose of the present invention is to provide a rotor structure, a permanent
magnet auxiliary synchronous reluctance motor and an electric vehicle to solve a problem of
low efficiency of motors in the prior art. The invention is set out in the appended set of claims.

[0007] In an application of the technical solutions of the present invention, a magnetic circuit of
a rotor structure is optimized and a reluctance torque of a motor is improved by setting at least
one end of a magnetic conduction channel with a deflection section and making a distance
from the deflection section to a quadrature-axis of a rotor body decrease gradually outward in
a radial direction, and a shape of a permanent magnet groove is further improved, such that
an overall anti-demagnetization ability of a rotor permanent magnet is effectively improved, a
torque ripple of the motor is reduced, a vibration and noise of the motor are reduced, a motor
efficiency of the rotor structure with this structure is improved, and an anti-demagnetization
ability of the motor is increased.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The accompanying drawings forming a part of the present invention are used to provide
a further understanding of the present invention. The exemplary embodiments of the present
invention and their descriptions are used to explain the present invention and do not constitute
an undue limitation on the present invention. In the drawings:

FIG. 1 is a schematic cross-sectional view illustrating a rotor structure according to a first
embodiment , forming part of the present invention;

FIG. 2 is a schematic cross-sectional view illustrating a rotor structure according to a second
embodiment not forming part of the present invention;

FIG. 3 is a schematic structural diagram illustrating a rotor structure according to a third
embodiment not forming part of the present invention;

FIG. 4 is a schematic structural diagram illustrating a rotor structure according to a fourth
embodiment not forming part of the present invention;
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FIG. 5 is a schematic structural diagram illustrating a rotor structure according to a fifth
embodiment not forming part of the present invention;

FIG. 6 is a schematic structural diagram illustrating a rotor structure according to a sixth
embodiment not forming part of the present invention;

FIG. 7 is a schematic diagram illustrating a route of g-axis magnetic lines of a rotor structure
according to a seventh embodiment not forming part of the present invention:

FIG. 8 is a schematic structural diagram illustrating a rotor structure according to an eighth
embodiment not forming part of the present invention;

FIG. 9 is a schematic diagram illustrating a walking path of g-axis magnetic lines of an existing
rotor structure;

FIG. 10 is a schematic structural diagram illustrating a rotor structure according to a ninth
embodiment , forming part of the present invention;

FIG. 11 is a schematic structural diagram illustrating a rotor structure according to a tenth
embodiment , forming part of of the present invention;

FIG. 12 is a schematic structural diagram illustrating a permanent magnet groove according to
a rotor structure of the present invention;

FIG. 13 is a schematic structural diagram illustrating a rotor structure according to an eleventh
embodiment not forming part of the present invention;

FIG. 14 is a schematic cross-sectional view illustrating a rotor structure according to a twelfth
embodiment , forming part of the present invention:

FIG. 15 is a schematic diagram illustrating effects of a length of a deflection groove located at
an end of a permanent magnet groove of a rotor structure on performances of a motor;

FIG. 16 is a schematic diagram illustrating effects of a width of an end of a deflection groove
on motor parameters according to a rotor structure of the present invention;

FIG. 17 is a schematic diagram illustrating a relationship between a ratio of permanent magnet
thickness of a rotor structure and a torque;

FIG. 18 is a schematic diagram illustrating effects of a ratio of areas of an inner layer and outer
layer permanent magnet groove of a rotor structure on a flux linkage; and

FIG. 19 is a schematic diagram illustrating a distribution of g-axis magnetic lines according to a
rotor structure of the present invention.

[0009] The above drawings include the following reference signs:
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10. rotor body; 11. outer layer permanent magnet groove; 12. inner layer permanent magnet
groove; 13. magnetic conduction channel; 131. first component segment; 132. second
component segment; 133. third component segment; 134. first straight segment; 135. second
straight segment; 136. third straight segment; 137. fourth straight segment; 14. rotating shaft
hole;

111. first outer layer permanent magnet groove segment; 112. second outer layer permanent
magnet groove segment; 113. first deflection groove; 114. second deflection groove;

121. first inner layer permanent magnet groove segment; 122. second inner layer permanent
magnet groove segment; 123. third inner layer permanent magnet groove segment; 124. third
deflection groove; 125. fourth deflection groove;

20. outer layer permanent magnet;
30. inner layer permanent magnet;

40. stator.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] It should be noted that the embodiments in the present invention and the features in the
embodiments can be combined with each other if there is no conflict. The present invention will
be described in detail below with reference to the accompanying drawings and in conjunction
with the embodiments.

[0011] As shown in a combination of FIGS. 1 to 8 and FIGS. 10 to 19, according to
embodiments , a rotor structure is provided.

[0012] Specifically, the rotor structure includes a rotor body 10, and a permanent magnet
groove group is provided on the rotor body 10. The permanent magnet groove group includes
an outer layer permanent magnet groove 11 and an inner layer permanent magnet groove 12,
and a magnetic conduction channel 13 is formed between the outer layer permanent magnet
groove 11 and the inner layer permanent magnet groove 12 which are adjacent. A straight
segment is formed on at least one end of the magnetic conduction channel 13, and a distance
from the straight segment to a quadrature-axis of the rotor body 10 is decreased gradually
outward in a radial direction, so that the at least one end of the magnetic conduction channel
13 tends to approach the quadrature-axis.

[0013] In this embodiment, a magnetic circuit of a rotor structure is optimized and a reluctance
torque of a motor is improved by setting at least one end of a magnetic conduction channel
with a deflection section and making a distance from the deflection section to a quadrature-axis
of a rotor body decrease gradually outward in a radial direction, and a shape of a permanent
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magnet groove is further improved, such that an overall anti-demagnetization ability of a rotor
permanent magnet is effectively improved, a torque ripple of the motor is reduced, a vibration
and noise of the motor are reduced, a motor efficiency of the rotor structure with this structure
is improved, and an anti-demagnetization ability of the motor is increased.

[0014] As shown in FIG. 1, the magnetic conduction channel 13 includes a first component
segment 131, a second component segment 132 and a third component segment 133
connected in sequence. A first end of the first component segment 131 is disposed toward a
rotating shaft hole 14 of the rotor body 10, and a second end of the first component segment
131 is disposed to extend toward an outer edge of the rotor body 10. A first end of the third
component segment 133 is disposed toward the rotating shaft hole 14 of the rotor body 10,
and a second end of the third component segment 133 is disposed to extend toward the outer
edge of the rotor body 10. The first component segment 131 and the third component segment
133 are located on two sides of a direct axis, and a distance from the first component segment
131 to the quadrature-axis is decreased gradually outward in a radial direction of the rotor
body 10. The straight segment (135, 137) is formed on the second end of the first component
segment 131 or the second end of the third component segment 133, or of course, the straight
segment (135, 137) can be formed on the second end of the first component segment 131 and
the second end of the third component segment 133. This setting effectively guides a direction
of g-axis magnetic lines f, thus generating more magnetic flux under the same exciting current,
improving a g-axis inductance of a motor, increasing a reluctance torque of the motor, and
improving an efficiency and power density of the motor.

[0015] A distance from the third component segment 133 to the quadrature-axis is decreased
gradually outward in the radial direction of the rotor body 10. This setting effectively guides a
direction of g-axis magnetic lines f, so that the magnetic lines entering the magnetic conduction
channel are increased.

[0016] In this embodiment, the third component segment 133 includes a first straight segment
134 and a second straight segment 135. A first end of the first straight segment 134 is
connected to the second component segment 132. A first end of the second straight segment
135 is connected to a second end of the first straight segment 134, a second end of the
second straight segment 135 extends along the outer edge of the rotor body 10 and
approaches the quadrature-axis gradually, an extension line of a geometric center line of the
first straight segment 134 and an extension line of a geometric center line of the second
straight segment 135 form a first angle. This setting facilitates an efficient introduction of the
magnetic lines in the magnetic conduction channel.

[0017] A width of the first straight segment 134 and a width of the second straight segment
135 are equal. This setting can better guide the magnetic lines into magnetic conduction
channels more evenly.

[0018] In this embodiment, the first component segment 131 includes a third straight segment
136 and a fourth straight segment 137. A first end of the third straight segment 136 is
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connected to the second component segment 132. A first end of the fourth straight segment
137 is connected to a second end of the third straight segment 136, and a second end of the
fourth straight segment 137 extends along the outer edge of the rotor body 10 and approaches
the quadrature-axis gradually. An extension line of a geometric center line of the third straight
segment 136 and an extension line of a geometric center line of the fourth straight segment
137 form a second angle. This setting facilitates an efficient introduction of the magnetic lines
in the magnetic conduction channel.

[0019] In this embodiment, the outer layer permanent magnet groove 11 includes a first outer
layer permanent magnet groove segment 111 and a second outer layer permanent magnet
groove segment 112. A first end of the first outer layer permanent magnet groove segment 111
is disposed to extend toward the rotating shaft hole 14 of the rotor body 10, and a second end
of the first outer layer permanent magnet groove segment 111 is disposed toward the outer
edge of the rotor body 10. A first end of the second outer layer permanent magnet groove
segment 112 is disposed to extend toward the rotating shaft hole 14 of the rotor body 10 and is
disposed opposite to the first end of the first outer layer permanent magnet groove segment
111 to form a V-shaped structure, and a second end of the second outer layer permanent
magnet groove segment 112 is disposed toward the outer edge of the rotor body 10. The first
outer layer permanent magnet groove segment 111 and the second outer layer permanent
magnet groove segment 112 are located on two sides of the direct axis. This setting is
beneficial to guide g-axis magnetic lines of a stator 40 into the magnetic conduction channels
more effectively and more evenly, increases a g-axis inductance of a motor, and improves a
reluctance torque of the motor.

[0020] The outer layer permanent magnet groove 11 includes a first deflection groove 113. A
first end of the first deflection groove 113 is connected to the second end of the first outer layer
permanent magnet groove segment 111, and a second end of the first deflection groove 113 is
disposed to extend toward the outer edge of the rotor body 10. A geometric center line in a
length direction of the first deflection groove 113 and a geometric center line in a length
direction of the first outer layer permanent magnet groove segment 111 form a third angle, and
a distance between the geometric center line in the length direction of the first deflection
groove 113 and the quadrature-axis is decreased gradually outward in the radial direction of
the rotor body 10. This setting can better guide the magnetic lines of the stator into the
magnetic conduction channels more evenly.

[0021] In this embodiment, a plane on which a side wall of the first deflection groove 113 near
the direct axis is located and a plane on which a side wall of the first outer layer permanent
magnet groove segment 111 near the direct axis is located are coplanar or intersected with
each other. This setting can better guide the magnetic lines of the stator into the magnetic
conduction channels more evenly.

[0022] A width of the first deflection groove 113 is decreased or increased gradually outward in
the radial direction of the rotor body 10. This setting is convenient to guide the magnetic lines
into the magnetic conduction channel to obtain a larger g-axis inductance.
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[0023] In addition, a distance between a midpoint of a side wall, near the outer edge of the
rotor body 10, of the second end of the first deflection groove 113 and an intersection point of
a geometric center line of the first outer layer permanent magnet groove segment 111 and the
outer edge of the rotor body 10 is N, a width of an end of the second end of the first outer layer
permanent magnet groove segment 111 is M, and 0.6M<N. This setting can make a guidance
effect of the magnetic lines better, and obtain a larger g-axis inductance.

[0024] Further, a first magnetism isolation bridge is formed between the second end of the first
deflection groove 113 and the outer edge of the rotor body 10, and 0.4xM<(H-H1), or,
0.4xM<(H-H1)<2xM. M is a width of an end of the second end of the first outer layer
permanent magnet groove segment 111, H is a distance between the second end of the first
outer layer permanent magnet groove segment 111 and the outer edge of the rotor body 10,
and H1 is a width of the first magnetism isolation bridge. This setting can make a guidance
effect of the magnetic lines better, and thus obtain a larger g-axis inductance.

[0025] Further, a width of the first end of the first deflection groove 113 is less than a width of
the second end of the first outer layer permanent magnet groove segment 111. Or, a width of
the second end of the first deflection groove 113 is less than the width of the second end of the
first outer layer permanent magnet groove segment 111. In this way, by a design of gradually
decreasing a width of the magnetic conduction channel, magnetic flux areas of the inner layer
and outer layer permanent magnets can be adjusted better, and a consistency adjustment of
working points of the inner layer and outer layer permanent magnets can be realized.

[0026] In this embodiment, 0.25xM<D1<0.8xM, or 0.3xM<D1<0.45xM, M is a width of an end
of the second end of the first outer layer permanent magnet groove segment 111, and D1 is a
width of the second end of the first deflection groove 113. This setting makes it easy for the
magnetic lines to pass through the magnetism isolation bridge between a rotor permanent
magnet groove and a rotor outer circumference, so as to obtain a large quadrature and direct
axis inductance difference, and improve a reluctance torque of a motor.

[0027] In this embodiment, the outer layer permanent magnet groove 11 further includes a
second deflection groove 114. A first end of the second deflection groove 114 is connected to
the second end of the second outer layer permanent magnet groove segment 112, and a
second end of the second deflection groove 114 is disposed to extend toward the outer edge
of the rotor body 10. A geometric center line in a length direction of the second deflection
groove 114 and a geometric center line in a length direction of the second outer layer
permanent magnet groove segment 112 form a fourth angle, and a distance between the
geometric center line in the length direction of the second deflection groove 114 and the
quadrature-axis is decreased gradually outward in the radial direction of the rotor body 10.
This setting can make a guidance effect of the magnetic lines better, and obtains a larger g-
axis inductance.

[0028] The first deflection groove 113 and the second deflection groove 114 are disposed
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symmetrically with respect to the direct axis. This setting can better guide the magnetic lines of
the stator into the magnetic conduction channels more evenly.

[0029] In this embodiment, the inner layer permanent magnet groove 12 includes a first inner
layer permanent magnet groove segment 121, a second inner layer permanent magnet groove
segment 122 and a third inner layer permanent magnet groove segment 123 disposed in
sequence. The first inner layer permanent magnet groove segment 121, the second inner
layer permanent magnet groove segment 122 and the third inner layer permanent magnet
groove segment 123 are connected in sequence to form a U-shaped structure with an opening
toward the outer edge of the rotor body 10. Alternatively, the first inner layer permanent
magnet groove segment 121, the second inner layer permanent magnet groove segment 122
and the third inner layer permanent magnet groove segment 123 are sequentially disposed at
intervals, and a second magnetism isolation bridge is formed between adjacent two of the first
inner layer permanent magnet groove segment 121, the second inner layer permanent magnet
groove segment 122 and the third inner layer permanent magnet groove segment 123. This
setting enhances a mechanical strength of the rotor.

[0030] As shown in FIG. 1, the inner layer permanent magnet groove 12 further includes a
third deflection groove 124. A first end of the third deflection groove 124 is connected to an
end of the first inner layer permanent magnet groove segment 121 near the outer edge of the
rotor body 10, and a second end of the third deflection groove 124 extends along the outer
edge of the rotor body 10 and approaches the quadrature-axis gradually. The inner layer
permanent magnet groove 12 further includes a fourth deflection groove 125. A first end of the
fourth deflection groove 125 is connected to an end of the third inner layer permanent magnet
groove segment 123 near the outer edge of the rotor body 10, and a second end of the fourth
deflection groove 125 extends along the outer edge of the rotor body 10 and approaches the
quadrature-axis gradually. By setting an angle of a deflection groove of a permanent magnet
groove, g-axis magnetic lines of the stator 40 can be guided into the magnetic conduction
channels more effectively and more evenly, a g-axis inductance of a motor can be increased,
and a reluctance torque of the motor can be improved.

[0031] In this embodiment, the third deflection groove 124 and the fourth deflection groove
125 are disposed symmetrically with respect to the direct axis. This setting can better guide the
magnetic lines of the stator into the magnetic conduction channels more evenly.

[0032] An angle A1 is formed between an extension line of a side wall, near the direct axis, of
the first deflection groove 113 and an extension line of a side wall, near the direct axis, of the
second deflection groove 114, an angle A is formed between an extension line of a side wall,
near the direct axis, of the first outer layer permanent magnet groove segment 111 and an
extension line of a side wall, near the direct axis, of the second outer layer permanent magnet
groove segment 112, and 2xA<A1. This setting can more effectively guide g-axis magnetic
lines of the stator into the magnetic conduction channels more evenly.

[0033] In this embodiment, an angle B1 is formed between an extension line of a side wall of
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the third deflection groove 124 near the direct axis and an extension line of a side wall of the
fourth deflection groove 125 near the direct axis, an angle B is formed between an extension
line of a side wall of the first inner layer permanent magnet groove segment 121 near the
direct axis and an extension line of a side wall of the third inner layer permanent magnet
groove segment 123 near the direct axis, and 2xB<B1. This setting can more effectively guide
g-axis magnetic lines of the stator into the magnetic conduction channels more evenly.

[0034] Further, 1.1xB1<A1, this setting can better guide the magnetic lines into the magnetic
conduction channels more evenly.

[0035] In addition, the rotor structure further includes an outer layer permanent magnet 20 and
an inner layer permanent magnet 30. The outer layer permanent magnet 20 is disposed in the
outer layer permanent magnet groove 11, and the inner layer permanent magnet 30 is
disposed in the inner layer permanent magnet groove 12. In this way, a magnetic circuit of the
rotor structure is optimized, and a magnetic force of the rotor structure is raised, so that an
overall anti-demagnetization ability of the rotor structure is effectively improved.

[0036] In this embodiment, a fifth angle a1 is formed between a connection line, connecting
the rotating shaft hole 14 and a surface of the outer layer permanent magnet 20 near the
direct axis of the rotor body 10 and near an edge of the rotor body 10, and the direct axis of
the rotor body 10. A sixth angle a2 is formed between a connection line, connecting the
rotating shaft hole 14 and a surface of the inner layer permanent magnet 30 near the direct
axis of the rotor body 10 and near the edge of the rotor body 10, and the direct axis of the
rotor body 10. 1.3%(sina1/sina2)<81/82<2x(sina1/sina2), S1 is a surface area of a surface,
near the direct axis of the rotor body 10, of the outer layer permanent magnet 20 near the
direct axis of the rotor body 10, and S2 is a surface area of a surface, near the direct axis of
the rotor body 10, of the inner layer permanent magnet 30 near the direct axis of the rotor
body 10. By setting an arrangement shape of the outer layer permanent magnet and a surface
area of the inner layer and outer layer permanent magnets, the working points of the
permanent magnets can be better adjusted, so that an average working point of the inner layer
and outer layer permanent magnets is higher, and a ratio of the magnetic lines in the inner
layer permanent magnet into the outer layer permanent magnet and directly into the stator 40
is more reasonable, which increases a permanent magnet flux linkage of the motor and
improves the efficiency and power factor of the motor.

[0037] At least part of the inner layer permanent magnet 30 has a thickness greater than that
of the outer layer permanent magnet 20. This setting makes rotor magnetic poles uniformly
distributed on a circumference.

[0038] Further, a thickness of the outer layer permanent magnet 20 is M1, and a thickness of
the inner layer permanent magnet 30 is M2, and 1.1M1<M2<1.8xM1. This setting makes the

inner layer and outer layer permanent magnets have the same anti-demagnetization ability.

[0039] In this embodiment, the inner layer permanent magnet groove 12 includes a first inner
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layer permanent magnet groove segment 121, a third inner layer permanent magnet groove
segment 123, a third deflection groove 124 and a fourth deflection groove 125. A width of a
second end of the third deflection groove 124 or a width of a second end of the fourth
deflection groove 125 is D2, or, a width of the second end of the third deflection groove 124
and a width of the second end of the fourth deflection groove 125 are both D2. D2<0.6xM2,
and M2 is a thickness of the inner layer permanent magnet 30. This setting can effectively
increase a stator flux into the rotor and enhances a g-axis inductance of the motor.

[0040] In this embodiment, a midpoint of a connection line from a midpoint of a side wall, near
an edge of the rotor body 10, of the second component segment 132 to the edge of the rotor
body 10 is P, with the rotating shaft hole 14 of the rotor body 10 as a center, a distance from
the rotating shaft hole 14 to point P as a radius, an arc is made along a circumferential
direction of the rotor body 10, a sum of a thickness of the outer layer permanent magnet 20 at
intersections with the arc and a thickness of the inner layer permanent magnet 30 at
intersections with the arc is M3, a circumference of the arc is C1, M3/C1=T2, and
45%<T2<70%. By setting the thickness of the permanent magnets in this range, a ratio of the
thickness of the permanent magnets to a thickness of the magnetic conduction channel is in a
better range, which can not only guarantee the high working points of the permanent magnets
to obtain a large anti-demagnetization ability and a high no-load flux linkage of the motor, but
also make the motor obtain a large quadrature and direct axis inductance difference to
improve the reluctance torque of the motor.

[0041] In this embodiment, a length of a surface, near the direct axis, of the outer layer
permanent magnet 20 and located in the first outer layer permanent magnet groove segment
111 or the second outer layer permanent magnet groove segment 112 is L, a maximum
distance between the first outer layer permanent magnet groove segment 111 and the second
outer layer permanent magnet groove segment 112 is C, and 0.8xC<L. In this way, more
permanent magnets can be placed in the same rotor to improve the efficiency and anti-
demagnetization ability of the motor.

[0042] In this embodiment, a width of the magnetic conduction channel 13 is increased
gradually outward in a radial direction of the rotor body 10, or a width of the magnetic
conduction channel 13 is decreased gradually outward in a radial direction of the rotor body
10, or a width of the magnetic conduction channel 13 is increased gradually within a preset
distance and then decreased gradually outward in a radial direction of the rotor body 10, or a
width of the magnetic conduction channel 13 is decreased gradually within a preset distance
and then increased gradually outward in a radial direction of the rotor body 10. This setting
makes more magnetic lines of the stator 40 enter the magnetic conduction channel, so that the
rotor can obtain a larger reluctance torque, thereby improving working efficiency of the rotor.

[0043] There are a plurality of permanent magnet groove groups, and the plurality of
permanent magnet groove groups are disposed evenly along the rotor body 10. This setting
makes rotor magnetic poles uniformly distributed on a circumference, which makes motor
magnetic poles be symmetrically distributed, thus a torque ripple when the motor is loaded is
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reduced, and a vibration and noise of the motor is reduced.

[0044] In this embodiment, there are a plurality of outer layer permanent magnet grooves 11
and/or a plurality of inner layer permanent magnet grooves 12. In this way, a magnetic force of
the rotor structure is raised, so that an overall anti-demagnetization ability of the rotor structure
is effectively improved, thereby the working efficiency of the rotor is improved and the working
efficiency of the motor with the rotor structure is effectively improved.

[0045] The outer layer permanent magnet groove 11 is a U-shaped structure with an opening
toward an outer edge of the rotor body 10. This setting facilitates a formation of a stable
magnetic conduction channel.

[0046] The rotor structure according to above embodiments can also be used in a field of
motor equipment technologies, that is, according to another aspect of the present invention, a
permanent magnet auxiliary synchronous reluctance motor is provided, the permanent magnet
auxiliary synchronous reluctance motor includes a rotor structure, and the rotor structure is the
rotor structure above-described.

[0047] The rotor structure in the above embodiments can also be used in a field of vehicle
equipment technologies, that is, according to another aspect of the present invention, an
electric vehicle is provided, the electric vehicle includes a rotor structure, and the rotor
structure is the rotor structure above-described.

[0048] In this embodiment, a motor includes a stator structure and a rotor structure. The stator
structure includes a stator core and a winding group embedded in the stator core. The rotor
structure includes permanent magnet grooves and permanent magnets located in the
permanent magnet grooves. The rotor includes multiple layers of permanent magnets at a
same magnetic pole. The multiple layers in this solution mean that the number of layers is
greater than or equal to 2. The permanent magnets at the same magnetic pole have the same
polarity toward the stator 40. A permanent magnet groove has a shape protruding toward an
inner side of the rotor, two ends of the permanent magnet groove are close to an outer
circumference of the rotor, and a center of the permanent magnet groove is close to the inner
side of the rotor. A magnetic conduction channel is formed between any two adjacent
permanent magnet grooves at the same magnetic pole, and an end of one or more magnetic
conduction channels has a deflected segment deflected toward an inner layer permanent
magnet, as shown in FIGS. 1 and 3.

[0049] As shown in FIG. 19, the permanent magnet auxiliary synchronous reluctance motor
produces the reluctance torque by a difference between the quadrature axis inductance and
the direct axis inductance, and also by a permanent magnet torque generated by the
permanent magnet. In this case, the reluctance torque of the motor may be improved by
increasing a quadrature axis inductance of the motor and reducing a direct axis inductance of
the motor, and the permanent magnet torque of the motor may be improved by increasing no-
load flux linkage of the motor. It is found that the magnetic lines on each tooth of stator 40 are
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not uniform when the stator 40 of the motor is fed with a three-phase symmetrical alternating
current. The closer a position is to a boundary line, the more magnetic lines are on the teeth of
the stator 40.

[0050] As shown in FIG. 9, it is a schematic diagram illustrating a distribution of g-axis
magnetic lines of an existing permanent magnet auxiliary synchronous reluctance motor
including two layers of permanent magnets. There are three magnetic conduction channels
from the stator teeth into the rotor respectively for the g-axis magnetic lines. The magnetic
conduction channel f3 is formed between the innermost permanent magnet grooves of two
adjacent magnetic poles. The magnetic conduction channel f2 is formed between the
innermost permanent magnet groove and a second layer permanent magnet groove. The
magnetic conduction channel f1 is formed from a magnetic conduction region between the
second layer permanent magnet groove and a rotor outer circumference. Due to an uneven
distribution of magnetic lines on the stator teeth, the magnetic lines entering the magnetic
conduction channel f3 are the most, the magnetic lines entering the magnetic conduction
channel f1 are the least, and magnetic circuits of the magnetic conduction channel f3 and the
magnetic conduction channel f2 are relatively saturated. In a case where a load of the motor is
heavy, the g-axis inductance of the motor will drop significantly, which affects the utilization of
the reluctance torque of the motor. Especially for the permanent magnet auxiliary synchronous
reluctance motor using ferrite, in a case that the permanent magnet is thickened to improve
the efficiency and anti-demagnetization ability of the motor and thus the width of the magnetic
conduction channel is difficult to increase, this phenomenon becomes more serious. Therefore,
this solution proposes a deflected segment of an end of a magnetic conduction channel, which
is deflected toward an inner layer permanent magnet, and a schematic diagram of the
distribution of g-axis magnetic lines of the motor is shown in FIG. 7. By setting a deflected
segment deflected toward an end of an inner layer permanent magnet groove at an end of a
magnetic conduction channel, a direction of g-axis magnetic lines f of the stator can be
effectively guided, and the magnetic lines originally entering a high magnetic saturation region,
such as the magnetic lines entering the magnetic conduction channel f2 shown in the FIG. 7, is
changed to enter a low magnetic saturation region, such as the magnetic conduction channel
f1 shown in the figure, which generates more magnetic flux under the same exciting current,
improves a g-axis inductance of a motor, increases a reluctance torque of the motor, and
improves an efficiency and power density of the motor.

[0051] In addition, taking the innermost permanent magnet of the rotor as the first layer, the
end of the second layer permanent magnet groove calculated from the inside to the outside
has a deflected segment deflected toward the end of the inner layer permanent magnet
groove, as shown in FIG. 11. The deflection of the end of the permanent magnet groove can
better guide the magnetic lines of the stator into each of magnetic conduction channels more
evenly.

[0052] Further, a width of a deflected part of the end of the permanent magnet groove is
increased gradually toward the inside from approaching the outer surface of the rotor. The
deflected part of the permanent magnet groove is disposed to be narrower on the outside and
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wider on the inside. On the one hand, it can reduce a decrease of g-axis magnetic flux resulted
from a reduction of an inlet width of the magnetic conduction channel f2 after the permanent
magnet groove is deflected. On the other hand, it can better guide the magnetic lines originally
from passing through the magnetic conduction channel f2 into passing through the magnetic
conduction channel f3 to the rotor.

[0053] As shown in FIGS. 10 to 14, in order to better guide the magnetic lines from passing
through the magnetic conduction channel with high magnetic saturation to passing through the
magnetic conduction channel with low magnetic saturation, a distance between a midpoint of
an end edge of the deflected part of the second layer permanent magnet groove and a
midpoint of an end edge of the undeflected part of the second layer permanent magnet groove
is defined as N, a width of the undeflected part of the second layer permanent magnet groove
near the end of the rotor is M, and 0.6M<N. A shape of the undeflected end of the magnetic
conduction channel is determined by the following method. In a case where a flat plate
permanent magnet is installed in the permanent magnet groove, two edges of the permanent
magnet groove are extended, and a distance between an outer edge of the permanent magnet
groove close to the outer circumference of the rotor and the outer circumference of the rotor is
the same as that after the permanent magnet groove is deflected. In a case where an
permanent magnet in an arc shape is installed in the permanent magnet groove, a tangent line
of an arc-shape is made at an end point of the permanent magnet groove and the tangent line
is extended, and a distance between an outer edge of the permanent magnet groove close to
the outer circumference of the rotor and the outer circumference of the rotor is the same as
that after the permanent magnet groove is deflected. By controling an amplitude of the
deflection of the end of the permanent magnet groove and setting N to be equal to or greater
than 0.6M, the guidance effect of the magnetic lines may be better, and a larger g-axis
inductance may be obtained.

[0054] In this embodiment, an end point, near the outer side, of the end edge of the deflected
part of the second layer permanent magnet groove is closer to the Q axis of the rotor
compared with a case that an end point, near the inner side, of the end edge of the
undeflected part of the second layer permanent magnet groove. This setting is to achieve
better guidance effect for the magnetic lines.

[0055] Further, a distance between the end point, near the outer side, of the end edge of the
deflected part of the second layer permanent magnet groove and the end point, near the inner
side, of the end edge of the undeflected part of the second layer permanent magnet groove is
Ga, and Ga is approximately equal to an integer multiple of an air gap length g of the stator
and rotor. By setting Ga to an integer multiple of the air gap length g of the stator and rotor, it is
possible to effectively reduce a harmonic magnetic field content of the air gap and reduce a
harmonic loss and torque ripple of the motor. The range here is 0.95 times to 1.05 times.

[0056] Further, a length of a deflected part of the end of the second layer permanent magnet
groove is (H-H1), a width of the end of the undeflected part of the permanent magnet groove is
M, and 0.4xM<(H-H1). H is a distance from an outer edge of the undeflected part of the
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permanent magnet groove to the outer circumference of the rotor, Hl is a thickness of a
magnetic bridge formed by the deflected part of a permanent magnet rotor and the outer
circumference of the rotor, and M is the width of the end of the undeflected part of the
permanent magnet groove.

[0057] As shown in FIG. 15, a study shows that the length of the deflected part of the
permanent magnet groove has a greater influence on the g-axis inductance of the motor and
the flux linkage of the motor. In a case where 0.4xM<(H-H1), the magnetic lines can be better
guided to obtain a larger the g-axis inductance, but if it is greater than 2xM, the magnetic flux
area of the second layer permanent magnet is reduced, and the no-load flux linkage of the
motor is decreased. Therefore, preferably, 0.4xM<(H-H1) <2xM.

[0058] As shown in FIG. 5, in order to better fix the permanent magnets, a width Md of the
deflected part of the end of the second layer permanent magnet groove near the inner side of
the rotor is less than the width M of the end of the undeflected part of the permanent magnet
groove. A width D1 of the end of the deflected part of the second layer permanent magnet
groove is less than the width M of the end of the undeflected part of the second layer
permanent magnet groove, and 0.25xM=<D1<0.8 xM, preferably 0.3xM<D1<0.45xM.

[0059] A study shows that the width D1 of the end of the deflected part of the permanent
magnet groove has a certain influence on the quadrature and direct axis inductances of the
motor. As shown in FIG. 16, in a case where the width D1 is greater than 0.8xM, the end of the
permanent magnet groove blocks the g-axis magnetic flux more, which causes the g-axis
inductance to decrease. If the width D1 is less than 0.25xM, the magnetic lines of d-axis
inductance can easily pass through the magnetism isolation bridge between the rotor
permanent magnet groove and the rotor outer circumference. In order to obtain a larger
quadrature and direct axis inductance difference and improve the reluctance torque of the
motor, 0.25xM<D1<0.8xM, further preferably, 0.3xM<D1<0.45xM. In addition, the deflected
part of the end of the permanent magnet groove is not provided with a permanent magnet,
which can effectively slow down a local demagnetization of an end permanent magnet, and
improve the anti-demagnetization ability of the motor.

[0060] Further, the number of layers of rotor permanent magnets is 2 or 3. By setting the
number of layers of rotor permanent magnets to 2 or 3, the reluctance torque of the motor can
be improved, and a reduction of a working point of single layer permanent magnet resulted
from an excessive number of layers of the permanent magnets can be avoided, which
improves the efficiency and anti-demagnetization ability of the motor.

[0061] The rotor permanent magnets of the motor are ferrite permanent magnets. A center of
the rotor is used as the rotating shaft hole 14 to make an arc, the arc passes through a center
point P of an outer edge line of the outermost permanent magnet, and a ratio of a sum of
thickness of the rotor permanent magnets at the arc to a circumference of the arc is 45%-70%.
In a case where the permanent magnets of the motor rotor are ferrite, by setting the thickness
of the permanent magnets in this range, a ratio of the thickness of the permanent magnets to a
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thickness of the magnetic conduction channel is in a better range, which can not only
guarantee the high working points of the permanent magnets to obtain a large anti-
demagnetization ability and a high no-load flux linkage of the motor, but also make the motor
obtain a large quadrature and direct axis inductance difference to improve the reluctance
torque of the motor. Preferably, the ratio of the sum of the thickness of the rotor permanent
magnets at the arc to the circumference of the arc is 55%-65%.

[0062] In this embodiment, in order to enhance the mechanical strength of the rotor, one or
more magnetism isolation bridges are disposed between layers of the permanent magnet
grooves. Moreover, flat plate permanent magnets are placed at two ends of an inner layer
permanent magnet groove of the rotor near the rotor outer circumference. The flat plate
permanent magnets are located at the ends of the second layer permanent magnet groove
near the outer circumference of the rotor. By locating the flat plate permanent magnets at ends
of a permanent magnet groove, more permanent magnets can be located in the same rotor,
such that the efficiency and anti-demagnetization ability of the motor are improved.

[0063] Further, the number of the layers of the rotor permanent magnets is two, the outer
layer permanent magnet groove is substantively V-shaped, a length of one side permanent
magnet in the V-shaped permanent magnet groove is L, and the maximum distance between
the V-shaped permanent magnet is C, which satisfies 0.8xC<L. The inner layer permanent
magnet groove is substantively U-shaped and consists of at least three segments of
permanent magnets. A ratio of a surface area of the outer layer permanent magnet near an
outside of the rotor to a surface area of the inner layer permanent magnet near the outside of
the rotor is $1/S2. An angle formed by two outer vertexes of ends of the outer layer permanent
magnet near an outer surface of the rotor and a center of the rotor is 2xa1, and an angle
formed by two outer vertexes of ends of the inner layer permanent magnet near the outer
surface of the rotor and the center of the rotor is 2xa2, which satisfies the following
relationship: 1.3x(sina1/sina2)<S1/S2<2x(sina1/sina2).

[0064] By setting an arrangement shape of the outer layer permanent magnet and an area
ratio of the inner layer permanent magnet to the outer layer permanent magnet, the working
points of the permanent magnets can be better adjusted, so that an average working point of
the inner layer and outer layer permanent magnets is higher, and a ratio of the magnetic lines
from the inner layer permanent magnet into the outer layer permanent magnet to the magnetic
lines from the inner layer permanent magnet directly into the stator 40 is more reasonable,
which increases a permanent magnet flux linkage of the motor and improves the efficiency and
power factor of the motor. An influence of a surface ratio of the inner layer and outer layer
permanent magnets on the flux linkage of the motor is shown in the Fig. 18. By setting the
surface ratio of the inner layer to outer layer permanent magnets to
1.3%(sina1/sina2)<81/82<2x(sina1/sina2), a larger no-load flux linkage of the motor can be
obtained. Preferably, 1.5%(sina1/sina2)<81/52<1.8x(sina1/sina2).

[0065] In this embodiment, a thickness M2 of flat plate permanent magnets, on two sides, of
the innermost layer of the rotor is greater than a thickness M1 of flat plate permanent magnets



DK/EP 3761485 T3

at ends of a second layer, and 1.1xM1<M2<1.8xM1. A study shows that when a stator 40
applies a opposite directional magnetic field, a working point of the inner layer and a working
point of the outer layer permanent magnets are different, and the working point of the inner
layer permanent magnet is lower than the working point of the outer layer permanent magnet,
which makes the inner layer permanent magnet more prone to local demagnetization and
affects an overall anti-demagnetization ability of the motor. In order to alleviate this
phenomenon, the thickness M2 of the inner layer permanent magnet is set to be larger than
the thickness M1 of the outer layer permanent magnet. In order to make the inner layer and
outer layer permanent magnets have the same anti-demagnetization ability,
1.1xM1=M2<1.8xM1. Preferably, 1.1xM1=M2<1.3xM1.

[0066] Widths of magnetic conduction channels formed by Inner layer and outer layer
permanent magnets in rectangular shape are different, and the closer the magnetic conduction
channel is to the outer surface of the rotor, the smaller the width of the magnetic conduction
channel is. By gradually decreasing a width of the magnetic conduction channel, magnetic flux
areas of the inner layer and outer layer permanent magnets can be adjusted better, and a
consistency adjustment of working points of the inner layer and outer layer permanent
magnets can be realized.

[0067] In this embodiment, an angle formed between outer edge lines of the deflected parts of
the outer layer permanent magnet groove is A1, an angle formed between outer edge lines of
the undeflected parts of the outer layer permanent magnet groove is A, and 2xA<A1. Outer
surfaces of ends of the inner layer permanent magnet groove have cut edges. An angle
formed between outer edge lines of parts, located at the cut edge, of the inner layer
permanent magnet groove is B1, an angle formed between outer edge lines of parts, not
located at the cut edge, of the permanent magnet groove is B, 2xB<B1, and 1.1xB1<A1. By
setting the angle between the outer edge lines of the undeflected parts of the permanent
magnet groove and the angle between the outer edge lines of the deflected parts, the g-axis
magnetic lines of the stator can be guided more effectively into the magnetic conduction
channels more evenly, increasing the g-axis inductance of the motor and improving the
reluctance torque of the motor. An end of an outer surface the inner layer permanent magnet
groove of the rotor has a cut edge, a width of a chamfered end of the permanent magnet
groove is D1, a width of an unchamfered end of the permanent magnet groove is D2, and
D1<0.6xD2. Since a width of an end of the inner layer permanent magnet groove is reduced
due to the cut edge, the stator flux into the rotor can be increased effectively, enhancing the g-
axis inductance of the motor. The end of the inner layer permanent magnet groove has a
turning segment deflected toward a magnetic pole boundary line, which can better distribute
the number of magnetic lines entering the magnetic conduction channel f2 and the magnetic
conduction channel f3, reduce a local saturation of the magnetic conduction channels, and
improve the reluctance torque of the motor. An End of each of the permanent magnet grooves
has a turning segment towards a magnetic pole boundary line, which can further adjust a
distribution of magnetic lines of each magnetic conduction channel and reduce a local
saturation. All rotor magnetic poles are uniformly distributed on the circumference.
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[0068] The above are only the preferred embodiments of the present invention and are not
intended to limit the present invention. For those skilled in the art, the present invention may
have various changes and variations. Any modification, equivalent replacement, improvement,
etc. is contemplated as being an alternative form of the invention as far as it is within the
protection scope of the present invention, which is defined by the appended claims.
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PATENTKRAV

En rotorstruktur omfattende:

et rotorlegeme (10), hvor en permanent magnetrillegruppe er anbragt pa rotorlegemet
(10), den permanente magnetrillegruppe omfatter en permanent magnetrille med et
ydre lag (11) og en permanent magnetrille med et indre lag (12), en magnetisk ledende
kanal (13) dannes imellem den permanente magnetrille med et ydre lag (11) og den
permanente magnetrille med et indre lag (12), der er tilstadende, mindst en ende af den
magnetisk ledende kanal (13) naer en ydre kant pa rotorlegemet (10) omfatter et lige
segment (135, 137), og det lige segment (135, 137) afbgjes i en retning teet pa
rotorlegemets (10) kvadraturakse pa en sadan made, at en afstand fra det lige segment
(135, 137) til rotorlegemets (10) kvadraturakse gradvist reduceres udad i radial retning,
og det lige segment (135, 137) har tendens til at naerme sig kvadraturaksen;

hvor den magnetisk ledende kanal (13) omfatter et farste komponentsegment (131), et
andet komponentsegment (132) og et tredje komponentsegment (133) forbundet efter
hinanden, en farste ende af det fgrste komponentsegment (131) er anbragt imod et
roterende akselhul (14) i rotorlegemet (10), en anden ende af det fgrste
komponentsegment (131) er anbragt for at straekke sig imod en ydre kant pa
rotorlegemet (10), en ferste ende af det tredje komponentsegment (133) er anbragt
imod det roterende akselhul (14), en anden ende af det tredje komponentsegment (133)
er anbragt for at straekke sig imod den ydre kant pa rotorlegemet (10), det farste
komponentsegment (131) og det tredje komponentsegment (133) er placeret pa to sider
af en direkte akse, en afstand fra det farste komponentsegment (131) til den direkte
akse pges gradvist udad i rotorlegemets (10) radiale retning, og det lige segment (135,
137) dannes ved den anden ende af det farste komponentsegment (131) og/eller den
anden ende af det tredje komponentsegment (133);

hvor rotorstrukturen derudover omfatter en permanent magnet med et ydre lag (20) og
en permanent magnet med et indre lag (30), den permanente magnet med et ydre lag
(20) er anbragt i den permanente magnetrille med et ydre lag (11), og den permanente
magnet med et indre lag (30) er anbragt i den permanent magnetrille med et indre lag
(12);

den permanente magnetrille med et ydre lag (11) omfatter: et ferste permanent
magnetrillesegment med et ydre lag, en ferste ende af det ferste permanente
magnetrillesegment med et ydre lag (111) er anbragt for at streekke sig imod det
roterende akselhul (14), og en anden ende af det farste permanente
magnetrillesegment med et ydre lag (111) er anbragt imod den ydre kant pa
rotorlegemet (10); og et andet permanent magnetrillesegment med et ydre lag (112), en

forste ende af det andet permanente magnetrillesegment med et ydre lag (112) er
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anbragt for at straekke sig imod det roterende akselhul (14) og er anbragt modsat i
forhold til den farste ende af det farste permanente magnetrillesegment med et ydre lag
(111) for at danne en V-formet struktur, en anden ende af det andet permanente
magnetrillesegment med et ydre lag (112) er anbragt imod den ydre kant pa
rotorlegemet (10), og det ferste permanente magnetrillesegment med et ydre lag (111)
og det andet permanente magnetrillesegment med et ydre lag (112) er placeret pa to
sider af den direkte akse; og

den permanente magnetrille med et ydre lag (11) omfatter derudover: en farste
afbajningsrille (113), en fgrste ende af den farste afbgjningsrille (113) er forbundet til
den anden ende af det fgrste permanente magnetrillesegment med et ydre lag (111),
en anden ende af den farste afbgjningsrille (113) er anbragt for at streekke sig imod den
ydre kant pa rotorlegemet (10), hvor en geometrisk centerlinje i en laengderetning af
den ferste afbajningsrille (113) og en geometrisk centerlinje i en leengderetning af det
farste permanente magnetrillesegment med et ydre lag (111) danner en tredje vinkel,
og en afstand imellem den geometriske centerlinje i laengderetningen af den farste
afbajningsrille (113) og kvadraturaksen gradvist reduceres udad i rotorlegemets (10)
radiale retning; hvor en afstand imellem et midtpunkt af en sidevaeg, naer den ydre kant
pa rotorlegemet (10), for den anden ende af den ferste afbgjningsrille (113) og et
greensefladepunkt pa en geometrisk centerlinje af det farste permanente
magnetrillesegment med et ydre lag (111) fra den fgrste ende til den anden ende af det
ferste permanente magnetrillesegment med et ydre lag (111) og den ydre kant pa
rotorlegemet (10) er N, en bredde af en ende pa den anden ende af det fgrste

permanente magnetrillesegment med et ydre lag (111) er M, og 0,6M<N.

Rotorstruktur ifglge krav 1, hvor en afstand fra det tredje komponentsegment (133) til

den direkte akse gradvist @ges udad i rotorlegemets (10) radiale retning.

Rotorstruktur ifglge krav 2, hvor det tredje komponentsegment (133) omfatter:

et ferste lige segment (134), en ferste ende af det farste lige segment (134) er
forbundet med det andet komponentsegment (132); og

et andet lige segment (135), en forste ende af det andet lige segment (135) er
forbundet til en anden ende af det farste lige segment (134), en anden ende af det
andet lige segment (135) streekker sig langs den ydre kant pa rotorlegemet (10) og
naermer sig gradvist kvadraturaksen, en forlaengelseslinje for en geometrisk centerlinje
af det forste lige segment (134) og en forleengelseslinje for en geometrisk centerlinje af

det andet lige segment (135) danner en fgrste vinkel.

Rotorstruktur ifglge krav 3, hvor en bredde af det ferste lige segment (134) og en
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bredde af det andet lige segment (135) er ens.

Rotorstruktur ifslge krav 1, hvor det farste komponentsegment (131) omfatter:

et tredje lige segment (136), en ferste ende af det tredje lige segment (136) er
forbundet med det andet komponentsegment (132); og

et fierde lige segment (137), en ferste ende af det fierde lige segment (137) er
forbundet til en anden ende af det tredje lige segment (136), en anden ende af det
fierde lige segment (137) streekker sig langs den ydre kant pa rotorlegemet (10) og
naermer sig gradvist kvadraturaksen, en forlaengelseslinje for en geometrisk centerlinje
af det tredje lige segment (136) og en forleengelseslinje for en geometrisk centerlinje af

det fjerde lige segment (137) danner en anden vinkel.

Rotorstruktur ifglge krav 1, hvor en farste magnetisk isolationsbro dannes imellem den
anden ende af den ferste afbgjningsrille (113) og den ydre kant pa rotorlegemet (10),
0,4 xM< (H-H1) eller 0,4 xM<H-H1) <2 xM, M er en bredde af en ende af den anden
ende af det fgrste permanente magnetrillesegment med et ydre lag (111), H eren
afstand imellem den anden ende af det farste permanente magnetrillesegment med et
ydre lag (111) og den ydre kant pa rotorlegemet (10), og H1 er en tykkelse af den farste
magnetiske isolationsbro fra den anden ende af den farste afbgjningsrille (113) til en

ydre omkreds af rotorlegemet (10).

Rotorstruktur ifglge krav 1, hvor en bredde af den fgrste ende af den farste
afbajningsrille (113) er mindre end en bredde af den anden ende af det fgrste
permanente magnetrillesegment med et ydre lag (111), og/eller

en bredde af den anden ende af den fgrste afbgjningsrille (113) er mindre end bredden

af den anden ende af det fgrste permanente magnetrillesegment med et ydre lag (111).

Rotorstruktur ifglge krav 1, hvor 0,25 xM<D1<0,8xM, eller 0,3 xM<D1<0,45 xM, M er en
bredde af en ende af den anden ende af det ferste permanente magnetrillesegment
med et ydre lag (111), og D1 er en bredde af den anden ende af den fagrste
afbajningsrille (113).

Rotorstruktur ifglge krav 1, hvor den permanente magnetrille med et ydre lag (11)
derudover omfatter:

en anden afbgjningsrille (114), en forste ende af den anden afbgjningsrille (114) er
forbundet med den anden ende af det andet permanente magnetrillesegment med et
ydre lag (112), en anden ende af den anden afbgjningsrille (114) er anbragt for at

streekke sig imod den ydre kant pa rotorlegemet (10), en geometrisk centerlinje i en
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leengderetning af den anden afbgjningsrille (114) og en geometrisk centerlinje i en
leengderetning af det andet permanente magnetrillesegment med et ydre lag (112)
danner en fijerde vinkel, og en afstand imellem den geometriske centerlinje i
leengderetningen af den anden afbgjningsrille (114) og kvadraturaksen reduceres
gradvist udad i rotorlegemets (10) radiale retning;

hvor den permanente magnetrille med et indre lag (12) omfatter et ferste permanent
magnetrillesegment med et indre lag (121), et andet permanent magnetrillesegment
med et indre lag (122) og et tredje permanent magnetrillesegment med et indre lag
(123) anbragt efter hinanden,

det fgrste permanente magnetrillesegment med et indre lag (121) og det andet
permanente magnetrillesegment med et indre lag (122) og det tredje permanente
magnetrillesegment med et indre lag (123) er forbundet efter hinanden for at danne en
U-formet struktur med en abning imod den ydre kant pa rotorlegemet (10), eller

et ferste magnetrillesegment med et indre lag (121), det andet permanente
magnetrillesegment med et indre lag (122) og det tredje permanente
magnetrillesegment med et indre lag (123) er anbragt efter hinanden i intervaller, og en
anden magnetisk isolationsbro dannes imellem tilstadende to af det ferste permanente
magnetrillesegment med et indre lag (121), det andet permanente magnetrillesegment
med et indre lag (122) og det tredje permanente magnetrillesegment med et indre lag
(123);

hvor den permanente magnetrille med et indre lag (12) derudover omfatter en tredje
afbajningsrille (124) og en fijerde afbgjningsrille (125), en farste ende af den tredje
afbajningsrille (124) er forbundet med en ende af det fgrste permanente
magnetrillesegment med et indre lag (121) nzer den ydre kant pa rotorlegemet (10), og
en anden ende af den tredje afbgjningsrille (124) straekker sig langs den ydre kant pa
rotorlegemet (10) og gradvist naermer sig kvadraturaksen; og

en fgrste ende af den fjerde afbgjningsrille (125) er forbundet med en ende af det tredje
permanente magnetrillesegment med et indre lag (123) naer den ydre kant pa
rotorlegemet (10), og en anden ende af den fjerde afbajningsrille (125) streekker sig

langs den ydre kant pa rotorlegemet (10) og gradvist naermer sig kvadraturaksen.

Rotorstruktur ifglge krav 9, hvor en vinkel A1 dannes imellem en forleengelseslinje af en
sidevaeg, neer den direkte akse, pa den fgrste afbgjningsrille (113) og en
forlzengelseslinje af en sidevaeg, nzer den direkte akse, pa den anden afbgjningsrille
(114), en vinkel A dannes af en forlaengelseslinje af en sidevaeg, naer den direkte akse,
pa det permanente magnetrillesegment med et ydre lag (111) og en forleengelseslinje af
en sidevaeg, neer den direkte akse, pa den anden permanente magnetrillesegment med
et ydre lag (112), og 2 xA<A1; og
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en vinkel B1 dannes imellem en forleengelseslinje af en sidevaeg, naer den direkte akse,
pa den tredje afbgjningsrille (124) og en forleengelseslinje af en sidevaeg, nzer den
direkte akse, pa den fjerde afbgjningsrille (125), en vinkel B dannes imellem en
forlaengelseslinje af en sidevaeg, neer den direkte akse, pa det ferste permanente
magnetrillesegment med et ydre lag (121) og en forlaengelseslinje af en sidevaeg, naer
den direkte akse, pa det tredje permanente magnetrillesegment med et indre lag (123),
og 2 xB<B1, 1,1xB1=A1.

Rotorstruktur ifglge krav 1, hvor den permanente magnetrille med et indre lag (12)
omfatter et farste permanent magnetrillesegment med et indre lag (121), et tredje
permanent magnetrillesegment med et indre lag (123), en tredje afbgjningsrille (124) og
en fierde afbgjningsrille (125), en bredde af den anden ende af den tredje
afbajningsrille (124) og/eller en bredde af en anden ende af den fijerde afbgjningsrille
(125) er D2, D2<0,6xM2, og M2 er en tykkelse af den permanente magnet med et indre
lag (30).

Rotorstruktur ifglge krav 1, hvor en bredde af den magnetisk ledende kanal (13)
gradvist @ges udad i rotorlegemets (10) radiale retning, eller

en bredde af den magnetisk ledende kanal (13) gradvist reduceres udad i rotorlegemets
(10) radiale retning, eller

en bredde af den magnetisk ledende kanal (13) gradvist @ges i en forudindstillet afstand
og derefter gradvist reduceres udad i rotorlegemets (10) radiale retning, eller

en bredde af den magnetisk ledende kanal (13) gradvist reduceres i en forudindstillet

afstand og derefter gradvist @ges udad i rotorlegemets (10) radiale retning.

En synkronreluktanshjaelpemotor med permanentmagnet, omfattende en rotorstruktur,

rotorstrukturen er rotorstrukturen ifglge ethvert af kravene 1 til 12.

Et elektrisk karetaj, omfattende en rotorstruktur, rotorstrukturen er rotorstrukturen ifelge

ethvert af kravene 1 til 12.
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