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Abstract: When the permanent magnet synchronous motor is
under high frequency conditions, the core loss of the stator
and rotor and the eddy current loss of the permanent magnet
will increase, which will increase the temperature of the
motor, resulting in insulation aging and permanent magnet
demagnetization. In order to solve the problem of increasing
loss at high frequency, a double claw pole motor with axially
segmented claw pole stator and single-stage claw pole rotor
with soft magnetic composite materials for stator and rotor core
materials is designed. Similar to the problem of excessive
torque ripple in the double-salient structure, a combination of
rotor magnetic pole offset and stator oblique pole to reduce
torque ripple is used. Finally, the electromagnetic design and
temperature distribution of the motor are analyzed to verify the
rationality of the design. For the selection of claw pole
parameters, the effects of the main size ratio, polar arc
coefficient, rotor magnetic pole offset distance and stator
oblique pole angle on the air gap magnetic density, no-load
back electromotive force, torque and torque ripple of the
double claw pole motor are studied.

Key words: double claw pole motor; electromagnetic design;

torque ripple; temperature analysis
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Fig.1 Double claw pole motor structure
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Tab.1 The main performance parameters of the motor

e C il
BEY)H/W 1 500
HiE B/ V 200

HE R/ (N-m) 1.59
BE R/ (romin ") 9 000
T p 3
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Tab.2 The main size parameters of the motor mm
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Fig.2 Schematic diagram of the claw pole angle

of the stator and rotor
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Fig.3 The relationship between the claw pole angle

and the torque and torque ripple
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Fig.4 Air-gap magnetic flux density
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Fig.5 A phase no-load back electromotive force
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Fig. 6 Schematic diagram of the eccentricity of the

magnetic poles of the rotor
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Fig.7 Schematic diagram of stator oblique pole
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Fig.8 The relationship between torque and torque ripple

and the eccentricity distance of the rotor’s magnetic poles
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Tab.3 Tooth trough torque and no-load back

electromotive force waveform distortion rate values

fit L 2/ mm iM%/ (mN-m) W25 /%
0.1 112.79 13.66
0.2 103.14 10.94
0.3 73.24 8.83
0.4 61.54 6.85
0.5 66.10 5.32
0.6 61.39 4.44
0.7 49.54 4.44
0.8 49.57 5.09
0.9 47.32 6.28
1.0 44.66 7.11
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Fig.9 The relationship between torque and torque

ripple and the angle of the stator oblique pole
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Fig. 10 The relationship between the waveform

distortion rate and the stator angle of the oblique pole
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Fig. 11 The magnetic flux density distribution of the

stator and rotor
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Fig. 12 The comparison of optimized the before and

after air gap magnetic dense waveforms
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Fig. 13 The comparison of optimized A phase no-
load back electromotive force waveforms

and its harmonic content
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Fig. 14 The eddy current loss of permanent magnet
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Tab.4 The main loss of the motor W
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Fig. 15 The temperature distribution of each

component of the motor
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When the permanent magnet synchronous motor
working at high frequency, the core loss of stator and
rotor and the eddy current loss of the permanent

which will

temperature of the motor, resulting in insulation

magnet will increase, increase the

aging and permanent magnet demagnetization.
Therefore, the temperature rise of the motor can be
suppressed by reducing the core loss of the motor,
the eddy current loss of the permanent magnet and
the copper loss of the winding, so as to reduce the
risk of demagnetization caused by high temperature of
the permanent magnet.

At present, soft magnetic composite ( SMC )
materials are widely used in the field of motors. At
the same time, SMC materials can be pressed by
molds to achieve various iron cores with complex
structures for power supply machines. Therefore, a
double claw pole motor with axially segmented claw
pole stator and single-segment claw pole rotor with
both stator and rotor core materials of SMC materials
is designed.

Firstly, the appropriate main size ratio is
selected based on the air gap magnetic density as a
reference, and then the main size of the motor is

Combined  with  the

characteristics of the double claw pole motor, the

determined. structural
main source of main magnetic flux and the magnetic
density of the air gap, the influence of the claw pole
angle on the motor torque, torque ripple, no-load
back electromotive force and its waveforms distortion

rate are discussed.

Secondly, the structure similar to the double
salient pole will bring the problem of excessive torque
ripple, and the combination of rotor pole offset and
stator tilt is used to reduce torque ripple. Rotor pole
eccentricity is a type of magnetic pole shift by changing
the size of the local rotor claw pole. By changing the
length of the local air gap, the breath is uneven, so as
to change the permeability of the local position in the
air gap, and improve the distribution of the magnetic
field in the motor, so as to weaken the cogging torque
of the motor and reduce the torque ripple. Based on the
eccentricity of the rotor pole, the torque ripple can be
further reduced by using the oblique pole. Due to the
particularity of the structure of the double claw pole
motor designed in this paper, the stator adopts the
axially segmented centralized winding, and the
structure is simple, so the stator oblique pole method is
adopted. That is, the tip of the stator claw pole is offset
in the circumferential direction.

Finally, the losses of the double claw pole motor
are calculated. Based on the calculated loss results,
the temperature field simulation model of the double
claw motor is established, and the temperature
distribution of the stator, rotor, permanent magnet
and rotating shaft of the double claw motor is
analyzed. The simulation results show that the overall
temperature distribution of the motor is reasonable,
and the motor will not cause operation failure due to
excessive temperature, which is beneficial to
suppress the demagnetization of permanent magnets

due to high temperature.
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