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Measures to Suppress Eddy Current Loss in Permanent Magnets of

Tangential Permanent Magnet Synchronous Motors Based on Slot-Pole

Ratio Selection

HOU Yunhe, CHENG Xiang ", ZHANG Bingyi
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: To suppress the permanent magnet eddy current
losses in tangential permanent magnet synchronous motors, an
estimated model for permanent magnet eddy current losses is
constructed based on Maxwell equation and constitutive
equation with approximate assumptions on the shape of the
permanent magnet. A magnetic conductance function based
on Carter coefficient concept is employed to estimate the
change in magnetic flux density under the slot due to stator
slotting. The conclusions of the theoretical analysis are
verified based on five motor designs with slot-pole ratios of
1.05, 1.20, 1.30, 2.40, and 3.60, respectively. The
permanent magnet losses are analyzed at load current and
double load current to obtain the radial air-gap magnetic flux
density curve and its harmonic content for each motor.
Considering the weakening effect of increasing the slot-pole
ratio on stator iron losses and permanent magnet eddy current
losses, a motor slot-pole ratio selection strategy is proposed.
The results show that increasing the slot-pole ratio can
decrease the variation in magnetic flux density stator slot,
thus suppressing low-order harmonic content in the air-gap
magnetic field and reducing permanent magnet eddy current
losses, enhancing the motor’ s operational reliability, but it
also introduces more high-order harmonics, which increases
the stator iron consumption.

Key words: permanent magnet synchronous motor;
permanent magnet eddy current loss; slot-pole ratio; radial

air-gap magnetic flux density
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Fig.1 Approximate model of permanent magnet
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Fig.2 Motor dimension labeling model
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Fig.3 Schematic representation of eddy current

pathways
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Fig.4 Effect of slot size on air-gap magnetic flux density
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Fig.5 Schematic diagram of eddy current path

alteration due to slot width reduction
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Tab.1 Overall motor design parameters table
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Tab.2 Rotor structural parameters table
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Fig. 6 Rotor structure diagram
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Fig.7 Stator structure diagram
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Tab.3 Stator slot dimension parameters table

M Mgl h/mmo ho/mmo hy/mm bg/mm
42 1.05 1 3 51 26
48 1.20 1 3 51 23
54 1.35 1 3 52 21.5
96 2.40 1 3 55 12
144 3.60 1 2 52 7.4
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Fig. 8 144-slot unit motor model
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Fig.9 Stator slot subsequent permanent magnet eddy

current cloud maps
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Fig. 10 Eddy current loss curves of permanent magnet
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Tab.4 Average values of permanent magnet eddy

current loss of each motor
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Fig. 11 Change curves of slot subsequent magnetic

flux density
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Fig. 12 Radial air-gap magnetic flux density synthesis

diagram

T HUFLAGAR ] SRR 2 i 2 AT 13 F s o

B 13 2SR %
Fig. 13 Radial air-gap magnetic flux density curves
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Fig. 14 Magnetic flux density amplitude curves for

fundamental and harmonics
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Tab.5 Root mean square of harmonic magnetic flux

density near the third harmonic

kS AR Lt WRHESITRYT
42 1.05 0.288
48 1.20 0.278
54 1.35 0.270
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Fig. 15 Permanent magnet eddy current loss curves at

double load current
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Fig. 16 Partial magnetic flux density cloud maps

of the motors
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Fig. 17 Stator iron loss curves of five motors
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Tab. 6 Average stator iron loss after curve stabilization

ik AR E TR W
42 1.05 440.70
48 1.20 464.47
54 1.35 507.36
96 2.40 598.38
144 3.60 672.06
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Fig. 18 The magnitude of weakened permanent magnet

eddy current loss by per unit slot-pole ratio increase
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In permanent magnet synchronous motors, due
to the stator slotting or inverter power supply, time
harmonic current generated by the magnetic field
resulting in magnetic momentum harmonics can cause
the rotor part of the induction component, making
the magnetic field changes. The neodymium-iron-
boron material utilized in the permanent magnet
possesses relatively high electrical conductivity, so
significant eddy currents are generated within the
magnet, impeding changes in magnetic flux and
resulting in losses termed as permanent magnet
losses.

Although the permanent magnet losses only
constitute a small portion of the total motor losses,
they are a critical indicator of the normal operation of
the motor. Excessive permanent magnet eddy current
losses not only elevate the temperature of the
permanent lifespan  and

magnet, affecting its

performance, but also lead to permanent
demagnetization. Therefore, the impact of permanent
magnet eddy current losses on the motor cannot be
underestimated

In this paper, based on constitutive equation
and Maxwell equation, considers the influence of
changes in magnetic flux density under the stator slot
on the air-gap magnetic field, an estimated model of
permanent magnet eddy current losses is constructed.
And the effect of slot-pole ratio on the permanent
magnet eddy current loss is revealed. Subsequently,

a redesign of the electromagnetic scheme of a motor

already in production is performed to validate the

theoretical analysis. Considering the weakening
effect of increasing the slot-pole ratio on stator iron
loss and permanent magnet eddy current loss, a
strategy for selecting the slot-pole ratio in motor
design is given.

Simulation results show that the increase of the
slot-pole  ratio significantly reduces both the
amplitude and fluctuation degree of eddy current
losses of the permanent magnet, and reduces the
variation of the magnetic flux density under the slot.
Harmonic analysis of the radial air-gap magnetic flux
density shows that an increase in the slot-pole ratio
reduces the amplitude of the low-order harmonics but

introduces more high-order harmonics, as shown in

Fig.1.

Fig.1 Magnetic flux density amplitude curves for

fundamental and harmonics

In practical engineering, redesigning the stator
section and moderately increasing the slot-pole ratio
can effectively suppress permanent magnet eddy

current losses while taking into account other losses.
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