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Determination Method of Centerpost Distance of Interior
Permanent Magnet Synchronous Motor for Electric
Vehicle Traction Motor considering Mechanical Safety

Sung-Jin Kim *, Yong-Jae Kim *, Sang-Yong Jung** and Kenji Suzuki***

Abstract — With the active development of hybrid electric vehicle (HEV), the application of
interior permanent magnet synchronous motor (IPMSM) has been expanded. As wide
driving region of IPMSM for electric vehicle (EV) traction motor is required, many studies
are conducted to improve characteristics of a motor in both low and high-speed driving
regions. A motor in high-speed driving region generates (produces) large stress to the rotor.
Thus, the rotor needs to be designed considering the mechanical safety. Therefore, in this
paper, we conducted stress analysis and electromagnetic analysis to determine the
centerpost’s distance which is considered important during the design of IPMSM for EV
traction motor in order to secure mechanical safety and satisfy specifications of output
requirement.
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1. Introduction

Recently, vehicles using fossil fuels have been changed
to eco-friendly futuristic vehicles using electrical energy in
response to the concern of the environmental problems such
as global warming [1-2]. As the energy source of eco-
friendly vehicles has been changed to electrical energy from
fossil fuels, their driving gear has replaced the engine with
motor [3-4]. The motor in driving motor for electric
vehicles was used at the similar rate to the induction motor
and interior permanent magnet synchronous motor
(IPMSM), but since the development of hybrid electric
vehicle (HEV) became active, IPMSM was mainstreamed
[5-7].

Regarding an IPMSM, centerpost or bridge may be
broken by centrifugal force caused by high-speed driving
according to the demand for high efficiency. Therefore, the
exact stress analysis is required and it needs to design a
rotor’s structure to secure sufficient safety factor. With
respect to structure design of rotor, centerpost’s distance in
magnet position arrangement is one of factors influencing
operation characteristics. When distance of centerpost is
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narrow, magnetic flux created by rotor magnet is toward air
gap so that contributes to torque and improves performance
of motor. However, when the distance is wide, magnetic
flux in rotor magnet is not delivered to the stator by passing
through the air gap but rather it circles inside the rotor not
contributing to the motor output [8-10].

Therefore, in this paper, moved magnet and the whole
air-barrier to adjust the distance of centerpost of IPMSM
and the characteristics resulted by this adjustment of the
distance have been analyzed using the 2-D numerical
analysis. Moreover, we conducted stress analysis to decide
the optimum distance of centerpost securing mechanical
safety and satisfy specifications of output required.

2. The Shape and Specifications of IPMSM

This study conducted electromagnetic analysis and stress
analysis to decide centerpost’s distance which is considered
important in designing IPMSM. The specifications of
IPMSM are as shown in Table 1. In the analysis model of
this paper, IPMSM requires high starting torque and a
driving performance of wide speed region. As the driving
speed region for IPMSM of EV traction motor is reaching
higher gradually, a motor with a driving speed of 18000
rpm is on the way of development. In this study, we have
selected the motor with a maximum speed of 14500 rpm as
the speed based on loading of stress analysis. In addition,
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the characteristics of electromagnetic analysis were also
compared at maximum speed. The cross-sectional diagram
of 2-D numerical analysis IPMSM is shown in Fig.1.

Table 1. The specifications of [PMSM

Parameter Value (Unit)
Magnet type Nd-Fe-B
Number of poles 8 (Poles)
Rotor . Material 35PN210
Sélt‘e"e‘;“ Thickness 035 (T)
Yield strength 440 (Mpa)
Phase 3
Number of slots 36
Stator Winding Distributed
Silicon Material 35PN210
steel Thickness 0.35(T)
Maximum speed 14,500 (rpm)

Centerpost : 1.4 (mm)

Fig. 1. The cross-sectional diagram of 2-D numerical
analysis IPMSM

Basically, motor can generate torque when magnetic flux
created in rotor and stator pass through the air gap and
achieves linkage. If the magnetic flux created in stator and
rotor doesn’t achieve linkage, it is regarded as leakage of
components so the motor gets loss. If centerpost or bridge
part is not saturated, magnetic flux created in magnet of

rotor is not delivered to rotor through passing through air
gap but it circles in rotor and doesn’t contribute to the
motor output at all. Therefore, this type of magnet position
structure, the distances of both the centerpost and bridge
must be narrowed down at most, the magnet flux must also
be minimized, and make the remaining component direct
toward the air gap in order to contribute to the torque.

However, the distance of centerpost has a limit of
narrowing due to yield strength of rotor core material. To
determine such a limit, we performed the electromagnetic
analysis and the stress analysis by adjusting the centerpost
distance of basic model from 1.4 mm up to 0.2 mm at the
interval of 0.2 mm.

3. Electromagnetic Analysis Result according to the
Distance Adjustment of Centerpost

Fig. 2 represents the magnetic flux density contour
according to the distance adjustment of centerpost. Fig. 2
(a) shows the magnetic flux density contour of the basic
model with the centerpost’s distance of 1.4 mm, while Fig.
2 (b) represents the magnetic flux density contour with the
distance of 0.2 mm. As shown in Fig. 2, we can observe
that the saturation degree of magnetic flux at the centerpost
is stronger when the distance of centerpost is shorter. In
case of the basic model, the maximum magnetic flux
density reached 2.01 T. However, in case of the model with
the centerpost’s distance of 0.2 mm, the maximum
magnetic flux density reached 2.13 T.

3.1 Cogging torque

Fig. 3 shows the cogging torque change according to the
distance of centerpost. By the combination of both pole and
slot numbers, each mechanical angle 5° shows a repeated
waveform. The cogging torque waveforms according to the
distance of centerpost are shown in Fig. 3(a), the cogging
torque pulsation is shown in Fig. 3(b). As shown in Fig. 3,
cogging torque reached the highest point when the
centerpost was at the shortest point with the distance of 0.2
mm. The maximum cogging torque in this case was 0.95
Nm, 2.03 Nm peak to peak and the peak average 2.8 %.
Thus, it was verified that the cogging torque increases more
when the distance of centerpost becomes shorter.

3.2 Torque

Fig. 4 shows torque change according to the distance of
centerpost. Fig. 4 (a) shows the torque waveforms
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according to the distance of centerpost. Fig. 4 (b) shows
both the average and the maximum torques according to the

Fig.
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Fig. 3. Cogging torque changes according to the distance
adjustment of centerpost (a) Cogging torque
waveforms (b) Cogging torque pulsation

distance of the centerpost and the torque ripple. And
according to the distance of centerpost, these are shown in
Fig. 4 (c). As shown in Fig. 4, both the average torque and
maximum torque were generated at most when the distance
of centerpost was at the shortest point. Thus, the shorter the
distance of centerpost, the more torque was generated.
When the standard distance of centerpost was adjusted from
1.4 mm to 0.2mm, the maximum torque was increased by 4
Nm and the average torque was increased by 2 Nm.

However, the shorter the distance of centerpost, the more
torque ripple was generated. When the centerpost’s distance
was 1.4 mm and torque ripple was 6.9 %. When the
distance was adjusted to 0.2 mm, 10.2 % of torque ripple
was generated which was an increase of 3.3% only.

From the result above, we can observe that the torque
and the torque ripple increases when the distance of
centerpost becomes shorter.
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Fig. 4. Torque changes according to the distance adjustment
of centerpost (a) Torque waveforms (b) The average
and the maximum Torque (c) Torque ripple

4. Stress Analysis Result according to the Distance
Adjustment of Centerpost

In order to examine the mechanical safety of IPMSM
during maximum speed driving, we’ve performed stress
analysis using models with adjusted distance of Centerpost
where the maximum torque is generated.

Considering the material properties value, the stress
analysis has been performed under the static load condition
which functions when it is driven constantly with the
maximum speed of 14500 rpm. Fig. 5 shows the stress
contour of IPMSM obtained through the stress analysis. Fig.
5 (a) indicates the stress contour of basic model with the
centerpost’s distance of 1.4 mm. The stress contour of
model with the centerpost’s distance of 0.2 mm is shown in
Fig. 5 (b). In Fig. 5, we can observe that the stress is
concentrated at the centerpost. The changes of maximum
stress and safety factor according to the distance of
centerpost are shown in Fig. 6. As shown in Fig. 6, the
maximum stress(Von-Mises stress standard) was generated
as 473.487 Mpa in 0.2 mm of centerpost. This means that
this value is higher than 440 Mpa yield strength of silicon
steel lamination (35PN210) used in rotor, so rotor may be
destroyed.

Its safety factor, which recorded 0.93, fell short of one of
stable general electrical machinery. For this reason, given
the electromagnetic characteristics, it would be better to
select 0.2 mm in terms of centerpost distance, but if
structural characteristics are also taken into account, it is
safer to select 0.6 mm, a figure whose safety factor is
1.3~1.5. Although this study doesn’t suggest, it’s necessary
to apply dynamic load conditions through operating/static
test among durability tests of motor to select the distance of
centerpost by considering fatigue cycle of motor by time.

5. Conclusion

This study carried out electromagnetic analysis and stress
analysis by using finite element method(FEM) among
numerical analysis according to distance of centerpost in
high-speed driving region. As the result, it was confirmed
through the electromagnetic analysis that the operation
characteristics of motor were improved at most when the
distance of centerpost was the narrowest. Though the torque
ripple increased a little when the distance of centerpost
became narrower, both the average torque and maximum
torque, increased by 6% when the distance of centerpost
was adjusted. In addition, the stress analysis showed the
optimum length, the structural limit of centerpost distance
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by examining stress of centerpost. This result can be used
as the standard value for magnet alignment of motor’s rotor.
A more improved and advanced design technology of motor
could be expected if the findings of this study are combined

with the optimum design.
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Fig. 5. The stress contour of IPMSM with the maximum
speed of 14500 rpm (a) Distance of centerpost : 1.4

(mm) (b) Distance of centerpost : 0.2 (mm)
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