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1. Introduction
Integrated starter and generator (ISG) is operated as a motor that starts engine when vehicle moves
on the city road where engine power on-and-off is repeatedly required due to signal change. Dur-
ing this operation, acoustic noise of ISG can be detected by driver inside the vehicle. The acoustic
noise is caused by electro-magnetic exciting force such as radial and tangential force, which
deforms the stator core [1].
The electro-magnetic exciting force can be minimized by optimization of control algorithm for

objective motor [2]. On the other hand, some of researchers optimize shape of flux barrier in the
rotor core and shape of stator tooth to reduce vibration and noise of the motor [3]. However, this
method has a limitation as it applies to the motor, which originally has high exciting force due to
its geometry. Therefore, minimization of exciting force by skewing the rotor is studied so that
vibration and noise of the motor can be ultimately improved regardless of original state of exciting
force in this paper. Furthermore, the mechanism of reduction of vibration and noise by skewing the
rotor are investigated by electro-magnetic analysis coupled with deformation of stator core. 
2. Analysis model
The specifications of prototype, interior permanent magnet synchronous motor (IPMSM), are

shown in Table I. Prototype consist of 6-pole and 36-slot, and is wound by distributed winding as
shown in Fig. 1. Slot pitch of armature winding is set to 5 to obtain sinusoidal back electro-motive
force (EMF). In order to increase power density, permanent magnet of Nd-Fe-B type is inserted in
the rotor and divided by two segments per pole in axial direction to make assemblage more easily.
Moreover, segmented PM helps to achieve two-step skewed rotor more easily. The rotor core
below the permanent magnet is punched to reduce total weight of the rotor.
3. Calculation method and experimental verification
In this paper, three-dimensional finite element analysis (3-D FEA) is used to consider leakage flux
in axial direction and overhang effect. Furthermore, deformation of stator, which resulted from
electro-magnetic exciting force, is calculated by 2-D FEA with overhang coefficient. Lastly, in
terms of deformation quantity of stator core, its tendency, and experimental result of vibration, pro-
totype and step skewed model are compared to verify the calculation method. ‘Vehicle-level’
experiment result of prototype is shown in Fig. 2. Because the trend of vibration result is almost
same with noise so that exciting force which deform stator core should be minimized in order to
decrease the noise.
Step skewed rotor is applied to minimize exciting force. Fig. 3 shows 3-D model of step skewed

rotor type IPMSM. In order to compensate leakage flux in axial direction where attached side of
two rotor body, overhang is applied in the rotor. Overhang coefficient for PM can be calculated by
using 3-D FEA [4]. Then we can calculate exciting force such radial force and tangential force eas-
ily by using 2-D FEA. Using the exciting force, deformation of stator core can be calculated and
its tendency of deformation is studied with comparison of experimental result of vibration and
noise. Accordingly, effect on noise and vibration of skewed rotor type IPMSM can be proved in this
paper.
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Table 1. Specification of prototype Fig. 1. Configuration of prototype

Fig. 2. ‘Vehicle-level’ experiment result of

prototype

Fig. 3. 3-D model of step skewed IPMSM

with rotor overhang
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