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Abstract ：  

Hybrid electric vehicles are becoming more popular, but the higher efficiency and 

miniaturization requires of the IPM motor result in vibration and noise, which make electric 

motor as the major vibration and noise source of the hybrid electric vehicle. It is well known 

that the source of these problems will be difficult to be pinpointed when the motor is 

mounted in vehicle. Meanwhile, a significant amount of time and money may be cost in 

manufacturing process of these faulty motors. So, how to quickly identify and reduce the 

vibration and noise of electric motor has become a necessity. In this paper, a numerical 

analysis method will be provided to expeditiously predict and understand the behavior of 

vibration and noise of an IPM motor in the stage of product design.  
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Abstract: Hybrid electric vehicles are becoming more popular, but they g p p ,
higher efficiency and miniaturization requires of the IPM motor result in
vibration and noise, which make electric motor as the major vibration and
noise source of the hybrid electric vehicle It is well known that the source ofnoise source of the hybrid electric vehicle. It is well known that the source of
these problems will be difficult to be pinpointed when the motor is mounted
in vehicle. Meanwhile, a significant amount of time and money may be cost
in manufacturing process of these faulty motors So how to quickly identifyin manufacturing process of these faulty motors. So, how to quickly identify
and reduce the vibration and noise of electric motor has become a necessity.
In this paper, a numerical analysis method will be provided to expeditiously

di d d d h b h i f ib i d i f IPM ipredict and understand the behavior of vibration and noise of an IPM motor in
the stage of product design.
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Fig5.  cogging torque curve 

Fig1.  magnetic flux density contour plot 
and flux  lines

Fig3. EMF curve and FFT of EMF curveFig3. EMF curve and FFT of EMF curve
Fig6.  electromagnetic torque curve 
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Fig2.  iron loss density contour plot Fig4.  inductance curve Fig7.  magnetic flux density curve of gap 
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Fig8. Diagram of IPM operating temperature curve

Fig9. Torque curve of IPM at operating different temperature
Fig12.  Permeance contour plot of magnet operating at different currents  
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Fig11.  Permeance contour plot of magnet operating at 20 Fig 13.  operating curves of different points on a magnet
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Fig14 . Temperature distribution contour plot of a IPM Fig15 . Von-mises stress contour plot of a IPM Fig16 . Sound pressure level contour plot of a IPM
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Fig17 .  Eigen mode  of a IPM Fig18 . Vibration acceleration contour plot of a IPM
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Iron loss: 19 834 W

Fig19. Minimum principal stress contour plot of stator core in ABAQUS

Iron loss: 19.834 W

Fig21. Iron loss density without stress contour plot of stator core
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Fig20. Minimum principal stress contour plot of stator core in ABAQUS

Iron loss:  22.689 W

Fig22. Iron loss density with stress contour plot of stator core
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Integrated Simulation Environment

Abaqus or Nastran
Virtual_Lab

Virtual_Lab

Catia  or  Pro/E JMAG or Ansoft

q

� Quickly predict the vibration and noise
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� Fast optimize the structure 
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Point1

Fig23 . Electromagnetic force distribution
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Fig25 .  Frequency components diagram of  the 
electromagnetic force at a measuring point

Fig24 .  Electromagnetic force components of  a 
measuring point in X,Y and Z axial direction  
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JMAG Virtual_Lab

EM
loads

Force mapping tool:

ForcesForces

NASTRAN

Mesh
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Fig26 . Vibration velocity level curve of a IPM Fig27 . Sound pressure distribution contour plot of a IPM
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Fig28 . Acoustic power spectrum diagram of a IPM Fig29 . Modal acoustic contribution spectrum contour plot
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Thank you for 
your attention!
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