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Analysis of Electrical and Vibration Characteristics for Electric Vehicle 

Traction Motors According to the Pole-Slot Combination  
Kwon-Il Park* Kyoung-Soo Cha Myung-Hwan Yoon Jung-Pyo Hong 

 Department of Automotive Engineering, Hanyang University, 222, Wangsimni-ro, Seondong-gu, Seoul 133-791, Korea 
 
Abstract : The greenhouse effect is getting worse in these days. To reduce this environmental problem, emission regulation in 
the automotive industries became strict. Accordingly, the automotive makers stared to develop the environmental friendly 
vehicles such as the hybrid electric vehicle(HEV) and the electric vehicle(EV). EV is an excellent alternative for conventional 
combustion engine vehicle. As high torque and wide operation range are essential for EV traction motor. Recently, it is 
necessary to design an electric motor having excellent vibration characteristics as well as electrical characteristics in 
accordance with the desire of the consumer who demands a comfortable riding condition. This paper deals with electrical and 
vibration characteristic of a traction motor for EV depending on pole-slot combination. First, four motors having the same 
output and different number of slots were selected. Second, the electrical characteristics such as average torque and torque 
ripple induced voltage of each motor were compared using finite element analysis. Third, the vibration order of the four models 
is calculated numerically and the vibration characteristics of each motor are compared. Finally number of pole slot 
combinations suitable for traction motor using the results of electrical and vibration characteristics. 
 
Key words : Electric vehicle(  ), Electrical characteristic(  ), Pole-Slot Combination(   ), 
Traction motor(  ), Vibration characteristic(  ) 
 
 
 

Nomenclature 

p : pole-pair number  
n : Harmonic order 
kwn : winding factor of nth order harmonic 
kdn : distribution factor of nth order harmonic 
kpn : pitch factor of nth order harmonic 

* , E-mail: zkdn7769@hanyang.ac.kr. 

ksn : skew factor of nth order harmonic 
m : phase number 
q : slots per pole per phase 
β : coil pitch per pole pitch 
γ : skew angle(electric) 
Tmax : Maximum torque, Nm 
Tmin : Minimum torque, Nm 
Tavg : Average torque, Nm 
Pr : Radial force density, Nm/m2 
Br : Radial flux density, T 
μ0 : Air permeability, H/m 
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Table 1 Winding factor 

Pole / Slot   
Winding factor(kwn) 

kw1 kw5 kw7 

8 / 36 0.945 0.140 0.061 

8 / 48 0.933 0.067 0.067 

8 / 60 0.951 0.173 0.111 

8 / 72 0.945 0.140 0.061 

 

(a) 8pole 36slot model         (b) 8pole 48slot model 

(c) 8pole 60slot model         (d) 8pole 72slot model 

Fig. 1 Configuration of analysis model 
 

Fig. 3 Fig. 4
1000rpm

Fig. 5

V

 

Fig. 3 Back electromotive force of analysis models 

 

Fig. 4 Harmonic magnitude of Back electromotive force 

 

Fig. 5 Induced Voltage and Voltage limit 
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   (LCM) , LCM  
   . Table 2   

   

(6)

Fig. 6
Table 3

Table 2 Cogging torque of analysis models 

max . min .

.

[%] 100[%]
avg

T TTorqueripple
T

(a) 8pole 36slot model         (b) 8pole 48slot model 

(c) 8pole 60slot model         (d) 8pole 72slot model 

Fig. 6 Torque of analysis models 

Table 3 Average torque and torque ripple of analysis models 

Pole / Slot 
Average torque 

[Nm] 
Torque ripple 

[%] 

8 / 36 204.0 2.67 

8 / 48 204.1 3.44 

8 / 60 204.5 1.75 

8 / 72 204.6 4.35 
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density  Spectrum    

 2  , Radial force density   
   ,  

 Vibration order  . 
Fig. 8    (7)     Radial 
force density      

  . 
 
 

Pole / Slot LCM 
Cogging torque 

peak to peak [Nm] 

8 / 36 72 0.8 

8 / 48 48 2 

8 / 60 120 0.21 

8 / 72 72 1.03 
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Fig. 7 radial force density spectrum analysis of models 

Fig. 8 Normalized deformation of models 
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