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Abstract  

 

Most electric vehicles are driven by Interior Permanent 

Magnet Synchronous Motor (IPMSM) capable of 

constant power operation in a wide driving range. 

IPMSM has a structure in which a permanent magnet is 

embedded in a barrier inside the rotor, and the shape of 

the barrier has a large effect on the electromagnetic 

characteristics. The barrier is sensitive to mechanical 

stiffness as well as electromagnetic properties, and the 

stress of the rotor is mostly concentrated on the barrier. 

This paper analyzes electromagnetic properties and 

mechanical stress through FEM(Finite Element Method) 

analysis. The stress concentrated in the barrier region was 

improved while maintaining the electromagnetic 

properties of the IPMSM used in the study. 

 

Keywords: Electric Vehicle, PMSM, Barrier, Rotor stress 

reduction, Mechanical stiffness, FEM. 

 

1. Introduction  

 

The IPMSM used in electric vehicles has very different 

characteristics depending on the shape of the permanent 

magnet used. The torque of the IPMSM is composed of the 

sum of the reluctance torque and the magnetic torque. And in 

the field-weakening control area, the use of the reluctance 

torque increases compared to the magnetic torque. The 

reluctance torque is determined by the salient ratio, which is 

the ratio of the q-axis and d-axis inductance. Therefore, to 

increase the salient ratio, a barrier structure that increases the 

q-axis inductance is required. And this structure concentrates 

the rotor stress on the barrier. To improve structural safety in 

the high-speed area, the stress concentrated on the barrier 

should be relieved. In this study, a barrier design was 

performed to relieve stress concentrated on the barrier while 

improving the electromagnetic properties of V-Shape 

IPMSM through FEM(Finite Element Method) analysis[1-5]. 

If the barrier shape is designed so that the stress can be 

improved, the electromagnetic characteristics can be 

significantly different compared to the existing model 

because the magnetic path inside the rotor changes. 

Therefore, it was necessary to first select a model whose 

electromagnetic characteristics differed within 5% from the 

existing model. In addition, it was hypothesized that the 

reduction of the q-axis inductance accompanying the 

improvement of the rotor stress could be improved by 

applying a notch at the end of the barrier. 

 

2. Design conditions for FEM analysis 

 

2.1. Base Model Analysis 

Figure 1 shows the shape of the 300kW class IPMSM used 

for FEM analysis. It consists of 8 poles and 72 slots and 

operates with a torque of 1800Nm at base speed. Since the 

base speed and the max speed are about 7000rpm different, 

the use of reluctance torque is important in the field-

weakening area. Therefore, the saliency ratio was designed to 

be large[6,7,8].  

In this study, stress concentrated on the rotor barrier was 

analyzed through FEM. The magnet of the rotor is composed 

of two layers of V-shape, and the magnet is designed in four 

segments to reduce eddy current loss. The d-axis magnetic 

flux path design was conducted to increase the protrusion 

ratio. [9,10] The rated speed and the maximum speed were 

1600rpm and 8500rpm enabling wide field weakening 

control. After designing the base model, the stress and 

electromagnetic properties were analyzed. The improved 



 

Copyrights @Kalahari Journals  Vol. 6 No. 3(October-December, 2021) 

 International Journal of Mechanical Engineering  

 

789 

 

model design was carried out by analyzing where the stress 

of the rotor barrier is concentrated[11,12,13]. 

 
Figure 1. IPMSM base model used for simulation 

analysis. 

 

2.2. Stress Improved Model Design Flow Chart 

Figure 2 shows the design flow chart. First, the 

electromagnetic characteristics are analyzed based on the 

designed base model. After the stress analysis of the base 

model, the shape of the part where the stress of the rotor is 

concentrated is improved and designed. The electromagnetic 

properties of the improved model and the degree of stress 

improvement are analyzed. 

 

 
Figure 2. Design flow chart of stress improved model 

 

2.3. Base Model Stress and Electromagnetic 

Characteristics Analysis 

It was impossible to diversify the barrier and notch 

structures to design the electromagnetic characteristics to be 

almost identical to the base model. Therefore, after the stress 

analysis of the base model, the study was conducted in the 

direction of designing an improvement in which the stress of 

the rotor is concentrated[14-17]. 

Figure 3 shows the barrier shape and stress analysis results 

of the base model. As a result of the analysis, the stress is 

concentrated in the part where the barrier of the magnet and 

the rotor closes. 
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Figure 3. Barrier shape and stress analysis result of the base model 

 

Electromagnetic properties were also analyzed. Based on 

the electromagnetic characteristics of the base model, the 

stress improvement design of the rotor was performed. Figure 

4 shows the TN and PN curves of the base model. 

 

 
Figure 4. TN curve and PN curve of the base model 

 

2.4. Stress Improved Model Design 

 
Figure 5. Shape and stress analysis result of stress improved model 

Figure 5 shows the barrier shape and stress analysis results 

of the stress improved model. The stress improved model 

reduced the barrier length to the rotor outer shell compared to 

the base model. In addition, the angle where the stress-

concentrated magnet and barrier meet was cut, and a nochi 

was applied to the outer shell of the rotor. As a result of the 

stress analysis, the magnitude of the maximum stress was 

reduced by about 130Mpa compared to the base model. In 

addition, the stress that was concentrated in one place was 

spread over a wide area, and structurally it was significantly 

stabilized. 
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Figure 6. TN curve of base model and stress improved 

model 
 

Figure 6 shows the TN curve of the base model and stress 

improved model. The TN curve of stress improved model in 

Figure 6 is the TN curve at the same point as the control point 

of the base model, and it is the curve when the same current 

and current phase angle are applied. When the same current 

was applied at the base speed, the stress improved model 

yielded a lower torque of about 20Nm. Since the length of the 

air gap included in the q-axis magnetic path is increased, 

about 9A more is applied to generate the same torque as the 

base model at the base speed, and the torque ripple increases 

by about 0.1%. However, at max speed, the operation 

depends more on the reluctance torque than on the magnetic 

torque. Accordingly, the applied current is reduced by about 

22A, and the torque ripple is reduced by 1%. Electromagnetic 

properties showed better properties than the base model, and 

improved results were obtained in terms of rotor stress. 

 

2.5 Comparison of base model and stress improved model 

 

 
Figure 7. Comparison of magnetic flux lines between base model and stress improved model 

 

Figures 7 and 8 show the comparison of magnetic flux lines 

and magnetic flux density between the base model and the 

stress improved model. 
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Figure 8. Comparison of magnetic flux density between base model and stress improved model 

 

Although the difference in electromagnetic characteristics 

is not large, looking at the magnetic flux density distribution 

in Figure 8, the saturation of the magnetic flux path between 

the magnet layers of the stress improved model is reduced. 

 

3. Conclusion 

 

As a result of calculating the safety factor through the 

material data of the steel plate used in the FEM analysis 

model, the safety factor of the optimal model was improved 

to about 1.40 compared to the safety factor of about 1.05 of 

the existing model. Through this study, it can be applied to 

the design of improving rotor stress and torque ripple for 

electric vehicles. 
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