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Optimal shape design of rotor bar in induction motor for torque maximization.

G. Lee, S. Min, J. Hong
Mechanical Engineering, Hanyang University, Seoul, Republic of Korea

Permanent magnet(PM) motor is widely used for the hybrid electric vehicle due to its high power
density and compact size. However, recently due to the problem of supply and demand for rare
earth metals the manufacturing cost tends to increase so that non-permanent magnet motors like
reluctance motor and induction motor are paid attention to be an alternative. Particularly, the induc-
tion motor has advantages like ease to manufacture and robust to maintain[1], but lower power den-
sity is pointed out as a weak point compared to PM motor. Hence, many studies have been carried
out to increase the performance including shape optimization of stator, rotor[2] and rotor bar[3,4]
in the induction motor. Previous works are elusive to achieve desired improvements in power per-
formance since few parameters are controlled. One important focus is the shape of the rotor bar
since is one of the most important factors to improve the performance in the induction motor[5,6].
In this paper, level-set function is adopted to express material boundaries between rotor bar and a
ferromagnetic and material property of relative permeability is determined by the level-set distri-
bution. The optimization problem is formulated to maximize the torque at rated speed under the
specified volume fraction(VF) within the design domain. Implicit material boundaries are moved
by speed function which governs the level-set equation and normal velocity calculated using sen-
sitivities of the objective function and the constraint by the adjoint variable method. 
The proposed method is applied to optimal shape design of rotor bar in the induction motor for
hybrid electric vehicle of 50kW capacity. The reference design of the induction motor and the
design domain of the rotor bar are shown in Fig. 1 Since the rated speed of the reference model is
2904rpm, torque is calculated based on the corresponding condition by input voltage 100 Vrms.
Fig. 2 shows the optimal designs of the rotor bar with respect to different volume fractions and opti-
mal volume fraction to maximize mean torque is determined by the spline curve interpolation. Ref-
erence design and the optimal design are shown in Fig. 3. It is noted that the optimal design relax-
es the saturation effect in the inner side of rotor and has a chamfer to avoid the saturation in the
bridge and the air gap. Optimal volume fraction maximizing the torque performance is found at
VF=0.72. To validate the proposed method, efficiency and power factor are calculated and it is
summarized in Table 1 that the optimal design provides 5.89%, 16.67% and 16.22% increase in
torque, efficiency and power factor, respectively.
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Performance Comparison between refer-

ence and optimal design
Fig. 1 Configuration of induction motor: (a)

reference design (b) design domain

Fig. 2 Torque and optimal configuration

according to different VFs

Fig. 3 Comparison of rotor bar configura-

tion : (a) reference design (b) optimal

design(VF=0.72)
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