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This paper presents the optimal design method of cage-bars in a single-phase line-start permanent magnet
synchronous motor considering the starting torque and magnetic saturation. This method consists of two
procedures. First, the basic design of cage-bars is made by analytic method of a single-phase induction motor.
In this case, the equivalent magnetic circuit method is used but this method cannot consider nonlinear characteristic as magnetic saturation and leakage flux. Second, for considering the nonlinear characteristics, the
optimal design of cage-bars is performed by the response surface method (RSM).
1. Procedure for Design of LSPMSM
The design process of LSPMSM is as follow. First, using the stator with winding and air-gap volume in conventional single-phase induction motor, the outside diameter of rotor can be determined. Next, the basic cage-bars
design to maximize the starting torque is performed. After the basic cage-bars design is determined, the shape
and the position of permanent magnet are determined. And the barrier is designed to minimize leakage of
magnetic flux.
2. Optimal Rotor Design
The basic design of rotor is only considered to the starting torque. Because the LSPMSM adjust the magnetic
flux path such as barriers at steady state, the LSPMSM need to consider the optimal design including the magnetic saturation and the leakage flux, which cannot be considered by analytic method. These two components
are concerned with efficiency as well as starting torque.
The parameters of the cage-bars design are performed by setting up the limited flux value of possible points
of the magnetic saturation and the leakage flux. Using RSM, the design of rotor calculates the optimal value.
3. Experiments
The prototype of optimized model is not manufactured. So, to verify optimized model, the FEM result and
experiment result of original model are compared. Through the FEM, it was confirmed that the start time was
faster than the existing model.
4. Conclusion
Through the design process, the optimized model has higher starting torque and higher efficiency.
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