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This paper proposes an electric propulsion system model including driver, motor and 

vehicle, for coupled electromagnetic-thermal 1D simulation, and utilizes the model to 

optimize the electric vehicle traction motor in target driving cycle. To examine the 

magnetic saturation effect and the temperature change during operation in the motor 

subsystem efficiently, look-up tables constructed by equivalent magnetic circuit network 

analysis and lumped parameter thermal network analysis are employed and verified with 

the finite element method, respectively. Using the proposed system model, 1D simulation 

is conducted over urban and highway driving cycles having opposite characteristics and 

showed that characteristics of induced current and the temperature change of the motor 

can be predicted according to the velocity profile of the vehicle.  

Efficiency maximization of the traction motor is performed with design variables 
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consisting of cross-sectional dimensions of the motor and reduction gear ratio, where the 

maximum output torque is constrained. Performances are approximated by kriging 

surrogate models and genetic algorithm is utilized to carry out efficient and global 

optimization in the bounded design space. It is found that the coupled electromagnetic-

thermal 1D simulation can be exploited to obtain optimal design for any target driving 

cycle. Moreover, high computational efficiency, accomplished by system model and 

equivalent circuit networks, contributes that the proposed simulation and the optimization 

process can be applied to the concept development of other electric propulsion systems. 
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