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A high efficiency NVH simulation methodology for vehicle driving motor based

on electromagnetic force approximation
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Abstract FElectromagnetic noise generated from the driving motor used in electrical vehicle is an important
topic in the research field of noise, vibration, and harshness(NVH), whose simulation for multiple operating
conditions over the full speed range needs a large amount of time and computational resources. In this paper,
the dependence of the air gap electromagnetic forces on the motor rotation speed is revealed by means of
electromagnetic finite element analysis. Based on the force-speed relation, force scaling and force interpolation
algorithms are proposed to approximately calculate the electromagnetic forces for different operation conditions
on the external characteristic curve. A force mapping algorithm is presented to apply electromagnetic forces
to the structural finite model, and acoustic finite element analysis is used to calculate electromagnetic noise
radiated from the motor. The presented NVH simulation methodology can significantly reduce computation
time consumed in multiple operation conditions, and observably improve simulation efficiency.
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Fig. 1 External characteristic curve of the motor
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Fig. 2 Time history and frequency spectrum of the radial electromagnetic force density
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