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Abstract. The paper presents the influence of the air-gap width and shape upon the 

electromagnetic torque developed by the d.c. motor equipped with lap and wave winding 

respectively. Each case has a different air-gap under main poles. The results have in 

intention to point out the torque ripple in order to relieve the superiority of the wave 

winding from this point of view. The presented study relies on a FEM-based analysis. 
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1. Introduction  

This paper has in intention to put in evidence some advantages of using D.C. 

motor for different applications in the industry of classical and hybrid vehicles. 

The paper presents an analysis of a D.C. machine having the following four 

structures: 

- Zrot=16 slots and lap-winding; Zrot=17 slots and wave winding; 

- Zrot=27 slots and wave winding; Zrot=28 slots and lap-winding. 

For each of the four presented structures, two types of air-gaps have been 

simulated: a constant air-gap with a 0.5 mm width and a variable air-gap, larger 

to the edges of the poles, up to 1.5 mm. 

The main purpose of the simulation was to establish the torque values in 

order to evaluate the torque ripple. The calculation was performed by using 

Flux 2D magnetostatic analysis. 

The method took into consideration different positions of the rotor 

corresponding to the current commutation in the winding sections. As 

consequence, for each position was necessary to establish the position of the 

coils in the current paths. 

We have taken into account a linear commutation for each rotor position and 

the current values corresponding to each rotor slot. 

The torque ripple has been calculated with the following expression: 
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where Tmax, Tmin - maximum and minimum torque value respectively. 




