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The effect of punching of electric motor sheets on electrical machine performances is addressed. The approach is 
using measurement and modelling of mechanical stress effect on B(H) curves. A new coupled magneto-elastic 
Preisach model is proposed and implemented in FEM software. Modelling of EV motor highlights a torque 
reduction due to residual stresses after stator sheets punching. 

Keywords: B(H) curve versus stress, Preisach model, punching 

1. Introduction 
    When modelling electric motors, the computation of 
efficiency must be as accurate as possible. Strong 
discrepancies are however usually observed between 
measured and computed efficiency. After deep analysis, it 
seems that the punching of electrical steels influences the 
available flux density that is crossing slot between coils. 
The flux density is not uniform in this part, due to residual 
stresses. The goal of this work is to quantify the residual 
stress effect.  

2. Measurement and method 
    Experimental data consist of B(H) curves of steel strips 
subjected to different mechanical stress levels applied 
along the magnetic measurement direction (fig1). The 
Preisach model has then been used to find out a set of 
stress-dependant coefficients. The variation of coefficients 
with stress is in close relationship with the variations of 
coercive field, remanent induction, and permeability with 
stress. A coupled magneto-mechanical approach allows 
physical based functions to be proposed to describe the 
evolution of Preisach parameters with stress.  

   
Figure 1 : device for B(H) curve versus stress measurement 

and first magnetization experimental results 

3. Modeling 
    The punching of the stator slot has been modelled using 
a Johnson-Cook constitutive law implemented in Altair® 
Radioss®. A multiaxial residual stress has been extracted 

leading to the calculation of a magneto-elastic equivalent 
stress. This stress level has been introduced in Altair Flux 
and applied to the calculation of a complete EV motor 
where the magnetoelastic Preisach model has been used. 
Impact of residual stresses due to punching on the machine 
torque has been evaluated (fig 2).  

 
Figure 2 : remaining stress after punching and impact on torque 

4. Conclusion 
    A new method is proposed to analyze effect of 
punching on cutting edge of stator slot, based on FE 
method with Preisach model depending on mechanical 
stress. After matching with measurement, the new model 
is applied to evaluate the punching effect on electric 
motor torque.  
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