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difficult is the demagnetisation of ferrite magnets whereas rare-earth materials show opposite behaviour. 

For these reasons, rare-earth materials are typically employed in high-performance environments [3], 

whereas ferrite magnets are the optimal choice where costs saving is the priority. 

 
Figure 1. Rotor schematisation (a) and portion of rotor thin sheet (b). 

 

From the electromagnetical point of view, Lovelace et al. [4] underlined how bridges surrounding 

the magnets cavities create a sort of magnetic short circuit, reducing the performance of the steel sheets. 

On the other hand, from the mechanical point of view, the same bridges are required to sheet continuity 

and to adequate thermo-structural resistance, especially in high-performance situations. High speed 

rotation typical of electric rotors generates centrifugal forces. Since PMs are less stiff than the electrical 

steel, their deformation due to centrifugal forces translates into additional loading of the steel bridges, 

[4].  

A compromise between electromagnetic and thermo-mechanical behaviour is sought through a shape 

optimisation process and this paper is concerned with the mechanical implications. Parameters that can 

influence shape optimisation are discussed in [4-7] in terms of stress reduction: radius of holes, which 

acts as stress concentrators; addition of ribs to lamination geometry, which opposes to centrifugal 

stresses; rotor sheet material, which affects yield stress and core losses; maximum rotor speed, and 

finally rotor diameter. In particular, the latter influences the radial deflection, and so the deflection of 

the boundaries which directly affects the stress concentrations near bridge edges. An example of the 

FEA stress field contour of a rotor steel sheet during service condition is shown in Figure 2. Clearly, a 

preliminary complete knowledge of the thin sheet material response is needed to set critical conditions 

for the shape optimisation process.  

Electrical steel can be described as a mild steel (i.e. low carbon content) rich in Silicon (generally 

3%) and with a rather coarse microstructure (grain size of the order of 0.1 mm). As a consequence, a 

thin sheet contains only few grains in the thickness, and their interaction with the surrounding may be 

more relevant with respect to thicker materials [8]. 

Manufacturers know how to tailor both the mechanical and the electromagnetical behaviour of 

electrical steels by modifying Si content, increasing grains size and reducing sheets thickness [9,10]. 

From the electromagnetical point of view, the higher the Si content, the higher the electrical resistance 

and the lower the power loss. However, if Si content increases, magnetic saturation induction decreases 

and therefore torque decreases. So the Silicon content is chosen depending on the application.  

 




















