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Conclusion

Context Parametrization Results & Discussion
Op�mal design of SynRM involves

   •     Maximizing the mean torque

   •     Ensuring the structural integrity

   •     Limi�ng the torque ripple

But also

   •     A high number of parameters

   •     Costly FEM evalua�ons

⇒ Consequent op�miza�on �me (200 hours).

In ECCE2021, we reported that op�mizing the ribs separately from 

the flux barriers significantly lowers the op�miza�on �me,  

preserves the mean torque, but fails to consistently limit the torque 

ripple. This is due to unaccounted parameter interac�ons. 

In this study, we perform a global sensi�vity analysis to be�er 

understand the interac�on between parameters by decomposing 

the variance of the outputs, using Sobol indices.

⇒ From this analysis, we propose an op�miza�on strategy.

This parametriza�on highlights the main factors impac�ng the mean torque.

For 4 flux barriers, there are 33 parameters:

   •     1 for the air-to-rotor ra�o, 1 for the electric angle

   •     4 for the flux guides, 3 for the flux barriers

   •     4 for the thicknesses of the radial ribs, 4 for the tangen�als

   •     16 for the fillets (proven negligible by the sensi�vity analysis)

Sensitivity Analysis 

Maximize the mean torque, 

using the most significant

parameters

Ensure the structural integrity, 

while minimizing the changes 

on the tangen�al ribs 

Minimize the torque ripple, 

by redistribu�ng the flux 

barriers and the flux guides
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Ribs are predimensioned before minimizing the torque 

ripple, to minimize the effects of the last op�miza�on

The torque ripple op�miza�on can be aborted once the 

constraint is sa�sfied → Alternative strategy

To account for the stochas�city of the op�miza�on algorithm, the 

repeatability of the strategies is tested by performing 3 independent 

runs. The obtained designs are very similar in their geometrical 

configura�ons and electromagne�c performance.

Using the proposed approaches, the torque ripple has been brought 

lower than the reference design, for an eighth of the total 

op�miza�on �me and an equivalent output torque.

Sensi�vity analyses can be used to propose a sequencial op�miza�on 

strategy that sa�sfies the constraints with minimal impact on the 

main objec�ve, while showing good repeatability.

Optimization strategy

Reference

Reference op� �me: 200 hours

Mean op� �me: 80 hours

Mean op� �me: 26 hours

- Parameter x affects several outputs
- Parameter x affects a single output

Torque ripple

Von Mises stress

Mean torque
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