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The switched reluctance motor (SRM) presents an appealing option in electric-vehicle propulsion
systems due to its cost-effectiveness and lack of rare-earth materials. However, its inherent
vibration and acoustic noise pose significant challenges, limiting its widespread adoption in such
applications.

The primary source of vibration and acoustic noise in SRMs is the electromagnetic radial forces
acting on the stator. In SRMs with numerous stator poles, flattening the radial-force sum emerges
as a viable strategy to mitigate the dominant breathing mode vibration. Flattening the radial-force
sum is the elimination of the multiples of the third temporal radial-force component. Traditionally,
achieving this flattening has relied on either analytical current derivation or numerical sweeping of
current parameters.

This thesis introduces a novel analytical approach that considers phase shifts in the current
waveform to achieve radial-force sum flattening. This comprehensive mathematical derivation
significantly reduces torque ripple and rms current compared to previous methods in the literature.
However, magnetic saturation considerations were absent from this initial analytical derivation.
Acknowledging this limitation, a second method is proposed: radial-force shaping based on the
logistic function. By integrating offline lookup tables of radial-force characteristics, this method
ensures a constant sum of radial forces even under magnetic saturation conditions.
Nevertheless, the radial-force shaping method exhibits significant current peaks, necessitating
higher-rated inverters and escalating costs. To address this challenge, a third hybrid approach is
presented, combining analytical current derivation with radial-force estimation and shaping. This
synergistic method not only mitigates current peaks compared to standalone radial-force shaping
but also maintains the desired radial-force sum flattening.

Finite element analysis and experimental verification underscore the efficacy of the proposed
methods. Comparative analyses against conventional techniques and previous literature
demonstrate superior performance in minimizing vibration and acoustic noise, torque ripple, rms
current, and peak current. Specifically, the investigation focuses on an 18/12 SRM constructed
from high-silicon steel, reaffirming the versatility and applicability of the findings across SRM
designs.
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The switched reluctance motor (SRM) presents an appealing option in electric-vehicle propulsion systems due to its cost-effectiveness and lack of rare-earth materials. However, its inherent vibration and acoustic noise pose significant challenges, limiting its widespread adoption in such applications.
The primary source of vibration and acoustic noise in SRMs is the electromagnetic radial forces acting on the stator. In SRMs with numerous stator poles, flattening the radial-force sum emerges as a viable strategy to mitigate the dominant breathing mode vibration. Flattening the radial-force sum is the elimination of the multiples of the third temporal radial-force component. Traditionally, achieving this flattening has relied on either analytical current derivation or numerical sweeping of current parameters.
This thesis introduces a novel analytical approach that considers phase shifts in the current waveform to achieve radial-force sum flattening. This comprehensive mathematical derivation significantly reduces torque ripple and rms current compared to previous methods in the literature. However, magnetic saturation considerations were absent from this initial analytical derivation.
Acknowledging this limitation, a second method is proposed: radial-force shaping based on the logistic function. By integrating offline lookup tables of radial-force characteristics, this method ensures a constant sum of radial forces even under magnetic saturation conditions.
Nevertheless, the radial-force shaping method exhibits significant current peaks, necessitating higher-rated inverters and escalating costs. To address this challenge, a third hybrid approach is presented, combining analytical current derivation with radial-force estimation and shaping. This synergistic method not only mitigates current peaks compared to standalone radial-force shaping but also maintains the desired radial-force sum flattening.
Finite element analysis and experimental verification underscore the efficacy of the proposed methods. Comparative analyses against conventional techniques and previous literature demonstrate superior performance in minimizing vibration and acoustic noise, torque ripple, rms current, and peak current. Specifically, the investigation focuses on an 18/12 SRM constructed from high-silicon steel, reaffirming the versatility and applicability of the findings across SRM designs.
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