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A multiphysics approach is crucial in the design, analysis, and optimization of modern
electric machines. It provides a comprehensive and accurate framework, across multiple
physical domains, for the optimization of electric machines and the prediction of their
behavior. By simultaneously considering electromagnetic, thermal, mechanical, and
control aspect of the design, this methodology enables engineers to improve
performance, minimize noise and vibrations, and enhance overall reliability and efficiency.
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Rotating machine designers commonly face challenges such as thermal management, m I
mechanical stress mitigation, and acoustic noise remediation. An accurate evaluation of M [
I

the losses is important, as it directly informs thermal design. The thermal behavior and Lavanya

impacts long-term machine durability. Acoustic noise—often driven by radial forces —is l ) VEGE D ELE!
influenced by factors including machine topology and harmonic content of excitation </ ; ; ;
frequencies. To mitigate such effects, engineers typically: (1) adapt control strategies by " \\‘ Altair Engmee”ng
tuning excitation frequencies, (2) optimize rotor and stator geometries, and (3) enhance |

mechanical structures. However, such optimizations require a thorough understanding of —

the interdependency of the physical domains, necessitating the use of multiphysics

analysis.
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A comprehensive multiphysics workflow integrates several critical subdomains:

1. Electromagnetic Analysis:

This forms the foundation, assessing key parameters such as torque, efficiency, back
EMF, and losses (iron losses and Joule losses). Electromagnetic forces also serve as
inputs for subsequent mechanical and NVH analyses, helping predict excitation sources
for noise and vibration.

2. Thermal Analysis:

Thermal simulation uses electromagnetic loss data to evaluate temperature distributions
throughout the machine. Accurate thermal predictions help engineers develop effective
cooling strategies, choose optimal materials, and ensure the design remains within
operational limits under various loading scenarios.

3. Mechanical Analysis:

Structural assessments identify rotor stress, fatigue, and deflection under dynamic conditions, ensuring mechanical integrity. Additionally, NVH
(Noise, Vibration, and Harshness) analysis quantifies the impact of electromagnetic forces and excitation harmonics on vibration modes and
audible noise, guiding design improvements to meet noise regulations and enhance user experience.

4. Control Analysis:

Electrical excitation waveforms, including their harmonic content, influence all other physical domains. Analyzing control strategies allows
engineers to tune performances, minimize losses, and reduce sources of vibrations and noise. Understanding these effects in a coupled manner is
key to designing robust and high-performance machines.

In summary, multiphysics analysis provides a unified and iterative framework for addressing the comple, interrelated challenges in rotating
machine design. This approach enables a deeper understanding of cross-domain interactions and supports the development of quieter, more
efficient, and more durable electric machines.
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