Using Multiphysics Tools to Fita PMSM Simulation

Model with Experimental Results
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ABSTRACT

Permanent Magnet Synchronous Machines (PMSM) are widely
considered for different applications such as electric vehicles (EV),
industry, or electric appliances. Some PMSMs are designed for versatility
across environments to meet complex requirements. Making machine
models align with real-world measurements is crucial. A fitted
Multiphysics simulation model helps predict machine behavior, even in
adverse conditions like short circuits, eccentricity, and overloads,
preventing motor damage during testing. Fitting complex models with
measurements in the Multiphysics domain is challenging, requiring
specialized knowledge for real-world experiments. To fit complex models,
identifying geometric and physical tolerances is essential for proper
fitting. Then, the most relevant variables should be selected for each
model. Adjust the variables in the tolerance range to fit with
measurements. This tutorial proposes a complete Multiphysics model,
which includes electromagnetic, thermal, and vibration domains, fitting
them with experimental results. The variables significant in various
domains will be identified and adjusted for each part. This will enhance
model robustness, making it the ideal candidate for designing strategies
and fault analysis.

A practical example using a PMSM machine called lkerMaqg will be
proposed as an example case. Below fittings are performed on the
lkerMag machine from Experiment and Simulation:

1. Electromagnetic fitting:

a. Goals: Torque, Flux through teeth, Maxwell forces

b. Relevant variables to be adjusted: Magnet remnant Flux density, Airgap
length, and Airgap length with eccentricity

2. Thermal analysis:

a. Goals: Inset coils, End winding, Frame temperatures

b. Relevant variables to be adjusted: Insulator thermal resistance, Cooling
air speed, Contact resistance, Stator-housing

3. Vibroacoustic analysis:

a. Goals: Maxwell pressures, Natural Frequencies

b. Relevant variables to be adjusted: Stator geometric tolerances,
Winding Mass, Housing

To obtain measurements, the Ikermaq machine is coupled to traction
motor test bench, which is equipped with sensors to measure required
quantities.

For the simulation of Ikermaq, Altair Flux, FluxMotor, and Hyperstudy
tools are used.
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