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Abstract

The design and simulation of electrical machines play a pivotal role in several
industries such as automotive, robotics, industry applications, and appliances. The
systematic design of custom electrical machines requires linking system-level
specifications, magnetic, mechanical, thermal constraints, and drive behavior within a
single workflow. Yet, in practice this workflow is often fragmented across multiple
commercial tools, which limits reproducibility and hinders rapid design exploration.

This tutorial presents a unified, hands-on workflow for the design and optimization of
interior PM synchronous motors (IPMSMs) using SyR-e, an open-source, MATLAB-
based framework widely used in research and education. Participants will start from
the specifications of an 18 krpm traction IPMSM and carry out a volume-constrained
preliminary design, based on a FEA-calibrated, multi-physical view of the design
space, graphically summarized in the (x,b) design plane. Selected machine candidates
will then be characterized, including fault analysis, and refined for torque-ripple
reduction by either rotor skewing or local optimization.

Further validation includes automatic generation and simulation of the electric drive
model, with a focus on PM segmentation design under PWM supply. Finally, the
optimized machine will be size-scaled to comply with a higher maximum-speed
requirement of 25krpm, achieving active-volume reduction by means of the multi-
physical design-by-scaling procedure embedded in SyR-e.

At the end of the tutorial, participants will be able to:

e Apply a structured, system-level-constrained design and analysis workflow for
electrical machine design using SyR-e.

e Perform preliminary design and identify optimal trade-offs.

e Assess electromagnetic, thermal, structural, and fault-related performance
metrics.

e Use the design-by-scaling technique for rapid redesign.

The tutorial includes hands-on activities supported by pre-computed models
distributed in advance. Participants can replicate the presented steps using either
MATLAB Online or MATLAB Desktop. For desktop users, the latest MATLAB release
is recommended, together with FEMM and the latest SyR-e version, available on
GitHub: https://github.com/SyR-e/syre pubilic.
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