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Abstract

A significant challenge with permanent magnet synchronous motors (PMSMs) is thermal
management. Thermal stress can lead to irreversible damage to components, and to enable
efficient cooling, a thermal model is needed. In this thesis paper, methods for estimating the
hot spot temperature of the windings in PMSMs used in heavy-duty EVs are investigated.
The methods include black-box models and lumped parameter thermal network-based
models. The results reveal that the implemented models are not sufficient for achieving
the desired accuracy, and indicate that more parts of the windings need to be considered.
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1 Introduction

A key factor in the struggle against climate change is the electri�cation of the automotive
industry [1]. The main component of electric vehicle (EV) propulsion is electric machines
(EMs), and a type of EM that is gaining in popularity is the permanent magnet synchronous
motor (PMSM) [2]. Figures 1.1 and 1.2 depict an EM and the cross-section of a PMSM, high-
lighting its different components. Part of the PMSM's success is due to its power density and
torque density [3], leading to ef�ciency at low speeds and causing it to replace the typical
induction motor. However, as the production of PMSMs is draining our planet of rare-earth
permanent magnets [4] and as high temperatures can cause damage to its components [5],
the importance of operating PMSMs in a sustainable manner grows.

In heavy-duty EVs such as electric trucks, the same trend can be observed as for passen-
ger car EVs [6]. Though, as the trucks weigh more, they pose greater constraints on their
motors in terms of thermal management. In order to cool PMSMs appropriately, knowledge
of their temperature is extremely relevant.

In this master's thesis, different thermal models for PMSM windings were investigated
for the purpose of simplifying thermal management. In the midst of global warming, this
might lengthen the life of heavy-duty EV motors and, consequently, contribute positively to
the environment.

1.1 Motivation

As a PMSM runs, power losses in different components lead to heat development. Thermal
stress can cause degradation in winding insulation, permanent magnets, and bearings [5],
while the maximum temperature of a PMSM is limited by the winding insulation or per-
manent magnets [8]. During heavy workloads, it is possible for the windings to reach over
180� C, while the temperature limit of the windings is 155 � C or less for several insulation
classes [9]. To prevent temperatures from rising too high, liquid cooling and torque limit-
ing are common. However, in order to know when to cool the motor and limit the torque,
awareness of the PMSM's maximum temperature (a.k.a. hot spot temperature) is necessary.
Measuring the temperature of the different parts of the EM is not always feasible, though. The
temperature gradient is not uniform in every component, meaning that multiple sensors are
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