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Abstract –In this work, a detailed investigation is conducted on the influence of temperature on the performances of 
electrical machines operating under high-temperature conditions. The analysis is carried out on a synchronous 
reluctance motors (SyRM) using advanced magneto-thermal modeling, which accurately considers the influence of 
temperature on the electromagnetic and thermal behaviors of the machine. The strategy integrates both the 
magnetic non-linearity and the temperature-dependency of the electromagnetic and thermal properties of the 
materials. The numerical modeling is coupled to the circuit equations to consider voltage power supplies. The results 
highlight the efficacy and the performances of the developed electromagneto-thermal modeling approach. 
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1.  Introduction  

Following the energy transition aiming to develop greener systems, the electrification of power chains is essential and is 
now widespread in all sectors, facing requirements on volume and weight in embedded systems leading to an increase 
in power densities and sometimes a cohabitation of the electrical systems with elements imposing high temperatures 
[1]. These unusual conditions change the design dogmas, requiring the consideration of coupled thermal and magnetic 
phenomena. Indeed, the design process necessitates magneto-thermal modeling considering the electromagnetic and 
thermal behaviors of materials under high-temperature conditions [1-11]. 

Electromagnetic and thermal phenomena develop in very different ways in both space and time, making this type of 
molding complex and often computationally intensive, which is not in favor of design and optimization process. In some 
cases, it is necessary to locally synchronize the evolution of electromagnetic and thermal quantities [12], introducing 
additional constraints on the spatiotemporal discretization of the problem, as the spatial step is tied to the temporal step 
in time-domain numerical modeling. Since thermal phenomena evolve much more slowly than electromagnetic ones, a 
weak coupling strategy is typically used in this type of modeling. Structural complexity and movement add further 
challenges when magneto-thermal modeling is applied to electrical machines. Specific modeling strategies must be 
employed in such cases to achieve the best balance between accuracy and computation time, depending on the desired 
outcomes. The finite element method (FEM) is better suited for this type of modeling compared to analytical or semi-
analytical (lumped parameter) methods, thanks to its ability to manage complex geometries and nonlinearities. In this 
context, this work presents a simplified magneto-thermal modeling approach for a switched synchronous reluctance 
machine operating at high temperatures. This type of machine offers several advantages such as robustness, which makes 
it widely used in embedded systems [1].  

In the literature, the most commonly used strategy for modeling electrical machines operating at high temperatures, 
while accounting for magnetic and thermal phenomena, is the model in which the current density is imposed without 
any coupling with the external electrical circuit. This strategy simplifies the modeling process because it does not take 
into account the complexity of the overall electrical behavior of the system the interactions between the machine and 
the power supply circuit are not fully considered.  

In this work, the strategy consists of modeling and numerically solving the magneto-thermal model considering the 
interactions between the machine and the power supply circuit (Fig.1). This approach is more complex because it 
integrates the interactions between the machine and the power system. The model must thus solve both the equations 
of the circuit and those of the machine, which increases the accuracy of the results, but also the computational load. 
Thus, the modeling strategy developed in this paper is specifically designed to reduce computation time. 
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Fig. 1. Magnetothermal modeling strategy 
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