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The number of electrical components installed in automobiles is increasing 

due to the popularization of electric vehicles (EVs), advanced driving assistance 

systems (ADAS), and other state-of-the-art technologies. It is known that high 

operating temperatures of electrical components can lead to performance, 

reliability, and safety issues. Conducting thermal simulations to predict 

component operating temperatures in thermal design is common. However, 

temperature predictions have traditionally been limited to steady-state 

conditions. In recent years, there has been a growing demand for high-accuracy 

transient temperature prediction to enhance product competitiveness. 

Conducting transient thermal simulations poses several challenges, including 

obtaining detailed heat generation profiles for components, selecting 

appropriate thermal models that can predict transient temperatures, and reducing 

computational costs. In this study, by using detailed heat generation profiles 

obtained from electrical circuit simulations, we investigated the differences in 

predicted temperature between a simple component model and a detailed model, 

and the effectiveness of using average power instead of instantaneous power. 

Several types of modeling methods for components are commonly used, 

namely the simple model and the detailed model, as shown in Fig. 1. The simple 

model consists of a cuboid, and thermal properties inside the component are 

expressed as equivalent thermal conductivity. On the other hand, the detailed 

model consists of several cuboids, and thermal properties inside the component 

are represented accurately by thermal conductivity and outlines defined within 

these cuboids. Figure 2 shows the periodic heat generation of a metal-oxide-

semiconductor field-effect transistor (MOSFET) obtained from circuit 

simulations. MOSFETs are used as switches, and their heat generation consists 

of switching losses due to switching operations and on-state losses due to on-

resistance. Since these losses vary with the MOSFET’s switching frequency, 

transient thermal simulations with very fine time steps are required to accurately 

predict its operating temperature. Figure 3 shows the time dependence of 

temperature rise both for the detailed model and the simple model. As can be 

seen, while the detailed model can accurately predict temperatures reflecting 

time variations in heat generation, the simple model fails to reproduce the fine 

temporal variation in temperature. This is attributed to the difference in the 

reproducibility of temperature variations against heat generation fluctuations, 

depending on the modeling method. This highlights the importance of choosing 

a suitable modeling method for the component to accurately predict the transient 

temperature.  

 

 
 

Fig.1 (a)Simple model and (b) detailed model 
 

 
 

Fig.2  Transient generation power  obtained 

from electrical circuit simulations 

 

 
 

Fig.3  Time dependence of temperature rise for the 

detailed model and the simple model 
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