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Thermal Network Modeling of Heat Dissipation
Structure of Power Devices with PCM to
Enhancing Short-Term Overload Capacity

Xingjian Shi', Bin Yu®?, Qiang Wu?, Dong Hai?, Haoze Luo?, Wuhua Li?, Xiangning He?

! Polytechnic Institute of Zhejiang University, Zhejiang University, China
2 College of Electrical Engineering, Zhejiang University, China
3 College of automation, Nanjing University of Information Science and Technology, China

Abstract--Modern electronic devices require power
supplies with higher flexibility, such as the ability to handle
short-term overload of power devices. Phase Change
Material (PCM), with high heat capacity at specific
temperatures, can be integrated into heat dissipation
structures to address short-term overload. This paper
proposes a power device heat dissipation structure with
PCM, which effectively suppresses the increase in junction
temperature during overload (Decrease by 45% in 5 seconds
at 25W overload). Furthermore, a thermal network modeling
method for this structure is proposed, and through
simulation and experimental validation, it is demonstrated
that the error of this method is less than 5%.

Index Terms -- Thermal Network model, PCM, Power
Device, Short-Term Overload Capacity

1. INTRODUCTION

In solid-state circuit breakers [1,2], VSC-HVDC
systems [3,4,5] etc., there is often a short-term overload
demand for power devices. This poses new challenges to
the short-term current-carrying capacity of the device and
the heat dissipation structure. However, as shown in Figure
1, the heat dissipation capability of traditional cooling
methods is linearly related to the device temperature rise.
Designing a cooling system to meet device overload
conditions will inevitably result in wasted heat dissipation
capacity under normal operating conditions [6].
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Fig. 1. Conventional heat dissipation capacity vs temperature rise
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Dautov and his team designed a highly sensitive and
selective automatic unloading algorithm for calculating
power grid transients from the perspective of power
distribution, reducing the likelihood of overload for a
specific device from the power distribution perspective [7].
Gao and his team, from the perspective of power module
design topology, proposed a method to add an intermediate
inductance in the half-bridge structure to effectively
reduce device heating by suppressing current rise [8].
However, these methods did not fundamentally enhance
the overload capability of individual devices. All methods
ultimately lead to improving the heat dissipation capability
of individual devices under specific overload conditions.

Phase change material (PCM) have the characteristic of
melting and absorbing heat at a specific temperature while
maintaining a constant temperature. It can be equivalent to
a larger heat capacity in a specific temperature range,
absorbing the heat generated by the chip during overload,
as shown in Figure 2. If the steady-state operating
temperature of the device is set just below the phase
transition temperature, once the device is overloaded, the
phase change material (PCM) will utilize its larger heat
capacity to absorb heat flow, thereby stabilizing the device
temperature, reducing the temperature rise of the device,
and enhancing the device's short-term overload capability.

-

Mesophase

S = Latent Heat

Solid phase Liquid phase

Specific heat capacity (J/Kg*L )

Tempreture (L )
Fig. 2. Trend of specific heat capacity of PCM with temperature rise

Some existing research on the utilization of PCM
cooling structures for power devices typically focuses on
longer time scales (10-1000 seconds) [8, 9] and is unable
to address short-term overloads (1-5 seconds).

This paper designs a TO247 cooling structure
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