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ABSTRACT: It is difficult to accurately assess the thermal
safety of power devices in fully-sealed converter due to the
random convection, which seriously affects the validity of the
load capacity evaluation of the converter. Therefore, this paper
proposed a load capacity dynamic assessment method of power
devices for fully-sealed converters under random convection.
Firstly, the random sample of convective thermal resistance of
a converter shell was extracted, based on historical operation
data and thermal network model. Next, the random simulation
of the convective thermal resistance of the shell was realized
by using wavelet packet transform and Markov chain principle.
Then, the junction temperature fluctuation of the power device
was simulated, based on the sequence of convective thermal
resistance and load current levels. Finally, the optimal load
current limit of the converter was determined by the
over-temperature risk of the power devices and growth
function. An experimental platform for H-bridge converter with
controllable environmental convection was designed. The
relevant experimental results show that the proposed method
can effectively improve the reliability and economy of the

fully-sealed converter.
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Fig.3 An experimental platform for full-sealed converter

with controllable environmental convection
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Table 1 Thermal network model parameters of

power devices

ZH Bl ZH Bl
Ry/(T/W) 02736 C1u/(J/C) 0.0014
Ry/(T/W) 0.3376 Co.l(1/C) 0.0123
Re/('C/W) 1.0521 C/(IC) 12.2064

SsErah, B EA 3 NEEDRE: D
AR A D) R AL 10kHZ 1Rk B8 U 1 (pulse
width modulation, PWM){5 5, F45 & M5
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Fig. 6 The junction temperature fluctuation of power

devices in the converter under random convection
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With the continuous expansion of power conversion
requirements, power converters with fully-sealed
structure have been widely used in various outdoor
occasions. Due to the random thermal convection caused
by the uncertainty change of ambient wind speed, it is
difficult to accurately assess the thermal safety of power
devices in fully-sealed converter. This seriously affects
the validity of the converter load capacity evaluation and
then reduces the reliability and economy of power
converter. To address this issue, a load capacity dynamic
assessment method is proposed for the fully-sealed
converter under random thermal convection in this paper.

In the proposed assessment method, a thermal
network model of power devices, as shown in Fig. 1, is
established to describe the relationship between devices
junction temperature, converter case temperature and
ambient temperature.

Fig. 1 Thermal network model of power devices

Then, the random sample of convective thermal
resistance of converter shell is extracted based on the
historical monitor data and above-mentioned thermal
network model. The wavelet packet transform and
Markov chain principle are employed to simulate the
random variation of the convective thermal resistance of
the converter shell, as shown in Fig. 2.

With the simulated convective thermal resistance,
the random fluctuation of devices junction temperature
can be obtained accurately. After that, the over-
temperature risk of the power devices is estimated with
different load current levels and is fitted by the Peel
growth function, as shown in Fig. 3.
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Fig. 2 Random simulation of convective thermal resistance
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Fig.3 Over-temperature probability and fitted growth function

Finally, the load capacity of fully-sealed converter
is assessed effectively with the Peel growth function.
Fig. 4 shows the experimental results for the validation
of proposed assessment method. When the load current
of converter is set to 4.7A (this is the load current
estimated by the proposed method), the maximum
junction temperature of the device is very close but less
than 85°C. This indicates that the proposed method can
effectively assess the maximum load capacity of
converter and guarantees the thermal safety of power

devices under random thermal convection.
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Fig. 4 The experimental results for validation



