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Real-Time Detection of Semiconductor, Copper, and Iron Losses in Power Converters with Heat Flux Sensors

Soma Murai”, Kazuyuki Hirao, Keisuke Kusaka, (Nagaoka University of Technology)

This paper proposes a detection method that separately measures semiconductor, copper, and iron losses of power converters in

operation using heat flux sensors. A heat flux sensor directly measures the heat flux emitted from an object, and the power loss is

calculated from the corresponding measured heat flux. By installing multiple heat flux sensors at each heat source, semiconductor,

copper, and iron losses can be detected separately. To experimentally validate the proposed method, heat flux sensors were attached

to the semiconductor device, the winding, and the core of the inductor in a buck converter. The heat flux from each component was

measured by the sensors, and the corresponding losses were calculated with each surface area. All measured losses reached a steady

state after approximately 3 hours. At steady state, the total measured loss was 5.0 W, whereas the theoretical total loss under the

same operating conditions was 4.3 W, resulting in an error of 15 %. These results demonstrate the effectiveness of the proposed

method for separately measuring semiconductor, copper, and iron losses of power converters in operation.
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Fig. 1. Structural diagram of a heat flux sensor.
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Fig. 2. Measurement method for semiconductor loss.
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Fig. 3. Measurement method for power loss in magnetic components.
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Fig. 4. Experimental circuit and heat flux sensor arrangement.
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Table 1. Circuit parameters and heat flux sensor specifications.

Parameters Symbol Value
Input voltage Vin 80V
Output voltage Vou 40V
Switching frequency fow 20 kHz
Power P, 220 W
Load R 6.67 Q

Semiconductor device

Model number ROHM Co., Ltd., SCT3030AR

Inductor

Core model number Proterial, Ltd., FIAH1266
Winding wire TERAOKA SEISAKUSHO
model number CO.,LTD., No.8323
Winding width w 15 mm
Number of turns N 9
Inductance L 659.8 utH

Heat flux sensor (for ¢; measurement)

TOYOTA Energy Flow,
Model number T - Built-in S * Al - 1.5
Sensitivity K 0.0100 mV/(W/m?)
Heat flux sensor (for ¢. measurement)

TOYOTA Energy Flow,
Model number T- Builtin S - 1.5
Sensitivity K. 0.0078 mV/(W/m?)
Heat flux sensor (for ¢; measurement)

TOYOTA Energy Flow,
Model number T- Built-in S - 5
Sensitivity K; 0.0106 mV/(W/m?)
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Fig. 5. Overview of the inductor.
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Fig. 6. Overview of the experimental setup.
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Fig. 7. Surface temperature distributions of

(a) the semiconductor device and (b) the inductor.
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Fig. 8. Results of separate loss measurements.
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Fig. 9. Comparison of measured, theoretical, and power meter values.
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