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Compensation Model for DC-DC Power Supply Based on
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Abstract: With the rapid development of high power density DC-DC switching power supplies, thermal
management of power modules faces severe challenges. Accurate temperature measurement is the core
aspect of thermal management design, while traditional single-method temperature measurement struggles
to balance measurement accuracy and real-time performance under both steady-state and dynamic condi-

tions. This paper addressed the accuracy limitations of conventional temperature measurement methods in
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the thermal management of high power density DC-DC power modules and proposed a temperature com-
pensation model based on multi-source data fusion. The model comprehensively utilized infrared thermal
images with dynamically calibrated emissivity, thermocouple measurements, and ANSYS finite element
thermal simulation results, taking embedded MEMS sensor measurements as the benchmark. By calculat-
ing measurement deviations and error variances, static weights were constructed, while dynamic response
factors were introduced based on load current change rate and temperature change rate to adjust the weight
distribution of each temperature measurement method in real time. This enabled weighted fusion compen-
sation of temperature data under different operating conditions. Experimental results show that the model
maintains a maximum steady-state temperature measurement error within 1.0 “C and an average error
below 0.7 °C under full-load and partial-load conditions. During dynamic load step tests, the dynamic
response error is controlled within 1.0 “C, with a response time of approximately 1.1s. Under environ-
mental temperature (—55~100 C) and wind speed (0~3m/s) disturbances, the model achieves an aver-
age error below 1.5 ‘C and a maximum error not exceeding 2.0 °C, demonstrating good environmental
robustness. Compared with Dempster-Shafer evidence theory and Kalman filter methods, the proposed
model performs more balanced in terms of steady-state accuracy, dynamic error control, and environmen-
tal adaptability. The presented model achieves high-precision and high-reliability monitoring of key device
temperatures in DC-DC power supplies without damaging device packaging or significantly increasing
costs, providing effective data support for power supply thermal design and system optimization.
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Fig.1 Schematic diagram of experimental system structure
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Fig. 2 Simplified circuit diagram of experimental prototype
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Fig.4 The surface temperature of the device after adjusting the emissivity
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Tab.1 Summary of multi-source data temperature testing experimental data °C
Jrid Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 T1 L1
Y RERSIFSY 2 Y Tyict 96.9 72.8 98.6 66.9 79.7 81.2 81.4 78.1 89.6 84.5
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ANSYS 47 BRIt )5 B 96.2 72.4 98.9 68.4 79.5 84.8 80.5 78.1 91.5 84.8
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load conditions
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Tab. 2 Errors of the fusion model under different load conditions

TERLLB1/ % OB AR E AR A L A BRI HAE IeRiRZE/C PR/ C
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50 0.3 0.4 0.3 1.0 0.7
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Tab. 3 Comparison of temperature and benchmark in multi-source

data fusion model
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5 36 46.3 47.1 0.8
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20 60 76.0 76.6 0.6
30 60 82.7 83.4 0.7
50 60 89.1 89.7 0.6
80 60 94.3 94.7 0.4
120 60 96.7 97.1 0.4
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Fig. 6 Experimental setup diagram for interference between

environmental temperature and wind speed
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Tab.4 Fusion model error under environmental interference

) s DERBR
FRERRNE/C A/ (mes )
FHIRE/C  RARE/C  REFME/C  PHIRE/C  RAIRE/SC  IREFEE/C
—55 0 0.5 0.8 0.6 0.7 0.9 0.8
25 0 0.4 0.9 0.3 0.5 0.9 0.5
100 0 0.8 1.1 0.9 0.9 1.2 1.1
—55 1 0.6 1.0 0.7 0.8 1.1 1.0
25 1 0.5 0.9 0.6 0.8 1.0 0.9
100 1 0.8 1.3 0.8 1.1 1.4 1.2
—55 3 1.0 1.3 1.3 1.2 1.7 1.4
25 3 0.8 1.2 1.0 1.1 1.5 1.3
100 3 1.3 1.6 1.5 1.5 1.9 1.6
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Tab.5 Performance comparison between multi-source data fusion model and typical fusion methods

TH Ik SR 2E/C KR/ C SIS ] /s
RS2 A AR R 0.4 0.9 —
FRAS DL DS iEHE HiS Rl G 0.4 0.7 —
KRR S P A 0.7 1.2 —
AR A AR 0.6 0.9 1.1
gk s ARk DSIEYEHE R & 1.3 1.8 1.5
RIOR S uEPE A 0.5 1.1 0.8
ALY A AR 0.7 1.1 1.0
e SR DS iIEHEBE Rl A 1.1 1.7 1.2
RIRSIEW RS 0.5 1.1 0.9
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