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Buck circuit fault diagnosis method based on digital twin
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Abstract: In order to address the problems of large calculation and low accuracy of Buck circuit fault
diagnosis methods, a buck circuit fault diagnosis method based on digital twin is proposed. Firstly, the
digital twin model of Buck circuit is established by Matlab/Simulink software platform, and the initial
parameters of the digital twin model are set according to the nominal values of Buck circuit components.
Secondly, the acquired Buck circuit output voltage signal and operation state are mapped into the digital
twin model, and the objective functionsare established according to the digital twin model and the output
voltage of Buck circuit. The Levenberg-Marquart algorithm is used toiterate and optimize the objective
functions to achieve the digital twin modelupdate so as to realize the parameter estimation of Buck circuit
components. Finally, the estimated parameters obtained from the digital twin model are compared with the
nominal values of Buck circuit components. When the difference between the two exceeds 20% of the
nominal values, it is indicated that the component is invalid and the Buck circuit fault diagnosis is
obtained. The experimental results show that the proposed method has high estimation accuracy and
diagnostic reliability for Buck circuit component parameters.
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Fig. 1 Fault diagnosis principle of Buck circuit

based on digital twin
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Fig. 2 Fault diagnosis flow of Buck circuit based on

digital twin
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Table 1 Update iteration data of digital twin model

AR B C/F L/H RL/Q Rp/Q Ron/Q Resg/Q
0 0.004 700 0 0.003 000 00 0. 300 00 0. 100 000 0.100 00 0. 100 00
1 0.008 636 5 0. 000 369 87 0.471 16 0.106 700 0.098 46 0.151 17
2 0.006 974 3 0.000 417 51 0.458 17 0.096 809 0.098 24 0. 154 99
3 0.003 990 2 0. 000 663 73 0.423 10 0.077 959 0.097 08 0.153 86
1 0.003 714 0 0.001 011 30 0.412 97 0.069 404 0.095 59 0.146 16
5 0.002 065 9 0.001 321 40 0.379 41 0.058 095 0.095 27 0.134 91
6 0.003 056 3 0. 001 050 40 0.337 02 0.059 437 0.095 16 0.121 75
7 0.003 612 1 0.000 971 41 0.318 06 0.062 581 0.094 18 0.128 00
8 0.003 339 1 0.001 036 60 0.326 59 0.063 742 0.097 42 0.124 43
9 0.003 297 4 0.001 069 00 0.312 99 0.068 416 0.097 15 0.096 86
23 0.003 965 9 0. 000 993 34 0.199 26 0.079 537 0.079 43 0.079 03
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Fig. 6 Comparison of output voltage between digital twin model and Buck circuit under capacitor failure
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Table 2 Comparison of component parameters between digital twin model and Buck circuit under capacitor failure

o Resp 3K 25% C U/ 25% Resp 3K 25% .C Wi/ 25%

s SRRE i HE SBRE fliiHE SBRA fhi A
C/F 0. 004 00 0.004 04 0.003 00 0.003 15 0.003 00 0.003 09
_/H 0.001 000 0. 000 907 0.001 000 0.001 080 0.001 000 0.001 087
RL/Q 0.200 00 0.204 99 0.200 00 0.192 89 0.200 00 0.196 16
Rp/Q 0. 080 00 0.078 84 0. 080 00 0.081 49 0. 080 00 0.079 32
Ron/Q 0. 080 00 0.078 93 0. 080 00 0.081 44 0. 080 00 0. 081 55
Resr/Q 0.100 00 0.105 39 0. 080 00 0.079 41 0.100 00 0.101 47




e 92 - IF a3t 47 %
£ 3 AT EASEAITTRZER I
Table 3 Comparison of parameter estimation errors of different methods
- ENS RS SCHRL9 D7 %

LR A fli 18 AR/ % bR E fli 18 AR/ %

C/F 0. 004 000 0 0.003 965 9 0. 85 0.004 000 0 0.003 852 4 3.69

_/H 0.001 000 00 0.000 993 34 0.67 0.001 000 00 0.000 979 80 2.02

R.L/Q 0.200 00 0.199 26 0. 37 0.200 00 0.194 00 3.00

Rn/Q 0. 080 000 0.079 537 0.58 0. 080 000 0.078 000 2.50

Ron/Q 0. 080 00 0.079 43 0.71 0. 080 00 0.078 20 2.25

Resr/Q 0. 080 00 0.079 03 1. 20 0. 080 00 0.076 80 4. 00
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