> sy 3 AL
F24% HaW G R ¥ i Vol. 24 No. 4
2026 4F 4 A Journal of Power Supply Apr. 2026

DOI: 10.13234/j.issn.2095-2805.2026.4.271 HESES: TM46 XHERES: A

ETURESRBEZNEZY TMMC Hit
BZLBESH PN

KT, kA, xd ) ko2t mmE, 2 RS
(1.B M T A8 A AAS], 2 1100005 2.5 i3 T4 4 A A P 5] 4k b 3]
ey 1140005 3.8 M EHEE NS, B3 1231005 4.8 ML E NS, JiE 110003;

SE M AEAEE NG, AK 117020: 6. RELKF AHNFR, &F 210094)

WE. TARBKRBRA S & -F % % TMMC(T-cascade modular multilevel converter)%s&- % ¥ T fo R JEAL
WHAR, AAR i EE, TRFABEX, $ERB R4 INFHE, REASZHEEEZHHERE
B @, 7% UPS(uninterruptible power supply)#J 22 83642 — K, BAFZ L EBEHKE % | 5§ R, 5F TMMC-UPS
%Wﬁiﬁ%ﬁﬁ%,E%,%EﬁTMMOW&%%&&%E%& Lol kA7 pb e b BT LA, AR B
ﬁm&%,ﬁmrm%%@Tii ﬁ&lﬁﬂKﬁﬁﬁW‘ AR, AR I B R LUK 6 KSR A P 4T
AR, FIEEFAA A BB MG REIRF], RHBEEREEMNFE ., I3ty A THIEES), RMRMHF
&ﬁ,mﬁxm%ﬁmﬁ%%z@#,%ﬁr@ﬁ%xixﬁmﬁﬁﬁ#%%&o

KEF: v TR S &P EHE; KPR UREERIPZML

Parameter |dentification for DC-link Capacitorsin TMMC
Based on Double-scale Convolutional Neural Networ k

DAI Zikuo', ZHANG Dongsheng’, LIU Shangkun®, GUO Ren®, CHEN Lijuan’, WANG Cheng’

(1. State Grid Liaoning Electric Power Co., Ltd., Shenyang 110000, China; 2. Anshan Power Supply Company, State Grid
Liaoning Electric Power Co., Ltd., Anshan 114000, China; 3. State Grid Fuxin Power Supply Company, Fuxin 123100, China;
4. State Grid Shenyang Power Supply Company, Shenyang 110003, China; 5. State Grid Benxi Power Supply Company,
Benxi 117020, China; 6. School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: By combing the multi-level technology with the cascade modular technology, the T-cascade modular
multilevel converter (TMMC) has characteristics such as 9-level port voltage, redundant switching mode, multiple
power ports and hardware multiplexing, and it has become one of the ideal topologies for realizing uninterruptible
power supply (UPS) with high power density and high efficiency. However, the large number of DC-link capacitors
which are susceptible to failures poses a threat to the reliable operation of TMMC-UPS. Therefore, it is necessary to
monitor DC-link capacitors under the scenario of TMMC-UPS to intelligently perceive the changes in the capacitance
value and prevent the degradation failure of capacitors, so as to ensure the reliability of UPS. Therefore, a double-scale
convolutional neural network model is proposed. By extracting the low- and medium-frequency features of capacitor
voltage ripple, both the capacitance value and the equivalent series resistance can be identified, thus improving the

monitoring accuracy of capacitor status. The proposed data-driven method does not rely on any mathematical model,
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FHEBEH: 2024-02-21; M&EE B 2024-04-28 either, so it can be easily extended to the parameter identi-
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Tab. 4 Parameter identification evaluation indexesfor C
based on different network models

o 45 A5 A4 R RMSE/uF MRPE/%
BPNN —0.6729 144.611 2 6.3542
MLP 0.586 1 71.927 8 2.978 1
CNN 0.961 6 21.903 7 0.8473
DSCNN 0.9823 15.018 2 0.601 2
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Tab. 5 Parameter identification evaluation indexesfor ESR
based on different network models

o 25 A5 R RMSE/Q MRPE/%
BPNN 0.826 8 0.003 588 7.832 4
MLP 0.873 4 0.002 923 6.926 8
CNN 0.903 4 0.002 536 6.116 7

DSCNN 0.977 4 0.001 244 3.1243
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Tab. 6 Parameter s of capacitors

HASS  AME/WF  ESR/Q YIZREEA AEA
1 2042 0.0192 30 10
2 1915 0.0297 30 10
3 1843 0.0369 30 10
4 1791 0.0411 30 10
5 1766 0.0427 30 10
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Tab. 7 Parameter identification evaluation indexesfor C
based on different network models

[y R RMSE/uF MRPE/%
BPNN 0.146 4 91.8219 3.808 9
MLP 0.3419 80.618 9 3.3514
CNN 0.896 3 31.990 3 1.465 4

DSCNN 0.9537 214121 0.935 4

R 8 AEMEHEENT ESR BIS HPHRIEHIEHR
Tab. 8 Parameter identification evaluation indexes for ESR
based on different network models

Do 45 A A R RMSE/Q MRPE/%
BPNN 0.162 1 0.007 896 19.405 5
MLP 0.325 4 0.007 084 17.867 9
CNN 0.905 9 0.002 645 7.113 1
DSCNN 0.953 1 0.001 869 5.0652
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Tab. 9 Parameter identification evaluation indexesfor C
under different operation conditions

B4 R RMSE/uF MRPE/%
K 0.9519 23.756 4 0.952 8
UNSIES 0.9650 19.789 5 0.927 6
K 0.9321 25.143 1 1.032 4

(i)

R 10 AEEITEEIT ESR WS HPHIIT ISR
Tab. 10 Parameter identification evaluation indexes for

ESR under different operation conditions

BT R RMSE/Q MRPE/%
pIES 0.9519 0.001 942 5.667
INITIER 0.964 1 0.001 746 5.176
K%

o 0.945 0 0.002 145 5.986
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