$29 8 K4 oWl 5 & 6l % i Vol.29 No. 4
2025 44 A Electric Machines and Control Apr. 2025

2 1% B it B R ) A 3 3 o B A i e R AE 3R

i, BEE, HET, RF
(1. FEM K2 R THRS Aaifb2er, fma 1M 350116 2. FE R4 B A A R fEE #5H 350000
3. BT R: o TREERE, =/ B 650500)

W EASERAAGRY AGIGINEME L HEFE S KERAEERF A h—FAT
AAAFIE (K-L) 3B AT 5 A5 5 8 (VMD) 55 45 4 Inception %9 B AR AY 22 W 4 (CNN) &9 3 [ 4]
7 ik 7y ik R AT B SEAR AS  R B IROE B R A K-L VMD 7 ik R B AR5, A A 45 AR
BA S TMERR P I A RAFHIEIAT CNN D4 KB A2, A A AT &85
BT —ANETAREA S & E 3% 2 (MMC) 4 10 kV %58 AR b W 25 ¥k I8 P 32 7 ok 69 A 3%
WA A IR A A K-L B ACE 9B So xt by AR AE AT 422 B RAFa4E 46, B
B& ek B e T WAL A, PTHE 09 3 AR 7 vk A 2, 3 T & AP a5 £ A 0 12 5 LA 3 ik vh AR
M R R R R R A

XA : %‘fiﬁoﬁﬁﬁ‘ﬁ " ;K-L ﬁi};{{t’f&, 157\7}7%{‘:57\%?,ﬁfi‘v‘r‘%’é’é@f&,#ﬂ%ﬁzﬂ‘l ,7]‘3';5}&’1}6% BT R
DOI:10. 15938/]. emc. 2025. 04. 006

FESES . TM77 THRFRAERD A XEHS . 1007-449X(2025)04- 005411

Research on fault detection technology of flexible DC
distribution network

ZHENG Feng', LU Jiawen', LIN Yanzhen®, LIANG Ning’

(1. School of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350116, China;
2. State Grid Fujian Electric Power Co. , Lid. , Fuzhou 350000, China;
3. Faculty of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract:To solve the problems of flexible DC power distribution system, including flexible operations,
multiple fault types, and difficulty in fault identification, a fault detection method based on K-L diver-
gence optimization variational mode decomposition (VMD) and convolution neural network ( CNN) com-
bined with Inception was proposed. Firstly, K- VMD method was used to extract the feature component
of the time-domain waveform of the positive transient voltage at the fault point, and the identification cri-
terion was constructed using the feature modal component. Then, CNN training was performed on the
sampled data to obtain the optimal parameters of the model. Finally, a 10 kV two-end DC distribution
network structure based on modular multilevel converter (MMC) was built using the simulation platform
to verify effectiveness of the proposed method. Simulation experiments show that K-L divergence optimiza-
tion variational mode decomposition has good generalization ability and anti-interference ability to the sim-
ulation data. The proposed fault detection method is effective and has strong sensitivity to the identifica-

tion of various fault types and can accurately identify the fault types.
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Table 1 Parameters of 10 kV DC distribution network
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Al e

SIF [1,0,0,0,0,0,0]
MIF [0,1,0,0,0,0,0]
HIF [0,0,1,0,0,0,0]
PPF [0,0,0,1,0,0,0]
LS [0,0,0,0,1,0,0]
SF [0,0,0,0,0,1,0]
ASF [0,0,0,0,0,0,1]
SIF [1,0,0,0,0,0,0]
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