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Abstract: [ Objective] Currently, isolating switches have
been widely used in power grids, but research on their fault
diagnosis remains limited compared to equipment such as
transformers and circuit breakers. The accurate identification
of fault types in isolating switches through vibration signals
during their operation is crucial for the normal operation of
power grids and the safety of maintenance personnel.
[Methods] This paper proposes an improved frilled lizard
optimization (FLO) algorithm by incorporating an adaptive t-
distribution perturbation strategy (tFLO). Subsequently, the
algorithm is applied to parameter optimization for both
sequential variational mode decomposition (SVMD) and least
squares support vector machine (LSSVM) to achieve accurate
fault identification in isolating switches. Firstly, an adaptive
t-distribution  perturbation strategy was incorporated to
improve the FLO algorithm. The tFLO-SVMD then
decomposed experimental data to obtain optimal modal
components. Next, the refined composite multiscale fuzzy
dispersion entropy (RCMFDE) of the modal components was
calculated to obtain a high-dimensional feature mairix.
Finally, the tFLO-LSSVM algorithm was used to classify
faults in multiple sets of low dimensional feature matrices
obtained by reducing the dimensionality of the high-
dimensional matrices through kernel principal component
analysis ( KPCA). [Results] The fault diagnosis method
based on tFLO-SVMD-LSSVM-RCMFDE proposed in this
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study for a 220 kV high voltage isolating switch achieved an
accuracy of 97.92% , demonstrating effective identification of
various fault types in isolating switches. [Conclusion] There
are problems of slow computation speed and poor robustness
of modal centers in the intrinsic mode function ( IMF)
components decomposed by traditional VMD methods,
necessitating additional optimization of the number of modes
k. The SVMD algorithm can effectively address these issues
while achieving more detailed decomposition. Additionally,
entropy calculation can effectively quantify the complexity and
uncertainty of time series, and fuzzy dispersion entropy (FDE)
has the advantages of short computation time and strong anti-
interference. Compared to FDE, RCMFDE demonstrates better
stability and more comprehensive feature representation. The
combination of tFLO-SVMD and RCMFDE can effectively
distinguish vibration signals of different fault types. In
summary, this study proves that the classification method based
on tFLO-SVMD-LSSVM-RCMFDE can effectively identify
faults in isolating switches with high accuracy.

Key words: isolating switch; sequential variational mode
decomposition; frilled lizard optimization algorithm; adaptive
t-distribution perturbation strategy; fuzzy dispersion entropy;
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Fig. 6 Diagrams of VMD and SVMD decomposition
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Fig.7 Comparison of iteration curves
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Fig.9 Principal component contribution rate and

cumulative contribution rate
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Fig. 10 Classification results of different algorithms

SVMD F3 i b B3 - G4k 3NS5, #II A RCMFDE X
SYFRIE RIE S i AT Ak, b RCMFDE 76 (5
S AT R CHEYE R . RIB A SCR T tFLO-
LSSVM X4 A IEEIE 70 21 258 W T o

(1) f&5: VMD J5 353 ff () IMF 43 f 47 71T
TR MR AR PO e 25 D R T B M Ak
B E IR, SVMD B33k RE A AR I b fiff e
I [R] s SVMD 43-figk i B2 403

(2) BB R A R A i o] ) 91 /) 52 2 Pk
FURH &M, FDE B TR R A P T s i
M. 11 RCMFDE #f bt F FDE FeE M 547, RHRRE
() 2 WL T 42 T . tFLO-SVMD-LSSVM-RCMFDE
REAE A R DX 53 3 DA [ S B e e (9 i 0 1
BOMERRRIEE] T 97.92% |, Sk B S FF OGR4 BT
AT — R B2 W T

FlzE 5T AR
I A AR AT AE R 5 0P 5%

All authors disclose no relevant conflict of

interests.

EE Tk

BRI T T O BT VN S 518 SR
5 RS K R AR E R T
BT, kb okl LR RAE R RS S
T H RSB, AR SRR E T
AR

The scheme design, content summary, and
paper writing were conducted by Ge Xuanhao. The
experiment was conducted by Ge Xuanhao, Zhang
Chi, Dong Yuan, Xu Ruihan, and Hu Guodong.
The manuscript was reviewed and revised by Ma
Hongzhong, Zhang Chi, Dong Yuan, Xu Ruihan,
and Hu Guodong. All authors have read and

approved the final version of the paper for

submission.
[ 1] M, g2HS, ke, & ETHR-RAGES

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



386

FEPSE, 45 T (FLO-SVMD-LSSVM KOS 4l 52 5 22 USRS AT 1 P Rl 188 T D s R W 5 3k
GE Xuanhao, et al: Fault Diagnosis Method for Isolating Switches Based on tFLO-SVMD-LSSVM and RCMFDE

[2]

[3]

[4]

(5]

[6]

(7]

[8]

1 GA-SVM [RGB FF i s i2 Wi [T ].
A, 2023, 4934 1) : 179-185.
TIAN P, CUl Q H, ZHANG J H, et al

o5 HL TR 4

Fault
diagnosis of isolation switches based on current-
vibration signals and GA-SVM []J]. High Voltage
Engineering, 2023, 49(S1) . 179-185.

SRTEMS, MY, BRI, A TR K
SRR R IR R R B T G ST L) ). &
FEHLES, 2021, 57(6) ; 86-93+101.

ZHANG SP, FENG ST, ZHAO C M, et al. Study on
reliability of high voltage disconnector based on
Weibull distribution and Monte Carlo method [ J].
High Voltage Apparatus, 2021, 57(6) ; 86-93+101.
A BRI, RWEHL, . FETRIRRE TG
PRANE SRS W T (1] NS H
A, 2018, 36(1) . 89-92.

LI S H, ZHANG W T, SONG Y K, et al. Analysis of
fault diagnosis method based on vibration signal of
[J].
Electric Power, 2018, 36(1);: 89-92.

SRIEAL, BRAEN, ZEAE, S TR i
B S AR ) ML A e 1 B 28 O DG MLt B 12 W O ik
[J]. EEHSY, 2018, 54(9) . 12-18.

GUO Y J, CHEN S G, LI S H, Mechanical fault

high-voltage disconnector Inner Mongolia

diagnosis method of high-voltage disconnector based
on empirical modal decomposition and support vector
machine [ J]. High Voltage Apparatus, 2018, 54
(9): 12-18.

MR, T, FET VMD Al WOA-SVM FY 45
MRS R S Rz W [T ], LS N,
2023, 50(8) : 84-90.

XUE J T, MA H Z. Fault diagnosis for winding
looseness of transformer based on VMD and WOA-
SVM [J]. Electric Machines & Control Application,
2023, 50(8) : 84-90.

oA, AT, B BT SYMD 5 2 H 1k
MCKD RytRIG 2T )], Hld T A2, 2024, 41
(7). 1179-1188.

ZHONG X Y, HE L, ZHAO X. Bearing fault
diagnosis based on SVMD and parameter optimized
MCKD [J].
2024, 41(7) . 1179-1188.

NAZARI M, SAKHAEI S M. Successive variational

Mechanical & Electrical Engineering,

mode decomposition [ J]. Signal Processing, 2020,
174 . 107610.
Mrwide, weakst, 2, % B T8k

(9]

[10]

[11]

[12]

[13]

VMD i1 2 RUBEBERR 1) B2- = ff1 4% 3% FS-PMM [0
v o ik B a2 W O 36 [ . LS 45 i L
2024, 51(6) ; 31-43.

CHEN Z F, LING Z H, LI Z X, et al, Fault
diagnosis of inter-turn short circuit fault in star-delta
connection FS-PMM based on parameter optimization
VMD and multi-scale fuzzy entropy [ J]. Electric
Machines & Control Application, 2024, 51(6) : 31-
43.

X7, sku, A5 BET BP Bl LK ) 5 TR
BB IT G W R [T ). o RGP S
¥, 2020, 48(5) :134-140.

LIU Z Y, ZHANG J, DENG F M. Monitoring and
identification of state of opening or closing isolation
Power
System Protection and Control, 2020, 48 (5) . 134-
140.

WL, WA, . HE T/ e R
ELM (e fR 300748 &% 22 R AE Lz B (1] WL A
kB, 2024, (4).71-74.

ZENG R J, HUANG J H, LI Z Y. Multi-fault online

switch based on BP neural network [ J].

diagnosis of solar inverter based on wavelet packet
and ELM [ ] ].
Engineering Materials, 2024, (4) . 71-74.
XSS, ShakTr, DU 2R, e i I B S O S AL
ARSI SVM SZELLT ] L5 K, 2019, 36
(5) :445-449.

LIUS B, MA Z F, QIU Z S. SVM implementation of

energy spectrum Electrical

mechanical monitoring for disconnector of contact line
[J]. Computer Simulation, 2019, 36 (5): 445-
449.

BRSO, U, JRRRAR, SR FE TR 2E BP p K
KR A2 W (T]. o A sh i,
2020, 40(2) . 143-148.

ZHAO W Q, YAN H, ZHOU Z D, et al. Fault
diagnosis of transformer based on residual BP neural
network [J].
2020, 40(2) . 143-148.

R, PRk, FhGEEL, 4§ JET ICEEMDAN £ R
JEBOH R AT MVO-KELM 1) 75 = 45 5% 2H 4O DL
BT ]. AL S RN AT, 2023, 50(10)
81-90.

CUI X, CHEN J, SUN J Q, et al. Mechanical fault

Electric Power Automation Equipment,

diagnosis for transformer winding core based on
ICEEMDAN multi-scale fuzzy entropy and MVO-

KELM [ J]. CElectric Machines & Control

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



R

SRV, %524, 54
Electric Machines & Control Application, Vol. 52, No. 4, 2025

387

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

Application, 2023, 50(10) ; 81-90

KRR, BBk, k74, & 3T WPT-SVD-
KELM f R B XL Fr Rt SR 7 R
[J]. KFHREX:H, 2023, 44(3) . 155-161.

LIU Q D, LUO Y S, ZHANG J H, et al. Research
on surface crack identification method of large wind
turbine blade based on WPT-SVD-KELM [J]. Acta
Energiae Solaris Sinica, 2023, 44(3) . 155-161.
T, #E2, ZEE, % N ICEEMDAN
I SVM (947 BRI FEAT B2 W [T ]. HLARA 7 5
A, 2023, 42(1) . 24-30.

WANG H N, CUI B Z, PENG Z H, et al. Fault
diagnosis of planetary gearbox using ICEEMDAN and
SVM [J]. Mechanical Science and Technology for
Aerospace Engineering, 2023, 42(1) ; 24-30.
SAMUI P, KOTHARI D P. Utilization of a least
square support vector machine (TLSSVM) for slope
stability analysis [ J]. Scientia Iranica, 2011, 18
(1) 53-38.

Jutlsg, Beit, MEGE. T ot e e A sk i Ak
LSSVM H I s 2 il F 12 Wi 5 i P58 [ ] 20K,
2024, 43(4) . 132-137+144.

YOU J Y, DUAN J, WU R Z. Fault diagnosis
method of circuit-breaker based on LSSVM optimized
by improved dung beetle optimizer [ J]. Hongshui
River, 2024, 43(4) . 132-137+144.

e, REW, £8, %. T KPCA-K-means-
GRU R0 XU D R 0 e [ T]. A Bl 450
M, 2023, 50(2) : 49-55.

XU Y, ZHOU J X, JIN X, et al. Study on short-term
wind power prediction based on KPCA-K-means-GRU
[J]. & Control
2023, 50(2) : 49-55.

FALAHAH I A, Al-BAIK O, ALOMMARI S, et al.

Electric Machines Application,

Frilled lizard optimization; A novel nature-inspired

metaheuristic  algorithm for solving
problems [ J].
2024, 79(6) : 3631-3678.

HUA Z Y, ZHOU Y C, HUANG H J. Cosine-

optimization

Computers, Materials & Continua,

transform-based chaotic system for image encryption
[J]. Information Sciences, 2019, 480. 403-419.
BASEAN, RIS, SRMIAR, SF. BT EIE N t 40
SRR R A LT ] AL A
5%, 2023, 40(7) ; 2068-2074.

HUJ J, CHU Z B, GUO Y L, et al. Salp swarm
algorithm based on and

adaptive t-distribution

[22]

(23]

[24]

[25]

[26]

(27]

[J].
Computers, 2023, 40(7) : 2068-2074.

XIDEEH, By, BT o A8 S 09 A 3 B 25 A
L] THRPLT RSN, 2012, 48(2) : 127-
129.

LIU X Y, MAO L. Self-adaptive differential evolution

dynamic weight Application Research of

algorithm using mutations based on the ¢ distribution
[J]. Computer Engineering and Applications, 2012,
48(2) . 127-129

SRR, XUTT. FIENE ¢ 53 5 B R X O YRR
A RAE RN ALT]. b 75186,
2022, 39(3): 17-24.
ZHANG W K, LIU S. Improved sparrow search
algorithm based on adaptive t-distribution and golden
sine and its application [ J]. Microelectronics &
Computer, 2022, 39(3) . 17-24

WEEHE, B, TR, G5 ST 2R ERE S
HZIUFH BRI EAE AL BT ]
ik, 2025, 51(3) . 131-138.

GU X J, YANG Z H, GUO Y C, et al. EEG signal
processing based on multi-dimensional feature fusion
and multi verse optimizer [ J]. China Measurement &
Testing Technology, 2025, 51(3) . 131-138.
BEAEN], WA, /R, A BRI R A S A
FIRFE R (Y 2 B2 500G A A5 2 R [ J/OL ] 3
BHL TR S W, 2025-3-11. https://link. cnki.
net/urlid/11. 2127. TP. 20250311. 1747. 002.

XUE W G, TAN Y C, SHI X G, et al. Multi-modal
behavior recognition of Tibetan macaques based on
temporal information modeling and feature fusion [ J/
OL]. Computer Engineering and Applications, 2025-
3-11. https://link. cnki. net/urlid/11. 2127. TP.
20250311. 1747. 002.

Wik, MW, Fo, % ST BERT BB
BESEE S G KM [J/0L]. JFEHL TR, 2025-3-
18. https://link. cnki. net/doi/10. 19678/j. issn.
1000-3428. 0070479.

SHEN Z L, TONG Y X, WANG X, et al. Cross-
chain anomalous transaction detection based on BERT
model [ J/OL]. Computer Engineering, 2025-3-18.
https ://link. cnki. net/doi/10. 19678/]. issn. 1000-
3428. 0070479.

#hANVE, R, Sk, SR STk YOLOvSn Y
Zan Mg BRI IR [ J/OL ] MRt
WK 22 22 4], 2025-3-14. https://link. cnki. net/
urlid/32. 1148. s. 20250314. 1632. 002.

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



388

FEPSE, 45 T (FLO-SVMD-LSSVM KOS 4l 52 5 22 USRS AT 1 P Rl 188 T D s R W 5 3k
GE Xuanhao, et al: Fault Diagnosis Method for Isolating Switches Based on tFLO-SVMD-LSSVM and RCMFDE

[28]

[29]

HAN X P, WANG N, ZHANG C, et al. Research on
lightweight method for multi-variety vegetable
recognition based on improved YOLOv5n [ J/OL].
Journal of Nanjing Agricultural University, 2025-3-
14.  https://link. cnki. net/urlid/32. 1148. s.
20250314. 1632. 002.

SKRRA, FBEHT, Rk, . R T ORBIALRAEY
AR 7 A TR [T ] B TR, 2025,
28(3) :47-50+78.

ZHANG D W, MI R X, ZHOU P Y, et al
Optimization method for imbalanced text classification
based on large models [ J]. Software Engineering,
2025, 28(3) :47-50+78.

W, FRIE, ArSCh, 45, BTN A S
1 WOA-SVM () GIS s izl [J . sl S
HINFH, 2024, 51(9) : 60-69.

ZANG X, GONG Z P, YU W S, et al. GIS discharge
fault diagnosis based on wavelet packet singular
spectral entropy and WOA-SVM [ J ]. Electric
Machines & Control Application, 2024, 51(9) : 60-

69.

[30]  xynrec, shis, &P, 5. BETREARLEN: > M
SO-SVM {72 i S FRe iz e [0 ] s Bl A5 42 i i
A, 2023, 50(12); 21-31.
LIUK Z, YAO Y, ZHAO X P, et al. Transformer
fault diagnosis based on sample integration learning
and SO-SVM [ J]. Electric Machines & Control
Application, 2023, 50(12) . 21-31.

Wk H 19 :2024-12-31
R MR B 4. 2025-02-07
TEZTRIA -
EEF5E(2000-) B LA ST A, F BB T 1A N
FIEARZS W 5 B I2 W, 1006694841@ qq.com;
«BIEVEE  BFFEE(2000-) , B AL 2k, H2EaF
FEO7 1A L 1 A TR 25 W 5 52 I, 1006694841 @

qq.com,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



