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Abstract: Transmission lines are generally configured in acordance with different transmission levels and environ-
mens, and the porcelain insulator strings are configured differently for different voltage levels and environments, At
present, the determination of insulator degradation in multiple scenarios based on the same determination criteria is
prone to misjudgment. Therefore , an effective method is required to determine the degradation status of porcelain in-
sulator under different scenarios. In this paper the distributed voltage data set under different scenarios is obtained
by simulation with finite element software. The insulator degradation determination model is constructed based on
PSO-SVM algorithm.The electric field distribution of porcelain insulator strings of 330 kV AC transmission lines
with different structure variables is simulated by using finite element software so to determine the main factors af-
fecting the voltage distribution of porcelain insulator strings. Then, the scenarios are classified in accordance with
the main influencing factors, and the insulator deterioration status of different scenarios is classified and determined
using the PSO-SVM model. At the same time , the particle swarm optimization-support vector machines (PSO-SVM)
model is compared with the support vector machines (SVM) and genetic algorithm-optimization support vector ma-
chines (GA-SVM) to verify both practicality and effectiveness of the model. The results show that the prediction ac-
curacy of PSO-SVM is higher than that of other two algorithms , and the computation speed is also faster, which has a
reference significance for the determination of porcelain insulator string degradation in different scenarios.

Key words: degradation insulator; voltage distribution; finite element method ; multi-scenario; PSO-SVM

Wr#s B #:2025-09-25;  f&[E B #§:2025-12-20

EEWE : [HRK ARG I (51767014) ; H FE Bk A R BT 23405 H (2017010-C).

Project Supported by National Natural Science Foundation of China(51767014), China Railway Corporation Science and
Technology Research and Development Plan Project(2017010-C).



<114- 20264E4

514 +

et 4

0 3l

Y 2k 1E R 2 BRI A Th R B —
5, A S RPN ) 5 AR AR e R
ERREE, TR TE M i s 2 i
o B A DO S A L SR O R A VR E
K, W] 7 (6 PR | v L 2 o7 48 2% 1 £ TR 0 45 R
o 2% S 260 G 1R A R A E ORI . G T
o 25 F- 45 A 0T i H 28 % 1 s i F 5T 2 4R R AE 110,
220,500 kV, 11 330 kV HL 55 40 HL AR R PE L i IX
() 307 HL I, 0TI R AT I B a2k 4 T
PEAH AT IR /0,

BRI h EE R 2 W4 % 12—,
Hp oy 4 2 FAE s 17 B 52 B 1 3R 55 IR
PRI 23 77 R AR () (B 55 4 AL IR 4, 3 48 2 1 g
JUEE R RN A R BAR R A ST
A5 B2 A 110 59%~8% , (B 7E K A FE i i, B 4
G B AP A Y 5000 B HEARSESSEH R T
AEE A F R G110 kV K LU FIF e kAT
BU G AT DR 40 U0, PRI 93 46 2%
FHACH T % a7 HAa B 0, Xt
FH G F AR Ty i rhr | 42 ik X 2 A
Pz A Q) 2 Ak DL R R A T . 7R
R W21 T e a2 745 AR AS ik v, I Py Ak
SEHWIIE RS TARZ ik AL G = I A v |
ZTAMSAG: R AT oA R R A,
Sy R 2 R A B A B R R (i 75 I
FERR HRRA TN S) A6 2 T 15 R DL LA T AR 3L
INBE R Gy 1 G o b o A E R S v
N8 24 2% - EB 43 A HL R S 19 DRI 45 e 4 2% 1
78, AEX T ARSI T 3 ke 108 37 A1 B PR 2 s i 3
b Ho i 25 AR R, BATHE 2 W TR 4%
TG AR o X T 46 21 R (R LR BT 75
— MRS AR AR AN (] 1% i i S5 0 DL R P 5 2 R iR AT 4
SR, TR i R S S IS I 2 2 T ER L
AR, AH I FE R, AS [R) i F 20 B 25 4 46 2%
oA W R AR R B 22500 LS 4 24 A H 0 7
925 T A ] — B A v X BT A DL B R 48 2% T
AT H AR E 2 B RS TR R 3
T Y& U S B AT 4 Ak R B B A R E
XoF T 95 A 46 25 - 0 48 - B 43 A LR 18 5 )
AARIVE SR BRI DL A R e Ha T
Bio FrPige vk B TR AR S E A L S 2 B rh
HOREAS T N N IR (5§ =y NI = I V7 N DT Y QRN 3PS

T

A DATHSA L B RS o A FU S (HUR T HO TR
e ANGE FH T A3 R PR % - H A A L TR AR AL
A R IC 07 Bk R i o i AT I — S % T R — 2k
= L b B R R A 2 R ) A L R Y
— R RE T, T LA SE BN A 4 R T 4 2% 1 e
S AR BT, HRTE R iz e,

TELAS 257 95 A R A0, R T DR | R L e
ML T R B TR % T R 2 E R TR
TS IR 0 N FH B R G R I2 T : BP B 22 2%,
BORITTE, SR LA SE, BP #4545 B X
INFEAEE AL FREE )R TSR TR T4 % T
RS 7 T LT — A BRI OU) (LR D v
SRR A . SR L A T A
T A AL B INEEAR Z2 2801 L B B R R,
Iz BN T2 . SCRP AR T 2R
R i AL IR AE L R G2 W i R L S
[22-241F R H R T2 SVM I G BE /7, fESVM 2
B £ 5 i ) LA T8 4% 55 125 (GA) kL 7~ FE G
(PSO)XF SVM #EAT S AL b FRE A T HAT
Sy LB ROR L STz B T SVM S 54
b, G5 R AL i SVM AT DL il i o

FUER R E B R A% T, R e T
330 kV 22 i di FL 3B 2 AT FROTAR Y, ) F 4 ELALUIAS
FT 330 kV 22 i i LA LR AR R RIS AL M L 48 2%
T B S A G BB T B 4301 L, 2 AT AN []
R Y 1 ER G 0 AT R 22 S O R R R I [N
2R T PSO-SVM I £ Y 5 45 41 IR
BHGERR AF SR R4 % TR IEw 5%k
FIRCHE SR AE AR (O, 48 2% 795 TR ZS 1R Rt
o I S HA R A T X L, SR UE T AR A ) S
PERARNE N TEA LS A e RA —ER
VINIERS

1 BRTHE

1.1 330 kVXiRHEBELZERTHE

P ERE R [ S50 B S IR R A T R s v
TRMSERE. EABRITAHTR A ES 330 kV
LU I LR LG T B A PRITE R, % BIR
W ELL T L AT RS A
05 BB R TR R 22, FF IR o R T3 i (O
RS ERAR, D7 ELBE TR LA 1, R HUEE ST B —AH
B L e HE R A LT Sy SN RS 4k D
HEHL U210B BUZ 2+, S0 3R 1, a1 it
25k,



WL TIAE, BB, X3, 4 ST PSO-SVM M E I st i T (LHIERIT -115-

B WS 8 Sk RS = 4R B
Fig.1 Strain tower, cathead tower, cup type tower
3D model

=1 U210BEGZFSH

Table 1 Insulator model and its parameters
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Fig. 3 Simulated value versus standard value
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Fig.5 Distributed voltage curves corresponding to the

two phases
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structures of grading rings
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Fig. 7 Distributed voltage curves corresponding to

different insulator piece number
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