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Study on surface functional gradient modification of basin insulator based
on atmospheric pressure plasma jet technology
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(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: Basin insulators in GIS are prone to surface electric field distortion due to charge accumulation, which can lead to
surface flashover. To improve the surface voltage resistance performance of insulators, this paper refers to the design
concept of surface functional gradient materials and utilizes the uniform treatment characteristics of titanium deposition by
atmospheric pressure plasma jet (APPJ). By controlling the treatment time at different radial distances, a basin insulator with
continuous conductivity gradient were prepared. At the same time, a fast electric field calculation method based on surface
conductivity was established by coupling DC electric field simulation calculations with an attention mechanism-enhanced
long short-term memory network (LSTM). The surface conductivity of the basin insulator was continuously gradient
optimized using the artificial bee colony (ABC) algorithm. And the electrical performance of the insulator before and after
optimization was evaluated and compared using simulation models and flashover tests. The result show that the density and
bonding structure of the plasma titanium deposition layer are related to the treatment time, and the optimal treatment time is
3 minutes, at which the surface conductivity of the insulator is the highest. The surface functional gradient modification
significantly improves the uniformity of the electric field distribution on the insulator surface. The maximum field strength
on the lower surface of the insulator decreases by 70.3%, the electric field distortion rate decreases by 24.69%, and the
flashover voltage is 31.34 kV, which is 14.3% higher than that of unmodified insulators.
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Fig.1 Atmospheric pressure plasma jet treatment system

12 S BRETIEUFERBESENZM
xof g A 2 7 R T AT BR DT AL AT B e

N Ti-X ) SCPE 48 2 -, ORI 8] 43 00 9 001345

min I, X 70 B0 1.3.5, A %2 Ab B IR J) %of A4 ) 22



AR B4« I T I A B TR R BOR Y 3  5 T R R D RE B R M T 7 57

T30 5 2 B A s, a5 R an B 2 s . B 2
) SEM &5 ] LLE H , A LL R S A BE M 48 21, K
DU U AE MR R T B T BB DA E , 4
A S 1) B 98 (2 1 3 min) B, PORR 2 28 45 T RN,
70 20 3, AFAE R 2 AT L T 28 K A B F ) AT DA S
I TUAR B0 B, LA SR B A 2 45 B 1 i e R 4]
BRI K SR, K A BER R 25 5 T EUR A
DR EW R, T A 8B e, 3 — i@t EDS il
AT Ti-3 FF i R T 0 &R AT bR € , 45 R 3 By
e MESTHTLLEH, KEMOILEREAILERME
A, XA T4 BOE R 2 4 b A SR A R R
MERDEHONE TiGRM EMES, XBWLE
A2 TR T TiO, 2.

(a) Ti-0

(c) Ti-3 (d) Ti-5
B2 AREISIIREETHZR A% TR E
Fig.2 SEM images of basin insulators under different

Ti-deposition time

R = HL AR O R YT AR 4 2% - I 3R T L 5
BEATIE , 5 R 4 s . WE4TTLLE Y 4k
HR ] 9 180 s Bif , SR THI HL 5 F 0k B i K, v 7 &
JEAPE 200 £ o 8 g 0 R T LS 28 2 0k FAL AT 1)
TS THI ¥ 19505 AT T8 9 THT P37 [R] b i % SR 7 7 2k i
A, KRR R S R A A S R AR B A
HZE A

2 BESER-ERMNERRE SRR

58 B 2R 1 S A B COMSOL Mul-
tiphysics Al Python 3t [/ 1 & o 128 24 40,45 3 A6
g1+ 2 TH 3 9 A AR HR LR B ML Ak 1 4K R A

s o =
S 24 51
pm a g um

(b) TiTC& (d) kISR
Al/%
69.91
18.82
7.91
2.65
0.54
0.16

10 12 14
fit H/keV

(e) B R EETHT
E3 SRMEMER LS T EDS gEi

Fig.3 EDS spectra of basin insulator after Ti-deposition

B 1t 5 %
sl = —amgka

FIM 45 26/(x 107" S/m)

0 30 60 90 120 150 180 210 240
pasEingia

4 TRELEFBETHARNEG FREBRSE

Fig.4 Surface conductivity of basin insulators under

different treating time

1012 4% (A-LSTMD Tl A5 H 1 ABC 0 A5 B o
) 8 53 A G PR ey 7 BT, F AR
GRS R LK HI A T A-
LSTM 5% B A0 5 Ha 37 43 A (1) PR Jd TN L Fa, 37 g A%
KI5 05 ABC FIUBR L ST RZH G R
BEFERT T . 35T K% T 356 B AN B R 4 B



58 AR

2025,58(5)

21 ETARTHEMNBSE-7RNIEE

T Maxwell-Wagner 212 , #] | A R 7oL £k
DI ER B A% T i . &5 =4
OO RR R T SRS, 48 2% 1 R LA I RS A=K
BN AARRZG H

(0, 100 e
........ Tlﬁ*ﬂ}%
L7101 N o Fh g
....... (20, 55)
~~~~~~ AR T
40°7°++.
20,45) (30, 45)
SF,
©.0) G- TTTTTTT (20,0) 33,0

}
5 ARNBGTRIAMAERE

Fig.5 Simulation model of the electric field for basin insulator
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