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Study on electric field characteristics of GIS basin insulator with air gap
defects and dielectric functionally graded materials

WU Yanheng, LUO Yan, MA Penghuan, ZHANG Qinqin

(State Grid Ningxia Electric Power Technical Research Institute, Yinchuan 750002, China)

Abstract: Air gap defect is one of the common internal defects in GIS, which can cause electric field distortion. The
introduction of dielectric functional graded materials can optimize the local electric field of basin insulators. However, under
the combined effect of air gap defect and dielectric functional graded materials, its electric field characteristics are not yet
known. Therefore, an electric field simulation model of GIS basin insulator with uniform medium and dielectric functional
graded materials (¢-FGM) was built in this paper, and the influence of the existence of air gap and air gap position on the
electric field distribution of insulators with uniform medium and e-FGM was discussed. The results show that the introduced
dielectric functional graded materials have a relatively ideal regulatory effect. When air gap defects are doped in a uniform
medium, the field strength of air gap near the high-voltage conductor, insulator middle, and grounding shell will
significantly increase, and the increase rate is 85.32%, 78.10%, and 68.69%, respectively. The influence trend of air gap
defects on the electric field characteristics of insulators with e-FGM is basically consistent with the influence trend on the
uniform media, but from a specific numerical perspective, there is still a certain difference. Air gap defects have a greater
impact on the electric field of insulators with ¢-FGM. When designing insulators with ¢-FGM, special attention should be
paid to suppress the air gap defects in medium.
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Fig.1 Simplified model of basin insulator
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and after simplification

3L
25 LE i\
A

15

Els5 SBRAERR

Fig.5 Air gap position simulation

2 eFGMARBGTHELERE S

2.1 FTEPEe-FGM BB IZIFIEN R
24 GIS LHRFAN, 252 kV GIS 2 048 % 1 [
BRI AAE 6 s . MWK 67 LLE H, 47 5l



94 HGI B

2025,58(1)

TH Y51 U e-FGM 1) GIS 75 3048 2 1 11 FL 35
DA BIAK, BE A L5es—58. Hre-FGM
ol SRIVE R R ECRVE SRR TE B S PN EVN
3.13 kV/mm FFMEF) 2.61 kV/mm, F F#EZFIL 16.61%.
FH RO, 51 N A L Dl R R A ) B0 R 42 AR BN
FHAR

Kl (V) R FEIAB(KV/mm)  BKH:
3.13kV/mm
200
180 30
160 25
1140
100
%0 15
60 1.0
40
20 0.5
0
(@) B2 i
A - H(kV) JETH ARV /mm) J KA
2.61kV/mm
200
180 23
1160
140 &0
120
100 15
80
60 1.0
40
20 05
0
(b) e-FGM

Elo #BABLLTFEBMBIANH
Fig.6  Potential and electric field distribution of

basin insulators

22 SREBENHONTRENBLE FEIFFEN

AR

17 AN A 7 B S BRER B R 35 20 Joit 7 A A 2%
TR AT EE R, NE 7@ AT, 21
SR B AR BRI, 1S AL 2 5 AL A3 5 A AR
AL 137 58 350 B S R R0, 1 Sl SRR sk B 7
Yo AR o N 7(b) AT BAE HY AR R B il 2
Ak )37 A AR K BB T 5 HL 3 B 100 1 3 i Ve {E 1)
BT A BRERBE AL . H 2 SRR R A B 2 /N B
HL37 T REBLG, dh ok, R AOBR R A A7 B R B il
LR i R 5 TE R R — B

I3 ML I WEAE AT LUK EL, 1 5.2 547 A0 3
AR AL B R E 4 0 BN 1 0.93.0.82.0.68
kV/mm , 38 11553 51 A 85.32%-78.10% 1 68.69% -
23 BREAFEXT -FGM B R B % T HEIAFFHERIE

M 43 7

Bl 8 A [FI AL B SBRERFE N e-FGM 2 48 2+

M- HLIA R (kV/mm)

M I (kV/mm)

A AB(kV/mm)

35AL 3.0
IZAS
12.0
|15
Vs 1.0
k’_ 0.5
(a) HI7 50 A
i — ¥
20y - - B
I Lo 28
_ 16 . 35
e ! -
E
>
&
2
=
N
B
3
I
041,
0 50 100 150 200
K /mm
(b) %2k faIn 2Bk

7 FAEMIESBERETHAINROESRS 6
Fig.7 Electric field distribution in uniform medium with

bubble defects at different positions
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Fig.8 Electric field distribution in e-FGM basin insulator

with air gap defects at different positions
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Fig.9 Effects difference of air gap defects on the electric field

of basin insulator with uniform medium and e-FGM
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