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Abstract: Recently, with the miniaturization of GIS, there is a need for the miniaturization of spacers as accessories.

Miniaturized spacers make it difficult to secure adequate insulation distances, resulting in a more concentrated electric

field at the triple junction of high-voltage (HV) conductor-insulator (spacer)-insulation gas (SFs), which is a weakness in

GIS. Therefore, by introducing a new concept design technology, functionally graded material (FGM), which is recently

applied to various materials and parts industries, three-dimensional control of the dielectric constant distribution in a spacer

can be expected to alleviate triple-junction electric field occupancy and improve insulation performance. In this study, we

propose an optimized model using NSGA-II to optimize the permittivity distribution of FGM applied spacer.
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Optimization

1. M2

ArR](gas insulated switchgear, GIS)=
Y HPd=2 ulAst AlsolA Zao et
2T wE Al gRR JPARE], g2,
Amo]A], B4, §/447] W Amo]A
Aol = &

>4 Yo-Han Noh; typenal228@gmail.com
Han-Goo Cho; hgcho414@naver.com

Copyright ©2020 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

A AdolMe] AdE UWHOR Ao} FA
NZAS & WAMEE AGStE 9loo], o] ofEA]

2Rl JARAANPA o FH =4 % B4
i, AeE] A2 PE 4EHol EAlTCL. &

6 |
Al /\H Aol sl o] As7dol AAZE A
Ho]E(void), ZH:(crack) %2
+ 2Aol lck. 4x AdW, T YEYS 2
ote Tele Acjo] meb HiA Aule) S48t @
TE 3 glon], o2 5| A Awolqo] Y E

Z45tEo] HV-GND Ato]o] A AH27} &of&50f 4f
A0 AAYE 0% AsEe 2aE 72

wfebd AT CRRE AR @ RE AR g
Ndel A7« ZAAV|SAE(functional graded
material, FGM)E& ={3sto], LA44E9] iEE A&
A E: ‘ﬂotﬁo; Aolgtoes Hae
o WaIcHY



226 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 33, No. 3, pp. 225-230, May 2020: Y.-H. Noh et al.

F2 sty BAgsol 3 NG 4 Ut (2]

A B4 Yol Y= E: FR7} 02 A2ty o
el2 Edstn UM 2eue o8 WAt ket
"elo] PEE Aolsts FAISAE T W Sol
A7H 2 9louf (3], olo] we} FAISAE KE &
49 Amole] 9FE RE AN ATE U
WeFos MWD et [4]

24 R o8 AR 1u e o

At [4]

e AL Amola 7+ layero]
7 oz AZAd Az
ANskaA} gk A1

o
S 95l Ty 7|8t I m 2 TI280] [abView

2.1 NSGA- I

FOM Aole] RAE $2 HuAE ) 055
A #|Ag} dva]=ol NSGA-12 A83519ct NSGA-
It e gAY nela(GART oA HAE e

o wol AHEEL glon], dMA U SRR Felt
Datelz M 7t Rdo] AANNE Rgstel de
A A7 e, AA Ze Jdno BEEAE 2n
ejzol BAYSR £ 3 ghEo] AAstEE AAA
U QHAS WSS LT ES £AFUTH NSGA-I

AR AR el 9o

oA s Ald] AElE st
H] X4 A (non-dominated sorting)y} WA 2]
(crowding distance)2 ©o| &35t ZF JfAE R &Y=
gddsto] AL sk o/ ARl | ASH o 77k WA
S2 A" 9. & AN 22" ZgE 39
“il‘j‘c}.“ﬂ LabViewS o]&3}o] NSGA-I2 ZA 0

A,
I
o !
1 | O
NN
[ !
| : i
|
O
Y T — ===
: 1 ©
: (=
|
&—————4|——+}————
|
[ S

O : Dominated solution
@ : Non-dominated selution
(Pareto front solutions)

Fig. 1. Concept for non-dominated sorting.
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Table 2. Theoretical permittivity of each fillers.
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Fig. 4. Permittivity measurement according to the wt% of each filler.
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Fig. 5. Example graph of electric field analysis.
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Table 3. Compare results from each model.

Model HV triple junction =~ GND triple junction

Uniform
2.87 0.88
model

2.29 0.92
model (20.20% decreased) (4.55% increased)

Optimized

Initial random 3.30 1.03

model (14.98% increased) (17.05% increased)
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