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Abstract: A functionally graded material (FGM) spacer, which the distribution of dielectric permittivity
inside an insulator changes spatially, can considerably reduce the electric field concentration around a
high-voltage electrode and along the gas-insulator interface when compared to a conventional spacer with
a uniform permittivity distribution. In this research, we propose the FGM spacer with an elliptical
permittivity distribution instead of that with a distribution of dielectric permittivity varying along a radial
direction only in order to improve efficiently the insulation capability. The optimal design of the elliptical
FGM spacer configuration is performed by using the response surface methodology (RSM) combined with
the steepest descent method (SDM).

Keywords: Functionally graded material spacer, Elliptical permittivity distribution, Optimal design,
Response surface methodology, Steepest descent method

1. M 8 A AAvido] HEHI At [12]. 22y ol

e dAdse T4 7k bl SFs 7k

7}~ ANHEA  (gas insulated switchgear, 30-40% AEZ ES53Ez 77| A AHF FRE

GIS)ol AAvjd 2 AFEEE SFs 7has dd 2 4 Q) 717] UFel BExsts A4 A5S g3 5+

FAEo] ek, 3RS mERrR 277l e HAY FAGAEATE 4 agEojer gt [3]

of ddmid=m del o] &¥a Jov EHF A 53 GIS Wi ZdolAe HAdG TS 9

A dddige] F43%] fAase B AAYgEAAS 7o olfd WHe 2uoAE AAT W FAdX

HABZ AA dANAREE FolE Q8 "ok = & Agsty, FERE BRI HE ARV eSS F
kel

Q I
g =2 243 AFR Jd 2AHIHE oy sMATE d@He]
gormg 7k AEF7] (dry air), 24 No) 59 o

g hdsA FAATIH,

a. Corresponding author; kwang@hanyang.ac.kr



: 100,000 Of 7|

=
g
)
1S}
=8
o
IS]
I
€
@
£
o
w

Node

J. KIEEME, Vol. 25, No. 6, pp. 467-473, June 2012: H.-]J. Ju et al.

A &

A

o] 4

Ea

FGM

468
3]
(functionally graded material, FGM)

o

B/

gl

)
2
N
A
5
Ea
=
il

pitd

HV

(100 %KkV)

]

S
LA

[e]
T

L)
_g]

pil
=]
T

B

skl 71 A

= Aol Ao [6,71.

[<)

AAA
Al

=

=

o

| A A

2

17

kT

H
2A 2] FGM

"8k (aspect ratio)

{02
ekl

%
5

]

Ex
=

0|

~

00

ol
"

oy

A

113

80

67

44

o)

0

o

ol

13

T
hal

o

3 = o]

o 344

=
T

ol ¥

[e]

SDM) &

ik,
RSM)
A SDMe]

o

3

<
T

el

=2
=]

H (steepest descent method
(response surface method,
AAR7E A

1

Al "9l A RSM

q o

s
5

J

SRR
'y
3}

il
<

d

%
i

2o =

SEEE B

S

[

o]_Q_

[e)
=

g 29 1ol Mok 2ol Aol

(a) Finite element discretization of our analytic
35 )2 A" AA AdolA A

&ttt

S

A (e,

A=A o] B E EHE (=114 )

model and the distribution of dielectric permittivity inside
74
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Fig. 2. Electric field distributions. (Max. E-field, Em
(kV/mm): (a) uniform spacer - 4.94011, (b) r-FGM spacer
- 4.30550, (c) elliptical FGM spacer - 3.80390).
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Fig. 3. Design variables for optimizing the spacer

configuration.
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Table 1. Sequence of experiments performed in design I.
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Table 2. Sequence of experiments performed in design II.

Design 1 Xi (mm) X (mm) En (KV/mm) Design 11 X1 (mm) X (mm)  En kV/mm)
Process 1 : 2* Factorial Design Process 1 : 22 Factorial Design
19.0 (-1 180 (-1) 3.923192 22.155(-1) 21.6(-1) 3.718360
23.0 (+1) 18.0 (-1) 3.853328 24.155(+1) 21.6(-1) 3.734448
19.0 (-1) 22.0 (+1) 3.738064 22.155(-1) 23.6(+1) 3.701120
23.0 (+1) 220 (+1) 3.727440 24.155(+1) 23.6(+1) 3.713464
21.0 (0) 20.0 (0) 3.803912 23.155(0) 22.6(0) 3.708320
Process 2 : Steepest descent method Process 2 : Steepest descent method
Base 23.0 22.0 Base 22.155 236
A, 0.05175 0.2 A, -0.025 0.0336
Base+ A, 23.05175 22.2 3.715966 Base+ A, 22.13 23.6336 3.698079
Base+24, 23.10350 22.4 3.712203 Base+2A4,; 22.105 23.6672 3.697596
Base+34, 23.15525 22.6 3.708343 Base+3 A4, 22.08 23.7008 3.703583
Base+4 A, 23.20700 22.8 3.725502
Table 3. Design ranges for RSM.
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Table 4. Result comparisons at the optimal points.

Table 5. Electric field intensities in each region.

Optimal points (mm)

En (kV/mm)
X1 Xo
Initial Non-FGM 4.940112
B v — 21.0 20.0 —
FGM 3.803904
Optimal RSM 3.694960
del 21.989 23828 —————
mo FEA 3.692656
E 4.6625 N
QPRSI
3 AN
£ 46375 \\§§§\\\\\\\‘,
: Nz
S sz ~u&ry
218 " "
) 22.4
X, (mm) 23.0 X, ()
2
Fig. 4. Response surface.
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5. Schematic sequence of experiment trials.
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Electric field intensity (kV/mm)

Inflection

Anode . Cathode
point
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model
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Elliptical

FGM model 500306 3.80390 371777

Optimal 310425 456191 60266
model

Fig. 6. Electric field distributions. (Max. E-field, Eun
(kV/mm): (a) uniform spacer — 4.94011, (b) elliptical FGM
spacer — 3.80390, (c) optimally designed FGM spacer -
3.69266).
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Electric field intensity (KV/mm)

— =— Initial uniform spacer model
1 F —+—¢ - FGM model B
i’ Elliptical FGM model
j’f — v — Optimally designed FGM model
0 T T T & T % T % T X T
50 60 70 80 90 100

R-coordinate (mm)

Fig. 7. Distributions of the electric field intensity along
the surface of the spacer.
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