Journal of the Korean Institute of Illuminating and Electrical Installation Engineers (2012) 26(10) : 27~34

EF1-10-4)

http://dx.doi.org/10.5207/JIEIE.2012.26.10.027 ISSN 1229-4691(Print) ISSN 2287-5034(Online)

GIS EXI

SUAM A2 ATYHO ME FAHKIL 59

(A Design of Insulted Diagnosis Sensor and the Characteristics of Frequency Spectrum
from the Radiated Electromagnetic Waves according to Surface Discharge)

sEE - zLY .

oA

(Sung—Gyu Park - Eun—Hyeok Choi - Kwang—Sik Lee)

Abstract

If obstacle in GIS(Gas Insulted Switchgear), its affects are great are on the community and it is
consequently demanded lots of difficulities to recover and repair. Accordingly, diagnosis techniques,
that are able to prevent from accidents before they happen by providing more stable and highly reliable
power effectively and finding sign of the accidents is very important. A novel UHF(Ultra High
Frequency)-microstrip antenna is presented. The measured impedance bandwidth of the proposed
antenna 1s from 0.5GHz to 15GHz with the stop band from 05GHz to 10.7GHz for VSWR<2. Form
results of this study, The antenna is will play an important role for the senser for insulation diagnosis
system by UHF method of real site GIS and power equipment using SFs gas

Key Words : UHF, GIS, Microstrip Antenna, Insulation Diagnosis

+ FAA st
e AAAY g rfeta 7
* Main author : Doctor’s course, Department of
Electrical Engineering at Yeungnam
University
x% Corresponding author : Professor, Department of
Electrical Engineering at Yeungnam
University
Tel : 053-810-3953, Fax : 0563-810-4767
E-mail : kslee@yu.ac.kr
Aedzt 20119 119 114
1344 02011 119 1692
Arkeka 020129 99 14U

z9 - A7)Adnske] =g A263 4102, 20129 10¥
Copyright (© 2012 KIIEE All right's reserved

o] i3] Faslrt
1S(Gas Insulted Switch—

gear)= A 2 %xd of Asglo] AT 49 =4
AlZro] Aol wpe) o] Ao o3 dAdsirt x
AL = Aol dibARl ddol, thE Ag7]7]E3
o] GIS Wi A= dduta] 7 dojuyr] deoj F-
ekl o)k WALARY HES T 3[Rt

A
Age] EA H7E QA8
Frequency) 71% &% 22 4
T7F Bal ¥l gl

UHF 7]%&¢ #Axpal A3 e] & v o 24 UHF
o] ekE NS ISl W & 9847 1
wo] B Qe FEsHE WAelk GIS el
A gl ols) ZaFstel o) 2717k4) el

(21



GIS Azl dA% o

A BAE = AR = GIS Wl A thest &
FRAdS doA s B AR} A4 2
< HolA =, o]l AAE AHg AAE o
sto] B fEe] 7hsshAl |k I e
UHF 7]&olAe S0 T o9 el 9
o)z Al WellA] s frelsithal dEA e
S0OMHzFE 3477} =855 Zulel upe &40
a1 F%H] Tde] Ao s 01344%]13% o]
7HA] A A (e, FAIFES 1Y 5)S elst
o] 15GHz= 1]

2 Aol A= UHFU HellA] AR 5= ol thekst
e QFeL; Foll A U}OIEEAE%—% o]-g-g UHF
eV Bde] 4 Fuke o 9S 500MHz~2.0GHz

82 2Aste] AAlstazt gt mlo|Am ~E R Qv

o]-§-g UHF AlA B g ge] 7|l HAM|

o} A B e 4 e Sk TPEan 4

B3Pt 7FsE B ol Q14| 3R] VIS o]8s

o] A A 5= o Aol AFsit) 53
AU s ST 5 de o] qdrk

b B =Ro GIS uji 7Fs% UHFA

Az}
o1

A BEAS wl A A8 A 7E Rt A 223 B
=

rl
O, et :\ru

ﬂll

oo ox 1o

-/

o

F

-

oo =
Al e AAAE DA} AAE e AR o
|34 AT o & JAlste] EE o] A EE A
= ¥Wel FDTD(Finite Difference Time Domain)H
= o]-&sto] AAETE =3 dA SFs Gas thAl &
A= AREEH AL = TFE7] 9 xq"ﬂ‘ﬂag 7159
SFsoll Hlal 1/38 =2 ¢efx] Axe7]E A
dEdnle] HAAd Hks 98k ‘jrook?} IAEA=
o] A& 1L Qitt olefdt nAEAEE AREstaL Q)
= Agdn]e] AAA] tiFato] aAEAES]
o] HAdol oste] AR H Xty WA E =i
ol HFAAA ] HEIVE AFEsHE HEA
H| o] AAN 7|28 2 G87Fs3 o] aAEA=E
of w2 AAAATIA] HAPAAE EA sk A
8IS s} i,

A e AR 54

ool YAds BWAshs FESR AV ofF
o] XA Rk AR Ifolli= 20id ol AE GIS7F A<
9o sk q]:rL/H—r]. vhglo] Az i A 6%
RHako]l Asto g 913k GIS uAo] whlE 1 9ith
olg]sl GIS WHF 1A Bt 7ko] AAI7F A Q¥
A, AR Sl A B wf Ao 1%k FA1A v
Sl w- ﬂﬂl HIT) e SFy k2 At
A9l GISE =4, 2], d=27] JA4x] ¥Ad7] 5
o] AH¥ & &1 ‘ﬂ"ﬂ TH|Eo] glom 41 Bl

71 WAk FelglR 7]7] AR} GIS Yol A
01011/}~ v A & a“?jao dohl7l= A4 etk o
1998136 2003 Fet f-Eluhekel Al

E sk
He]'*gii JE:IMH]BE‘&_ i;(]—tﬂ-/\g zsﬂzﬂ-._ X GIS-/] —yx}
ZAA 74473 T 07l Deb, o] FX|= A A
An] ko] 12.1%E AFA|8kaL Atk

olefgt Akl Al Fte] GIS B wale] dA
F71o] W& o E A (Time Based Maintenance)
oANA 717178l olgk 32 (Condition Based
Maintenance)©] =4 %WA, WA A A%
¥} FAHE A7t B A7) o] FolR ARk AA
vt agE mdel] WAsh )= vl o)k Egh o
W GISell AR =ar s A= i FoAlES
ARg8EaL gli= AAolw, Sl GIS B ¥ 7]7]el AL
| YUY AlA ] Aol tigk Aol

710l F Ho] A etk E=E Il A At
AM= AlFdo] AR tiFEal s AAolth

olof] H=/dn]e] gt sl = Eekal
FAGH 2ol A 233t 2 Susit 57198k
GISE HIZEg dgAdn|E9] 1 A S &
B3] S84 AFAIZEA] A28 AA] TS flg Al
Ae] site] g astttal Al Eth

©

X

3. GISWY =S YAXXL
3.1 &Y TX| H BvEY
SFs; 238 mojade i grEe 47]9S 44

St 58 GISe) 12 vh 24 siola] ol

59 et glo] QEY AT

Journal of KIIEE, Vol. 26, No. 10, October 2012



259 Bree AIEE d] A9 wages
Aelsiaich. 5% 959 nitel A mm~
S0mm7H#) 8] %4] }o-s}c}. w9 GISS| LR
ol e] B w32 Golahl B 9ls) B
YL ol gale] ARSI THE B HRE
AATte) £} the Aego] lale] 77}
o HEES ol gstel ALk

O+

1

~E7| EX

(c) dod &

[

a8l 1. 29| GIS LiF A& 29|
Fig. 1. Imitated defects in imitated GIS

SF; 7}2~2 F517] Aol= 7k~ Ao yre
Zsta =2eh] HERotary Pump)E ARESe] of
10 Tor7HA] A3-E A7 & 7o) GIS Wil Bes
o] 9IEE %X T SF, 7tAE FAsok

1% 1 SFs V“Z A A GIS-J A7) 2 AbaL 2k

i

J_zﬂ/\] A WA, xéo:vd J}E]a ZH/‘]J 7_}7_}
Hbd o] HRAl Y} v 2 K o] w2 WAL S =3
1 o1l AA A=k A E8 wo] GISO| - 23 &

Digital Oscilloscope (Lecroy 9350AL)¢} W AZFE
Z7317] 18l SF717F Ui Active probeE A
st

g an ARl whel Ak = A Abeke] A3t

%1 - A7) =4 263 A10%, 2012 109

1=
of
=
l’ﬁ',
rlo
i)
o
1>

=42 flske] EMI - EMC 74-8-%] BiConilog 3t
LHEMCO3142) 31 ~9Ed] #47]  (Advantest
R3IBIA)E ol&5i%i

High voitags

antgnna

(a) SFs Z8¥ Zolag HH

Biconical

A Antenna
® O /
@ = \\ //
HANT B /i \
= / \\
C s H—
scnlloscope Spectrum
Analyzer

(b) 2HEAZ I SFeot HZST[0f Chet AHUTAl AR M|

a8l 2. ASEARQ BT

=230

Fig. 2. Schematic diagram of experimental apparatus

B Ao Aguie WA A QlEEg o
IV/secd] s sl el Aste] del
sl 1ehe: 58] Z43te] Bitd A gk
9] GIS Uil Agtel me FEAe melsiA
el whaelA) Aent) Hi BAE WA
Apste] Fole ~HAERS B A

[) = a-
o] GIS ujFol] iz Al 2 7o w2 AR
Ztake] S0l el gk Qtelvhe] HA S50
AP} S )

- %1_
HEY BA7Z o] g3t theksl 7| 2A8S g 1
h=i]



GIS Azl dA% o

S st} WA AR e Syl AHEHS =
= J%LE_E* 47194 GPIBE do]E]
4319

AFole] Agl= HARA )

l
ox r
=
i)
2
o P
I
_0|L
2
"

sol FASH 0 AP HAADEL Tefstel Im
2 agsiel £ A8E SRk <kl 2w
AREE ZA Felshe® AR 58 g
B Sl Sl oz Al

A 0-156H; Hee] e ol g3l
wﬂroot:} MoR PEW WAAATE 24 B3
e,

i
|
- [ |
T4 | — 35KV] |
2
[a1]
= 3
<
[=))
: l
s 2
17}
2
R I A
o Dl kb m.n.mlmﬁﬂ I Mwh
300 400 500 600 700 800 900 1000

Frequency [MHz]

(a) 35kV

i
4 — 38kV] |

E-field strength [dBuV/m]
N w
N

| thatt st

300 400 500 600 700 800 900 1000
Frequency [MHZz]

(b) 38kV

38! 3. 300~1,000MHz CHY YAIMAILE AHE
(=HN TEIZ E=W)

Fig. 3. Spectrum of radiated electromagnetic
waves at 300~1,000MHz band(being of
conducted particle)

(304

A e AR 54

th

i i
E i ; 230V
=1 !
E
B2
. |
& 4 I
R AW RSN TR I AR T
“am om 500 600 T a0 il 1000
FregquenoyMHE]
(a) 23kV
5 T T
I I
= | W=
E.u — 26EV]
5 I SV
=3
E
Ez |
= 1
= 1
N
w
-5-33 00 S0 (5] T a0 =e.1} gle e s}
FrequenoydHz]
(b) 26kV
N i i
i | :
£ |_ 28[0V] |
= | |
o
Ed
=]
= : :
=
= | !
£ 1 1
e | |
30 400 S aa Toa e ) 90a 1000
Freguency MHz)
(e) 29kV

E-fie il e gt [48 ]

(d) 35kV/

J8l 4. 300~ 1 000MHz CHY HIAIERIL AHER
(GIES=PEDVY

Fig. 4. Spectrum of radiated electromagnetic
waves at 300~1,000MHz band (being of a
fine protrusion)

Journal of KIIEE, Vol. 26, No. 10, October 2012



9 3% Bo| GIS el =14 FElE EAA 3H
BV A7FA] w7 geS wiAIgE AR Afae] 2
Ed E¥olt}. PkVIZMHA WA S 7 A& A
ok=t}. 31A) 9k 38kVQI7FA] 300, 360, 3R0MHz H-+2ol]
1~2dB, 430MHz -l 2~3dB <71t Hlolg7}F A
=24 dduty] Ao dAlgka Ak ojnf w2
o] GIS -9l w5 gElE2 st go] Aste] A
= At JEE ol FelaL etal 9Ed H=ol 73
7%= g

% 4= KO GIS wiiel mlAE7] EAA] R
Aol W= HAbAREke] FEuks AwlEY Ryolrh

Lo GISUell 983 d=oll mAE7E F-3st
al mamrieh vk ekl Gaps SmmzA
1kV/sec?] 58 HS 27 b ddnta 7 vt
AE= WA A sk dek(olst Vp)2 of 41kV A=
|tk

17kVRIZHA] B8] GIS -3 A vasr] 3

I

T .
E. | 32V] |
@
2 3
5
g,
:
g,
i

0 b b s g

300 400 500 600 700 800 900 1000
Frequency [MHz]

(a) 32kV

4 | — 38kV] |

E-field strength [dBpV/m]

300 400 500 600 700 800 900 1000

Frequency [MHz]

(c) 38kV

SIRE SO m, VA T
gl 2 ;R o] B o)tol

BRVIHAIZAA WANESL AESA 2
AT, G A B 221 G e

7] AlZFsAtE Hsks 57 Uﬂ 300 330, 430MHz
el M= 1~2dB 7k Wzl dlolg Alsrt
HAEF A ojuf Bof GIS WH-E #5431} FelA
Fejoll A B g e gHjo] eyt 3] AT
of] A3}
1% 52 KO GISHF-ol HEd A=l 71 of=
o]-g-te] AW AFo]ME W5l ol bmé] =
ARG 55 =9k 4 d5Atol=
mm, &5 EA4 9 vebE Alo]:= 5mmeolt) 1kV/sec
SR A VR ehddAnyr s =
Ht A A g ek (o]st Vp)& oF 48kV Aot}

it
o m1o

o &

o

4 | — 350KV] |

E-field strength [dBuV/m]

11 AN N
300 400 500 600 700 800 900 1000

Frequency [MHz]

(b) 35kV

|
o} }— 41kV] }

E-field strength [dBuV/m]

AL \ II'\
| A
IRVRICNY I 0" T USRS (TR Y

00 400 500 600 700 800 900 1000

5

WO 2 NWhODN®

Frequency [MHz]

(d) 41kV

32 5. 300~1,000MHz CHS] SIAMMRID AHER (P BN =XY)
Fig. 5. Spectrum of radiated electromagnetic waves at 300~1,000MHz (surface discharge being)

%1 - A7) =4 263 A10%, 2012 109



GIS AN A} Aol we WA Aat 54

9 5 (b9 2ol 35kV 300, 340, 380, 430MHz -
ol 1~2dB 57+t vlo|El7F &5 7] Al&beksih.

19 5 (o) 38kV I7FA] AAARD WLl S Hle]
Ho Fi FEE Ao A Fok iy
= Al¥star A AAE=S] 277 Q8] oK 2
28kl o2l 300~1,000MHz thee] dloly A&
S7FFATE 300, 340MHz F-<tof] 3~4dB 57}t
o]E{9} 380, 430, 470MHz <ol 1~2dB 5713t H|o]
HEo] AEE7] AlAFeRath

a9 5 (d)e= 41kV 17F ol A Aate] ~HER
EEolth 38kV QI7FS] -9} wlurehH A A Q1 W
AxE delge] Fu FX= fARF e, 300,
JOMHz -l 5dB o)/ S7+eh Ho|E 2} 330MHz
el 3~4dB S7Fgt HlolE9F 430MHz F-tell 2~
3dB =715k dlol¥ 18] 3l 620~640MHz F-ofl 1~
2dB F7Fsk dlolH 7t &%) AlZsaith

2 ERoME QHEUE APE Eo GISY
Teflon-resin®l| Ax|sle] W Rl w2 AR}
1= 4% 4 = UHF AAE AASKATE 19 6
L Alote ¢k F2o]t). Micro-strip 1%+ =]

#9l Azkyol glof Mol golat AFHzE

pud

M

G+ AW L Wy ) t t2 | t3
mm | 30 30 4 4 1.588 1 1

a2 6. MIotEl MM X
Fig. 6. Design of Sensor

(32

A AAZ AASAE sublS F4E 2220 712
AF8-8191 3L, sub2¢} sub3E A1A-S A7) EA4(PEC) =
sl
AbA o2 <Ll glo] 7P T87k Sy wHete]
T 7ol BofFear ik <tEuke] S gkt
BJ3= —20dB olske] gholl A Steuke] S5 tf o
S Ao A NS 7HIth s dikA o
= -10dBelste] ghs zte T gols oL oy
o] SAFIFUE ARSI mebd] F 8ol B
A3t o] ~10dBelete] ke 2t Fuba e of
05~10.7GHz Atololl 4] vehtar glom eteu} A7
Al a1 g UHF 7]zellx o] S a4 di9<
gHSakal Qlrk BEek VSWRE| 18Zof| 4] 20]5}e]
Tkt el M L qrelve] S e AAE 5
st 05~10.7GHzol A 2018k ks 7S &
NS

skgol A Argh npel o] vpEl2E o] mAT 2
= AR oS S s Y] e
2 5o} vtk v AE e F el AgHS
EAgo] o ANT S| A= A7k
o] dite] iAol 2elA ok v s AR
Al S-shetE AR g AlEw el ARk
Zoll gk AR Ake} ek 4] e el ut
gl A FASA N oleto] FFE

.

A

i
oL

o

n2

—l

)
ol o

I A

HE FIFU

S-Parameter Magritude in dB
02722 10.741

s,
si,1: 4357

]

20

0.

|

60,12

05 5 10 12775

Frequency / GHz

a8l 7. S1,1 L2l0|E (S-parameters)
Fig. 7. S1,1 Parameter(S-parameters)

Journal of KIIEE, Vol. 26, No. 10, October 2012



Aglel) W EE o] FEAEE Felol Wke 71 A 3mm, A7 100mmE FUeA AMgslel
dlo] 251 S-julEoA ARk EE S 2h7ke] nA R el AnAE el |

= AIZF diH] A5} Qlol| A WIALA ALY MaxZhs =4 E41519

E

off thek A4 Aeter} otk 2 s

G AT 7ol A %Eﬂoﬂ ks 5] o 19 8 (a)= SFs 1atm dufo] WAt S4S
woll RS 2 5 vk 7 S-vkefr g UERRaL Qlek o] A aAdA= PEY wl= 200,
g Zo] opr|¥o] Ay} Hegreo] S A 5 Urk 1050 MHz, PC+= 800, 1100 MHz, ©F=L¥-2 300 MHz

ool A Aradsha Qo] whE AR}

3.2.2 AAEA=S] AT EA AE Ak 27 8 (he AFxT7]S dAvd= A8

% 8L o]F MAHAE] TR W YA} sto] AWLALAAE SA8AE o] A9o® 1
g eE BT ok Y3} o] PEY wji= 350 MHz, PCt 150, 1050 Mz,

FAAHAAELS PE, PC, Acrylics AH8-815 0m, o} -2 200 MHz tell A st 7o u}
AA7IAR SFsoF 1123715 AFSSISIth Alse] A 2 AR S AT

24
2 53 [kV] 40 [kV]
= T 22
E o S ~F E n
SF, 1[atm] 3 2 Dry-air 3[atm]
6
3 18 | PE [T EE
) k=3
£ £ 16
B 15 B
o | | g H
£ | E 12
3 2
T T 10
® 9 °
s s Wb
o o
£ 6 %—. 6
]
@ o 4
m 3 w [,
24 el e e Rt e B sl
ol ‘ ‘ ol L VR
0 100 200 300 400 500 600 700 800 900 1000MH001200 130014001500 0 100 200 300 400 500 600 700 800 900 10001100120013001400 1500
Frequency [MHz] Frequency [MHz]
24 50 [kV] 241 39 [kV]
E 2 S_P E = S-P
x SF, 1[atm] z 20 Dry-air 3{atm]
o PC =1} Polycarbonate
B 18 3 %
£ 15 = 16}
E=) 1 s
2 14
£ 12 2
k7 g 12
k-] T 10
o 9 @
b | = 8
o
2 . N\ 2 o |
g =
g, , N ) ERY
o Ao o b ]
. ‘ : i letihg) |
0 100 200 300 400 500 600 700 800 900 1000171001200 1300 1400 1500 0 100 200 300 400 500 600 700 800 900 100011001200130014001500
Frequency [MHz] Frequency [MHz]
24 #7 KV 24 37 [kV]
21 -P 2 s-
Fg1[atm] 20 Dryqair 3{atm]

- Acrylic

i Acrylic
16 -+
14

12
10

i ' I\
11 Wi bl / ] l l |
)
\ il Nt ol ] Wil
0 100 200 M 400 500 600 700 800 900 1000110012001300 14001500 0 100 200 300 400 500 600 700 800 900 1000110012001300 14001500

Electric field strength [dB#Y /m]

Electric field strength [dB&Y /m]

o n & o

Frequency [MHz] Frequency [MHz]
(a) SFs (b) Dry-Air
Jg8 8. INEAEQ R0 M2 LANKIIIEY

Fig. 8 Spectrum of radiated electromagnetic waves according to Surface Discharge

%1 - A7) =4 263 A10%, 2012 109 @



GIS AAAHAA A7sh Audae) ©E P dAs)

TALAES) B} AArse] R
AAATFe] Hiedo]

o, olela 2}
EEEEELER 2 of
2 7hsd oA AAES A 4 91S Aole)

7] th et

4. 2 E
w2 A el A8s dA Qe AHH
AL = SFe AgAdn|el A3 dAA Axe7|E
AdArfd 2 ARk dEAduo] tiek R dS 9
sto] APdAbE S el 53] SFea AHS-
sk A=7)71el lelMe Adks Relste] Ak
WAPAANE A ste] Adke] HEo ke g AME

o O

A vl AR AEY St} AB)
] ZAF5 vige] 05~10TGH S
selstel, UHFS o] 88 Aele 710l Abgal
= T ool A S Qs Selsan
QFoR ¥ etolA AAE vlelaRiEY ek}

rl

g A ARk, 2% B PEPANEE S/
2ajstel A A1V ol F7E AET 5 3
= ) g Al2esl FEe) Aol Zltheck

References

(1) Kwang-Sik Lee, “A basic study on insulation diagnosis
system development by analysis of radiated electro—
magnetic waves’, National Research Foundation of Korea,
2003.10.28.

(2) Mun Soo Lee, “Antenna theory”, MRC, 2001.08.31.

(3) Young Joong Yun, “Antena theory and design”, kyobobook,
2000.03.01.

(4] Balanis, “Advanced Engineering Electromagnetics, WLEY,
1998.

O MR

ST (HhE)

1964 99 744, 2002 Ao A7)
o3 9. 20084 Friety A7]ge)
£ (D, @A ekl A7)3eta)
BALT, (F) gAY Y ol

X299 (4 i)

19779 249 1994, 2003 B o A7
et &4 20066 g e A
71g 3tk E4(AAh. 20099 T st
7185k QAN A F=Eel )
Vit g g el 2 avpEA ]I g

1% o

O 2| (=)

19489 1092 209 4. 1971 9] 7]
ety 9. 19873 sl G,
1988~1989%1  Nagoya Institute of
Technology W=, tighx 7| gts] v
aAYATE A 9. AA S
= - A71Adn|gkE] W3 st
A7)& e e,

Journal of KIIEE, Vol. 26, No. 10, October 2012



