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The development of ultra-high frequency ultra-wide bandwidth sensor for
Partial Discharge monitoring in Gas Insulated Switchgears
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Abstract - We developed internal and external type
sensor to measure ultra~high frequency (UHF) partial
discharge (PD) in 170 kV gas-insulated switchgears
(GIS). We also manufactured a PD-generator to verify
and measure the detection sensitivity of those sensors.
We measured the output power of the UHF PD
sensors induced by PDs of 5 pC using the
PD-generator., We measured UHF propagation loss of
an 170 kV GIS for optimal arrangement of the
sensors. We used swept UHF signal from a network
analyzer into the GIS to measure the loss of various
components of the GIS.

LA 2

o AgAde AR ¢ AAAL Fo EAYe=
43y A4l solue FAot 2 F siadd
AR (Gas-insulated switchgear, GIS)¥ 93
3 3Ydvle] YAl Aoz AdWYol 5% SFe
?V‘E & AT F3AA ANz AYririgs g
3 %732‘3?1 dEFe] BEE WA HA4E ARG
23 o] HE AHZ Idie] WA dule GIS Weaez £
4 g FAHED Uk GISE 7129 ETriE w4 v
3 HE Zc}ilz‘%ol 48714 259 e :,in gl
3 Evlgo] HA &1, HYPES} 3_004 A A g 7hol
Aomg “‘7}01 HEE wA2Y Sodw A4de] 73
g Fdel Aok e ""Z]“%"l 7o
o] wrd o= du g
T dovt A £ 249 =5 ‘*1%"] Sk
Faed 2 AE BaE g oI 24
7] 93] HIole Rl dog U ’é"qﬂ 2 i
e AR 2o M QAL JhEF duAsrlE °] %
%5}731 L3 9\11’:}’ E3] IEC% CICREAM &
Aoy Fxdgst  (Ultra-high frequency,
UHF) X348 (Partial discharge, PD) ZA&4W&
s Jom o sied ugogd Online T
On-Site AY Al2®o] FHExojol gdrin AAlsn )
th (1]

£ =F9ME GISY PD #E ZAd FLE 5 e
WA ‘%l 243 Pojd UHF PD 445 AL st
Ay AME ol dlel IEC-60270Wel o8 HEY)
FELAF 6 pO)E FAHST FEYHE Az g
WMo FAFHEg 28 qUAE B39 8 5+ A9
A" Ao @338 ¢ GISHY #3 Hﬂﬁ]% A3k
of A F WAANA A4y AME o1& GIS
Wyrel M3z Am £48 E2HIHed P GIS
UHF PDAIME &% o A oz Aote] o
1 A1 &g e},

o
—_

22 £

2.1 UHF sS5tabx MaA] Jjgt

GISWE A&l ojdte] SAdle REWRA AFY H
& Zo £ ops AEE Ys] gov, FHg o]
s, ohoakd Fubpe APo]l XeH e AeE ¢
7% gt oldF Az AR gy o8 1A

ZRATCE e AAZIHEAN GISURd dupgE) of

A HEUE A4ty dAdA AgE

olel & AL PAREWMAL FIF 5 dE ITEY
AA RRolty. B =FME GISQ% vla 2EHEE
Al A s X‘Z}Eﬂrz HE 4 U
At AME AR -6—9_ A QA2 A
AR FLozHE o A e Y3}, P29
g 41 2 Agel fo)Ade meEstd AFREY
o},

i) 0}
1o o2
C;’
z= 1
=
45
e
o
o

(a) 1 BY AA

a8 @ o 9A8 AMe GSe oFA ZuolM

(Barien)el]l A83he] i¥olA g REUINLE 5
syl Mg Aaoln, :L%’ el WABAMEe GIS
o] ARslel YR Rpwhd AEE S8 A9
AAolch ARy de adolMed g dzo #4
o} 9B wolzo Y TS Bol Lot JNEe) 43
# GISel 717 W gle]l 44 B 3¢ ¥ & sle

- 113 -



dajolt WARANY A% Glsdl ANE AAE)
AF AAEANG Fol Washh o1ve LA FU @
Aol g £40] Hol IFHNM ek We FURE &
A% F G5 GIswel wYslE 2yl A 38

We Fde dodg sAn 9\}19«‘} 400 ~ 500 N
oj3te] g °ﬂ’\ﬂu GISd f9=le 7139 d w=e o
ot 2 RFEol Bob FGFaAF Aoy 11]9]
sl Rel HAs ) obgd 15 - 2 Gllz o4 o
e HEgH 4% GIS Y F2F 5 2HolM F
011’*1 UHF A3 Tzt Agc[2~4] olzd HE
< 383l ¥w A UF A3 AFo] &oldtn GISY
BolA wlwA ARt & == 500 ~ 1500 Milz &
Ao} FRFFoFE A8t A 2ot

==
—
—
~N

22 22| GIS MHE 0|88 FEU™ £F

A Ao AF @ FEZYS st o] PuE A
ABATt GIS 548 nstn 44 GISh 4K &7
A —ri"o”*" 4 AEE f8 IdlelA 29 ARgHE
170 kV @ GISE 7|£22 ®9 GIS ¥HE A3
ek EF CIGRESM AAdhe $d#FG pO)S 2y
A17171 $18te PD 2AAAE AAsigch PD HARAE
AAE =79 ARG pOo] AHES LAstdo} 3}y
GISell ¢ + Al—E Wz «l FeE 29} slojof itk

1PD 249600 HV : 22106V

N

a8 29] PD-Celle A% 37 sHF-AHIo| F&0188&
BRen HAERE GISS #Zo) 05 MPad SFs 7k=5 A
Atk elE  o]&3lo IEC'60270‘%1°11 o AP er

Z2H7] REuRE 5 pCE ;732} 55 Alfxiﬂ Az A
E 7FA3 PD-cello|A] 2AlE REuEAS ZA3te] AME
Zo) HFHH(Peak Powen)¥ £ 252l xS I
A& 4 Atk

ols} o] AE Aujol BRubA LAANE o)L,
e dAe A= 2437 A% APLuE 27 39
2ol FAsAL 5, 6] WAE AME GIS ¥ue g
ol AXE dFu GAYAME 2ujo|Mel] Hx]siyom,
GIS #miel & 2 RZ2o PD-Cell 42 ¥ 2z} Alr9
28R4 3’2&":'“ zHEeY ojdilolAE A3l
A A% 2 &4 Fo4E 30 £ YUk FEYA
2o IEC-60270 ZA7)/(DDX8003, Robinson)E |43}
o Z23ggoen, 5 pC TP A7FAEL & 2 kV o]
o},

Mg Bl o}

2aA sl waE Bxme A%
54 0 U ae
4 =

EW ZA5E 2R g Fa<
quiAlel ] ztols vehAA "ok 1 4 & AAd 242
23E (TDS74, DBandwidth = 4 Gllz,  20Gs/s,
Tektronix)?t A~HMEY  opdelo)A(FSP7, Kz - TG,
Rohde & Schwarz)E o)&sled A" Az a3a #
ok BXolth

x

aat

g 1961 S 9

(b) WgE A 23 N5
9 4.5 pC BEUAA 249 A%

2% 4 M BARle ANY AEE HAE AX9 s
9l ANt 43 **HH NEe Av|RY A ole 9
8 Aol Hx e 2HolA(Barrier)ol 93 &
CES *ﬂﬂu Aoy 37],] apolw) Zola} MAET, REN
A AETE He dgel A FAEY AAM e ‘l‘-‘]’“l" &
el E}EM %8& AAME 450 ~ 1500 Mlze} F3t
F dgdA 24 =Hen, 938 A B 500 ~
1600 MHzel F3= didely FA=UAT 2™ 5 &
Z3d 259 ﬂ% %Mﬂ g A oA E ERd A
°lvﬂl oluje] £8 9 EguAE H 1 Plr 2.

® 1 Mg 2ol F EFF A £9E& ¥3Y #
gdon, &€ Yo ﬁlﬂﬁé A A7} 1%63 ARt
of iR 2 2SS & 4 ULk ole ARE ANV
X*Z‘% *»MW Barrier)oll 213+ £33 )3 F 49
e o5 wFolg AzHch

- 114 -



v
s
§
PRI S i
A
o
ae? i
{
C oo Z .
o i 20 " ats $0
Tine {0y
(@) A8 AAM
T T T T
(5 S b
- L 4
A |
z //
=% .
= osh J E
~
E ..l |
& U4t / 4
o
a nst I}( p
! w2 f 4 !
i i
[ERN :!I 4
oo L L L - |
o 0 40 & & 1o |
o _ Time(ns)

(o) uRE AN
2% 5 MM 229 AR

L D P R e B T

z = EIAX08| ESAIZE | WM &9
e (o)) (nS) dBm ()
WEE A 0.602 17 -18 (34)
A28 MA 0.069 17 -24 ( 5)

2.4 MMl == ufx]|

CIGRE: UHFAIME GISdl A% o IEC60270
Hell 23 5 pCol 2Ry HAHF o3t E #E: ¢ 4 3l
=& A%stxn ok @A CIGRE dxehe
A e GISHR 01: X *1 5 pCe FEwbado] &
AHE o] HHE HEY & UAEF AME w3
of #ir}. AAMF &12& GISell HE-A] GISHY9Y 4%
Ak F2el g &48 u2dtd, Ao Ao MM
£ AxFtool Frh MAet AMapelel kAo F4F
Axel BAWMEE 29 ¢ ok B =FoMe GISLH
o) xuM% ox = °l 170 kV GIS9lM =33
o ag 6 & GIS &] wE Az £48 FAF
71 A8 %“%101\:% Y o] 279 2o EAE
7HAE 948 AME GISY 2 olM(Barrier)ol #
st GISWHe AsEdE ZHsHT GISW F34
7b MEEHY A3 E d=EEy] A8 AxAg sk E
ANx EFAS Aze A7E Pa, Boiz AMB oM =
g A5 2NE Pbe} s Pa - Pbrl A&
g gt

Network
Anatyzet

# 170 kV GISE 7HA3 &454& stk 170
kV GISE 499 2 /e F#Lo2 vyo AL 3§
Aok 28 7 & AA GIS FLE FEIA ®AS 4

=3 7o) gt} 4 778 AE FHAEEE 27
stk 29 8 & AHA :rLZ}%“— AE7HCB)E X3
7719 EZYnyolt CBE T3¢ 2¥49 Pash Pb
£ SN0 £ Stk 249 88 Adel Fasel
E4e washd 500 ~ 1500 MHz®l 349 ofel
of st H& stk ook BE WAL Agsle 7
W8 FA UOIHE oledld 2L ANE 5 A
o2& 7t 72 248 Agse 78 3 ol

—{J

a9 7. GISY 78 7R

" Received Power(dBm)

N ' .
o SO0 10040 1800 O

Frequency (MHz)
a9 8 A% €4 23 A% (CBE T BUS)

- 115 -



# 2. GIST3td &4 (500 ~ 1500 MHz)

BUS k] CB cy

&4

(dB) 0.94/m 10 24 10

E 2 & PEPUA AAL 33 5 oAb 50 ~
1500 MHze] F3b5 7o) thaf £4€ ALse (Pa -
Pb) BENE HEAAD 1 F CBE AXE A% 748
£40) Zck E 29 o) 170 kV GISS) Fard &4
¢ & Aor], GISel FHel Wb g A5 @
B9e ¢ 4 vk

T &S o83l 5 pC PDEAA A &
AHoAE PGS 4 73E 28-S Hisa AN
A HE Aol o) HAYAE 7Y 5 YA Aok
5 pC WAF DA dAMe &g pestn, 7 73
&S L ozt dd, A 1 7 go] A9 29 ST
g 4 Utk

P-L>S54a (1)

o gk

A1 e St AE &Y FAY H: AEs FEE
E)oln, Az Mz dARA &4 aolth. Yo Ao
it Az MY "W Ae(FE)F} Are 43
A7 AABHA Do dE S0 I4Y AAMS CBo &
)AL 5 pCell thg AMe 28(P)S -24 dBme| CBol
% A &(L)2 24 dBoltt. 4] 19 ol&ted Bad Al5x
23X ZE(S)= -48 dBme] Pk o)o} meld =A )
7€~ -48 dBm ¥} &AL Nz 9| s} 7pssor &0,
Az A9 Aent AMel fEe) weia Ao 91X
7} AR EE Belth ol waeg GISH Fzhd &4
I Adxe Az g2lm AEAZRRY] PEE HEsA
Hd ddhe] £952 GISWEG) 5 pC PD7} 2484 &
A 4 Ade AxMe wiR] XS AT § U

3.4 E

CIGRE WG 15/33 3} IEC JMe GISUHR 3yw
AgE sted 718 FE8 wHoz HAzgs o%
E3UY ¥ ZAYE AANYL 28 AdAA
TEV] A FAHALEE PRI BAHE 5 pCe
At B =FAME o3 GISE JAY Axd
SA A WA "ed AME ALsidc. e
o] 83t IEC-60270°) 9§ ZR7 @Az 5
53 8 4 YEE PD-Cellg AF3}YoH,
D-Cell#t GIS ®9 AHE o|&3 APz A
9 29 ¢ g9 EAL A 5 YU

E =294 Add dMe A5 EHA

X tjo 24 ol rok (X
_1)‘,2‘"”!0

3B
R
o M

X

O AR Are =4 FiSFuidge 450 ~ 150 Mz
ol¥em, AN E 500 ~ 1500 Mz ok

O 5 pCe WAl WZPAMe £9& -18 dBmo]
o, AAFAXME -24 dBmo)du},

=AY ANE A7) At gy GISY A
= A9 £4¢ 233490 GISY He) 2 WP o)
getd As9 FH7h A7 g2A vetes) MAe]
83 24979 gxo] g WS FEHo2 [EC =
£ CIGRE®] AN & 20| A= s A-ststad Wi
7t 7hsdteh AE ALE ANE olgatal GIS @Al A
© Nzdd Mgo] A58 R olm, GISS AzAE, A

2, GISEe ol w2 GISY &£4A g FAE dioje
o HgA A GIse] B mE AE3E 449 HA
w27} 7hsstd

1z 3 2 38l

(1] CIGRE Task Force 15/33.03.05 of Working Group 15.03,
“Partial Discharge Detection System for GIS: Sensitivity
Verification for the UIF Menthod and the Acoustic
Method”, Electra, No 183, pp. 75-87, Apr., 1999.

{2] M Hikita, H Okubo, "Hectromagnetic Noise Spectrum Caused by
Partial Discharge in Air at High Vollage Substation” [EEE
Transaction on Power Ddivery, Vol 13, no. 2 pp 434-439 Al
19R

[3] K IIL. Weck, F. Weinel, "Noise Reduction in On-Site
Partial Discharge Measurement by the Usc of the
Transfer Function” ETEP Vol. 8. No 4, pp. 229-304
July/August 1998

4] Raja Kuppuswamy, Stephan Lelaidier, “Experience with
UHF Partial Discharge Measurements”, ICDL, Graz, July
7-12, 2002.

51 IEC-60270, "Partial discharge measurement” 2000.

[6] 1. Okubo, Yoshida, T. Takahashi, T. Hoshino, M. Hikita
ans A. Miyazaki, "Partial Discharge Measurement in a
Long distancd SF6 Gas Insulated Transmission Line”,
IEEE Tran. on Power Delivery, Vel. 13. No. 3, pp. 683
- 689, Jul., 1998. .

(7] 742, ¥W2E, &39Y, 712 QNAAR & UHF HEy
AAEZA] N2 2= SN, dFAVEHA. 9
3. AH504d. SEP. 2001. pp.450-455.

- 116 -



