RF 274 %4

on-line 7 0‘ a

X
A
AEA A 52A-11-6

On-line Test Equipment for Cable Joint by RF Sensing
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Abstract — It has little possibility that a cable causes any problem in electric power facilities. But when a trouble occurs
in cable or cable joint, the damage is very severe. The main causes of the cable defections are bad cable making
procedure, poor cable operation and deterioration according to the years. There are some cases to have potential problems
due to many cable connection points, because of short length of cable, especially in 154kV system. In this study, novel
method to measure partial discharge in cable joints is proposed and the effectiveness and the reliability of the proposed

method is shown through experiment results of field.
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Fig. 1 Structure of CV cable.

661



BRABGWLEE 52A% 113} 2003%F 115

g 12 94 CV Aeldd F2& rogFE agUd, v
T DA gz, a2 wgde =4 AHSEA
Y, 2 98 F FdF Ad A EASR), TA4 2
B HOZEF, g% ZAQ FAHAM, 2498 HolZZo gl
i, Ad upg B PVC AP RA(acket)o] Mo ¢
ok Aol &9 Hitold F Ao o|BA0] YAY FIE
o3l

a9 2& AoEe d4E& T A
th AlolE H&R AZe
Z, EAE 93 ¥ AdE, Ay
o} st 27 Bl A&
AR i o]ERe] FH

3 24 7bsHel wh

@ o qu

® ® ® @ ® o @ © ®

S %9 e £3
1 | 295 AdH 6 | 9% A=
2 [ uF AdE MEERE
A ELE: 8_| 354
4| 9% A% o [ w3
5 | 2% A% RECE

a3 2 oEA HKZEe 7=
Fig. 2 Structure of non-insulated cable joint.

1
o] FEF F$ FEyYdel w4g¥n. Iwzoz I
Imm% $233 24 QA AGe KV ez LA
g, dAH T3 Bole & % um ool

fu
ol

AR = A \ 2 CH
| _ Gas-filled
Void
= 3kV/mm

Over-stress

" Sep e

Gmemimenmimome o

>

¥ 3 FHoig WE 330 A HE
Fig. 3 Void in cable and concentrated potential.

662

a8 4% FESHe B4 AP 49Eg =Aq AY
o QrbEE FF el AAY B0l FAAZ FH 8]
329 4= F¥e z7 o oz gudgtd, 329
arld g AAAE JA A ERY & AANL FHF
gt 39, 83 9= Pue] ga8 dsEel URE 53
ste @49 FEYdel wAdd. REWHo wAL A
de F3 2¥e AA gou, FEud ¥4 Fos T
3 28 e o}F wA uRen

STy TNy \'\'\

1 ' ’

o ) 3

®d 8¢ 4 g <

_.bfi . g' @ ,’

. ) L A

,—""l u-—"“"-'l 54“"1

&
I —

b
¢ ~—>Partial Discharge
(3T, ~30ns)

Oy 4 SRUNS WA 2E

Fig. 4 Generation and extinction of PD

Oy 5% Aol AdFe EAstes 39 H7A 571
2E dvetied), MAS At REdde w4 49
o 493y 3L ANAHRZ 29 sed), XLPE A2 9
20 4933 22 A9 g& FIFL Ho] Aoz U
Zzte] AAGFE € > G BAE 7HA. o2 Ad
Ztzte) BaElE At #AE Ui (t) € Uy (¢)7 "z, &
2 AL AW FFo] 3kV/mme] WY SHo2 Bl

o] A1 ¥t} (10]

Rl

a3 5 33 =X AHolg B Sils=E
Fig. 5 Equivalent circuit of insulator in cable with void.

-3 ] |
11

u4(t)

CV Aolg 2 449 F BAFE o|F& %N AY
A AAL, WY PRgdel A¥H BA ANz 4@
£ A7 B WEol, REWA AEH RRYASHo
298 93 Fu 33 24 438 FABE e B
A77t REd FUHD Qo PEPdel wAHY Fuy
£ 298 940 4, @ AF, &, AAH Folvh Yo



Aol WAl 2 WEAY BEYHez FA ErAse
W, @e gl Fob A7 olUh YWHOR AgIE
Faol A% e &% A R AAW 2A YAt Y
o, WEOY e d4d FH WAL FHAHAN FA%
dsiel Ak g, A48 AR A o 2ug v
e BAlgel glow,

AN AR Tl 94
s ge 2L o
3. 2-2tel Holg HaN Mgt FHxiel M7

Aol & AolE H&EA JAdFA= o
23l MAHo oF gtrh 4 AdEiA
3, #Fx7} Folof dtvl, 71 Ay AolE F HEAo FHEo]
shedlol da, &4 A" g A ko] e Fojok
stn, A dFolAM e N Fol o dske] 3o
oF 3lo], &3 ZAsto] WiF AFAo| Folof Tk B A9
A AEEd 2 B P e AgES J—E'q??}c’q A
At #A ﬁo}\‘% At ed, 448 Dddo] ety
#zrh S5z, 71 ACE Adulg Az gleol HEol JtE
3k, H]"& T AG HE2oz 23 AN2d ¥ XA
o] RAA FAlHoZ AR FEo 4F AA ¢ A
4 #8x werddy, 218 63 #& AAIFRF: radio
frequency) X139 HE ZAZ o)gstn, F47] Axs 2
L A& uFy oz A3z HAE AFU DC e
velgoez AHE fAA AAANIE PEE AL,
HAZ 5 dojg Fo4 2HEY ENg Fd ¥ Fe

o 4L HaFaHA &4 AR JAJEE =44 1¥

62 dZsle RF 4% %33 RF Az HE 23 #43
2 olg 53 fE 4A FJzoln FEFAH ¥ RF
Aze a9 verd vhet 28 FEE JHAY AS AR
Hdl & A usecE vf§ o} AT o]E FFeto HES
HARE #E e F A3, T} dE4HYI 2FH mo|2
7 AdEdE A Aol 43 HEe AF F2e] HA
= Z2%E 7HAY, gAY dolgz WEsts FAM 24
sto) AAAZNG HE A3 SHFAA 7Y FEL AY R2

9 3ol g olFoixw, A& nF A3
DC ¥z utE % A% R 97 AEeld

Input Signal Cutput Siigral

—+— =

charge discharge

Y PD
Sensor/ ‘—_~ j
RIS | -
é ; J_ %
1 I 'L
a3 6 oE=e RF M5 oyl AF A5 HF Za

oy U HMA g2
Fig. 6 Expected RF signal waveform and its integrated
result and designed circuit.

RF Z&X| 24| on-line #Hol& &K =gt

Trans. KIEE. Vol. 52A, No. 11, NOV. 2003

a8 78 RF A v AlolE H&R vlntn @4 FA
o YR BExotd AF AoE HEREE 22kVEY F$
05m AE9 Zololm, 154kVHFe A% 2m AEE At
RF A3e A9 250 Hldstd Bd3te A4S 7HE
2 %“4‘1}%’-1"4“ & £ B Ad AME FAg AME
FE RF FAHUE FAHEH, F2YA 23 RF
A% g IMHz - 30MHz gst £33l=2 32 & g
HE 53¢ 988 8 N3E a9 63 & HE =
£ E3sled 9xg do|dz WaEw, FFT ¢ 2¥E
g BHg B8 A4 F
L=

Fye 28 FI¢ RS FE2E

Probe |1yl Avpiifier & Puise shaping & peak
(antenna) attenuator Band-pass filter detoction

Probe |l Amolifier & Borcpess fit Puise shaping & pesk
M ateruter bl detection

(artenna)
A A
Digitizing &
O =1 procepsng
220Vac

L]
[ sondoospy | [ commnicaton |

A\
Network
ag 7 RF 7‘Xl WA Hols M&F sinty g4
Fig. 7 Block dlagram of test equipment of cable joint by
RF detection

e

At® RF #A 2 AolE H&H wny & A<
Az HE P2 A R WF AET ErIje dAEHA
1M AegozN, naxs 2903 wate] Jgolt FA
7] Ao} g ALHA 2FH wolz] FFE HA Lo
o, A FH5 2 0 Fas JET HFo2ZA U A
olEoA wAE & e AwH A€ AAY & Uk

4. 49 2 35

APE 9% RF A AAME 12ecm x 7Tom B3 E 7HAE
58 YR T AolE F&E FaAHz, AA Ax
Z 9% PD B4 FAE 2¥ 8% Zol AFHAUL. Al
g MAE VHF iy Azl $£42 9% loop-UHUE
Wa A7 Fefoln REwde] o|g AAwe AE A7 L
Agel o4& AAE nistd g F4o A LEAIE
Fejolth, AMe A4 2 ® £ FEWAA g HAH
AUt 248 F dYge nestd dAHAR, AF
71 ¥ A% A¥e F3o FAJA AREHAG. 221 A
ZE g4 FAE Ay AolEo] 34 AzdE FAst 69)
o ANE dF8Y FAHIAEE ARHUL



BEBREFRNE 52A% 113 2003% 1A

a3 8 HEE gt
Fig. 8 Picture of evaluated test equipment.

x|l Azl

Ve AT A A LT T TS

o AR N AT

%Y zoomy < [Ch2{ 20.0mvi Mil, oops A Ch2 7 53.2mv

a8 9 &£XME AF M g3 RF 3o HE2 ”EP it
g(otzh: RF 213, #: HE2AF)

Fig. 9 Measured RF signal waveform and its integrated
result.(lower: RF signal, 20mV/div, upper: integrated

result, 200mV/div, horizontal: 1usec/div)

204 ACqs
T

TeK FEE 10.0MS/5
I
L

N | T W'S.G0Hs CHT 7~ "S90mV -
a3 10 10pC Hetuof oist &4
Fig. 10 Measured waveform from test equipment for 10pC
PD. (vertical: 1[v/div], horizontal, 5[us/div])

Fxlel 5% Ty

29 9% o 100pCe FRYAA tatel, 48 FEG &
Y Sa3 4% A% #Ye 54¢ Fyolth 338 RF
AsE 100usec AEAY, ¥ 2% }ye 3Ysta 43

g

g RJZth RF A5 A7 0AY TzAMdA 343
o AxE FAAL 9B A T PAF A4o] o7
& w, AE 2% SYe AWE UAeely WL T
@549 A% Fge) AALF $AA FAF) 2712 4
% slth 79 108 10pCe] PR daA 3
2 ¥d 49dA 238 94 349 29 g
9 335 Aee 9%l AAID, AL T2AA

= # 4¥5€ %Yol YsHAY. 19 12%
BT 300pCe) FEHPA deAA A2l 27§ 239 9

Agd A A= 10p04 FEuAe disiM 8 FF
°l AAEZ, AdAo| 33 HEFo] b
1 85 51%14 1"—%1] RF *@«l A7l
A Z7e wE g F
15—% 24 A¥sq
F 2 AEFA Yy FF o E"é‘

AASA TAHAZ F RELGAY A7 & Id F
23 Agte Ao ;e éxé?s& Aol g Yoz B
A =7 wldEste dded, 500pC 249

< B3] HAA), 2500pC o139 #2 e 7
HA ggon, 10pC olste & WA g £H& o F
A dEAY ZAHA Faek. ¥ 2E 6719 AME Ao
&R 22 20cm Aoz AXg F oldZ vE
29 Hdg AT dHoltt o] W FA YR FF o
& FYsA HANA. olEA AAY Adgd @& WP
AL ZAsdm, 278 olde Azl AAM7t FEH=o F3F}
He d3xoA AR B3 e A A H5Ee
2t F 204 viEle] +ghe olg2 a1 wEY EF
Heje)n, A&/ QER Zk Aol H AN AN T4 2

A Ao zolo g ez g

It of

©O:

2
a2
iy
i
=
e
oft
o
.
_2(_4’
£
oN
JPF( H

O

(4

Ve
NL Ot o 1o

Jln lo

E 1 2RWH 3ol g Mg FHe 5Y g

Table 1 Output result of system by varying PD
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