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Design and Fabrication of a PD Detector

for Power Cable Diagnosis
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ABSTRACT

In this paper, we designed and fabricated a partial discharge (PD) detector to diagnose
the soundness of CNCV cables by analyzing PD pulses and to predict discharge locations.
The PD detector is consisted of a coupling network with a discharge free capacitor and a
detection impedance, a voltage follower and a low noise amplifier. Lower cut-off frequency
of the detector is adjusted at 175kHz to block AC voltage and to pass discharge pulse only.
The discharge location could be obtained by the time of arrival method using travelling
wave propagation theory. In a laboratory test on an eighty-meter CV cable, we could
position the discharge location within a two—meter error.

=
Al 2bPALS = mAle] Fstel T T, Ak

Tx27F 53 ohdst HuA dEAargo] 358k

3 Qo] AEAdn] 9 8Tt 48 AHITTS AdAe dEAelEY uAFA P kAol
a9 dEA B A dALS ol g mFo] AT E A el Rl vlE] 1 95y
g2 w9 AZbsi) wEbA AlFR7IEH 2AFEAA S BRAAT 5 dEF AJAdskE o] B4F ol
n olge] Al Folw ALEH fABEE B3 AL Fuatojof grplTH

gy dAZA= AoldE E AHEA T ZIAA AL 2 AlFHE 5 AR A S| ot
S Fol 7le/Mds F23% Ay, AHA LS AXIAANA AolEe Ax H AF7ES TF
GALA] oF o), Al F A 7zro]l gk Ao tigk AAXQ] FARS B wA 5 oA
A 7|l gigk Ve Judoes FekA e gt wepa] dEA ol BeAe 1 AS
E Aldol dFeta AAHoR FElsty] S dYAelE Hwr|Eoe] HfHolg &
o A€ Aol B da i AEEHE AFEWH T FEWd HEWHS AolEe dANH 4
Abare] dig B& JHE ATV it SHHARH ALHoR AFgde] Hol gton,
A AAAES AlolEY HAAMHA mE A3t 2 uFHS ooz Hud HA Aol
AN e fARE 2 B} spesie )

2 AFoE AHE AolBoA FENA ATE HET 4 e FEUA SAHAANAHS A
« AJYAR : g diet v, 439l

A R EARSINEE S E B

e FHFOI S P, 939

T AR EATY HYdAT, Ha



™ =
GRET
m HT

[CRNEE
o by

W W

B

wK o

A 2de A B A"

sk,

S

=

2o} Aol koA whAlE o] Fole

Fs
2.

el

No

80 pFol™, RLC3|Z9]

KeN
L.

FIZdA Cle &%

pl

10*

10

10°

175 kHz

10

10

Frequency [Hz]

10°

10°

60 Hz /150 dB

Ny
)

100
200

[dp] uonenuayyy

A ¥, 175kHz ©]

1

H

/E]—

Cc3
L1

.5 HH O]
c1
0

L

(@ &

150 dBZ 107

-
R

il
wo

olo

.
w
i+

SERIES

&

g9l 74

fs

29

A=

I 13 ol

% o
=
_%i

s 2(a)ek #Zel
Al

e
T
= ™
iy
I
TG

ol

she] F34 o

S

AE-

[e)

steteh. o171 Al
: 70 MHz)<

5}
LHO033(F3 o ¥

74

1

B
—_—
fite)

T

o

]

ol

ol

~

o

Hr

;O.ﬁ

<
K

ar

T 25dBe] A

Z 3L
e

7.

2(b)e} #ow, 4

}o:l

3]

olud 27} 50 Qo]az,

RF425(Agilent, 0.1 ~ 1.3 GHz2)E& A&

il

T Ar
M fim

AR, F
= AR

=1
=
32

A A g 2} F

=i
ES

3=

1

23

T

~
w3
=
oy
Zo
T
- -
kel
n ™
= ™
Ny oV
w e

Ho
o7 o
DU
Mo
RS

bz

i ol Z 2}

o

Aol el

[si3
=

AAHoz S5 939

-

R

.

oA, A=

=

=
1 AA YeRr] w9

3|

SIS L

S

Jo] 2ol <]

A

il

o

o

o
o
ojp
s

-



AgAdvely A= 59 NS FEETh VM Ay ~ U kHze e AR
AeFatEE 175 kHz2 DA 7] wito o= A% xpdto] 7bsdit), w3 $4 MHz 99

e AmE W FeoR AZHRI} N FE Aolxe AWTEE ofFolX7] W] o
ge Gge FAL 5 ol

a9 2 PEFRe] A

(@) @& Adl HE3=



a9 39 ASE pdaAd LAE REMAR A= drie] Alo]E wukA, B)E Adal, 7
Z3 2o A A 19 F2arh A&, @ nsTo] ©d BolA wiAbE Hv AEo] 7hetHA o
o AR AsEo] A 29] A7} HAEHT

A 19 Fr= A pREE A 42 Aveine tlzfow, A 20 Fxi= WA pRRE

9w B2 Adaka o HolA thAl @ AR walEme g, = 2L

wpebA]l Al 1h 29 Al 28 2~0] A ZHARE

7 €.,

(D

r=I1——4tyv [ml] (2)

7 €.

2% 309 ASE phelA WA RRMAR~ (o] A9oh vANAw dwe] Aol
WA, B)2 Ashalil, v Bel Ax® AZseld Al Bavh 4w, @ nsFol ¢ A
oA WAl vt WZo] gaeldA wE B AshEo] A2 Havh AEH

l—x

Aol Axes WA pEEFYH AL [—xE AYSIEER ¢ = o, A2e] Ax= WHH p=

v

D g Az Adsta o] dolA thA] v B wAlE D ¢, = lffﬂ Ak web A1
o} A2H 9 A A=
2
tg2:t2_t1:7x (3)

r=—t,v [m] (4)

o]7]1A, & We] £ (3x 10%m/s)ola, webaA Alo]EeA wHAAE e MiLrE oF 1.7 X
108 m/s2 ArdT,

I 39 FACA B AE VIEe® AelEe] 16m AR oo A e, Addd



R o R LR

A

P2

S|
=

(b) & Bel

LIl
—
wp B o
jol T& ol du N
=< =<
JIL ; —_ .
i
m° < Ouﬁ 3 ‘U—v_-_
HT —_ le Wu_u
T o B o
il ~o Wy & ~+ 52 R
P ) _Eg _olg
o g J— ENIR BN
Gl N 5% sk
S
Zn WL T ™ oy
=) =0 1 Lt
W Moy o —
—_ o ) o -
0 ﬂAl‘_ o MLI
;.OL ﬂAl‘_ fi%) ‘_Luw_
BT " e
OM A =) _zrl X - I
~ X- AE
L Y - :
— o z _ o
MM WL o] e 5 M E
‘._t m R X- : . SR
OE % = &o ) <! L % ] SET oo
ﬂ/lL O ol — X mmmm ] mwwm
- HLES
Wy o AT o = Ss38 & sgnea
Lf m Ef \_LI HT \Mﬂ . BN - N BRES
o SR : B
[ B - 2
X w R e S s 3
- [ o
I - e = 5 s
=0 W= oOX ;& prat . g e g R = N
H »Q oF =) o ~ ~
EL ol Mu oy K * +
—eifeEe & —t 1 b
% Nr A — g g
T i
WXy
TH o NT
o " R B A
NPT OO
— . L =
o e )
o o W W OEK T



of 4% A3t 1Y 4@sh 2ol A 1Axsh A 2o

790ns® 54 STk AolHelAe] AstEEe W AdlM HEH TR NEe
9ol AR FAs of 1285 me tehbid A4 15me)

. of SHA2WE AAsT FRYA NE
A2 A%, F odd A5 AAE 169ns2 SAHUG. of NS AWl A Latol
YA AN 1445m= Dol =e] AA BANAS} 0.55me] Aol vehiglth weh
; PRy Al 1E2sh WAl Bolei Al 2829 ANRE o] ateln

ol > >
2L S
L X
rir

o

—

ol

3

o,

to

Wi

)

lf
i
Au)

N
32
)
ok
1<)

v
=)
o9)

dr X o i
1
nd
iib)
&
=]
-z
lnl

o~
o iz

rH i
")

5 f
WE

o

i

jukes

o

an)

i o

o %
ol
Wi
B
2
-?L
R
=
\]
(@2
&
a
N
o
o
lo
AN
i
&
il
A
rr
-z
M
o%
=)
2]

2
of L H

o e my
o 30 ox o Jr ob 3@

o [o ok wo Hr
o H 2
o i
AN e
o2
i
Nl
o) u
=2 _111
NI )
ENY
2
—'_I‘ [\l
—_
[@)]
8
o
fo
Wi
B
fru
o
N
to .
o
o,
N
)

)
o
o
=2
ry
e
2 F
-
fifu

1. S. S. Bamji, A. Bulinski, Y. Chen and X. Han. "A Diagnostic Technique to Assess the
Operating State of HV Apparatus", Proceeding 1994 IEEE International Symposium on
Electrical Insulation, Pittsburgh, PA, pp. 119 ~ 122, June 5 ~ 8, 1994.

2. T. Heizmann and W. S. Zaengl, "A Novel Diagnostic Method for Buried Polymer
Insulated Medium Voltage Cables", Proc. 8th ISH, Yokohama, Japan, August 23 ~ 27,
Paper No. 67. 1993.

3. Chata K et al., "Characteristics of long term deterioration of XLPE cable and its
diagnostic techniques in Japan", JICABLE '99, pp.457 ~ 462, 1999

4. G. C. Montanari and A. Motori, "Thermal Endurance Evaluation of XLPE Insulated
Cables", J. Phys. D: Appl. Physics, Vol. 24, pp. 1172 ~ 1181, 1991

5. G. C. Montanari and A. Motori, "Electrical Conduction Measurements in Aged Cables
and Compensation Effect", Proceeding 5th IEEE International Conference on Conduction
and Breakdown in Solid Dielectrics, Leicester, UK, pp. 22 ~ 27, July 10 ~ 13, 1995

6. E. Pultrum, et al., "Test After Laying, Diagnostic Testing using Partial Discharge Test
at Site", CIGRE, 1996-Session, 15/21/33-12, 1996

7. F. H. Kreuger, Partial Discharge Detection in High-Voltage Equipment, Butterworth
pp.50~182, 1989

8. Dieter Konig, Y. Narayama Rao, Partial Discharges in Electrical Power Apparatus,
ved-verlag gmbh, pp.15~38, 1993



	Main
	Contents
	Return
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


