fiD 3]

2
PD PD
PD
PD
21
[ 2]
(Radio Interference)
PD
PD
PD
PD
211
[]
1 hissing PD
2)
(Dissipation factor) tgb PD tgb

£

fUIs> |

PD

1 HE)YJ

]

tgb



PD
3 PD PD
4)
PD
5
PD
PD PD
(Apparent Charge) [6] PD
212
PD c, C2
.c3 G 2.1[1]
C, G
C2 3 1
C3
TA
U, 6 1 Y - C,
\ 2
= :
i1
Y, :|: C, TG
o8
) )
21 PD
( AB 21 )
21 )

1] 1 ” 1] PD’ 21 )



c2-c'3+cl 2.1

2 2:a .
G» ¢, » c2 (23
2.3 Ca
C, - +cC, «C, (29
) Aux ?
PD
c3,+Cq ,- Av,) =€3', +c2', (2.5)
AU, = ( - )= (2-6)
1 PD
1 PD
21 )

2.2 [1]

n) Talsun 9) AETFANNEL

22 PD



213

PD R [1]

23 PD
PD 24
PD

[13]

' 1 PD

15 100 '
10 200

PD

[14]



il +i299
100 4

24
2.2
PD
PD
221
A ca
CcC Ml
D
2
PD
PDI

ck

2.55]

CD

[1]

IEC 60270
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l U [==C,

co [ m

[ ]

i

o & o o o
zlh’l 2.5 WITWUFIURTUTUNITIATINL PD

3 Ck
Ca 1Ck CD
PD
4) CD M
\ PD
cc CD M
(50 400 ) ’
M 3
(Amplifier)
PD
Z
PD cq )
Ca (2.6) ck Ca
( Ckta CD cO M

Ca ck i,



2211
25 ca
C2,c3 G 26 )
100 [1]
) [1]
1* A£7,1700
AL/, G
£7(0 (it step function)
26 ) “ (Calibration)"
c>H c?2 1
C3 (07
[2«C2 « C2A x{t)
5{t) (Impulse function)
g =C2AU] = Jrat " PD
0
q = £ 2At/, (28
*<7 (0
29
26 ) V2 M

<5 (6]

(50
2.7

27)

2.9

(2-9)

400
)

c2



Zf
Ty DR
Ca§03:: —
\ C1——— G
= Tco [ m
Zf
— T}
=R o
np-
Ca§C3::
% U}
:CDH M v,
)
Zf
—___ 1]
=iz M}
1 CD [P~ MI [ v,
A)
2.6 PD
Ca Cl,c2,¢3 G
C G l«A 1 (1)
(674 v 2 ~qo{t)

12
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2212
PD
[15]
12(ju)) = Fliz]*q (210
© ffl=2n f
f
F L]
1/2(y&>)|
PD ( )
Znij©) = v2[O)leyj©) Z'nfj©)
Ca Ck leqjoo)
Ca Ck
zn({©) = v2[jo)IZjo)
27 y2
i (2.11 )
(2.10) u )
(C14CJ? 2 )
; , 1)
v2(j )= tleg{je)Zm{jco) (213
leg(ja>) 2 ) (213
(219
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network interference ljYf MW
............................ K-H H--—--H H-
» pulsed interférence
/F(Zﬂf)m sources
\
1 10 100  f, 1000 10000  f[ kHz ]
)

'ﬁﬁ—gﬁ' '\ l .
7 ! N
/// I

% W
1 10 100 1000 10000 f[kHz]
)
Z(£).Z2'(f)
A(48) /ﬁ—Z( f)
0 =P ’
1 10 100 1000 10000 Il 1c>Hz /
A)
2.7 PD
)
) PD
) Transfer impedance PD

\Z3jco)\ =Z (/) \ZrmUce)\= 7 if)
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v2=F-[v2(ji))] (2.15)

. (@)
2= +C)d (216 )

Ca ck
Gy
v, x—————q-z (t 2.16
2 (Ck x Ca)q m( ) ( )
e z'nt) POL
ca ck
zt) PDL
Ca ck
F'1[] f
(216 ) (2.16) R 3 [16]
[zmy'a})| “Oscillatory response"
PD " PD , (Narrow-band PD detector)
28 ) |zm(j< )! [3-response
PODW " PD " (Medium-band PD
detector) 28 ) |zmy&>)|
a-response PD " PD
(Wide-band PD detector) 28 )
(2.16 ) (2.16 ) PD
\12(je)\
PD q=J2/
A3 3 PD (conventional PD detector)
IEC[5] PD 2

PD
[Zm{jco) I IEC [Zm(ji )1 Z (/) “Transfer impedance"



16

(Measuring system characteristics)

/\
\/\\/\\/\\/ - 7

oscillatory response P - response
(Narrow-band PD detector) (Medium-band PD detector)
A%

SE =~
s |

0C - response

(Wide-band PD detector)

)

2.8 PD

2213
IEC 885-2 [17] (Sensitivity)
PD PD
(accuracy)
PD
“Thermal noise"
(CD) “Input noise” (M) v n(rms)
PDIi 29

2.10
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A2(PD pealc)min

“2(noise peak)
4 4 (W k A

i 1/ ; -l r cc N V2

I input noise voltage =V (m- )

2.10 PD
[5]
A2(PD peak)min~ ~2(noise peak) (2.17)
'm(t) zm0 £-A
A(PD peak) min E‘:E-l N tfmin-C *A (218
25 (rms)[1]
A (noise peak) 2.5yAvi(md) (219
(2.18) (2.19) (217)
a5 T n(rms) (2.20)

V4(:'k y



z1(t)

222

2.2.3
@ )

211
0

A< 0lca COo

18

POL Thermal noise CD
A min c+C, BRm (2.21)
fc,
1m(0 A
= 1.38X10'BJoules/K
®
[]
PD " (Discharge magnitude)
PC) 27 ) (2<20)
q V2 VAER
q V2
V2
PD

(Discharge calibrator)
qo

tr 0



tr< 60ns [3] C
C,>>C.

- = Cx

- oo M=

A o o o
U 2.11 2sasdmiunstuwiey

2.3

PD
IEC [3,18] 212 ) 212 )
212 )
Screen
212
(Common mode) 212 )
(Polarity Discrimination)

212),212 ) 212)



= |Cy
=t )
)
Z,
R, S |

Il
O

[
< ey

=
—
=
o ©
E|
|

CD
= Al =
Zoni (Zmis
A) )
Z,
ey I |
:: C, = |C«
) il T

o B
! M

~—

212



imuin  J } o1

«

(Pulse Area) qal
PD PD , Scale Facter
K = gqdal
( 0 )
PD Al
PD g=KA1l gnn=2K,hn  hn
(Background noise) PD
[19]
24
PD PD
24.1
i
213
RF

......

Interference
on screen T

1
-

£ T Cround

loop

2.13



interference
on screen

ground loop
ungrounded

metal (M)

242

(Isolation Transformen)®

PD
R Bw

241 214

PD from HV
fransprmer Shielded oom __ T _f ___.,
' EMP

r.ll!_m%mmuﬁu-r : @
z L

Low- pass Isolation : T : Lictatian
Niter trans former ¢ k ‘ transprmer filter
. ' ==

SJiE

~220V

S

2.14
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[ 9
D

2) " " (Time window method)

215 )  215)

2I15 1] n



24

)| [20] (Digital signal

processing, DSP) (narrow-band
noise) AM ( 9 )
PD
25 '
PD IEC
IEC 270(1981) IEC 60270(1998 )
PD IEC 270(1981)
IEC 60270 IEC 270
PD PD PD
IEC 885-3
251 IEC 270
PD
D (Pulse resolution time) 100
(Superpoasition) PD
2)
(rise time) 01
(decay time) 100

€0 <0.1 (CO+C 1
252 IEC60270

IEC60270

2521

D Pulse Repetition Frequency, N
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2) Phase Angle, <i Time, ti PD

* = 360(y r)
PD
T
3) Transfer impedance, Z (/) ( Zm(/) Z()) " PD
PD
4) ' (lower and upper fregencies 1, and / 2)
transfer impedance, Z (/) 6dB
= . .fl £3 f2
MR LA f = f, — f, WeT midband frequency, f,, =%
25.2.2 PD
PD
1 (@ PD
(electric charging
time constant) (electric discharging time
constant) < 0.44 PD
Pulse repetition frequency, N R
(range) (gain)
100%  N=100
N(1/s) 1 2 5 10 50 >100
R (%) 3H 55 76 85 A 95

2) PD

Transfer impedance, Z (/)



3) PD

Transfer impedance, Z (/)

26

30kHz < £ ; < 100kH2
f2< 500kHz
100kHz <A/< 400kHz

»i

9kHz < A/ < 20kHz
50kHz<fm<\MHz

/' m Z () fmzAf
20dB
4) k
5
2523 PD
PD
1) 2.5.2.2
2) PD
2522
1 Bipolar sensitivity
threshold threshold
3

60060-2(1994)
5

(instantaneous value)

(quantization)
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8 (sampling rate)
100

26

PD

(recognition) PD
[1,21]

PD [22-23]
PD 2.16
Measurement PD (discharge pattern) Feature
extraction Classification

Database Decision

MEASUREMENT

DISCHARGE
PATTERN

FEATURE
EXTRACTION

DATA BASE CLASSIFICATION

DECISION

2.16

261



[1]

2611

D Hn({>0) HN(}>,0)
PD
2.17 HnN(<),0)
PD Hte) PD
Hq()) PD Hn()
PD PD H(q) PD
H(p) [24] 218
(aging)
[25]
2 PD
(Time-resolved techniques) 500
2.19 PD
(Treeing)  GIS (Gas insulated system) [26]
PD
[27]
3 PD (Conditional PD distribution)
p,(<)):,Q+)a)] i
#  PTHN) PD
Q+2g]
4) (Interpulse distribution)
[29]
treeing [30]
Hn(q,At) PD PD

28

[31]
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H. @ e /.
[ *bar] :- oot soncccsessnnccancs ohalils ¢ 450 00es shos sisen e
Voltage
7.6 [kV] - Tee i
218 Hn((}).q)
¥ |
=,
& |
VARN 7 T -
Av[_\_) Ay p &=
t (5 ns/div)
219 PD 500
26.1.2
PD
D

10 2



GIS

PD GIS
PD
PD
[33]
2)
3
4)
5

(charge injection)
6)

30

[32]

(clamp)
[34]
GIS[35]
2
PD
[36]
(Electroluminescence)
MicroChannel [37]
GIS[32]
PD
PD
14
PD
? 211



2.6.2

[38]
[39]
Ho) LHN(D), H(9) H(p)
H1($>0)
time) (Fail time)
(mutually correlated)[4]
(project)
component analysis 220
21

Feature Hgraaxiv)
Skewness+ -0 04
Skewness- 0.27
Kurtosis-f -0.88
Kurtosis- -0.72
Peaks+ 4.00
Peaks- 2.00
Asymmetry  -0.55
. 050
Phase

I 0
29 21

2

PD
[40]
5
(mapping)
2 3 [4]

Discriminant analysis

Distribution
*1»w 2 »(
-0.04 018 124 175
0.24 0.34
-093 -0.94 070 265
-0.80 -0.64

300 200
300 3.00
053 -0.02
049 036

14.30
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an‘fax gTé) »

(Rise

Principal
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@ FINGERPRINT OF DEFECT A
A FINGERPRINT OF DEFECT B
(Q CENTROID OF FINGERPRINTS
% PERPENDICULAR PROJECTIONS /-~ FIRST PRINCIPAL
COMPONENT
OF FINGERPRINTS ON LINE Y 0 OF DATA
7

FEATURE 1 = X1

N
>
11
N
w
o
D
[
<
w
w
2.20 Principal component analysis
(Fractal)
(
) self similarity
2 (Fractal dimension)
(roughness) (Lacunarity)
(denseness)
[4]
PD [4]

Box counting

2.21[41]



Plot the PD pattem

Choose box size,
L=3579 &11

)

Center the box at each pixel
X, y. f(x,y). Count the number
of points, m, within the box.

Accumulating this over the

entire image gives p(m,L).
Normalize p(m.L)
|
J N
Compute: Compuua:N

N
N()=E p(m.L)m
L 22|

Slope of the keast square
fit 1o Hog(N(L)) & log(L)
gives the fractal dimension

PToeednre for computing frictai dimension end Is.cuns.iity.

M@L)= Im.p(mL)

2 N
M(@L)= LIm.p(mlL)

=l

A

Compute lacunarnty
using M(L) and M(L)

20
) 1 HN q)
L3 p(m, L)
2
2.22
p(m, L)

f (L) =t

33

2.22)
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Box of side L, centered %

cn cach point of the
fractal surface Fractal surface

2.22 p(m, L)
3 N(L)
N(L) =y-p(m,L) (2.23)
4
N(L) = K-L~d (2.24)
[42] (223 (224
log(L)
log(N(L)) 2.23
0 :
0.8 kas 3
;]i '1 poocceneren NN ® e e ae e seieaees _1
<
@ .15 ]
-2t o
-2.5 - . .
0.4 0.6 0.8 1 1.2

log(L)

2.23 log(L)  log(N(L))
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D) ML) ML) ' ' 1 2 [41]

L
M(L)=Y,m-p{m,L) (2.25)
M2(L) = Tn:jimZ -p(m,L, (2.26)
6) A ML MDD
A=E Eh(/ll\/l) J3 2.27)
~M2(L)-[M(L)2)
A (D)2 (2.29)
B[] (Expectation)
N 2.24

Lacunarity

0 S 10 15
Box size, L

2.24 L A

2.

(row) (column) PD
PD 2.25



Cast A

o
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Cuns 8

Pat

2.26

0.08

(20 2)

0.06

003

002+

0.01 ]
% 208 21 218 22 229
Fractal Dimension
2.26 2.25
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2.6.3
PD 2.27[4]
3 (Fingerprint)

GIS

DECISION suaucsl I FINGERPRINT
DATABASE DEVICE 1 l PROBLEM 1,1 FOR PROBLEM 1,1 11,1

FINGERPRINT
11,2
DECISION SURFACE FINGERPRINT
"1 PROBLEM 1.2 H FOR PROBLEM 1,2 }"‘_‘I 1.2,1

1 DECISION SURFACE FINGERPRINT
DEVICE'2 PROBLEN 2.2 H FOR PROBLEM 2,1 I _‘ 21,1

FINGERPRINT

=,
N
N

~
P Y
~

DECISION SURFACE FINGERPRINT
PROBLEN 2,2 FOR PROBLEM 2,2 I'_—i 2,21

FINGERPRINT

N
=N
~

2.27

2.6.4

PD
(Conventional classifier) (Neural network) [4]
Centour score

2.28 2.29
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FEATURE 2

A
Pom= ~ J
A
BO% CONTOUR >

i
1% CONTOUR
FEATURE 1
2.28 Centour score
DEFECT A DEFECT X

OUTPUT LAYER

vm é’ m a CONNECTIONS
H YRR

CONNECTIONS

A

INPUT LAYER

INPUT DATA

FEATURE FEATURE FEATURE
KIO. 1 NO 2 NO 3

2.29
Bayes classifier, Parzen classifier, Nearest

neighbor classifier, Discriminant function classifier Centour score

[4]

PD Centour score 2.2[4]
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[4]

2.2 Centour score

HVelb el HVe(IP

i Virgin - con |t§on.ed }
s B A &

Back-propagation (Layer)
(Connection) (Hyperplane)
(Weight)
[4]
(Neuron)
[4]
(Visualize)
PD Centour Score
(Normal distribution) X Y
D (Correlation)
2

[43]
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le Zy:
H=F—uay p, =E (2.29)
n n
E (*1- /O E(y,-Py)
a* =¥ +— n———o ay =V (2.30)

2><> -«/ |/

i=1

= (2.31)
no,o,
A Y X y
PX ity X y
C7X cry X y
P X y
2)
(Probability density function, PDF) <t>(xy) [44]
1 --8(x,y)
P(x,y) = e 2 (2.32)
27po o, \/l - p>
' S 2 = ~ _
sl g(x,y)zl 1 : (x /sz) ) (x=p)y /zy)+(y ;zzy) 239
=P o, 0,0, o,
X y
(2.33) g(x.y) C
(Isoprobability line)
(x—;zt,) S (x-p)y-u,) n (y—;zt,.) —e(l=p?) )
o, 0.0, 7
(14X1py) (2.34)

C ax, )



3
2.32)

0(x,y)

J3()dA

C 1.00

X,y) =

(Hx

@(x,y)

60

41

J)dA=\-e~cll (2.35)

04
-04=06

2.30

C= 1,00[44]

11/19 1749 Slope Did. Md Bo) PUW p t
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-20

-30.

2.30
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V i P .,y(‘ ’: “' . '. L

Ao DRG MA S “,1’3}_::_,:..;:_ S—
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