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Defects Identification Algorithm by Analysis of Partial Discharge
in Gas Insulated Switchgear

by Sun Jae, KIM

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime and Ocean University

Busan, Republic of Korea

Abstract

Gas insulated switchgear(GIS) is an important apparatus used in
power transmission systems. It operates with high reliability owing to
filling with SFgs gas that has high dielectric strength and excellent
arc—quenching ability. However accidents of GIS cause serious hazards
as its power capacity is as high as tens ~ hundreds MVA per unit.
Therefore studies on insulation diagnostic techniques for GIS have
been investigated and developed for over 50 years.

This thesis dealt with partial discharge(PD) characteristics
depending on defect types and defects identification algorithm in SFg
gas 1insulated structure for the purpose of diagnosing causes of
insulation breakdown in GIS. The main causes of insulation breakdown
in GIS were classified into 7 types, including protrusion on conductor
(POC), protrusion on enclosure(POE), protrusion on spacer(POS), free
particle(FP), crack inside spacer(Crack), floating metal(Floating), and
void inside spacer(Void), all of which were simulated using the

fabricated artificial defects.
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The experimental setup was composed of a molded-type
transformer with a maximum output voltage of 50 kV and a maximum
output current of 30 mA, an oscilloscope, a data acquisition unit(DAQ),
as well as a high voltage divider. The electrode systems were
evacuated to 5 x 10 torr and then filled with SFs gas at 0.5 M.

An ultra-high frequency(UHF) sensor with frequency range of 100 Mk
~ 700 Mz and 1GHz ~ 1.4 Gz, and detection sensitivity of -70dBm was
used. PD signal was measured simultaneously using the IEC 60270
method and the UHF sensor. Electrical characteristics in terms of
discharge phase and magnitude were analyzed. In addition, the relation
between the output of UHF sensor(dBm) and the apparent charge(pC)

that is used for evaluation of PD was analyzed, which followed the

equation of pC=10Pn+81:31)/28.52

The PRPD-12Windows that presented discharge occurrence ratio
depending on magnitude and phase in 0° ~ 360° were analyzed to
investigate PD characteristics. In the POC, PD occurrence ratio had the
highest value in 0° ~ 180° and -80dBm ~ -60dBm. PD clusters were
formed in 0° ~ 90°/-59 dBm ~ -40 dBm and 181° ~ 270°/-59 dBm ~ -40
dBm in the Void.

The results indicated that PD presented distinguishable clusters in
7 types of simulated detects owing to the different defect structures.
To be specific, the concentration of electric field was influenced by the

position and shape of defect.

= viii =

Collection @ kmou



An intelligent defects identification algorithm was developed based
on back propagation network. There were 17 parameters including
PRPD-12Window, kurtosis, skewness, and correlation coefficient in the
input layer. The number of neurons in the hidden layer and the output
layer were 20 and 7, respectively. 30 groups data of each defect were
used for training the neural networks. From the results, the
identification accuracy was 92% ~ 99% depending on the type of
defect, which was improved over 5% compared with the existing
phase-resolved partial discharge(PRPD), time-frequency(TF), and pulse
sequence analysis(PSA) method.

The defects identification algorithm proposed in this thesis
discriminated the type of defect in GIS. It was expected to be an
advanced diagnostic technique for improving the flexibility of power

system operation and the reliability of electric power supply.

Keywords : Gas insulated switchgear, Artificial defects, Partial discharge,

Insulation diagnosis, Defects identification algorithm
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Table 1.1 Physical characteristics of SFg gas

A= 146.06
D= ( ]9 201C) 6.14 g/ ¢
94 2= 456C
AA ¢4H 38.2 atm
A E= 0.725 g/cn

o
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Table 1.2 Accident state of GIS depending on the rated voltages

100 bay 2
AAARE) | 2R 20D | AL AmE) | T
= 1 e
125 ~ 145 9,334 24 0.26
245 6,133 41 0.67
420 3,351 61 1.80
550 1,109 43 3.90
Al 19,927 169 6.63
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21 ¥4 WAYE 2 54
IEC 60270(High-voltage test techniques: Partial discharge measurements)
o A FEW A (Partial discharge, PD)2 AAE° Y E+= FHH
a =

AAZE A oR HJEske 1psHeh #2 &

3 2 (Brush corona), AWl ZF(Polarity) F7HA A&s= 2~EdH

s 2 (Streamer corona) 5o & FHETH

a9 21 ZE2UHEEA

Fig. 2.1 Corona discharge
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(b) ARsh Avdzae] 4 A
29 210 IEC 602709 #HE3 =
Fig. 2.10 Detection circuit of IEC 60270 method
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A A== 19 2119 2ol HE A Rel 37 A &l

We 4§ RC 43829 RIC $2829 T 714 o] ot

_20_

Collection @ kmou



(a) RC A3 =

(b) RLC & 3=
a9 211 A5 A=32
Fig. 2.11 Straight detection circuit
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i H 1

¢= WAl A7), ¢ = p-AVeld,

V= 4 exp(——=) (2.10)
a+ Cl+ ) fem
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a9 212 B9 A3 =

Fig. 2.12 Balanced detection circuit

A\
o

5

[

a9 212004 HE dudzelA P A

_ g 1 (2.13)
v(t) a+C+(n+1)C*Xe

2 (213)7 2} o)A, ¢ R C = 3 & Alolof] EAEtE BF AA
gFo)a, nS HAEZY WY AEES YehllE oz A (214)9 2]

A, = 29 AAFE 2] (215)9 2k

r _ C
P C (2.14)

. a
=g

T = Rx[a+ C+ (n +1)C*] (2.15)
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Fig. 2.13 Occurrence and propagation of electromagnetic wave
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Table 2.1 Types and characteristics of UHF sensors

(@: 95, Of %3, x: 1)
@
Semicircular Logarithmic
oke L Disk Monopole Spiral
dipole periodical
= O [ ] [ ] [ ] [ ]
Zh5 e | @ ® x ° ®
=) 8k A ) O O O O
3 7] o o O X X
% 3t o o x X X
3 7} O () X X X
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Fig. 2.17 Example of TRPD
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Fig. 2.22 Example of 3-PARD
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Fig. 2.24 Noise elimination by wavelet transform
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3.1 AdA
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Fig. 3.1 Test chamber of GIS
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A 28944 50kV, EHHF 30mA! B2 %k WY E
% 329 #Zo] AAAE A8 o5 SFs 7F=E A%-7] el 1
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HYV. transformer

(220V/50kV)
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il
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= Vacuum pump
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Artificial defect
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Voltage regu Jator

(b) AF A
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Fig. 3.2 Configuration of experimental setup
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DPU&PSU | <= | MCU Module

!

RF Module |<4——| UHF Sensor

!

RF Signal
(c) A1z A ¥

19 33 UHFAIA 9 54

Fig. 3.3 Configuration of UHF sensor
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@ Void inside spacer, Void(}.©] =)
oA BEsF n2A AL, WRel F71Fe] BASAE BT,
AAZE Aasked o] s, Afagel s 7 wol yEbs

23re] ddlolt.

(a) =9 SEM/EDS ARz

_OINA Reporting Mustang.Placeholder.SpectrumEntity

Element Atomic %

Fig. 3.5 Needle electrode of POC and POE
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POC® POEY E&4%+ 29 359 #o] FEW4e] 10m HASFE
AE3FR 0 SEM(Scanning electron microscopy)/EDS(Energy dispersive

spectroscopy) 4 A3} 100% & (Fe) A#o] AEF ALt

(a) B89 SEM/EDS AR

_OINA.Reporting.Mustang.Placeholder SpectrumEntity

Element Atomic %

Fel 100
—i

Total: 100

(b) SEM/EDS 4% A
19 36 FPe BHd=

Fig. 3.6 Ball electrode of FP
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FPo] A=< a9 363 #Zo] A& 2m, Z(Fe) Ao 2 Fy= AL
g3 Zol A5 80mm, T S5mne ol FHA] A
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Bg qlole dew Add ¥, ARdeie] AFAE AFEATE Voidi

ol
ol
AL
=
@
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o
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o
rlo

a9 383 o] A& 0mm, FA 10me NZEFA dAE AA 2m9

a7 3.7 Crack A=7¢ X-ray A%l

Fig. 3.7 X-ray photograph of Crack electrode

r »

ke i
% 3.8 Void A=A1¢] X-ray Az

Fig. 3.8 X-ray photograph of Void electrode
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(a) POC

(b) POE
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(d) FP

(e) Crack
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(g) Void
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Pressure gauge

>

Inlet valve
(h) + =

o9 39 =l A% 9

Fig. 3.9 Shapes of the artificial defects
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(d) 10z ~ 1.40H

39 310 HEge] Fus o

Fig. 3.10 Frequency band of partial discharge
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(a) A

Fig. 3.11 Sensitivity of partial discharge detection
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-75dBm ©]stel A moj=7F WAEATE (c)9k el 50 W LED(Light
emitting diode) 71 7€ A% FEHlA WA x=ol=2E FAH3 Az
~75dBm ©]&toll A o]zt SAHEH AT
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Table 3.1 Average DIV depending on defects

POC POE POS FP Crack | Floating | Void

DIV [kV] 20 14 16 8 14 10 9
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(D Protrusion on conductor, POC

WAMAIASE 20kV A7F Al 39° ~ 127°0) A FEwbde] FelE vt
P AT UHFAIA = 44° ~ 133°, gt -58 dBmolSlvh. 754 228°
~ 305%e A F-EWde] AWk S, HUGS -68dBmez Y

312(b)e} #oh Hat FEWH Hx = A-FTFA0 A 623707 AEHA

Normal
1501 H 6.25MS/s
2msy/dr

(a) IEC 60270

(b) UHFAIA
19 3.12 20 kvVell A POCe] PRPD

Fig. 3.12 PRPD of POC at 20 kV
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WRANAIEASE 20kvel 1.258) =2 26kVE A7FeEE A, IEC
60270 oll = 41° ~ 134°01 4 29 3.13(a)9} o] H-
UHFAM = 45° ~ 136°2, Yz -57dBmol et F-FA M= 236°
~ 307°0l 4 HAYAg -63dBme2 19 3.13(b)eF 2t

1453 o 6.25MS/s

(a) IEC 60270

(b) UHFAIA
19 313 26 kVell A POCe] PRPD

Fig. 3.13 PRPD of POC at 26 kV
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@ Protrusion on enclosure, POE

14kVell A IEC 60270 =4 227° ~ 306°°1 4 F&W o] 1
3.14(a)%k 2ol FAHHAY. UHFAIAM = 28 314(b)sk 2ol 57 226°
~ 308°e A g -55dBmo 2 A E AT

Normal
1557 o 6.25M5/s
2ms/di

(a) IEC 60270

(b) UHFAIA
19 3.14 14 kVell A POE¢] PRPD

Fig. 3.14 PRPD of POE at 14 kV
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et B2 Ba e AR 956707 A H AT 17kVelA
IEC 602702 29° ~ 128°, 218° ~ 311°¢|™, UHFAIA = 36° ~ 132°, gk
-60 dBmeo]H, 225° ~ 304°, H g 46 dBmo. 2 19 315}

Normal
1596 o 6.25MS/s
Main : 125 k 2ms/di

(a) IEC 60270

(b) UHFAIA
19 3.15 17kVell Al POE] PRPD

Fig. 3.15 PRPD of POE at 17kV
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@ Protrusion on spacer, POS

16 kVell Al TEC 60270 & 213° ~ 224°9] QAo A FEulzxo] =X
Haow, UHFAIAE 217° ~ 230°01 4] 93k -52dBme= 19 3.163%

Faguy

Normal
450 bl 6.25MS/s

2ms/d

[CHI TNPUT TEH:

AC Full [AC Full
1.00kV/div (|5.00mV/div
1000:1 1:1

(a) IEC 60270

(b) UHFAIA
19 3.16 16 kVell A POS< PRPD

Fig. 3.16 PRPD of POS at 16 kV
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16 kVvell A 1.25vfe] HAdWHES w3 20kVolAE IEC 60270% -2
204° ~ 231°0| A ut A E o UHFAAE 197° ~ 237°9 A 19 3.17%
2ol AEHAT 197° ~ 237°0 4 SHE FEHAY 3 F, HJHdg

-49dBmo.= 1% 3.17¥ 2T}

618 o

(a) IEC 60270

(b) UHFAIA
19 317 20 kVell Al POSY PRPD

Fig. 3.17 PRPD of POS at 20 kV
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@ Free particle, FP

Ad 8kv F 10kV QI7F Al & ASAI7F SFe 7F2E AT Yol A
Shuffle?} JumpingS W aste] 78 318 % 3.19¢ 7o) 69 = ATt
I AolstAl A 91l A R a7 SA A

1768 b 6.25MS/s
in: 125k 2ms/di

S N
A\;r:;“’” \'\t:\% /
4 Y /1
VAN AN /, ﬂ
kil bl B | 0 \‘ oy

(a) IEC 60270

(b) UHFAIA
19 3.18 8kVell A FP¢Y PRPD

Fig. 3.18 PRPD of FP at 8kV

_60_

Collection @ kmou

(D
)
—



Coll

-
e

&

10

1@ Kmou

Normal
1628 H 6.25MS/s
ain : 125k 2ms/di
e
P e
L \,,‘:L,'
I %
V/d "s:\& /)
'/ h\ //
Al /
/N } M\ -
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[CHI INPUT_CH: J
-l IAC Full
liv 5.00mV/div
1000:1 i:1

(a) IEC 60270

(b) UHFAIA

19 319 10 kvellA FPe] PRPD
Fig. 3.19 PRPD of FP at 10 kV
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® Crack inside spacer, Crack
14 kVell A1 TEC 602702 42° ~ 61°, 208° ~ 237°°|, UHFAlA = 38° ~

61°, 205° ~ 242°0l| 4] R o] "arh w3209 o] EaEstgith

618 o 6.25MS/s

(a) IEC 60270

(b) UHFAIA
% 320 14 kVell A Cracke] PRPD

Fig. 3.20 PRPD of Crack at 14 kV
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19 kVell A &= IEC 60270H-2> 36° ~ 59°, 193° ~ 255°¢]™, UHFAIA +
38° ~ 65°, 187° ~ 248°c| A ke Axrb % 3219 o] X8

on AU -49dBm= =AU}

(a) IEC 60270

(b) UHFAIA
a3 321 19kVel A Cracke] PRPD

Fig. 3.21 PRPD of Crack at 19kV
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® Floating metal, Floating
10 kVell A IEC 602702 23° ~ 39°, 218° ~ 263°¢|™, UHFAIA = 30°
~ 44°, 214° ~ 260°e A 19 3.229F #Zo] FEWH HAUE xSt

#HHgh> -23dBm=z FA ¥ At

987 N 6.25MS/s

(CH1 INPUT [ (i

AC Full AC Full
1.00kV/div - {|100mV/div
1000:1 1:1

(a) IEC 60270

(b) UHFA1A]
% 3.22 10 kVell A4 Floating®] PRPD

Fig. 3.22 PRPD of Floating at 10 kV
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~ 62°, 195° ~ 265°e Al 19 323% o] FEWH Hxavl FEFATH

10kvel v s shd ASAolM e 232 M7 Sl

al
1507 H 6.25MS/s
Main 1 125 k 2ms/di

(b) UHFA1A]
% 3.23 14 kVell A Floating®] PRPD

Fig. 3.23 PRPD of Floating at 14 kV
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v
Hat BAMNAI A 9kVell Al TEC 60270 -2 2° ~ 62°, 184° ~ 263°¢] A]
FEde] SA4=den, UHFAIA = 5449 9° ~ 69°¢F 187° ~ 271°¢1 4
=

Normal
120 H 6.25MS/s
2ms/di]

Mﬂ " ) N

“’:’"’“”m \M i ‘;”’“"’

(a) IEC 60270

(b) UHFAIA
a9 3.24 9kVell Al Voide] PRPD

Fig. 3.24 PRPD of Void at 9 kV
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Al Ht A e A-FFAAAM 12307 AEHAY et
I =<9 12kVellAl IEC 602702 1° ~ 64°, 181° ~
266°01™, UHFAIA = 3° ~ 72°, 182° ~ 271°0 A Fdbxle] zbzh #aahgich

W
A\

"W”"’“‘” - | ‘MW\H’““WW
) [
Y 4

(a) IEC 60270

(b) UHFAIA
a9 325 12kVell Al Void9] PRPD

Fig. 3.25 PRPD of Void at 12 kV
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x 3.2 IEC 60270 ¥ UHFAIA 2] 94 Hvlal
Table 3.2 Phase comparison between IEC 60270 method and UHF sensor

Collection @ kmou

A SHKV] IEC 60270 UHFALA
20 39° < 127° A4° ~ 133°
PoC % A1° ~ 134° 45° ~ 136°
14 297° ~ 306° 996° ~ 308°
POE S 929° ~ 128° 36° ~ 132°
918° ~ 311° 995° ~ 304°
16 913° ~ 224° 217° ~ 230°
POS 20 204° ~ 231° 197° ~ 237°
8 o _ o o __ o
FP 0 1° ~ 360 1° ~ 360
42° ~ 61° 38° ~ 61°
14
Craci 208° ~ 237° 205° ~ 242°
rac 36° ~ 59° 38° ~ 65°
19
193° ~ 255° 187° ~ 248°
93° ~ 39° 30° ~ 44°
10
Flont 218° ~ 263° 214° ~ 260°
oatmg 25° ~ 61° 26° ~ 62°
14
201° ~ 258° 195° ~ 265°
20 ~ 62° 9° ~ 69°
9
. 184° ~ 263° 187° ~ 271°
Void 1° ~ 640 30 o0
12
181° ~ 266° 182° ~ 271°
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Fig. 3.26 Experimental setup of dBm-pC conversion
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pCSl FBBAE EEeich EF AYAS 0hE 54 WstE 248
$ate] e A3 YR SFy 7F2AE 03l 2ES 38kt
2ol Aste] 5pC, 10pC, 20pC, 50pC % 100pCe HFEwd HA~
FAG F, 50004 Z4E BEUA BaE Aradt. 44 1084
A% 2RV datgs 3 330 "Erle™, H4 5pCa Ho 100 pColl A
4% g 19 3279 2o
3% 33 2RV At
Table 3.3 Apparent charge
A 7] [pCl 5 10 20 50 100
A &3k [pCl 3.85 8.91 19.71 50.66 102.12
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Stopped 2 o S— z.sGs/sS0 ol [ 2gav ]
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Fig. 3.27 Calibration pulse
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Detected charge [pC]

0 T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Input charge [pC]

29 328 9 Askd 4% dargel 7

Fig. 3.28 Relation between input charge and detected charge
UHFAA A HEHE AdVH Axs =27](dBm)e] AaaAE
a9 3299 YERAT AL 0V ~ 2V, ARy A7]= -80dBm ~

-18dBmo.2 Ay Al EALS o] &3l B2 A7|E dBme= 34T

Voltage [mV]

[/ D P A I R Tt g e I A gl A

-20

\

Magnitude [dBm]

D
(=

-80

-100

18 329 A7) (dBm)-A (V)] A

Fig. 3.29 Relation between magnitude(dBm) and voltage(mV)
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(D Protrusion on conductor, POC

50 Q¥ UHFAIAZ A =A3F 3

s

i)

L EE

[e]
S A }\qE

o

M
J{m

N

1% 3309 YEUITE 500 HA 262pC, ol 30.31 pCol™, UHFAIA <]
A7)E H2A -7485dBm, o -4059 dBme|t}. ¥ 349 dBm-pCe <
ety Ao, A8 49 EAL2 29 (b9t 2o

(a) F-EWd 2 (B IEC 602709, st UHFAIA])

Discharge magnitude [pC]

e
fa

-80 -60 -40 -20 0
UHF magnitude [dBm]

(b) dBm—pC
3 3.30 POC9 dBm-pC &t
Fig. 3.30 dBm-pC conversion of POC
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3t 34 POC®] dBm-pC ¥4t

Table 3.4 dBm-pC conversion of POC

P IEC 60270 UHF 41 A]
o HE-pC V dBm
2.85 0.194 ~73.98
2.89 0.208 ~7355
13 kv 3.10 0.218 ~73.24
2.79 0.166 7227
2.62 0.249 ~74.85
3.56 0.274 715
3.03 0.341 ~69.42
15 kv
3.48 0.306 ~70.5
3.36 0.361 -68.8
2.95 0.305 ~70.54
3.61 0.261 -71.9
17 kv
3.35 0.278 ~71.37
3.27 0.309 ~70.41
11.90 1.010 ~48.66
15.95 1.110 ~45.56
23 kV
13.30 0.970 -49.9
18.04 1.140 ~44.63
17.08 1.150 ~44.32
23.18 1.130 ~44.94
23.38 1.150 ~44.32
26 kV
20.49 1.150 ~44.32
17.33 1.130 ~44.94
30.31 1.270 ~40.59
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@ Protrusion on enclosure, POE

12kV ~ 28kV7HAl A%ks S7bsto]l A WAt depdFs AL
1.95pC, AU 27.74pColH, A7]= HA -76.21 dBm, ] -43.07 dBme|t}.
dBm-pC #AE 19 3312 3% 359 YRR

NNNNN (9]
Stopped 78 u 2.5G5/: [ —
Ve 2us/di
IMax(C1)
2.5mv
Min(C1)
14.2mY
Max(C2)
7N 222my
| b I»iﬁ < \
oy
Ed
31my
DCOFF  #

(a) EETA Ha (B TEC 602708, 8k UHFAIA)

6‘10

=

Q .
£ 1A%
s

=1

&

E

=

Q

B

o

e

-80 60 -40 20 0
UHF magnitude [dBm]

(b) dBm-pC
2% 3.31 POES dBm-pC &t
Fig. 3.31 dBm-pC conversion of POE
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3t 3.5 POE¢] dBm-pC ¥4t

Table 3.5 dBm-pC conversion of POE

A 4 IEC 60270 UHF Al A
22 -pC \% dBm
4.76 0.334 -69.64
2.36 0.146 ~75.47
12 kv 1.95 0.122 -76.21
2.63 0.263 -71.84
2.89 0.175 ~74.57
3.95 0.365 -68.67
4.24 0.226 ~72.99
14 kv 3.04 0.182 ~74.35
3.91 0.222 -73.11
3.62 0.322 ~70.01
3.06 0.230 ~72.86
3.11 0.250 ~72.24
16 kv 3.25 0.209 -73.51
3.26 0.373 -68.43
2.08 0.207 ~75.58
20.71 1.150 ~44.32
24.42 1.150 -44.32
24 kV 18.15 1.130 ~44.94
18.75 1.110 -45.56
19.37 1.110 -45.56
25.00 1.170 -43.69
19.76 1.090 -46.18
28 kV 27.21 1.190 -43.07
27.74 1.190 -43.07
18.07 1.090 -46.18
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@ Protrusion on spacer, POS

15KV ~ 25 kV7HAl ASke QI7ke A, F-2de] dat

ot

< HA 712pC,
Hol 3825pCelH, UHFAIA 9] A7+ A -60.76 dBm, ] -40.9dBm
ojth. 1%l 3329 & 36°] dBm—pC H MFA 545 UeERATH

YOKOGAWA
Stoppe

rmal
oo 0 % LI —
Ve 50k us/di]
Max(C1)
Vel 35.0my
in(C1)
i 2.7
| a
L . SR

FFFFF

s} UHF 41 A)

10 A

Discharge magnitude [pC]

0.1

-80 -60 -40 -20 0
UHF magnitude [dBm]
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Fig. 3.32 dBm-pC conversion of POS
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3t 3.6 POS¢ dBm-pC it

Table 3.6 dBm-pC conversion of POS

- IEC 60270 UHF 41 A
25 -pC \Y% dBm
8.36 0.764 -56.29
8.07 0.691 -58.56
15 kV 10.36 0.785 -55.64
8.67 0.684 -58.78
8.28 0.620 -57.66
712 0.720 -60.76
759 0.730 -57.35
20 kv 754 0.730 -57.35
777 0.730 -57.35
7.72 0.730 -57.35
38.25 1.230 -40.9
24.38 1.250 -41.21
25 kV 29.98 1.260 -41.83
26.73 1.210 -42.45
24.29 1.210 -42.45
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@ Free particle, FP
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930mY
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Fig. 3.33 dBm-pC conversion of FP
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FPoll A A% HEubde] dalaFe H A 42.11pC, o 53.24 pColH,
UHFAIA ¢ Z7]% H A -4556dBm, F o) -4245dBme. = & 3.73% 72tk

N

x 3.7 FP9] dBm-pC &4k
Table 3.7 dBm-pC conversion of FP

IEC 60270 UHF 41 A
A
25 -pC \Y% dBm
51.60 1.130 -44.94
46.56 1.140 -44.63
47.68 1.130 -44.94
53.24 1.130 -42.45
13 kV
4211 1.130 -45.56
44.34 1.170 -43.69
49.64 1.150 -44.32
42.87 1.110 -42.94
45.65 1.210 -43.92
52.47 1.150 -44.32
42.86 1.150 -44.32
14 kv 47.20 1.170 -43.69
44.33 1.160 ~44
50.79 1.170 -43.69
43.14 1.170 -43.69
- 80 -
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® Crack inside spacer, Crack

15kV, 16 kV 2 18kVel k=

2ol Z4skgin.

7}k
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e
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-20 0
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(b) dBm—pC

18 3.34 Crack® dBm-pC 33k

Fig. 3.34 dBm-pC conversion of Crack
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W sk HAa 11.93pC, AW 66.2pColw, UHFAIA 9] =27]+=

-5797dBm, ] -42.11dBmo.= 3% 3.8% #t}.

¥ 3.8 Crack® dBm-pC 34k

Table 3.8 dBm-pC conversion of Crack

3

=)

IEC 60270 UHF 41 A
A
2 & -pC \Y% dBm
15.03 0.730 -57.35
15.10 0.750 -56.73
15 kV 13.98 0.710 -56.73
15.63 0.750 -56.73
11.93 0.750 -57.97
28.88 1.050 ~47.42
2713 1.090 -46.18
16 kV 29.22 0.990 -49.28
45.03 1.050 ~47.42
29.38 0.950 -50.52
66.20 1.210 -42.11
63.80 1.160 -43.97
18 kV 59.80 1.220 -42.18
58.70 1.190 -43.04
40.74 1.040 -47.73
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©® Floating metal, Floating

Floating> 3}E]Fo] 19t2 F A Aol

= At
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Main 125k ‘S0ns/di
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w
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19 3.35 Floating®] dBm-pC 24t

Fig. 3.35 dBm-—pC conversion of Floating
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Floating®] ¥+ #d AstES 7676 pCoZ A&t UHFAIA
A71E -1794dBmo =z 43t HA=H At dBm-—pCe k2 3E 399

% 3.9 Floating® dBm-pC 4k

Table 3.9 dBm-pC conversion of Floating

IEC 60270 UHF Al A
Zal
A pC \% dBm
340 2 -17.94
84 2 -17.94
18 kV 709 2 -17.94
320 2 -17.94
685 2 -17.94
-84 -
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@ Void inside spacer, Void

W AatsFe A 491 pC, F 225pCe|n, UHFAIA Y A71& HAA
-66.97 dBm, Ht] -51.14dBmelth. ¥ 336 % i 3109 AP A< 547
dBm-pC?®| #<& YEbAT

YOKOGAWA Normal 9]
Stoppe 3 o 2.5G8s | —
Van 50k Jus/di
Sony
in(C1)
12.3mV
-~ ) o(C2)
—
PRI
s
DCOFF 7/
(a) F 8 B2 (A TEC 602701, sk UHFAIA)

100

,_.
o
'y

b
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e

-80 -60 -40 20 0
UHF magnitude [dBm]

(b) dBm—pC
19 3.36 Void9] dBm-—pC &4+

Fig. 3.36 dBm-pC conversion of Void
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Coll
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3.10 Void9 dBm-pC &4k
Table 3.10 dBm-pC conversion of Void

IEC 60270 UHF A1 A

A g
2 E—pC \Y dBm
9.98 0.420 -66.66
5.42 0.450 -66.04
10 kV 6.02 0.430 -66.66
491 0.430 -66.97
5.57 0.420 -66.97
20.64 0.780 -55.80
19.82 0.750 -56.73
11 kv 21.44 0.790 -55.49
18.79 0.770 -56.11
19.40 0.770 -56.11
20.90 0.930 -51.76
22.50 0.910 -51.14
12 kV 19.80 0.910 -51.76
20.94 0.910 -51.76
23.00 0.870 -53.00
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Fig. 3.37 dBm-pC conversion of 7 types of defects
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A 47 2% Al dudgdF

Al 3 AolA UHFAIM &= S o] dolHE #4ste] 19 413
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Fig. 4.1 Flow chart of defects identification algorithm
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Fig. 4.2 Parameters of POC at 20 kV
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Fig. 4.3 Parameters of POC at 26 kV
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@ Protrusion on enclosure, POE
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Fig. 4.4 Parameters of POE at 14 kV
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Fig. 4.5 Parameters of POE at 17 kV
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@ Protrusion on spacer, POS
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Fig. 4.6 Parameters of POS at 16 kV
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Fig. 4.8 Parameters of FP at 8 kV

_98_

Collection @ kmou

ool 0° ~ 360°¢]



FP 10kV=

REHY

kVel EdskAl A 9ol 1™ 499 #Zo] Fidol

-20
=
il
T -40
i
e
= LA o
§BOQ%3I.|&I- I I.": .
P " -. i
L
RGeS -ﬂw X
-80 ; |
0 90 180 270 360
Phase [°]
(a) PRPD #¥
=20
= P1=0 P2=0 P3=0 P4=0
S 10
o { |
= P5=5.07 l P6=16.54 J P7=5.08 P8=15.87 |
(ECCE?*BO, —_—== _I .
PO=16.10 J P10=12.33 | P11=15.59 | P12=13.42
-804 :
0 90 180 270 360
Phase [°]
(b) PRPD-12Window
-20 :
= Skel=-1.20 I Ske2=-1.32
E Kurl=422 : Kur2=435
2 -40 CcC=0.58
18] |
=) |
=2 |
5
9 -0}
=
|
-804 : : ; ‘
0 90 180 270 360
Phase [°]

(C) Ej;" - E }\é

19 49 10kvell A FPe| shehvH
Fig. 4.9 Parameters of FP at 10 kV
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Fig. 4.10 Parameters of Crack at 14 kV
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Fig. 4.12 Parameters of Floating at 10 kV
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Fig. 4.13 Parameters of Floating at 14 kV
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@ Void inside spacer, Void
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