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Abstract

In this dissertation, the changes of electrical properties and new
diagnostic techniques for lightning arresters have been studied.
Generally, lightning arresters deteriorate as the result of a repetitive
application of AC over-voltages or lightning impulse currents. The
resistive leakage current of arresters increases as the deterioration of the
arrester progresses, showing an increase in the 3" harmonic component
of the leakage current. The deteriorated lightning arrester is brought to
a thermal runaway, where it can cause a line-to—earth fault. It is,
therefore, important to estimate the change of electrical properties and
the expected lifetime of lightning arresters.

To study the change of electrical properties in lightning arresters, a
multiple-lightning impulse generator which can produce a quadruple with
impulse current of 8/20[us] 5[kA] at an interval of 30~120[ms] has
been designed and fabricated. The generator generates almost same
thing as natural lightning ground flash. The total energy applied to the
arrester at each pulse is about 1,200[J]. In the experiment, various
parameters such as leakage current, reference voltage, and temperature
were measured with the number of applied impulse currents. Also,
micro-structures of the ZnO blocks were investigated 200 times after
applying the single— and the multiple-lightning impulse currents.

The experimental results indicated that the arrester blocks are more
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vulnerable to deterioration or damage from the multiple-lightning
impulse currents. Therefore, it is necessary for lightning arresters used
in power systems to be tested by applying not only a single-impulse
current but also a multiple-impulse current. Also, to deduce the
parameters necessary for diagnosing arrester deterioration, the
accelerated deterioration tests were carried out.

In the test, leakage current components were measured, and the
wave height distributions of leakage current were analyzed according to
the progress of deterioration in the arrester.

The wave height distributions of the leakage current showed
conspicuous differences even though the deterioration of arrester was
progressed a little. Consequently, the use of wave height distributions
in the leakage current for a deterioration diagnostic technique 1is
valuable because it makes a more accurate diagnosis than the
conventional method of using only a leakage current value.

The expert system for diagnosing the deterioration of arresters has
been designed, and the system can diagnose lightning arresters by
measuring the leakage current magnitude and its wave height
distribution.

Today, arrester diagnostic techniques based on total leakage current
and/or the 3™ harmonic leakage current as a reference parameter of
deterioration are widely used. The technique, however, includes an
error due to the harmonics of power system voltage. Therefore, the
influence of the harmonics on arrester diagnostics should be considered.

In this dissertation, an arrester model was designed to simulate the
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influence of the voltage harmonics described above. A pure sinusoidal
voltage and its the 3" harmonic voltage were applied to the model, and
the leakage current components were analyzed.

From the simulation results, it was confirmed that the peak value of
resistive leakage current depends not only on the phase of the 3
harmonic voltage but also on the magnitude of it. Consequently, the
errors caused by the harmonic voltage could be minimized by correcting

the magnitude of leakage current upon analyzing the harmonics.
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Table 1.1 Statistical reports on major failure causes in a power
distribution line
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Table 2.1 Researches on the conduction mechanism of ZnO varistors

Year Model

1971 | Space charge limited current (Matsuoka)

1975 | Tunneling through a thin layer (Levinson and Philipp)
Tunneling through Schottky barriers (Levine)

1976 | Tunneling through Schottky barriers (Morris, Bernascone et al.)
1977 | Tunneling through Schottky barriers with heterojunctions
(Emtage)

1978 | Tunneling through Schottky barriers with heterojunctions (Eda)
Tunneling through homojunctions (Einzinger)

1979 | Tunneling through Schottky barriers (Hower and Gupta)
Hole-assisted tunneling through Schottky barrirers (Mahan,
Levinson and Philipp)

1982 | Bypass effect at heterojunctions (Eda)

1984 | Hole-induced breakdown (Pike)

1986 | Bypass effect at heterojunctions (Levinson and Philipp)
Hole-induced breakdown (Blatter and Greuter)

1987 | Space charge induced current (Suzuoki et al.)
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A HH dASA= Ado]l JA7EHA &g F - 5 LEZAAHA ViH
VeRtE 7t 7Fg38hd ZnO HlEAEH Y dyA W= 72

26 (b)et Zol F Felth 27152 949 B9, ZnO vt =H YAF

9 B8 52t ARE 449 AR EAsA "ok

@O #= ZnO grainol A AT 32 AF 1 Jiu
@ 3 ZnO grainolX] YAFTCE 2= HAF 1 Jp
® YAZAA FHZ Zn0 grain @ T2+ AF © Jy
@ JAZNA = Zn0O grainl & 2= AF © e
Zn0 graindl X PYAFOR 52E AF J,3 e DF o7lel o3k

ggdstE JAAE FoAA HY FAEHE de AAEY S 93] 2AHE
2 2 (27), 283 o] ZnO grain W =Y ZDxo} A A =
oo <oJs] A=l A}

Jip = Jyexp { Q(¢ = VL) } (2.7)
Je= ]Oexp{ M} (2.8)

A7IM  Jy= nyquoliL, ny= ZnO grain WY =Y BE, = HAY
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stE JAIFolA ZnO grainl. 2 T2+ AF [T Jops JAIZF =AY

e AR F oo ANFH Eol g0l E@

Jor = Amoexp(— ?:,}? ) (2.9)
Jor = Amdexp<— iz ) (2.10)

A71M Ane WGl
UAAY v=0¥ A% Jiw=Juw=]ir=lx’t HMF 22 4
(2.1 (29 ZF-H

v/ _a(dp—d0)
A, = o exp{— LT } (2.11)

2 FE + oM, of Y =02 A5 YAZel =AW
2ke] el (211 2 (2.9), (2.10)9] st
Jor = Jor= foéi exp( - %9) (2.12)

2 A% & Yok FH PPFAAAE YAF) ZA%E AR 57}
QAgslok SEE AR Bolos AR I YAFNA ke A
7o ol 2ok AHER 4 213F QIHE 2 5 Aok

it heg=Joot lor (2.13)

exp{—ﬂ(}k;—vﬁ}Jr eXD{—MOk;—VR)} = %fexp(—%‘&) (2.14)
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Fig. 2.13 Measurement of the 3" harmonic leakage current
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current generator
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Table 3.2 Specification of the multiple-lightning impulse current

generator
3 = A% 4 = A%
FAEAY | 5 yas BAAF 5744 | t ¢ 1000ns]
(R, (cT) Max & 50[kApca]
PAE A | FEAR A7 | 247 24| TRE AUAY
(6) 100[mm)] (Ry) 500[M Q]
JYZAHL | IAGZHUETF =23 ZulA
] Peixe) o ™ 6 Td © =16 IOO[kV], O.5[].1F]
(L) 4~32[uH] (o
dYzge | FHE AAAT | 2AY QPR
ABEPE | T 1 AT A7 130[kV], 2.1[mA]
(R,) 10[ Q] (HV DC)
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Fig. 5.8 Leakage current of ZnO blocks as a function of applied numbers



o d&l =2 227t FAE 4% G337t riEstEY, ol Qs +AA
e S7HH 53 b HsAdR 7Ae sA-AR Y8 &AW
o] ZnO graine wHAo =2 71EdE AeHdA & Almsloldddl A==
HEAAFY 7R dAIS AAVE dS JA5H, ofdd wet @
TARARF VARG B wEA 43yt My Ho FHEHNFE 543 F

H3lE FA4387] 9t HFAARE Y H tsY 27HA WHeE
2003] 917}k ZnO 2AE 7|AHo 2 3
A0 A(SEM) .2 #Z39t. 181 9d 9@ oF 3=
7Fet ZnO &AFe] vAFERE ¥ 599 Ytk AlFe vAFERE
Atz o g2 7ZnO grain® Z7|7F 10um] AEE F L34 wjdE o] 9o
U, HFAAFZE A3l E37t JA-FHA JAISo] FoFAAL graino] A
sHAl "t

a9 59 @¢ (e HlwstdH, AA XS E grain® Hido] tha B4

A
ol
o
2
ne
rlo
>,
<)
3
N -
%
N
>
>
N,

YA grain®] Z7|%= ~17imA=Z AFAS AS & 5 o
O|AL HEAAFY EFA =& AAY dxFHo = Qe YA Zo] 7+

ol

tal ZnO grain°] &3 ZAoln. LT A FS Atk

EURNO¥
e
i
ofj
i
)
u
il
r o
N
N
ot
ot
o
rr
ije]
1
&
=
1o
ol
=T
)
o
o
p—
[\
J
=
=)
o
D)

o 2 49 A ¢ 5 A =P 9Y ¥ 0F HF4A7)
oI grain®] =7] WSS vlaas] fiskel WA HFAAFE A5 3t
B 0 249 MATEE 28 59(d YA 18 59 (o

UEld ZnO A&7} grain®] 4w 2 7o] 20[umloldo = o 9 toF

FAARE AN Fol AP VIATFEAAEY grain®] =277 DA

_86_



o AR As & F Aok oA HFTA™FA st ZnO grain©]

A7)1A 2~

Oy Sl G?mh :%

29kY Hi.oo00

_87_

BASE Qe dAF LI Ut BiO: 59 B4E 90 4FH
E

g 2zo] ol FRAN &8 - LA FPoZ YA Zo] 7



ioprm 2222020

]
@
@
-
X
n

-

(c) ZA A &7

¥ 59 ZnO & mAFx

Fig. 5.9 Micro-structure of ZnO blocks

<

i
&

5.2 &3}

To-

23!

=y

il

S(0~100& ZA3ke] vehd & ok

o]

L —
L

g =271

Fol 3

UERRAL, ©] S ©] &3

=
=
o 3R

FHAF P AR

ol

T

o

Fed e

23

=
A5HE

d

—_
o

3o

48

e

A AAZFOE Zn0O AAE &

etk 28 510 (a)olAd 11.1

A ZnO Ao £ A

6lkV], 5[kA]

a9 510&

o

_z:l

_88_



(WAle] AE FEHFE 1647wAlY &FE FAAFRE ez
Atk ©o] AE FANFY e MA FAHAAF A7)0l W mAS F&
o2 yeston, dd ddde] datel= 90°9 ik #E UEY
I vk v gkl whel 91739 zpoloh Z7]e] Apol= @A GH
wshsty, 7 510 (hellA 1 + gtk 29 510 (b= I-F
(pin-hole)o] A ALAE FH 2745 YA 4.31kV]e] 3
Aol Al 4846[nAlel AFgE FAXF 1625AlY &FE T4

_{

il
T2 UEh . SRR AR #stE B AF 2] dede
AL FAAARE §FE FEARY 10[%]12 22 golw, d3pd

K-
s 8
AL
i)
)
o|N
)
o
£
e
|
o
s
=
o
R
=5
)
9
=t
ng
o
e,
ox
o
r
oF
2
ro,

b
o
o

e Ao SR rAAFEOE WA 2 e AAAA B

A

filo

rﬁb
2
9'1‘,
X
o|N
N
N
ol
N
4 2
M
K3
2
o2
M
-r
i
2
=il
Lo
l
N
N
)
o
X
el
>
>
ot
Jm




1 How Sampis #1
T Haw Sample #2
| Hew Sampla #3
1 Wew Sampla #0
| Damaged Bample #1
1 Damaged Semple #7

Dameged Sarale 81
'_'

() AA F+2-dFY HuEXE

O™ 510 AA FAEAAF 339 F2FEZ(ZnO &R

Fig. 510 Leakage current waveforms and wave height distributions
of total leakage current(ZnO blocks)

_90_



%A ]kl A

(6lkV], 5[kAD<]

aAE

ZnO ¥ 7]

L
L

a9 510 (c)

"

i

F ool ANRE e E A

)
pul

o] Ay

-5

Fped

7

1

o

]

=
T

.]

%

5]

o
RS

To-

A

o
N

1=
R

B 5o

750[nA]

st

a)

AEHoH, 200[uAlA 250[uA]7FA] <]

225[uA]

o
TAHL

Eol

el

B

T3 50

-
i

SA

BRNE Hugo] veh

2AFe] A grain

E°]

%3

a1, 680[uAlel A 800[uAl7EA) <]

[wA]ol A 80[uAl7FA] <]

o] A

L
L

A

=13
=

o]

A =W A2 71

2357} 27}

a1 4.4[kV]e)

A x)E
s

ol

20[Clell A1 100[CI7HAl 7}

k<3
T

py

¢}

A

al

o @&t ZnO &AF WHF-o A H]

fo13
=

Z=
(¢

AN
—_

_91_



a9 511 FHxdd wE AA FHEAAFY FaREE

Fig. 511 Wave height distributions of total leakage current
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Fig. 514 Leakage current waveforms and wave height distributions
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