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Characteristics of Impulse Discharges in Wet Soil
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Abstract - This paper presents the experimental results related to soil ionization and electrical breakdown in a concentric
hemispherical electrode system under lightning impulse voltages. Dynamic voltage-current and impedance-time characteristics
of soil ionization were measured and analyzed. Also the electrical breakdowns of the soil gap were investigated. The time-lag
to the peak current corresponds to the soil ionization propagation. The time of ionization propagation in wet sand is found to
decrease with increasing the impulse currents. A drastic decrease in ground resistance was observed during the impulse
current spreading in sand. The electrical breakdown appears at the wave tail of impulse voltage and results in a wide scatter
in V—t curves. The voltage-current curves have a fan-like shape attributed to ionization processes which result in increasing

current and decreasing voltage.
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Fig. 1 Schematic diagram of the experimental set-up
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growth as a function of the impulse -current
amplitudes

PEAMTO A7 Sl mit ol2st 880l JHAIEY]

7HR9] RGAREY ol2st ddol ofgt ™Rel m|A71K19] A
ARE ¢y, t, BF dadhs dee UEIRICE Adutiol] 28
s ALY ubFAIRE ZAOIA o283k O] AlAE]
£ Zlg gsioltt. ojgig dde YARIRY A7 Sk
5 EY9 ojzst HH40] sHEE 0] e £t gEkEe ofng
oh. 2yFog EY9) olesprl At IHgol YAkehs dF
9] A71o oJEXYE FAGHACE

313 EYY ol2st g8 mE A=ZFANE
HRAAA"Y HefAAg2 dEamdtol s BE=
Hststo] YRR E HEcHA ErHe]. FRE=0 AN

O] 7laidl 2% E&9] ol2st &0l gLy o™l HAA
R 3} o225t g80] Hulel Al HAME rE FEEE 27t

0% 2 O X Hi

A REOR LER 4 9tk olest dao] A=w)) ofEe)
AR k2 A B R0 ol2st d80] el AFe
HAAE re 7 WA dRuAeh #do) Q). ol FANE
2 A7t 13d mo] At AARE ol&sto] Al (DI A
@e= dEEf12][13].
V(L)
R = peakl (1)
' ]peakl
VL, o10)
R = peak?2 <2>
R A

Trans. KIEE. Vol. 66, No. 2, FEB, 2017

0714,
I, @ AW A3
Lo @ 7 W ART3
V(1) + ARuA d&ohke =<t He

£ LIEhth ®FOIAA difdt=0017] HR2o] REgie R
Alg 4 Atk Ag Eolx Fdutazt St o7k 9l
AL 7isto] A7 A7) We olest SAEY] ojdel A
IR Rt olest Jdol =il AIFoIMe AVINE RE
19 400 LERAQICH

+ Resistance Ri
B Resistance R:

Soil resistance (k)

" .\.\H‘.\_.‘.

0 10 20 30 40 50 60 70 0 90
Current (A)
J8 4 J"ARRFTY 7o WE EYY olesto] AR
thEolA HRIK g
Fig. 4 Ground resistance at the initiation and peak of soil

m

ionization growth as a function of the impulse
current amplitudes

ozt AV oldoltEte FAES #H @A &
o] 71dEl ol2sh= WlstEE [AXE r e AR 7]
of mwel Attt EY9 oleat SAEY] AlEGshE oA
AR el olest ddol el me gRxge dF
9] A7k il met Aashs HIE0] ttetA Hoxle A

S HEg 4+ Atk olek Zo] EQY| ojest dao] dojdt 4
AR V0] wet Aol MAs] Aashs olRe B

ol2gt gtgo] Ao R HE= Z10] oflzt WAV HEHE
2 4EE OJR0AY| Hed 2oz HHErh

I

32 AN EA

ylEAmYge st FAAA”HS Med Edg mieksty]
fleide B JE S do 240] dgsith BEdol 4
AE "= AfojolA HPEA ol Qs AAuta7} 2dst f

o] gl ekt A7 wkde 17 50 LERARICH
AAuh7t 2dsh mjo] AgEQl At A7 e BEY
Ol2s7h SAsIAAEE 1Y 29] FAutalo] o]2X] B2 49
At A7 oy e AR sjEoith doul g do
o

e et AF e Sde HU gAES QEAEe

SN 18

!

365



7|5t =2X| 663 25 20174 2¥¢

e T

5 [k&V/div]

fa 5 [us /div]

18 5 EE9 JuAEAn g AR 1t
Fig. 5 Typical oscillograms of impulse breakdown voltage

and current

Hligle o FRE=S FololA =adFo] ot ViR B
9] oles7t JHAIELE 1 = ORI FYor B 2kt
5ot olest 7I5H0] 2AERmIL e dAHAUS
o7 egEE Ziew HOO4]. 71E @ddke tEA d5
AfojolAl FAAutE Aoyl deoz B9 Hetdstol Slf
YT Fro FRUYO] Ve

321 AATNZAY A7]

o
izt

JEARR7 fRAES0 s2W gAd=R9] FHole dAZ
T} oroF JRIF= gHO| ZAIG Al717H B9 Aduty
o &+ e A AZIHEDH § AW GRS FHoA
O 2heichAl et T EalH A 9)oz et FRE=
of ZAQ 717} AGETE 2 JlolA Brdo] oA
CH15].

0z
ﬂﬂ

12

fORE O i ok
= 2

E=p«J 3

2 A7 A& saud ASA0A B FAuhE
ozl mf GRS 5H9 A9 AVle Tl Al @it 2ol

Er)=—"F"— 4

r o B FHAASF9 ¥ (12 [mm])
o o ¥k (100 [mm])

(o
>
i
o
N

[e]

YRS F919] EQolA 7HAE oj2sto] o8 AAutuEg
Aol o FAY AZI7t 7VE w2 FAFS THOAQ [A 9
AESICE KS C IEC-60060-1ZZ[17]0] WE 44

M
o

366

OF 102 g% FAuydYe e A @l tiYsto]
AAuh7E dofike FAG AZIE Attt =4 ke §#
=89 HYgades FAES0 Tletol 588 FduhdYy
9] HIWE 17 60f LFERAQITE

25

® Positive

= Negative

Electrical field intensity (kV/em)

0

J8 6 EQO Fduhurt dojdt mf FJA™S FHO AAC
A7

Fig. 6 Electric field intensity on the electrode surface as
the electrical breakdown in soil is occurred

B9 ddulart dojdt w "AQ AZI7E 71E W A"
87 WaEHA FAS MZIs ©F 030 [kV/em]OJC}. mtal
A= 49 dAREE We SdsSsittal & 5 Atk Fduk
7b dofdt mf ®HAES gW ZHolA FAS AZls °F 20
[kV/em]F=olH, B9 oles} Aol mje ZEsHA Ldst
1, ~2EZMO] 483 =X ddoz dEo] AhE Ae
= HOIth 17 60llA K= Hieh Zo] g=4o] His) F
AATN AL A717F oFE A LT oZle =8
S9 71SE™oA et do] G549 FAutHeto] B
o U2 sgor d¥d &+ Jloh & dAFoxg XS
2 F2 R YR} Alo]el ZF0A Lojut] miEol 7]
At Hisg el Z1og HOIth

o 4
1

)

=z

3

0%
2
z I

)2~

ol

T2
Rl
ol o

o 0%
0

322 BATAEY-ATES

AAut A Q- AlZHE A (Breakdown  voltage-time  curve:
V—t3A)e JAAAHY LAEASHELS notst=t m<
EQst oghg It AIREZORZ AR FRFZ Atolo] g
AZYG0] TR A SA EEWROE O|ROAAl Eil -
Hro AlZto] QELE Adutaol Oj27|7HR] A¥EE AR

Ao 9719 458, EY U9 33, A=9 gy
THYH, EY U sEgge 5 ULsh uetnE o
dh=r} v—¢Z3AS KS C IEC 60060-1FF=[17]o] wet
o7t gojur] ool ZheiAl F At At 7tk 9
ZPOR Aot Fa4u B4 JEARE Thoto]
ot AWl v—t3Ag I8 7o) LERAATE
EQO Fonhe thREE JEUAFO] mhajoA]l dojton,

¢

Eoro
0ok o

>

S|

I A

o e re o
>
\J



30

# Positive
® Negative

o ]

z = [

< o

Y ] —__

o . —

2 s —Ls ,

P * e =N
< . L 2
=3

3

2

3

2

=

10
0 5 10 15 20

ta(s)

I
b

J8 7 v—t A
Fig. 7 V-t curves

BAATZIR G AIAAES BlwA A Ueistth. g=49 4
F HHERAAES OF 6 usolA 20 ps HRI01AL, BSEE < 4
usOlA 11 ps HRIZ F=40] Badol His S-AAAL]
Hwa 27 =it olgfgt dite ARl Hefjo] &0
FRE0l ACHERE AAREFO o6 =] OHRIZE FR]E o]
2EdE0] LofLtal Ol2s7t ZHSSIE IR ARl 4Q %Y
HEQl ZCE #etAL) &, EQ9| o]2stet AERMY] ZHO]
A HAUSORE OIFOXE Ze AlARITH

323 ARREY H=d E4

EQO Foutyrt doft wf JRXEo| HEsSoh= EHE &
Ast7] Qs Bte "EAA W AEAERbol Thst el &
AutaE et v ol A=Y Y MatlabZZ IHO
2 4F Z—t V—1349] A1E 13 8o UERNRITY
DefE YT vty JRAFoA ZA
it AR akge] @Alz agolnt A}
dQto] F25] Asketal AF7F FHES
dPR0] FAES LFERQICE AR atge 1
P AEEIHO ZFu wEehE HEe AR
S715IICH14]. olof M85 Aee F
FAsth7 Adintaol Os FESIATE ThA
a5hH A= olA deto] dojLly] Aol JRAES F99)
EYoA AEzHEAo] @95 AREL des ¢ 4+ Atk
Aso FRFMZ Fo0] WeE o]2siydelg Hol 228
AREs & 4+ Uk

a8 8ol UER Z-+3419] A-BFIOIA ZThE oAl
WHEPHTIFO] Al&E 0] EYO] 2L450] O]F0jR|E ZIo
2 AZMEr) B-Cte FJRAAS X0 dhdst AEZH9
ARoR FJRAWFIF S716to] AMEo] Laste 9oz Set=
npgo] Aashs S0 F71AQ1 7181 #Ho] U= Zog H
QILE CHoIAl &= Yol uEEo] A7V 358 & XA da
SHH, QT AA5] ZAstAE golesto] &) FAXES Al
Aol 7l ZBole Ao M2 sFsitt. FeiutalAtel
oA B A7AEe oF 40 [Q] Az Fuly] ol"HET)
oF 1/1008] ol5t2 ALY

0ge

.'1

)
2ol
u

i)
)

o
o

T oo o
> 1

—~
fa5)
<

O I rx
o 12

A=)
NI
E -
o 2
1o
<4
1584

=
r)l

N

2
2

A

og
20z
e 0=

N
i)
T
=
ol
o

I0

1o
o
|

_\_,
o,

Bl ood
H r%
>
ol o
N
ol

ElL 1S

=

oo rr B OEL

o re me
Pa)
O
o
o
ol
o\
B>

=]

J
I
P

S o

Trans. KIEE. Vol. 66, No. 2, FEB, 2017

‘Voltage .

V %

50 [A/div]

. 10[8/div]

(@) Aut @Ay} A7) utd

5000 T v r .

4000 |.:..

3000 ;..

2000 Lo

Ground resistance (Q)

1000 et e e s ]

30 40 50 60 70
Time (ps)

(b) Zz—t=4

Voltage (kV)

I e e
Current (4)
© Vv—134
I8 8 Adutyrt dojdt w At AF oY, Z-¢34d 9
V134
Fig. 8 Voltage and current traces, Z—t curve and V-1
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