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(Potential Reduction and Energy Dispersion Due to lonization Around the Submerged
Ground Rod)
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Abstract

Deeply-driven ground rod in the rainy season may contact with rainwater and ground water. When surge
voltages are applied to the submerged ground rods, the ionization around the ground rods are occurred.
Ionization in soil and/or water is affected in dynamic performance of ground rod systems. This wark aims at
studying the transient performance of ground rod system under impulse voltage using scale model in an
electrolytic tank. The potential reduction and energy dispersion caused by ionization were measured and
quantitatively analyzed using the Matlab Program. As a result, the peak voltage at the terminal of ground rod
was varied with water resistivity and charging voltage of Marx generator. The potential at the terminal of the
ground rod was approximately reduced to a half of the applied voltage just below breakdown voltage. Also the
energy more than half of the applied energy was dispersed through the ground rod due to ionization just below
breakdown voltage.

Key Words : Deeply-Driven Ground Rod, Soil lonization, Potential Reduction at the Terminal of Ground Rod,
Energy Dispersion, Impulse Voltage
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Fig. 1. Configuration of the experimental setup
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Fig. 2. Typical examples of the discharge light
image and voltage and current
waveforms caused by ionization

(93]

% olunyE

sl ¢7F AY HYe Bash B3 A% 9
He Z7kse] WA A B4 hehisl S 4
29 YT 2719 AF s AYo] FASHA
FAYE BAY F Uk

3.2 o|224of oS MYXZ

ool AFE 3 oles B4E EF
7o) Ao} §AE Hol B: olv] e 7kx] 84
go] By AT HAAE Fa o9l
AR AAAZ o] L3} BABAL W) Yehb=
olde QA 2 W7ol AT A AusE
AALE S8 oL Fas) wEiz 28 2 ()
o AY HPL B ATA AF) 98 AFE A
Sl dAe) ol st BRI We sulR
oA W7} B48 gaske AL HAT £ gloh
oleldt AL AAH oz Hrkshr] sl o)A
of e A7AAS) EY Z2 AL 0|83l
A A7 djste] FrhsATHT.

HARZ At AGE o]t §7o 3
#glo] 2R AL HlFgeh E3 o]H o] o] 2o
g Aol o] &3k7} WAIEHA] YkE W A3kl
whe} Aahishl SAlshA] S RE AatgeA of
23} o4 A& by Mokl FasiA YA
WEo] FUF AFEe] RalolA o]t LAl
A grethd [ BEe AL wla

upeby ol 23l7h WAISA) ekgke whe] A} 5
< olg3lod A7l nlste] AL A& T
S e Aol ojeslrt WAl YRHE we)
e A8 5 gtk £ o374 o3t wAlst
A& Ho] e WFEw 1 27t ol sl o8 A
29 Asjet & glom, olgjd AL 2% 3 ()
off UehAAch

o] &3t @abo] LAIskR] 2 0[kV]e] FAAY
o] At B L o] g3}e] o] 23y} B &kV]el
2R o] L3P/} WA e sl B L
TS0} o] 2317} BAIS A Hye wHEd 1 9
Mol o] &3] o5 AZE ANE ovlshA ek
oA A7 W9l g 19 3 (b)el W
o} o] 3lo] od) Azte A9 S-S dyaol v

Journal of KIIEE, Vol.23, No. 1, January 2009



60

50

40

Voltage (kV)
W
<

]— 30kV .
- 80 kV(lon.)

(a

2‘0 40 60 80 100
Time (4s)

) MEE Mol mEe M4

J8 3. oiEy T2 ol28t MANAUe AlE
Fig. 8. Calculation for the potential reduction using Matiab program

Voltage (kV)

Voltage (kV)

80
Applied voltage

60 +— Il Potential reduction

50

40

30

20

10

0

60 70 80 90 100 110 120 140 180 200

Charging voltage (kV)
(a) 10(Q - m)

0

Applied voltage DO

| | Il Potential reduction

4 50 60 0 80
Charging voltage (kV)

(c) 100(Q - m)

a3 4. MEHEY SEE0 WeE eoiEet ¥ MeiNz
Fig. 4. Applied voltage and potential reduction as a function of charging voltages in different water
resistivities

EAY

5.

Sy

ot
Ot

=27V M237 M1, 20093 18

Voltage (kV)

Voltage (kV)

R W W B oW
G S S S

20

Voltage (kV)

30

Time (43)

(b) M#E 9 oy

BB Applied voltage

[l Potential reduction

42 50 60 70 30 90 100 110
Charging voltage (kV)
(b) 50(Q - m]
Applied voltage

[l Potential reduction

2 40 50
Charging voltage (kV)

(d) 200(Q - m)

oty



80 T ENHI FHENY 0220 Qor HYmH Y

=% FHE vehligien] gddel Aake A7t 2
adhe A FYaA veb

ZH2e] A FEo] dsto] FHAYe whet FAA
Soll M A3t ol2slol o3 HAALE A
FHoz a9 49 vERATE 200(Q - mle] H
A we AFES] A o3t BEs Mg
H7E vl R7) wEel wlojEle] 7t Hom A
Fgol ¥EF o] 23t BAlEh: St 2
719} W7k S7kehe A & 5 Utk ol &3] 9
3 ARE AAE B BE BE AFEAAM
Aol FoldeE HAAS A7k E AgH A
ARl Skl AR viehin £ A AN
ol23r} BAHE HaxL AYE 200[2 - m]
o} oA 2kViel SAAGANA B AL
& 3ok

WAL FHAYE wU4E kAL A
WHEel oj2e Aoz yeigen, 10[Q - m]st
o] Y2 AFggoM e JELARAA) A
A FYFE AAAF ArlEE Adeke] 7t
2ol B3] AHAZe] F7Hgo] t% AXE Ao
el oleid g uFfo] Kol HAHF F
Ho] Bgfe] g0l RE7F HAA o] Ao,
HAATY AAPYEol ARHE FA o F71
o of23}e] LAl ofs) 1 FwY Azl
AA Hof A P AFALE wFed 1344
ojz} £4grk

3.3 of2zloj 2Tt ofLiX|HE

HAAZe) F5H7E e PRHZo v}
g uixs} BEEE duske] B BN
Past ot o] E3 A=y A9AHEH i
A TR Feato] BAlo] Flsin), QA
AzZre A9 o) A& w2 oL} Ay
A HW AR FYLS 550 Ealske o)A A%
AFo) ole3t AR/} HelA Yo L)

ANE 3} vz Az ol eslo] ogh A
o Z7HEE AR ARIN ARA AF HHE W)
v Azdc). A9 FHelMe S vparA =
w4 AR HYe oLt wAska] Agke o

2

e

N oungE

o] & ofualr] ol Bg e Fejrt TUsta
ZA A met A A AFo e 2] vt
of vepdc) mebr 11y 5 (a)9} 2ol o] 387t g
AstA] ¥ 0kV] FAAG] Ui AF A¥ S
o] 88t o] 3y} WAs= 80(kV] FAY]
o AxA AF 3¥E At olksrt LAY
A o] A7 Yol A wjFH o] 23} ot HFe
F7H-E 78 ¢ A =9, 28 5 (b o3l
o3 AFS] F7HEE Uehd) o] 23] 23t A
9 TR A9AZY B3 viAR 4g
2 geo] 3oz vehtn g Az =gk A
HAZ AFRVY T F7¥e Ak dAsks
t} oA 2ol A Azt FET T 4
£ o] &slof o) A7e AT FAAF FHo
A2 AT A/ FURI7] dEQ Aem B
4 Stk o|&3tof s FUME JHaAFE Al
oA F HA H1F 925 YAgste 98L&
ok 23 5 (09 2= Z7} o] 2317} dAlER]
e 30kVIe FHAG Wi A "y
80lkV] FH o)A o) &3lof o3t AP HA A
He AR} AYe] Foz T £AHYY o]
W, 1% 5 (D)9 3L 1Y 73S A7kl gjste]
HEd e AuAE Yehdth oA 3g A
HEH 27| A4 dHe FEAT Ftol wet
7V Nlps) o1Fole A9 AR Fholl 3
e g EIE 4 gk

HAA AT Q7 AA] R e} o] 3lol| s
BAHFANA BEE JURAE AFH o2 Hrist
7] 98 Zzke] AggolA 29 5 (@9 v =
S Agste] SAYd] e o] 23 Ui E B
Agtglod, Aggd FAAY T AA] o]
o} ol &3}o] 3| W g oA BAE 1Y 69
veRiAc

1Y 49] ARl gzt Frie) AR
2 g o]3r} B FHAYY |
A7t F1 AGEo] LobAFE o] 23 B
A7t =] dlole 7t Ukl AEgE
50[Q - mjollA 2000Q - mle} el FA AL o)
F7Vel wet A oYA| g} o] &3te] o8t oA
wEo] Zvlsla, Aztel AFgHWR ot v

Journal of KIIEE, Vol 23, No.l, January 2009



A digk AA x| 9] dntel] o2& Aom
vEbgTh 3 T4 FAAUYNA Azkd AA
=] 9} o] 23}ol] ofaf FHAHFM HEE v
e 719 HlgshA e

10[Q - m]®} W2 A2 4¢ dAE T3 =
2 A=A AR 3 200kV1Y & FAHY
AME A7FHGE 668kVIel EFsta o] 23}
o WAL vl vl okskAl Lehsk o, 400k V]
o] FAHAYANAME Adeto] BAYsEA] 7] W]
A oAl ulste o]sle] 2 A= -
e Aoz Uepgth

oleste] f7o Aol Aol RoldsE

150 s
— 30kV
- i ; — 80 kV
s 100 o Ecurrelit : ,\\ .................. —- 80 kv(Im) PRR..
E’ f:tincreise due Y - -
E i lomzstxm;: ™ N
3 & SO
\\\\, "“\.\ :
T ——— i 5\'\;‘;:».‘
O N
40 66 80 100
Time (45)
(a) ol2stofl o8t M&F B7tE9 &H&EH
6000 —

1 —=30kv
—~80kv | .
— 80 kV(Ion)

Power (W)

0 20 40 60 80 100
Time (45)

(c) &ATH #Y

O 5. ol2sfof s BUHE HF X WY, oflL4x} THEQ of

439 ¢4 - GEn - ol
A A%} ol slel gt AuiA|e] o] 27}
Bhe Ao ey Hzel AANIE AYEol
9o G0l ANVHS HARIE Fotel 333

e

A AR g} o] 23te] o7 YA BF F7}
st HA AT 715 AR BEed U
HHEA dAZ HEsHe AR 43S st
Ao} F7)719] kA S HRehs o fd A
o2 Btk

4. 8 E

B =B n|EY I WL o] 43 o]
g7} e w R ATFY] AL A LE

Current (A)

0 20 40 60 80 100
Time (45)

(b) ol2stoll 2fsf St

gl
g
Ju
B
o

6000 ;
e
o~ -
T Ae00r- ~80kV
>
g : ~ 80 kV(Ion)
& 200} :
2000
0‘-/'/ H i
[1] 50 100 150 200

Time (45)
(d) ofi4x] utg

Fig. 5. Examples of increased current, power and energy waveforms caused by ionization
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