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(Analysis of the Grounding Impedance of a Ground Rod Considering the
Frequency—Dependent Resistivity and Relative Permittivity of Soil)
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Abstract

When the transient current with high frequency components such as lightning surges are injected
the grounding electrodes, the performance of grounding electrodes should be evaluated as grounding
impedance. It is restricted to analyze the grounding impedance by measurement approach since the
grounding impedance is very different with the shape and size of grounding electrodes, resistivity and
relative permittivity of soil and the frequency component of the injected current. So a variety of
simulation approaches have been developed. Typically, the soil resistivity measured with low frequency
and relative permittivity between 1 and 80 are used for simulation of the grounding impedance.
However, the resistivity and relative permittivity of soil are changed with frequency of injected current.
In this paper, the frequency—dependent resistivity and relative permittivity of soil are measured and
these parameters are reflected in the simulation of the grounding impedance of a ground rod. The
simulated results are compared with the measured results. As a result, the simulated results with
frequency—dependent soil parameters show capacitive aspect like measured results in the frequency of
lower than 100[kHz] and they are more consistent with the measured results in wide frequency range.
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Fig. 1. Frequency-dependent resistivity and
relative permittivity of soil
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Table 1. Ground resistance and soil resistivity for
the different length of ground rod

A& 2ol[m] 2 4 8
A A Q] 246.2 197.3 81.4
HA A FE[Q - m] 487 703 523

AR BAAFOR HEl A NAAFEL

19 19] 100[HANA 538 A5l o8] 1/3 3

w2 A7 ek oleld Aol B AES

3ol AREE FY3He 2
I=]

[e)
o
oFe] R, EUE 9 o] Bv] wEelth EoF A4
o

Journal of KIIEE, Vol. 26, No. 1, January 2012



ol
of
ol
rir
N
rlo
o X,
1o
M
N
e of
0|
ol
o it
ol
_‘d
rf
o}ﬂ

ot
o
i
7 M
HEL'

a2y o o i
o
o
‘E
i?l

Y -W'
>
E
N
To
T
i?L
. o
X3
0
F
£
B
12
.{

o

_l
O
iy
ok
1o
N
ol
mﬁ
)
2
_>.:
—_
§
§
L
N\
Ei
o =

1% o

lpul= ste % MW A3k HAHe] 7} 731 ]
P AN GES wotol AdES] FarAEd s

s Iz

o

(=
o2
_O|L
2
o
q
E
Ho
2
o
Lo
o
o
Lo
A

AT z0) Bt A BAAFES H5
o] AT A9k 1Y 19] FoHro|EHS 2 3
2 FRse] molsir. Bl sejuelrt 97
A% G20 Lol WAAFES & 19] A3hE
wgsislon Wie

A

& o e

39| ‘%E‘rlﬂ‘iir/‘r. de]%oﬂ "ﬂ?} @ﬂ?ﬁﬂ‘?ﬂifﬂ =74
A= 1IMHz] olste] HjelA Fat7t S7Fstel
upe} Fhashs Ao R UEton Wlxd%iﬂ Ao|7}t
#HETE O 2 Aas o 52 T 24
sh= Zlo R yeputh HA ATt G2 el
ulal sl e AATE e gy BAo
2 FdEH15] FAYIE~ &3 58S HA
o] Zdo]7} Aojlel we} el A HA5
o7k ek A SAom wsksiet 8ml 3
A%8-2] -9 1IMHz] ol’de] Fa}ollA o]t =
A 0] L

PAAGED} AL PG oz A
3} 1000k olate] Faol A A5 gt 4
A&yt T3 7S zhor WMESIR| k= o=z 1)
EPeh 1000kH] olahe] Fairol A H1719)ul el
5l 7] wiitel A7} J4 afel& e}
e G [KHz]olA] 74t 2tol& vrebdit), E4k
e 8 7F DA e 735 HA 9 E 2= 100[kHz] ©]
&e] Faprol| A Wstkelr] Alztsll o wAsHA =
AAe] FAE wEpbe Ao Yehdth spA|vt

{1
2
-
b}

o

—|—’

zv - A7)Adnes =] A26d Al13, 20129 149

438 - 4

o\-)J

RO

=

A Fappell A FhaskA] S A <ls) 1[MHzI7)
A HAJDIA AT S A vl A UERLTL
TSk 8lm] A& 2o] 1[MHz] ©1/32] F3k=oll Al
e 545 Hol= HAAFS A9 siAdnrt
=4 Azl vl s 2 - LERdic) v Eok
o] AaE v FarolEAdS vhge 2
100[kHz] ol&te] Falroll M= 44 3¢} npzkrbA|
2 &34 545 YEIITE B3 1IMHz]oA f%=
4 5485 Heh= 2ol 8ml FA18 Aol 3
AL Ax7F A4} u)g- AR S7 shs A
O 7 e

Eope] Al vl nlste] sNF At
7 AAY s S AT & g ol 1A
Q3161 227} 100[kEE] ol3tol A 23k f1slo] 2]
A B Folgol el thE Gl oJa Aol

2} ke,

Eoe] sehviE ] FabsolEde wedstel
4 QAL 2 g A
shof a1 e Astel vla) 5= W [kiz]e] F3}4
oA 70[%] A== ZA e = [MHz] o]/
o] FHFAME g F ZpolE LERN Y] wiFol
B AF o 2713} 7o) R AEEo] HuA =31

{A =] dol7} & 45 & t] Bk @A 4
}E A7) A E EFO getuE o] FakaeolE
oafAlel wh=Al mEsor Aae Ave

!
= o

et

EN

=

QeI 0] 997te] ool 18 4ol
Jepasich AA ATz 947t A
o] Aay, fugd @ G EAS A3e] uloldt
i ARE Algey] il sl4e] BrddE A
7] 918l HES|ojoF dh= otk

A7) 27 4 [KHz) olste] 4]
A b ke —o] 7S el on] Tkt 4
Sl Wl -9 97l AXE Ao vepi,
ol ARz G Sl B Al b

[€)

ﬁ o

J]m

Ehh= 218 onleith &g HAs] doj7t dojy
of wel Sl Fid SHoR wsisialon

2ol 8iml H21%-2) 35 4 [MHA) T34+ ol
A Qe Ang tehngle

@



300 ey g ;
250 i et L i
gzog_..... HnEE e i
§ 150 : b
z —— D Measured result | : ::
= 33
E 100/ {—— @ Constant_g, p
—— @ Frequency-
50 dependent_€,, p
0 i ] :
10° 10° 10" 10° 10° 10
Frequency[Hz]
(a) 20| 2(m) HX|&S
250 _ -
] e |
s e e e o mes o
5 —— (D Measured result || ' :
5] P
100 g ¥
E' —— @ Constant_g,p | ::
— @ Frequency- ;
50 dependent_¢g, p
0 ; i R
10° 10° 10" 10’ 10° 10’
Frequency[Hz]
(b) 2ol 4(m) HX|&
180 S — — .
L —— @ Measured result |:
160
a0l ® Constant_€,, p
- —— ® Frequency-
% 1200 dependent_€,, p
~ T ™
= 100
=
T
E‘ 80
60 - B
A0 fol
20 : ; +
10’ 10° 10° 10’ 10° 10’

Frequency[Hz]
(c) 20| 8(m) ™X|=
a7 3. FXI=e| Zoly FNYLEAC| Foio|Zy
Fig. 3. Frequency-dependent grounding impedance
by the length of ground rod

Eoko] AatE3} nl-g-A8o] AAs 20l A
3 23} 4] [kiz] olate] Fakrol A H 218 0.
2 vepkon] 100[kiL] o)Akl Fakol A 2425
o} 433k Aol S JeERITE B denEE o
A o

=
o o= AT A9 ZAsteh vl 9193

F 9% A2 oA Ueiken S8
= 4o ki) o]4)
o sl A 1485 Aolst Aolgel Wk 9

378 ZEdrde] WS e 1 REFo] &
AAdET E3 FA dERdT
10 : ‘.
0 ; A
=-1oF fokiindt g
§ =20+ 4
E U — ® Measured resalt | Sy e Ay
E 40| —— @ Constant_¢g,, p ’
g .50 {— @ Frequency- 4
dependent_€,, p ;
Gy ) 2
P B At i B ity :
10° 10° 10 10° 10° 107
Frequency[Hz]
(a) 20| 2(m) TX|&
80 I L
—— @ Measured result
sokl 0 Ladiiaaahie

—— @ Constant_Eg,, p } ]
40--|—— @ Frequency- Bhnithe L et
dependent_€,, p : : Sl

201

Impedance phase []
=1

20k
0L
&0 [ i il :
10° 10° 10" 10° 10° 10’
Frequency[Hz]
(b) &o|] 4(m) ®xl&

60 o , :

—— @ Measured result | |
40 |—— @ Constant_g,,p |*

—— ® Frequency-
20l dependent_€_, p

Impedance phase [7]

10 10° 10" 10’ 10° 10
Frequency[Hz]
(c) Zo| 8(m) XX|=

:EI 4. axlﬂq 7I0|H1 OlulElA °|AI'7I-O| _I__|.|_|._’|§0|7<A°-|

Fig. 4. Frequency-dependent impedance phase by
the length of ground rod

=]

=)

i o] AYE HFAES] FolgolEg e

o At 4 [k olshe] Fatsol M 5747
shel SRR okel g9l 19718 wsion £
o] [KEEz] o)) F54 A S AN} i FARE
A% A3k vehieleh Bl A%E v H0E

=

Journal of KIIEE, Vol. 26, No. 1, January 2012



o FapolEge st

4%/
o
2
Lo
in)
=)
i
e
o
e

3ol Wi AP S1date] Kol A o
Eht S0 O S fAke A9E HolA Hrh

mebd] Bl AaEI} vHAEe] Figo]
< ukdatel HAEe] A RS
HALT A0 279} 9142t B Eoke] sebulH
b A Bl Ml S At F dAshs Ao
= vehd

LTJHCW ’“Xl Al ze] WEI1e Bl

Mt 4 A7)0 w2 HADF 0] Fupa=e]
= é% 1% 50l VERASA ’“ﬂ%“ EES
a2 2ml AABIA G SAo) TR vele
1 8lm] A E-E 2153k 7“4~ LR = A

A% mE nlgAge] 2707 ARl wel HA9)w)
A7k ghashs 54 540 BS A4S v
won JAPAHR27t Wgshs FoE st

a9 5 ()] Aol 2Am] HAE] B ]
70 wh} o B Fulro A £3:4 EAlo] UE}
v Hx)u| e Av) o 34 Z2AsH Elok whek )
&) Falre]EAd I o] BlfdEe] 1,000 o
Q1 -9 HA AR 2= 100[kHz] 018ke] 3o A
WS- A 7haslof Sk Sxw 1000k oldhe] F
ol = AR olue A7) ehakalA Zashy 1 7k
2MES XA G ES A0 &3} A FARH L
Epdt), wheba] 100[kHz] ©]8ke] Farol A =)
T}t sl 219e gRAEEe] Fulre)E
o) Azt HAAYu Aol vhede Axa) & 5= Q)
o°o™ 100[kHz] o]3loll A= v]f-AdLo] uf$ =t} s
o HAQV Az A9 FFS T4 = How
Fheket) 9k 8lm] H A8} o] Hol7h el A
T AN YD Qehs 54E Reledl vl
= FITE oA
Zo] HolA 4 [MHzI® F3k5 <olx =44

N n_tlo
o,
it
o
&
J
™
offl
Al
o
>
L)
n

.

zv - A7)Adnes =] A26d Al13, 20129 149

o LpehtA gkt

75 (h)e] Zol 8ml] A%< 314
BANE BlasiS wf B
TRl A 40
FollM= HldE2] kel 40
£k ol 2 & ¥ ] ol

o<l gkl

4 s}
%3_%—3— 1[MHz] ©]s}
2 oAs o Be

Impedance [Q]
=
th
=]

10°

(a) Z0| 2(m] HXIZ

1’ 10’ 10°
Frequency[Hz]

10"

200

—
th
=)

Z—.®ar:1.0: {
A— @e=20]..0 1]
|— @€ =40
|— @e=80|

Impedance [Q]
=
[=1
=

th
=
T

5, &8 E
2 =AM E B AgE 9 vase] T
&N SAANE vEoR HXeo HAYIEA~
9] AN E 7|Est o, = éﬁﬂrﬂJ Hl W&

5

i 1
10* 10’ 10°

Frequency[Hz]

(b) #ol 8(m) HXI=

HIRME0 [E HAIQULEHAQ| FHI5oEM
Frequency—dependent grounding impedance
as a parameter of the relative permittivity



B AZE R e T

Lo,
N

el 1% R0z BT, E3 1IMH o)e] F3t

AAGES] Aot v)fgo] 7hast

2] k7] wjiol Aoz ATl WA X

Eo] E=al o7t e xHollA] &3 &

U= JA =] JAJDIEAE sAe o] Eofe

g5 9 v780] Tyl S sk Ao A
o

Akl sk AdE 25 o Jvkal Atk

References

(1) Leonid Greev, “Impulse Efficiency of Ground Electrode”,
IEEE Trans. Power Del.. Vol. 24, No.1, pp. 441-451, 2009.

(2) N. Theethayi, R. Thottappillil, M. Paolone, C. A. Nucci, F.
Rachidi, “External Impedance and Admittance of Buried
Horizontal ~ Wires  for  Transient  Studies  Using
Transmission Line Analysis”, IEEE Trans. Dielectrics and
Electrical Insulation, Vol.14, No.3, pp.751-761, 2007.

(3) A. Rousseau, P. Gruet, “Practical high frequency
measurement of a lightning earthing system”, ICLP 2004
5bd,

(4) F. E. Menter, L. Greev, “EMTP-based model for grounding
system analysis”, IFEE Trans. on PD. Vol. 9, No. 4,
pp.1838-1849, 1994.

(B) Y. Liu, M. Zitnik, and R Thottappillil, “An improved
Transmission-Line Model of Grounding System”, IEEE
Trans. EMC, Vol. 43, No.3, pp.348-355, 2001.

6) G. Celli, E. Ghiani, F. Pilo, “BEHAMOLR OF CROUNDING
SYSTEMS: A QUAS-STATIC EMTP MODHE. AND ITS
VALIDATION”, 30th ICLP, pp.1335-1-6, 2010.

(7J Y. Liu, N. Theethayi and R. Thottappillil, “An Engineering
Model for Transient Analysis of Grounding System Under
Lightning Strikes: Nonuniform Transmission-Line
Approach”, IEEE Trans. Power Delivery, Vol. 20, No. 2,
2005.

(8) S. Visacro, “A Comprehensive Approach to the Grounding
Response to Lightning Currents”, IEEE Trans. on PD., Vol.
22 No. 1, 2007.

(9) C. M. Portela, ). B. Gertrudes, M. C. tavares, J. Pissolato,
“Earth conductivity and permittivity data measurements:
Influence in transmission line transient performance”,
EPSR Vol. 76, pp.907-915.

(10) S. Visacro, R. Alipio, M. H. M. Vale, C. Pereira, “The
response of grounding electrodes to lightning current: the
effect of frequency-dependent soil resistivity and

602

CCEEL S EEDE EEEEROIEE

permittivity”, IEEE Trans. EMC, Vol 53, No. 2, pp.401-406,
2011.

(1) =&, ASM, 0|53, “sEetrol
siE Y UIRdE9 FofoEy” Y .
=&Al Vol.24, No.1, pp.98~104, 2010. 1.

(12) B. H. Lee, J. H Joe and J. H. Choi, “Simulation of
Frequency-dependent  Impedance  of  Ground  Rods
Considering  Multi-layered Soil ~ Structures”, Journal of
Electrical Engineering &  Technology, Vol.4, No.4,
pp.5317537, 2009.

(13) ASTM  G57-95a, “Standard test method for field
measurement  of  soil  resistivity using the wenner
four—electrode method”.

(14) IEEE Std. 81.2-1991, “IEEE Guide for Measurement of
Impedance and Safety Characteristics of Large, Extended
or Interconnected Grounding Systems”,

(15) Leonid Grecev, “Impulse Efficiency of Simple Grounding
Electrode Arrangements”, Proceedings, 18th Int. Xurich
Symposium on EMC, pp.325-328, 2007.

= & =

Eoto
E=I]

B o=

i

I

Jon

ORS PN ]

OHG & (2 1)

1959 11¢¥ 494, 1983 YFgw
S M7y 4. 1991 s
ietal gt A7) EA A,
19994 8¢ <latdigtul dighel x7]=st
AL, FAl JekE g e v dE
AAF L AA 7 8E3] FFo] AL
Tel : (032)870-2218

Fax : (032)870-2507

E-mail : aza@inhatc.ac kr

T (&)

1980 59 12¢4Y. 2006 2¢¥ <13t
ol AzEEH £9. 20089 2¢ Ashd
gt A71Ees EHAAD. dA F
e E TR EEE)

Tel : (032)860-7398

Fax @ (032)863-5822

E-mail : chjohy80@naver.com

O| 59| (=igk8)

1954 69 2044, 1980 <3kt 34
A7Fegy £ 19879 & g A
ot (AL, 1988~19899 F A
e A |EdA A AdA T, 199549
% Queenslandth g #-E <= 19991
Cincinatithg ®W&Ew<4=. &z <3}
ITEd d7|FeE ug, 2 &3 W4
3%,

Tel : (032)860-7398

Fax : (032)863-5822

E-mail : bhlee@inha.ac.kr

Journal of KIIEE, Vol. 26, No. 1, January 2012



