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Abstract

This paper deals with the frequency-dependent ground impedance of ground grids combined with
the carbon ground electrodes. Ground grids are generally valid for multipurpose grounding systems as
well as lightning protection systems. The carbon ground electrodes may be supplementarily used to
reduce the high frequency ground impedance and to improve the transient response to surge currents.
The frequency-dependent ground impedances of ground grids combined with or without the carbon
ground electrodes were measured and their simulations with due regard to frequency—dependent soil
resistivity were implemented by using EMTP program and Matlab modeling. As a consequence, the
ground impedance of ground grids combined with the carbon ground electrodes is significantly reduced
when the test current is injected at the terminal of the carbon ground electrode. The measured and
simulated data for the test ground grids fairly agree with each other. It was found that the proposed
method of simulating the frequency—dependent ground impedance is distinguished. The simulation
techniques of predicting accurately the ground impedances without actual measurements can be used in
the design of grounding systems based on ground grids and the carbon ground electrodes.
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Fig. 1. Schematic diagram of the experiment
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. Circuit model for simulating the frequency
dependent ground impedances of the
ground grids combined with the carbon
ground electrodes

g 20 YRl 7)Ao m HAag=e] v
I eAHA T BAS Atk webA] ey
A=5 B & A5 JAag =Rk 3R
s A-&ste] A shd ®rH13]

EFY] AEd vFdEe] FaroEds 1L
23k Ho|HE #-83ste] Matlabs &3l A& oA
Adg AT FA e =] HAQTH =] A
EeoldS Evrdd x5 3] 25 @ (Non—uniform
distributed constant circuit model)S ©]-&-3}
Matlabo 2 A2k} 2[9], 2 dA4kd 32 EMTP
o Jd¥% R, L, C #o= X35t EMTPE 7]
o= At AP =S HA 1= vls)
of o7} Aoz #7] uiZel ATl ER
S Agatirk JA 1= gAaHASS
g A2 =] HAHFO Fokol e
I AE AFEste] vlaL - A st FA AT
A3 FukgolEAd o tgh B A5 2]
HESIAT

i

3

AR 2
o X ok
it o 0o ax

kol ¢

3. 2t ¥ 1E

A= B2 gafATs AT HAag=
o Tk FAH7e] 7ol uhE HA Y

Fupo|Ede] SA4ZAME a9 3o HERhIth
a9 3 (a)= AF7HA @, 29 3 (b= A7l
7A@, 19 5 (0= AFe7HeA @ wef 5
ol whe JA YA 2E vk Adea 1A
TP =e] AdH HAARLE 16.2Q0] a1, BAF A
=& BT A2 =] HAATLE 108z =
AE A HA 2 = gaA =S HAT F9-

HBAAGL: oF 542 AZHATh FAATFE 279
A DS AT 2 22 BAAF] Fogrk
FHE5E FRYEEA] Hob HAYu s}
Fbshe %S nela, AR A7kelN @F A
R B/ 302 @ 9ART FagEnsel

7HAR giA = 2= A 27F ol AR 33X T

Journal of KIIEE, Vol. 27, No.3, March 2013



Impedance [Q]

Impedance [(]

Impedance [Q]

Fig.

BN

2l 3. EtAEXIF2

- 7] 3w 83

50

Frequency [Hz]
(a) QU7X OHe| HMX|u|HA

50

30 =

o PN | NPT | s PP
10° 10° 10! 10" 10°

Frequence [Hz]

(b) 2I7tl%| @#el HMX|YuHA

LI E

40 |

10° 10° 10 10° 10°
Frequency [Hz]
(c) QTIRIA| ®H¥ el HX|uHA

| H4 o0 ME FX32 =2

FRYTEAY FIROIEN| SFAL

3. Measured results of frequency- dependent

ground impedances of the ground grids
whether the carbon ground electrodes are
combined or not
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simulated results of frequency-dependent
ground impedances of the ground grid
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