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Abstract: This paper carried out the comparative analysis on ground impedance of a carbon block and a
copper rod. Two types of grounding electrode were compared : a carbon block (L : 1 m, ® @ 245 mm)
buried at a depth of 0.8 m and a three-linked copper rod (L :1m @ : 10 mm) of equilateral triangles
with 1 m spacing. Ground impedance depending on applied current source was evaluated by the
application of a sine wave current with 60 Hz ~ 35 MHz, a fast-rise pulse with rising time of 200 ns, a
standard lightning impulse of 8/20 ps and a 600 Hz square wave. Ground impedance for both electrodes
were almost the same value below 100 kHz, and increased rapidly afterwards. The maximum ground
impedance appeared 400 Q at around 1.5 MHz. Ground impedance of the carbon block was lower at the
square wave and was higher at fast-rise pulse than that of the copper rod. Also, ground impedance as
ages showed no difference for the last 8 months. From the results, it is likely that ground performance
for both electrodes shows no difference against commercial frequency and lightning impulse current, while
the copper rod shows better performance against a fast-rise pulse with rise-time of a few hundred ns.

Keywords: Ground impedance, Carbon block, copper rod, Current source, Sine wave, Standard lightning
impulse, Fast-rise pulse, Square wave
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Fig. 1. Carbon block. (a) configuration, (b) photograph.
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Table 1. Specification of the current source.

Current source Specification

Sine wave 60 Hz ~ 3.5 MHz, 100 mAmax

Fast-rise pulse te - 200 ns, 500 Amax

Standard lightning

iplee 8/20 us, 2.1 kAmax

Square wave 600 Hz, 30 mAmax

[20 mA/div, 500 ps/div]

©

" [50 A/div, 10 ps/div]

@

{200 mA.l’dw 500 usa’dw]

Fig. 3. Typical waveforms of current source. (a) sine
wave, (b) 200 ns fast-rise pulse, (c) 8/20 ps standard
lightning impulse, (d) 600 Hz square wave.
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Fig. 4. Configuration of the measurement system.
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Fig. 5. Changes of ground impedance as a function of
frequency.
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Fig. 6. Typical waveforms of applied current and
potential rise for the carbon block. (a) fast-rise pulse, (b)
standard lightning impulse, (¢) square wave.
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Fig. 7. Typical waveforms of applied current and
potential rise for the copper rod. (a) fast-rise pulse, (h)
standard lightning impulse, (c) square wave.

Table 2. Ground impedance for applied current.
Ground impedance ()

Current source

Carbon block  copper rod
Fast-rise pulse 184.9 168.9
Stand;;i ul{gzltning % 917
Square wave 51.1 62.7
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Fig. 8. Monthly changes of round impedance.
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