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Abstract- A methodology to evaluate the response of a grounding grid system subjected to electrical current
impulses is proposed in this work. The methodology is based on analysing the signal of voltage propagated in the
vicinity of the injection rod. An impulse generator (80 kJ/100 kV) was used to generate waveform 8/20 ps, this
is a signal that represent lightning surge. The signals were acquired using by a digital oscilloscope. From the
results obtained, one observes that the amplitude of propagated voltage is attenuated in the direction of
propagation.

. Introduction
Grounding grid is one of the key elements to ensure the safety of people and equipment in the electrical systems.
Its function is basically to provide a physical connection of an electrical system to the earth [1].
Several studies have shown that the response of a grounding grid subjected to electrical current impulses is
significantly different from the behavior at industrial frequency. They also believe that the diversity of
conditions under which experiments are conducted, as well as, the different approaches of the parameters used,
makes the comparison of results to be a difficult task [2, 3, 4, 5].
The electrical characteristics of the soil, the dimensions of the electrode and the geometry of distribution of
electrodes has a great influence on the performance of grounding submitted to electrical current impulses [6, 7].
Besides the factors presented, [3] adds the characteristics of the current signal applied to the soil.
To evaluate the response of the electrode to the current impulse [4] proposes three parameters: Grounding
potential rise (GPR); Voltage along the electrode; Potential distribution along the ground in the vicinity of the
electrode in which current is applied.
This paper shows some results on the response of grounding grids subjected to electrical current impulses, in
which it was assessed the potential distribution in the vicinity of the injection electrode.

1. Materials and Methods
This section presents materials and methods used to obtain the voltage and current signals resulting from the
application of electrical impulse current in a grounding grid.

A. Experimental setup

Experiments were performed using an 80 kJ/100 kV generator of electrical current impulses with 8 stages.
Depending on the number of stages interconnected, the generator can reach a maximum charging voltage of 100
kV. Were generated signals 8/20 ps which represents the waveform of lightning. The setup of the experiment is
shown in Figure 1. The elements V, Rp, D, SG C, R and L represent the schematic diagram of the current
impulse generator. The signals were acquired with a 4-channel digital oscilloscope with an acquisition rate of 2
GHz. Also we used three probes high-voltage, with a maximum of 40 kV and attenuation 0f1,000 times and also
coaxial cables with an impedance of 50 Q.

To perform the measurements of voltage applied to the soil it was used the classical methods of the voltage
divider. The applied voltage was obtained from the samples of voltage measured in voltage divider consisting of
impedances Za and Zg. To measure current applied to the soil it was used classical methods of shunt resistor. The
electric current injected into the soil was obtained from the voltage across resistor Rspunt (5.488 mQ ).
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Figure 1. Setup of the experiment to obtain data of voltage and current.

They were used two steel rods, made in copper coated with 13 £ 2 mm in diameter. One being a 1.20 m length,
which was buried at a depth of 1.0 m in the ground and it was used as a current injection rod. The second was
used as an auxiliary rod, measuring 0.49 m, it was 0.40 m buried in the soil, 4.0 m far from injection rod and was
used to acquire the voltage signal propagated in soil. It is shown in Figure 2 a sectional view of the two rods
buried in the soil.
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Figure 2. Sectional view of the rods into the ground.

1. Results
It is presented in this section the results obtained from the application of current impulses in the ground with a
voltage of 11 kV charging in the capacitor of the impulse generator.
The current impulse generator has been configured to produce an 8/20 ps signal. It is displayed in the Figure 3
the signal obtained.
When the current impulse is applied to the soil, the electrical characteristics of the soil cause changes in the
circuit. Therefore the decay of the signal voltage and current applied to the soil is different in relation to the
signal 8/20 ps generated.
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Figure 3. Signal 8/20 us generated.

The waveforms of the voltage and current signals applied to the soil are shown in Figure 4.
The voltage waveform on the current injection rod was obtained by means of the voltage divider. The current
signal was obtained by the ratio v(t)/ Rsnunt, Wherein Rsnunt = 5.488 Q and v(t) is the voltage on this resistor.

] . 0.50

AT

0.72

0.54

0.35

0 50 100 150 200 jus)
Figure 4. Waveforms of the signals voltage and current applied to the soil.

The waveform of the voltage signal propagated in the soil, distant 4 m far from the electrode of current injection,
is shown in Figure 5
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Figure 5. Waveform voltage signal propagated measured 4 m far from the rod of injection.

They were made 5 measurements with charging voltage of 11 kV. It is shown in Table 1 peak values of data
obtained.
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Table 1. Peak values of voltage propagated in the soil and voltage and current applied to the soil.

Peak Value

Measurements Applied Applied Propagated
Current (A) Voltage (kV) Voltage (kV)

M1 728.8 8.0 1.9

M2 720.0 7.8 1.7

M3 690.0 7.8 2.1

M4 732.6 8.0 1.9

M5 729.9 7.9 1.8

Mean Value 720.26 7.9 1.88

The verified behavior of voltages and current waveforms are in agreement with the results achieved by [1, 8, 9].
One can observe that the voltage propagated, resulting from application of a electric current impulse in the soil
has suffered attenuation along the propagation direction. The waveform of the voltage propagated presents an
attenuation of 76.2% of the peak value at 4 m from the point of injection.

For all measurements, the voltage signal has presented oscillation, as shown in Figure 5. This result might be
attributed to variations presented in the signal of applied current, however, confirmation of this result should be
assessed in future work.

The ionization of the soil was not an object of the present study, however, results presented in [6] suggests that
the slow decay of the current (Figure 4) may mean that no ionization occurred in the soil tests.

V. Conclusion
In this paper was presented and analysed a methodology for measuring and evaluating grounding systems
subjected to high electric current impulses. The methodology was adequate for the research being carried out in
order to improve the performance of grounding systems. From results it was concluded that potential distribution
in the vicinity of the injection electrode is attenuated along the propagation direction.

Acknowledgments
The authors wish to thank the National Council for Scientific and Technological Development — CNPq and
INCT NAMITEC for the support in institutional research.

References

[1] S. Visacro, Aterramentos Elétricos. Artliber Editora Ltda, S&o Paulo, 2005.

[2] L. Greev, Lightning Surge Efficiency of Grounding Grids. IEEE Transactions on Power Delivery, vol. 26,
No. 3, p.1692-1699, 2011.

[3] L Grcev,. “Impulse Efficiency of Ground Electrode”. IEEE Transactions on Power Delivery, vol. 24, No. 1,
p.441-451, Jan, 2009.

[4] S.Visacro, “A Comprehensive Approach to the Grounding Response to Lightning Currents”, |EEE
Transactions on Power Delivery, vol. 22, No. 1, pp.381-386, Jan, 2007.

[5] P. Espel, R. R. Diaz, A. Bonamy, and J. N. Silva, “Electrical Parameters Associated with Discharges in
Resistive Soils”, IEEE Transactions on Power Delivery, vol. 19, No. 3, pp.1174-1182, Jul, 2004.

[6] R. R. Diaz and J. N. Silva, “Space Charge and Soil Ionization: an Electro-kinetic Approach”, IEEE
Transactions on Dielectrics and Electrical Insulation, vol. 18, No. 6, pp.2032-2039, Dec, 2011.

[7]1 G. A. Pedrosa; M. A. O. Schoeder, M. M. Afonso, R. Alipio, S. C. Assis, T. A. S. Oliveira, A. R. Braga,
Desempenho de Aterramento Elétrico diante de Descargas Atmosféricas. O Setor Elétrico, p.74-84, Nov,
2011.

[8] S. Visacro, M. B. Guimardes N., R. A. Araujo, and l. S. Araujo, “Experimental Impulse Response of
Grounding Grids”, presented at 7th Asia-Pacific Int. Conference on Lightning, Chengdu, China, 2011.

[9] F. J. L. Aradjo, J. M. C. L. da Silva, G. V. de Andrade Jr., G. R. S. Lira, E. G. da Costa and S. A. G.
Nobrega Neto, “Avaliacdo de Potenciais no Solo Devido a Impulsos de Corrente em Malhas de
Aterramento”, presented at Simpdsio Brasileiro de Sistemas Elétricos-SBSE2010, Belém, Brazil, 2010.

ISBN-10: 84-616-5438-2 | ISBN-13: 978-84-616-5438-3

80



