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Abstract 

The increasing demand and the benefits of electricity energy have led to the creation of huge power plants, so high voltage substations 

are necessary for electrical energy. Installing different small power plants to prevent consumption in different parts of a country requires 

reservation units and high costs for repairs, maintenance and fueling. The necessity of these substations can be searched in the lack of 

uniformity of different costs, the costs of generating electrical energy, the lack of consumption centers near power plants, and generally 

the existence of a national grid and the possibility of timely disconnection of the faulty parts of the power grid. The priority in the 

rehabilitating of a strong substation is to meet the system's operation needs. In all electrical installations, especially in industrial 

complexes, land connectivity is one of the most important and fundamental measures to protect individuals and equipment and improve 

the performance of the system. The purpose of ground equipment system is to potentialize the metal body of all electrical equipment 

with the ground to prevent electrocution and protect personnel. This type of connection is not normally a current carrier, but if one of 

the phases of the device is connected to the fuselage, the fault current enters the ground through this connection and closes its path 

through the trans neutral or the generator connected to the ground. Earth networks due to different structures of the earth in different 

regions may cause problems over time, one of them is the fragmentation of the earth's network due to rot of conductors or due to 

overvoltage. In this research at different and high frequencies, we use 3 frequencies of 50, 100 kilos and 1 MHz, to check the ground 

network factors and the security of equipment and people in high voltage substations, we use CDEGS software which is a specialized 

program for designing and investigating the earth network. 

Objetivo: Research and investigation of high frequency, profile of step and touch voltajes of grounding grid. 

Metodología: Design and modeling with Comsol software.  

Resultados: As the frequency increases, both the step voltage and the touch voltage at the corner points increase more.  

Conclusiones: By comparing the voltage profiles based on the simulation results, it was found that by increasing the frequency of the 

contact voltage in each profile and mesh, it is noticeably increased. The point to consider after reviewing the simulation results is that 

by increasing the frequency of both step voltage and touch voltage in the corner points, they are more increased than other parts.  
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I. INTRODUCTION 

Earthing or grounding involves an artificial electrical connection to the ground with very little resistance to flow. In fact, 

the word "earth" in electrical works refers to a ground with zero potential. When a point of the grid becomes earth, it's 

single-ground, and when it's grounded in different places, it's called multi-earth [1]. Grounding or earthing an electrical 

system is the process of connecting all metal parts or metal bodies of electrical devices (other than the main conductors 

of the electrical circuit) to the ground, and the purpose of which is to transfer any electrical energy leakage in the metal 

body of the devices to the ground in order to protect the lives of employees with equipment [2]. Ground wire protection 
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is a form of protection in which the conductor parts of the device, which are not electrically correlated with the feeding 

network, are connected to the ground by the wire. Un long as no connection occurs in the body of the device, the protected 

parts of the device will also have the potential with the ground [3].  

Earthing system follows two objectives [4]: 1- Preserving the lives of people associated with electrical devices: Creating 

a path from the body of electrical equipment to the ground as a body that has gained low resistance causes the current to 

pass through the path with less resistance in case of electrical connection of part of the circuit to the body, instead of 

passing through the body of the persons, so that the lives of the people are immune from the current. 2- Maintaining the 

health of the system regardless of safety issues: electrical appliances are generally composed of two parts, conductive and 

insulating, in normal operation of the circuit, all current must pass through the conductors and the insulation materials do 

not flow. Insulators are more sensitive than conductors and are dissipated by increasing temperatures and increasing 

voltage. The ground connection system is effective in keeping the insulation healthy. Connecting to the ground power 

supply is effective in improving the performance of the system. In all electrical installations, need a ground system, 

basically two types of grounding: protective grounding, electrical grounding, in some cases it is not possible to separate 

two types of ground connections for the above two purposes, and therefore creating a ground connection is sufficient for 

both purposes. Makes it more complicated. Protective earth: This type of protection system is used in creating safety for 

people who are in contact with electrical systems equipment and for people in the community who are the ultimate 

consumer of electricity. It is worth noting that the earth is not a partial protection of the electrical system. Electric earth: 

Electrical grounding means grounding the point of electrical devices that are part of the electrical circuit. Electrical 

grounding of the devices due to the proper operation of the devices and preventing the increase of electrical pressure of 

healthy phases relative to the earth during contact is one of the phases with the earth [4]. 

A. Earth's Network Standard  

 One of the most famous features for a ground system is its resistance. In terms of safety, the lower the resistance, the 

better the ground system is, but it should be noted that low ground resistance cannot be a measure of the safety of a 

network alone. In other words, there is no simple relationship between the size of the ground system resistance and the 

amount of possible shock to the person. A high-strength network may have better safety than a network with less 

resistance. In fact, other parameters such as network arrangement, short circuit current in it, location of ground bars, 

ground visa resistance, etc. They also affect the safety of the system. In any case, as a necessary and not sufficient 

condition, it can be said that the resistance of the earth system at one point should not exceed 10 ohms. Land resistance 

calculation: One of the methods for measuring soil specific strength is Wenner method and Schlumberger method [4,5]. 

Ground resistance calculation tests involve placing four electrodes at the same distances with the same burial depth and 

within a line in the ground. Two outer electrodes (called flow electrodes)  inject the current into the soil. Two internal 

electrodes (called voltage electrodes) measure voltage, which is used to calculate soil specific strength. Soil resistance 

measurement with four-wire earth meter is performed by Wenner method in accordance with Figure 1 as follows [6,7]:  

1- Four test mills are used. Two lateral affinity is considered for establishing the current circuit and two middle desires 

for voltage measurement. 2- All four mills are placed at equal distances in the same line. In each measurement, the location 

of all four desires must be changed. If the soil is homogeneous with the increase in the distance of the electrodes, the 

voltage changes linearly relative to the distance. 3- Test rods are placed on the ground at equal distances in one direction 

and connected to the terminals with four separate wire strands. 4- The depth of the pounding of the mills in the ground 

should not exceed one twentieth of their distance if the special equation is used. 5- Conductors related to current and 

voltage must be kept as far away from each other as possible in order to prevent cross-induction. 6- Because self-induction 

should be minimal, conductors should be completely opened from the pulleys. 7- The presence of extensive metal objects 

in the basement, such as metal piping of any kind and armor of cables, causes major disturbances in the measurement. 

Therefore, a path should be chosen in which such objects are not in the basement. 
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Soil specific resistance measurement with four-wire earth meter is performed by Schlumberger method according to 

Figure 2 as follows [6,8]:  

1- Four mills are installed in a straight line, but their distances are not equal to each other. The distance of current desires 

from each other is much greater than the distance of voltage currents from each other. 2- In this method, the voltage 

changes with the square of the distance between the current desires. Therefore, sensitive measuring instruments should 

be used when using it. 3- Conductors related to current and voltage should be kept as far away from each other as possible 

in order to prevent cross-induction. 4- Because self-induction should be minimal, conductors should be completely opened 

from the pulleys. 5- The presence of large metal objects underground, such as metal piping of any kind and armor of 

cables in measurement, causes major disturbances. 6- In measuring devices that use voltmeters or ohm meters, the 

resistance of the voltmeter or the voltage coil of the ohm meter must be large to reduce the resistance effect of the electrode 

or voltage electrodes. 

  

 

 

 

B. Earth's Network Quality 

A suitable ground system for performing its tasks must have the most important specifications: Low resistance, corrosion 

resistance, high flow through the ground, shelf life above 30 years in the meantime, low system resistance is very 

important and therefore, recognizing the effective factors in it can be helpful both for system design and maintenance and 

proper maintenance. One of the most important factors affecting the resistance of the earth system is soil specific 

resistance, which depends on these factors [4]: 

1- Soil physical composition: Different soil compositions show different resistances and soil specific resistance with soil 

physical changes drastically changes. For example, for soft and clay soils, this resistance is about 2 ohms per meter and 

for rocky terrain is 1000 ohms per meter. 2- Moisture: Increasing soil moisture causes rapid reduction of soil specific 

resistance. This phenomenon has a great impact on areas where the difference in rainfall in summer and winter is high. 

An example of this effect is shown in the opposite form. That's why the earth rod should be planted deep enough to reach 

the wet soil. Electrical conductivity in soil is done as electrolytic conductivity and therefore soil resistance increases 

drastically by decreasing soil moisture. This is shown in a soil sample in the curve below. As can be seen, if the moisture 

content of this soil sample decreases more than 15%, its resistance increases with a steep slope. The amount of moisture 

in the soil depends on the compaction and size of the particles that make it up. 3- Chemical composition: Specific 

chemicals in soil such as salt have a great impact on reducing soil specific resistance. Of course, increasing salt, just as it 

reduces soil resistance, causes corrosion of underground equipment in the long term, thus reducing their life and increasing 

the resistance of the ground system. In fact, increasing salts in the soil, although in the short term, reduces the resistance 

of the earth system, but in the long run, it increases the resistance of the system again and also reduces its life. 4- 

Temperature: Ambient temperature has a significant impact on the resistance in such a way that with the cooling and 

freezing of the earth its special resistance increases. Therefore, the earth system may have good and low resistance in hot 

weather, but in cold weather its resistance is not desirable. Earth's resistance at -5°C can be 10 times higher than the 

resistance of the same earth at 20°C.  

In addition to the above factors that affect the soil's specific resistance and therefore the earth's electrical resistance, the 

condition of the earth's electrodes is also effective in this case. This means that the use of several parallel electrodes with 

Fig. 1 Orbital structure of Wenner's experiment 

 

Fig. 2 Orbital structure of Schlumberger's experiment 
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minimum distance of 2 times the length of the electrode and the material of the electrode can be significantly effective in 

reducing the ground resistance. 

 

C. Fragmentation of the Earth's Network  

In fact, the fragmentation of the earth's network is caused by corrosion, which is defined by the corrosion of the buried 

network in the soil. In order for a structure to be corrosion in the soil, a corrosion cell must be formed, now accepting 

this, we will explain the conditions in which a corrosion cell can be carried out: a) There should be a cathode and an 

anode. b) There should be a potential difference between the anode and the cathode. c) The anode and cathode must be 

located in a conductive environment. There are conditions for an electrode of ground connection buried in the soil (non-

homosexual metals change the oxygen concentration of soil material, etc.) which leads to the formation of anode and 

cathodic points and conditions A and B are supplied, and condition C is provided by considering that the moisture in the 

soil is considered as an electrolyte. The fragmentation of the earth's network causes problems in the protection and 

electrical tasks of this network, which should necessarily be detected, then we simulate and investigate this problem and 

compare the normal state of the earth network with the fragmented state of the earth network in the specialized CDEGS 

software. 

 

II. ANALAYSS & CONCLUSION 

For proper and structural comparison of the earth network, in addition to healthy mode and full grid according to Figure 

3, we consider and model two separated states of 3 pieces and 2 pieces according to figures 4 and 5. 

 

 

 
Fig. 3 Modeling and implementation of 1-piece network 

 



IN
 P

R
ESS

INGE CUC, Vol. 20, No. 1, Enero – Junio, 2024 (IN PRESS)  

 

5 

 

 

 

 

 

 

 

  

Fig. 4 Modeling and implementation of 2-piece network 

 

Fig. 5 Modeling and implementation of 3-piece network 

 



IN
 P

R
ESS

INGE CUC, Vol. 20, No. 1, Enero – Junio, 2024 (IN PRESS)  

 

 
6 

A. Earth's Network Resistance 

First, the ground structure is implemented, defined and calculated the ground resistance in the specialized technical 

software CDEGS. 

In fact, ground resistance can be obtained through two standard IEEE methods, Wenner and Schlumberger, by entering 

the numbers obtained from the megger device. of course, in CDEGS software, using a simple method, ground resistance 

can be obtained and imported by defining a variety of soil models according to figures 6 to 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Defining a variety of soil models 

 

Fig.7 Defining a variety of soil models 

 

Fig. 8 Defining a variety of soil models 

 

Fig.9 Defining a variety of soil models 
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Finally, implement the general specifications of the earth network in the specialized CDEGS software. 

 

B. Step and Touch voltages 

Step and touch voltages are specified in accordance with IEEE standard [9,10,11] and are located and defined according 

to the resistance of gloves or shoes as well as the time of error fixing in the safety and security section of the software. 

In earth networks, when lightning strikes, the earth system plays a big role in transmitting the transient waves created to 

the earth. Since lightning frequency can vary from 100 kilos to 1 MHz, this makes investigating the earth system at 

different high frequencies very important.  

In high voltage substations, the probability of lightning is high, also in high voltages substations due to soil properties 

and problems in ground system implementation and environmental conditions, the earth network is exposed to 

fragmentation, so studying the earth's network at high frequencies is very important.  

In fact, through CDEGS software, study the contact voltages and step in high frequencies in fragmented networks and 

investigate voltage profiles. 

 

III. Simulation Results and Calculations of Step and Touch Voltage Profiles   

In order to research on the fragmented challenge of the earth and to accurately understand the problems of occurrence of 

this problem, 3 networks "1 piece - 2 pieces - 3 pieces" in 3 frequencies " 50 Hz - 100 kHz - 1 " implement and simulate 

step and contact voltages for buried network at a depth of 0.75 cm of soil with a resistance of 150 ohms per meter at the 

time of occurrence of an error current as large as 31,500 amps. To get it. 

1-1: 1-piece network at 50 Hz: First, implement the 1-piece earth network and at a frequency of 50 Hz obtain step and 

touch voltages according to figures 10 and 11, and also in figures 12 and 13, we display regional current and shunt current 

in this mode. 
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Fig. 10  1-piece earth network and at frequency of 50 Hz, obtained touch voltage 
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Fig. 11  1-piece earth network and at frequency of 50 Hz, obtained step voltage 

 

Fig. 12  1-piece earth network and at a frequency of 50 Hz obtain regional current  

 

Fig. 13  1-piece earth network and at a frequency of 50 Hz obtain shunt current 
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Finally, the voltage profiles of the earth's grid are drawn in 1 piece and at a frequency of 50 Hz according to Figure 14. 

 

 

 

 

 

 

 

 

 

 

 

1-2: 1-piece network at 100 kHz: First implement the 1-piece ground network and at a frequency of 100 kHz, obtain step 

and touch voltages in accordance with figures 15 and 16, and also in figures 17 and 18, display regional flow and shunt 

current in this mode. 
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Fig. 14 The voltage profiles of the earth's grid in 1 piece and at frequency of 50 Hz 

 

Fig. 15  1-piece earth network and at frequency of 100 kHz, obtained touch voltage 

 

Fig. 16  1-piece earth network and at frequency of 100 kHz obtained step voltage 
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Finally, the voltage profiles of the earth's grid are drawn in 1 piece and at a frequency of 100 kHz according to Figure 19. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17  1-piece earth network at frequency of 100 kHz, obtained regional current 

 

Fig. 18  1-piece earth network and at frequency of 100 kHz, obtained shunt current 

 

Fig. 19  The voltage profiles of the earth's grid in 1 piece and at frequency of 100 kHz 

 



IN
 P

R
ESS

INGE CUC, Vol. 20, No. 1, Enero – Junio, 2024 (IN PRESS)  

 

11 

 

3-1: 1-piece network at 1 MHz: First, we implement the 1-piece earth network and at a frequency of 1 MHz, we obtain 

step and touch voltages in accordance with figures 20 and 21, as well as in figures 22 and 23, we display regional currents 

and shunt currents in this mode. 
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Fig. 20  1-piece earth network and at frequency of 1 MHz, obtained touch voltage 

 

Fig. 21  1-piece earth network and at frequency of 1 MHz obtained step voltage 
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Finally, the voltage profiles of the earth's grid are drawn in 1 piece mode at a frequency of 1 MHz in accordance with 

Figure 24. 

 

 

 

 

 

 

 

 

 

 

Fig. 22  1-piece earth network and at frequency of 1 MHz, obtained regional current 

 

Fig. 23  1-piece earth network and at a frequency of 1 MHz obtain shunt current 

 

Fig. 24  The voltage profiles of the earth's grid in 1 piece and at frequency of 1 MHz 

 



IN
 P

R
ESS

INGE CUC, Vol. 20, No. 1, Enero – Junio, 2024 (IN PRESS)  

 

13 

 

By comparing the voltage profiles based on the simulation results of the 1-piece fixed network at different frequencies of 

50 Hz, 100 kHz and one MHz, it was determined that by increasing the critical voltage frequency, especially near the 

earth's network, the critical voltage should be increased.  

1-2: 2-piece network at 50 Hz: First, we implement the 2-piece ground network and at 50 Hz frequency we obtain step 

and touch voltages in accordance with figures 25 and 26, as well as in figures 27 and 28, we display regional currents and 

shunt currents in this mode. 
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Fig. 25  2-piece earth network and at frequency of 50 Hz, obtained touch voltage 

 

Fig. 26  2-piece earth network and at frequency of 50 Hz, obtain touch voltage 

 

Fig. 27  2-piece earth network and at frequency of 50 Hz, obtain regional current  
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Finally, the voltage profiles of the earth's grid are drawn in 2 pieces and at a frequency of 50 Hz according to Figure 29. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 28  2-piece earth network and at a frequency of 50 Hz obtain shunt current  

 

Fig. 29  The voltage profiles of the earth's grid in 2 piece and at a frequency of 50 Hz 
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2-2: 2-piece network at 100 kHz: First, implement the 2-piece ground network and at a frequency of 100 kHz, obtain 

step and touch voltages in accordance with figures 30 and 31, as well as in figures 32 and 33, display regional flow and 

shunt current in this mode. 
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Fig. 31  2-piece earth network and at frequency of 100 kHz, obtained step voltage 
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Fig. 30 2-piece earth network and at frequency of 100 kHz, obtained touch voltage 
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Finally, the voltage profiles of the earth's grid are drawn in 2 pieces and at a frequency of 100 kHz according to Figure 

34. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 32  2-piece earth network and at frequency of 100 kHz obtained regional current 

 

Fig. 33  2-piece earth network and at frequency of 100 kHz, obtained shunt current 

 

Fig. 34  The voltage profiles of the earth's grid in 2 piece and at frequency of 100 kHz 
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3-2: 2-piece network at 1 MHz: First, implement the 2-piece earth network and at a frequency of 1 MHz obtain step and 

touch voltages according to figures 35 and 36, as well as in figures 37 and 38, display regional currents and shunt currents 

in this mode. 
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Fig. 35  2-piece earth network and at frequency of 1 MHz obtained touch voltage 

 

Fig. 36  2-piece earth network and at frequency of 1 MHz obtained step voltage 

 

Fig. 37  2-piece earth network and at frequency of 1 MHz, obtained regional current 

 



IN
 P

R
ESS

INGE CUC, Vol. 20, No. 1, Enero – Junio, 2024 (IN PRESS)  

 

 
18 

 

 

 

 

 

 

 

 

 

Finally, the voltage profiles of the earth's grid are drawn in 2-piece mode at a frequency of 1 MHz in accordance with 

Figure 39. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-3: 3-piece network at 50 Hz: First, implement the 3-piece ground network and at a frequency of 50 Hz, obtain step and 

touch voltages according to figures 40 and 41, and also in figures 42 and 43, display regional currents and shunt currents 

in this mode. 

 

 

 

 

 

 

 

Fig. 39 The voltage profiles of the earth's grid in 2 piece and at a frequency of 1 MHz 

 

Fig. 40 3-piece earth network and at frequency of 50 Hz, obtained touch voltage 

 

Fig. 38 2-piece earth network and at frequency of 1 MHz, obtained shunt current 
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Fig. 41 3-piece earth network and at frequency of 50 Hz obtained touch voltage 

 

Fig. 42  3-piece earth network and at frequency of 50 Hz obtained regional current  

 

Fig. 43  3-piece earth network and at frequency of 50 Hz, obtained shunt current  
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Finally, the voltage profiles of the earth's grid are drawn in 3 pieces and at a frequency of 50 Hz according to Figure 44. 

 

 

 

 

 

 

 

 

 

 

 

 

 
2-3: 3-piece network at 100 kHz: First, implement the 3-piece ground network and at a frequency of 100 kHz, obtain step 

and touch voltages in accordance with figures 45 and 46, and also show regional current and shunt current in 47 and 48 

forms. 
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Fig. 44  The voltage profiles of the earth's grid in 3 piece and at frequency of 50 Hz 

 

Fig. 45  3-piece earth network and at frequency of 100 kHz, obtained touch voltage 
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Finally, the voltage profiles of the earth's grid are drawn in 3 pieces and at a frequency of 100 kHz according to Figure 

49. 
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Fig. 46  3-piece earth network and at a frequency of 100 kHz obtain step voltage 

 

Fig. 47  3-piece earth network and at a frequency of 100 kHz obtain regional current 

 

Fig. 48  3-piece earth network and at frequency of 100 kHz, obtained regional current 
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3-3: 3-piece network at 1 MHz: First, implement the 3-piece earth network and at a frequency of 1 MHz obtain step and 

touch voltages according to figures 50 and 51, as well as in figures 52 and 53, display regional current and shunt current 

in this mode. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 49  the voltage profiles of the earth's grid in 3 piece and at frequency of 100 kHz 

 

Fig. 50 3-piece earth network and at frequency of 1 MHz, obtained touch voltage 
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Finally, the voltage profiles of the earth's grid are drawn in 3-piece mode at a frequency of 1 MHz in accordance with 

Figure 54. 
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Fig. 51 3-piece earth network and at frequency of 1 MHz obtained step voltage 

 

Fig. 52 3-piece earth network and at frequency of 1 MHz, obtained regional current 

 

Fig. 53 3-piece earth network and at frequency of 1 MHz, obtained regional current 
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IV. CONCLUSIONES 

By comparing the voltage profiles based on the simulation results, it was found that by increasing the frequency of the 

contact voltage in each profile and mesh, it is noticeably increased. Analysis and diagrams indicated that in each case one 

or more pieces of the Earth's network increases with increasing the frequency of the step voltage value in each loop. The 

point to consider after reviewing the simulation results is that by increasing the frequency of both step voltage and touch 

voltage in the corner points, they are more increased than other parts. Also, the research in this paper clearly proved that 

the fragmentation of the Earth's network along with increasing frequency causes critical points in the ground network 

detachments in the center of each network, which causes the problem of inefficiency and fundamental failure of the earth's 

network and completely weakens and overshadows the performance and tasks of the earth's network, in fact, this 

fragmentation causes a sharp increase in step and touch voltages. And the call is made at the points where the network 

has been destroyed, and the increase in frequency also exacerbates the incident. 
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