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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.

Metodologia: 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.

Key Words: Earthing System, Lightning, High Frequency, Earth
Grid, Over Voltage, Step voltage, Touch Voltage.

Resumen

La creciente demanda y los beneficios de la energia eléctrica han
llevado a la creacién de enormes centrales eléctricas, por lo que son
necesarias subestaciones de alto voltaje para la energia eléctrica. La
instalacién de diferentes pequenias centrales eléctricas para evitar
el consumo en diferentes partes de un pais requiere unidades de
reserva y altos costos para reparaciones, mantenimiento y
abastecimiento de combustible. La necesidad de estas subestaciones
puede buscarse en la falta de uniformidad de diferentes costos, los
costos de generacién de energia eléctrica, la falta de centros de
consumo cerca de las centrales eléctricas y, en general, la existencia
de una red nacional y la posibilidad de desconectar oportunamente
las partes defectuosas de la red eléctrica. La prioridad en la
rehabilitacién de una subestacion fuerte es satisfacer las
necesidades operativas del sistema. En todas las instalaciones
eléctricas, especialmente en complejos industriales, la conectividad
a tierra es una de las medidas més importantes y fundamentales
para proteger a las personas y los equipos y mejorar el rendimiento
del sistema. El propésito del sistema de equipos de tierra es
potencializar el cuerpo metalico de todos los equipos eléctricos con
la tierra para prevenir la electrocucion y proteger al personal. Este
tipo de conexién normalmente no es portadora de corriente, pero si
una de las fases del dispositivo estd conectada al fuselaje, la
corriente de falla entra a la tierra a través de esta conexién y cierra
su camino a través del neutro trans o el generador conectado a
tierra. Las redes de tierra debido a diferentes estructuras de la
tierra en diferentes regiones pueden causar problemas con el
tiempo, uno de ellos es la fragmentacién de la red de tierra debido a
la corrosion de los conductores o debido a sobretensiones. En esta
investigacién, en diferentes y altas frecuencias, utilizamos 3
frecuencias de 50, 100 kilos y 1 MHz, para verificar los factores de
la red de tierra y la seguridad de equipos y personas en
subestaciones de alto voltaje, utilizamos el software CDEGS que es
un programa especializado para disefiar e investigar la red de tierra.

Objetivo: Busqueda e investigacién de alta frecuencia, perfil de paso
y voltajes de contacto de malla de puesta a tierra.

Metodologia: Disefio y modelado con software Comsol.

Resultados: A medida que aumenta la frecuencia, tanto la tensién
de paso como la tensién de contacto en los puntos de esquina
aumentan mas.

Conclusiones: Al comparar los perfiles de voltaje con base en los
resultados de la simulacién, se encontr6 que al aumentar la
frecuencia del voltaje de contacto en cada perfil y malla, se
incrementa notablemente. El punto a considerar después de revisar
los resultados de la simulacién es que al aumentar la frecuencia
tanto de la tensién de paso como de la tensiéon de contacto en los
puntos de esquina, se incrementan mas que otras partes.

Palabras clave: Sistema de puesta a tierra, Rayos, Alta frecuencia,
Red de tierra, Sobretension, Voltaje de paso, Volatje de tacto.
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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 1is 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 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 1s 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 i1s 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]:
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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 1n the same line. In each measurement, the location of all four desires must be
changed. If the soil i1s 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.

t
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Fig. 1 Orbital structure of Wenner's experiment

Soil specific resistance measurement with four-wire earth meter 1s 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.
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Fig. 2 Orbital structure of Schlumberger's experiment
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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 1s 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
1s 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 1s also effective in this
case. This means that the use of several parallel electrodes with 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. ¢) 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
1s 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.

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.
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Fig. 3 Modeling and implementation of 1-piece network

Fig. 4 Modeling and implementation of 2-piece network

Fig. 5 Modeling and implementation of 3-piece network
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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.

v Yor
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L eft Centralf}|Rig h
Z

Fig. 6 Defining a variety of soil models

Fig. 8 Defining a variety of soil models

Y  Earlh surface

Fig.7 Defining a variety of soil models Fig.9 Defining a variety of soil models

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
1mportant.

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.
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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.

Touch Voltages (All - 2D Spot) [ID:One Terminal] SPOT LEVELS x 1.E+3

Maximum Value : 59.776
41 | Minimum Value : 3.238

N
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31 |
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Touch Voltage Magn. (Volts) [Near]

Fig. 10 1-piece earth network and at frequency of 50 Hz, obtained touch voltage

Step Voltages (All - 2D Spot) [ID:One Teminal] SPOT LEVELS X 1.E+3

Maximum Value :  32.239
41 | Minimum Value : 1.639
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Fig. 11 1-piece earth network and at frequency of 50 Hz, obtained step voltage

70



Shemshadi, Khorampour / INGE CUC, vol. 20 no. 1, pp. 68-89. Enero - Junio, 2024

(xE403) Section Current One Termina Plot LEGEND

150

D : Bus/Line 1.

g \
Py v
S
=
c - I
g
= 50
€
Q
=
>
O
c
Re;
© ]
® 0
0 15 30 45 60

‘ RuniDOre Terminal Term SOURCE1

Section Number

Fig. 12 1-piece earth network and at a frequency of 50 Hz obtain regional current
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Fig. 13 1-piece earth network and at a frequency of 50 Hz obtain shunt current

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

Touch Voltages (All - 2D Spot) [ID:One Terminal] SPOT LEVELS x 1.E+3

Maximum Value :  69.190
41 | Minimum Value : 3.747
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Fig. 15 1-piece earth network and at frequency of 100 kHz, obtained touch voltage
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Fig. 16 1-piece earth network and at frequency of 100 kHz obtained step voltage
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Fig. 17 1-piece earth network at frequency of 100 kHz, obtained regional current
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Fig. 18 1-piece earth network and at frequency of 100 kHz, obtained shunt current

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.

337160
325506
313853
302199

290546
278892
267239
255585
243932
232278
220625
208971
197318
165664
174011
162357
150704
139050
127397
115743

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

Touch Voltages (All - 2D Spot) [ID:One Terminal] SPOT LEVELS x 1.E+3
Maximum Value : 74.233
41 | Minimum Value : 4.021
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Touch Voltage Magn. (Volts) [Near]

Fig. 20 1-piece earth network and at frequency of 1 MHz, obtained touch voltage
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Fig. 21 1-piece earth network and at frequency of 1 MHz obtained step voltage
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Fig. 22 1-piece earth network and at frequency of 1 MHz, obtained regional current
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Fig. 23 1-piece earth network and at a frequency of 1 MHz obtain shunt current

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

Step Voltages (All - 2D Spot) [ID:One Terminal]
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Fig. 26 2-piece earth network and at frequency of 50 Hz, obtain touch voltage
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Fig. 27 2-piece earth network and at frequency of 50 Hz, obtain regional current
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Fig. 28 2-piece earth network and at a frequency of 50 Hz obtain shunt current

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.
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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. 30 2-piece earth network and at frequency of 100 kHz, obtained touch voltage
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Fig. 31 2-piece earth network and at frequency of 100 kHz, obtained step voltage
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Fig. 32 2-piece earth network and at frequency of 100 kHz obtained regional current

Shunt Current One Terminal Plot LEGEND
\ - Bus/Line 1.
6000
—_
4]
Q
£ 450
<
S—
(4]
°
3
=
c 3000
(=)
©
=
-
c
(]
= 1500 |
= |
© !
E—
- i
2 l
] 0 Ji
0 15 £ 45 60

{ RuniD:One Terminal Term:SQURCE1

Section Number

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

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.
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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

Step Voltages (All - 2D Spot) [ID:One Terminal]
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Fig. 36 2-piece earth network and at frequency of 1 MHz obtained step voltage
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Fig. 37 2-piece earth network and at frequency of 1 MHz, obtained regional current
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Fig. 38 2-piece earth network and at frequency of 1 MHz, obtained shunt current

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

Touch Voltages (All - 2D Spot) [ID:One Teminal]
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Fig. 40 3-piece earth network and at frequency of 50 Hz, obtained touch voltage
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Fig. 41 3-piece earth network and at frequency of 50 Hz obtained touch voltage
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Fig. 42 3-piece earth network and at frequency of 50 Hz obtained regional current
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Fig. 43 3-piece earth network and at frequency of 50 Hz, obtained shunt current

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.
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Fig. 44 The voltage profiles of the earth's grid in 3 piece and at frequency of 50 Hz
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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. 45 3-piece earth network and at frequency of 100 kHz, obtained touch voltage
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Fig. 46 3-piece earth network and at a frequency of 100 kHz obtain step voltage
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Fig. 47 3-piece earth network and at a frequency of 100 kHz obtain regional current
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Fig. 48 3-piece earth network and at frequency of 100 kHz, obtained regional current

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

85



RESEARCH AND INVESTIGATION OF HIGH FREQUENCY PROFILE OF STEP AND TOUCH VOLTAGES DUE TO FRAGMENTATION OF THE GROUNDING GRID

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.
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Fig. 50 3-piece earth network and at frequency of 1 MHz, obtained touch voltage
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Fig. 51 3-piece earth network and at frequency of 1 MHz obtained step voltage
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Fig. 52 3-piece earth network and at frequency of 1 MHz, obtained regional current
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Fig. 53 3-piece earth network and at frequency of 1 MHz, obtained regional current

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. 54 the voltage profiles of the earth's grid in 3 piece and at frequency of 1 MHz
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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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