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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.
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l. 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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Fig. 1 Orbital structure of Wenner's experiment

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.

A M N B

Fig. 2 Orbital structure of Schlumberger's experiment

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

3
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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. ¢) 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.

1. 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
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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.

CentralliRigh

Z

Fig. 6 Defining a variety of soil models

Fig.7 Defining a variety of soil models

Fig. 8 Defining a variety of soil models

Y Earlh surface

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.

I1. 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
- < 59.78
31 | < 54.12
- < 48.47
) 21 ] < 4281
i}
I - < 37.16
=
2 11 1 - < 31.51
= < 25.85
- < 20.20
1]
< 14.55
< 8.89

XAXS (METERS)
Touch Voltage Magn. (VVolts) [Near]

Fig. 10 1-piece earth network and at frequency of 50 Hz, obtained touch voltage
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Step Voltages (All - 2D Spot) [ID:One Terminal]

a1 |

31 |

21

11

SPOT LEVELS x 1.E+3

Maximum Value :
Minimum Value :

32.239
1.639

n

32.24
29.18
26.12
23.06
20.00
16.94

13.88

NNNNNNNNANN

10.82
7.76

4.70

a1 i1 21

XANS (METERS)

Step Voltage-Worst Magnitude (Volts)

(xE+03)

Section Qurrent Magnitude (Arrps)

Fig. 11 1-piece earth network and at frequency of 50 Hz, obtained step voltage

Section Current One Terminal Plot

150

Section Number

LEGEND

: BusiLine 1.

RuniD:Cne Terminal

TemSoURCEY

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

(xE+03)

Shunt Current Megnitude (Aps)

Fig.

Shunt Current One Terminal Plot
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\‘-ﬂ_

o —L

o 15 ]

45

LEGEND

: Bus/Line 1.

AN Gne Tarmnal

Tarm:SOURGEY

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.

360970
354388
347805
341223

334641
328058
321476
314894
308311
301729
295147
288564
281982
275400
268817
262235
255653
249070
242488
235905

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

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 Termminal] SPOT LEVELS x 1.E+3

Maximum Value : 69.190
41 Minimum Value : 3.747

A

69.19

31 | 62.65

56.10
21 | 49.56
43.01
36.47

29.92

Y AXIS (METERS)

NNNNNNNNA

23.38

16.84

10.29

XAXS (METERS)

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

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

Maximum Value : 37.316
a1 | Minimum Value : 1.897

A

37.32
31 33.77

30.23

21 | 26.69

23.15

11 | 19.61

Y AXIS (METERS)

16.06

NNNNNNNNKNN

12.52

8.98

5.44

-9 1 11 21 31 41

Fig. 16 1-piece earth network and at frequency of 100 kHz obtained step voltage
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Section Current One Terminal Plot LEGEND

,,,,,,,, 1 e : Bus/Line 1.

RunD:One Termind Tarm SOURCET

Section Number

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

Shunt Current One Terminal Plot LEGEND

‘ I— : Bus/Line 1.

| | | T [aBe T 14
4500 [ | { 4 L 4+t

]

| |

! |
I |
| (=

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

Shunt Qurent Magnitude (Arrps)
g
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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.

337160
325506
313853
302199
290546
278892
267239
255585
243932
232278
220625
208971
197318
185664
174011
162357
150704
139050
127397
115743

" PR
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 4 Minimum Value : 4.021

N

74.23

67.21

60.19
21 | 53.17
46.15

11 ] 39.13

Y AXIS (METERS)

32.11

NN NNNNNNN

25.08

18.06

11.04

-9 1 11 21 31 41
XAXNS (METERS)
Touch Voltage Magn. (VVolts) [Near]

Fig. 20 1-piece earth network and at frequency of 1 MHz, obtained touch voltage

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

Maximum Value : 40.036
41 Minimum Value : 2.035

A

40.04
31 36.24

32.44

21 ] 28.64

NN NN

24.84

11 ] 21.04

Y AXIS (METERS)

17.24

N NN

13.44

N

9.64

N

5.84

-9 1 11 21 31 41
XAXS (METERS)
Step Voltage-Worst Magnitude (Volts)

Fig. 21 1-piece earth network and at frequency of 1 MHz obtained step voltage
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100
E— : Bus/Line 1.
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i
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Section Number

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

Shunt Current One Terminal Plot LEGEND

— : Bus/Line 1.

4500

1500

Shunt Qurrernt Vignitude (Anps)

0 i

o 15 0 a5 80

[ oo e |

Section Number
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.
361733
349231
336728
324225
311722

299219
286716
274213
261711
249208

224202
211699
199196

174191
1616838
149185
136682
124179

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.

Touch Voltages (All - 2D Spot) [ID:One Terminal]

SPOT LEVELS x 1.E+3

60 ]
40 |

20 ]

Y AXIS (METERS)

-20

Maximum Value :
Minimum Value :

A

184.85

N

166.66

148.48

130.30

N NN

112.11

93.93

75.74

N NN

57.56

39.38

A

21.19

184.848
3.008

-20

Step Voltages (All - 2D Spot) [ID:One Terminal]

60 |

40 |

20 |

Y AXIS (METERS)

-20

T T T T
o 20 40 60

Fig. 25 2-piece earth network and at frequency of 50 Hz, obtained touch voltage

SPOT LEVELS x 1.E+3

Maximum Value :
Minimum Value :

N

31.32

28.31

25.30

22.30

19.29

16.28

13.27

NNNNNNNNN

10.26

7.25

4.24

31.323
1.231

-20

Section Qurrent Magritude (Amps)

o

T
60

LEGEND

: Bus/Line 1.

RunG:One Termins Tem SOURGE

Fig. 27 2-piece earth network and at frequency of 50 Hz, obtain regional current
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Section Number

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

LEGEND

— : Bus/Line 1.

[ oo remoonis

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. 29 The voltage profiles of the earth's grid in 2 piece and at a frequency of 50 Hz
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Touch Voltages (All - 2D Spot) [ID:One Terminal]

SPOT LEVELS x 1.E+3

60 Maximum Value : 211.046
1 Minimum Value : 3.434

N

il 211.05
40 |

N

190.28

N

169.52

148.76

N

128.00

20 |

N

107.24

Y AXIS (METERS)

N

86.48

ECERCHEE
N

N NN

65.72

44.96

24.20
-20

-20 o 20 40 60

XAXS (METERS)
Touch Voltage Magn. (Volts) [Near]

Fig. 30 2-piece earth network and at frequency of 100 kHz, obtained touch voltage

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.

Step Voltages (All - 2D Spot) [ID:One Terminal]

R SPOT LEVELS x 1.E+3
60 Maximum Value : 35.763
1 Minimum Value : 1.406
] M < 3576
40 | M < 3233
] Il < 255
g 20 1 < 25.46
i} B - < 22.02
i/ i B < isss
2 il < 1515
o | M < 1
< 8.28
< 4.84
-20 . . . .
-20 o 20 40 60

XAXS (METERS)
Step Voltage-Worst Magnitude (Volts)

Fig. 31 2-piece earth network and at frequency of 100 kHz, obtained step voltage
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Section Current One Terminal Plot LEGEND

E— : Bus/Line 1.

o 1! 0 45 60

RunG:One Termins Tem SOURGE

Section Number

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

— : Bus/Line 1.

4500

Shunt Qurrent Megnitude (Arps)
g

o

o 15 20 45 60

Ep—

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.

324946
313657
302368
291079
279790

257212
245923

212056
200767
189478
178189
166899
155610
144321
133032
121743
110454

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.

Touch Voltages (All - 2D Spot) [ID:One Terminal]

o SPOT LEVELS x 1.E+3
60 Maximum Value : 226.416
1 Minimum Value : 3.684
] - < 226.42
40 | - < 204.14
] M < isis7
z 1 < 159.60
E 20 ] MW < 13732
@ 1 - < 115.05
= 1
= ] < 92.78
Oi B < 50
< 48.23
< 2596
_20 T T T T
-20 o 20 40 60
XAXS (METERS)
Fig. 35 2-piece earth network and at frequency of 1 MHz obtained touch voltage
Step Voltages (All - 2D Spot) [ID:One Terminal]
SPOT LEVELS x 1.E+3
60 Maximum Value : 38.367
Minimum Value : 1.508
Ml < ss37
40 | I < zaes
M < 3100
z < 27.31
“g’ 20 4 Ml < 62
- M < 1004
3 < 16.25
04 - < 12.57
< 8.88
< 5.19
-20 T T T T
-20 o 20 40 60

XAXS (METERS)
Step Voltage-Worst Magnitude (Volts)

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

- Section Current One Terminal Plot LEGEND

E— : Bus/Line 1.

Section Qurrent Magrnitude (Armps)
8

o

o 15 0 45 60 |

T ———
Fig. 37 2-piece earth network and at frequency of 1 MHz, obtained regional current
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Shunt Current One Terminal Plot

4500

LEGEND

— : Bus/Line 1.

1500

Shurt Qurent Megnitude (Aps)
§

4]

o 15 a0

Section Number

FunDOnsTermnal  Term SOURCET

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.

4

a
s

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

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.

Y AXIS (METERS)

Touch Voltages (All - 2D Spot) [ID:One Terminal]

60 |

40

20 |

-20

SPOT LEVELS x 1.E+3

Maximum Value : 177.995
Minimum Value : 2.475

< 178.00
160.44
142.89
125.34
107.79

90.24

72.68

NN NNNNNNAK

55.13

37.58

Hz, ~~*ained tguch voltage

-20 [e] 20

XAXS (METERS)
Touch Voltage Magn. (Volts) [Near]
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Section Current One Terminal Plot

(xE+03)

Section Qurrent Magnitude (Armps)

60 |

40 |

20 |

-20

LEGEND

— : Bus/Line 1.

o 15 0

Section Number

RunD:One Termind Tarm SOURCET

Fig. 41 3-piece earth network and at frequency of 50 Hz obtained touch voltage

SPOT LEVELS x 1.E+3

Maximum Value : 29.889
Minimum Value : 1.043

N

29.89

27.00

24.12

21.24

18.35

15.47

12.58

NNNNNNNNN

9.70

6.81

3.93

-20

XAXS (VETERS)

Step Voltage-Worst Magnitude (Volts)

Shunt Current Megnitude (Aps)

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

(x ) Shunt Current One Terminal Plot

20 |

LEGEND

e : Bus/Line 1.

Pl

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.

e 9

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

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.

Touch Voltages (All - 2D Spo) [ID:One Terminal]

R SPOT LEVELS x 1.E+3
60 4 Maximum Value : 199.396
1 Minimum Value : 2.773
] B < 19040
40 | - < 179.73
I < ic007
z 1 < 140.41
E 20 ] M < 07
@ 1 - < 101.08
> 4
<C
= & < 8142
7 M < 6176
< 4210
< 2244
-20 T T T T
-20 o 20 40 60

Fig. 45 3-piece earth network and at frequency of 100 kHz, obtained touch voltage
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Step Voltages (All - 2D Spot) [ID:One Terminal]

SPOT LEVELS x 1.E+3
60 Maximum Value : 33.483
Minimum Value : 1.168
M < 33us
40 | B < 302
Ml < 2o
g - < 23.79
jim] ] - < 20.56
i, M < 1733
3 <  14.09
o] B < 086
< 7.63
< 4.40
-20 . . . .
20 o 20 40 60

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

0 Seotion Current One Terminal Plot LEGEND

— : Bus/Line 1.

o 15 0 45 60

RunG:One Termins Te SOURGE

Section Number

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

Shunt Current One Terminal Plot LEGEND
B — : Bus/Line 1.
eoo0 | f Lf L £ 1 L b L b
E . Emm
g O e o e
1500
%
t i
g 1
0
0 5 0 45 60

[ remeon |

Section Number

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.

21



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

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

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.

Touch Voltages (All - 2D Spot) [ID:One Terminal]

SPOT LEVELS x 1.E+3

60 4 Maximum Value : 213.904
1 Minimum Value : 2.975

N

213.90

40 4 192.81

171.72
7 150.62
20 4 129.53

108.44

Y AXIS (METERS)

87.35

NNNNNNNNNA

66.25

45.16

24.07

-20

T T T T
-20 o 20 40 60

XAXS (METERS)
Touch Voltage Magn. (Volts) [Near]

Fig. 50 3-piece earth network and at frequency of 1 MHz, obtained touch voltage
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Step Voltages (All - 2D Spot) [ID:One Terminal]

SPOT LEVELS x 1.E+3

60 Maximum Value : 35.919

Minimum Value : 1.253

N

35.92
40 4 32.45
28.99
25.52
20 4 22.05

18.59

Y AXIS (METERS)

15.12

NNNNNNNNANN

11.65

8.19

4.72

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

o tion Curent One Terminal Plot LEGEND

— : Bus/Line 1.

o 15 0 45 &0 | ‘
RunD:One Termind Tarm SOURCET

Section Number

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

Shunt Current One Terminal Plot LEGEND
} — : Bus/Line 1.
6000 R
E i -
g S e e
g 1500
E
g o

o 15 EY 45 60 |
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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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332019
IIIIIIII 320555
309091
297627
286164
274700
263236
251773
240309
228845
217381
205918
194454
182990
171526

160063
148599
137135
125672
114208

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

V. 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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