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Abstract: In this paper, a new smart earthing method was proposed to reduce the current magnitude of
single line to ground fault and thus reduce the damage caused by this fault. Traditional methods of
earthing system were studied and compared with the proposed new method using simulation in the
MATLAB program to show the superiority of the new method and its economic benefit. The power
system characteristics depending on the selection of earthing methods such as charging current
magnitude, overvoltage, insulation level, mechanical and thermal damage and fault clearing time are
discussed. In this smart technique, a bank of earthing resistors is used according to the characteristics of
the earthing fault (fault resistance value), which leads to the passage of a low electric current, but it is
detectable regardless of the faults characteristics. Fuzzy Logic Controller technique is used to solve
control problem.
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1. Introduction
During the operation of electrical power system, the very important issues are the

safety and the reliability of the system. To improve the power system safety and
reliability, the suitable earthing system type must be properly choose and applied. An
earthing system type means that how the neutral point of the system connected to the
earth. The main purpose of an earthing system is to improve the protection of the
system equipment’s during single line to ground fault (SLG) and other fault types. The
single line to ground fault are the most type of the faults occurs in power system. The
occurrence percent of this fault type approximately is 95% [1]. In general, there are
many goals for earthing system such that:

Limited the magnitude of transient over voltages.

Simplified earth fault location.

Improving of system and equipment fault protection.

Reducing of maintenance time and expense.

Provide greater safety for personnel.

Improving of lightning protection.

Reduction in frequency of faults.

Many considerations determine the selection of what earthing system method is
suitable for earthing the neutral of 11 kV distribution system. These considerations are
short circuit fault current withstand capability, the amount of thermal damage, the
amount of mechanical damage, the magnitude of an over voltage, the insulation level,
needing for alarm or trip, allocation of the fault location, the pickup setting of an over
current protection device and the clearing fault time [2]. There are many researchers
tended to study this area because of its importance and great effect on the protection of
electrical networks and their employees. For examples, the main neutral grounding
methods that including un-grounding neutral method, neutral grounding by using a
Peterson coil method and neutral grounding by using low resistance value method are
discussed in [3]. Addressing the significance and influence of neutral grounding
resistance method in 30kV Western Libyan power system network and explain the
effect of this method in limiting and determining of the bolted single line to ground fault
currents for a network fed by a single or multi sources in [4]. The methods which used
to ground the neutral point of Shanghai Fengxian 35 kV and 10 kV power grid are
discussed in [5]. Discuss the phasor diagram and flow directions of the faulted current
in case of single phase to ground bolted fault when the HRG method is used in power
system be done in [6]. In this paper study the SLG fault in different types of earthing
methods are addressed. Also, suggestion a new method to earthing the neutral of the 11
kV distribution power system and testing of this method through a SLG faults are
addressed. This study will execute by using test Simulink model in matlab simulation.

No akowdE

2. Earthing Methods

The methods of earthing system may be used in 11 kV medium voltage system are
unearthing method, solidly earthing method and low resistance grounding method
(LGR). For each of these methods there are many advantages and disadvantages. So,
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studding of applying these methods in 11 kV system will addressed and the testing
Simulink model of the power system is earthed by using these methods.

2.1. Unearthing Method

In this system, the neutral point doesn’t connect to the earth but the system is
grounded through earthing capacitance [7]. The current in faulted phase doesn’t return
directly from the earth to neutral point. The fault current returned through capacitive
impedance which leads to reduce this current to very small value. So, one way to reduce
the earthing fault current is to leave a transformer neutral unearthed [8]. The faulty
equipment voltage is decrease to very small value which improves a safety. The
mechanical and the thermal damage are very small because there is little increasing in
faulted current.

2.2. Solidly Method

Earth solidly means that a neutral point of distribution system is connected to earth
directly without any intentional impedance that connected in series between generator
or transformer neutral to ground [9]. During the earthing fault, very high current will
return to the system through solid earthing conductor. Due to high faulted current, the
amount of thermal and mechanical damage is very high and there must be cleared the
fault immediately. Therefore, the allocating of the fault location is impossible in spite of
simplicity of fault detection due to high faulted current magnitude.

2.3. Resistance Earthing Method

To resolves many of the problems related with using of solidly earthing and
unearthing systems, resistance earthing has been used in distribution power system. The
earthing resistance system is used to limit high fault current to a value which will
doesn’t cause damage to the equipment in the power system. The two main techniques
or methods of connecting medium voltage system neutrals to earth point are both carry
out by using neutral grounding resistance. These two main categories of earthing
resistance are:

(1) Low resistance grounding (LRG)
(2) High resistance grounding (HRG)
These both types are connected to reduce the earth fault current and separated by the
level of earth fault current allowed to flow. When applying the resistance in earthing
system, many issues must be explained such that in [10].

2.3.1. Charging Current

The value of an earthing resistance should be smaller than the capacitance existing
between a phase conductor and the earth [11]. So, there is necessity to know the relation
between the current passes through neutral ground resistance, the charging current
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passes through the capacitance exist between line conductor and the earth and the
current passes through point of earthing fault. The relation between these three current
magnitudes is the same for low resistance earthing system and high resistance earthing
system in case of single line to earth fault.

During normal system operation condition, an earthing capacitance doesn’t cause
any problem because that the charging current per each phase are equal in magnitude
[12]. But it displaced by 120 degree compared to charging current of other phases, the
total charging current equal to vector summation of three current components of three
earthing capacitance. These currents sum to zero and the neutral does not carry any
stray capacitance currents [13].

During single line to earth fault, the current 3Ico of the two health phases and the
current passes through earthing neutral resistance (Igy) Will contribute to the path
between point of fault and the earth.

lgr = 1/IRN2 +3l¢o” 1)

Ign = VRn/RN =V /RN (2)

RN is chosen so that Igy > 3Ico, Where I, s the current component passes in the

path between point of fault and the earth, Iy Is the current component passes through
neutral ground resistance (NGR), 31, is the total system capacitive charging current
during fault, Vz, is the NGR voltage, RN is the NGR value and V, is the line to ground
voltage. So, the total charging current must be known to apply an earthing resistance.
The charging current is estimated less than 15 A for 11 kV power system [13, 14, 15].
This means that the NGR setting is normally selected so that the NGR let-through
current greater than the total capacitive charging current, 3ico, of the system when there
is occurrence of an earthing fault. HRG applied to reduce the faulted current value to
less than 10 A. this charging current value provided to the system voltage less than 5
KV. The charging current problem doesn’t exist for application of low resistance value
method because it allows to hundreds of amperes to passes through it and return to the
power system equipment’s. This range of faulted current is dangerous due to the
damage of the high value of this current and there is necessity to clearing the earthing
fault in very short time (cycles) [16]. Also there is difficulty to allocate the earthing
fault location.

2.3.2 Insulation level

Another very important issue is the insulation level of the power system. The
insulation level is affected when there is earthing fault in the system depending on the
method of the neutral connected to earth. During earthing fault, the two non-faulted
phase voltage increase or over voltage. When using the resistance (LRG or HRG) to
connect the neutral point to earth the over voltage is the same value approximately.
During earthing fault, the line to ground voltage of the two non-faulted phases will
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reach to line-to-line voltage. The insulation level of the electrical insulation materials is
promptly failure when subjected to overvoltage magnitude that reaches to 600% to
700% of the rated line to ground voltage value [1]. But the increasing of the overvoltage
that subjected to the insulation materials during earthing fault for long time decrease the
service life of the insulation materials. When using the LRG technique, the earthing
fault is cleared in cycles resulting in there is no necessity to increase the insulation level.

2.3.3. Pickup Setting

The important condition is that the earthing resistance must not passes the faulted
current of value less than the pickup current for over current device. So, the pickup
setting should be greater than the value of the current passes through neutral earthing
conductor by a safety factor.

3. New Smart Earthing Method

After study the above mentioned earthing methods, a new smart earthing technique
IS suggested to detect and reduce SLG fault. This method can be applied by using 12
resistances of different value connected in parallel (bank of resistances) to connect the
neutral point to earth. The operation of these resistances can be controlled by using FLC
and controller to limit the faulted phase current to low level that is greater than the
charging current by a safety factor. The magnitude of the SLG fault changed according
to the value of fault resistance. The control circuit detects current magnitude in earthing
conductor and selects appropriate resistance to limit this current to low level. This leads
to neglect the parameters that affect the magnitude of a SLG fault such as location of
fault and its resistance.

3.1. Fuzzy logic Controller

In this technique, there needs to control an operation of the bank of earthing
resistances by changing the output signal of FLC according to measured current by
ammeter located in the return path of faulted current. The simplest model of FLC is
applied. This model is single input single output (SISO) Mamdani Fuzzy System. For
the purpose of studying the characteristics of MF, the universe of discourse for both
input and output variables are selected which are normalized to intervals (0 to 6500) A
and (0 to 5) V respectively. The basic SISO Mamdani fuzzy inference model consists of
input variable which represent the current reading and output variable which represent
the controlling signal received by controller block. Several parallel If-Then rules make
up the inference mechanism. The input variable has 12 membership functions to
represent the input current from ammeter. The input membership is triangle functions.
Totally the antecedent of If-Then rule has 12 kinds of possibilities; therefore
defuzzification process consists of 12 membership functions to represent the output of
FLC which greatly fits the requirement of editing complete and symmetric rules. The
output membership functions are trapezoidal functions. The selection of triangle
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functions and trapezoidal functions for input and output functions respectively is done
due to linearity of these types of function.

4. Test System Study

The testing Simulink model consists of three phase voltage source of 33 kV, three
phase transformer 33 to 11 kV of 15 MVA in which the primary winding are connected
in delta and the secondary winding in Y neutral connection, three phase distribution line
of 4 km, three phase transformer 11 to 0.4 kV in which the primary winding are
connected in delta and the secondary winding in Y neutral connection and three phase
series load of current value of 405 A in 11 kV side.

5. Simulation Results

This section will divided into many cases of Simulink results for applying the
traditional techniques of earthing system and the proposed smart technique in power
models.

e Case 1: Test system with unearthing technique
In non- earthing technique, the neutral of the secondary winding of 33 to 11 kV
transformer in the test power model doesn’t earthed as shown in "Fig. 1".
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Figure 1. Unearthing method for test model
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The charging current of the 11 kV model adjusted at 15 A for the worst
case as it is estimated. So, the faulted phase current must be increased to this
magnitude or less depending on the fault resistance and location, but the result
of three phase current waveforms doesn’t show this increase due to location of
the fault as shown in "Fig. 2".
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Figure 2. Three phase current waveforms under SLG fault occurs at 0.04 sec with fault resistance equal
to 0.001 ohm

During fault, the voltage of the two healthy phases will increase from line to ground
voltage to line to line voltage because the neutral ground voltage increase from 0 V (at
normal operation) to phase to ground voltage (at earthing fault ) as shown in "Fig. 3".
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Figure 3. Three phase voltage waveforms under SLG fault occurs at 0.04 sec with fault resistance equal
to 0.001 ohm

e Case 2: Test system with solidly earthing technique

In solidly earthing technique, the neutral of the model is connected directly as
shown in "Fig. 4". The fault phase current is increased to 2800 A as shown in "Fig. 5".
This dangerous magnitude results because there is not any impedance to limit the fault
current.
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Figure 4. Solidly earthing for test model
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Figure 5. Three phase current waveforms under SLG fault occurs at 0.04 sec with fault resistance equal
to 0.001 ohm

This method reduces the over voltage for the two healthy phases during SLG fault
compared with line to line voltage as shown in "Fig. 6". Due to clearing the fault
immediately and the over voltage are very small, there is no needing to increase the
insulation level of the insulation material.
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Figure 6. Three phase voltage waveforms under SLG fault occurs at 0.04 sec with fault resistance equal
to 0.001 ohm

e Case 3: Test system with low resistance value technique
In LGR earthing technique, the neutral point of the model is connected to the earth
by using low value of 21.4 Ohm as shown in "Fig. 7".
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Figure 7. Low resistance earthing for test model

The fault current returns through this resistance and causes damage to the system
equipment due to its high magnitude (700 A) as shown in "Fig. 8".
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The voltage of faulted phase is reduced to very low value and the two non-faulted
phase voltage magnitude is increased to line-to-line magnitude as shown in "Fig. 9".
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Figure 9. Three phase voltage waveforms under SLG fault occurs at 0.04 sec with fault resistance equal
to 0.001 ohm

. Case 4: Test system with proposed smart earthing technique

After discussing the results of traditional earthing techniques, a new smart earthing
technique is proposed to detect and limit the earthing fault. This technique is applied by
using 12 resistances of different values which are connected in parallel (bank of
resistances) and the power model neutral is connected to the earth through it as shown
in "Fig. 11"

10
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Figure 10. New earthing method for test model

The SLG faults are applied to test this technique by using many fault resistance
values and by changing occurrence time of the faults as shown in "Figs. 11-22". These
faults are simulated in location of 4 km from the neutral point of 11 kV side. In each
case of these faults, the faulted current is returned to the system and limited to low
magnitude which reduces the damage.
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Figure 11. Three phase current waveforms under SLG fault occurs at 0.04 sec with fault resistance equal
to 0.001 ohm
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Figure 12. Three phase voltage waveforms under SLG fault occurs at 0.04 sec with fault resistance equal
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Figure 13. Three phase current waveforms under SLG fault occurs at 0.02 sec with fault resistance equal
to 5 ohm
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Figure 14. Three phase voltage waveforms under SLG fault occurs at 0.02 sec with fault resistance equal
to 5 ohm
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Figure 15. Three phase current waveforms under SLG fault occurs at 0.01 sec with fault resistance equal
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Figure 16. Three phase voltage waveforms under SLG fault occurs at 0.01 sec with fault resistance equal
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Figure 17. Three phase current waveforms under SLG fault occurs at 0.03 sec with fault resistance equal
to 23 ohm
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Figure 18. Three phase current waveforms under SLG fault occurs at 0.05 sec with fault resistance equal
to 39 ohm
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Figure 19. Three phase voltage waveforms under SLG fault occurs at 0.05 sec with fault resistance equal
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Figure 20. Three phase current waveforms under SLG fault occurs at 0.06 sec with fault resistance equal
to 75 ohm

14



Journal of Engineering and Sustainable Develop t Vol 23, No.04, July 2079 www.jeasd.org (ISSN 2520-0917)

— Faulted phase

Non Faulted phase

Non Faulted phase

018 0.2 T (sec)

Figure 21. Three phase current waveforms under SLG fault occurs at 0.07 sec with fault resistance equal
to 110 ohm
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Figure 22. Three phase voltage waveforms under SLG fault occurs at 0.07 sec with fault resistance equal
to 110 ohm

The simulation results of this new technique show that the fault current passes
through earthing neutral resistance are decreased to low level of current approximately
equal to 40 A with any value of the fault resistance. So the faulted phase current have a
current more than the two healthy phases current by this low level of 40 A. This reduce
the damage to the system equipment’s and this allow to increase the fault clearing time
another some cycles compared with fault clearing time at the low resistance value. This
help in locating the earthing fault and the insulation level doesn’t increase because that
the clearing time stay in second compared to clearing time in hours such that in HRG
system. The economic advantage of using smart earthing technique instead of
traditional method (LRG method) to earthing the neutral point of 33/ 11 kV substation

15
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Is accepted because the smart technique have very low damage cost of NGR while the
LRG method have a high damage cost which represented by replacement cost i.e. in
LRG technique, all earthing resistances operate in the same time without selector and if
damage of NGR occurs, the NGR must be replaced by a new NGR. This problem
doesn’t exist in smart earthing technique. In this technique, only one earthing resistance
is in operation and all other earthing resistances are disconnected. So, only one earthing
resistance in NGR may be damage in the same time leading to reduction in the damage
cost of NGR.

6. Conclusions

1- A new smart earthing method was proposed to ground the neutral point of the 11 kV
system model in SIMULINK and it contains different values of earthing resistances
which are selected to compensate any change that occurs in fault resistance. FLC is
used to control an operation of these earthing resistances based on characteristics of
SLG fault. The several methods of the grounding system have been studied and
compared by using SIMULINK (the new method is found to be the best due to many
reasons such that it reduces the mechanical and thermal damage, more safety in
failure of the protection device, it allow to increase the fault clearing time for some
seconds making the allocation of the earth fault easier, there is no need to increase
the insulation level and it considers economical earthing technique).

2- Unearthing method is used to limit the fault current but there is problems concerns
with the over voltage magnitude, difficult to detect the fault and there is need to
increase the insulation level.

3- In solidly earthing method, the faulted phase current is very high which causes big
damage to the system equipment’s. So, there is necessity to clear this fault
immediately. Also, allocate of the fault are very difficult. This method reduces the
overvoltage problem.

4- Low resistance method reduce the fault current to approximately 400 A. this
magnitude damages the system equipment’s. There is line to line over voltage but
the insulation level doesn’t increase due to clearing the fault in cycles. Allocating of
the fault location is difficult.

7. References

1. Lawrence J. Kingrey, Ralph D. Painter and Anthony S. Locker. (2011). “Applying
High-Resistance Neutral Grounding in Medium-Voltage Systems”. |EEE
Transactions on Industry Applications, Vol. 47, No. 3, pp. 1220-1231.

2. Kassim Rasheed Hameed. (2015). “Zig-Zag Grounding Transformer Modeling For
Zero-Sequnce Impedance Calculation Using Finite Element Method”.Diyala Journal
of Engineering Sciences, Vol. 08, No. 06, pp. 36-87.

3. Yundong Song, Shun Yuan, Chunfang Zhao and Yanfeng Jia. (2007). “Analysis and
Selection of Neutral Grounding Modes in Cable Distribution Network”. |EEE,
Powereng, April 12-14, Setubal, Portugal, pp. 518-521.

16



Journal of Engineering and Sustainable Develop t Vol 23, No.04, July 2079 www.jeasd.org (ISSN 2520-0917)

10.

11.

12.

13.

14.

15.

16.

. Eng. Hasan Z. Al-Amari and Dr. Abdallah 1. Fadel. (2013). “10 ohm Neutral

Grounding Resistance in 30kV Western Libyan Network and Effects”. IEEE, Power
Engineering Conference (UPEC), 48th International Universities, pp. 1 — 6,

Siming Hua, Hua Zhang, Feng Qian, Chunjie Chen, Meixia Zhang. (2013). “The
Research on Neutral Grounding Scheme of Fengxian 35 kV and 10 kV Power Grid”.
Energy and Power Engineering, pp. 897-901.

Dev Paul PE. (2017). “Phasor Diagram of a Single-Phase-Ground Fault Current in
a High-Resistance Grounded Power System”. |EEE, pp. 1-6.

. Muhammad Tami Al-Hajri. (2004). “Neutral Ground Resistor Monitoring

Schemes”. |IEEE International Symposium on Electrical Insulation, Indianapolis, IN
USA, September, pp. 388-393.

K Rajamani. (2006). “Grounding of electrical system”. IEEMA Journal, MAY, pp.
52-56.

Don Jacob And K. Nithiyananthan. (2008). “Effective Methods For Power Systems
Grounding”. Wseas Transactions on Business and Economics, ssue 5, Volume 5, pp.
151-160.

Joseph Sottile, Anup Tripathi and Thomas Novak. (2015). “Best Practices for
Implementing High-Resistance Grounding in Mine Power Systems”. |EEE
Transactions on Industry Applications, pp. 5254 - 5260.

Rasheek Rifaat. (2012). “High-Resistance Neutral Grounding”. |EEE Industry
Applications Magazine, Jan/ Feb, Volume: 18, Issue: 1, pp. 10 - 71.

Ajayi,A Jerome,D.K, Osayi F.S and lzugie F.I. (2016). “Understanding the Concept
of Earthing In Electric Power System Engineering”. IOSR Journal of Electrical and
Electronics Engineering (IOSR-JEEE), Volume 11, Issue 3 Ver. Ill, PP. 29-33.

J. C. Das. (2007). “Ground Fault Protection for Bus-Connected Generators in an
Interconnected 13.8-kV System”. IEEE Transactions on Industry Applications, Vol.
43, No. 2, pp. 453-461.

Dev Paul, Peter E. Sutherland and Sergio A. R. Panetta. (2011). “A4 Novel Method of
Measuring Inherent Power System Charging Current”. |EEE Transactions On
Industry Applications, Vol. 47, No. 6, pp. 2330-2342.

J.C. Das. (2016). “Selective High Resistance Grounding System For A Cogeneration
Facility”. IEEE, pp. 1-12.

A.R. Sultan, M.W. Mustafa, M.Saini, Skudai and Johor Baharu. (2012). “Ground
Fault Currents in Unit Generator-Transformer at Various NGR and Transformer
Configurations”. |EEE Symposium on Industrial Electronics and Applications,
September 23-26, Bandung, Indonesia, pp. 136-140.

17



