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ABSTRACT 

One of the problems of the three-phase four-wire distribution network is the network load imbalance and the high current 
of the neutral conductor, which causes a drop in the neutral conductor voltage and many problems for the subscribers of 
these systems. The effect of the imbalance load on the neutral conductor voltage in all busbars in a sample network was 
investigated in the present paper. It was shown that in an imbalance and asymmetric system, the imbalance load in a 
busbar can be in the direction of (i) decreasing the voltage of the neutral network and earth equivalent conductor and (ii) 
increasing the neutral network voltage. Four-wire distribution systems, earthing, fault current, voltage drop, and 
overvoltage was investigated in the present study. Three-phase four-wire distribution network with multiple protective 
earthing is widely used in the current distribution network due to more sensitivity protection and fault clearing compared 
to three-phase three-wire systems. Four-wire systems operate in an imbalance condition due to asymmetric loading. 
Imbalance is dangerous for the safe operation and safety of a system. In the present study, the possibility of employing an 
electrical earthing system in the voltage balance of a distribution system and its losses were investigated. The simulation 
process was performed on a sample distribution system in a MATLAB environment, and the Particle Swarm Optimization 
(PSO) algorithm was used for locating. 

Keywords: Distribution network, Decreasing, Balance. 

INTRODUCTION  

1. Introduction 

The earthing (grounding) is an important technical and safety system in the distribution 

networks. Due to the current conditions and sometimes uneven situation in distribution 

companies, it is necessary to investigate the earthing system in distribution networks and observe 

the technical principles of standards to increase the assurance (safety) factor in the proper and 

safe operation of the networks and prevent the risks of incomplete protection for humans and 

facilities. The present paper focuses on this topic and introduces electrical earthing systems and 

protection. Then, the method of using an earth electrode around a grounding distribution station 

and additional protection measures to prevent dangerous contact voltage in case of a connection 

to the frame in the devices and machines were investigated. An electrical earthing system means 

connecting real or virtual neutral points of electrical networks to the earth that is part of an 

electrical circuit, for example, earthing the transformer winding star center (real neutral point) 

and earthing the triangle winding transformers through the virtual neutral point neutral bobbin. 

The importance of the earth point appears when a phase-to-earth connection occurs in the 

electrical networks. Here, the fault phase current returns to the neutral point of the transformer 

through the ground and the connection circuit can be cut off by inexpensive-protection devices 
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such as fuses. If the neutral point is not connected to the earth, the phase-to-earth connection 

current will be negligible and much lower than the normal phase current due to the lack of 

return path, and the fuses used for normal current will not cut off the circuit.  This leads to a 

rise in the voltage of the healthy phases relative to the earth, which will cause disturbances in 

the insulation of the network. In this case, it is necessary to use expensive protection devices to 

cut off the faulty phase circuit in such a system. To protect a system and ensure safety, each 

transformer substation must be equipped with a secure electrical earthing and the total 

resistance of the neutral conductor earthing should not exceed 2 ohms. An earthing system can 

be used for protection and safety in the following situations: At least one basic earthing system 

be constructed near each substation, and other earthing systems shall be constructed at the end 

of the power supply lines with the main boards after the transformer substation. If the medium-

voltage input and output lines in a transformer substation are all cable and the length of each 

line before the substation is not less than 3 km, an earth electrode can be used for both purposes 

(system protection and ensure safety). The reason is damping step voltage in the cable path 

equipped with metal armor. However, when there is a possibility of transferring high-voltage 

(especially lightning) to low-voltage equipment, two earth electrodes are used, and the distance 

between two electrodes should not be less than 20 m. Hence, a suitable location for installing an 

earthing system can improve protection in distribution systems. Generally, the networks around 

each distribution substation are constructed aerially and do not meet the conditions mentioned 

above. Because the length of medium-voltage cable lines in the substation area does not exceed 

3 km, so, it is necessary to separate the earthing system related to medium-voltage equipment 

from the low-voltage systems. Thus, a low-voltage earthing system is installed separately and at 

a farther point from each of the distribution low-voltage feeders [1,8]. The protection of 

distribution systems and appropriate protective equipment for this purpose has been studied in 

many papers. Important issues of the generation, transmission, distribution, consumption of 

electrical energy, the earthing system of electrical equipment (and metallic non-electrical), 

protection against electric shocks, dangerous overvoltages, stabilization of voltage of neutral 

point in electrical circuits, and their standards and defined methods were investigated in the 

literature [2], and these investigations and methods were evaluated and tested by simulation for 

the main problem by connecting a 400 V generator to the 20 kV distribution network of Tafresh 

University, which finally a suitable earthing system that could provide network safety (when 

occurring error) was provided. The intrinsic characteristics of the imbalance three-phase four-

wire distribution systems were investigated in the literature [3], and the effects of the neutral 

conductor, earthing system, transient overvoltages, or voltage drop due to a fault in the system 

were described. The effects of neutral conductor and earthing system on the characteristics of 

three-phase four-wire distribution systems such as imbalanced voltage, voltage rise or drop due 

to a fault in the system, and the voltage profile improvement in both permanent and transient 

states compared to three-phase three-wire distribution systems were examined and evaluated 

by simulation process, and the desired results were finally obtained. In literature [4], increasing 

the harmonics in the various standards system was introduced to improve the quality of the 

electrical power network. In these standards, restrictions are imposed on harmonic injections by 

nonlinear loads into the network. Due to the problems mentioned above, different methods for 

removing harmonics were proposed from the beginning. The most basic and common method 
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for this purpose is to use passive filters. With the development of power semiconductor 

components manufacturing technology, active filters have been welcomed and used. In these 

filters, non-linear loads are reduced by proper injection of voltage or current. A new method for 

controlling the current of the voltage source inverter used in the parallel compensator was 

presented in the literature [5] to improve the imbalanced loads in the three-phase four-wire 

system. The proposed method is simple, and in addition to performing the usual tasks of a parallel 

compensator including power factor correction, reactive power compensation, and attenuation 

of current harmonics, it enables the parallel compensator to compensate for a significant 

percentage of the network current imbalance. It also ensures proper stability of the DC junction 

voltage under extremely imbalanced conditions for a network current or sudden changes in 

load. Simulations performed in the Simulink environment of Matlab software on the parallel 

compensator and integrated parallel compensator in different distortion and imbalance 

conditions for a network voltage and load current showed the ability of the proposed method to 

improve the network current imbalance. According to the literature [6], one of the most 

important problems in connecting these sources to the distribution network is the change of 

short-circuit levels at different points of the network, the disruption in the network protection 

system, and the malfunction of this system. Installation location, generation rate, type of 

technology, and network topology will have different effects on the protection system. In this 

paper, by connecting the DG sources to the IEEE 13-bus test distribution system, the problems 

caused by this equipment in the protection of the distribution network were investigated in 

PSCAD/EMTDC software. In the literature [7], the effect of the presence of distributed generation 

sources on the coordination of protective equipment especially recloser fuses was first 

investigated, then a new method was proposed to study the effect of the presence of distributed 

generation sources on the coordination of recloser fuses . Based on the evaluation process of the 

network protection in different states and the classification of protection coordination status, this 

method was divided into two categories, including coordination maintenance and loss of 

coordination. According to the results obtained from this process, the network operator will be 

able to make the right decision. Then, two complementary solutions were proposed to reduce 

the number of the non-coordination state. The first solution was to connect the DG to the best 

busbar (in terms of the number of states in which coordination is maintained), and the second 

solution was to change the recloser settings. The proposed method was implemented using 

DIgSILENT and MATLAB software on one of the real electricity distribution networks in Iran. 

The results showed that the proposed method significantly reduces the number of non-

coordination states and prevents interruption of distributed generation sources at the moment 

of a short-circuit . 

 

Modeling earthing system and location objective function with PSO algorithm 

 

The objective function of the problem  

As mentioned, the purpose of this article is to minimize losses and imbalances in the distribution 

network. Therefore, we define the following objective function: 

 

𝑀𝑖𝑛{𝐹}                  (1) 
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Which, the F function is defined as follows: 

𝐹 = 𝜔1

𝑃𝑙𝑜𝑠𝑠

𝑃𝑙𝑜𝑠𝑠 0
+ 𝜔2

∑ 𝑑𝑞𝑣𝑖
𝑛
𝑖=1

∑ 𝑑𝑞𝑣𝑜0
𝑛
𝑖=1

                     (2) 

 

𝑃𝑙𝑜𝑠𝑠 0: Initial losses 

𝑃𝑙𝑜𝑠𝑠: Losses considering the earthing system 

𝜔1 , 𝜔2   : Weighting coefficients of the objective function, which : 𝜔2 + 𝜔1 

𝑑𝑞𝑣𝑖: The voltage balance index in the initial state. 

𝑑𝑞𝑣𝑜: The voltage balance index considering the earthing system which is defined for each bus 

as follows: 

 

𝑑𝑞𝑣 = √
1 − √3 − 6𝛽

1 + √3 − 6𝛽
                           (3) 

 

Which, the coefficient is defined as follows : 

𝛽 =   
|𝑉𝑎𝑏|

4 + |𝑉𝑏𝑐|
4 + |𝑉𝑐𝑎|4

[|𝑉𝑎𝑏|
2 + |𝑉𝑏𝑐|

2 + |𝑉𝑐𝑎|2]2
                                                 (4) 

 

This problem is considered as Fig. 1 

 
Fig. 1. Structure of a proposed particle 

 

A particle is an array with a length equal to the number of bases, of which “0” means that there 

is no earthing system, and “1” means choosing the base as the installation location of the earthing 

system. 

 

Particle distribution in the unbalanced four-wire network 

A characteristic of a low-voltage distribution network is that it is imbalanced, and this imbalance 

passes through the neutral conductor. Thus, an algorithm that can consider this imbalance is 

needed for load distribution. The Backward Sweep (BS) method was used in the present study 

for load distribution, which was implemented in three steps and according to a single-line 

diagram (as shown in Fig. 2). 
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Fig. 2. A section of the low-voltage four-wire network  

 

In the load distribution algorithm, the three phases of each node or part of the line are defined 

by a single index, regardless of the number of phases of these nodes or lines. Fig. 4 shows 

distribution L between nodes i and j with shunt impedance, ZL, and nodes load. 

 

𝒁𝑳 =

[
 
 
 
 
 
𝒁𝒂𝒂 𝒁𝒂𝒃 𝒁𝒂𝒄 𝒁𝒂𝒏 𝒁𝒂𝒈

𝒁𝒂𝒃 𝒁𝒃𝒃 𝒁𝒄𝒃 𝒁𝒏𝒃 𝒁𝒃𝒈

𝒁𝒄𝒂

𝒁𝒂𝒏

𝒁𝒂𝒈

𝒁𝒄𝒃

𝒁𝒏𝒃

𝒁𝒈𝒃

𝒁𝒄𝒄

𝒁𝒏𝒄

𝒁𝒈𝒄

𝒁𝒄𝒏

𝒁𝒏𝒏

𝒁𝒈𝒏

𝒁𝒄𝒈

𝒁𝒏𝒈

𝒁𝒈𝒈]
 
 
 
 
 

                        (𝟓) 

 

Where, 

a,b,c: Phase lines 

n: Neutral conductor 

g: Earth 

 

If each of the phases, neutral conductor, or related earth does not exist, the corresponding rows 

and columns in the matrix will be all “0”. The capacity of the shunt LV can be omitted. 
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Fig. 3. Four-wire network model 

 

 

 

 

 

 

 

 

Step 1: Calculation of the currents 
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[
 
 
 
 
𝑱𝒊𝒂

𝑱𝒊𝒃

𝑱𝒊𝒄

𝑱𝒊𝒏

𝑱𝒊𝒈]
 
 
 
 
(𝑲)

=

[
 
 
 
 
 
 
 
 
 
 
 
 (

𝑺𝒊𝒂

𝑽𝒊𝒂
)
(𝒌−𝟏)∗

(
𝑺𝒊𝒃

𝑽𝒊𝒃
)
(𝒌−𝟏)∗

(
𝑺𝒊𝒄

𝑽𝒊𝒄
)
(𝒌−𝟏)∗

𝒁𝒊𝒈

𝒁𝒏𝒊𝒏+𝒁𝒊𝒈

(𝑺𝒊𝒂
(𝒌) + 𝑰𝒊𝒃

(𝒌) + 𝑰𝒊𝒄
(𝒌))

 

𝒁𝒏𝒊𝒏

𝒁𝒏𝒏𝒊+𝒁𝒈𝒊

(𝑺𝒊𝒂
(𝒌) + 𝑰𝒊𝒃

(𝒌) + 𝑰𝒊𝒄
(𝒌))

 

]
 
 
 
 
 
 
 
 
 
 
 
 

   

[
 
 
 
 
𝒀𝒊𝒂     

 𝒀𝒊𝒃
   

 
 
 

 
 
 

𝒀𝒊𝒄

 
 

 
𝒀𝒊𝒏

 

 
 
𝟎]
 
 
 
 

 

[
 
 
 
 
𝑽𝒊𝒂

𝑽𝒊𝒃

𝑽𝒊𝒄

𝑽𝒊𝒏

𝑽𝒊𝒈]
 
 
 
 
(𝑲−𝟏)

                    (𝟔)    

 

Where, 

𝐼𝑖𝑎, 𝐼𝑖𝑏, 𝐼𝑖𝑐:  The Injected currents to the ith busbar 

Sia, Sib, Sic: The apparent power of electricity subscribers in the ith busbar 

Vic, Vin: Vib, Via: The voltages of ith busbar 

Yic, Yin: Yib, Yia: Admittance of shunt elements of ith busbar 

Zgri: Earth impedance in i-th busbar, which  Zgi=Zgri+Zggi 

 

Step 2: Calculation of the lines current 

At this step, as known, the process starts from the last layer (or bottom line) and goes back, and 

the current of each line is equal to the sum of the currents of the lines that are in front of it. 

 

 

[
 
 
 
 
𝑱𝒊𝒂

𝑱𝒊𝒃

𝑱𝒊𝒄

𝑱𝒊𝒏

𝑱𝒊𝒈]
 
 
 
 
(𝑲)

= −

[
 
 
 
 
𝑰𝒊𝒂

𝑰𝒊𝒃

𝑰𝒊𝒄

𝑰𝒊𝒏

𝑰𝒊𝒈]
 
 
 
 
(𝑲)

+ ∑

[
 
 
 
 
𝑱𝒎𝒂

𝑱𝒎𝒃

𝑱𝒎𝒄

𝑱𝒎𝒏

𝑱𝒎𝒈]
 
 
 
 

𝒎≠𝑴

                      (𝟕) 

 

 

Jib, Jia, Jin: Current in the ith line 

M: The number of lines in front of the J-th busbar 

 

Step 3: Calculation of the busbars voltage 
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𝑽𝒂

𝑽𝒃

𝑽𝒄

𝑽𝒏

𝑽𝒈]
 
 
 
 
(𝑲)

=

[
 
 
 
 
𝑽𝒂

𝑽𝒃

𝑽𝒄

𝑽𝒏

𝑽𝒈]
 
 
 
 
(𝑲)

−

[
 
 
 
 
 
𝒁𝒂𝒂 𝒁𝒂𝒃 𝒁𝒂𝒄 𝒁𝒂𝒏 𝒁𝒂𝒈

𝒁𝒂𝒃 𝒁𝒃𝒃 𝒁𝒄𝒃 𝒁𝒏𝒃 𝒁𝒃𝒈

𝒁𝒄𝒂

𝒁𝒂𝒏

𝒁𝒂𝒈

𝒁𝒄𝒃

𝒁𝒏𝒃

𝒁𝒈𝒃

𝒁𝒄𝒄

𝒁𝒏𝒄

𝒁𝒈𝒄

𝒁𝒄𝒏

𝒁𝒏𝒏

𝒁𝒈𝒏

𝒁𝒄𝒈

𝒁𝒏𝒈

𝒁𝒈𝒈]
 
 
 
 
 

 

[
 
 
 
 
𝑱𝒊𝒂

𝑱𝒊𝒃

𝑱𝒊𝒄

𝑱𝒊𝒏

𝑱𝒊𝒈]
 
 
 
 
 

 . (𝑲)                    (𝟖) 

 

 

Where,  

Zaa, Zbb, Zcc, and Znn: The lines impedance of the phases and the neutral conductor . 

 

Voltage correction 

Voltage correction should be done in busbars with earthed neutral and downstream busbars. 

Voltage in busbars with earthed neutral for kth repetition is defined as follows: 

 

𝑉𝑖𝑛
𝑘 = 𝑍𝑔𝑛𝑗𝑙𝑔

(𝑘)
, 𝑖 ∈ {𝐺𝑟𝑜𝑢𝑛𝑑𝑒𝑑 𝑛𝑜𝑑𝑒𝑠}                           (9) 

 

The above steps continue until the error value specified for the power is less than a value defined 

by us. 

 

Optimization using Particle Swarm Optimization (PSO) algorithm 

History of the PSO algorithm: 

Particles swarm optimization by birds algorithm is an optimization technique based on collective 

intelligence and acts according to the initial answers. This technique was first developed by 

Eberhart and Kennedy in 1995 based on the social behavior of flocks of birds and fishes. 

 

Optimization using the PSO algorithm 

In many cases, this technique acts similar to evolutionary computational techniques like Genetic 

Algorithms (GA). In this algorithm, the system starts to run with some initial answers and tries 

to find the optimal answer by moving or dislocating these answers during successive repetitions. 

Unlike genetic algorithms, the PSO algorithms do not include evolutionary operators such as 

mutations or crossover (recombination). The problem answers in the PSO (particles) are the 

search space to find the optimal results for a system. The PSO algorithm acts based on the social 

behavior of a flock of birds. To better understand this technique, the following scenario is 

considered: “A flock of birds randomly search for food in a certain area. There is only one piece 

of food in this area, while the birds do not know the location of the food, but they know their 

distance from the food location at each moment.” In this condition, a proper strategy to find the 

exact location of the food is to follow the bird that is closer to the food than other birds. The PSO 

algorithm is inspired by such a scenario and offers a solution for the optimization of the 

problems. In the PSO algorithms, each bird acts as a solution to a problem. All available answers 

have a competency value that is obtained from the function defined for the problem. The 

fundamental of this technique is to find the location with the best competency in the problem 
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space. This value has a direct impact on the speed of movement of these birds from problem 

answers to the location (optimal answer) . 

 

Introducing the PSO method 

The basis of this method is to find the optimal solution using the particle swarm. Each particle is 

a candidate and represents a solution to the problem. Some of the interesting features of the PSO 

method are (i) simplicity, and (ii) high speed compared to other evolutionary methods such as a 

genetic algorithm. In the PSO algorithm, there is a swarm of “m” particles, in which each particle 

“i” with a mass of mi has a location of  Xi(t) and speed of Vi(t) in a D-dimensions search space.  

 

 

𝑃𝑜𝑝(𝑡) = (𝑥1(𝑡), 𝑥2(𝑡), … , 𝑥𝑛(𝑡)}                       (10) 

𝑉𝑖 = (𝑣𝑖1, 𝑣𝑖2, … , 𝑣𝑙𝑁}                   (11) 

𝑋𝑖 = (𝑥𝑖1, 𝑥𝑖2, … , 𝑥𝑙𝑁}                   (12) 

𝑃𝑏𝑒𝑠𝑡𝑖 = [𝑃𝑏𝑒𝑠𝑡𝑖1, … , 𝑃𝑏𝑒𝑠𝑡1𝑁]            (13) 

𝐺𝑏𝑒𝑠𝑡𝑖 = [𝐺𝑏𝑒𝑠𝑡𝑔1, … , 𝐺𝑏𝑒𝑠𝑡𝑔𝑁]                 (14) 

𝑉𝑖
𝑙+1 = 𝑊.𝑉𝑖

𝑙 + 𝐶1
 . 𝑅𝑎𝑛𝑑(0.1). (𝑃𝑏𝑒𝑠𝑡𝑖 − 𝑋𝑖

𝑙) + 𝐶2
 . 𝑅𝑎𝑛𝑑(0.1). (𝑃𝑏𝑒𝑠𝑡𝑔 − 𝑋𝑖

𝑙)                (15) 

 

𝑉𝑖
𝑙+1 = 𝑋𝑖

𝑙 + +𝑉𝑖
𝑙+1                 (16) 

 

(a) Particle swarm (pop (t)): “m” particles that are initially randomly located and lead the 

function to the optimal answer. 

(b) Pbest: This parameter indicates the best location that each particle has gained during the 

algorithm execution. 

(c) Gbest: This variable indicates the best location that all the particles have gained during the 

algorithm execution. 

(d) Personal recognition (C1): This coefficient causes the particle to move due to Pser to the best 

location which it has ever gained. 

(e) Global recognition parameter (C2): This coefficient causes the particle to move towards GBest, 

the best location that all the particles have ever gained. 

(f) Inertia coefficient/mass coefficient (W): This coefficient leads to the balance in local and 

global searching in the algorithm. 

(g) Speed (V): This parameter shows the change in location of the particle in the search space. 

The path of the particle movement is shown in Fig. 3. As can be seen in Fig.3, the location of the 

particle at the next moment is determined using the two parameters “Pies” and “Guest”. The 

third effective factor in the determination of the future location of the particle is the previous 

speed of the particle. These three factors together determine the future location of the particle. 

In other words: 

 

𝑉𝑖
𝑙+1 = 𝑋𝑖

𝑙 + +𝑉𝑖
𝑙+1                 (16) 
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Fig. 4. Mechanism of the PSO algorithm 

 

Hence, if C2≫C1, the particles tend to Gbest (global-best positions). Whereas, if C1≫C2, particles 

tend to Pbest  (personal-best positions). In this case, to have an average state, it must be C1 = C2. 

In this case, the tendency to reach Pbest and Gbest will be equal. If C1 and C2 are large values, the 

speed of reaching the optimal points will increase, whereas the accuracy of calculating the 

optimal point will decrease and the probability of fluctuation in the calculation of optimal points 

in this algorithm will increase. On the other hand, if the values of C1 and C2 are small, the 

accuracy of calculating the optimal point will increase, whereas the speed of reaching optimal 

points will decrease. In general, the condition C1+C2 ≥ 4 is established for C1 and C2. Normally, 

C1 = C2 = 2/05 is considered to meet these two conditions (speed and accuracy). The inertia 

coefficient or mass “W” leads to reaching the optimal point. The small values of W cause slow 

movement (displacement) of points, and so, the search space becomes small. On the other hand, 

the large values of W, result in a large range of movements, and so, search space becomes large. 

If W = 0, the particle swarm reaches the endpoint with a highly accurate. If W = 1, the particle 

swarm reaches the endpoint, slowly. Thus, when running the algorithm, small values of W lead 

to rapid convergence in an optimal local location while large values of W prevent convergence. 

Normally, in the running the PSO algorithm, the value of W must be adjusted during the training 

and reduced linearly from 1 to near 0. The following equation is used to set W . 

 

𝜔 = 𝜔𝑚𝑎𝑥−

𝜔𝑚𝑎𝑥−𝜔𝑚𝑖𝑛

𝐼𝑡𝑒𝑟𝑚𝑎𝑥
× 𝐼𝑡𝑒𝑟                      (17) 
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𝐼𝑡𝑒𝑟𝑚𝑎𝑥   : The maximum number of repetitions 

𝐼𝑡𝑒𝑟   : The current repetition number 

𝜔𝑚𝑎𝑥 : The maximum value of the inertia coefficient 

𝜔𝑚𝑖𝑛   : The minimum value of the inertia coefficient 

 

The problem of optimal planning and formulation for home appliances 

In this section, the planning of appliances performance is formulated and presented using linear 

planning mixed with integers and binary variables. The proposed solution is represented below. 

 

Problem specifications 

For planning, a set of appliances is specified with a number of “N” and their specifications are 

determined based on “i” (from 1 to N). The amount of power of the appliances is different and 

its amount is specified in section “k”. 

 

 

 

 

 

Determinant variables 

The unit of  𝑃𝑖𝑗
𝑘  is kWh. By multiplying it by a factor (15/60=0.25), it can be represented in a 

unit of kW. 𝑃𝑖𝑗
𝑘  is the actual (or active) value of the load. In addition to 𝑃𝑖𝑗

𝑘 , an auxiliary binary 

variable is needed to determine the load processing. The binary determinant variables are shown 

as 𝑋𝑘
𝑖𝑗

∈ {0,1}𝑋𝑘
𝑖𝑗

= 1. For example, appliance “i” with a phase of load “j” is processed at the 

time of part “k”, otherwise Xkij = 0. Similarly, we can show other binary auxiliary variables with 

Skij = 0 that the processing for appliance “i” with a phase of load “j” is performed at time “k”. 

This shows that Xkij and Skij are complementary, and the binary variables are Xkij = 1 and Skij = 

1, for example: 

Xkij + Skij = 1    ∀Ii, j, k 
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Fig. 5. The proposed flowchart for the PSO algorithm 

 

Results 

The test network used in the present investigation was a low-voltage network located in Mosian 

city (south of Ilam province). This city has 26 bases and its single-line diagram is shown in Fig. 

6. Table 1 shows the values of the PSO parameters. Before running the algorithm, the load 

balancing was performed in the test network, and the loads were divided equally between the 

different phases. The optimization results are listed in Table 2. According to Table 2, bases of 4, 

9, 13, 17, 30, and 42 were diagnosed to be suitable for installing the earthing system. Finally, it 

was founded that the loss rate has been reduced from 2579 W to 1922 W. 
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Fig. 6. Network 

 

Table 1. Parameters of the PSO setting  

Value Parameter 

46 Number of sub-swarm 

0 Number of particles 

0.9 Maximum coefficient value 

0.2 Minimum coefficient value 

2 𝐶2 و   𝐶1 

50 The number of repetitions 

30 Every initial speed of every generation 

 

 

Table 2. Results of optimal selection of earthing system location 

Location of bases  Losses Voltage balance index 

4,9,13,17,30,42 1922 0.119 
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The voltage diagram of the neutral conductor at the foundations (bases), before/after installing 

the earthing system is shown in Fig. 7. As shown, the neutral voltage has decreased after 

installing the earthing system. 

 

 
Fig. 7. The neutral voltage before/after installation of the earthing system 

 

The imbalance index for the foundations (bases) before and after the installation of the earthing 

system is shown in Fig. 8. According to Fig. 8, the amount of imbalance has decreased after the 

installation of the earthing system. The total imbalance index before the installation of the 

earthing system was equal to 0.1235, which decreased to 0.119 after the installation of the 

earthing system. 
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Fig. 8. Voltage imbalance index before/after installation of the earthing system 

 

Conclusions 

Since reducing losses and balancing network voltage is one of the main aims of electric power 

distribution companies, so locating an electrical erarthing system for this purpose can lead to 

useful results. Hence, it is suggested that by practical implementation of results of simulation 

and calculations of losses and voltage balance in similar networks, this method can provide high-

quality and reliable electricity to all subscribers. 
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