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ABSTRACT 

The information of a distributed single-phase loads was 

used to balance the currents in a three-phase system. The 

feeder phase and load profile of each single-phase load 

are used to reconfigure the network via an optimization 

process. A new developed ‘phase tracer' equipment was 

used to determine the feeder phase of each load. By 

balancing the current of three phases, the current of 

Neutral Conductor in substation’s transformer was 

reduced about 80%. This method also aimed to reduce 

the current in the other Neutral Conductors in network.  

The optimization process was performed by CYME 

software. 

 

INTRODUCTION 

Voltage quality and the power loss are the main concerns 

for the electrical engineers. These properties are resulted 

from different phenomena, but for a traditional urban LV 

network, the most affecting factor is asymmetry of the 

loads. This kind of problem has been noted from many 

years ago [1]. In many cases, the loads of an urban 

substation transformer are single-phase while these 

single-phase loads are connected asymmetrically to the 

secondary of transformer.  The output configuration is Y 

shape, so besides the R, S and T conductors, there is a 

neutral conductor in center of Y, that any single-phase 

load must be connected from one side to this neutral 

conductor and from the other side to one of the three hot 

phases (R, S or T). Beside of asymmetry in the physical 

topology, another important factor is difference between 

the consumption values of the loads, because the 

consumption is retarded to the habits of customers.  The 

unbalancing in network not only results power loss due to 

the current in neutral conductor but also makes the 

voltage profile poor especially at the end of power line. 

In classic method, the balancing of network is performed 

manually by a workman; the approach shall be explained 

later in a separate section. 

In a structural and automated method, for reducing the 

current in the neutral conductor, two steps should be 

concerned. First, the arrangement of distributed loads 

over the three phases should be known as an essential 

data. Second, an appropriate optimization method should 

be used to achieve the result.  

In many researches, the arrangement of network was 

supposed as clear and determined parameter. These 

methods used different optimization methods to reach 

best result for reconfiguration of network to reduce the 

current of neutral conductor. If the power of loads is 

constant, it possible to zero the current of neutral 

conductor [2, 3, 4], but this assumption is not appropriate 

for an urban network. 

A practical method for balancing is using the switching 

power supplies that enable to inject the active power in 

each phase selectively. This method is able to reduce the 

current of neutral conductor only in substation 

transformer. The considerable cost of device is another 

problem for this method [5, 6, 7]. 

Continuous measuring the output currents of the 

substation transformer and changing the connection of 

each single-phase load from high load phase to minimum 

load phase, is another approach for balancing the current 

in the network [8]. This technique compounded with 

intelligent decision of Neural Network was used in 

another research [9]. Related to previous method, in a 

simulation method, it was supposed that the instantaneous 

current of each load is measurable at the substation via 

Power Line Carrier. By this assumption and applying an 

optimization process, total balancing in the entire of 

network was performed [10]. It is notable that 

unbalancing in currents can increase the power loss and 

temperature of transformer [11]. 

Next, we introduce our method that uses the arrangement 

of single-phase loads in network and also statistical 

property of consumptions to minimize the current of 

neutral conductor in substation transformer and also in 

other part of network. 

 

THE PROPOSED METHOD 

As it mentioned before, the loads connection map is 

asymmetric, this means that the current of hot phases are 

different with each other which resulting a current in 

neutral conductor. It is obvious that if the loads are totally 

symmetric, the current amplitude of R, S and T phases 

will be equal to each other and the neutral conductor shall 

not carry any current, but practically it is not possible to 

happen for distributed single-phase loads. Another 

restriction is that each consumer uses the electrical 

energy with a special and different profile in 24 hours of 

a day. Although, consumption profiles are different with 

each other but it possible to classify the consumers to 

some distinct classes; for example household, public 

place, commercial office and small workhouse. By this 
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division, it is possible to define a general Load Profile for 

each class that the profile covers the behaviour of the 

most members in 24 hours of a day. 

In this research, the information of loads is used to 

reconfigure the grid connection for decreasing the 

average current in neutral conductor inside and outside 

the substation simultaneously. 

The steps of work are listed as follows: 

A- Determining the hot phase that currently feeds each 

load. 

B- Determining the type of load and assigning a load 

profile . 

C- Optimizing the configuration. 

In continue, each step shall be explained. 

 

A-Determining the hot phase that currently feeds 

each load 

In this preliminary step, a 'phase tracer' equipment was 

used to determine the feeding phase of each load. This 

equipment includes of two parts. The first part is a signal 

transmitter that is fixed in the substation and the other 

part is a portable device which is carried by electrical 

workman to the place of single-phase load. He/she 

connects the portable device into a plug in parallel of 

single-phase load. There are 3 color-LEDs over the 

portable device that one of them shall be lighten based on 

the hot phase (R, S or T) that feeds the single-phase load. 

This equipment is shown in figure 1. It has been designed 

and developed by first author after two years researching 

and testing different ideas. It has been tested in many old 

fashion 4 wires electrical network and the accuracy of 

results was over 99.5% when distance between load and 

substation is lower than 350m. In case of new electrical 

networks with Messenger conductor, the accuracy shall 

be 100%, regardless of measuring distance. 

 
  

  

Fig1. Phase Tracer equipment. Fixed part is in right side and 

portable part in left side. 

 

 

 

B- Determining the type of load and assigning a 

load profile  

The type of loads could be easily determined in 'phase 

tracing' process. But, assigning the load profile need 

some ex-prepared curves. In this research, these curves 

have been computed previously based on long duration 

data gathering from different type of consumer. The long 

data of each type was averaged separately to produce the 

'Load Profile' . 

 

C- Optimizing the configuration 

This step is a high dimensional optimization problem. 

This kind of problem are usually cannot be solved 

analytically; instead, random search based method are 

preferred to be used. In each optimization method, it 

needs defining a ‘target’ that iterative process aims to 

reach it. For this problem, the ‘target’ is zeroing the 

current of neutral conductor. 

For optimizing the problem, the above preliminary 

logged data of our electrical system was recorded in a 

GIS (Geographical Information System) based structure 

in CYME software.  All of data includes the substation 

specification, conductor type, position and type of 

distributed load, load consumption curve (load profile) 

were stored in database.  

The CYME software has an internal optimization 

algorithm that its result is a new configuration for the 

network and proposing some changes in single-phase 

connections. 

 

RESULTS 

The output of CYME software was used to gain the 

optimum configuration for electrical network. 

Problem was defined on a 20KV/380V, 315KVA 

transformer with 95 different type loads that were mostly 

of household type. The Result of CYME optimization 

was 12 changes in electrical network.  

The current value for three phases and neutral conductor 

of transformer before and after reconfiguration are shown 

in figure 2. 

The calculations show that the voltage profile of 

distribution electrical network was improved about 

1.36% and the power loss in conductors was decreased 

about 8%. 

COMPARING THE PROPOSED METHOD 

WITH CLASSIC MANUAL METHOD  

In classic method for balancing a network, a professional 

workman measures the current of neutral conductor in the 

substation and main branches of network, and tries to 

balance the current by exchanging the branches from one 

phase to another. It is obvious that there is no guarantee 

about the zeroing the neutral current in the entire of 

network.  
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(a) 
 

 
(b) 

Fig 2. Current values of three phases and neutral conductor, before 

and after reconfiguration. Horizontal axis shows 30 days before 

reconfiguration and 30 days after reconfiguration.   a) Gray color 

for Neutral Current and Red, Blue and Green for three hot phase’s 

current.    b) Gray color for Neutral Current and Red for the most 

deviated phase 

 

 

Another and important difference is that in classic 

method, the balancing is performed in a short period of 

day. This means that by passing the time, the 

consumption of loads will changed in different manners. 

So, it is obvious that the network shall be unbalanced 

again. But, the proposed method tries to find an optimum 

solution that result the heist probability of balancing in all 

of the 24 hours of day. This is the main difference 

between our method and the classic method. 

 

CONCLUSION AND FUTURE OF THE WORK 

It was shown that information about the feeding phase 

and load profile in a distributed single-phase network can 

be used for balancing the network and decreasing the 

current value in neutral conductor. 

The classic method for zeroing the neutral current in 

substations, only is focused on the neutral node in the 

transformer of substation, but the proposed method not 

only reduces the current of neutral node in substation but 

also decrease the current of other neutral conductors in 

the other parts of LV network. 

Beside of decreasing the current of neutral conductor, 

calculations show that the voltage profile of distribution 

electrical network has been improved about 1.36% and 

the power loss in conductors has been decreased about 

8%. 

In contrast with manual balancing method, the proposed 

method tries to find an optimum solution that maximizes 

probability of balancing for the entire of 24 hours of a 

day . 

A new developed ‘phase tracer’ equipment was used as 

an essential tools for performing the balancing. For recent 

electrical networks with Messenger conductor, it is 

possible to install this low cost ‘phase tracer’ equipment 

inside the meters and measuring the data in substation or 

control room automatically. If the instantaneous 

consumption of each load is also transmitted to Center 

Room, then it is possible to compute the balancing results 

online; based on the temporary status of grid. And, if 

there is a selective switch for each load which lets 

changing the feeder phase, then the network balancing 

shall be done automatically. 

It was seen that the neutral conductor current was not 

fully zero. This is result of two properties. First the used 

‘load profile’ was a statistical average of different data. 

Second, for a certain problem, all of the optimization 

methods might not converge to absolute optimum point. 

For the first problem, extracting the voltage profile of 

each load individually, and for the second problem, 

comparing with another optimization method like Genetic 

Algorithm, are the solutions and future research subjects 

in this area. 
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