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Abstract

(In this paper, the effect of balanced and unbalanced loads on three-phase systems was studied. In the study, a model of an
automatic load balancing system for three-phase power systems using MATLAB Simulink is developed, and the effect of
time response parameters such as settling time, rise time, undershoot, and overshoot for line voltages and load currents in
two scenarios is analysed. In the first scenario, three equal balanced loads are considered; in the second scenario, the load in
line 2 was doubled to make the system unbalanced. In the simulation result, it is observed that with unbalanced loads,
overshoot and undershoot are recorded for both voltage and load current measurements, indicating that the unbalanced

loads disturb or distort the system.
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1. Introduction

As the growing population of human race widens
the gulf between energy supply and energy demand,
the imbalance in energy availability sent researchers
into excavating for a way of settling this age long
squabble. A lasting solution is vested on alternative
use of the renewable energy source, a project that is
yet to be widely applied. Hence, the continuation of
the unsettled yearns for sufficient power.
Consequently, the power lines are frequently over
loaded resulting to a trip of power by the action of
switch gears or by the load shading process
undertaken by the distribution authorities [1].A
three-phase load is an electrical load that requires
three alternating currents, each with a phase
difference of 120 degrees, to operate. This type of
load is commonly found in industrial and
commercial applications where high power is
required, such as in motors, pumps, compressors,
and large industrial machinery. In a three-phase
system, the load is distributed across all three
phases, with each phase carrying a portion of the
total power. The load is balanced when each phase
carries an equal amount of power, which is
important for ensuring the stability and efficiency of
the power system [2]. Three-phase loads can be
resistive, inductive or capacitive, or a combination
of these. Resistive loads, such as heaters and
incandescent lamps, consume power in phase with
the voltage. Inductive loads, such as motors and
transformers, consume power that is out of phase

with the voltage, while capacitive loads, such as
capacitors and some types of lighting systems,
consume power that leads the voltage [3].Load
balancing is important in three-phase systems to
ensure that the load is distributed evenly across all
three phases, which can help to reduce the risk of
voltage fluctuations, equipment damage, and
downtime. This is typically achieved using various
techniques such as phase shifting transformers,
capacitors, and inductors, or by using electronic
control systems to monitor and adjust the power
supply to each load.An automatic three-phase load
balancing system is a power distribution system that
automatically balances the load across all three
phases to ensure that each phase carries an equal
amount of power. This is achieved using electronic
control systems that monitor the current and voltage
on each phase and adjust the power supply to each
load accordingly. The system typically includes
current sensors and voltage sensors that are installed
on each phase of the power distribution system [4].
These sensors measure the current and voltage on
each phase and send the data to a central control
unit, which uses this information to calculate the
power demand on each phase.Based on this
information, the control unit can adjust the power
supply to each load in real-time to balance the load
across all three phases. This is typically done using
electronic switches or relays that can be used to
divert power from one phase to another as needed.
Some automatic three-phase load balancing systems
also include backup power supplies, such as
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batteries or generators, to ensure that the system can
continue to operate even in the event of a power
outage or other disruption to the power supply. The
benefits of an automatic three-phase load balancing
system include improved power efficiency, reduced
equipment damage, and increased system reliability.
By balancing the load across all three phases, the
system can reduce the risk of voltage fluctuations,
which can damage equipment and reduce efficiency.
Additionally, by automatically adjusting the power
supply to each load, the system can ensure that the
power demand is always met, even during periods
of high demand, which can help to reduce downtime
and improve productivity [5].Three-phase load
balancing is the process of distributing electrical
power evenly across all three phases of a three-
phase power system. In a balanced three-phase
system, the three phases of power are equal in
voltage amplitude and have a 120-degree phase shift
from each other. However, in practical applications,
the power demands of different loads may vary,
resulting in an imbalance in the three phases. Load
balancing is important for several reasons. First, it
helps to prevent overloading of any one phase,
which can lead to voltage drops and potential
equipment damage. Second, it helps to ensure that
the power demand is met efficiently, which can
reduce energy costs and improve system
performance. Third, it can help to improve the
overall power quality of the system, reducing the
risk of voltage fluctuations and other power quality
issues and investigation of three-phase balancing
techniques was discussed in [6]

There are several methods for achieving three-phase
load balancing, including:

Static Load Balancing: This involves manually
connecting loads to different phases of the system to
achieve a balanced load distribution. This is a
simple and low-cost method, but it can be time-
consuming and may not be suitable for applications
with changing loads discussed in [7].

Dynamic Load Balancing: This involves using
control algorithms to monitor the current and
voltage on each phase and adjust the power supply
to each load accordingly. This method can achieve
more precise load balancing and can adapt to
changing loads, but it can be more complex and
costly to implement was explained in [8].

Phase Conversion: This involves converting single-
phase loads to three-phase loads and connecting
them to different phases of the system to achieve a
balanced load distribution. This method can be
useful when there are only a few single-phase loads
in the system, but it can be costly and may require
additional equipment was discussed in [9].
Transformer Tapping: This involves adjusting the
taps on a transformer to redistribute the load
between different phases. This method can be used
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to achieve relatively simple load balancing, but it
may not be suitable for applications with highly
variable loads explained in [10].Overall, the choice
of load balancing method will depend on the
specific requirements and constraints of the
application. In some cases, a combination of
methods may be used to achieve the desired level of
load balancing. The design of an automatic three-
phase load balancing system typically involves the
selection of appropriate sensors, switches, and
relays, as well as the development of control
algorithms that will be used to balance the load. The
system may be tested and validated using
simulations or experimental tests to ensure that it
meets the desired performance specifications. Based
on this project is to make this balancing system
automatically controllable. So we assessed different
papers, journals, conferences and other related
materials discussed in [11].

In [12] an intelligent consumer’s load transfer
scheme is proposed that dynamically reduces
voltage unbalance (VU). In this scheme to minimize
VU in the distribution feeders, consumer’s loads are
transferred from one phase to another without
disconnection of phases. In [13] Scott transformers
are used in a low voltage radial feeder to balance the
distribution system. In this scheme, unbalanced 3
phase power supply is converted to unbalanced 2
phase supply and then converted back to a balanced
3 phase power supply using Scott transformers. In
[14] a new method is proposed for equal sharing of
load and balancing the three phases in a 0.4 KV
distributions grid. They also simulated daily load
flow using MATLAB/Simulink models,a new
phasing identification system is proposed that
measures voltage phase of underground distribution
transformers at the secondary side to determine the
phase load and indicate unbalancing. However, no
proposal is given to reduce the unbalancing. In [15]
a new technique is developed for identifying
automatically the phase each domestic loads is
connected to, this information can be used by the
distribution systems for phase rebalancing.

In this technique voltage information from the
energy meters and phase information from the
transformers is collected over time and then
correlated to determine each customer’s phase. In
[16] a stochastic method is proposed to calculate the
increasing of a single-phase photovoltaic inverter
(PVI1) to voltage unbalancing in LV distribution
networks. The ambiguity in location and phase is
included in a serial number of stochastic indicators.
This technique is used in induction motors, electric
vehicle charging (EVC) and single-phase loads. In
real world, a distribution feeder is usually a three-
phase, four wire system.single phase loads to phases
along a radial feeder should also be recognized in
[17].
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Studying the effect of an automatic three-phase load
balancing system is used to develop a control
mechanism that can monitor the load on each phase
and redistribute it evenly, ensuring forr optimal
operation of the power system

2. Methodology

Assume four groups of loads and each group of
loads have contains different types of electrical
equipment’s or appliance like: Light Iload,
Computer, Stoves, Fan loads are considered in
scenario-1. In the first scenario three group of loads
have total connected loads of 4500 watt with each
line contains equal load of 1500 watt with total
powers in three phase feeders are;

3*1500watt = 4500 watt.

L
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Figure.1. Group of electrical loads of a consumer
for a single line to neutral connection

In scenario-2 three group of loads have total
connected loads of 6000 watt with unbalanced load
in line-1 and Line-3 a load of 1500 watt and in
Line-2 a load of 3000 watt with total powers in
three phase feeders 3*1500watt = 4500 watt were
considered.

2.1. Load current calculation of each phase

Current flow in 1500watt of equal load cases
1500/220 = 6.82 Ampere

Current flow in 3000watt of un equal load cases
3000/220 = 13.64 Ampere

By considering the two scenarios simulation with
Matlab Simulink was done and the time response
parameters such as rise time, settling time,
overshoot and undershoot are compared and
analyzed.

2.2. Distribution transmission line models

A short transmission line is modeled as having only
a resistance and inductance in series with each
other. This model is commonly applied to
distribution networks since the distance between
connecting lines are relatively short.
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Figure 2 short transmission model

2.3. Source voltage modeling

Input voltage for three phase source is 380V for
loaded and 400V for wunloaded cases were
considered. Each phase have 120 degree phase
shifting.

3.1.5 Design of the study system model using
MATLAB Simulink
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Figure. 3. system modeling under study with
resistive load connected.

3. Result and discussion

Scenario.1

If all three phases have equal loads having 1.5kW
each phase and the Simulink graph shows its result
as follow. In a balanced three-phase power system,
the voltages and currents in each phase are equal in
magnitude and 120 degrees out of phase with each
other. This results in a smooth and efficient power
transmission. The simulation result of voltage and
current for the system in scenario-1 at equal load is
given in Figure 4 and Figure 5 respectively,
similarly the time response output results such as
rise time, settling time, overshoot and undershoot
for equal load cases for voltage and current
measurement is also given in table 1 and table 2
respectively, from the result it is observed that at
equal loads the output of the measured parameters
from all the three lines for both load current and
voltages are almost equal with no voltage drop in
each line. On the other hand in scenario-2 in
unbalanced load case the measured parameters of
voltage and currents in the three lines are not equal
and it was shown in the figures 6-7 and in table 3-4
for voltage and current respectively.
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First scenario: Balanced or equal loads in all the
three phase lines

Load on line-1 1500 watt
Load on line-2 1500 watt
Load on line-3 1500 watt

—Line 1 oltage in volt
—— Line 2, oltage in volt
——Line 3 oltage in volt
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Figure. 4. showing voltage in volt at equal load

Table 1 voltage in volt at equal loads

Phase | Rise Settlin | Overshoo | Undershoo
S time gtime |t t
Line 2.2701e | 0.4999 | 300.2666 | -300.2080
1 -07
Line | 3.4309 | 0.4998 | 300.3540 | -300.3541
2 -07
Line 7.0817e | 0.4997 | 300.3537 | -300.3443
3 07
——load current in line-1 in Ampere
——load current in line-2 in Ampere
——load current in line-3 in Ampere
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Figure. 5. showing current in ampere at equal load

Table .2. current in ampere at equal load

Phase | Rise Settlin | Overshoo | Undershoo
S time gtime |t t

Line 2.2701e | 0.4999 | 9.3058 -9.3040

1 -07

Line | 3.4309e | 0.4998 | 9.3085 -9.3085

2 -07

Line 7.0817e | 0.4997 | 9.3085 -9.3082

3 -07
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Second scenario: Unbalanced or unequal loads in all
the three phase lines

Load on line-1 1500 watt

Load on line-2 3000 watt

Load on line-3 1500 watt

——voltage in voltt for Line-1
——voltage in voltt for Line-2
—voltage in voltt for Line-3
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Figure. 6. showing voltage in volt at un equal load

Table. 3. voltage in volt at scenario 2 with unequal
load

0.5

Phase | Rise Settlin | Oversho | Undersho
S time gtime | ot ot
Line |6.6196 | 0.499 | 300.354 | -300.3540
1 e-08 9 0
Line | 1.2613 | 0.499 | 294.220 | -294.2203
2 e-12 8 3
Line | 7.0785 | 0.499 | 300.354 | -300.3540
3 e-08 |7 0
—Line 1 load urrent at scenario-2
——Line 2 load urrent at scenario-2
——Line 3 load urrent at scenario-2
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Figure.7. load current in ampere at scenario -2
with unequal load

Table. 4. load current in ampere at scenario -2
with unequal load

Phase Rise Settlin Oversho  Undersho
S time gtime ot ot

Line 6.6196 0.499 9.3085 -9.3085

1 e-08 9

Line 1.2613 0.499 145894 -14.5894
2 e-12 8

Line 7.0785 0.499 9.3085 -9.3085

3 e-08 7
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Conclusion

In this study the basic concept described was how
unbalanced loads in a three-phase power system can
cause voltage and current waveform distortions,
leading to less efficient power transmission and
potentially damaging equipment. On the other hand
for balanced load the simulation result using Matlab
software also showed that the voltage and the
current measurements output is at equal wave
amplitude at 120 degree phase shift i.e with less
undershoot and overshoot at the comparison of each
phases. In unbalanced load case voltage in line-2
drops from 300.3540 to 294.2203,but the load
current was increased from 9.3085 to 14.5894.In
future the work also can be extended analysed by
considering un equal loads at all phases and by
considering some optimization mechanism.
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