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ABSTRACT

All electrical energy is generated, transmitted, and distributed
in the form of a three-phase system. Ideally, the perceived
stress of the equipment is a three-phase voltage with a
sinusoidal and balanced shape. However, the unbalanced
loading and impedance of the line impedance causes the
voltage felt by the equipment to become unbalanced. For large
power consumers, such as educational institutions,s hotels,
offices, shopping centers, industries, etc. are connected with 3
phase electricity (phase R, S and T). In the planning and
installation of electrical installations by installers (Electrical
Experts) it is always planned that the load connected to the R,
S and T phases is attempted evenly (equally), but in operation
(ON / OFF) electricity is not always evenly distributed in each
phase, so it occurs unbalanced load between phases. As a
result of unbalanced load between phases causes electrical
power losses. The purpose of this study is to test the
intelligence of the control of the balance of the three-phase
electrical load and compare the unbalanced load current with
the load current after being balanced. The results obtained are
in the form of a prototype control of the three-phase electric
load balance, which can control unbalanced and balanced
currents on the input side sensor as well as the voltage on the
sensor output side. From the results of testing the current at
unbalanced load with the current after being balanced,
obtained phase unbalanced phase data R = 4.43, S phase =
1,162 phase T = 3.18 after being balanced by the system to R
= 2.78, phase S = 3.27 phase T = 3.27, from the results of
measurements and calculations in theory the average
percentage error is obtained for each current test in phase R,
S, T=001A
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1. INTRODUCTION

Unbalanced loads in phases R, S and T will make the current
flow in the neutral point. The greater the unbalanced load will
also make the greater the current flowing at the neutral point.
This makes electricity wasted or power loss occurs. In
addition to loss of power, this unbalanced load will contribute
to the distribution of power by the transformer to a lower
level. To minimize the loss of electrical power caused by
unbalanced load operations and over time the development of
the electrical installation takes place without regard to the
initial planning of the installation of the electrical installation,
and if there is a loss of one or two phases of electricity, a
system control that can detect and regulate the load in phase
R, the S phase and the T phase are relatively balanced, besides
that the Control system created can also provide information
to the user if there is a loss of one or two phases to avoid
power loss. The integrated system in making an unbalanced
load loss control system uses Lab View and Arduino Uno
controllers to function as a regulator of the overall work of the
system [1] [2], the current sensor that functions as a detector
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of load current changes [3], the voltage of the sensor that
functions to detect phase loss [4], a program algorithm (flow
chart) that functions for the steps that must be taken in
programming and modeling systems [5] [6]. To run the
system, we need a program that is embedded into the Arduino
Uno microcontroller, where the software used to create the
program is IDE View Lab, with reference to the flowchart
created [7].

2. METHODOLOGY

System control design from unbalanced power loss, the
system design process is carried out which includes, hardware
design, software design, system testing through laboratory
testing to obtain current and voltage data in connection with
system work.

2.1 Designing a System Model

The design of the system model aims to describe and
determine the components that support the work of automatic
control systems, unbalanced power loss in R, S, T. phases.
The system model is shown in Figure 1, with the following
job description:

Current sensor, functions as a detector of changes in load
current on a 3-phase network. Missing phase detection
sensor, serves to detect phase loss from a 3 phase system. Lab
View and Arduino Uno controllers, which function as media
controllers in the process of managing load supply, use 2
controllers that function as slave masts. Relay, serves as a
Triac input for Switching power load. Triac, functions as a
switch of power supply to the load

Current
Sensor

computer

Voltage
Sensor

Fig 1: Wiring Diagram
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2.2 3 Phase Load Balance Switch Model
Table 1. Main Contactor Load Balancing Switch Model

Phasa Main Contactor 3 lines Phasa R,S, T
Conditions o7 TRz TR3 [ ST [ S2 [ S3 [ T1 [ T2 ] T3
R>ST 0| 1 1 1 1 1 1 1 1
S>R,T 1| 1 1 1 1 0 1 1 1
T>R,S 1|1 1 1 1 1 1 0 1
Table 2 .Switch Load Balancing Switch Model
Phasa 3 lane balance contactor Phasa R,S, T Ket
Conditions K1l | K2 K3 K4 K5 K6
R>S,T 0 0 0 0 1 0 KR1=0
0 0 0 1 KR1=0
S>R,T 1 0 0 0 0 0 KS3=0
0 1 0 0 0 0 KS3=0
T>R,S 0 0 1 0 0 0 KT2=0
0 0 0 1 0 0 KT2=0

Tables 1 and 2 are automatic 3-phase load balancing control
models with 2 combinations of each phase. That is, if phase
R> of S and T, table 1 shows Switch KR1 will be "OFF" and
K5 and K6 will be "ON" (table 2) according to the condition
of the large load ie the current detected if the phase path is
more than 10% of the phase current another.

2.3 Designing ACS758 Current Sensor

Circuits

In Figure 2. The system is integrated with 3 ACS758 type
current sensors with a maximum capacity of 100 Amperes.
The sensor input side is connected to the R, S, T phases while
the output side is connected to the Microcontroller. The
current sensor connection with a microcontroller where the
Current Sensor R is connected to pin A3, the current sensor S
is connected to A4, and the current sensor T is connected to
A5 on Arduino. Where is the blue line. The yellow line is
connected to Ground (GND), and the red line is connected to
the 5volt pin on Arduino.

Fig 2: Current Sensor Circuits
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2.4 Desaining Voltage Sensor Circuits

The voltage sensor that serves to detect the missing phase on
the side of phase R, S, T is designed by using a voltage
rectifier that is adjusted to the input voltage of the
microcontroller Digital pin is 5 Volt DC, where the voltage
sensor input is connected to the 3 phase network between
phase and neutral and the sensor output side with the voltage
generated from the rectifier circuit is 5 volts connected to pins
2,3and 4
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Fig 3: Voltage Sensor Circuits

2.5 Desaining Relay Circuits

The relay used in the system serves to provide a trigger to the
Triac in accordance with the control conditions obtained from
the current value that detects the load imbalance. The relay
used in the system uses a microcontroller that is separate from
the microcontroller used by current and voltage sensors. With
a total of 15 relays connected to Pins 2-13, A0 - A2.
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Fig 4: Relay Circuit

3. RESULT AND DISCUSSION
3.1 Unbalanced Load Testing in Phase R

In Table .1 is testing the current sensor input, in this table
different loads are given for each phase R, S, and T.
Furthermore, the system will process the data and if the
system obtains data where there is one phase with a larger
load 10 % of the other two phases, the system will move the
load from that phase to a phase that has a smaller load than
the three phases to make the load in all three phases balanced.
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Table 1. Flow measurement under conditions R > of S and
T

Phase R > Phase S and Phase R> Phase T
1 75 75 50 25 25 25 100 25 25
035 | 033 [ 023 | 012 | 011 | 010 | 044 | 010 | 0.1
Phase R Conditions after being balanced
75 50 100 25 25 100 25 25
033 | 023 | 046 | 011 | 010 | 045 | 011 | 0.1

In Table .1 is control testing by inputting the load and
measuring the current sensor output, which supplies different
loads in each phase R, S, and T. Then the system will process
the data and if the system obtains data where there is one
phase with a load which is 10% greater than the other two
phases, the system will move the load from that phase to a
phase that has a smaller load than the three phases to make the
load in all three phases balanced.

Load Chart R Phase >Sand T
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Fig 5. Load Graph of Phase R>Sand T
Phaseload R after being balanced by the system
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R S T Phase Load Chart after
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Fig 6. Phase R graph after being balanced
3.2 Testing The Sensor Voltage Output

In the measurement of current sensor output there is an
unbalanced current condition shown in table 2

Table 2. Measurement of sensor output when the load is

unbalanced
Measurement of Unbalanced Sensor
Voltage Output
NO PHASE
R S T
1 4.43 1.62 3.18
2 4.35 3.20 1.72
3 3.16 4.46 3.18
4 3.27 4.54 1.70
5 3.09 1.69 4.36
6 1.74 334 4.50

In table 2. this is the unbalanced output data that is received
by the system where in test 1 and 2 there is the value of the
phase sensor voltage output R> S and T, as well as in tests 3
and 4 where the phase S> R and T, and in Tests 5 and 6
obtained the results of phase measurement T> from R and S.
From the results of the measurement of data for each phase if
there is one phase that is greater than the other phases, the
system will move the phases that have more burden to the less
phases. Table 3. Shows the results of the measurement of
output voltage after being balanced by the system.
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Sensor Measurement Graph is

International Journal of Computer Applications (0975 — 8887)
Volume 177 — No. 9, October 2019

Table 0. Phase Testing is lost at Voltage R, S, T

Total Arus Fasa RS T

Fig 7. The measurement chart of the sensor’s unbalanced
output voltage

Tabel 3. Balanced current sensor output measurement

Balanced Sensor Voltage Output
Measurement
NO FHASE

R S T
1 2.78 3.27 3,27
2.83 3.22 3.32
2 3.17 2.83 3.32
3.07 2.88 3.32
3 3.32 3.22 2.88
3.32 3.36 2.73
4 3.36 2.83 3.32

In table 3. This is the output data that has been balanced by
the system

Phase Sensor Voltage Measurement
Chart

10

Linel Line2 Line3 Line4 Line5 Line6 Line7

e [35Q R emmm=F3s3 S Fasa T

Fig 8. Balanced Sensor Measurement Chart

not balanced Phasa Testing is Lost at VVoltage
10 RS T :
NO Information
— T~ FHASE
5
0 1 0 3.27 3,27 System trip
Linel Line2 Line3 Line4 Line5 Line6 2 2.83 0 3.32 System trip
———FasaR =——Fasas Fasa T 3 3.17 2.83 0 System trip
4 0 0 0 System trip

In table 4. this is the missing phase test data with the
condition that when one phase is zero (0) then the system trip

4, CONCLUSIONS

Test results Automatic control system of three-phase electrical
load balance, can be measured unbalanced and balanced
current on the sensor input side (table 1) and the voltage at the
output side of the phase sensor R, S, T (tables 2 and 3). From
the results of testing the load and stress load is not balanced
with the current and voltage after being balanced, the phase
data is unbalanced, phase R = 4.43, phase S = 1.162 phase T =
3.18. After being balanced by the system to R = 2.78, S phase
= 3.27 phase T = 3.27, From the results of measurements and
calculations in theory the percentage error is obtained for the
average for each test current in phase R, S, T = 0, 01 A. With
the implementation of an automatic control system that
immediately detects phases to overload, where if there is an
overload of more than 10% in one phase, the system will
balance the load by activating the phase switches R, S, T by
moving more phase paths to the phase path that is lacking
until a load balance is obtained.
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