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Abstract. This paper presents the new design and implementation of single phase overcurrent
protection relay based on an Arduino NANO.. The relay is an electromagnetic switch which
operated depending upon the input signal that can turn it (ON/OFF) when the measuring
current is greater than of the sitting current. The proposed relay provides greater operating
flexibility, high sensitivity, reliability, high speed, simple controller. This relay is designed
and tested on the electric system, depending on the use of the controller.The experimental
results from the electrical system test emerged efficiency and speed of the response system to
protect it from any fault .

Keywords: protection circuit, overcurrent relay, Arduino NANO, One Channel Relay,
ACS712

1. Introduction

The electrical power system protection (EPSP) is very important for protecting the user and electrical
and electronic system equipment to protect them from fault, hence for electrical system is not allowed
to work without any type of protection devices installed.

Any undesirable condition that appears in any power system is defined as a power system fault. These
undesirable conditions are (overcurrent leakage current, short circuit problem, line to ground short
faults, over voltage and over current.

The "overcurrent relay protection circuit” is one of the types of protection relay that works when the
load current exceeds a predetermined value. The proposed application system of the overcurrent relay
in this paper is used for over current protection circuit, connected to the single phase power line
calibrated to operate at or above a specific current sitting value.

The proposed system in this paper is a closed loop leads control circuit to fast short circuit levels. The
overcurrent protection is used as a circuit protection in case of communication Faults, [1]-[2]. This
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work will attempt to design overcurrent protection relay by using Arduino NANO as a micro
controller, ACS712 Current sensor module for 30 A, solid-state relay, resistor and bottoms for setting
values for coding the digital signal processing.

This paper arranged as follows: section 2 discusses relevant (overcurrent problem statement), section
3 presents the low cost of overcurrent relay, section 4 discuss practical system description, finally
section 5 offers conclusions and further work.

2. Overcurrent Problem Statement

Overcurrent protection relay is very important circuit to protect any transition branch in the power
system. The proposed system in this paper is presented in Figure (1), the protection unit of the load in
this system consists of three main parts, current sensor unit, overcurrent relay for protection circuit and
microcontroller. In this work, a new circuit is design of an overcurrent relay by using Arduino NANO.
The main properties of the proposed system have been designed with very low cost and high response
speed with good accuracy.

Relay and

C tS
Circuit Breaker urrent Sensor To Load

>

AC

Control
Circuit

Figure 1. The proposed overcurrent protection relay circuit.

3. Low Cost of Overcurrent Relay

The overcurrent relay circuit in this paper is designed by using the Arduino NANO as a
microcontroller. The software program of the practical system was created through the C language. To
ensure the performance of the proposed overcurrent protection circuit on the single phase system
branch. The software emulator is configured to simulate overcurrent reflective properties. The full
circuit board hardware is designed and fabricated using the Arduino NANO board. The inverse
properties were typically tested and verified by using a full hardware system for AC single phase load
line.

3.1. One Channel Relay Module

The relay is an electromechanical device that allows a processor like Arduino to control loads at a
voltage or intensity level much higher than its electronics can withstand. For example, with one relay
output in the Figure( 2), we can turn ON/OFF 240V alternating current loads and 10 Ampere currents,
which covers most household devices that we connect at home to the electrical power grid. Relay
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outputs are very frequent in the field of process automation, and almost all PLCs includes relay
outputs to drive loads such as motors, pumps, air conditioners, lighting, or any other type of
installation or machinery. Physically, The relay behaves like a "conventional" switch, but, instead of
being operated manually, is activated electronically. The relays are suitable for driving loads of both
alternating and direct current.

The Figure (2b) shows the circuit diagram of relay, this driver is an electronic circuit that uses a
transistor to activate the relay coil so that with a small current we activate the circuit that feeds the
relay from an external source. The Figure(2a) shows the one channel Relay module, the properties of
this module are: the relay consumes 80mA at 5V, and has a simple inverter contact of 10 A at
250VAC or 30VvDC and the channel has a status indicator LED, the board also has a general power
indicator LED.

5V DC

D1 ‘ ‘
ON/OFF Signal R1 | |;Q1

High Voltage AC

(@) (b)

Figure 2. One Channel Relay: a) Relay module and b). Circuit diagram
3.2. Current Sensor Module

In this proposal, we used the ACS712 Current sensor module 30 A. This sensor is an economical
solution to measure AC or DC current, it works with a Hall effect sensor that detects the magnetic
field that is produced by the induction of the current flowing through the line being measured. The
sensor delivers a voltage output proportional to the current, depending on the application, we can use
the ACS712-05A for 5 Ampere, ACS712-20A for 20 Ampere or the ACS712-30A for 30Amper.

Figure (3a) shows the ACS712 module, which facilitate their connection, brings a terminal block to
connect the line we want to measure and 3 pins, two to connect the power and a pin for the Analog
output. Figure (3b) shows the full circuit diagram of this module.
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Figure 3. ACS712 Current sensor: a) the module and b) full circuit diagram
3.3.16*2 LCD

The 16x2 Character LCD has an outline size of 80.0 x 36.0 mm and a size of 66.0 x 16.0 mm with a
maximum thickness of 13.2 mm. The 16x2 LCD displays the built-in ST7066 controller or equivalent.
It is optional for power supply + 5.0V or 3.0V. The main interfacing pins comments of this LCD are
present in Figure (4). This type of unit can be operated at temperatures ranging from -20 °C to + 70 °C;
storage temperatures range from -30 °C to + 80..

RS (Register Select)
RW (Read/Write)

E (Enable)
Backlight Cathode

Backlight Anode

=)
=
=
e
1G]
=
2]
L]
=

VDD (5V)
VE (Contrast)

Do
D1
D2
D3
D4
D5
Dé
D7

Figure 4. 16x2 LCD with interfacing comments.

3.4. Arduino NANO Module

The Arduino NANO is an open source microcontroller platform. The Arduino we will use in this
paper is an Arduino Nano. It has dimensions of 43 x 15 mm. It has a USB port that allows you to
connect directly to a computer (no adapter required), and also provides 5V power while connected.
Once programmed and disconnected from the computer, it can be independently powered by 7 to 12V
applied to the VIN (connected to positive battery or source) and GND (connected to negative) pins.
The Arduino Nano also has 3.3V (Pin 3V3) and 5 V (Pin 5V) voltage outputs. Pins A0 to A7 are
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Analog input (receive values between 0 and 5V), and DO to D13 support digital input (recognize two
values: OV - LOW logic level or 5V - HIGH logic level). Analog output is simulated via PWM only
via digital pins D3, D5, D6, D9, D10 and D11. The other digital pins, as well as pins A0 to A5, can
operate as digital output. The diagram in the Figure (5) illustrates the Arduino Nano pinout:

Arduino pins support a maximum of 40mA (plugging in a circuit that lets more current through can
burn the pin). Resistors must be calculated to limit current. The entire Arduino provides a maximum of
200mA. But it is possible to control circuits that consume much more current, since the signals sent
and received by the pins are intermediated by circuits that reduce currents and voltages to levels
supported. This can be done with resistors, capacitors, transistors, relays and other devices.

Care must also be taken not to short the outputs (5V or 3V3 connected directly to GND). Analog and
digital pins can be connected directly to 5V or OV only if used as inputs. These values are treated as
information (logical level HIGH and LOW) by an Arduino. To use them as outputs, you must
configure this functionality in programming, and take the same care as outputs 5V and 3V3 (do not
connect directly to GND), and use resistors to keep current flowing within the limit.

QreemEaeeemes

-mz.Cu ﬂu.na m\o; e D4 B3E~"26ND nsrw 'A"!n

In-Circuit Serial
Programming

Digital Pin D13 Analog Pins (A0-A7) B,

Input Power
3.3V output 5V output

Figure 5. Arduino NANO pin layout

4. Practical System description

The final practical circuit for the overcurrent relay is shown in the Figure (6a). The hardware
system in Figure (6b) consist of six components connected together, (1) Arduino Nano with base
board, (2) ACS712 Current sensor module, (3) one channel relay module, (4) input and output socket
(5) 16*2 LCD and finally (6) bottoms for sittings values. The hardware system has been tested in the
lab by checking the sensor measuring the line current and compared it to sitting value, The results

presenting on the LCD screen. Figure (6a) presents the final system design and Figure (6b) present the
full hardware system .
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(a) | (b)

Figure 6. Final Hardware design of the overcurrent relay circuit: a) final system design and
b) full circuit hardware circuit

Figure (7) present the main platform window for open source programing window that is used to
program the Arduino NANO as a microcontrollers .

File Edit Sketch Tools Help

int Imax = 3.0;

LILILLSIS LIPS P77 77

void setup () {
// set up the LCD's number of columns and rows:

led.begin (16, 2) ;
// Print a message to the LCD.
//led.print ("hello, world!"™);
pinMode (buttonStatel, TNPUT) ;
pinMode (buttonState2, INPUT) ;
pinMode (buttonsState3, INPUT) ;
pinMode (buttonStated, INFUT) ;
pinMode (RelayPin, OUTPUT) ;
led.setCursor (0, 0) ;
led.print ("TITm=") ;
led.setCursor (3,0) ;
led.print (Im) 7
led.setCursox (8,0) ;
led.print ("TD="") ;
d.setCursor (11,0) »
d.print (TD) ;
.setCursor (0,1) ;
led.print ("Ts=");
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According the full circuit designed in the Figure(6), the flowchart in Figure (8) shows the full practical
working system. It shows the Arduino NANO (the microcontroller) senses the single phase current in
a transmission line . the first case, If the measuring current greater than the max current sitting value,
then the Arduino NANO send signal to turn the Rely ON without any delay or waiting. The second
case, If the measuring value exceeds the value of setting value, the microcontroller waiting (TD ms)
to check if the measuring value is a Fault or just a sudden increase in measuring current. Then, if the
measuring vale continued more than (TD ms), the microcontroller send signal to the overcurrent
circuit relay to turn The relay ON. After 5 minutes the Relay turn OFF and the system returns to
measure the line current.
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Figure 8. The Flowchart of the Arduino NANO program
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5. Conclusions and Future work

The overcurrent relay circuit in this paper is designed by using the Arduino NANO as a
microcontroller. The software program of the practical system was created through the C language. To
ensure the performance of the proposed overcurrent protection circuit on the single phase system
branch, the software emulator and solid tool circuit were developed. The software emulator is
configured to simulate overcurrent reflective properties. The full circuit board hardware is designed
and fabricated using the Arduino NANO board. The inverse properties were typically tested and
verified by using a full hardware system for AC single phase load line.

For the future work, the proposed circuit in this paper can be developed and reprogrammed to provide
further additional protection plan such as undercurrent and earth fault protection and can provide
protection for single-phase AC motors and other electrical appliances. This circuit can also be
innovated and programmed to provide comprehensive protection for three-phase systems and can be
considered a future scope for this prototype.
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