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ABSTRACT

An Earth Leakage Circuit Breaker (ELCB) is an electrical device that
disconnects protected circuit whenever it detects unbalance current between the phase
conductor and the neutral conductor. Exampie of the unbalance may caused by
current leakage through the body of a person who is grounded when accidentally
touching the energized paﬁ of the circuit. A lethal shock can result from these
conditions. ELCB are designed fo disconnect this faull fast enough to mitigate the
harm caused by such shocks. Currently, there is no Earth Leakage Circuit Breaker
(ELCB) with auto re-closer features in the market. The current ELCB that available
in the market is a manual type and cannot differentiate between temporary
disturbances and permanent faults, meaning that, if a distiitbance or fault occurs on
the protected area (house), the protection system will force ELCB to trip. One of the
disadvantage of the common ELCB is that, it is cannot turn on the power supply back
to the normal operation.condition although only a short disturbance oécurs. Such
disturbance is lightning strike on the transmission line in the distribution site near to
the protected area. To turn the power back to normal operation, consumers need to-do
that manually. To overcome this problem, Intelligent Earth Leakage Circuit Breaker
(I-ELCB) has been developed. This device was designed to auto-reset ELCB when

short disturbance occur and send alert signal to user if perriranent fault occur.
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CHAPTER1
INTRODUCTION

1.1 Background of Study

Power reliability is a critical issue for the power provider since the consumer
needs a continuous supply of electricity for their appliances. However at the
consumer side, the reliability of the power supply is depending on their electrical
system in their residential building from the breaker until the load. Some electrical
equipments and appliances need to be turned on even when the occupants leave the
building such #s alarm systém, refrigerator and aquarium ventilationi system.
Electrical fault may occur in a system that can break the electricity supply. Most of
the electrical fault happen ini résidential area is shott disturbance. Auto reset system is
designed to make the Earth Leakage Circuit Breaker (ELCB) automatically on after
short disturbance occur. The power availability for their appliances should be

improved to prevent the property lost.

1.2 Problem Statement

The problems of current Earth Leakage Circuit Breaker (ELCB) that is
controlled manually and cannot auto recovery if short disturbance occur. When
electricity is not available, operation of critical eqﬁipment such as alarm system will
be stopped. Loss of electricity supply may also contribute to property lost due to
equipment failure such as dying of exotic fish and food damage. This sometimes
bring the problems to the consumer who were not at home and do not understand the

danger of permanent fault that can cause fatal hazard.



1.3 Objectives

The objectives of this project are:

1.4

i

ii.

iii.

ii.

To study and understand on how earth leakage circuit breaker (ELCB)
operate.

To improve the ability of earth leakage circuit breaker (ELCB) unit
To develop I-ELCB

Scope of Project

The author needs to understand how the ELCB operate in house application
and know about the circuit inside the ELCB.

This project is focused to modify and improve the ability of ELCB where the
additional circuit with a system is added to the ELCB and automatically will
make ELCB trigger/open when the temporary fault happens and alert the user

if permanent fault occur.



CHAPTER 2

LITERATURE REVIEW
2.1 Introduction

This chapter will review about the single phase system, function and principal
opeiation of circuit bréaker and also will discuss about application of earth leakage
circuit breaker (ELCB). Then it will review about components of hardware and

software that will be use to make this projéct.
2.1.1 Single phase system

Single phase electric power refers to the distribution of electric system using a
system in which all the voitage of the supply varies in unison. Standard freguencies
are either 50 or 60 Hz.

A single phase ioad may be powered from a three phase distribution system
either by connection between a phase and neutral (120 V or 220 V), On higher
voltage system (kilovolt), a single phase transformer is use to supply a low voltage
system. Single phase power distribution is used especially in rural area, were the cost
of a three phase distribution network is high. Typically, a third conductor is called a
ground or earth use for safety, and ordinarily only carries significant current when

there is a current fault.

Although the single phase system has safety (earth conductor) but this system
cannot perfectly protect the electrical circuit, electrical equipment and also human life

from the high voltage. So, the circuit breaker is needed to make more protection [1].



2.1.2 Typesof Fault

A fault is any abnormal situation in an electrical system in which the
electrical current may or may not flow through the intended parts. Equipment failure
attribute to some defect in a circuit (loose connection or insulation failure or short

circuit). Types of faults in a distribution network circuit are:

i. Over-load
ii. Line to line fault
iii. Single lines to ground fault

iv.  Double line to ground fault

Over-load faults are caused by the unexpected increasing of loads. Faults
on elécirical equipmerits are caused by lighthing, insulator breakage, product design
which is out of specification and improper installations of equipments. Lightning is
an éxamplé of short disturbance. Meéanwhile an éxample of permanent fault is faulis

on electrical equipment.

2.1.3  Circuit breaker

The device is use for open or closes an electric power circuit either during
fiormal power systémi operation OF duting abnormal conditions. A circuit breaker
serves in the course of normal system operation to energized or non-energized loads.
Durig abnofmal conditions, when excessive curfent develops, a circuit breaker
opens to protect equipment and surroundings from possible damage due to excess
cutrent. These abhotmal cutrents afé usuaily the fesult of short circuits created by

lightning, accidents, deterioration of equipment, or sustained overloads.

Formerly, all circuit breakers were electromechanical devices. In these

breakais a mechanisin opératés one of Mote pairs of contacts to make ot break the



circuitt. The mechanism is powered electromagnetically, pneumatically, or
hydraulically. The contacts are located in a part termed the interrupter. When the
contacts are parted, opening the metallic conductive circuit, an electric arc is created
between the contacts. This arc is a high-temperature ionized gas with an electrical
conductivity comparable to graphite. Thus the current continues to flow through the
arc. The function of the interrupter is to extinguish the arc, completing circuit
breaking action [2].

In oil circuit breakers, the arc is drawn in oil. The intense heat of the arc
decomposes the oil, generating high pressure that produces a fluid flow through the
arc to carry energy away. At transmission voltages below 345 kV, oil breakers used
to be popular. They are increasingly losing ground to gas-blast circuit breakers such
as air-blast breakers and SF6 circuit breakers.

In air-blast circuit breakers, air is compressed to high pressures. When the
contacts part, a blast valve is opened to discharge the high-pressure air to ambient,
thus creating a very-high-velocity flow nears the arc to dissipate the energy. In
SF6circuit breakers, the same principle is employed, with SF6 as the medium instead
of air. In the “puffer” SF6 breaker, the motion of the contacts compresses the gas and
forces it to flow through an orifice into the neighborhood of the arc. Both types of
SF6 breakers have been developed for EHV (extra high voltage) transmission

systems.

Two other types of circuit breakers have been developed. The vacuum
breaker, another electromechanical device, uses the rapid dielectric recovery and high
dielectric strength of vacuum. A pair of contacts is hermetically sealed in a vacuum
envelope. Actuating motion is transmitted through bellows to the movable [3].



2.1.4 Circuit breaker operation

Circuit breaker is implemented using a solenoid (electromagnet) that is
pulling force increases with the current. The circuit breakers contacts are held closed
by a latch and, as the current in the solenoid increases beyond the rating of the circuit
breaker, the solenoids pull releases the latch which then allows the contacts to open
by spring action. The core is restrained by a spring until the current exceeds the
breaker rating. During an overload, the solenoid pulls the core through the fluid to
close the magnetic circuit, which then provides sufficient force to release the latch.
Short circuit currents provide sufficient solenoid force to release the latch regardless
of core position thus bypassing the delay feature. Ambient temperature affects the
time delay but does not affect the current rating of a circuit breaker [4]. Figure 1

below shows the internal part of circuit breaker.

Figure 1: Internal part of circuit breaker

1. Actuator lever - used to manually trip and reset the circuit breaker. Also
indicates the status of the circuit breaker (On or Off/tripped). Most breakers

are designed so they can still trip even if the lever is held or locked in the on



position. This is sometimes referred to as "free trip" or "positive trip"

operation.

2. Actuator mechanism - forces the contacts together or apart.

3. Contacts - Allow current to flow when touching and break the flow of current

when moved apart.
4. Terminals.

5. Bimetallic strip.

6. Calibration screw - allows the manufacturer to precisely adjust the trip current

of the device after assembly.
7. Solenoid.
8. Arc divider / extinguisher.

In this project, earth leakage circuit breaker (ELCB) is chosen because ELCB

have several important characteristic as shown in Table 1.

Table 1: Characteristic of earth leakage circuit breaker (ELCB)

Rated Voltage 230 VAC (2 poles), 400 VAC (4 poles)
Rated Current 25A,40A,63 A
Rated Residual Operating Current 30 mA, 100 mA, 300 mA, 500 mA

Residual Current off-time

0.1s

Minimum Value of Rated Making and
Breaking Capacity

1kA

Rated Condition Short Circuit Current

In=25 Aor40 A, Inc=1500 A
In=63 A, Inc=3000 A




2.1.5 Earth Leakage Circuit Breaker (ELCB)

Earth leakage circuit breaker (ELCB) is an electrical wiring device that
disconnects the circuit whenever it detects flow of current is not balance between the
phase conductor and the neutral (N) conductor. Figure 2 below shows an example of
Earth leakage circuit breaker (ELCB). The presumption is that such as imbalance may
represent current leakage through the body of a person who is grounded and
accidentally touching the energized part of the circuit. ELCB is designed to
disconnect quickly enough to prevent such as shock [4].

Figure 2: Earth Leakage Circuit Breaker (ELCB)

2.1.6 ELCB operation

ELCB operate by measuring the current balance between 2 conductors using a
differential current transformer, and opening the device’s contact if there is a balance
fault (difference in current between the phase conductor and neutral conductor).
ELCB operate by detecting a nonzero sum of current must equal zero (within some

small tolerance), otherwise there is leakage of current to somewhere else (to ground



or other circuit). Normally, ELCB is use to protect people to interrupt the circuit if the
leakage current exceed a range 4 to 6 milliamps of current (the exact trip setting can
be chosen by the manufacturer of the device and is typically 5 milliamps) within 25
milliseconds. Also, the ELCB is use to protect the electrical circuit and electrical

equipment are allowed to trip as high as 30 milliamps of current [4].

2.1.7 Principal operation of ELCB

ELCB is use to detect leakage current and also provides protection against
direct and indirect contact of personnel and livestock and against probable fires.
ELCB should be test monthly to ensure it is in good condition or not using ELCB test
button. Principal operation of ELCB is in electrical circuit, the incoming cutrent is

the same as outgoing current as shown in Figure 3.

Figure 3: Principal operation of ELCB

Incoming current will flow through in life wire (L) and outgoing current will flow
through out neutral wire (N) for make complete circuit. This operation is based on
electromagnetic theory where incoming and outgoing current flowed through the
wires will have their flux. This ELCB incorporates a core balanced transformer which
is having main coil and second coil. The main coils have primary windings for life

wire (L) and secondary windings for neutral wire (N) and the second coil which is



connected to relay for instantaneous detection of fault. In faultless situation, the flux
which is carried by incoming and outgoing current will cancel each others. There is
no magnetic field or flux that could induce a voltage in second coil. During flow of
leakage current in the circuit an imbalance current is created because circuit is not
complete and no outgoing current at the neutral wire (N) and imbalance flux that
carried by the current cannot cancel each other and gives rise to unleakage flux in the
core. This unleakage flux will interact with core and produce a magnet at second coil.
The magnet at second coil will energize relay or broker coil and trips the external

switch thereby disconnecting the supply.

ELCB is designed to prevent electrocution by detecting the leakage current,
which can be far smaller (typically 5-6 milliamps) than the trigger cutrent needed to
operate conventional circuit breaker, which are typically measure in amperes. ELCB

are intended to operate within 25 milliseconds. [5]
2.1.8 Flow operation of ELCB
The internal mechanism of ELCB is shown in Figure 4. ELCB is designed to

be wired in line in an appliance flex. It is rated to carry a maximum current is 13

amperes and is designed to trip on a leakage current of 30 amperes.

Figure 4: Internal mechanism of ELCB

10



Function for each terminal is described in Table 2. The incoming supply live and the
grounded neutral conductor are connected at terminal 1 and outgoing load conductors
are connected at terminal 2. When the reset button at terminal 3 is press the contact at
terminal 4, allowing current to pass. The solenoid at terminal 5 keeps the contacts
close when the reset button is released. The sense coil at terminal 6 is a differential

current transformer which surrounds the live and neutral conductor.

Table 2: Portion each terminal of ELCB

Terminal Portion

1 Grounded neutral conductor

Outgoing load conductor

Reset

Contact
Solenoid

Sense Coil
Sense Circuitry

Test Button

o e N N ] B W

Test Wire

In normal operation, all the current flowing down the live conductor returns
up the neutral conductor. The current in the 2 conductor are therefore equal and
opposite and cancel each other out. When imbalance current flowing in the 2
conductor, this difference causes a current flowing in the sense coil at terminal 6
which is picked up by the sense circuitry at terminal 7. The sense circuitry then
remove power from the solenoid at terminal 5 and the contact at terminal 4 are forced
part by the spring, cutting off the electricity supply to the appliance. The device is
designed so that the current is interrupted in a fraction of a second; greatly reducing

the chances of dangerous electric shock being receive.

11



The test button at terminal 8 allows the correct operation of the device to be
verified by passing a small current through the orange test wire at terminal 9. This

simulates a fault by creating an imbalance in the sense coil [5].

2.2  Hardware part

This part will discuss about the components that will be use for make the
hardware of this project and the components that list below are the main component

which will make the hardware successfully run on based the design circuit.
2.2.1 DC Motor
A DC motor works by converting electric power into mechanical work as

shown in Figure 5. This is accomplished by forcing current through a coil and

producing a magnetic field that spins the motor [6].

Figure 5: DC Motor

So, the torque is proportional to the current through the windings. Given the
equation,
T=Kkl (1)

where T is the torque, I is the current, and k is a constant

12



The wire coils have both a resistance, R, and an inductance, L. When the motor is

turning, the current is switching, causing a voltage,
V=L dlI/dt (2)

This voltage is known as the back-emf{electromotive force), e. If the angular velocity

of the motor is w, then,
e=kw 3)
This voltage, e, is working against the voltage we apply across the terminals, and so,
(V-kw)=1IR 4)
where | = T/R, which implies (V-kw) = (7/k) R

The maximum or stall torque is the torque at which w = 0 or 7= kV/R, and the stall
or starting current, | = V/R

The no load speed, w = V/k, is the maximum speed the motor can run. Given
a constant voltage, the motor will settle at a constant speed, just like a terminal
velocity. If we plot w = V/k - (T/k”2)R, we can get the speed-torque curve as shown
in Figure 6.

No load

speed
2
-% °
: 4

Stall torque
Torque B
Figure 6: Speed-Torque Curve
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2.2.2 Arduino

Arduino is an open-source electronics prototyping platform based on flexible,
easy-to-use hardware and software. It is intended for artists, designers, hobbyists, and

anyone interested in creating interactive objects or environments.

Arduino can sense the environment by receiving input from a variety of
sensors and can affect its surroundings by controlling lights, motors, and other
actuators. The microcontroller on the board is programmed using the Arduino
programming language and the Arduino development environment [7]. Arduino
projects can be stand-alone or they can communicate with software on running on a
computer (e.g. Flash, Processing, MaxMSP). There are many model of Arduino, for

this project the author used model Arduino Uno as shown in Figure 7.

MADE
IN ITALY

R
BT «e008 23 N, » ' '  DIGITAL (PWM

[ ,ZITOG) UNO

ARDUINO

Figure 7: Arduino UNO

The Arduino Uno is a microcontroller board based on the ATmegal280. It has
14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog
inputs, 16 MHz crystal oscillator, USB connection, power jack, ICSP header and
reset button. Table 3 tabulated the summary of Arduino UNO.

14



Table 3: Summary of Aduino Uno

Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V
Digital /O Pins 14 (6 pin provide PWM signal)
Xﬁalog Input Pms 6

DC Current per 1/0 Pin 40 mA

DC Current for 3.3V Pin 50 mA
Flash Memory 32KB
SRAMS KB EEPROM 2KB

Clock Speed 16 MHz

15




2.3  Software part

Software part will discuss about the software that would be used for designing
and simulating circuit of the project and this part is the very important part where it
decisive how to start the project. After the designing and simulating the project circuit
success, then the real circuit would be made based on it. The author used ISIS
PROFESSIONAL and Arduino Development Environment in this project.

2.3.1 ISIS Professional 7

Many CAD users dismiss schematic capture as a necessary evil in the process
of creating PCB layout. With PCB layout now offering automation of both
component placement and track routing, getting the design into the computer can

often be the most time consuming element of the exercise.

ISIS has evolved over twelve year’s research and development and has been
proven by thousands of users worldwide. The strength of its architecture has allowed
us to integrate first conventional graph based simulation and circuit simulation into
the design environment. For the first time ever it is possible to draw a complete
circuit for a micro-controller based system and then test it interactively, all from
within the same piece of software. Meanwhile, ISIS retains a host of features aimed at
the PCB designer, so that the same design can be exported for production with ARES
or other PCB layout software [8].

16
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Figure 8: Proteus ISIS window

For the educational user and engineering author, ISIS also excels at producing
attractive schematics. It provides total control of drawing appearance in terms of line
widths, fill styles, colors and fonts. In addition, a system of templates allows you to
define a ‘house style’ and to copy the appearance of one drawing to another. Figure 8

shows Proteus ISIS window. Other general features include:

i.  Runs on Windows 98/Me/2k/XP and later.
ii.  Automatic wire routing and dot placement/removal.
iii.  Powerful tools for selecting objects and assigning their properties.
iv. Total support for buses including component pins, inter-sheet terminals,
module ports and wires.
v.  Bill of Materials and Electrical Rules Check reports.
vi.  Netlist outputs to suit all popular PCB layout tools.

17



2.3.2 Arduino Development Environment

The Arduino Development Environmentis a cross-platform application
written inJava and is derived from the IDE for the Processing programming
language. It is designed to introduce programming to artists and other newcomers
unfamiliar with software development. Arduino Development Environment window
is shown in Figure 9. It includes a code editor with features such as syntax
highlighting, brace matching, and automatic indentation, and is also capable of
compiling and uploading programs to the board with a single click. There is typically

no need to edit make files or run programs on the command line.

|

val = (potpin) ;
val = (val, 0, 1023, 0, 179):
RYSEervo. (val)

(15):

Figure 9: Arduino Development Environment window

18



CHAPTER 3

METHODOLOGY

3.1  Procedure of project

Planning is the initial phase in this project in order to make sure the progress
meet the specified timeline. The sequence of methodology in this project has been
illustrated in Figure 10. The project is started with collecting the related data as well

as getting the clear understanding on the domestic electrical wiring.

In the Gathering Information phase, the information about breakers used in
domestic application such as Earth Leakage Circuit Breaker (ELCB) and Miniature
Circuit Breaker (MCB) has been collected. The author also has to understand the
operation of each breaker. In this phase, the author collects the data on the other

devices involved in this project such as DC motor and microcontroller.
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)

Gathering Information

v

System Design

v

Software Development

.

Hardware Configuration & -
Synchronization with Software

Software & NO
Hardware Testing

Figure 10: Methodology Flowchart

A program to control the motor will be developed for Software Development.
A DC motor is used to reclose the breaker and it will be controlled using Arduino
UNO. Then, the hardware and software will be synchronized together to test the
functionality of the design and system. If it is passed, the system will be ready to be
implemented. If it fails the test, it will be sent back to configuration and

synchronization phase for troubleshooting.

20



3.2  Flow of operation

In System Design phase, a system to auto reset when ELCB and trigger the
user if permanent fault has been designed. The system will automatically reclosed the
breaker after is tripped. But if it trips for the third time, the possibility of permanent
fault occur is high. So, it is dangerous if we try to reclose the ELCB again. Thus
system will trigger the cell phone so that the user received a call that indicates his or
her home has problem with ELCB. The flow of the system is represented in the

Figure 11.
ELCB in close
position
v
ELCB trips
Motor Reclose
ELCB
NO 0 YES
X
Normal Motor Reclose
operation ELCB
NO YES
A
Normal Arduino trigger
operation cell phone
User received
call alert

Figure 11: Flow of desired operation



3.3  Tools and equipment required

Table 4: Material and description of hardware

Material Description

ELCB Main component of the project

DC Motor 12V | To pull up the ELCB’s spring trap

Relay To operate a switching mechanism mechanically

Arduino UNO | To control the output

Adapter To step down the voltage from 240V to 9V
Cell phone To call the user when permanent fault occur
Casing Material to cover the electrical part
Table 5: Part and software
Part Software
Documentation Microsoft Word

Presentation Slides | Microsoft Power Point

Electrical Circuit ISIS Professional,Arduino

Development Environment

22



34 I-ELCB Design
3.4.1 Layout & Auto-Reset Design

Figure 12 shows the layout of this project, the design consists of ELCB,
motor, battery and casing. The casing contains electrical part such as relay and cell

phone. Motor is powered by the battery.

Batte:
Casing __ -ry

Motor

ELCB

Figure 12: [-ELCB Layout Design

The main feature of this project is to auto-reset ELCB when short disturbance
occur. Thus, a mechanism of pulling up the ELCB’s spring trap had been design as
shown in Figure 13. A tiny hole at ELCB spring trap has been made to insert the
cable to pull up the spring trap. When the ELCB trips, relay will trigger the motor to
pull up the ELCB’s spring trap.
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Cable

Figure 13: Pull up mechanism design

3.4.2 Main Circuit Design

Figure 14: Main Circuit Design

The main circuit design can refer from Figure 14 above. From the adapter
(V1), voltage will be step down from 240V to 9V. If fault occur, ELCB will trip and
trigger the RL1 to give input to Arduino. After a few seconds, the motor will pull up
the ELCB’s spring trap to ON back the electricity. If only short disturbance occur, the
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system will start back at initial condition. However, if the ELCB trip again, the same
process will be repeated to make sure that the type of fault is permanent fault. If the
ELCB trip for the third time, Arduino will send the signal to cell phone and make a
call to the user to indicates that the there was permanent fault at his/her home. Then,
Arduino will shutdown the operation. During this case, the user needs to push reset

button at Arduino board manually to reset the operation.
3.4.3 Call Alert

Cell phone is used to call the user to indicate that permanent fault occurs. In
order to make the cell phone make a call, the author utilizes speed dial mechanism.
First, the contact number of the user must be load in the cell phone and set the speed
dial. After that, the selected number pad for speed dial need to be connected with a
pair of wire as shown in Figure 15. The speed dial will be trigger after received signal
from Arduino when at condition where the ELCB has been reset twice within one

minute, and then Arduino will shutdown the operation.

Figure 15: Selected number pad connect with wire
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CHAPTER 4

RESULT & DISCUSSION

4.1  Prototype and Circuit Fabrication

In this project, the author designs the I-ELCB prototype for demo purpose.
The layout is same as per discuss in Chapter 3. The entire prototype of [-ELCB shows

in Figure 16.

Figure 16: I-ELCB Prototype
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Motor is used to pull up ELCB’s spring trap and the spring trap actually very
hard to push although by hand, so selection of motor is important to make sure the
ELCB’s spring trap can be on back automatically. The important characteristic that
must be highlight is the motor torque and the suitable motor for this project is 12 V

DC motor as shown in Figure 17. Below are the specifications of the motor:

e DCI2V

e Qutput Power: 3.4 Watt

e Rated Speed: 17RPM

o Rated Current: 0.9A

e Rated Torque: 1960mN.m

Figure 17: 12V DC Motor
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A cable has been attached between ELCB and DC motor for the pull up
mechanism as shown in Figure 18. Both the two component are mount tightly to
improve reliability of this project. Besides that, the electrical parts such as Arduino

board, relays and cell phone are compress together in the casing as shown in Figure

19.

Figure 19: Component inside casing
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4.2  Result of the operation

In order to prove this project can work on real world, the adapter is connected
with the ELCB to indicate that whether it has power supply or not. The desired
operation has been explained in Chapter 3. To summarize the full operation of I-
ELCB, it can be divided into three cases as shown in Table 6.

Table 6: Summary of operation

Case 1 ELCB trip first time # motor auto-reset ELCB® electricity ON

Case 2 ELCB trip first time # motor auto-reset ELCB® ELCB trip second time »

Motor auto-reset ELCB # electricity ON

Case 3 ELCB trip first time ¥ motor auto-reset ELCB#® ELCB trip second time %
Motor auto-reset ELCB # ELCB trip third time # Call Alert trigger *

Shutdown operation

Case | and Case 2 are simple operation that involve the DC motor to pull up
the ELCB’s spring trap if its trips. Meanwhile for Case 3, the system involve cell
phone to make a call alert to the user. The visualization for case 3 has been shown in

Figure 20.
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Figure 20: Summary of Case 3
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4.3 Market Potential

People in real world need continuous electric supply. Some of them may loss
thousands ringgit when no electric supply at their home. This situation also can harm
the user who’s not aware about permanent fault. Based on the capability of I-ELCB,
it is not possible to commercialize it to the market. Besides that, the cost of I-ELCB is
reasonable. Table 7 tabulated the summary of total cost of I-ELCB.

Table 7: Total Cost
Part Cost
Arduino UNO RM 75.00
Relay 6V x 2 RM 5.00
DC Motor RM 10.00
Adapter  |RM18.00

Casing Box (18cmx20cmx6cm) | RM 10.00

Casing Box (12cmx8cmx7cm) RM 5.00

Cell Phone RM 30.00

TOTAL COST RM153.00
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

As a conclusion, the author had managed to fulfill the objectives of this
project. The objectives of this project are to improve the ability of current ELCB and
to develop a prototype of Intelligent ELCB. The system was built with an Arduino
board as microcontroller circuit to control the operation. The system wills active DC
motors to do the resetting task if there is tripping case occur. The system wills also
alert the user if permanent fault occur. The objective and the scope of this project
have been partially achieved successfully. Finally, this project has provides the author
the chance to deal with the concept and the operation of ELCB and the
microcontroller. The author also has learned to program the microcontroller with C
programming language. Furthermore, the author has trained himself to be positive in
tackling the entire problem faced from the early stage until the project finished.
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5.2 Recommendation

This project still needs some improvement before it becomes commercialized.
The pull up mechanism should be improved in a proper way so that the user didn’t
need to make a hole at the ELCB’s spring trap. Besides that, the space for prototype
I-ELCB can be much smaller if the entire component compress together in one box.
The cost also can be reduced if this project uses PIC18F452 instead of Arduino board

since both of them are microcontroller.

The function of the call alert and programming part for the communication
between the modem with the microcontroller should be study further if the system
needs to be design for two ways communication since this project just design for one

way communication system.
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APPENDIX B

// Initialize
int countF = 0; // fault counter

int countS = 0; // state counter

void setup(){
pinMode(1, INPUT); // input current

pinMode(9, OUTPUT); // motor
pinMode(10, OUTPUT); // hp
}

void loop(){

if(digitalRead(1)==HIGH && countF==0){
dclay(2000);
digitalWrite(9, HIGH): // motor is ON
digitalWritc(10, LOW); // hp is OFF
delay(4000); // on time motor = 4sec
digital Write(9, LOW); // motor is off

countF = 1;

delay(2000);

if(digitalRead(1)==HIGH && countF==1){
delay(2000);
digitalWrite(9, HIGH); // motor is ON
digitalWrite(10, LOW); // hp 1s OFF



delay(4000); // on time motor = 4sec
digitalWrite(9, LOW); // motor is OFF
countF = 2;

}

delay(2000);

if(digitalRead(1)==HIGH && countF==2){
digitalWrite(10, HIGH); // hp is ON
delay(3000); / delay 3 seconds
digitalWrite(10, LOW); // hp is OFF

countF = 3;

if(countF==1 || countF==2){
if(digitalRead(1)==LOW)

countS++;

iflcountS==15) // reset time, 4sec x countS.
countF=0;

}
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@ GEAR BOX CONSTRUCTION AND FEATURES
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Intreduction = Residual Corrent Circudd Breaker / ELCBE

The Fault curent overloads and short circuizs
¢an be detacled by circul breakers fike MCB's
MCZC2's & HRC Fuses sic. Bul. Circus
breaxars don't dewct leakage cumrents, which
are cangerous for humans and ivestock and if
nct detected can lead to fire hazards. We need
a solution that detacts such leakages currents
and disgonrects e circuits from the power
supply. Here comes the solution in the form of
RCCE (Sesidusi Current Circult Breaker) alsc
knowin 3s ELC2 (Earh Leakage Circuit
Braaker) which provides protecton against
direct and indirec: contact of parsonnel or
Iivestcck and agaimst probable fires.

Product

Stop Shock RCCE's.

Classification
Comestic and incustial use Ressdual Curtrent
Circuit Breaker

Range

Ayaitable in Z Pole and 4 Fola

Appiication
Pravenis shocks caused by eanth leakage
which could e fawl,

As per ine Rule 814 of the Indian Electricity
Fules 1956, she suppy of ensrgy of following
instaliationz shali be controlied by the earh
leakags protective devices 50 as 1o disconnec:
the supoly irsiantly on the ozcurrence of earth
tault o leakage current,

»  |nstallasons having foad above SKW
»  Lumincus Tube Instaliations.
s X~ Ray Machines

2 Poke
Iisad ‘o three phase electnzal connactions, for
incuztrial and commercial purposes.

As par Governmers ol Indla Gadget notice. the
RCCE = must have 1SI mak in nais.
Selling of nen ISt RCCE's in India is prohibited.

Y anr Compka, WOE thghway, Corrgaon oy, Mumba

Residual Current Circuit Breaker

S00E, E-rmail esponse 4 saasw zeng Son
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@ Residual Current Circuit Breaker

W W NUASW BN Lonl

Sallent Features

s Usa of special magnens matenals for the torodal core balance transformar and a specisily
developed highly sansitve miniatire relay snsure positive detection of earth leakags currents
a3 low as 30mA in less than 40 mili seconds thereby acting as & Iife saver, All the SCCEs are
protecied from ruisance tipping against transit voltages {hghting. line disturbances ..) and
rransient currents (from high capacitive circulls).

STOP SHOCK RCCH's are housed in high quality thermoplastic insulating matsrial. The
matenais ussd are firs ratardant. ant tracking, non-fvgrescopic, impact resisiant and can
withstand high temperatures.

The moving contacts of the phases are put on a moving arm. actuated by a rugsed toogle
mecharism. Herce the closing and cpening of all the phases octur simultaneousy. This also
ensutes simultansous opaning of all tha contact under automatc rinping conditions.

STOP SHOCK RCC2's incorporate advanced neulial i 2. neulral makes shead of phases and
breaks after phasas wnich ensurss complets dischargs of line inductance and capacitance. (1
aizc haz sate inerupting clearances as par IS: 130477, Theze wo provizion: make STOP
SHOCK RCC2 an ideal selection as main switch )
ON & OFF Pasitions is clearly visible with the help of window provided st the top of housing.
The green colour indicates the OFF position and red colour indicates the ON Position.
Mechanism components are made of plastic whizh are of high-guzlity. brigh-strangh. low
inertia and seif ubricating oroparties. This results in 2 very 1as: opening acton of the device
under tault concrions. Though the moving companents of the mechanism are made of plaszc
for friction: fr2e and smeooth operation. load bearing pars of mechaniem are mage o high-
strangeh steel thus the combination rasulting in making the machanism more sturdy.
RCCE's relay draws the energy from the residual current which # needs to trip the RCCE
thats why it zan still cosrate normally if the mainz voltage drops or # tha nsutral wire iz
irferruptad. even a relalivaly Iong pefiod of Sver voltage resulting from a fault currént in the
mains san't destroy RCCB or interfers with its rormal opseraticns.
The evar increasing use of rectifes. particularly in the mining industry, requires satety
measures against fault current which will also safsty dessct and respond o AC residual
currents with 2 fraquency of 50z to smogth DC residual currerts. This so-called uriversal
sensitivity which can only be achisved with awiliiary voltage-dependsnts cifcuit breakers. (e
D' devices.
Equipments likely 1o emit smooth DC residual cutrenis may only be used outside house
imgtillations and # may not be operated downstream of ‘normal SCCE's o which other circuils
ara connected, In tha events of a residual OC current arising, the RCCE's pparation cowld be
impsaired and it might not even trip # a residual curren oocurs simullansously at another
alactical squipmants, In arder 1o be anle 10 ensure selective protection sgainst direct ana
indirect consact. professional bedies ars increasingly demanding that AC-OC sensitive devices
be employed. Our devices are designed and constructed to IEC 1008 ¢ 15: 12540 - Z000.
They wait! respond 1o residual currents from smedth DT currents 1o 400+Hz AC anc pulzating
currents and provide sxiremely high cosrasonal refiadility. These SCL8's are available in
setectad rating only.

o, v anra Compks. W Highway, Gompaon (B Murmbas - 500065, E-muil: r<ponse @ sarssw 2eng com




#\  Residual Current Circuit Breaker
&

W sl an g conl

» SCCB's are provided with an ARC chamber consisting of arc<rute. They arc-chute quenches

the arc fastar. which further increases slectrical contacts ife.

STOP SHOCK RCCE's are life saving devices and hence. incorporase a lest button ‘T for

periodic chacking of the mechanism and *unction of the ACCS.

. ng from suitability to copper cables the ®rminals are zutable for aluminum cables from 1o
25 Sg.mim.

» STOF SHOCK RCCE can be easily mounted on: a standard RIN rail of 35mm. Furthermors,
op=ration of the RCCE is indspendants of mounting position. Supply connections car be
serminated can be terminated either from 1co or bettom.

* STOP SHOCK RCCE's have besn completely syne fested 3t CPRI ERDA in acocrdancs with
18: 12840-1-2000 ard is 151 Marked.

RCC2 works on the principle that in an electrical circuit the incoming current is the same as out
going current as shown in the Diagram. RCCS incorporaes a core balance transformar having
pamary and secondary windings and 2 secsitive relay for instantansous detscion of fauli signal.
The prirmary winding bes in series with the supply mains and load. Secondary winding is
Conrecied to a very sensitive relay. In a faultiess siuation. the magretzing effects of the current
carrying conductors cancel each other cut. There is ne residual magnetc field that could Induce a
voltage in the secondary. During flow of leakage current in the circuis an imbalance is created in
the cireuit which gives Rise 1o leakage flux in the core. This lsakage flux generates an elactrical
signal that is sensed by the relay and i trips the Mechanism thereby disconnecting the supoly.
Wher pressing the TEST button 'T'. a fault is simulated viz she Tes! resistarce & RCCE trips.

To ensure that the RCLE swilches off the protecied crcun immediately. If shere is an insulation
fault causing a short-circuil fo ar expesed part {irame elo.) of machinery and egquipment
Iprotection against inditect coritact], the maximum parmissible touch voltage U must cccur at a
residual current greater than or equal 1o the rated resiaual operating current | that triggers the n
RCCE, This condition is me: by 2arthing the sxposed partwith a Sufficiently low resisfance o
earth RE.

Earth Resistarce RE W
Rated Residual operating currert -

The maximum values of R for touch voltages of 25V, 50V & 85V E
are anven in the spacification tables.

To provide extra protecton in the event of direct contact with an (unearthed| live part, extremaly
sanziive RCC2's with a rated residual operating current of 30 mA or less i1 = 30 mA) are usac
instzad of more corventional RCC8's with higher residual operating fault currants.

This &2 wa protecton is necessary if:

11 The insulatizn of totally insulaled devices or their loads are damagad.

21 The sarth wire is interrupted

31 The sarth wire anc lve wire are ransoosed (accidentally thus rendenng line the body of a
protection ciass | devies).

41 A comoonent which is ive in normal speration 1s touched duning repair work.

Inview of this increased range of protection. an RCCE or RCCBMCE with

oV A Compky. W L itighway. Corgaon <Ly, Mumba: - 3000635 F-mail: Iesponse @ sarasw 2Eng Som




@ Residual Current Circuit Breaker
¥ g

W U SAREW SR cohl

| = 30 mA is must - oy law in some European countries - 10 be used when? Insialling machinery of
eguioment in areas with particularly high accident risk.

| Sockat-outist power circuits m rcoms with bath or shower.

| Caravans, boats and yachis and their power supply an camping or barthing
Shes

| Electrical appliances in rooms used lor medical purposes.

The drawn-in switch-cff characieristics of residual current devices with a rated fault current of 10
ang 30 mA make it clear that these residual current devices are able 1o prevent the occumnmence of
the dangerous haart chamber fibriliation. For this reason, residual current circuis breakers with
ratec fault currents of 10 mA are used for the protaction of particularly expesed individual
souiom=ant. Residual current clreult broakers with 30 mA rated fault current are already specified
today for many arsas (bath, madically utilzed rooms. cutside areas. agriculture, etc.| in order to
ersure the profeclion of persons.

» Usuaily no reachon effacts.

» Usually ro harmiul physiological efiects.

» Usualy no crganic damage to be expected Likelihood of muscular contraction and difficulty of
Ebrsathing reversible disturbance of formation and conduction of impulses in the heart and
sranzient cardiac =rest withcut ventricular finrillation increase with cutrent magnitude and
time.

= in addition to the eflects of zone 3, ncreasing with magnitude and time pathy phy siological
effacts such as carciac arrest, breathing arest and heavy burns may oocur,

Ever relatively insensitive RCCB's {| » 300 mA} can be used ic provids effectve orotection
agains! fre caused by earth-leakage taults. With a residual currant = 200 mA, the slectrical
energy releassd al the location of the earth fault is not sufficient 1o ignite noemal building
materials. With larger residual currents, the RCCB swilches c#f the circuitin less than 200
milliseconds. thus limizing the amount cf energy releaszed 1o = harmless level

Additional Prowmciion Against Pulsating Fault Currems.

Whila tha riccing of residual aurren creul besikers with sure sietraling lavk currens was vsual and
sdequala  tha past. thesa czn enly Se usad condionally in modem electrical installstions. Wt ight
comros, soeed comicls e pusating forms of curment increasingly occur aiso as faul currents as a result of
the use of slectronc componants. it Srder 10 tackls such puisating direct faalt cumants which tend o zero or
=imosizaro within every perdd ol the mains irequency at least for hall 2 period. ‘A typa of §CCT's are
suitabo. Type A ie more sansitan than AC ype. I cowers 2 raquisamerts of AC type pus T is pulee aurront
sonsiive.

Procauiion fof Instzialons

a Wiring should be done by 3 1raned & gualibed elacrrician as per the wirng disgram.

« Allwiring recessary lor ooerstion shal ce passed i#rough the RCCE

« The neutral conducior must ba insulaled against eartn 10 Ihe same extant 33 e Ive conouTiors.

All egiipmenis used must be proparly sanhed.

Tc 2nsure comaat functoning care must be laken 1al the neutral conducior o tha icad side of tha RGCE

must nct be Connecled o eanh. othamwise nuisande iripging may coour of TiSping may be impaired.

« Su3zsie dewice eifher MCE or HRC luses shall be used for shom crault and overcad protexion of the
circuil under insisiiaton.
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» Dontexpoie Ihe creull Sreaser lo direc sunlight, rough waather 2nd szap it awey from the mluence of
magneic fieid

Fault findingwhen RCCB Tri

Swrch OFF all the switches'MCA connected in the crout downsirsam the RCCB. Switsh ON RCCB and
awitch ON the Swilches coe by ona. You w find the: during swiching ON af a parsoutar applance’w ich
RCCE trps again =nd agsn

Which shows that this < the fauby coutapeliznce. soiate the fausy oooud, rectly tha fzult 3nd swiich ON
the RCCH,

Parmigsle 1t Resistance (R ) Wih Mzx, Parmissible Towch Vaitage iU )

“hemelore the foliowing @arth resistance mus: be guarsmieed wih 300mA raied keut current of the seectve
swilchas

e 25¥ 5 B3 Chim U « 30V A= 166 Ohm U = 65V 5 « 216 Ghm

Touch [ Ear tersare B Seronn ik
Wolsge (L (V) 3 100 o
25 B33 250 B3
50 1666 500 166
53] 2162 650 216

Sensitivity Application

30mA Tripping surrer designed lor addtona protection ageing: direct sonlad, or where
sgecially regured by
thz Indlan witing "eguiatans the 30 mA ROCE protects agains! 'sakape cuments and

ndiract
Sontac with 2anh ioon imoadance up 1o 1667 Ohms: for ugs 33 aodibons orotectan
Fge st dirse
sontadt. mesidual trioping curran! must nol axdead 30 mA.

100mA Trpping current is suazdlo for crolection agenst indirect coniax and leakage currents ior
argar
nstalistions. tha 100 mA& ACCE's operate wihin 30 s, tul a2 nol srovide (he same
el ol
sersonal projection 25 the 30 mA unas: the 100 mA RCCE protects agains: ieakzpe
surremsand
ndiraa contact with earth loto mpedance up to 500 ohms.

30oTA Aess sensiitve protection suilabie for lzrge instaliztions havng hig® ‘avais of lezssge
RAUTTRNT.
300 mA RCCH's proeat against eaxage curert and inditact contac: up t2 167 ohms
2anh oo
mpedance.
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Dimensional Drawing
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