UNIVERSITI TEKNIKAL MALAYSIA MELAKA

AUTOMATIC CAR FIRE EXTINGUISHER SYSTEM

This report submitted in accordance with requirement of the Universiti Teknikal
Malaysia Melaka (UTeM) for the Bachelor Degree in Engineering Technology

( Industrial Electronics) with Honours

MUHAMAD KAMIL BIN ABDUL WAHAB
B071110157
901025-07-5657

FACULTY OF ENGINEERING TECHNOLOGY
2015



UNIVERSITI TEKNIKAL MALAYSIA MELAKA

BORANG PENGESAHAN STATUS LAPORAN PROJEK SARJANA MUDA

TAJUK: Automatic Car Fire Extinguisher System

SESI PENGAJIAN: 2014/15 Semester 2
Saya MUHAMAD KAMIL BIN ABDUL WAHAB

mengaku membenarkan Laporan PSM ini disimpan di Perpustakaan Universiti
Teknikal Malaysia Melaka (UTeM) dengan syarat-syarat kegunaan seperti berikut:

1. Laporan PSM adalah hak milik Universiti Teknikal Malaysia Melaka dan penulis.

2. Perpustakaan Universiti Teknikal Malaysia Melaka dibenarkan membuat salinan
untuk tujuan pengajian sahaja dengan izin penulis.

3. Perpustakaan dibenarkan membuat salinan laporan PSM ini sebagai bahan
pertukaran antara institusi pengajian tinggi.

4. **Sjla tandakan (v")

SULIT (Mengandungi maklumat yang berdarjah keselamatan
atau kepentingan Malaysia sebagaimana yang termaktub
dalam AKTA RAHSIA RASMI 1972)

TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan
oleh organisasi/badan di mana penyelidikan dijalankan)

TIDAK TERHAD

Disahkan oleh:

Alamat Tetap: Cop Rasmi:
NO41, KAMPUNG SERI RAHMAT,

31500 LAHAT,
PERAK DARUL RIDZUAN

Tarikh: 22 DESEMBER 2014 Tarikh:

** Jika Laporan PSM ini SULIT atau TERHAD, sila lampirkan surat daripada pihak berkuasa/organisasi
berkenaan dengan menyatakan sekali sebab dan tempoh laporan PSM ini perlu dikelaskan sebagai SULIT
atau TERHAD.




FAKULTI TEKNOLOGI KEJURUTERAAN
Tel : +606 234 6623 | Faks : +606 23406526

Rujukan Kami (Our Ref) :
Rujukan Tuan (Your Ref) :

01 JAN 2015
Pustakawan
Perpustakaan UTeM
Universiti Teknikal Malaysia Melaka
Hang Tuah Jaya,
76100 Durian Tunggal,
Melaka.

Tuan/Puan,

PENGKELASAN LAPORAN PSM SEBAGAI SULIT/TERHAD LAPORAN
PROJEK SARJANA MUDA TEKNOLOGI KEJURUTERAAN PEMBUATAN
(COURSE NAME): AAA BIN BBB

Sukacita dimaklumkan bahawa Laporan PSM yang tersebut di atas bertajuk
“Development of Integrated Failure Mode And Effect Analysis (I-FMEA)
For Automotive Industry” mohon dikelaskan sebagai *SULIT / TERHAD
untuk tempoh LIMA (5) tahun dari tarikh surat ini.

2. Hal ini adalah kerana IANYA MERUPAKAN PROJEK YANG DITAJA
OLEH SYARIKAT LUAR DAN HASIL KAJIANNYA ADALAH SULIT.

Sekian dimaklumkan. Terima kasih.

Yang benar,

Tandatangan dan Cop Penyelia

* Potong yang tidak berkenaan

NOTA: BORANG INI HANYA DIISI JIKA DIKLASIFIKASIKAN SEBAGAI
SULIT DAN TERHAD. JIKA LAPORAN DIKELASKAN SEBAGAI TIDAK
TERHAD, MAKA BORANG INI TIDAK PERLU DISERTAKAN DALAM
LAPORAN PSM.




DECLARATION

I hereby, declared this report entitled “Automatic Car Fire Extinguisher System” is

the results of my own research except as cited in references.

Signature P
Author’s Name :  MUHAMAD KAMIL BIN ABDUL WAHAB
Date : 22 DESEMBER 2014



APPROVAL

This report is submitted to the Faculty of Engineering Technology of UTeM as a
partial fulfillment of the requirements for the degree of Bachelor of Engineering
Technology (Industrial Electronics) (Hons.). The member of the supervisory is as

follow:

(Project Supervisor)



ABSTRAK

Projek ini bertujuan membina sistem pemadam kebakaran kenderaan secara automatik.
Statistik kebakaran yang dikeluarkan oleh Jabatan Bomba dan Penyelamat Malaysia
pada tahun 2007 hingga 2011 menunjukan peningkatan jumlah kebakaran kenderaan
meningkat daripada tahun ke tahun. Selain itu, kes kematian akibat daripada kebakaran
kenderaan perlu diambil perhatian kerana ia kemalangan yang boleh dielakkan. Punca
kebakaran kenderaan antaranya adalah akibat daripada kemalangan, penyenggaraan
kenderaan yang tidak sempurna serta pengubahsuaian kenderaan. Justeru itu, satu
sistem pemadam kebakaran automatik dicadangkan di dalam tesis ini. Melalui
pemadam kebakaran automatik ini, kehadiran api didalam kawasan enjin kenderaan
dapat dipadamkan secara automatik. Pemadam kebakaran ini memiliki peranti
elektronik yang menggunakan litar Arduino Uno, pengesan suhu dan pengesan cahaya
yang ditempatkan di bahagian enjin kenderaan yang merupakan bahagian yang
berisiko tinggi mengalami kebakaran. Pengesan suhu dan pengesan cahaya digunakan
pada litar tersebut berfungsi untuk mengesan kenaikan suhu dan pertambahan cahaya
di bahagian enjin kenderaan dan litar penguat pembanding akan mengaktifkan injap
solenoid yang dipasangkan pada tangki pemadam kebakaran jenis debu kering. Debu
kering akan disemburkan pada seluruh bahagian enjin. Pemadam kebakaran berunsur
debu kering dipilih kerana ia merupakan pemadam kebakaran universal yang mampu

memadamkan semua jenis kebakaran.



ABSTRACT

This project aims to build Automatic Car Fire Extinguisher System. Fire statistics
released by Fire and Rescue Department, Malaysia in 2007 to June 2011 showed that
the increasing the number of vehicle fire from year to year. In addition, the number of
deaths from vehicle fire should be to take note because it was an accident that could
have been avoided. Vehicle fire are cause a result of an accident, improper
maintenance of vehicles and vehicle modifications. Hence, an automatic fire
extinguishing system proposed in this thesis. In this automatic car fire extinguisher
system, the presence of fire in the car engine area can be extinguish automatically. The
extinguisher have electronic device that uses the Arduino Uno circuits, heat
temperature sensor and flame sensor located on the engine that is the high risk of a fire
due to accident. Heat temperature sensor and flame sensor used in this circuit to detect
the increasing the temperature and increasing of light in the vehicle's engine area and
the Arduino Uno circuit will activates the solenoid valve that is installed on the tank
fire extinguisher dry powder type. Dry powder will sprayed on all parts of the engine.
The fire extinguisher dry powder was selected because it is a universal that can to

extinguish all types of fires.

i



DEDICATION

I want to thanks to my family, lecturer and friends that give me extra spirit to

continue develop this project.

i1



ACKNOWLEDGEMENT

In the name of Allah S.W.T, the most gracious and merciful, praise to Allah the
lord of universe and may blessing and peace of Allah be upon his messenger
Muhammad S.A.W. First, and foremost thank to Allah for giving me wellness and
ideas to do this project. Without any of it, I surely cannot complete this project in the

time given.

I would like to express my deepest gratitude towards to my project supervisor
Ms. Izadora Binti Mustaffa and every lecturer who has help and guide me by giving

advices encouragement and patience during the time period to completing this project.

Last but not least, I like to express my very thankful and send our grateful to my
entire friends and my family for the moral and financial support. Their views and this
are useful definitely. Without all these people encouragement, support and advices this
thesis project might not be successfully carried out. To those that I forget to mention,

please forgive me. I do appreciate all the things you have done for me.

v



TABLE OF CONTENT

Abstrak 1
Abstract i
Dedication il
Acknowledgement v
Table of Content v
List of Tables viii
List of Figures X
List Abbreviations, Symbols and Nomenclatures xii

CHAPTER 1: INTRODUCTION 1
1.1 Project Background 1
1.2 Objective of Project 4
1.3 Problem Statement 4
1.3.1 Experience Emergency Victim of Vehicles Fire 5
1.4 Scope of Project 7
1.4.1 Circuit Design and Development 7
1.4.2 Implementation in a Car Engine Model 8
CHAPTER 2: LITERATURE REVIEW 9
2.1 Vehicle Fire Extinguisher System 9
2.1.1 Patents 9
2.1.1.1 Patent A 9
2.1.1.2 Patent B 10
2.1.1.3 Patent C 10
2.2 Existing Project 11
2.2.1 Automatic Fire Extinguisher (pneumatic mechanical system) 11

2.2.2 Electronic Automatic Vehicle Fire Extinguisher System Prototype 14

23 Study on Factors of Fire Occurs and Fire Type 16
2.3.1 Factor Cause of Fire 16
2.3.2 Type of Fire Classes 18



24
2.5
2.6

Study On Type Of Fire Extinguisher
Frame Car Structure

Hardware Development

2.6.1 Arduino

2.6.2 Arduino Model

2.6.3 Relay

2.6.4 Heat Temperature Sensor
2.6.5 Flame Sensor (Arduino)

2.6.6 Solenoid Valve

CHAPTER 3: METHODOLOGY

3.1
3.2
33
3.4
3.5
3.6
3.7

3.8

3.9

3.10
3.11
3.12

Introduction

Implementation

Finalized

Analysis Data And Improvement

Testing

Flowchart Of Automatic Car Fire Extinguisher System

Project Resource

3.7.1 Arduino uno

3.7.2 Power Supply

3.7.3 Light Emitting Diode
3.7.4 Wires

Software Requirement
3.8.1 Arduino IDE

3.8.2 Proteus Ares
Exposing Process

3.9.1 Developing Process
Etching Process
Installation Automatic Car Fire Extinguisher System
Cost

3.12.1 Direct Cost

CHAPTER 4: RESULT & DISCUSSION

4.1

Project Hardware Layout

19
20
23
23
24
26
29
29
30

32
32
33
35
35
35
36
37
37
38
39
40
40
40
41
43
44
45
47
50
50
51
51

vi



4.2
4.3

44

4.5
4.6

4.7

4.1.1 Schematic Layout

4.1.2 Component Layout

Block Diagram

Placement Of Electronic Device And Fire Extinguisher
4.3.1 Heat Temperature Sensor Placement

4.3.2 Nozzle

4.3.3 Hose Channel

4.3.4 Fire Extinguisher Tank And Solenoid Valve
Project Software Layout

4.4.1 Arduino uno Code Development

4.4.2 Flame Sensor

4.4.3 Heat Temperature Sensor

Project Process Flow

Analysis

4.6.1 Flame Sensor Connection

4.6.2 Power limitation Of Arduino Uno

Discussion

CHAPTER 5: CONCLUSION & RECOMMENDATION

5.1 Conclusion & Recommendation
REFERENCES

APPENDICES

A Gantt Chart

B Coding

C DS18B20

D Arduino Uno

52
53
54
54
55
56
56
56
56
57
59
60
64
65
65
66
67

68
68

70

vil



LIST OF TABLES

1.1 Statistic from Fire and Rescue Department Malaysia 3
2.4 Classification of fire extinguisher 19
3.7.1 Arduino Uno R3 specification 38
3.9.1 Direct cost 50
4.43 Truth Table 62

viil



LIST OF FIGURES

1.1 Newspaper writing of vehicle coalition resulting in a fire 2
1.3 Comment from Branch Chief Fire Operation 5
1.3.1 Harian Metro 7 December 2012 6
1.3.2 Kosmo 23 Sept 2012 7

2.2.1 Steps the operation of existing fire extinguishing system using pneumatic 13

2.2.2 Operation of Automatic Fire Extinguisher Prototype 15
2.3.1 Factors Cause of Fire 17
2.5 (a) Car Design From Mercedes Benz 20
2.5 (b) Car Design From Volvo 21
2.5 (c) Car Design From Audi 21
2.5 (d) Car Design From Chevrolet 22
2.5 (e) Car Design From Chevrolet 22
2.6.1 The overview of Arduino Board 23
2.6.2 (a) The Front of Arduino UnoR3 25
2.6.2 (b) The Front of Arduino Leonardo 25
2.6.2 (c) The front view of Arduino Due 26
2.6.3 (a) Relay 27
2.6.3 (b) Relay Circuit Diagram 28
2.6.3 (c) Relay Structure 28
2.6.4 Heat Temperature Sensor 29
2.6.5 Flame Sensor (Arduino) 29
2.6.6 Solenoid Valve Structure 30
3.2 Flowchart 34
3.6 Flowchart of Automatic car Fire Extinguisher System 36
3.7.1 Arduino Uno 37
3.7.2 Power Supply 39
3.7.3 Structure of LED 39
3.7.4 Connecting wires 40

3.8.1 Arduino Logo 40



3.8.2 Proteus Ates Software

3.8.2.1 PCB Layout for Relay

3.8.2.2 Transparent PCB Layout for Relay
3.9 Ultra Violet Light Machine

3.9.1.1 Developing Process

3.9.1.2 After Developing Process

3.10 Photoresist Stripper

3.10.1 Etching process

3.10.2 PCB board after etching process
3.10.3 Drilled process

3.10.4 Relay on Printed Circuit Board Assembly (PCBA)
3.11 Front View

3.11.1 Side View

3.11.2 Engine Area

3.11.3 Position of Component

3.11.4 Circuit Placement

4.1.1 Schematic Layout

4.1.2 Component Layout

4.2 Block Diagram

4.3 (a) Placement of Electronic Devices and Fire Extinguisher
4.3 (b) Placement Solenoid Valve and Fire Extinguisher
4.4.1 (a) Arduino Uno Code Development
4.4.1 (b) Arduino Uno Code Development
4.4.1 (¢) Arduino Uno Code Development
4.4.1 (d) Arduino Uno Code Development
4.4.2 (a) Coding For Flame Sensor

4.4.2 (b) Before Flame Sensor Detect Fire
4.4.2 (c) After Flame Sensor Detect Fire
4.4.3 (a) Boolean Operator

4.4.3(b) Coding

4.4.3 (c) Before Detect Fire

4.4.3 (d) After Detect Fire

4.6.2 Voltage regulator for Arduino Uno

41
42
42
43
44
44
45
45
46
46
47
47
48
48
49
49
52
53
54
55
55
57
58
58
59
60
61
52
61
63
64
64

66



LIST OF ABBREVIATIONS, SYMBOLS AND

NOMENCLATURE
VFES - Vehicle Fire Extinguisher System
LDR - Light Dependent Resistor
USB - Universal Serial Bus
A/D - Analog to Digital
MHz - Mega Hertz
DC - Direct Current
ICSP - In Circuit Serial Programming
HZ - Hertz
IC - Integrated Circuit
/O - Input/Output
LED - Light Emitting Diode
MB - Mega Byte
IRED - Integration of Renewable Energy Sources and Distributed
PCB - Printed Circuit Board Assembly
PIC - Programmable Interface Controller
Rx - Receiver
Tx - Transmitter
UART - Universal Asynchronous Receiver Transmitter
uv - Ultra Violet

VB - Visual Basic



CHAPTER 1
INTRODUCTION

1.1 Project Background

According to fire statistics between 2007 to 2011 in Malaysia, released by the
fire and rescue department of Malaysia, showed that the vehicle fire is the third highest
after the fire the plantation and buildings fire. In 2008 the recorded number of vehicle
fires is 2,208 cases and in 2011 the number of vehicle fires has increased to 3,102
cases. According to Megat Lutfi Megat Rahim (2012) the statistic show the number of
vehicles fires in Malaysia increasing every year. The number of cases is a real concern

because it involves the lives of individuals.

Fire can occur due to various factor such as improper vehicle maintenance,
accidents and engine malfunction. In most accidental fires, the fire begins in the engine
compartment. Most vehicle fires are not caused by engineering defects but they are
caused by improper maintenance reported by the Toyo Land (n.d). In addition, there
are about half a dozen flammable liquids associated with a vehicle. There are an
additional number of flammable solids, or “solid propellants,” that contribute to fire
and depending on the vehicle, any number of hoses and pumps that move flammable
materials past hot areas of the engine. Any leak in a hose or pump will allow flammable
liquids to flow onto hot engine block or electrical systems. Accident is also caused by
vehicle fires may also occurs vehicles collision. It also unexpected especially one
resulting in damage or harm. Fire can occur at any time when oxygen, fuel and heat

are present. When all three of these elements come together, combustion is the result.



Only one of these elements is removed, the threat of fire can be stopped. Thus, if

oxygen, heat or the fuel supply can be removed, there is minimal risk of fire (IFSTA,

2008).

Figure 1.1 Newspaper writing of a vehicle coalition resulting in a fire at KM 231.6

Nort-Sout Expresway

Figure 1.1 show newspaper articles by myMetro (2012) Fire and rescue tried to
extinguish the fire from the trailer that caught fire after being hit from the back by a
car in KM231.6 the North-South Expressway heading north near Pedas Toll Plaza.

Furthermore, the vehicles fire also can occur when there is cause from engine
malfunction due to overheating. It is because the user of vehicle does not know when
their car or vehicle occur to overheat. Overheating can damage all the component or
wire part at the engine and the fire can fire their vehicle. The Fire and Rescue
Department Malaysia advised all of the vehicles owner, to keep at least one fire
extinguisher in vehicles as a safety measure. However, not all of the vehicle owner
know how to use the extinguisher. So, if vehicle owners just only have the fire
extinguisher and do not know how to use it, it does not help. In addition, in situation

such as vehicle coalitions there is no time to pick up the fire extinguisher and put out



the fire. And in most cars passengers are not even able to move much to pick up the
extinguisher. Therefore, the automatic car fire extinguishing device is expected to be

used in these situation.

Table 1.1 shows the statistic from Fire and Rescue Department Malaysia,
according to the number of fire breakout by type in Malaysia from 2007 to 2011. In
2007, the number of vehicle fire is 2,052 case and increased to 156 case in 2008. The
statistic indicates the number of vehicle fire increase every year and are very worrying

because fire is one involving sacrifice of life.

Table 1.1 Statistic from Fire and Rescue Department Malaysia

Automatic car fire extinguisher is a safety device in a vehicle. This device
works to automatically extinguish fire in the presence of fire in case where fire occur
in the engine due to various factor such as accident and engine malfunction. The device
uses two sensor, heat temperature sensor and flame sensor to detect the heat and
brightness of the fire. Automatic car fire extinguisher system will spray dry powder
around the engine when the sensor will detect the fire at the engine area. This system

is expected to help to reduce tragedies cause by fire in vehicles.



1.2 Objective Of Project

The objective of the project is to design in the event where fire occur in the

vehicle’s engine, two device will automatically and efficiently to extinguish the fire.

1.3 Problem Statement

According to the Head of Operations Management Branch Fire Department,
Fire and Rescue Department Malaysia, Yahaya Madis (2012), case involving the car
on fire in this country is increasing every year achievements in 2006 with 1,811 cases
and the record of vehicle fires following the year is 2,052 case and in 2008 the number
of vehicle fire increase again to 2,101 case. He also explained the cause of the vehicle
fire are by accidents and poor maintenance. In addition he advised private vehicles in
the fire to keep their vehicles as a safety measure. He also advised all user of vehicle
not to panic in the situation of a fire, but to act quickly to save lives and control the

fire.

Figure 1.3 show newspaper articles as report by Megat Lutfi Megat Rahim
(2012) the number of vehicle fire increase at every year. According Branch Chief of
Fire Operations Malaysian, the user must to keep fire extinguishers in their vehicles,
he also reminds all vehicle owners to remain to keep calm to meet the situation of an
emergency, because in an emergency situation of those affected if having to fear and
hard to be put out the fire. This factor can be seen through media reports of fires that
occur in Malaysia. Results from investigation and interviews carried out on victim of
a horrific experience and dismay, the conclusion can be made that the early action can
save their lives and property. So, from the conclusion is a main factor to make the

project automatic car fire extinguisher system.



“Jika melihat kepads bilangan kes, iz meningkst setiap
tshun. Walaupun peningkatannys tidsk mendadak, is perlu
diberi perhatian serius kerana is melibatean nyawa,”
«atanys.

Ujarnys lagi, punca utamas kebskaran kerets disebabian
cleh kemalangan iaitu pelanggaran kereta dengan kersta
atau jenters berst lain. Selain itu, kzbocoran minyak petrol
juga menjadi punca.

Menyentuh mengenai lokasi kejadian, Tuan Yahaya tidak
dapat memberi penjelasan yang spesifik kerana
semalangan yang melibatian kebakaran kersts boleh
berlaku di mana-mana sahaja sama ada di lebuh rays,
jelan persekutuan mahupun jalan kampung.

"Tetapi peratusan kes kemalangsn kebaksran kerets yang
menyebabian kematian tidak tinggi. Mamun saya
menasihatean setisp pemilik kerets persendirian supays
menyimpan alat pemadam api di dalam kenderaan
masing-masing sebagsi langksh keselamatan.

“Bukan mszhal, beli alat pemadam api jenis natrium
hidrogen karbonat'amenium sulfat seberat tiga kilogram
pada harga antara RME0 hingga RME0.

“Situasi mungkin panik tetapi sekiranya kita bertindak pantas
ia dapat menyelamsatkan jiwa dan jugs harta seseorang,”
ujarnys.

Figure 1.3 Comment from Branch Chief Fire Operation

1.3.1 Experience Emergency Victims of Vehicles Fire

Figure 1.3.1 show the newspaper article as report by Norrasyidah (2012)
reported an incident that occurred in 2012, the report made by Harian Metro the Fire
and Rescue Department Malaysia aims to bring awareness to all vehice user about the
importance step of safety in vehicles. In this case, the victim are able to ask for help
from the public to rescue victims trapped in a accident and vehicle fire, but people are
not able to help and getting the fire was flaming and killed the victims trapped in the

vehicle. They also has confirmed the incident that occur from internal engine system.



Figure 1.3.1 HarianMetro 7 December 2012

Figure 1.3.2 show Kosmo newspaper that reported a vehicle fire incident in Kuala
Lumpur on 23 September 2012. Incident involving a driver who suffered damage to the
vehicle and the vehicle is blocking the traffic. The police are getting complaints about
the traffic congestion in the area to giving some helping to remove the damaged vehicle.
However, suddenly the vehicle catch the fire, but the woman managed to escape. The
fire brigade rushed to the scene after receiving the report and managed to extinguish
the fire, but the vehicle was completely burned. This case proves that in this situation,
no early action can be taken to extinguish fires even if the vehicle is still on fire.
Possibility the police came to help and the people who are near the area does not have
a fire extinguisher as recommended by the Malaysian Fire and Rescue Department. The
automatic car fire extinguisher system is expected to positively impact the vehicle fire

statistics in Malaysia.



Figure 1.3.2 Kosmo 23 September 2012

1.4 Scope Of Project

To achieve the project objectives, there are three work scope that must be are concern:

1.4.1 Circuit Design and development.

Automatic Car Fire Extinguisher system is an electronic device that must detect and
extinguish fires when it occurs. An Arduino Uno circuit is developed which will
compare the voltage input from a heat temperature sensor, flame sensor which will
trigger the fire extinguisher dry powder element. The heat temperature sensor detects

a high temperature while the light sensor detect light from fire.



1.4.2 Implementation in a car engine model.

The sensors and the fire extinguisher nozzle will be attached close to the engine. The
nozzles fire extinguisher is connected solenoid valve which is mounted on the cylinder
powder tank. The tank will be placed in interior of the vehicle. Testing the fire

extinguisher system after installing at the engine and doing an analysis for this project.



