MATERIAL SELECTION IN MECHANICAL
DESIGN OF CAR BUMPER

NURUL AZWAN BIN ADNAN

BACHELOR OF ENGINEERING
UNIVERSITI MALAYSIA PAHANG



50 mm

Nurul Azwan Bin Adnan B. Effiglech.) 2009 UMP
20( gold-coloured font)

50 mm

abed J1an090 oy Jo do

aulds

ANIdS 3HL



UNIVERSITI MALAYSIA PAHANG
FACULTY OF MECHANICAL ENGINEERING

We certify that the project entitled/faterial Selection in Mechanical Design of Car Bumpers” is
written by Nurul Azwan Bin Adnan. We have examined the final copy of this projed & our
opinion; it is fully adequate in terms of scope ap@lity for the award of the degree of Bachelor
of Engineering. We herewith recommend that it beepted in partial fulfilment of the

requirements for the degree of Bachelor of Mectaritnigineering.

Examiner Signature
(NASRUL AZUAN BIN ALANG)



UNIVERSITI MALAYSIA PAHANG

BORANG PENGESAHAN STATUSTESIS'

JubuL: MATERIAL SELECTION IN MECHANICAL DESIGN OF
CAR BUMPER
SESI PENGAJIAN:__2009/2010

Saya NURUL AZWAN BIN ADNAN (870126-23-5163)
(HURUF BESAR)

mengaku membenarkan tesis (Sarjana M uda/Sarfana /Bekter-Falsafah)* ini disimpan di
Perpustakaan dengan syarat-syarat kegunaan seperti berikut:

1. Tesisadalah hakmilik Universiti Malaysia Pahang (UMP).

2. Perpustakaan dibenarkan membuat salinan untuk tujuan pengajian sahaja.

3. Perpustakaan dibenarkan membuat salinan tesisini sebagai bahan pertukaran antarainstitusi
pengajian tinggi.
**Sjlatandakan (V )

(Mengandungi maklumat yang berdarjah keselamatan
SULIT atau kepentingan Malaysia seperti yang termaktub
di dalam AKTA RAHSIA RASMI 1972)
TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan
oleh organisasi/badan di mana penyelidikan dijalankan)

TIDAK TERHAD

Disahkan oleh:

(TANDATANGAN PENULIS) (TANDATANGAN PENYELIA)

Alamat Tetap:

SBB 178, SUNGAI BALANG BESAR LAUT DAYANGKU NOORFAZIDAH BT
83610, MUAR, JOHOR. AWANG SHRI

( Nama Penyelia)

Tarikh: 25 NOVEMBER 2009 Tarikh: : 25 NOVEMBER 2009

CATATAN: * Potong yang tidak berkenaan.
>k Jikatesisini SULIT atau TERHAD, silalampirkan surat daripada pihak
berkuasa/organisasi berkenaan dengan menyatakan sekali tempoh tesisini perlu
dikelaskan sebagai atau TERHAD.
. Tesis dimaksudkan sebagai tesis bagi |jazah doktor Falsafah dan Sarjana secara
Penyelidikan, atau disertasi bagi pengajian secara kerja kursus dan
penyelidikan, atau Laporan Projek Sarjana Muda (PSM).



MATERIAL SELECTION IN MECHANICAL DESIGN OF CAR BUMER

NURUL AZWAN BIN ADNAN

Report submitted in fulfilment of the requirements
for the award of the degree of
Bachelor of Mechanical Engineering

Faculty of Mechanical Engineering
UNIVERSITI MALAYSIA PAHANG

NOVEMBER 2009



SUPERVISOR’S DECLARATION

| hereby declare that | have checked this project @ myopinion, this project is
adequate in terms of scope and quality for the dvedrthe degree of Bachelor of

Mechanical Engineering.

Signature:

Name of Supervisor: PUAN DAYANGKU NOORFAZIDAH BINTAWANG SH'RI
Position: LECTURER

Date: 22 NOVEMBER 2009



STUDENT’S DECLARATION

| hereby declare that the work in this project ig own except for quotations and
summaries which have been duly acknowledged. Toegirhas not been accepted for

any degree and is not concurrently submitted fardvef other degree.

Signature:

Name: NURUL AZWAN BIN ADNAN
ID Number: MA06034

Date: 23 NOVEMBER 2009



TABLE OF CONTENTS

SUPERVISOR’S DECLARATION
STUDENT’S DECLARATION
ACKNOWLEDGEMENTS
ABSTRACT

ABSTRAK

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION

11 General Introduction
1.3 Problems Statement
1.3 Objectives

1.4 Scope of study

CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

2.2 Material in design

2.3 Evolution of engineering materials
2.4 Vehicle bumper

2.5 The selection strategy

2.5.1 Material attributes

2.5.2 Translation

2.5.3 Screening: attributes limits
2.5.4 Ranking: material indices

2.5.5 Supporting information

viii

Page
i

Vi
Vii
Vii
Xii

Xiv
XVi

Xviii

w w N

10
10
13
13
14
14



2.6

2.7

2.8
2.9

2.10
2.11

2.12
2.13
2.14
2.15

2.5.6 Local conditions

Material property chart

2.6.1 The Young’'s modulus — density chart

2.6.2 The strength — density chart
Weighted property method

2.7.1 Material data

2.7.2 Ranking attributes

2.7.3 Weighting facton,

2.7.4 Scaling factoff

2.7.5 Performance index,

Cost per unit property method

Material for car bumper

2.9.1 Fiber reinforced plastic (FRP)

2.9.2 Polyurethane (PU)
Processes and process selection
Composite fabrication method
2.11.1 Compression molding
2.11.2 Transfer molding

2.11.3 Contact molding

2.11.4 Resin-transfer molding
Machining

Joining

Finishing process
Computer-aided process selection
2.15.1 Shaping

2.15.2 Joining

2.15.3 Finishing

CHAPTER 3 METHODOLOGY

3.1
3.2
3.3

Introduction
Project flow chart

Material performance index, M

15
15
15
17

18
19
19
20
21
21

21
23

23
24

25

25

27
28
29

31
31
31
32

33

33
33
34

35
35
37



3.4
3.5

3.6
3.7

3.3.1 Performance index for Young’'s moduldensity
3.3.2 Performance index for strength —density
Material property chart
Material selection method
3.5.1 Weighted property method
3.5.1.1 Determining weighting factar,
3.5.1.2  Determining scaling factgr,
3.5.1.3 Determining performance indgx,
3.5.2 Cost per unit property
Summary

Determination of processes selection for malteglected

CHAPTER 4 RESULTS AND DISCUSSION

4.1
4.2

4.3

4.4
4.5
4.6

Introduction
Material property chart
4.2.1 Determination of candidate materialsnfréoung’s

modulus — density chart

4.2.2 Determination of candidate materialsnfistrength —

density chart

Weighted property method

4.3.1 Material data of candidate materials
4.3.2 Determination of weigh factar,

4.3.3 Determination of scaling factfr,
4.3.4 Determination of performance indgx,
Cost per unit property method

Summary

Determination of processes selection for seteoiaterial

CHAPTER 5 CONCLUSION AND RECOMMENDATIONS

5.1
5.2

Introduction

Conclusion

37
39
41
43
44
44
45
47

48
49
49

55
55
56
57
58
61
62
63

64
64



5.3 Recommendations
REFERENCES
APPENDICES
A Data and information for engineering materials
B Approximate cost/kg of materials
C Moments of section
D Gantt chart

Xi

65

66

69
80

82

85



Xii

LIST OF TABLES

Table No. Title Page
2.1 Function, constraints, objectives and freealdei 13
2.2 Weighting of attributes 20
2.3 Weighting of attributes using Digital Logic Med 20
2.4 Formula for estimating cost per unit property 2 2
2.5 General characteristics of forming and shapigesses for 26

plastics and composite materials

3.1 Design requirement for Young's modulus - dgnsit 37
3.2 Design requirement for strength - density 40
3.3 Weighting of attributes 45
3.4 Material data for candidate materials 46
3.5 Determining the scaling factg, 47
3.6 Determining the performance index, 48
3.7 Candidates materials of cost per unit propesyhod 49
3.8 Summary 49
4.1 Material selection from Young’s modulus — dgnshart 52
4.2 Material selection from strength — density thar 54
4.3 Candidate material for materials selection 55
4.4 Material data of candidate materials 55
4.5 Determination of weight factar, 57
4.6 Determination of scaling factdgy, 58
4.7 Determination of performance index, 59

4.8 Determination of cost per unit property 61



Xiii

4.9 Comparison result from weighted property methiod cost per 62
unit property method



LIST OF FIGURES

Figure No. thE

11

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.13

2.14

2.15

3.1

3.2

3.3

3.4

3.5

Car bumpers
Connection between function, shape, materidlpracess
The evolution of engineering material with time

Front bumpers on Chrysler A platform cars befteft, 1971) and
after (right, 1974)

Rear bumpers on Chrysler A platform cars befiefg 1974) and
after (right, 1974)

The taxonomy of the kingdom of materials areirtattributes
The strategy for material selection

Young's modulus, E, plotted against densgity,

Strength o plotted against densitp

Weighted properties method

Sequence of compression molding processes

Sequence of operation in transfer moldinglHermosetting
plastics

Manual method of processing reinforced plastic
Adhesives bonding

Fastener

Finishing process to change the appearance
Methodology flowchart of data processing

A beam loaded in bending

Young’s modulus - density chart

Strength - density chart

Weighted properties method

Xiv

Page

11

12

17

18

19

28

29

30

31

32

33

36

37

42

43

44



4.1

4.2

4.3

4.4

4.5

Young’s modulus - density chart

GraphM, (GPa%) versus selected materials
Strength - density chart

GraphM, (MPa/%) versus selected materials

Graph performance index,versus candidate materials

XV

51

52

53

54

60



GPa

Of

MPa

Oy

LIST OF SYMBOLS

Material performance index
Weight factor
Scaling factor
Performance index
Young’'s modulus
Density

Meter cube
Miligram

Newton

Meter (unit length)
Spring constant
Atom size

Giga Pascal
Strength

Cost

Cost per unit mass
Force
Area

Length

stiffness

Mega Pascal
Yield strength

Deflection

XVi



XVii

Base length
Height

Mass

Inertia of moment

Perpendicular distance from the neutral axis totiter surface of the
beam

Force at failure



LIST OF ABBREVIATIONS

PU Polyurethane
CFRP Carbon fiber reinforced polymers
GFRP Glass fiber reinforced polymers

Al Alloy Aluminum Allloy
Mg Alloys  Magnesium Alloys
Ti Alloys Titanium Alloys

FE Finite Element

XViii



CHAPTER 1

INTRODUCTION

11  GENERAL INTRODUCTION

Most of the engineering product was through matesalected process before
manufacturer start produces the product. The mairpgse of materials selection
process is to choose the suitable materials fodym® high quality car bumper and
make it suitable for do their job properly.

In manufacturing sector, material selection proiesse importance step before
they start produce the car bumpers. The materiettsen process is important because
it will guarantee the product produce is succesnanket or not. Material selection also
will affect the quality and cost of car bumperseTiigh quality will give satisfaction to

the user.

The performance of the product produce is dependimghe properties of the
material used and the design of the component. tsmae circumstances material can
be selected satisfactorily by specifying rangesridividual properties. To start making
the material selection process, people must knavctiaracteristic of the things or
component they want to produce. After that perforoeaindex must be finding before
select the suitable material. But it's not a fisékp of the material selection. In this
stage, the several type of material must be chagend on the character of the
component want to produckig. 1(a) is shows the example of car bumper produce by

polyethylene (PU) materials arklg. 1(b) car bumpers using carbon-fiber reinforced



polymers (CFRP) materials. PU usually used for ersal car and CFRP used for sports

car and racing car because CFRP are light.

Figure 1.1 Car bumpers (a) using polyurethane (PU) matdpjaliging carbon-fiber

reinforced polymers (CFRP) material

12 PROBLEM STATEMENT

The best selected materials are needed for proaudgh quality car bumper.
The quality of bumper is not only depending on tlesign but materials used also
important. This study is important to compare theraative method and conventional
method for recognize which one from this two methoel the best method to select the
best materials for car bumpers. In this study alse CES software to find the best
processes for selected materials. The problemvistbanake the processes selection for

selected materials using CES software.
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OBJECTIVES

The objectives of this study are:

14

To perform material selection process for find liest material that can be use
as car bumpers material.

To compare the alternative method with conventionaihod.

To use Computer-aided selection software to find best process for car

bumper manufacturing.

SCOPESOF THE STUDY

This study is about analysis of materials perforoeamequirement for car

bumpers based on functional requirement, procesktyabequirement, cost and

availability of the material. Scopes of this stutg:

Perform materials selection process using altereatiethod.
a) Determine material performance index, M
b) Determine weight factory
c) Determine scaling factof
d) Determine performance index,
e) Select the best materials
Perform materials selection process using conveatimethod.
a) Determine cost per unit property
b) Select the best material
Compare the material selected from alternative owktland conventional
method.
Using Computer-aided process selection softwarfintbthe processes suitable

for selected materials.
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ABSTRACT

This study was carried out to study Material sébectn mechanical design of
car bumper. The objectives of this study are tdoper material selection process to
find the best material that can be use as car brsmpaterial, compare the alternative
method with conventional method and use Computizeaselection software (CES) to
find the best process for car bumper manufacturigight property method as
alternative method and cost per unit property netthe conventional method were
performed to find the suitable material for car Ip@m After finish selection using
weight property method, cost per unit property rodthvas performed. The material
selected from these two methods was compared dotlie best selected material. The
materials performance index, M, were derive basimtila like stiffness and force at

fracture. Material performance index M, for car menwas found to bM,; = %, and

M, = %. Function of materials performance index, was tpthton the Young's

modulus — density chart and strength — densitytcharmweight property method, the
material selection was made by referring to thdoperance index. It was found that
Carbon fibre-reinforced polymer (CFRP) was the basiterial as it has high
performance index. The best selected material 8t per unit property method was
Magnesium alloys (Mg Alloys) based on the smaliedtie of cost per unit property.
However, due to limitation of cost per unit progemethod, result is more accurate
value to several of attributes. Lastly, Computetied selection processes were used to
find the suitable manufacturing processes for setematerial.
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ABSTRAK

Kajian ini dijalankan sebagai satu kajian untuk riéntbahan dalam rekabentuk
mekanikal bagi bumper kereta. Objektif tesis inalai menjalankan proses pemilihan
untuk memilih bahan terbaik bagi kegunaan bumpeetiae membandingkan kaedah
alternatif dan konvensional dan menggunakan perik@nputer penolong pemilihan
(CES) untuk mencari proses pembuatn terbaik untukper kereta. Kaedah sifat
pemberat adalah kaedah alternatif dan kos per sif#t pula adalah kaedah
konvensional telah dijalankan untuk mencari bahamgysesuai untuk bumper kereta.
Bahan terpilih daripada kedua-dua kaedah akan dibgkan semula untuk memilih
satu bahan yang terbaik. Sebelum menjalankan kagoahberat sifat, indek
perlaksanaan bahan, M, dicari terlebih dahulu. Baghdapatkan indek perlaksanaan
bahan, M, asalan rumus asal seperti kekakuan dga plada retak mestilah dicari
terlebih dahulu. Indeks tindak balas bahan M, untukmper kereta didapati

sebagaM, = %, danM, = % Fungsi indek perlaksanaan bahan, M, telah diplotk

pada carta modulus Young’'s — ketumpatan dan cakadtan — ketumpatan. Dalam
kaedah sifat pemberat, pemilihan bahan dibuat deng#erujuk nilai indek
perlaksanaan. Bahan yang mempunyai nilai indelesamy adalah bahan yang terbaik.
Selepas selesai pemilihan menggunakan kaedah patnsifat, kaedah kos per unit sifat
pula dijalankan. Dalam kaedah kos per unit sifahdm terbaik dipilih berdasarkan nilai
terkecil indek perlaksanaan bahan. Nilai yang w@lkéipilih sebagai bahan terbaik.
Akhir sekali, perisian komputer telah digunakanadalproses pemilihan untuk mencari
proses pembuatan sesuai bagi bahan pilihan.
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