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ABSTRACT

The existing designs of the car panel need to be studied by digitizing the surface of the
panel of various car models. This research focuses on the static simulation analysis
especially to strain, stress and displacement analysis of a front fender panel of the car.
The main objectives of this research are to study the design of the existing exterior car
body part, analyze and proposed the mechanism to improve the design using Finite
Element Method software. To achieve that, three different designs of front fender panel
were used, there are Proton Iswara, Honda EG and Proton Saga front fender panel. A
3D Scanner machine used to scan the actual model of front fender panel and to convert
the model into the simulation analysis format by using POLYWORK software.
SOLIDWORKS software was used to create corner radius and surface of the front
fender panel of the car. After that, analysis was carried out by using commercial Finite
Elements software (ALGOR) to evaluate and analyze the behavior and surface of a front
fender panel of the car. It is considered the function, design, strength and the rigidity of
the stamping parts of the front fender panel. In this research, this front fender panel
analyzed using the static simulation analysis for components with linear materials. For
this simulation, two types of load will be applied on the surface of the front fender panel
which are at all surface area and at selected surface area. The result will be analyzed
based on the strain, stress and the displacement of the surface of the front fender panel.
The comparison of strain, stress and displacement data of each car front fender model
were done using graphs. With this, the process of digitizing the surface of the front
fender model can be done easily. After that, a related study was carried out to know the
properties of the front fender panel during the impact of the applied load. At the end of
this research, the comparison data of various car front fender panels will be known and
could be the basis for the future design. Besides that, the area between the optimum line
and the minimum line for each graph analysis can be used as a guideline and a
mechanism to improve the design of front fender panel in the future.
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ABSTRAK

Kewujudan pelbagai rekabentuk pada panel kereta perlu dipelajari dengan membezakan
permukaan panel dari pelbagai jenis kereta. Penyelidikan ini menumpukan pada analisa
simulasi tetap terutamanya analisa tekanan, penegasan dan sesaran terhadap fender
hadapan kereta. Objektif utama kajian ini adalah untuk mengkaji rekabentuk bahagian
badan kereta,menganalisa serta menyarankan satu mekanisma untuk memperbaiki
rekabentuk tersebut dengan menggunakan perisian Finite Element Method. Untuk
mencapai matlamat ini, tiga jenis fender hadapan kereta telah digunakan, antaranya
ialah fender hadapan Proton Iswara, Honda EG dan Proton Saga. Mesin 3D Scanner
telah digunakan untuk mengimbas model sebenar fender hadapan kereta dan untuk
menukarkan model sebenar kepada format analisa simulasi perisian POLYWORK telah
digunakan. Perisian SOLIDWORKS telah digunakan untuk membentuk jejari dan
permukaan fender hadapan kereta. Selepas itu, analisa ini dijalankan menggunakan
perisian yang diguna pakai di industri iaitu perisian Finite Element Method (ALGOR)
dan berfungsi untuk meneliti dan menganalisis ciri-ciri permukaan fender hadapan
kereta. Kajian ini juga mengambil kira fungsi, reka bentuk, kekuatan, kekerasan pada
bahagian tekanan pada fender hadapan kereta. Dalam penyelidikan ini juga, fender
hadapan kereta kereta akan dianalisis menggunakan simulasi tetap untuk komponen
yang lurus. Untuk simulasi ini, dua jenis bebanan akan dikenakan pada permukaan
fender hadapan kereta iaitu pada seluruh kawasan permukaan dan pada kawasan
permukaan yang terpilih. Hasil daripada keputusan analisis akan berdasarkan pada
tekanan, penegasan dan sesaran yang terdapat pada permukaan fender hadapan kereta.
Perbandingan data tekanan, penegasan dan sesaran pada setiap jenis fender hadapan
kereta dilakukan dengan menggunakan graf. Dengan itu, proses perbandingan fender
hadapan kereta dapat dilaksanakan dengan mudah. Selepas itu, kajian dan penelitian
akan dijalankan untuk mengetahui ciri-ciri yang berlaku pada fender hadapan kereta
apabila bebanan telah dikenakan. Di akhir penyelidikan ini,perbezaan data daripada
pelbagai jenis fender hadapan kereta akan diketahui dan boleh diguna pakai sebagai
rujukan dan garis panduan untuk menghasilkan rekabentuk yang lain pada masa
hadapan. Disamping itu, kawasan antara garisan optimum dan minimum pada setiap
graf boleh digunakan sebagai garis panduan dan mekanisma untuk memperbaiki
rekabentuk fender hadapan kereta.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Nowadays, in the development of new technology especially in engineering field
make the engineers think more competitive and creative in creating or designing a new
product. Here, we focus on the automotive industry especially in the design of car body
part. The greatest challenges facing the automotive industry are to provide safer and

comfort vehicles with high fuel efficiency at minimum cost.

In the automotive industry, the sheet stamping process is widely used to produce
outer panels and structural members of the car body components especially in metal part
components such as Front Fender panel, A-pillar panel, Side Body panel and Upper
Body structure. Recently, as the trends need weight reduction of the vehicle with
enhanced crashworthiness, steel sheets with the high tensile strength are used more
extensively as structural members. The stamping process with the high strength steel
commonly involves low forming limit by fracture, geometric shape defects such as
wrinkling and surface deflection, and low shape accuracy with the large amount of
springback and die wear. In the stamping process, the product quality is greatly affected
by various process variables such as material properties of the blank, the die geometry,

friction characteristics, and boundary conditions.

Besides that, in traditional manufacturing processes, design, selection of
materials, determination of dimension and shape of the blank materials and stamping
process planning will be determine with several tryout processes. This “trial and error”

process result having a lot of resource consumption, high production cost and will affect



long development cycle. It needs much time and cost to settle troubles such as
wrinkling, tearing springback and low surface quality in the tryout stage after the
stamping process has been completed. The foundation of finite element software
simulation analysis system of sheet metal forming fulfills the “trial and error” processes
with the computer. The use of forming simulation method can lead the cost saving in
prototype tool construction and die tryout stages and then this simulation can be

significantly reduce the overall development time and increase product quality.

In addition, the stamping process for sheet metals is one of the significant
manufacturing processes in the production of car body parts components. Stamping
technology has been extensively applied in the automotive industry. It is very important
to design stamping processes that can produce sound products without defects, such as
fracture and wrinkle. The design of stamping processes has been mainly performed by
trial and error approach, which is both time and cost intensive, or Finite Element
Method analysis (FEM-analysis) combined with an optimal design procedure, which

poses some problem in actual applications.

Lastly, the automotive body is one of the critical subsystems of an automobile,
and it carries out important and multiple functions. It should hold the parts of the
vehicles together and serve to filter vibration and noise. Additionally, it should be able
to protect its occupants when accidents happen. To do this, the automotive body
designer should create a structure with significant levels of rigidity, strength, stiffness

and energy absorption.



1.2 PROBLEM STATEMENT

Based on the literature review of the past research on metal stamping simulation, the

following item can be concluded:

(1) The strength and rigidity of the stamping parts for exterior panel is important
to be considered during the design concept stage. Therefore with using
computer simulation will increase the quality of the stamping parts and will
counter the process time problem.

(i1)) The traditional way in the new car model development required a long period
of period of trial and error during tryout stage. Therefore by using computer
simulation that activity can be reduced and countermeasure of the problems
during the trial and error stage can be determined during this forming
simulation stage.

(ii1)) Due to fuel efficiency and weight reduction, the design of car body part should

be improved.

1.3  OBJECTIVE OF THE STUDY

The objectives of this research are stated below:

(1) To study the design of the existing exterior car body parts.

(i) To analyze and proposed the mechanism to improve the design by using FEM

software.



1.4  SCOPE OF THE STUDY

This study has been conducted based on the following scopes:

(1) The path chosen for this case study is the front fender panel of the car, which
is potentially suitable for FEM analysis.

(i1)) To modeling the actual dimension of the front fender panel into the
SOLIDWORKS software and analyze by using FEM software (ALGOR).

(i11)) The study on the existing front fender panel designs by digitizing the surface
of the front fender panel of various models and then, analyses them by using
FEM software.

(iv) The study was limited to stress, strain and displacement of the surface of front

fender panel.

1.5 THESIS ORGANIZATION

This thesis is divided into five chapters. The chapter one provides an overview
of the studied. The chapter two was summarizing of the literature review of the finite
element simulation, forming simulation and related topic that guided the study towards
achieving the thesis objective. The chapter three was research methodology for finite
element simulation and surface analysis. All the simulation result data and discussion
will be presented in the chapter four. The conclusion of the study and the

recommendation for the future work will be given in the chapter five.



CHAPTER 2

LITERATURE REVIEW

2.1 STRESS AND STRAIN

2.1.1 Stress and Normal Strain

The force per unit area, or intensity of the forces distributed over a given section,
is called the stress on that section and is denoted by the Greek letter ¢ (sigma). A
positive sign will be used to indicate a tensile stress (member of tension) and a negative
sign to indicate a compressive stress (member in compression). The stress in a member
of cross-sectional area A subjected to an axial load P is therefore obtained by dividing

the magnitude P of the load by the area A (Ferdinand et al., 2011):

o=P/4 (2.1)

The normal strain ¢ in a member will be defined as the deformation of the
member per unit length. Thus, it was appropriate to define the strain € as the ratio of the
total deformation 6 over total length L. Since deformation and length are expressed in
the same units, the normal strain & obtained by dividing & and L (or do by dx) is a
dimensionless quantity. Denoting the normal strain by € (epsilon), write as (Ferdinand et

al., 2011):

e=0/L (2.2)



In this research, stress and strain are very important aspects to be studied and
analyze, especially when doing simulation of the surface of the car front fender panel. It
is important to avoid deformations so large that they may prevent the structure of the

front fender panel from fulfilling the purpose for which it was intended.

2.1.2 Hooke’s Law; Modulus of Elasticity

Most engineering structures are designed to wundergo relatively small
deformation, involving only straight-line portion of the corresponding stress-strain
diagram. From that we can know that, the stresso is directly proportional to the strain €,

and we can write

o=Es (2.3)

This relation is known as Hooke’s Law. The coefficient E is called the modulus
elasticity of the material involved, or also Young’s modulus. Since the strain € is a
dimensionless quantity, the modulus E is expressed in the same units as the stress o,

namely in pascals or one of the multiples.

The largest value of the stress for which Hooke’s Law can be used for a given
material is known as the proportional limit of that material. In the case of ductile
materials possessing a well-defined yield point, the proportional limit cannot be defined
as easily, since it is difficult to be determined with accuracy the value of the stress ¢ for
which the relation between ¢ and € ceases to be linear. But from this very difficult we
can conclude for such materials that using Hooke’s Law for values of the stress slightly
larger than the actual potential limit will not result in any significant error (Ferdinand et

al.,, 2011).

Some of the physical properties of structural metals, such as strength, ductility
and corrosion resistance can be greatly affected by alloying, heat treatment and the
manufacturing process. For example, from the stress-strain diagrams of pure iron and of
three different grades of steel that large variations in the yield strength, ultimate

strength, and final strain (ductility) exist among these four metals. All of them, however,



posses the same modulus of elasticity; in the other words, their “stiffness”, or ability to

resist a deformation within the linear range, is the same (Bathe, 1982).

In this research, modulus of elasticity of the materials need to be considered.
This is because all front fender panels that used in this research using the same material
which is mild steel. From this we can conclude that, the stiffness or the ability to resist a

deformation within the linear range of all front fender panels, is the same.

2.1.3 The Stress Strain Curve

A stress strain curve is a graph derived from measuring load (stress — 6) versus
extension (strain — ¢) for a sample of a material. The nature of the curve varies from
material to material. The following diagrams illustrate the stress-strain behavior of
typical materials in term of the engineering stress and engineering strain where the
stress and strain are calculated based on the original dimension of the sample and not
the instantaneous values. In each case the samples are loaded in tension although in

many cases the similar behavior is observed in compression.

The stress-strain curve characterizes the behavior of the materials tested. It is
most often plotted using engineering stress and strain measures because the reference
length and cross-sectional area easily measured. Stress-strain curves generated from
tensile test results help gain insight in the constitutive between stress and strain for a

particular material (Ferdinand et al., 2011).

In addition to providing quantitative information that is useful for the
constitutive relationship, the stress-strain curve can also be used to qualitatively
describe and classify the material. Figure 2.1 shows the various region and points on the
stress-strain curve. Typical regions that can be observed in a stress-strain curve are

(Hughes, 1987):

(1) Elastic Region
(i) Yielding

(ii1) Strain Hardening



(iv) Necking and Failure

Figure 2.1: Various region and points on the stress-strain curve

Source: Hughes (1987)

In this research, stress and strain diagram are useful to determine some important
properties of the mild steel , such as modulus of elasticity of the mild steel, and whether
the mild steel is ductile or brittle. Besides that, the behavior of the mild steel that used

for this research can be determined.

2.2 FINITE ELEMENT ANALYSIS (FEA)

2.2.1 The Roles of Finite Elements Simulation

Nowadays, as new technology in the sheet metal forming industry is being
developed, the metal stamping has died maker and the car maker use this technology to
simulate the problem. To reduce the development time for a new model, the metal
stamping simulation software is useful for metal stamping dies maker and car maker. In

the new car development stage, in order to validate the part formability, prototype



tooling is introduced. In this stage normally involve a lot of “trial and error” method and
may involve a lot of resource consumption, high production cost and will affect long
development. “Based on the Makinouchi (1996) studies, finite element simulation plays
important role in the industry and is having several benefits to the industry.” “The roles

of finite element simulation are stated as below,” (Makinouchi, 1996):

(i)  To help the design engineer to make decisions in the design and modification
of tool and parts.

(1)) To make a rough estimate whether part of the new design can be formed or
not.

(i) To help the engineer to understand the stamping steps such as first drawing,
second drawing, trimming, and bending and to design die face geometry at
each stamping step.

(iv) To find a solution to avoid forming effect such as spring back, shock line and
warping effects and other problem during tryouts.

(v) The simulation is a powerful tool to predict the entire forming defect, can
reduce the number of trials and can provide optimum stamping tools and
condition; it may completely eliminate the prototype tools for the design and

manufacturing procedure.

“There are various engineering methods developed for the deformation analysis
of sheet metals in a variety of forming processes such as the slip-line field method, the
slab method, upper and lower bound techniques. This method has been used in the
calculation of forming loads, shape changes of the deformed blank and in predicting the
optimal process conditions,” (Hosford et al., 1993). “However, an accurate analysis of
the effects of material parameter and process on deformation response has become
possible when the numerical methods, such as finite elements, have been developed for

these processes,” (Roll. K et al., 1993).
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2.2.2 ALGOR Software

ALGOR is general purpose multiphysics finite element analysis software
package developed by the ALGOR Incorporated for use on the Microsoft Windows and
Linux computer operating systems. It is distributed in a number of different core
packages to cater to specific applications, such as mechanical event simulation and
computational fluid dynamics (CFD). ALGOR is used by many scientist and engineers
worldwide. It has found application in aerospace, and it has received many favorable

reviews. This software is always being used for (Suchy, 2006):

(i) Bending- analysis of stress and strain

(i) Mechanical contact

(i11)) Thermal- include conduction, convection and radiation
(iv) Fluid dynamics

(v) Coupled and uncoupled

In this research, ALGOR software is very important to analyze the surface of the
car front fender panel. To analyze the surface of the front fender panel, static simulation
is used because it can analyze the stress, strain and displacement of the surface of the

front fender accurately.

2.2.3 Mechanical Event Simulation (MES)

Mechanical Event Simulation with Non Materials Modes analysis is the most
common type of FEA wused today. Industrial products, manufacturing, consumer
products, civil engineering, medical research, power transmission and electronic design
are just a few of the areas in which this type of analysis is often performed. Typical

applications for MES with Nonlinear Materials Modes are (Kobayashi et al., 1989):

(1) Linkages and mechanisms

(i1) Press-fit

(ii1) Snaps-fits

(iv) Multiple body contact and impact
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(v) Forming and extruding processes
(vi) Rubber and foam components

(vii) Bellow; Seats

MES combines large-scale motion and stress analysis including flexible-body
motion with nonlinear material models to account for the bending, twisting, stretching
and inertial effects of an FEA model. In addition to rigid-body motion and linear
flexible-body motion, MES using non-linear material models can simulate geometric
and material non-linearities (such as large deformation beyond the material point). The
combination of motion and stress analysis considering full inertial effects enables
engineers to see motion and its results, such as impact, buckling and permanent
deformation. To set up flexible-body motion with nonlinear material models, select a
non-linear material model and supply the needed data. For example, if considering a
part comprised of a material with a yield stress, use a material model capable of
simulating plasticity. Thus, you will need material properties for both the linear range
and for beyond yield, when the strength of the part has been reduced. It should be noted
that the former type of material properties coincides with those used in linear static
stress analysis. Since the entire MES is displayed on the screen, it will be apparent if
yielding or failures occur. The following non-linear material models are available for

models with flexible-body motion (Belytschko et al., 2000):

(1) Plastic

(i) Variable tangent

(ii1) Curve description

(iv) Curve description with cutoff tension

(v) Drucker-Prager

(vi) Von-Mises with isotropic hardening

(vil) Von-Mises with kinematic hardening
(viii) Von-Mises curve with isotropic hardening
(ix) Von-Mises curve with kinematic hardening
(x) Thermoplastic

(xi) Viscoelastic

(xii) Viscoplastic
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(xiii) Mooney-Rivlin

(xiv) Multiple-coefficient (5-constant) Mooney-Rivlin
(xv) Multiple-coefficient (9-constant) Mooney-Rivlin
(xvi) Ogden

MES is the most common type of FEA used for this research. In this research,
Von-Mises with isotropic hardening and Von-Mises curve with isotropic hardening are
used especially in term of the strain, stress and displacement of the surface of the front

fender panel.

2.2.4 Mesh of Finite Element Analysis

Computer aided analysis can be used in the design and analysis process by
predicting possible problems in an early design. Such analyses can be substantially
reduced industry’s heavy reliance on extensive tests. Theoretical and technical
developments are necessary for durability estimation of prototype vehicle under actual
service environments. It can be done by effective methodology, which consists of (Firat,

2007):

(i)  Flexible multibody dynamic analysis using deformation modes
(1)) Dynamic stress analysis using the hybrid superposition method

(i11)) Durability analysis integrated with previous two analyses and fatigue analysis

A company is able to verify a proposed design will be able to perform to the
client’s specification prior to manufacturing or construction. Modifying an existing
product or structure is utilized to qualify the product and structure for new service
condition. In case of structural failure, FEA may be used to help determine the design
modifications to meet the new condition. FEA uses a complex system of points called
nodes which make a grid called a mesh as shown in Figure 2.2. This mesh is
programmed to contain the material and structural properties which define how the
structure will react to certain loading conditions. Nodes a signed at a certain density

throughout the material depending on the anticipated stress level of a particular area.
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