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ABSTRACT

The use of structural calculation software based on finite-element analysis is
nowadays a common practice when designing new industrial products. In order to make
an adequate prediction of the service behavior of plastic components, it is necessary to
carry out appropriate analysis when working with the software. ANSYS Parametric
Design Language (APDL) is an important tool to perform finite element analysis to
predict how the product will react in the real world situation. This research paper is
focused on to investigate deformation properties of thermoplastic sheet. The
investigation will be done through simulation approach, which is by using ANSYS
APDL to perform the finite element analysis. The material that is going to be tested is
polypropylene, and the testing standard will be followed the standard ASTM D638. The
simulation results will be collected and interpreted to determine the de-formation
properties and the service behavior of the material.
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ABSTRAK

Penggunaan perisian pengiraan struktur berdasarkan analisis unsur terhingga
adalah amalan biasa pada masa kini apabila mereka membentuk produk industri baru.
Dalam usaha untuk membuat ramalan sifat-sifat komponen plastik, adalah perlu untuk
menjalankan analisis yang sesuai dengan penggunaan perisian. ANSYS Parameter
Design Language (APDL) adalah alat yang penting untuk melaksanakan analisis unsur
terhingga untuk meramalkan bagaimana produk itu akan bertindak balas dalam keadaan
dunia sebenar. kertas kajian ini adalah memberi tumpuan kepada untuk menyiasat ciri-
ciri ubah bentuk lembaran termoplastik. Siasatan akan dilakukan melalui cara simulasi,
laitu dengan menggunakan ANSYS APDL untuk melaksanakan analisis unsur terhingga.
Bahan yang akan diuji adalah polypropylene, dan standard ujian akan diikuti ASTM
D638 standard. Keputusan simulasi akan dikumpulkan dan ditafsirkan untuk
menentukan sifat-sifat ubah bentuk dan tingkah laku perkhidmatan yang bahan.
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CHAPTER 1

INTRODUCTION

11 INTRODUCTION

The prompt development of modern process industries has cause the information
about properties of materials becomes a more important issue to know, especially the
polymeric material. Polymers are usually divided into two groups, which are thermosets
and also thermoplastics. The difference between thermosets and thermoplastics is that
they have different mechanical properties and the manner of forming. Thermoplastics
contributed 90% of the produced plastics in the world and most of them were used in
the automotive industry. The reason of it is because thermoplastics is a more affordable

and easily machinability material. [1]

Recently, polymeric materials especially thermoplastic materials are more
frequently used in sector automotive. Thermoplastic materials usually are applied in
metallic component, passenger components in a car. In automotive industry, the use of
plastic has become more and more important. In past, plastic is regarded as low quality
material in people perception, due to that, it was only used to build some simple
mechanism and basic application such as non-loading application inside the car. In fact,

plastics are a lot better if compared to metal in aspect of cost, freedom in design,



resistance, formability and also environmental friendly. With the advancement of
technology, we tend to see more plastic has dramatically increased their usage in
modern car. Plastics are able to offer good mechanical properties together with the
outstanding appearance and also possible to self-coloring. Nowadays, plastic is also
used improve the energy efficient of a car by reducing the car overall weight and at the
same time, it providing good durability, toughness, corrosion resistance, design
flexibility and excellent performance at a lower material cost. Therefore, plastic has
increased its application in modern car because it is able to offer good quality product

even at a lower cost [2,3].

In order to produce plastics that are able to optimize the design of the product to
fulfill the client’s needs before the design is implemented in the production line, the
structural analysis of plastic material is essential. There are a lot of methods and tools
able to perform the structural analysis of plastic material. Finite element analysis is one
of the methods to perform structural analysis on material. Finite element analysis (FEA)
is a computerized approach to find out how a product will behave when it faces the real
world forces, heat, vibration and so on. The product may break, wear out, or perform
well according to what it is designed under finite element analysis. Although it is called
as analysis, but it is used to carry out the prediction on the product of what is going to
happen when the product is being used in real world. Besides that, its purpose also
included reduces the manufacturing cost, labor cost and also improve the product
quality. ANSYS Parametric Design Language (APDL) is a tool designed to perform
finite element analysis. It allows users analyze and obtain the desired results by building
a finite element model in it. Therefore, ANSYS Parametric Design Language (APDL) is
important to perform finite element analysis to predict how the product will react in the

real world situation. [4]



This research paper is focus on to investigate deformation properties of
thermoplastic sheet. The investigation will be done through simulation approach, which

IS by using ANSY'S to perform the finite element analysis.

1.2 PROBLEM STATEMENT

Engineering approach to determine the deformation properties and the service

behavior of the thermoplastic sheet.

1.5 OBJECTIVE

The objectives of this project are:

1. To investigate the tensile deformation properties of thermoplastic sheet.

2. To determine the mechanical behavior of the thermoplastic sheet by using

ANSYS APDL.

3. To perform uniaxial stress-strain analysis on thermoplastic sheet by using

ANSYS APDL.

1.6 PROJECT SCOPE

The scopes of this project are:

1. Deformation properties of thermoplastic sheet.



2. Designation of the testing specimen.

3. Finite element analysis by using ANSYS APDL.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter provided a review of existing literature to support the study
undertaken in this project. The sources of the literature come from journal and article,
information from the website, reference book, lecture’s slide and so on. This chapter
will provide a better understanding on problem statement and also project scope of this
project. Lastly, a discussion of literatures related to the deformation properties and
service behavior of thermoplastics field is performed and some recommendations were

also being proposed in this chapter.

2.2  FINITE ELEMENT ANALYSIS

Finite element analysis was developed in the year 1943 by a German
mathematician Richard Courant. He used numerical analysis and minimization of
variation calculus to get the approximate solutions to vibration system. Finite element

analysis has been widely accepted as a common tool to perform structural modeling and



simulation. [5] Finite element analysis helps in determine whether a new design product
can perform well in the real world situation.

Because of the tough competition, all industrial manufacturers must work hard
to optimize the conflicting technical and financial goals although the increasing in
product complexity. This challenge is going to be tough because of the randomness,
therefore the use of probabilistic tools is important to solve the problem. There are two
tools, namely the ANSY'S Probabilistic Design System and the ANSYS DesignXplorer
has been released by the ANSYS Inc to solve the situation. In the paper of “Probabilistic
finite element analysis using ANSYS”, it describes the problems that can be addressed,
the underlying algorithms implemented and methodologies of these methods in both
tools. Besides that, the special topic of this paper is it included the discussion and also
explanations of the Variational Technology which can be found in both of the tools.
This technology is able to give an accurate and high order response surface based on
the single finite element analysis. In this paper also discussed all the strength and
weakness of these method. Besides that, the possibility to reduce the processing time
using parallel computing is also been discussed in this paper. Different ways to get the
accuracy of the results taken with the different probabilistic methods are also discussed
in this paper. Finally, the method to optimize the possibly conflicting goals are also
highlighted.

In the research in “Finite-element analysis of quasi-static characterization tests
in thermoplastic material”, they have used software ANSYS to do the analysis of the
service behavior of thermoplastic when working. They have used two types of
thermoplastic which are polypropylene and polycarbonate for testing. In their research,
they need to search a better correlation level between the simulation result which is

done by using ANSYS and the experimental mechanical test results. There are two



quasi-static tests they carried out to make a comparison between the experimental result
with the simulation result, first test is 3-point bending test and another is plate
penetration test. [6] Figures 2.1, 2.2, 2.3, 2.4 below show the results they got for their
research. Figure 2.1 showing the comparison for the bending test while figure 2.2
showing the comparison for the penetration test, both for the material polypropylene.
The next two figures 2.3 and 2.4 show the same thing but for material polycarbonate.
The conclusion that can be made for this research is the best correlation between

simulation result and experimental result can be getting by using correct friction

coefficient.
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2.3 DOG BONE SHAPE TESTING SPECIMEN

Dog bone shape testing specimen is normally used in tensile testing. It has a
gauge section in the middle and also two shoulders at both ends each. The sample has a
wider shoulder than the middle gauge section. It is designed in this shape to make sure
that when it is loaded with the tensile force, the stress concentration is happened at the
middle gauge section. [9] Figure 2.5 and figure 2.6 below showing the dog bone shape

testing specimen in original state and also in broken state respectively.
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Figure 2.6: Broken State of Dog Bone Shape Testing Specimen [10]

The purpose of make sure the stress concentration is happened at the middle is
important because this will ensures a higher chance that the sample will only break
down at the middle gauge section. The testing material is reaching the maximum tensile
strength limit when the rupture section is at the middle part of the testing specimen. On
the other hand, if the rupture section is at the either end of the testing specimen, it is
considered as failure of the testing and it may due to improper loading manner. So, the
dog bone shape testing specimen is designed to make sure that the specimen will only
rupture due to maximum tensile loading. Figure 2.7 below shows the failure location of

testing specimen in the tensile strength testing.
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Figure 2.7: Expected Broken Place of Dog Bone Shape Testing Specimen [11]

There are two major methods used to prepare dog bone shape testing specimen, cutting
and also molding. A die cutter is needed to cut the sample from the material, the shape
and the dimension will follow the shape and the dimension of the blade. Preparing the
testing specimen through molding method is more complicated and more expensive if
compare with by using a die cutter. This process requires the testing material to be in
soft flexible state and then poured it into the mold with the desired shape and dimension.
After it is harden, then it is ready to be tested. The testing specimen prepared through
molding method is usually stiffer than testing specimen prepared through die cutting
process. The dog bone testing specimen can be made up of any material that can be
tested in tension, but the most common material is plastics, polymer and rubber. Due to
their ductile nature, it is easier to cut them through the sample material, so the cutting
method is more preferred to be used to prepare the testing specimen from flexible

material. [9]
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2.4  TENSILE PROPERTIES

Tensile properties show how a material will react to the force when applying
tension on it. Tensile test is a method used to find the tensile strength, elastic limit,
young’s modulus, yield point, yield strength, and so on. The test is usually carried out
with the use of a universal testing machine. Tensile test is a mechanical test where the
testing specimen is loaded with the proper way on the universal testing machine. Then
the applied load is measured and also the elongation of specimen over certain distance.
The testing specimen is usually in dog bone shape. This is because the dog bone shape
testing specimen can make sure that the testing sample is rupture only due to maximum
tensile loading. But sometimes, the testing specimen may rupture at the place outside of
the middle gauge section, this is because the alignment between specimen axis and also
the pull direction is not match. Other than that, over tightening at the grips part of the
specimen may cause weakening of grip positions and then cause failure during testing
process. [14] In overall, tensile properties may vary with different thickness of specimen,
the method of preparation, and the testing speed. [12] Figure 2.8 and figure 2.9 below
show the proper and improper alignment between the specimen axis and also the pull

direction respectively.

D R B — SR — «

Figure 2.8: Proper Alignment between the Specimen Axis and also Pull Direction [11]
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Figure 2.9: Improper Alignment between the Specimen Axis and also Pull Direction

[11]

The tensile test will produce a stress versus strain curve. Every material has its own

stress strain curve and the curve is relating the applied stress to the resulting strain of

every material. Figure 2.10 below shows the example of a stress strain curve. From the

figure, we can see that the curve is increases continuously until it reaches its fracture

point. [14]
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Figure 2.10: Stress Strain Curve [14]
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2.4.1 Linear Elastic Region

From the figure 2.10, we can see in the linear elastic region, the stress is increase
linearly with the strain. Since it is linear elastic portion, so there will be no plastic
deformation occurred at this region. In this state, the material will tend to return to the
original state when the stress is decreased. This region obeys the Hooke’s law which
indicates that the result of stress over strain is a constant. The gradient of the line in this
linear elastic region is called modulus of elasticity or young’s modulus. The young’s
modulus indicates the properties of a material when the material was applied with stress,
deformed and when it goes back to original state after the applied stress is removed. In
other word, it is a measurement of stiffness of a material. [13] In order to calculate
young’s modulus, we need to divide the stress by the strain in material. The unit of

young’s modulus will follow the unit of stress since the strain is without unit.

2.4.2 Yield Point

For ductile materials in stress strain curve, at certain point, the Hooke’s law can
no longer be applied due to the strain increases faster than the stress. At this point, there
will be some permanent deformation happened at the testing specimen. The testing
specimen will not return to its original state although the load has been removed. For
brittle materials, there will be only a little or no plastic deformation at all, the brittle
testing specimen will fracture after the linear elastic region in the stress strain curve.
Below is a Figure 2.11 which shows the comparison of stress strain curve between a

brittle material and also a ductile material.
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Brittle fracture

Ductile fracture

Stress

o Strain

Figure 2.11: Comparison of Stress Strain Curve between a Brittle Material and also a

Ductile Material [15]

2.4.3 Ultimate Tensile Strength

The ultimate tensile strength indicates the maximum engineering stress level
that a material can withstand without rupture in a tensile test. In figure 2.10, we can see
that the ultimate tensile strength is the highest point in the stress strain curve where the
line is becoming flat. In ductile material, the strain hardening occurs and the stress will
increase until the testing specimen is completely broken down. The strain hardening is
occurs due to dislocation movements happened inside the crystal structure of the

material. [16]

25 POLYMER

Material selection and processing has becoming more and more challenging and

important currently. One of the material that becoming more popular is polymer. [19]
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The reason is that polymer exhibits properties of good electrical insulation, good
corrosion resistance, light in weight and also cheaper in cost if compare with other
material such as metallic material. Polymer is the substance that composed of repeating
structural units that linked together into a long chain molecule through the process call
polymerization. Polymerization is a process that linked all the monomers together into a
large molecule with the presence of certain catalyst. Generally, there are four types of
polymer linkage, which are branched, network, linear and cross-linked. The different

type of linkage can have different effect on the properties of polymer. [18]

The linear polymer is held by strong intermolecular forces of attraction and
therefore linear polymer has a high melting point, tensile strength, and also high density.

Figure 2.12 below showing schematic illustration of linear polymer.

.._._““u.
m“m._.

Figure 2.12: Schematic Illustration of Linear Polymer [20]

Branched polymer will have side branched linear chain attached to the main
linear branch, this will change the properties of the polymer because the properties is no
longer only depend on the monomer but also the arrangement. [21] The branched
polymer exhibits lower density, lower boiling point and lower tensile strength because
branch chain polymer are usually irregularly packed. Figure 2.13 below shows

schematic diagram of branched polymer.
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Figure 2.13: Schematic Illustration of Branched Polymer [20]

Cross-linked polymer contains adjacent chains linked by covalent bond. This
type of polymer exhibits properties of strength, hardness, brittleness, stiffness, and
better dimensional stability. Figure 2.14 and 2.15 shows the schematic diagram of the
cross-linked polymer and network polymers respectively. A network polymer is a

highly cross-linked polymer.

Figure 2.14: Schematic Illustration of Cross-linked Polymer [20]
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Figure 2.15: Schematic Illustration of Network Polymer [20]

In the thesis of “Low to High Strain Rate Deformation of Amorphous Polymers”,
two amorphous polymers, polycarbonate and polymethyl methacrylate has undergo an
experimental and analytical investigation to find out the mechanical behaviour
of them. The testing strain rates are range from 10™ to 104 s™. This spectrum of strain
rates was achieved in tension tests using a dynamic mechanical analyzer (DMA), a
“servo-hydraulic testing”’machine and a split-Hopkinson pressure bar. Tension tests on
the DMA were used to characterize the time-temperature dependence of the elastic
storage moduli and the loss factors of the two polymers. DMA testing provided a
quantification of the ratedependent shift of material transitions, and led to an analytical
description of the elastic modulus at all rates and temperatures. Uniaxial compression
tests were performed at strain rates of 10* s™ to 1 s™ using a servo-hydraulic testing
machine. Stress strain behavior of the materials was found to be rate-dependent in this
regime, with yield strength increasing in a linear and non-linear fashion for PC and
PMMA , respectively, with the logarithm of strain rate . High strain rate tests
were performed using an aluminum split-Hopkinson pressure bar. Material
strengthening as a function of strain rate was observed to be dramatically greater
in this high-rate regime for both materials . A physically-based constitutive model

for large strain deformation of thermoplastics, which has been shown to be
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accurate at quasi-static rates of deformation, was then extended to encompass very
high rate conditions. The revised model is shown to be predictive of the behavior of
these materials over a wide spectrum of strain rates. This model uses the
viscoelastic material transitions quantified in DMA testing, as well an understanding of
the molecular mechanisms of resistance to deformation at high rates, to capture the
overall transition of the stress-strain behavior to a regime of increased rate-dependence
of yield.

There are two main industrially important polymeric materials, which are
plastics and also elastomers. The polymer plastics can be further divided into two
classes, thermosetting plastics and thermoplastics. [17] They are being differentiated by
how they are chemically bonded and structurally bonded. The type of polymer that we

focus in this project is thermoplastics.

2.5.1 ELASTOMER

The elastomer is polymer with the ability to deform at large deformation and
then elastically return back to their original state. This is because elastomer consists of
cross-linked polymer, and they supply a lot of intermolecular forces of attraction to help
the polymeric chain to return back to its original state. Figure 2.16 below shows the
elastomer in unstressed state. We can clearly see from the figure, the polymer is

amorphous and consists of cross-linked polymeric chain.
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Figure 2.16: Elastomer in Unstressed State [22]

When there is a stress applied at the cross-linking, the chains will straighten
themselves and this process may involve partial uncoiling and also untwisting of
corresponding chains. The effect will be shown at the figure 2.17 below. After the

applied stress is removed, the elastomeric chain will return to their original state.

G Crosslinks ~

NN e '\Jf isaii:
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Figure 2.17: Elastomer in Stressed State [22]

2.5.2 THERMOSETTING POLYMER

Thermosetting polymer is permanently set themselves after the thermal
application. Thermosetting plastics or in other words thermosets are network polymer
which has a permanent shape. They are also high thermal stability, high rigidity and

good resistance to creep deformation. There is a lot of covalent cross linking between
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adjacent molecular chains bond, they will bond together and form a hard infusible and
insoluble product upon heating. This means that it does not soften easily on heating and
make them a good choice when we need to use them in high temperature condition.
Besides that, they are also stronger than thermoplastics polymers and also more brittle
than the thermoplastics polymers. Figure 2.18 below shows the schematic molecular

structure of the thermosetting polymer.
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Figure 2.18: Schematic Molecular Structure of the Thermosetting Polymer [23]

2.5.3 THERMOPLASTIC POLYMER

The thermoplastic polymer is a type of polymer that can be soften when the
temperature is rising and can be harden when the temperature is dropping. [24] There is
no cross-linking in the molecular chain of thermoplastic polymer and this is clearly
shown in the figure 2.19. If there is a rise in temperature, the Van Der Waal forces will
begin to get diminished and therefore no effect will occur when the stress is applied.
This will cause relative movement in the adjacent chains of polymer, when the chain
move more and more freely, this is the time the softening will occur. This type of

polymer can be easily produced by melting them through heating and then molding
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them into the desired shape and cooled it to get the final product. The common example
of thermoplastic included polystyrene, polyethylene, and polypropylene. This project

will focus only on the polypropylene, to determine the tensile deformation properties of

polypropylene.

Figure 2.19: Schematic Molecular Structure of the Thermoplastic Polymer [23]

26 SUMMARY

As a summary, the thermoplastic polymer is a type of polymer that can be easily
molded into the desired shape as they can be soften on heating and harden on cooling.
Polypropylene is one of the thermoplastic, it has excellent chemical and heat resistance
and low density. Polymer has been used in many applications such as food packaging
and car component as well. The sheet material made by polypropylene will be shaped
into dog bone shape. The dog bone shaped testing specimen will undergo uniaxial stress
strain analysis. The simulation result will be produced by using ANSYS APDL to
perform uniaxial stress strain analysis. ANSYS APDL is a tool commonly used to
perform analysis on the material to determine how the material reacts in the real world
situation. Lastly, the simulation result will be interpreted to find out the service behavior

of the material.
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CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter will discuss about the methodology that is going to use in this
project. This chapter will provide some information and some basic overview of the
investigate focus, research methodology about this project. Besides that, a flow chart to
show the process flow of the project will also be included in this chapter. Lastly, this

chapter will also discuss about the material software that will going to use in this project.
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3.2.1 Project Description

The material for testing specimen will be polypropylene. ANSYS APDL is the
software to be used in this project. First, a model will be shaped into dog bone shape
and the dimension will follow standard ASTM D638 in the simulation software. The
simulation results can be gotten with the help of ANSYS APDL. ANSYS APDL is a
useful tool to perform finite element analysis. After the ANSYS APDL is setting up,
then the finite element analysis will be performed. The analysis is uniaxial stress strain
analysis and the results will be recorded down. After the simulation result is obtained,
the simulation results will be the ideally results. Lastly, there will be some discussions

on the final results and a conclusion will be made for this project.

3.3 MATERIAL AND SOFTWARE

The software needed for this project is ANSYS APDL. In this section, we will

discuss and provide the information for all these hardware and software needed.

3.3.1 Dog Bone Shape Testing Specimen

Dog bone shape testing specimen is commonly used in tensile testing. Its design
consists of a gauge section in the middle and also two shoulders at both ends each, the
shoulder is wider in size than the middle gauge section. Has the purpose to make sure
that when it is loaded with the tensile force, the stress concentration only happens in the

middle gauge section. In this project, the dimension of the dog bone shape will be
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following the standard of ASTM D638. Figure 3.2 below will show the dimension of

the dog bone shape testing specimen.
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Figure 3.2: Dimension of Dog Bone Shape Testing Specimen

The material that is going to use to cut into testing specimen is polypropylene.
The common advantages of polypropylene included excellent chemical resistance, able
to be recycled, excellent heat resistance, easy to manufacture and low density. Polymer
is well suited for many different types of uses, included flexible and rigid packaging,
automotive interior and exterior, and also consumer products. Polypropylene is
recyclable material, it is an important consideration in producing product. Furthermore,

it can be incinerated without any toxic emissions.

3.3.2 ANSYS Parametric Design Language

ANSYS Parametric Design Language (APDL) is software to allow users to

parametrically build a finite element model, solve it and obtain the results. It can also
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extract the characteristic results parameter such as maximum stress. Furthermore,
ANSYS APDL provides the possibility to use input variable as well as result parameter
in arithmetic expression. [4] In this project, ANSYS Parametric Design Language
(APDL) is used to perform uniaxial stress strain analysis to determine the mechanical
behavior of the polypropylene. The final result of this testing will be a stress strain
curve. From there, we can know the mechanical behavior of the polypropylene. Figure

3.3 below shows the logo of the ANSYS.

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

Figure 3.3: Logo of ANSYS
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34 PROCEDURES TO SET UP ANSYS

In this section, the step by step procedure to set up the ANSYS to perform the
finite element analysis will be provided. First of all, the shape of the dog bone is drawn.

The dimensions will follow the standard of ASTM D638.
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Figure 3.4: Drawing of Dog Bone Shaped Specimen

In the figure 3.4 above shows the drawing of dog bone shaped specimen. The
overall length of the testing specimen is 165mm, the width of grip section is 19mm, the
gauge length is 57mm and the sample dimension of the testing specimen according to

ASTM D638 is shown at figure 3.5 below.
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Figure 3.6: Creation of Area

In the figure 3.6 above shows the step to create the area. An area is needed to be created

by line under the modeling section.
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Figure 3.7: Small Window of Create Area by Lines

In the figure 3.7 above shows the small window of create area by lines. After the “by

line” button is clicked, it will pop out a small window at left side.

I\ ANSYS Multiphysics Utility Menu

-—TT

Eile Select List Plot PlotCirls WorkPlane Parameters Macro MenuClris Help

Di=lEalsle | H

Toolbar

EJEIEE]

save 08| REsum DB QuiT| POWRGRPH|

Main Menu

1Preferences

1 Preprocessor
Element Type
E Real Constants
@ Material Props
Sections
& Modeling

B Create
Create Area by Lines

TYPE NUM

@ pick (" Unpick

@ Single kPs

e (&) n Area
" Locp

Counz = 16 ng

16

¢ List of Items

" Min, Max, Inc

I
- »

clolelzlolelsloplefajalaalalale

2|

& Ell[=]s[=|s

efining the area mat=1

|type:1 real=1 csys=0 secn=1

Figure 3.8: Selection of the Lines
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In the figure 3.8 above shows the line needed is chosen to create the area. Then, the

“apply” button is clicked to create the area and then clicking “ok” button to confirm it.

The area outcome will look like in the figure 3.9 below.
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Figure 3.9: Area of the Model
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After that, the element type will be added to the model. The step to complete that is by

clicking the “add/edit/delete” button under the element type. A window of element type

will pop out after that and is shown in figure 3.10 below.
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Figure 3.10: Selection of Element Type

The element type chosen here is shell 63 and is shown in figure 3.11 below. According
to the thesis, it shows that shell element is recommended when the thickness of the
model is very thin. The shell 63 chosen because the stress stiffening and large deflection

capabilities are included.
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Figure 3.11: Element Type of Shell 63

Next, the real constant is added. To do this, the “add/edit/delete” button under the real
constant is clicked and a window of real constant will pop out later and is shown in the

figure 3.12 below.
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Figure 3.12: Defined of Real Constant

After the “add” button is clicked, another window of element type for real constant will
pop out. From here, the “ok” button is clicked to choose the type shell 63 element. The

detail is shown in the figure 3.13 below.
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Figure 3.13: Window of Element Type for Real Constant

After that, the thickness is needed to set by setting the TH(I) to 0.001 . If the element
has a constant thickness, only TK(I) need be input. Then, clicked the “apply” button

and “ok” button to confirm it. The detail will be shown in the figure 3.14 below.
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Figure 3.14: Set Up of Thickness
Next step, the material models will be set under the material properties.
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After that, the young’s modulus and poison ratio of the material is set. Then, mesh tool

Is opened under the meshing.

B ST
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Figure 3.16: Set Up of Young’s Modulus and Poison Ratio
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Figure 3.17: Mesh Tool




38

In the mesh tool, the meshing attributes are opened by clicking the “set”. In the meshing
attributes, the element type must be confirmed to be shell 63. After checked, clicking

“ok” button to confirm it.
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Next, under the mesh tool, the “set” under the line is clicked. A small window will pop
out, and then the line is selected for further action. At here, the line on both sides are

selected and then clicked the “ok”.
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Figure 3.19: Selection of Both Side Line

After the “ok” is clicked, a window of element size on picked line will pop out. At here,

the no of element division is set to 25 and click “ok”.
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Then, the same procedure will be applied on the line

section, the no of element division is set to 30.

40

of the grip section. For the grip
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Figure 3.21: Selection of Line at the Grip Section
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Then, repeat the same procedure to the curve line. For the curve line, the no of element

division is set to 20.
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Figure 3.23: Selection of Curve Line
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Then, the same procedure is repeated for the middle line. For the middle part, the no of

element division is set to 75.
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Then, under the mesh tool, the “mesh” button is clicked and a small window of mesh
area will pop out. At here, the area that is needed to be mesh is selected and clicked the

“ok” to confirm it.
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After that, the meshing process will be running. The result is looked lie the figure 3.28

below.
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After that, the “structural” is clicked under define loads.
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From the structural, the “displacement” is clicked and a small window will pop out after
clicking the “on node”. At here, the box is ticked and choose the part that is needed to

be applied. The “ok” is clicked to confirm it.
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Figure 3.31: Defined of Displacement Load

After that, a window will pop out. At here, the degree of freedom to be constraint is

needed to set, and all degrees of freedom are chosen and clicked “OK” to confirm it.
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After confirmed, the result will be looked in the figure 3.32 below.
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Then, the “force/moment” from the structural is clicked and a small window will pop

out by clicking the “on node”. At here, the box is ticked and choose the part that is

needed to be applied. The “ok™ is clicked to confirm it.
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Figure 3.34: Defined of Force

After that, a window will pop out. At here, the direction of force/moment will be set to

x-direction and the value of force is also set. Then, click “ok” to confirm it.
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Figure 3.35: Setting of Force

After that, the result will be looked like in the figure 3.36 below.
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Then, the “solve” from the solution is clicked and the “current LS” is chosen. After that,

two small windows will pop out. The “ok” is clicked to start the solving process. Then,

a window pop out to indicate that the solution is done.
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After that, the plot results is clicked. From there, the nodal solution is chosen. After

clicked the “nodal solution”, a window will pop out. From there, we can choose what

result from the nodal solution we want.

I\ £NSYS Multiphysics Utiity Menu - “—_— = 2

File Select List Plot PlotCtrls WorkPlane Paramefers Macro MepuCtrls Help ‘

M EIE - E &

JJJJJJJ J A Contour Nodal Solution Data &J ’J J J J

Toolbar ®‘
ftem to be contoured | =

save 08| REsuM Da| qur|| MO E MU ! 3
&4 Favorites =l

Mein Meny 4 Nodal Soluion 1 8]

Preferences & DOF Solution

Preprocessor @ Stress @@

Solution
B General Postproc
& Data & File Opts
Results Summary
Read Resuilts
Failure Criteria
B Plot Results
Deformed Shape
8 Contour Plot
B
Element Solu
B Elem Table
Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
Options for Outp
Results Viewer

& Total Mechanical Strain

Elastic Strain
Plastic Strain
@ Creep Strain
& Thermal Strain

Total Mechanical and Thermal Strain

@ Sweling strain
@ Energy
& Failure Critenia

@ Body Temperatures

]

Undisplaced shape key

Undisplaced shape key
Scale Factor

Additional Options

Deformed shape only

Auto Calculated

8l

Nodal Calcs
Element Table

0K ‘

Help |

B8]

ellEekkbsRR

2|

| Pick a menu item or enter a command (POST1)

mat=1 \type:W

csys=0

secn=1

Figure 3.39: Window of Nodal Solution

At here, the x-component stress is chosen. Then click “ok” to confirm it. The result is

shown at the figure 3.40 below.
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Figure 3.40: Analysis Results

After that, the timehist prospoc is clicked and a window of time history variable will

pop out.
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At here, the add data is clicked, and the nodal solution is chosen. Then the x-component
stress is chosen. A window will pop out and a node is needed to be chosen. Then click
the ok to confirm it. Then, the strain is chosen. A window will pop out and the same

node is needed to be chosen. Then click the ok to confirm it.
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After that, the strain data is clicked as the x-axis. Then the graph data is clicked, the

graph will be shown at the figure 3.44 below.

EFPS

Figure 3.44: Results of Stress Strain Curve
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 INTRODUCTION

This chapter provides all the results of the uniaxial tensile test analysis from
simulation. The results from the simulation and the stress strain curve will be shown in
this chapter. Besides that, the table with the list of stress and strain will also be shown in
this chapter. All the results will be interpreted to understand the service behavior of the

material.

4.2  UNIAXIAL STRESS STRAIN ANALYSIS

The procedures to perform the uniaxial stress strain analysis to get the service
behavior were described in the methodology and the results were discussed. The
dimension of testing specimen was followed standard ASTM D638. The element
chosen is shell element 63. The dimension of standard ASTM D638 is shown in the

figure 4.1 below.
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Figure 4.1: Dimension of testing specimen ASTM D638

The shell element is commonly used when analysis thermoplastic material, this
due to large deflection capabilities are included in it. Besides that, based on the study,
the shell element 63 is recommended when the thickness of the model is very thin. The

thickness of this element type is assumed to be varied very smoothly over the area of
the element with the thickness input at the four nodes. If the thickness is constant, only
one TK(I) need be input. On the other hand, if the thickness is not constant, all four
thicknesses must be input. The image of shell element 63 is shown in the figure 4.2

below. The input summary of the element shell 63 is shown in table 4.3 and table 4.4.

EL

J
{Trianglar Option)
v
Note — x and 3y are in the plane of the element

Figure 4.2: Image of element shell 63




Table 4.1: Input summary of element shell 63
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Element
Name

SHELLGS

Nodes

LIKL

Degress of
Freedom

UK UYL UZ ROTX ROTY.ROTZ

Real
(Constants

TR (), T% (), T (%) T (L), EFS. TEETA
RML CTOP,CBOT,(Black), (Bl (Bl
Blak) (B, Bhk), Bk, (Blck), (Bl
ADVSTA

\aterial
Properties

EX.EY.EZ. (PRXY. PRYZ, PRZ or NUXY. NUYZ, NUXZ), ALPX, ALPY ALPZ. DENS, GXY. DAMP

Surface

Loads

Pressures:

face [ (1K) (bottom, 1 +Z direction),

face 2 (1K) (top. in-Z direction),

face 3 (). face 4 (KJ), ace 3 (LK), fcz 6 (1)

Body Loads

Temperatures: TL T2 T3, T4 T, 16, T7. T8

Special
Features

s stiffening. Large deflection. Birth and death

KEYOPT(

l)

0 - Bendng and membrane siffness
1 - Membrane stffuess only
- Bendung stffuess only
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Table 4.2: Input summary of element shell 63 (cont)

(- Use ouly the main tangent stiffness matroc when NLGEOM 1s ON. (Stress stiffening effects used 1n hnear buckling or other lmear prestressed analyses must be activated seperately with
PSTRES ON)

KEYOPT(2) 1 - Use the consistent tangent stiffness matrix (1., a matrix composed of the main tangent stiffness matrix plus the consistent stress stiffness matrix) when NLGEOM 15 ON and when
KEYOPT(1)=0. (SSTIE.ON wil be tgnored for this element when KEYOPT(2)=1 15 activated ) Note that if SOLCONTROL 15 ON and NLGEOM 1s ON KEYOPT(2) ts automatically set

to 1 ie.. the conssstent tangent will be used.

(- Include extra displacement shapes. and se spring-type w-plane rofational stifness about the element z-axss (the program automattcally adds a small stffess to prevent numerical
mstabilty for non-warped elements ;FKEYOPT(1)=0)).
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Figure 4.3: The uniaxial stress strain tensile simulation result
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The uniaxial stress strain tensile simulation result in shown in the figure 4.3
above. Since the load is applied in the x component, the x component of stress is chosen
as the result. In the figure, we can see the maximum stress is 40.0799Mpa while the
least is 19.5204Mpa. The stress in concentrated at the middle part, which meant the

deformation is occurred at the middle part.

43  THE STRESS STRAIN CURVE

The uniaxial stress strain tensile simulation result in the figure 4.4 can be plotted
into the graph. The results from the simulation will be plotted into stress versus strain
curve. From the stress strain curve, it explained the relationship between the stress and

strain for a particular material. It is different for every material, it is determined by
record the amount of deformation at distinct intervals of tensile stress. The stress strain
curve able explains many properties of materials. The figure 4.4 below will show the
result of the stress strain curve. The figure 4.5 will show the interpretation the stress

strain curve.
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Figure 4.5: The interpretion of stress strain curve
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Point A from the figure 4.5 above shows the elastic region. The elastic region of
the stress-strain curve is the region in which the material will to the undeformed
state when applied forces are removed. The slope of the line in this region where
stress is proportional to strain and is called the modulus of elasticity or Young's
modulus. The modulus of elasticity defines the properties of” a material as it

undergoes stress, deforms, and then returns to its original shape after the stress is
removed. It isa measure of the stiffness of a given material. To compute the modulus
of elasticity, simply divide the stress by the strain in the material. Since strain is
unitless, the modulus will have the same units as the stress.

Point B from the figure 4.5 above shows the plastic region. The plastic region is
the portion where some permanent deformation will occur, even if the load is
removed. It produces a permanent change in the shape and size of a solid body
without fracture, resulting from the stress beyond the elastic limit. The difference
between elastic region and plastic region is material will return to the original state
when applied forces are removed in elastic region while the material will undergo
some permanent deformation in the plastic region although the applied forces are
removed.

Point C from the figure 4.5 above shows the yield point. In fact, to reach plastic
deformation material always have to begin with elastic deformation. At this yield
point, the stress-strain curve deviates from the straight-line relationship and
Hooke’s Law no longer applies as the strain increases faster than the stress. From this
point in the tensile test, some permanent deformation occurs in the specimen and
the material is said to react plastically to any further increase in load. The material

will not return to its original, unstressed condition when the load is removed.
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Point D from the figure 4.5 above shows the ultimate tensile strength. It is the
highest point inside the stress strain curve. Ultimate tensile strength is measured by
the maximum stress that a material can withstand while being “stretched or pulled

before breaking.

Table 4.3: List of stress and strain

Curve Points Stress (MPa) Strain
1 0.00 0.000
2 12.00 0.010
3 20.00 0.020
4 26.00 0.025
5 31.00 0.030
& 33.00 0.033
ri 35.00 0.040
a8 36.50 0.043
9 37.00 0.047
10 36.00 0.050
11 35.00 0.060
12 34.50 0.085
13 33.00 0.070
14 32.50 0.090
15 32.00 0.100
16 31.50 0.150
17 32.50 0.200
18 37.00 0.250
15 358.00 0.300
20 40.00 0.330

Table 4.3 above shows the list of stress and strain obtained from the stress strain
curve. The yield point is at curve point 7, when the stress is at 37.00MPa while the

ultimate tensile strength is at curve point 20, when the stress is at 40.00Mpa.
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Figure 4.6: Resilience and toughness of material

The figure 4.6 above shows the resilience and toughness of the material. The
area up to the yield point is the modulus of resilience, and the total area up to
fracture is termed the modulus of toughness as shown in figure 4.6. The term
resilience alludes to the concept that up to the point of yielding, the material is
unaffected by the applied stress and upon unloading will return to its original shape.
But when the strain exceeds the yield point, the material is deformed irreversibly,
so that some residual strain will persist even after unloading. The modulus of
resilience is the quantity of energy the material can absorb without suffering
damage. In contrast, the modulus of toughness is the energy needed to completely
fracture the material. Materials showing good impact resistance are generally those

with high modulus of toughness.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 INTRODUCTION

This chapter presents a summary of the findings in this research report and
conclusions for the same. In addition the chapter offers recommendations for further

research in a similar field.

5.2  CONCLUSIONS

In conclusion, the service behavior of polypropylene has been determined
through the uniaxial tensile test by using ANSYS APDL. It has a non-linear
viscoelasticity behavior. This behavior lead to non-linearity in stress strain curve.

Viscoelasticity is the property of materials that exhibit both viscous and
elastic characteristics when undergoing deformation. Viscoelasticity material is a
strain rate  dependence material. Viscoelastic materials respond differently
depending on how fast they are stretched. The displacement is related to strain, so
the strain rate defines how fast the material is stretched. Therefore, viscoelastic

materials are said to be strain rate dependent. The same material has two very
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different responses to a force depending on how fast the force was applied. Faster
strain rates cause more elastic responses and the material behaves more like a solid
(stiffer), whereas slower strain rates cause more fluid-like behavior. It is the

common characteristic of viscoelastic material.

5.3 RECOMMENDATIONS

In future recommendation works, the experimental approach to find out the real
work service behavior is suggested. In current project, the analysis work is only done
through the simulation approach, it has the limitation that we cannot know how the
material will react when it comes to the real world situation. So, by doing the
experimental work, we can compare the simulation results with the experimental results
to find out how much the difference between them to get the most accurate prediction of

the properties of the material.
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