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ABSTRACT

Electrical discharge machining (EDM) which is vgmpminent amongst the
non conventional machining methods is expectedetauged quite extensively in
machining titanium alloys due to the favorable dea@s and advantages that it offers.
This thesis presents the EDMing of titanium alloyi-§246) using copper
impregnanted graphite electrode with diameter ofr@. The main purpose of this
study was to investigate the influenced of varipasameters involved in EDM on
the machining characteristics, namely, materialoeahrate (MRR), electrode wear

ratio (EWR), surface roughness (Ra) and overcut.

In this investigation, the machining trials wererfpemed using a Sodick
linear motor EDM sinker series AM3Lhe experimental plan for the processes were
conducted according to the design of experimer®DE) and the results were
statistically evaluated using analysis of variai@®OVA). Results showed that
current was the most significant parameter thduémfced the machining responses
on EDM of Ti-6246.

Confirmation tests were also conducted for thecsete conditions for each
machining characteristics in order to verify andmpare the results from the
theoretical prediction using Design Expert softwarel experimental confirmation
tests. Overall, the results from the confirmatiests showed that the percentage of
performance was acceptable due to all results rddawere within the allowable

values which was less than 15% of marginal error.
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ABSTRAK

Proses pemesinan nyahcas elektrik (EDM) yang agakirchn di antara
proses pemesinan bukan konvensional dijangkakam adb@tambah meluas
penggunaannya disebabkan sifat-sifat dan kelebigang dihasilkan keatas
bendakerja. Kajian yang dijalankan ini adalah meagg@emesinan EDMinker
terhadap bahan aloi titanium (Ti-6246) dengan menglancopper impregnanted
graphitesyang berdiameter 8 mm sebagai elektrod. Tujuan aiteajian ini adalah
untuk mengkaji kesan beberapa parameter yangdedddam EDM proses terhadap
kriteria pemesinan seperti kadar pembuangan baMRR], nisbah kehausan
elektrod (EWR), kekasaran permukaan (Ra)‘dsarcut’.

Dalam kajian ini, pemesinan yang dijalankan ke di@mium dilakukan
menggunakanSodick linear motor EDM series AM3lUjian pemesinan untuk
kedua-dua proses telah dinilai secara statistiknggunakan analisa variasi
(ANOVA). Keputusanmenunjukkan arus lektrik merupakan parameter yaligg
signifikan yangnempengaruhi tindak balas pemesinan EkdVatas Ti-6246.

Ujikaji pengesahan juga telah dijalankan bagi tmjugengesahan dan
perbandingan keputusan di antara nilai ramalan teenggunakan perisiaDesign
Expert dengan nilai yang diperolehi dari ujikaji. Secaraséduruhan, keputusan
pengesahan ujikaji menunjukkan bahawa kesemuaugaratralat perbezaan yang
diperolehi berada di dalam lingkungan nilai yan@pesiarkan iaitu peratus ralat

kurang daripada 15%.
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CHAPTER 1

INTRODUCTION

1.1 Overview

The use of light, thin and compact mechanical elegmbas recently become
a global trend. The search for new, lightweight eniat with greater strength and
toughness has led to the development of new gemei@it materials such as titanium
and nickel alloys, although their properties magate major challenges during
machining operations. Having greater hardness andorcement strength, these
materials are difficult to machine by the tradibnmethods. Although these
materials can be machined conventionally, sub eerfalamages such as
metallurgical alterations, work hardening, delirida and microcracks and others
can occur under certain circumstances which causietamental effect on the
performance of the machined component. Since trs&¢ @b using conventional
machining is generally prohibitive, non-conventibmaachining such as electric
discharge machining (EDM) and laser machining pobbaamongst the ideal

technique in dealing with these materials.

Most titanium alloys and component design charaties make them
expensive to be machined and historically, titanhas been perceived as a material
that is difficult to machine (Ezugwu, E.O and Wadgyl. 1997). Due to titanium's



growing acceptance in many industries, along witle experience gained by
progressive fabricators, a broad base of titaniusainming knowledge is now exist.
It was reported that commercially pure gradestahium [ASTM B, Grades 1, 2, 3,

4] (ASM International, 1988) can be machined muasier than aircraft alloys.

Although titanium alloys is tough it can experieticgub-surface damaged
during machining operations. Damage appears irfdim of microcracks, built up
edge, plastic deformation, heat affected zonestansile residual stress¢Sharif,
1999; and Hongt al, 200). In service, these can lead to degraded fatigeagth

and stress concentration.

Non-traditional machining of metal removal suchEl3M expected to be
used extensively years to come, because it's fal@rasults. It is particularly useful
for rapid removal of metal of free form surface @aymplex shaped parts, thin
sections, and from large areas down to shallow hdepthis process has less

damaging effect on the mechanical properties ofibtal (Rival, 2005).

1.2 Background of Research

EDM is a non-traditional concept of machining whitis been widely used
to produce dies and molds. It is also used forsfimg parts for aerospace and
automotive industry and surgical components. Téehnique has been developed in
the late 1940s (Norliana Mohd Abbas al., 2006).where the process is based on
removing material from a part by means of a sesfagpeated electrical discharges
between tool called the electrode and the workepiacthe presence of a dielectric
fluid (Norliana Mohd Abbagt al, 2006).

This process is finding an increasing demand owanigs ability to produce
geometrical complex shapes as well as its abilitynachine hard materials that are

extremely difficult to machine when using conventibprocess. EDM has proved its



capability especially in the machining of super glou hard and electrically
conductive materials such as the new space aggsdlRival, 2005).The process
variables include not only the electrical but afsmn-electrical parameters, which

have received quite a substantial amount of rekeaterest.

Optimum selection of process parameters is veryhnassential, as this is a
costly process to increase production rate coraliderby reducing the machining
time. Several researchers carried out various tigasns for improving the process
performance. As EDM is a very complex and stochgstcess, it is very difficult to
determine optimal parameters for best machiningppmance, i.e., productivity and
accuracy (T. A. El-Taweel, 2009). Material removaie, tool wear, surface finish
and also overcut are most important output parasetéhich influence the cutting
performance. But these performance parametersoaféating in nature. The higher
the MRR, the better, whereas the lower the toolrwéa better. In a single objective
optimization, there exists only one solution. Buttlhe case of multiple objectives,
there may not exist one solution, which is the lvat respect to all objectives. In
EDM process, it is difficult to find a single optain combination of process
parameters for the performances parameters, aprtdwess parameters influence
them differently. Hence, there is a need for a ruolijective optimization method to

arrive at the solutions to this problem.

The published literature indicates that few studliage been reported for the
optimization of process parameters in EDM. Themefothis study is aims at
investigating the best performance of various irgrocess parameters in EDM die-
sinking process of Ti-6246. Further, no technoltajyles or charts are available for
EDM of titanium alloy(Ti-6246) using copper graphitectrode. Therefore, it is
imperative to develop a suitable technology gurdelior appropriate machining of
Ti-6246. Electrodes with copper graphite, peak entirservo voltage, pulse on time
and pulse off time are considered as input EDM nméiotp parameters. The process
performance such as material removal rate (MRRJase roughness (SR), overcut
and electrode wear rate (EWR) were evaluated.



1.3

Statement of the research problem

How does a new developed electrode performed wheM Elpha beta

titanium alloy Ti-6246 with respect to material r@val, electrode wear, dimensional

hole accuracy and surface finish.

1.4

15

Research Question

What are the machining parameters that influeneeBBMing of Ti-6246
using copper impregnanted graphite electrode.

What are the significant parameters that influetceghe responce during
EDM of Ti-6246.

What correlations exist among the parameters arnthimag responses and

also how to quantify.

. What mathematical model is suitable to represemptrformance evaluation

of EDMing Ti-6246.

Objectives

The objectives of the study are:

To evaluate the performance of copper Impregnataghite electrode when
Electro-Discharge Machining Ti-6246 with respect warious machining

responses.



b) To determine the significant parameters that imfbgs the machining

c)

1.6

responses during Electro-Discharge Machining ad6J46.
To establish mathematical model for the MRR, EWRI a&arface finish
during EDM of Ti-6246 using DOE approach.

Scope of study

Machining responses to be investigated are matremabval rate (MRR),
electrode wear rate (EWR), surface roughness (B&paercut.
Electro-Discharge Machining (Die sinking) AM3L SOIX will be
employed.

Alpha-beta alloy, Ti 6Al 2Sn 4Zr 6Mo (Ti-6246) witle selected as
workpiece material.

Copper impregnated graphite will be used as the Ehddtrode.

Kerosene will be used as the dielectric fluid.
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ABSTRACT

The development of plastic injection product as consumer products, such as
communication and electronic products have a tendency to be light, thin, short, and
small. For example, a laptop computer product requires a smaller, variable and
convenient style. Therefore, the shapes of laptop are changing and more features
have to be tightly packed into smaller volume of the casing. In order to produce the
casing, it must be thin-walled and also tough at a mean time. In plastic injection
molding, the production of the thin-walled part is very difficult. It’s hard, because
melted plastic cannot easily fill the mold cavity. The most important problem in
thin-walled parts is warpage. Therefore, this project was undertaken to study a thin-
walled plastic product such as laptop lid casing, has quality characteristics during
injection moulding process especially warpage and shrinkage. Software has been
used to overcome this matter. The software can analysis and to predict quality of
product after injection process. The software which be used were PRO/ENGINEER
and Moldflow. PRO/E software is used for create model of product. Moldflow
software is used for analysis and to predict result of quality product.This research
used the classical experimental design with full factorial methods to determine the
injection molding conditions, and the injection processes will simulate using the
commercial software Moldflow. The product and mould design was designed by
Pro/Engineer Software. Both molding conditions and factors were discussed

regarding the degree of warpage of a thin shell part.
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ABSTRAK

Pembangunan produk suntikan plastik sebagai produk-produk pengguna,
seperti produk komunikasi dan produk elektronik mempunyai satu kecenderungan
akan dibuat sebagai ringan, nipis dan kecil. Misal nya, komputer riba memerlukan
gaya yang lebih kecil, berubah-ubah dan berstail. Justeru, rekabentuk komputer riba
akan berubah-ubah dan memberikan penampilan penutup komputer riba yang kecil
dan menarik. Untuk menghasilkan penutup komputer riba, ia bukan sahaja perlu
nipis tetapi kuat dan tahan lasak. Dalam pengeluaran untuk membentuk suntikan
plastik, bahagian ‘thin-walled’ adalah sangat sukar. la adalah sukar kerana cecair
lebur plastik tidak boleh dengan mudah memenuhi ruang acuan. Masalah paling
utama dalam bahagian ‘thin-walled’ ialah kelengkungan. Penyelidikan ini telah
dilaksanakan untuk mengkaji produk plastik ‘thin-walled’ seperti penutup komputer
riba, yang mempunyai ciri-ciri kualiti semasa proses pengacuan suntikan terutama
kelengkungan dan kecutan. Perisian telah digunakan untuk mengatasi masalah ini.
Perisian tersebut boleh menganalisis dan meramalkan kualiti produk selepas proses
suntikan. Perisian yang digunakan ialah PRO / ENGINEER dan Moldflow. PRO /
ENGINEER adalah digunakan untuk mewujudkan reka bentuk produk. Perisian
Moldflow adalah digunakan untuk menganalisis dan meramalkan hasil-hasil yang
bermutu. Penyelidikan ini menggunakan rekabentuk ujikaji klasik dengan faktorial
penuh bagi membentuk parameter suntikan acuan, dan proses-proses suntikan akan
disimulasi dengan menggunakan perisian komersil Moldflow tersebut. Perbincangan
lanjut mengenai parameter mesin yang menyebabkan kelengkungan akan dihuraikan

pada topik yang berikutnya.
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CHAPTER 1

INTRODUCTION

1.1  Background

The development of plastic injection product as consumer products, such as
communication and electronic like portable computers and mobile telephones, etc., has

had the trend for products to be light, thin, short, and small.

In plastic injection molding, the production of the thin walled parts is very
difficult. It’s hard, because melted plastic cannot easily fill the mold cavity. Because of
this, the most important problem in thin walled parts is warpage. Reducing warpage to
improve the quality of a part with a thin walled is becoming increasingly more
important. The part which is produced by using injection molding method does not have
the desired shape or uneven shrinkage and dimensions, because of the warpage problem.



The best way to reduce the warpage is by changing the geometry of parts, or by
changing the plastics material, or modifying the structure of molds, or adjusting the
process conditions. In fact, optimizing process conditions is the most feasible and

reasonable method.

Besides that in the mould design process, there are also some matters that must
be paid to attention, there is for the mould design can result a product with high quality.
The matter that often occur is after a mould have made, product which result from the
mold, it have low quality. It is because design of the mold is not perfect enough. Another
matter which influences the quality of product is the setting of injection machine. The
setting of injection machine included temperature of melt, temperature of cold, injection
pressure, and etc. Wrong and not exactly enough of setting on the injection machine will
result a product with not good enough quality.

To overcome this matter, a software can be used. This software can analysis and
to predict quality of product after injection process. Besides that, the software can
predict the optimal setting of injection machine. The value of setting for injection
machine that is resulted from the software could be used for actual injection machine, so
will be gotten a product with high quality. In this research, the case study is laptop lid
casing. Software which be used were PRO/ENGINEER and Moldflow. PRO/E software
is used for create model of product. Moldflow software is used for analysis and to

predict result of quality product.



PRODUCT

DESIGN

SIMULATION
> ANALYSIS

MOULD
DESIGNING

Part designed by using PRO/ENGINEER WF4
Created IGS file

’) x{f

Simulation by using MPI 6.1 (Moldflow Software)
Analysis the results for moulding parameters

Mould design by using PRO/ENGINEER WF4
Cavity, feed and runner, cooling, ejector etc
Produce assembly drawing

Detail drawing

Figure 1.1: Mould Process of Injection Moulding Product




1.2 Research Statement

Quality characteristics such as warpage, shrinkage and others are the problem
that can be control in any injection molding process. The experiment will reduce the
problem and understand the whole quality characteristics behavior. Finally we can easily

make selection of control parameter through quality characteristic properties.

1.3 Problem Statement

e A thin-walled plastic product such as laptop lid casing has quality characteristics
during injection moulding process especially warpage and shrinkage.

e The part which is produced by using injection molding method does not have the
desired shape and dimensions, because of the warpage problem. This can be
reduced by selecting suitable parameter using computer simulation.

e The decrease in the thickness also weakens the strength of the thin-walled part.
This problem can be solved by choosing the appropriate material for the

durability.



1.4 Objective Of Project

e To study the influence parameter in injection moulding on quality of plastic
products that made from PC/ABS material.

e To determine the impact of processing parameter on the plastic product due to
simulation analysis and principle experiment by using classical method (D.O.E.)

e To identify the significance factors on the single and multiple quality
characteristics (OEC) on plastic products by adopting ANOVA analysis

e To improve the performance characteristics and combinations characteristic of
products produced by optimizing the processing parameter.

e To produce the mould design due to the product studied

1.5 Scope Of Project

In this study one sample model can be used to be investigated.. Plastics parts
that has been investigated in this study namely ‘laptop lid casing’ as thin-walled part by
injection moulding analysis and made from PC/ABS as material. Moldflow (MPI 6.1)
software for injection moulding analysis and Design Expert for design experiment will

be employed. Part and mould designing by using Pro/Engineer WF4.

Processing parameters that use in studied are mould temperature, melt
temperature, injection time, packing pressure and packing time. Than the response or
quality characteristics that were carried out are warpage, volumetric shrinkage, sink
index, shear stress for single responses and combination of each single responses called

OEC (Overall Evaluation Criteria) for multiple response.
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