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ABSTRACT

Titanium alloys which are categorized as lightweight materials, posses
greater strength and toughness are usually known to create major challenges during
conventional and non-conventional machining. Electrical discharge machining
(EDM) which is very prominent amongst the non-conventional machining methods
is expected to be used quite extensively in machining titanium alloys due to the
favorable features and advantages that it can offer. This project was undertaken to
study the machining performance of EDM and powder mixed dielectric-electrical
discharge machining (PMD-EDM) on titanium alloy, Ti-6246 using copper tungsten
(CuW) electrode. Silicon carbide (SiC) powder at various concentration was mixed
in the dielectric to evaluate its effectiveness during the PMD-EDM process. The
effect of varying the machining parameters on the machining responses such as
material removal rate (MRR), electrode wear ratio (EWR), surface integrity and
overcut was investigated. The experimental plan for both processes were conducted
according to the design of experimental (DOE) and the results were statistically
evaluated using analysis of variance (ANOVA). Response surface methodology
(RSM) was employed in evaluating the machining performance of the PMD-EDM
process and mathematical models for MRR, EWR and machined surface roughness
(SR) were established. Result showed that current was the most significant parameter
that influenced the machining responses on both EDM and PMD-EDM of Ti-6246. It
was also found that PMD-EDM process produced less damaging effect on the

surface integrity of the machined surface as compared to EDM process.
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ABSTRAK

Aloi titanium yang dikategorikan sebagai bahan ringan yang mempunyai
kekuatan dan ketahanan yang tinggi dikenali kerana menimbulkan cabaran yang
besar semasa pemesinan konvensional ataupun pemesinan bukan konvensional.
Proses pemesinan nyahcas elektrik (EDM) yang agak dominan di antara proses
pemesinan bukan konvensional dijangkakan akan bertambah meluas penggunaannya
disebabkan sifat-sifat dan kelebihan yang dihasilkan keatas bendakerja. Projek ini
dilaksanakan untuk mengkaji prestasi proses EDM dan proses pencampuran serbuk
dalam dielektrik-pemesinan nyahcas elektrik (PMD-EDM) semasa memesin aloi
titanium, Ti-6246 menggunakan elektrod tungsten kuprum (CuW). Serbuk karbida
silikon (SiC) pada kepekatan yang berbagai dicampurkan ke dalam dielektrik untuk
menilai keberkesanannya semasa proses PMD-EDM. Kesan perubahan parameter
pemesinan ke atas tindak balas pemesinan seperti kadar pembuangan material
(MRR), nisbah kehausan elektrod (EWR), integriti permukaan dan ‘overcut’ telah
dikaji. Ujian pemesinan untuk kedua-dua proses telah dinilai secara statistik
menggunakan analisa variasi (ANOVA). Kaedah tindak balas permukaan (RSM)
telah digunakan untuk menilai prestasi proses PMD-EDM dan model matematik
untuk MRR, EWR, kekasaran permukaan (SR) telah dihasilkan. Keputusan
menunjukkan arus lektrik merupakan parameter yang paling signifikan yang
mempengaruhi tindak balas pemesinan untuk kedua-dua proses EDM dan PMD-
EDM ke atas Ti-6246. Juga didapati proses PMD-EDM telah menghasilkan kesan
yang tidak merosakkan ke atas integriti permukaan bendakerja berbanding dengan

proses EDM.
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CHAPTER 1

INTRODUCTION

1.1 Overview

The use of light, thin and compact mechanical elements has recently become
a global trend. The search for new, lightweight material with greater strength and
toughness has led to the development of new generation of materials, although their
properties may create major challenges during machining operations. Having greater
hardness and reinforcement strength, these materials are difficult to machine by the
traditional methods. Although these materials can be machined conventionally, sub
surface damages such as metallurgical alterations, work hardening, delamination and
microcracks and others can occur under certain circumstances which cause a
detrimental effect on the performance of the machined component. Since the cost of
using conventional machining is generally prohibitive, non-conventional machining
such as electric discharge machining (EDM) and laser machining probably amongst

the ideal technique in dealing with these materials, which includes titanium alloys.

Most titanium alloys and component design characteristics make them
expensive to be machined and historically, titanium has been perceived as a material
that is difficult to machine (Ezugwu and Wang, 1997; and Hong et al., 2001). Due to

titanium's growing acceptance in many industries, along with the experience gained



by progressive fabricators, a broad base of titanium machining knowledge is now
exist. It was reported that commercially pure grades of titanium [ASTM B, Grades
1,2,3,4] can be machined much easier than aircraft alloys [i.e. ASTM B, Grade 5 : Ti
6A14V] (ASM International, 1988).

Although titanium alloys is tough it can experienced sub-surface damaged
during machining operations. Damage appears in the form of microcracks, built up
edge, plastic deformation, heat affected zones and tensile residual stresses (Sharif,
1999; and Hong et al., 2001). In service, these can lead to degraded fatigue strength

and stress concentration.

Non-traditional machining of metal removal such as EDM expected to be
used extensively years to come, because it’s favorable results. It is particularly useful
for rapid removal of metal of free form surface or complex shaped parts, thin
sections, and from large areas down to shallow depths. This process has less

damaging effect on the mechanical properties of the metal.

1.2 Background of Research

EDM is a non-traditional process that is used to remove metal through the
action of an electrical discharge of short duration and high current intensity between
the tool (electrode) and the workpiece. There are no physical cutting forces between
the tool and the workpiece. This process is finding an increasing demand owing to its
ability to produce geometrical complex shapes as well as its ability to machine hard
materials that are extremely difficult to machine when using conventional process.
EDM has proved valuable especially in the machining of super tough, hard and
electrically conductive materials such as the new space age alloys (Lee and Li,

2001). Although EDM machining technology is widely used in mechanical



components manufacturing, its low efficiency and poor surface quality have been the
key problems restricting its development.

Numerous research studies (Wong et al., 1998, Tzeng and Lee, 2001, and
Zhao et al., 2002) showed that powder mixed dielectric electrical discharge
machining (PMD-EDM) process can distinctly improve the surface roughness,
material removal rate and decrease tool (electrode) wear. PMD-EDM employs
powder particles which are mixed in the dielectric fluid and it has a different
machining mechanism when compared to conventional EDM machining. Many
studies have applied this process in several kind of materials, but little work has been
carry out to study PMD-EDM on titanium alloys. In the previous study, the process
was carried using a copper electrode which was designed as a rotational diskette for
machining Ti 6Al 4V(Chow et al., 2000). In the same year, a combination of EDM-
USM (ultrasonic machining) for cutting Ti 6Al 4V was done by Lin ef al. (2000).
One of the above methods were used hole making operations (EDM-USM).

From the above description it was found that comprehensive study on the
effect of machining conditions on Ti-6246 using EDM was not reported so far. New
machining data on EDM of Ti-6246 served a great significance and could be further
exploited especially for hole making operation. Further research on PMD-EDM
machining mechanism and its machining effect on this kind of material will ensure
better machining efficiency. This project is undertaken to study the effect of
machining conditions when PMD-EDM of Ti-6246 during the hole making

operation.

1.3 Research Statement

Electrical discharge machining of materials with added powder in dielectric

fluid will lead to improvement in machining characteristics.



1.4 Problem Statement

a. Does the performance of SiC powder in dielectric fluid deliver better results
in terms of surface integrity of titanium alloys (Ti-6246), mateial removal
rate and electrode wear rate.

b. Does PMD-EDM of Ti-6246 contribute to new machining characteristics.

1.5 Objective

a. To study the machinability of Ti 6246 using copper tungsten electrode during
the PMD-EDM process

b. To study the effect of machining parameter on the surface integrity

c. To establish mathematical models for some of the dependent variables by
using RSM in a specific range of parameter

d. To optimize the machining parameters in order to increase the PMD-EDM

performance

1.6 Scope

The material used in this study is Ti 6Al 2Sn 4Zr 6Mo (Ti-6246)

b. Charmilles Roboform 100 EDM die sinking machine was used for
experiment

c. Copper tungsten (CuW) was used as the electrode

d. Silicon carbide (SiC) powder of 130 nm grain size was used as the assisted

powder



c.

The machining responses that were investigated are material removal rate
(MRR), surface roughness (SR), electrode wear rate (EWR), dimensional
accuracy (hole diameter) and subsurface defect which include heat affective
zone (HAZ)

Experimental studies on EDM of Ti-6246 were carried out to determines the

significant parameters effecting five responses for PMD-EDM process



REFERENCES

Abu Zeid, O. A. (1996). The Role of Voltage Pulse Off-time in the Electrodischarge
machined AISI T1 High-Speed Steel. J. of Materials Processing Technology.
61:287-291

Abu Zeid, O. A. (1997). On the Effect of Electro Discharge Machining parameters on the
Fatigue Life of AISI D6 Tool Steel. J. of Material Processing Technology. 68: 27-
32

Allen, D.M., and Lecheheb, A. (1996). Micro Electro Discharge machining of Ink &t
Nofes: Optimum Selection of Material And Machining Parameters. J. of
Materials Processing Technology. 58: 53-66

Allison, S. (2000). The Case For Additive Technology in EDM. Modern Machine Shop.
ABIINFORM Trade &ndustry. 72, 9: 82-89

Altan, T., Lilly, B. W., Kruth, JP., Konig, W., Tonshoff, H. K., van Luttervelt, C. A.,
and Khairy, A.B. (1993). Advanced Techniges for Die and Mold
Manufacturing. Annals of the CIRP. 42,2: 707-716

Anonymous (1993). Tips for aerospace machining. Manufacturing Engineering. March
1993: 67-69.

Armarego, E.JA., and Brown, R.H. (1969). The Machining of Metals. Prentice Hall. New
grsey

ASM International (1988). Titanium: A Technical Guide. Material Park, OH, 44073-
0002: 75-85.

Asokan, T., Sudhakar, R.S., and De Costa, P. (2000). Electrical Discharge Drilling of
Titanium Alloys for Aerospace Applications. Manufacturing Technology-Proc.
Of 19" AIMTDR Conf. 2000. Narosa Publishing House. 161-165



107

Boyer, R.R. (1996). An overview on the Use of Titanium in the Aerospace Industry,
Material Science and Engineering. A213;103-114

Buehler . Sample Preparation ;Technical Guide

Charmilles Technologies. (1991). ROBOFORM-100,200,400 Users Manual. Charmilles
Technologies Coorporation. Geneva

Che Haron, C.H., Deros, M., Ginting, A., and Mat, F. (1998). Investigation on the
Influence of Machining Parameters When Machining Tool Steel Using EDM.
Proc. of fourth Int. Conf. AMPT. Kuala Lumpur. 2 : 275-279.

Chen, S.L., &, B.H., and Huang, F.Y(1999). Influence of kerosene and distilled water
as dielectric on electric discharge machining characteristics of Ti 6A14V. J. of
Materials Processing Technology. 876: 107-111

Chow, H.M., &h, B.H., Huan, F.Yand Hung, JC. (2000). Study of Added Powder in
Kerosene For the Micro Slit machining of Titanium Alloy Using Electro
Discharge Machining. J. of Material Processing Technology. 101: 95-103

Cogun, C. (1990). Keeping Electric Discharge Machining Under Control. Machine
Design. 62,8: ABIINFORM Global. 105-108

Cusanelli, G., Hessler-Wyser, A., Bobard, F., Demellayer, PerezR., and Flukiger, R.
(2004). Microstructure at Submicron Scale of the White Layer Produced by EDM
Technige. J. Of Material Processing Technology. Article in Press

Dewes, R., Aspinwall, D., Simao, J, and L ee, H.G. (2003). Electrical Machining and
Surface Alloying — The Process, Parameters and State of Play. Material World.
11,5:16-18

Diamond, W.J(2001). Practical experiment design for engineers and scientists. Third
edition. dhn Wiley &ons. New dtk.

Erden, A. (1982). Role of Dielectric Flushing on electric Discharge Machining
Performance. Machine Tool Design and Research Conference. September 14-15.
Manchester. 23: 283-289

Emgwu, E.O., and Wang, Z.M. (1997). Tita nium alloys and their machinability — a
review. J. of Material Processing Technology. 68:262-274.



108

Gao, C., and Liu, Z. (2003). A Study of Ultrasonically Aided Micro-Electrical-Discharge
Machining by the Application of Workpiece Vibration. J. of Materials Processing
Technology. Article in press. 1-3

Ghanem, F., Braham, C., and Sidhom, H. (2003). Influence of Steel Type on Electrical
Machined Surface Integrity. Journal of Material Processing Technology. Article
in Press

George, P.M., Raghunath, B.K., Manocha, L.M., and Warrier A.M. (2003). EDM
Machining of Carbon-carbon Composite- a Taguchi Approach. J. of Materials
Processing Technology. Article in Press. 1-6

George, P.M., Raghunath, B.K., Manocha, L.M., and Warrier A.M. (2004). Modelling of
Machinability Parameters of Carbon-carbon Composite- a Response Surface
Approach. J. of Materials Processing Technology. Article in Press. 1-5

Guu, ¥., Hocheng, H., Chou, C.Yand Deng, C.S. (2003). Effect of Electrical
Discharge Machining on Surface Characteristics and Machining Damage of AISI
D2 Tool Steel. Materials Science and Engineering. Article in Press

Higuerey, E.E. (1998). Neural Network Modeling of Process Parameters for Electrical
Discharge Machining. Lehigh University. PhD. Thesis

Ho K.H and Newman S.T (2003). State of the Art Electrical Discharge Machining
(EDM). Int. J. of Mach. Tool & Manufacture. 43: 1287-1300

Hong, S.YMarkus, 1., ¢ong. W.C., (2001). New Cooling Approach and Tool Life
Improvement in Cryogenic Machining of Titanium Alloy Ti-6Al-4V. Int. J. of
Mach. Tool & Manufacture. 41: 2245-2260

Howell, D. (1999). Sparked Into Action. Professional Engineering. 12, 8: ABIINFORM
Global. 37

Hung, N. P., &g L. J, and Leong K.W. (1994). Electrical Discharge Machining of Cast
Metal Matrix Composites. Proceedings of the International Conference on
Advance manufacturing Technology. August 29-30. dhor, Malaysia. 147-154

IMI Titanium Ltd. Medium Temperature Alloys — IMI Titanium. United Kingdom.

International Titanium Association. (1999). Titanium,; The Ultimate Choice. USA

g¢swani, M.L. (1981). Effect of The Addition of Graphite Powder to Kerosene Used as
The Dielectric Fluid in Electrical Discharge Machining. Wear. 70;133-139.



109

JKozk, M. Romek, and L. Dabrowski. (2003). Study of Electric Discharge Machining
using Powder Suspended Working Media. Proc. of the Institution of Mechanical
Engineer. 217,11;1597-1602.

Kaminski, P.C., and Capuano, M.N. (2003). Micro Hole Machining by Conventional
Penetration Electrical Discharge Machine. International J. of Machine Tools &
Manufacture. 43: 1143-1149.

Koelsch, JR. (1990). Cutting exotic materials. Machine and Tool Bluebook. 85: 31-33.

Kremer, D., Lhiaubet, C., and Moisan, A. (1991). A Study of the Effect of Synchronimg
Ultrasonic Vibrations With Pulses in EDM. Annals of the CIRP. 40, 1: 211-214.

Kruth, JP., Stevens, L., Froyen, L., and Lauwers, B. (1995). Study of the White Layer of
a Surface Machined by Die Sinking Electro-Discharge Machining. Annals of the
CIRP. 44, 1;169-172.

Kuneida, S., and Furuoya, S. (1991). Improvement of EDM Efficiency by Supplying
Oxygen Gas Into Gap. Annals of the CIRP. 40, 1: 215-218

Kuneida, M., and &shida, M. (1997). Electrical Machining in Gas. Annals of the CIRP.
46, 1: 143-146

Lajis, M.A., Musa, H., and Abu Bakar, M.N. (2002). Machining characteristics of
Tungsten carbide using EDM. 2" Wworld Engineering Congress. Sarawak,
Malaysia.

Lawson, J, and Erjavec, J(2001). Modern statistics for engineering and quality
improvement. Duxbury.

Lee, S.H., and Li, 2. (2001). Study of the Effect of Machining Parameters on the
Machining Characteristics in Electrical Discharge Machining of Tungsten
Carbide. J. of Materials Processing Technology. 115: 344-358

Lee, H.T., and Tai, T.Y(2003). Relations hip between EDM parameters and surface
crack formation. J. of Material Processing Technology. Article in Press.

Lee, S.H., and Li, ®. (2003). Study of the Surface Integrity of the Machined Workpiece
in EDM of Tungsten Carbide. J. of Materials Processing Technology. Article in

Press



110

Lee, H.T., Hsu, F.C., and Tai, T.¥(2004) Study of Surface Integrity Using the Small
Area EDM Process With Copper-Tungsten Electrode. Materials Scienc and
Engineering. A364;346-356

Lili, Wong, 8., Fuh, JH., and Li lu. (2001). Effect of TiC in Copper Tungsten
Electrodes on EDM Performance. J. of Materials processing Technology. 113:
563-567

Lin, JL., Wang, K.S., &, B.H., and Ta rng, . (2000). An Investigation Into
Improving Worn Electrode reliability in the Electrical Discharge Machining
Process. International J. of Advanced Manufacturing Technology. 16: 113-119

Lin, X., &h, B.H., and Chang, 8. (2000). Machining characteristics of titanium
alloy (Ti-6Al-4V) using a combination process of EDM and USM. J. of Material
Processing Technology.104:171-177.

Liu, C.C. (2003). Microstructure and Tool Electrode Erosion in EDMed of TiNSi ;N4
Composites. Material Science & Engineering. A363: 221-227

Lochner, R.H., and Matar, JE. (1990). Designing for quality, an introduction to the best
of Taguchi and Western methods of statistical experiment design. Chapman and
Hall, New &tk.

Lutjering, G., and Wlliams, IC. (2003). Titanium. Springer-Verlag. Berlin

Machado, R., and Wallbank, J (1990). Machining of titanium and its alloy — a review.
Proc. Instn. Mech. Engineers. 204: 53-60.

Madan, P.K., and Sagar, R. (1994). The Electrical Discharge Machining of 6061 AlSiC |,
Composites. Proceedings of the International Conference on Advance
Manufacturing Technology. August 29-30. dhor, Malaysia. 163-172

Mahajan, V.K. (1981). Tool & Die Maker. New Delhi: Tata McGraw-Hill

Mamalis, A.G., Vosniakos, G.C., and Vaxevanidis, N.M. (1987). Macroscopic and
microscopic phenomena of Electro Discharge Machined Steel Surfaces: An
Experimental Investigation. Journal of Mechanical Working Technology. 15, 3;
335-356

Mangonon, P.L. (1999). The principal of materials selection for engineering design.

Prentice Hall. New érsey.



111

Marafona. J, and Wykes, C. (2000). A new method of optimimg material removal rate
using EDM with copper tungsten electrode. Int. J. of Machine Tool &
Manufacture. 40: 153-164

Maranchis, J, Snider. R.E., (1968). Machining of titanium alloys. Technical Paper in
engineering conferences. ASTME.

Masuawa, T., Tsukamoto, J, and Fujino, M.  (1989). Drilling of Deep Microholes by
EDM. Annals of the CIRP. 38, 1: 195-198

Masuawa, T., Cui, Xand Taniguchi, N. (1992). Improved &t Flushing for EDM.

Annals of the CIRP. 41, 1: 239-242

Materials Information Service. The Selection and Use of Titanium, A Design Guide. The
Institute of Materials.

Ming, ¥and He, L.Y(1995). Powder Suspension Dielectric Fluid for EDM. J.
Materials Processing Technology. 52: 44-54.

Mohri, N., Saito, N., Takawashi, T., and Kobayashi, K. (1985). Mirror Like Finishing by
EDM (Multi Divided Electrode Method). Proceedings of the 21™ International
Machine Tool Design and Research Conference. April 22-24. Birmingham. 25:
329-336

Mohri, N., Sumki, M., Furuya, M., and Saito, N. (1995). Electrode Wear Process in
Electrical Discharge Machining. Annals of the CIRP. 44, 1: 165-168

Mohri, N., Fukuawa, YTa ni, T., Saito, N., and Furutani, K. (1996). Assisting
Electrode Method for Machining Insulating Ceramics. Annals of the CIRP. 45, 1:
201-204

Montgomery, D.C. (2001). Design and analysis of experiments. Fifth edition. dhn Wiley
&ons, New ark.

Moser, H. (1998). It’s Time to EDM. Tooling & Production. 63, 10: ABHUNFORM
Global. 65-66

Myers, R.H., and Montgomery, D.C. (2002). Response surface methodology: process and
product optimization using designed experiments. Second edition. dhn Wiley &
Sons, New &tk

Nanostructured Amorphous Materials, Inc (2003).  Physical and chemical properties of
silicon carbide. USA



112

Noaker, P.M. (1996). EDM’s Electrifying Moves. Manufacturing Engineering. 117, 3:
ABIINFORM Global. 58-68

Noordin M.XY(2003). Performance Evaluation of Coated Carbide Cermet Tools When
Turning Hardened Tool Steel. PhD Thesis. Universiti Teknologi Malaysia

Osycka, A., Zimny, J, Zajac, J, and Bielut, M. (1982). An Approach to Identification
And Multicreation Optimiation of EDM Process. Machine Tool Design and
Research Conference. September 14-15. Manchester. 23: 291-296

Pandey, P.C., and Shah, H.S. (1980). Modern Machining Processes. New Delhi. Tata
Mcgraw-Hill.

Pecas, P. and Henriges, E. (2003). Influence of Silicon Powder Mixed Dielectric on
Conventional Electrical Discharge Machining. International J. of Machine Tools
& Manufacture. 43: 1465-1471.

Puertas, 1., and PerezC.JL. (2003). Mo delling the Manufacturing Parameters in
Electrical Discharge Machining of Siliconied Silicon Carbide. Proceedings of
the Institution of Mecahnical Engineers. Progest Science durnals. 217, 6;791-
803

Puertas, 1., Luis, C.Jand AlvarezL. (2004). Analysis of the Influence of EDM
Parameters on Surface @lity , MRR and EW of WC-Co. Journal of Material
Processing Technology. Article in Press

@ J(2002).  Development of Cylindrical Wire electrical Discharge Machining Process
And Investigation of Surface Integrity And Mechanical Property of EDM Surface
Layers. North Carolina State University. PhD. Dissertation

Rao, P.N. (2000). Manufacturing Technology Metal Cutting & Machine Tools. New
Delhi. Tata McGraw-Hill

Rajurkar, K.P., and Nooka, S.R. (1994). Surface Finish of Electro Discharge Machined
Components. Proc. of the Inernational. Conference on Advance Manufacturing
Technology. August 29-30. dhor: 33-145

Roenek, M., Koak, J, Dabrowski, L., and Lubkwoski, K. (2001). Electrical
Machining Characteristics of Metal Matrix Composite. J. of Material Processing
Technology. 109;367-370



113

SanchezJA. (2003). Surface Integrity of Workpieces Cut by Wire — The Study.
EDMWORLD.

Sharif, S (1999). Face Milling of Titanium Alloys Using Coated and Uncoated
Carbide Tools. Conventry University: PhD. Thesis

Scalari, F., and Vignale, M. (1982). The Influence of EDM Pulse Shape on Machined
Surfaces. Machine Tool Design and Research Conference. September 14-15.
Manchester. 23: 275-282

Schumacher, B.M. (2004). After 60 &rs of EDM the Discharge Process Remains Still
Disputed. J. of Material Processing Technology. 149;376-381.

Sharke, P. (2002). EDM R(x). Mechanical Engineering. 124, 11: ABINFORM
Global.28

Shu, K.M., and Tu, G.C. (2003). Study of Electrical Discharge Grinding Using Metal
Matrix Composite Electrodes. International J. of Machine Tools & Manufacture.
43 : 845-854

Singh, U.P., Miller, P.P., and Urghart, W. (1985). The Influence of Electro Discharge
Machining Parameters on Machining Characteristics. Proceedings of the 21"
International Machine Tool Design and Research Conference. April 22-24.
Birmingham. 25: 337-345

Sommer, C. (2000). Non-traditional machining handbook. First edition. Advance
Publishing. Houston.

Soni, IS., and Chakraverti, G. (1996). Experimental Investigation on Migration of
Material During EDM of Die Steel (T215 Crl2). J. of Materials Processing
Technology. 56: 439-451

State-Ease, Inc (2000). Design Expert Software Version 6 User’s Guide. Minneapolis
(USA): Technical Manual

Steppan, D. D., Werner, J, and &ater, R. P. (1998).  Essential Regression and
Experimental Design for Chemist and Engineers. PDnlinelavailable
http:geocities.comBiliconValleyNetwork1 032CGPagel .html , ine 22, 2005

Stevens. L.A. (1998). Improvement of Surface Quality in Die Sinking EDM. Katholieke
Universiteit Leuven. PhD. Thesis




114

Tsai, H.C., 3, B.H., and Huang, F.X(2003). EDM Performance of CrCu-based
Composite Electrode. International J. of Machine Tools & Manufacture. 43 : 245-
252

Tsai. K.M., and Wang, P.J(2001a). Semi empirical model of surface finish on electrical
discharge machining. Int. J. of Machine Tool & Manufacture. 41: 1455-1477.

Tsai. K.M., and Wang, P.J(2001a). Comparison of Neural Network Models on Material
Removal Rate in Electrical Discharge Machining. Int. J. of Machine Tool &
Manufacture. 117: 111-1124.

Teng, ¥., and Chen, F.C. (2003). A simple approach for robust design of high speed
electrical discharge machining technology. Int. J. of Machine Tool &
Manufacture. 43: 217-227

Teng, ¥. and C.Y.ee. (2001). Effects of powder characteristics on electro discharge
machining efficiency. Int. Advance Manufacturing Technology. 17: 586-592.

Van Tri, N. (2002). Electrical discharge machining of aluminum alloy using classical
design of experiment approach. Universiti Teknologi Malaysia: Master Thesis.

Wansheng, Z., Zhenlong, W., Di Shichun, Guanxin, C., and Hongyu, W. (2002).
Ultrasonic and Electrical Discharge Machining To Deep and Hole on Titanium
Alloy. J. of Materials Processing Technology. 120;101-106.

Wang, C.C., and. 3, B.H. (2000). Blind hole drilling of =~ Al,036061 Al composite
using rotary electro discharge machining. J. of Material Processing Technology.
102: 90-102.

Weimer, G. (1988). EDM Comes Of Age. Automation.35, 9:ABIINFORM Global. 64-66

Wirtsch, and Schumacher, B.M. (1991). EDM Technology, The Key to Modern Special-
Tool Production. Proceedings of CIRP Conference on PE & MS. September 12-
14. Tianjin, China: CIRP. 357-368

Wong, 8., Lim, L.C., and Lee, L.C. (1995). Effect of Flushing on Electro Discharge
Machined Surface. J. of Materials Processing Technology. 48: 299-305

Wong, 8., Lim, L.C., Rahuman, I., and T ee, W.M. (1998). Near Mirror Finish
Phenomenon in EDM Using Powder Mixed Dielectric, J. of Material Processing
Technology. 79. 30-40



115

Wong, 8., Rahman, M., Lim, H.S., Han, H., and Ravi, N. (2003). Investigation of
Micro-EDM Material removal Characteristics Using Single RC-Pulse Discharges.
J. of Materials Processing Technology. 140: 303-307

ah, B.H., and Wang, C.C. (1999). The machining characteristics of Al ,036061 Al
composite using rotary electro discharge machining with tube electrode. J. of
Materials Processing Technology. 95: 222-231

ah, B. H., Wang, C. C., Chow, H. M., and Lin, YC. (2000). Feasibility Study of
Rotary Electrical Discharge Machining With Ball Burnishing for A1,036061A1
Composite. International J. of Machine Tool & Manufacture. 40: 1403-1421

&0, S.H, and Nachiappan, R. (2001) Investigation of Electrodischarge Micromachining
Controllable Factors on Machined Silicon Surface @lity. Proceeding of the
Institution of Mechanical Engineers. 215, 6;811-817

Y, Z., Rajurkar, K.P., and Prabhuram, P.D. (2000). Micro Electrodischarge Machining.
Manufacturing Technology-Proceeding of 19" AIMTDR Conference. New Delhi,
India. Narosa Publishing House. 47-55

Zhao, W.S., Meng, @., and Wang Z.L. (2002). The Application of Research on Powder
Mixed EDM in Rough Machining. J. of Materials Processing Technology. 129:
30-33.

Zhang, J, and Ai, X(1991). Study on the Combined Technology for the Precision
Machining of Conductive Superhard Materials. Proceedings Of CIRP Conference
on PE & MS. September 12-14. Tianjin,China: CIRP. 385-402

Znidarsic, M., and #inkar, M. (1996). Deep Small Hole Drilling With EDM.
Proceedings of 4" International Conference on Advance Manufacturing systems

and Technology. Udine. 527-533



PUBLICATIONS

S. Sharif, Rival and M.YNoordin (2005), Electrical Discharge Drilling of Titanium
Alloy Ti-62467 Proceedings of the National Conference on Advances in
Mechanical Engineering (NAME 2005) Volume II, May 18-20, Kuala Lumpur:
Faculty of Mechanical Engineering, UiTM, 423-430





