
UNIVERSITI MALAYSIA PAHANG 

DECLARATION OF THESIS AND COPY RIGHT 

Author's Full N arne 

Date of Birth 

Title 

Academic Session 

MUHAMMAD QAHRI HARIR BIN MOHD RAPI 

25 FEBRUARY 1994 

MINIMIZING WEAR OF EDM ELECTRODE 

IN MACHINING A HARD MATERIAL 

SEM 2 2016/2017 

I declared that this thesis is classified as: 

D CONFIDENTIAL (Contains confidential information under the Official 
Secret Act 1972)* 

D RESTRICTED 

• OPEN ACCESS 

(Contains restriction information as specified by the 
organization where research was done)* 

I agree that my thesis to be published as online open acces 
(Full text) 

I acknowledge that University Malaysia Pahang reserve the right as follows: 

1. The Thesis is the Property of University Malaysia Pahang. 

2. The Library of University Malaysia Pahang has right to make copies for the 
purpose of research only. 

3. The Library has the right to make copies of the thesis for academic exchange. 

Certified By: 

~e) 
940225-06-5615 

New IC /Passport Number 
Date: '8/b /JOI-=1-

I 

(Supervisor' s Signature) 

DR ZAMZIIRI BIN HAMEDON 
Name of Supervisor 
Date: '11/f. I ~ol"f 

NOTES : *If the thesis is CONFIDENTIAL or RESTRICTICTED, please attach 
with the letter fr~ the organization with period and reasons for confidentiality or 
restriction 

111 



. 

0 Universiti 
Malaysia 
PAHANG 
Engineering • Technology • CreatMty 

SUPERVISOR'S DECLARATION 

I hereby declare that I have checked this thesis and in my opinion, this thesis is adequate 

in terms of scope and quality for the award of the degree of Bachelor of Engineering in 

Manufacturing Engineering with Honor. 

I 

Signature 

Name of supervisor DR. ZAMZURI BIN HAMEDON 

Position UMP SENIOR LECTURER 

Date 

IV 



r:l v 
Universiti 
Malaysia 
PAHANG 
Englneeflng • Teohnology • CreatMty 

STUDENT'S DECLARATION 

I hereby declare that the work in this thesis is my own except for quotation and summaries 

which have been duly acknowledged. The thesis has not been accepted for any degree 

and is not concurrently submitted for award of other degree. 

Signature 

Name MUHAMMAD QAHRI HARIR BIN MOHD RAPI 

ID number FA 13032 

Date 

v 



1 rrnrnAN rrr 1 
N 

0000119215 

Dedicated to my beloved parents, 

MOHD RAPI BIN ISMAIL 

NORMAIZA BINTI ABDUL HALIM 

My siblings, 

My supervisor, 

DR ZAMZURI BIN HAMEDON 

And all staffs ofUniversiti Malaysia Pahang 

,~ ... -· 
PERPUSTAK.AAN 

UNIVERSITI MALAYSlA PAHANG l 
No. Parolehan No. Panggilan 

119215 ~K.~ 

Tarlkh 
,Q?..Y. 
.;)\) ~ 

0 9 AUG 2017 
.,.. 
~<:... 

VI 



ACKNOWLEDGEMENT 

I grateful and would like to express my sincere gratitude to my supervisor, Dr. 

Zamzuri Bin Hamedon for his germinal ideas, invaluable guidance, continuous 

encouragement and constant support in making this research possible. He has always 

impressed me with his outstanding professional conduct, his strong conviction for 

science, and his belief that a degree program is only a start of a life-long learning 

experience. I am very appreciating his consistence support from the first day I applied to 

graduate program to these concluding moments. I am truly grateful for his forgiveness 

vision about my training in engineering and science, his tolerance of my na!ve mistakes, 

and also his commitment to my future career. Then, I also sincerely thank for the time 

spent proofing-reading and correcting my many mistakes. 

My sincere thanks also go to all my lab mates and members of the staff of 

Manufacturing Engineering Department, UMP, who have helped me a lot in many ways 

and made my stay at UMP pleasant and unforgettable. 

I acknowledge my sincere indebtedness and gratitude to my lovely parent 

for their support, love, dream and sacrifice throughout my life. Special thanks should be 

given to all my friends, especially Hazirah binti A.Razak. I would like to acknowledge 

their comments and suggestions, which was crucial for the successful completion of this 

study. 

Vll 



ABSTRACT 

Electrical discharge machining (EDM) is extremely being used in manufacture of 

aerospace and automotive parts, also used in development of dies and molds by 

machining and cut the materials that are strong and hard, which impossible to be 

machined by traditional machining techniques. However, the main problem of EDM 

is electrode wear which is mainly caused by debris. In this present study, three types 

of electrode designs were developed for comparison. The electrode with magnet is 

used to pull the debris and avoid it from accumulates at the bottom of machined area. 

Holes also being made at the electrode to improve the flows of debris so that it can be 

pulled straight away to the magnet inside the electrode. Video measuring system will 

helps in viewing the zoomed image of electrode so that the wear can be see clearer. 

Also, electronic balance is used to weigh the weight of electrode to know the amount 

of electrode wear. Finding from this project show that the electrode with magnet and 

holes will be more helpful in minimizing the wear of the EDM electrode compared to 

others. 
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ABSTRAK 

Pelepasan elektrik pemesman (EDM) sangat digunakan dalam pembuatan 

bahagian aeroangkasa dan automotif, juga digunakan dalam pembangunan acuan 

dengan pemesinan dan memotong bahan-bahan yang kuat dan keras, yang mustahil 

untuk dimesin oleh teknik pemesinan tradisional. W alau bagaimanapun, masalah 

utama EDM adalah memakai elektrod yang sebahagian besamya disebabkan oleh 

serpihan. Dalam kajian ini, tiga jenis reka bentuk elektrod akan digunakan untuk 

perbandingan. Elektrod dengan magnet digunakan untuk menarik serpihan dan 

mengelakkan dari berkumpul di bahagian bawah kawasan dimesin. Lubang juga 

dibuat pada elektrod untuk meningkatkan aliran serpihan supaya ia boleh ditarik terns 

untuk magnet dalam elektrod. Sistem pengukuran video dapat membantu dalam 

melihat imej elektrod yang dizum supaya elektrod boleh melihat lebih jelas. Juga, 

penimbang berat elektronik digunakan untuk menimbang berat elektrod bagi 

mengetahui jumlah haus elektrod. Apa yang diperolehi daripada projek ini 

menunjukkan bahawa elektrod dengan magnet dan lubang akan lebih membantu 

dalam mengurangkan haus elektrod EDM berbanding denganjenis elektrod yang lain. 

I X 



TABLE OF CONTENTS 

SUPERVISOR'S DECLARATION 

STUDENT'S DECLARATION 

ACKNOWLEDGEMENT 

ABSTRACT 

ABSTRAK 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF SYMBOLS 

LIST OF ABBREVIATIONS 

CHAPTER 1 INTRODUCTION 

1.1 INTRODUCTION 

1.2 PROBLEM STATEMENT 

1.3 OBJECTIVES 

1.4 PROJECT SCOPE 

CHAPTER 2 LITERATURE REVIEW 

2.1 INTRODUCTION 

2.2 ELECTRICAL DISCHARGE MACHINING (EDM) 

2.2.1 EDM DIE SINKING 
2.2.2 EDM WIRE CUT 

2.3 MATERIAL WORKPIECE 

2.4 EDM ELECTRODE 

2.5 WEAR 

2.5.1 ELECTRODE WEAR (EW) IN DIE SINKING 

2.6 MAGNET 

2.7 PREVIOUS METHODS 

2.7.1 
2.7.2 
2.7.3 
2.7.4 

CHAPTER3 

COATING 
POWDER MIXTURE IN DIELECTRIC FLUID 
ULTRASONIC VIBRATION 
ROTATIONAL MAGNETIC ASSIST 

METHODOLOGY 

3.1 INTRODUCTION 

3.2 FLOWCHART OF PROJECT 

X 

Page 

iv 

v 

vii 

viii 

ix 

X 

xii 

xiii 

xiv 

XV 

1 

1 

2 

4 

4 

5 

5 

5 

7 
8 

9 

9 

11 

11 

13 

14 

14 
15 
15 
16 

17 

17 

18 



3.3 ELECTRODE MATERIAL 

3.4 WORKPIECE MATERIAL 

3.5 DESIGNING ELECTRODE 

3.6 FABRICATION OF ELECTRODE 

3.7 EDM PROCESS 

3.8 ELECTRODE WEAR MEASURING METHOD 

3.8.1 EVALUATION METHOD 
3.8.2 WEIGHING METHOD 

CHAPTER 4 RESULTS AND DISCUSSION 

19 

19 

20 

22 

24 

26 

26 
27 

29 

4.1 INTRODUCTION 29 

4.2 ELECTRODE WEAR 29 

4.3 EFFECT OF ELECTRODE WEAR ON MACHINING TIME 42 

4.4 EFFECT OF ELECTRODE WITH MAGNET ON SURF ACE TEXTURE 44 

CHAPTER 5 CONCLUSION AND RECOMMENDATION 

5.1 INTRODUCTION 

5.2 CONCLUSION 

5.3 RECOMMEDATIONS 

REFERENCES 

APPENDIX 

XI 

46 

46 

46 

47 

50 

55 



LIST OF TABLES 

Table 2.1: Mechanical properties of magnet used 14 

Table 3.1: Mechanical properties of copper 19 

Table 3.2: Chemical properties ofP20 material 20 

Table 3.3: Physical properties ofP20 material 20 

Table 3.4: Specifications ofEDM die sinking machine 25 

Table 4.1: Wear weights of electrodes before and after machined 3 7 

Table 4.2: Weights loss of electrodes after machined 38 

Table 4.3: Electrodes wear percentage 40 

Table 4.4: Electrodes 1 (with magnet and holes) weight effects on time taken 42 

Table 4.5: Electrodes 2 (with magnet only) weight effects on time taken 43 

Table 4.6: Electrodes 3 (without magnet and holes) weight effects on time taken 43 

Xll 



LIST OF FIGURES 

Figure 2.1: EDM Working Principle 

Figure 2.2: EDM Die Sinking 

Figure 2.3: Wire cut EDM 

Figure 2.4: EDM Electrodes 

Figure 2.5: EDM electrode wear types 

Figure 2.6: Change of electrode due to wear 

Figure 2.7: Stirrer of powder mixture 

Figure 2.8: Experiment set up of magnetic assisted EDM 

Figure 3.1: Flow Chart ofproject 

Figure 3.2: Design of electrode with a hole at its center 

Figure 3.3: Design of electrode 1 with holes at each side 

Figure 3.4: Makino KE55 EDM milling machine 

Figure 3.5: Three designs of electrodes 

Figure 3.6: Mitsubishi EA12D EDM die sinking machine 

Figure 3.7: Set up of Video measuring system (VMS) 

Figure 3. 8: Process of sample leveling using jig 

Figure 3.9: Electronic balance 

Figure 4.1: Initial condition images of electrodes 

Figure 4.2: Electrodes images after 3mm (1st) depth machining 

Figure 4.3: Electrodes images after 3mm (2nd) depth machining 

Figure 4.4: Electrodes images after 3mm (3rd) depth machining 

Figure 4.5: Electrodes images after 3mm (4th) depth machining 

Figure 4.6: Electrodes images after 3mm (5th) depth machining 

Figure 4.7: Electrodes images after 3mm (6th) depth machining 

Figure 4.8: Graph of electrode weight before and after EDM process 

Figure 4.9: Graph of electrode weight loss vs number of machining 

6 

7 

8 

10 

12 

13 

15 

16 

18 

21 

22 

23 

24 

25 

26 

27 

28 

30 

31 

32 

33 

34 

35 

36 

38 

39 

Figure 4.10: Graph of accumulation of electrode weight loss vs number of machining 39 

Figure 4.11: Graph of wear percentage(%) vs types of electrode 40 

Figure 4.12: Chart of value of electrode weight before and after machined 

Figure 4.13: Graph of electrode weight (g) against machining time (min) 

Figure 4.14: Work piece surface texture after EDMed 

X111 

41 

44 

45 



LIST OF SYMBOLS 

mm Millimetre 

% percentage 

oc Degree Celsius 

g gram 

K kelvin 

).till Micrometre 

XIV 



LIST OF ABBREVIATIONS 

EDM Electrical Discharge Machining 

VMS Video measuring system 

EWR Electrode wear ratio 

CNC computer numerical control 

MRR material removal rate 

FCC face-centred cubic 

XV 



CHAPTER! 

INTRODUCTION 

1.1 INTRODUCTION 

Electrical discharge machining (EDM) is a non-conventional process for 

the production of difficult and hard material workpiece that are problematic to 

machine by conventional machining processes (Kechagias et al. , 2008). A chemist 

from England, Joseph Priestly, discovered the sparks of electrical discharge are 

able to caused erosive phenomenon. Then, in 1943, two ofRussian scientists were 

invented the EDM process. At 1980, a computer numerical controlled (CNC) 

electrical discharge machine has been announced in USA (Choundhary & Jadoun, 

2014). 

EDM also extremely being used in manufacture of aerospace and 

automotive parts, also used in development of dies and molds (Kechagias et al., 

2008). Electrical discharge machining is widely used to machine and cut materials 

that are tough, strong and hard, which impossible to be machined by traditional 

machining techniques. Nevertheless, by discharging of controlled sparks at a small 

gap between the electrode and workpiece (spark gap), the workpiece material 

being detached through melting and evaporation processes (Pham et al., 2006). 

Besides, that different variation of EDM processes can be categorized 

regarding to the use of dielectric fluids (Leao & Pashby, 2004). Besides, 

Hydrocarbon oils, such as kerosene or paraffin, are typically being used in die 

sinking EDM, while deionized water is applied in wire cut and drilling EDM 

processes as the conductive dielectric mediums. The functions of dielectric fluid 

is to wash away the remains of material, known as debris, from the spark gap, and 



also as a coolant which lower and maintain the temperature of both materials 

(Prasanna & Husain, 2016). 

On the other hand, the range temperature of the plasma channel at the gap 

of electrode and workpiece is from 8000°( till 10000°( (Santos et al., 2016). 

Because of the high temperature of electrical sparks, materials that being eroded 

not just only workpiece, but also the electrode itself. So, the phenomenon of 

electrode wear is happened and many of research studies have been done by 

people around the world in order to find ways to improve and reduce wear of 

electrode. 

Eliminating all electrode wears are difficult and quite impossible due to 

the thermoelectric process which has very high temperature of electrical discharge 

sparks. Moreover, wear of electrode will rise proportionally to the path of tool 

electrode and causing in shape changes and inaccuracies (Song et al., 2013). 

As to this, research study is done to develop an EDM machine with 

magnetic field assist to reduce and lower the electrode wear in for machine hard 

conductive material. 

1.2 PROBLEM STATEMENT 

In manufacturing sector, there are some factors that have to give attention 

as important matters, for examples quality, economy and product efficiency. 

Electrode wear will gives effects to these three main things of the manufacturing 

industry companies. This is because when electrode wear occurs, the quality of 

the electrode is not good as before the wear occurs. There will change in shape 

and size of the electrodes, leading to not efficiency and low quality of products 

being made. There will be loss to the companies if their customers are not satisfy 

with their jobs and then reject the product. Besides, if they decide to solve the 

problem by making new electrodes, it will also costs them lots of money and time 

for complicated electrode designs. 

2 



So, improvement and ways to solve the problem of electrode wear must be 

done. Actually there were lots of research studies just to reduce wear of electrode 

in electrical discharge machining (EDM). Based on the previous researches, they 

still not able to eliminate completely the wear of electrode problem. This is 

because the wear of electrode occurs due to high temperature of electrical 

discharge. Other than that, debris also be one of the factors electrode wear to 

happen. 

Debris is the remains of the removal workpiece material that produced in 

bottom gap between workpiece and electrode. The presence of debris can 

drastically lower the dielectric fluid breakdown strength (Jia, 2011). As the space 

is narrow, lots of debris is produced and it is hard to be removed. Debris also can 

cause increasing of process time as the machine will still try to remove material 

and attempts to make sure the gap clean and clear. The machining process 

efficiency and accuracy will be effected if the debris is not being removed in time. 

Basically, the accumulation of debris can be cleaned and removed from 

the spark gap by flushing process (S. F. Miller et al, 2005). Flushing removes 

debris by blowing the EDM fluid to the workpiece machining area. Other than 

that, flushing allows the increase of material removal rate (MRR). Unfortunately, 

the limitation is not all debris being cleared. There still has debris left especially 

at the bottom of machining area and this will affect the machining efficiency and 

accuracy of EDM. The inactive pulses such as short circuit will occur because of 

the remained debris (Teimouri & Baseri, 2012). 

This research study focused on improving EDM electrode performance 

using magnet support at copper electrode. 
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