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ABSTRAK 

 

 

Projek ini menumpu pada penambah baikan prestasi memesin pada silikon karbida 

tindak balas mengikat bahan seramik menggunakan pemesinan nyahcas elektrik 

dengan bantuan surfaktan. Perubahan pada kadar penyingkiran bahan (MRR), 

kekasaran permukaan (SR), kadar kehausan alat (TWR) dan topografi permukaan 

telah dikaji dengan menggunakan dua jenis surfaktan, iaitu span 20 dan span 80 

dengan campuran karbon nanofiber dan minyak EDM. Sebelum eksperimen 

pemesinan nyahcas elektrik, surfaktan telah dicampur dengan karbon nanofiber 

bersama minyak EDM, kemudian, campuran itu telah dihomogenkan di dalam 

penghomogen ultrasonic selama 90 minit. Untuk mengkaji kesan surfaktan, nisbah 

bahan permukaan kepada karbon nanofiber yang berbeza telah digunakan. Hasil 

eksperimen menunjukkan bahawa dengan penambahan span 20 dan span 80, kadar 

kehausan alat (TWR) dan kekasaran permukaan (SR) telah meningkat dengan 

bertambahnya nisbah surfaktan. Topografi permukaan yang dihasilkan juga 

menunjukkan dengan bertambahnya nisbah surfaktan, kawah yang dihasilkan 

semakin besar. Nisbah optimum bagi memperolehi kadar penyingkiran bahan (MRR) 

paling tinggi adalah 1:1 bagi kedua – dua surfaktan. Sebagai perbandingan, karbon 

nanofiber yang ditambah dengan span 80 lebih memberi kesan bagi meningkatkan 

keefisienan memesin silikon karbida tindak balas mengikat berbanding span 20, 

dengan nisbah optimum 1:1. 
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ABSTRACT 

 

 

This project was focusing on improving machining performance of reaction-bonded 

silicon carbide ceramic material using electrical discharge machine with the aid of 

surfactant. The changes of material removal rate, tool wear rate, surface roughness 

and surface topography were investigated on two different surfactants, namely span 

20 and span 80 were mixed with carbon nanofiber and EDM oil. Prior to the EDM 

experiments, the surfactant was mixed with carbon nanofiber and EDM oil, then, the 

mixture was homogenized using ultrasonic homogenizer for 90 minutes. In order to 

investigate the effect of surfactant, different ratio of surfactant to carbon nanofiber 

were used. The experimental results show that with the addition of span 20 and span 

80, the tool wear rate and surface roughness were increased with the increasing of 

surfactant ratio.  The surface topography produced also shows that as increasing 

surfactant ratio, the crater become bigger. The optimum ratio for obtaining the 

highest material removal rate was 1:1 for both surfactants. In comparison, carbon 

nanofiber added span 80 was more effective to improve the machining efficiency of 

reaction bonded silicon carbide compared to span 20, with the optimum ratio 1:1.      
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CHAPTER 1 

INTRODUCTION 

 

 

 

In this chapter, the background, the problem statement, objectives and scopes of the 

project are briefly explained. 

 

1.1 Background 

Electrical Discharge Machine (EDM) is a non – traditional manufacturing process based 

on removing material from a part by means of a series of repeated electrical discharges 

between a tool called electrode and the part being machined in the presence of a 

dielectric fluid. Electrical Discharge Machine (EDM) provides an effective 

manufacturing technique that enables the production of a complex shape parts that made 

from special materials which is difficult to machine by conventional machining process 

(Luis et al., 2005). 

The process doesn’t include mechanical vitality, the hardness, quality and strength of the 

work piece material do not necessarily influences the removal rate. They are virtually 

zero forces between the tool and the work piece, so exceptionally sensitive work is 

possible. The process leaves no burns on the edges. Their use has extended quickly and 

now it is widely used to produce large body – forming dies in the automotive industry 

(DeGarmo et al., 2007). 
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Modern EDM tends to machine semi – conductive material with the assistance of carbon 

nanofibre (CNF). According to Liew et al., (2013) the addition of carbon nanofibre not 

only improves the electro discharge frequency, material removal rate, discharge gap, 

moreover decreases the electrode wear and tip concavity. However, when a high CNF 

concentration is used, the CNF might not disperse well. Therefore, in this experiment, 

surfactant will be used to disperse the CNF in order to machine the ceramic material 

which is Reaction – Bonded Silicon Carbide (RB - SiC).  

1.2 Problem Statement 

Reaction bonded Silicon Carbide (RB – SiC) is a standout amongst the most 

guaranteeing engineering ceramics. But, RB – SiC is to a great degree hard to be 

machined due to its very high hardness. According to Liew et al., (2013), EDM is one of 

the alternative methods that can machine hard ceramic materials.  However, most 

ceramics including RB –SiC are not conductive enough, which is a critical issue when 

utilizes EDM. In order to enhance the EDM machinability, researchers have endeavored 

including conductive powders into the dielectric liquids. Liew et al., (2013) has 

conducted a research on machining RB – SiC by using EDM with the assistance of 

carbon nanofibre, and the result was astonishing. 

However, when a high concentration of CNF is used, the CNF might not disperse well. 

According to Leong et al., (2012), the inclusions of surfactants in the nanoparticles 

samples are modifying the CNF’s surface from hydrophobic to hydrophilic. The CNF 

nanoparticles tend to repulse each other due to the surface modification. Therefore, in 

this experiment, surfactant will be added to the dielectric fluid in order to make sure that 

the carbon nanofibre disperses well in the dielectric fluid by modifying the CNF’s 

surface. The optimum concentration of carbon nanofibre and the surfactant used will be 

determined in this experiment 
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1.3 Objective 

In this project, there are several objectives that need to be achieved. They are: 

1. To determine the most suitable surfactant and its optimum ratio of carbon nanofibre 

to surfactant in order to completely disperse carbon nanofibre in the dielectric fluid 

(oil). 

2. To determine the material removal rate (MRR), surface roughness (Ra), tool wear 

rate (TWR) and surface topography after the machining process of electrical 

discharge machine (EDM). 

 

1.4 Scope 

 
In this experiment, electrical discharge machine die sinking model Sodick Linear Servo 

Controller LN 1 was used. Next, carbon nanofibre (CNF) with 150 ~ 200 nm in diameter 

was used as an additive to the dielectric fluid. Work piece material that was used in this 

experiment is Reaction Bonded Silicon Carbide (RB - SiC). Then, copper electrode was 

used as electrode. After that, the dielectric fluid that was used in this experiment is EDM 

oil. In this experiment, a hole was machined. After the experiment, the surface 

roughness (Ra), material removal rates (MRR), tool wear rate (TWR) and surface 

topography were determined. The surfactants that are used in this experiment are span 

20 and span 80. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

 

2.1 Electrical discharge machine (EDM) 

Electrical Discharge machining (EDM) is the process of machining electrically 

conductive materials by utilizing accurately controlled sparks that occur between an 

electrode and work piece in the vicinity of a dielectric liquid. In EDM, the electrode can 

be considered as the cutting tool. Die - sinking (otherwise called RAM) type EDM 

machines require the electrode to be machined in the exact inverse shape as the one in 

the work piece. EDM varies from most chip - making machining operations in that the 

electrode does not make physical contact with the work piece for material removal. 

EDM has no tool force since the electrode (cutting tool) does not make physical contact 

with the work piece. Sparking gap, which the electrode must always be spaced away 

from the work piece by the distance required for sparking. If the electrode makes contact 

with the work piece, sparking will cease and no material removal process will occur. 

There are some EDM machines that do permit the electrode to contact the work piece. 

Regularly, these sorts of machines are utilized fundamentally for removing broken taps 

and drills and are not considered die - sinker or wire - cut types of EDM machines 

(Jameson, 2001).   
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2.1.1 The working principle of EDM 

 

 

Figure 2.1: Concept of EDM (Adapted from Jameson, 2001) 

 

The rule of electrical – discharge machining (EDM) is based on erosion of metals by 

spark discharges, likewise called electro discharge or spark erosion machining. At the 

point when two current – conducting wires are permitted to touch each other, an arc is 

produced. When we look carefully at the point of contact between the two wires, 

permitted has been eroded away, leaving a small crater. It was not known until 1940s, a 

machining process based on this principle was developed, despite the fact that this 

phenomenon has been known since the revelation of electricity. The EDM process has 

turned into a standout amongst the most essential and broadly acknowledged production 

technologies in manufacturing industries (Kalpakjian et al., 2003). 
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The EDM system (Figure 2.1) consists of a shaped tool (electrode) and the work piece, 

which are connected to a dc power supply and placed in a dielectric (electrically non - 

conducting) fluid. A magnetic field causes suspended particles in the dielectric fluid to 

concentrate when a voltage is applied to the tool, in the end forming a bridge for current 

to flow to the work piece. An intense electrical arc is then generated, causing sufficient 

heating to melt a portion of the work piece and usually some of the tooling material as 

well. In addition, the dielectric fluid is heated rapidly, causing evaporation of the fluid in 

the arc gap; this evaporation, in turn, increase the resistance of the interface, until the arc 

can no longer be maintained. Once the arc is interrupted, heat is removed from the gas 

bubble by the surrounding dielectric fluid, and the bubble collapses (cavitates). The flow 

of the dielectric fluid and associated shock wave flush debris from the surface and 

entrain any molten work piece material into the dielectric fluid (Kalpakjian et al., 2003).   

 

 

Figure 2.2: Spark occurs within a column of ionized dielectric fluid (Adapted from 

Jameson, 2001) 
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EDM is a thermal process; material is removed by heat. High temperature is presented 

by the stream of electricity between the electrode and work piece in the form of spark. 

Material that are put at the closest point between the electrode and work piece, are 

heated to the point where the material vaporizes, this is where the spark begins and ends. 

While the electrode and work piece should never feel more than warm to the touch 

during EDM, the area where each spark occurs is very hot. The area that heated by the 

spark is very minimal; therefore, the dielectric fluid quickly cools the vaporized 

material, electrode and work piece surfaces. However, it is feasible for metallurgical 

changes to occur because of the spark heating the work piece surfaces. The main 

characteristic of dielectric fluid is that it is an electrical insulator until enough electrical 

insulators except at the closest points between work piece and electrode. At these points, 

spark occurs by the dielectric fluid to change from an insulator to a conductor causes by 

the sparking voltage. Ionization point is the place the time at which the fluid changes 

into an electrical conductor. At the point when the spark is turned off, the dielectric fluid 

deionizes and the fluid returns to being an electrical insulator. This change of the 

dielectric fluid from an insulator to a conductor, and then back to insulator, happens for 

each spark. Figure 2.2 shows that the EDM spark occurring within an ionized column of 

the dielectric fluid (Jameson, 2001). 

The dielectric fluid used in EDM machines provides important functions in the EDM 

process. They are: 

a) Controlling the sparking – gap spacing between the electrode and work piece. 

b) Cooling the heated material to form the EDM chip. 

c) Removing EDM chips from the sparking area. 

 

A little measure of electrode and work piece is vaporized as each spark occurs. A cloud 

is the place where the vaporized material is positioned in the sparking gap between the 

electrode and the work piece. At the point when the spark is turned off, the vaporized 

cloud has a tendency to turn into a solid. Each spark then produces an EDM chip or a 
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very tiny hollow sphere of material made up from the electrode and work piece material. 

In Figure 2.3, Figure 2.4 and Figure 2.5 will show the spark producing vapour cloud, the 

cloud in suspension, and the vaporized cloud being cooled and forming into an EDM 

chip (Jameson, 2001). 

 

 

Figure 2.3: Spark ON: electrode and work piece material vaporized (Adapted from 

Jameson, 2001) 
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Figure 2.4: Spark OFF: vaporized cloud suspended in dielectric fluid (Adapted from 

Jameson, 2001) 

 

Figure 2.5: Spark OFF: vaporized cloud solidifies to form EDM chip (Adapted from 

Jameson, 2001) 
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2.1.2 Material Removal Rate (MRR) of Electrical Discharge Machining 

The EDM process can be used on any material that can conduct electricity. The melting 

point and the latent heat of melting are important physical properties that determine the 

volume of metal removed per discharge. As these quantities increases, the rate of 

material removal decreases and vice versa. The material removal rate can be estimated 

from the approximate empirical formula: 

 

MRR = 4 x 104 ITw
-1.23   (2.1) 

 

Where MRR is in mm3/min, I is the current in amperes, and Tw is the melting point of 

the work piece in oC. The work piece is hold by a fixture within the tank that contains 

dielectric fluid, and its movements are controlled by numerically controlled systems. 

The gap between the tool and the work piece (overcut) is critical. Thus, the downward 

feed of the tool is controlled by a servomechanism, which automatically maintains a 

constant gap. Since the process doesn’t involve mechanical energy, therefore, the 

hardness, strength, and toughness of the work piece material do not necessarily influence 

the removal rate. To control the removal rate, the frequency of discharge or the energy 

per discharge, the voltage, and the current are varied. The removal rate and surface 

roughness increase with increasing current density and decreasing frequency of sparks 

(Kalpakjian et al., 2010).  

2.1.3 Spark Frequency of EDM 

ON time and OFF time for an EDM – power supply is normally set in a range from 1 to 

250 microseconds. Figure 10 shows the normal spark frequency range if EDM – power 

supplies based on equal spark – ON/OFF microsecond timing. The spark frequency 
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