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Materials and Methods

Work piece Material: Tungsten Carbide

According to Ming-Hong Lin (2005), tungsten carbide (WC) is an important tool and die material
mostly because of its high melting point (2800°C), high degree of hardness (H y=22GPa), high
modulus of elasticity (696GPa), high fracture toughness (28MPam1l2

), and good wear resistance
over a wide range of temperatures. It is a refractory cermet that has good thermal and chemical
stability and is highly desirable because of the combination of its hardness, good abrasion and
oxidation resistance, a low coefficient of thermal expansion (5.2!!m!m/K) and a certain amount of
plasticity.

Many researchers have conducted studies about tungsten carbide on the following topics: the
surface integrity, the optimum machining conditions and the application of the work piece in
industry (Lee & Li, 2003; Luis & Puertas, 2007; Chen & Hsu, 2003). Using XRF analysis, the
composition of tungsten carbide used for the experiment is indicated in Table 1.

Tablel: XRF Analysis on Tungsten Carbide

Elements Concentration (wt%) Elements Concentration (wt%)

C 15.000 Ti 2.380

0 9.700 Cr 0.579

Al 1.110 Fe 1.150

Si 0.920 Co 8.150

S 0.160 W 59.490

Electrode Material: Copper(Cu)

Cu is a stable material under sparking condition (McGeough, 1998). It is used for commercial
EDM material due to its excellent electrical and thermal conductivity (Li Li et. aI., 2001). In
machining tungsten carbide material, Cu exhibits the best performance with regard to surface
finish compared to copper-tungsten and graphite (Lee & Li, 2001).

Cu is a good electrode materials as it gives good surface finish, low diameteral overcut, high
material removal rate (MRR) and less electrode wear when machining hardened tool steel material
(Shankar Singh et. aI., 2004). According to I. Puertas and C.J. Luis, (2003) based on some cases,
the electrodes made of copper it is the most highly recommended material for the EDM of
tungsten carbide. It is also recommended that negative polarity for the electrode should be used in
order to ensure a much more stable machining process.

Dielectric: Kerosene

Kerosene as the dielectric is very common among the researchers even though it is inflammable,
having possibility of fine hazard and will produce solid solubilisation and diffusion of carbon on
the machined surface. It is yellowish in colour, smelly and gives very light skin irritation.

Sample Preparation

The work pieces are cut to the dimensions of25mm x 25mm x 10 mm. The copper (Cu) electrode
is 16mm in diameter. The hardness of the work piece is tested using INSTRON Wilson/Rockwell
series 600 hardness testing machine. Before and after the machining, all specimens together with
the tool are cleaned ultrasonically in alcohol. The surface finish was analyzed using Mitutoyo
Surftest SV-600 version 3.0.

186











NORLIANA MOHD ABBAS ET AL

Conclusion

The following observations are made from the results of this study:

I. Machining without and with vibration exhibits nearly the same surface morphology when
observed with naked eyes.

ii. Observation with higher magnification shows that machining with vibration reduces the
porkmark, crack and globules especially at the edge of the machined surface.

Ill. Machining with vibration promotes to reduce the formation of entrapped gases, thermal
and tensile stress of the specimen and better flushing of debris.
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