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ABSTRACT 

Rapid changes in materials technology simultaneously with numerous changes in the performance and 

economic demands on new material are currently experienced. Metal Matrix Composite (MMC) are individuals 

materials, which are based on a metal matrix, usually aluminium, the reinforcement of which is realized by 

particles, ceramic fibers or whiskers of titanium boride, aluminium oxide or silicon carbide. Such materials can 

only be machined with either electroplated diamond grinding wheel or with a carbide or poly crystalline diamond 

(PCD) cutting tools. In view of high cost of tooling and rapid tool wear during conventional machining, non-

contact material removal process offers a good-looking substitute. Along with the lot of unconventional processing 

techniques, Electrical Discharge Machining (EDM) has been proved to be effective in machining composite 

materials. EDM is a non-traditional manufacturing process capable of machining any electrically conducting 

material. It has low machining efficiency and poor surface finish which restricts its further applications. To address 

these problems, one relative new technique is the use of powder suspension in dielectric fluid. This hybrid material 

removal process is referred to as “mixed powder in EDM”. The electrically conductive powder minimizes the 

insulating strength of the dielectric fluid and increases the spark gap between the tool and work piece. This will 

facilitate deionization with lesser path resistance and also helps to concentrate the discharge energy into a narrow 

channel, causing an increased in discharge frequency and leading to increased discharging energy. 

The experiments are conducted on ELEKTRAPULS spark erosion machine. The objective is to find the effect of 

parameters viz, current, pulse ON-time, flushing pressure and vibration As a result, the process becomes more 

stable thereby improving Material Removal Rate (MRR) and reducing Tool Wear Rate (TWR).   

Keywords: Electrical Discharge Machining (EDM), Titanium Boride, Material Removal Rate (MRR) and Tool 

Wear Rate (TWR). 

INTRODUCTION 

Rapid changes in materials technology simultaneously with numerous changes in the performance and 

economic demands on new material are currently experienced. The growing demand for materials having less 

weight, high strength, high stiffness, high toughness, high wear resistance and ability to operate at elevated 

temperature, has led to development of Metal Matrix Composites (MMC). The excellent mechanical and physical 

properties of these materials together with weight saving makes them very attractive for a variety of engineering 

application such as aerospace, defense, automobiles, sports and precision applications. Metal Matrix Composite 

(MMC) are persons materials, which are based on a metal matrix, usually aluminium, the reinforcement of which is 

realized by aluminium oxide or silicon carbide and titanium boride. Such materials can only be machined with 

either electroplated diamond grinding wheel or with a carbide or poly crystalline diamond (PCD) cutting tools. In 

view of high cost of tooling and rapid tool wear during conventional machining, non-contact material removal 

process offers a good-looking substitute. Among the many unconventional processing techniques, Electrical 

Discharge Machining (EDM) has been proved to be effective in machining composite materials. EDM is a non-

traditional manufacturing process capable of machining any electrically conducting material. by EDM as in 

Narender Singh et al., 2004., and Harpreet Singh et al., 2012. 

The effect of power suspended working fluid instead pure dielectric fluid. The EDM characteristics 

obtained using hydro carbon dielectric and mixture deionized water with abrasive powder suspensions have been 

compared. From this study, powder suspended kerosene result in increased MRR and surface roughness. But 

powder suspended deionized water result in decreased TWR Quan yan Ming et al., 1995. 

EXPERIMENTAL METHOD 
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The EDM set-up used in this experimental study is M100 model die sinking EDM machine manufactured 

by Electronica Machine Tools. The Parameters and their settings in L16 orthogonal array. It uses Kerosene as the 

dielectric fluid. The primary benefit of using kerosene is that it has very low viscosity and gets flushed away easily. 

The selected work piece material is Al-TiB2 composites. Each experiment was performed for fix time period using 

brass as a electrode. Based on literature, it was decided to use kerosene as dielectric media and 4 gm/l of graphite 

powder to be suspended in kerosene. Input process parameters are current, pulse on time and flushing pressure. The 

material removal rate and tool wear rate are evaluated by using an electronic balance machine. 

Table.1. 

Parameters 
Levels Column set in the 

orthogonal array 1 2 3 4 

Current, amps 7.5 10 12.5 15 01 

Pulse ON-time, µsec 100 200 500 1000 02 

Flushing pressure, Kg/sq.cm 0.2 0.4 0.6 0.8 03 

RESULT AND DISCUSSION 

Effect of current and pulse on-time on MRR: As current increases, due to increased discharge energy, each 

individual spark removes a larger crater of metal from the work piece; the net effect is an increase in MRR. With 

graphite powder addition in kerosene, the value of MRR increases with increase in peak current . This is due to 

their dominant control over the input energy. The effect of concentration on MRR can be also seen from figure 1. 

By using powder mixed in dielectric fluid enhances the MRR. This is because the added additives causes bridging 

effect between the both tool and work piece Kansal H.K et al., 2005, So increasing the gap of tool and work piece; 

the ionization-deionization characteristic of the electric discharge to permit more sparks discharge per unit time, 

leading to an increase in MRR. The best result can be achieved powder suspended kerosene. 

  

Fig. 1 Plot of current against average MRR Fig. 2 Plot of Pulse ON-time Vs average MRR 

 The plots of pulse ON-time against MRR is shown in figure 2. The material removed is directly 

proportional to the amount of energy applied during this ON-time. Increase in pulse ON-time ratings affect the 

MRR, The powder added in the dielectric fluid enhances the MRR, as the added additives causes helping to bridge 

the gap between the electrode and work piece and increasing the likelihood of discharging; and also the 

conductivity of the added powder helps to disperse the discharging energy and creates a smaller amount of debris 

during machining, which was easily removed from the gap between the electrode and work piece, which ultimately 

reached the highest material removal rate. Increase in pulse ON-time for all peak current setting, increases the 

MRR.  

Effect of current and pulse on-time on TWR: The value of TWR increases with increase in peak current. This is 

due to a high current, which generates an increased discharging energy and causes high electrode wear. The TWR 

obtained for with powder suspension is less when compared to the value of TWR obtained for without powder 

suspension. The addition of graphite powder, the narrow channel formation occurs in workpiece which transfers the 

heat directly to the work piece; by reducing the heat of the tool. This reduces the TWR. The plot of current against 

average TWR is shown in figure 4.3.  
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 Figure 4.4 shows the relationship between TWR against Pulse ON-time. The Tool Wear Rate increases in a 

direct relation with Pulse ON-time. This phenomenon is attributable to the brass electrode which has good thermal 

conductivity. Thus heat generated during the machining was easily removed. The heat removal facilitates difficult 

reduction of the temperature around the surface of the electrode for increased Pulse ON-time, and also increasing in 

Tool Wear Rate. The high wear rate is attributed by the presence of low-melting alloy, zinc in the brass tool. 

However, the machining stability achieved satisfactorily with brass tool since it high rate of erosion allows the zinc 

vapours in the plasma channel, which might reduce arc resistance and helps quicker ionization and increasing the 

Tool Wear Rate .The graphite powder added dielectric fluid gives the considerable effect on Tool Wear Rate when 

compared with the TWR of without powder. 

  

Fig. 3 Plot of current against average TWR Fig. 4 Plot of Pulse ON-time against average TWR 

CONCLUSION 

This work evaluates the feasibility of machining Al-TiB2MMC with graphite powder suspended dielectric 

fluid. MRR was found higher for larger Current. When comparing the MRR of with powder and without powder 

the MRR obtained for with powder is found higher. TWR slightly increases with increasing the Current. When 

comparing the TWR of with powder and without powder the TWR obtained for with powder is found higher. 

Increase in MRR was found on increasing Pulse ON-time. TWR increases with the increases in pulse ON-time. 
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