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Abstract:-

One of the important parameter in electrical discharge machining (EDM) of aluminium metal matrix composites is
dielectric flushing pressure which is often not given attention due to its inbuilt presence inside the EDM set-up. Present
work investigated the effect on material removal rate, tool wear rate and surface roughness with the variation of dielectric
Sflushing pressure during EDM of 10wt.%A1,03/AA2014. The composite was manufactured via mechanical stir casting
route. For carrying out experiments on the available die sinker EDM to observe the influence of flushing pressure, a new
external flushing system was developed to achieve high pressure. Kerosene oil was used as dielectric oil instead of EDM
oil supplied with the machine. Only pulse current (I) was varied as an EDM input parameter considered whereas voltage
(V), pulse on time (To,) and pulse off time (Top) were kept constant. It is found that material removal rate invariably
increases with an increase in flushing pressure of dielectric oil whereas surface roughness behaves opposite. However,
no significant differences are observed for tool wear rate.

Keywords: - Die-sinker EDM; aluminium metal matrix composite; dielectric flushing pressure; material removal rate;
tool wear rate; surface roughness.
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1. INTRODUCTION

The demand for light weight and rigid materials in automotive, defence and aerospace applications has given thrust to
explore aluminium metal matrix composites (AMMCs). Enhanced fuel economy with powerful engines is the primary
requirement these days from well-furnished vehicles that has resulted in the increased use of aluminium castings in engine
components and chassis. Rigidity in these materials comes from enhanced fatigue, creep and wear properties due to the
presence of hard particles or reinforcements like SiC, Al,O3, B4C, TiC, ZrC, flyash etc. in them [1-4]. However, existence
of such reinforcements also creates an issue for conventional machining methods which fail to produce good surface
finish. Therefore, unconventional machining methods like EDM are employed to achieve adequate surface quality after
machining [5-8]. The main performance measures encountered during EDM of AMMCs are material removal rate (MRR),
tool wear rate (TWR) and surface roughness (SR) [9]. The input parameters generally investigated are pulse current,
voltage, pulse on time and pulse off time. Several attempts have been given to optimise main performance measures in
order to achieve high MMR [10-13], low TWR [14-16] and low SR [17-22]. However, to obtain a best combination of
these measures during EDM of AMMC:s are still being investigated. On account of same; current work focuses on effect
on performance measures during die sinker EDM of AMMC by variation of dielectric flushing pressure. The objective of
present work is to examine effect on 10wt.%A1,03/AA2014 composite manufactured by stir casting by variation of
flushing pressure on MRR, TWR and SR.

2. Materials and methods

Literature on EDM of AMMC:s infers that SiC has been used as reinforcement in majority of aluminium alloys. SiC has
value of 9.5/10 on mohs hardness scale which makes it best ceramic reinforcement with a combination of aluminium
alloy. Whereas Al>Oj3 has value of 9.0/10 on mohs hardness scale which is very near to SiC. Also, Al,Os is cheap, easily
available than SiC and gives same attributes like high temperature resistant, chemically resistant, electrically insulating
and abrasion resistant material like SiC. For present experimental programme, AA2014 was used as the matrix phase with
Al,Os3 as particulate reinforcement to manufacture 10wt.%Al>,03/AA2014 composite by mechanical stir casting route.
AA2014 is a copper based alloy and is typically employed for production of complex machined components due to its
better machinability. Also, due to its high mechanical strength, it is extensively used in aerospace industry. Chemical
composition of AA2014 is shown in Table 1. Mechanical and physical properties of AA2014-T6 (T6 refers that alloy is
solution heat treated and artificially aged) and Al,O3 (99.9% Al>O3) used in this work are given in Table 2. Figure 2(a)
shows the mechanical stir casting set — up used for manufacturing 10wt.%A1,03/AA2014 composite whereas Figure 2(b)
shows an EDM set — up incorporated with an external dielectric circulation system capable of providing different flushing
pressures. To ensure maximum efficiency from the machine, kerosene oil was externally circulated. To fulfil this
requirement, the new external flushing set up for ZNC-EDM was designed which bypassed the inbuilt flushing system of
the machine. The new EDM dielectric circulation system was developed for 35 litres of dielectric fluid capacity for
experimentation. The dielectric fluid is circulated by means of 0.5 HP circulation pump. Two gate valves are provided;
one on the delivery side and another on the drain side of the tank. Gate valves are used there to control the flow of the
dielectric. A hydraulic pressure gauge is installed in the set up to check the pressure of the dielectric fluid. A nozzle is
used in the delivery pipe and is used to increase the pressure for flushing. Table 3 gives the machining conditions for
experiments on ZNC-EDM.

Table 1 Chemical composition of AA2014

Element Cu Si Mg Fe Zn Ti Ti+Zn | Mn Cr | Al
Amount (wt. %) | 3.9- 0.5- 0.3- 0.7 025 |0.15 |02 0.40- 0.1 | 90.4-
5.0 0.7 0.8 1.2 95.0

Table 2 Mechanical and physical properties of AA2014 and particulate ALLO3

. Tensile Modglps of | Vickers Density Melting Mean
Material Strength Elasticity Hardness (@m/cc) Temp. Diameter
(MPa) (GPa) (Hv) (‘0 (1m)
AA2014 415 73.1 155 2.8 507-638 -
Al203 248 370 1365 3.96 2072 20-40

Figure 1 (a) Mechanical stir casting set up (b) D'ie- sinker ED
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Table 3 Machining conditions for 10wt.%Al203/AA2014 composite

Depth of . . Method Flushing
. Tool electrode . Dielectric Pressure
Workpiece . MR Cut (ZL, | Polarity . of
(dimensions in mm) oil . of
mm) flushing . .
dielectric
10wt%A1,0 Copper (Diameter Side 0.4 kg/cm?
3/AA2014 = 12 and Length =| 0.4 Reverse | Kerosene external 0.6 kg/cm?
105) 0.8 kg/cm?

Evaluation of MRR and TWR has been done as the ratio of the difference in weight of the work piece before and after
machining to the machining time. SR was taken as Ra value (read from surface roughness tester 6210) from arithmetic
mean of three observations taken at three distinguished points. Only pulse current (I) was varied as an EDM input
parameter considered whereas voltage (V = 50 V), pulse on time (Ton= 150 ps) and pulse off time (Torr= 300 pus) were

kept constant.

3. Results
Figure 3(a)(b)(c) show plots among current and performance measures MRR, TWR and SR respectively. Experimental

data shown is for three flushing pressures of dielectric kerosene oil i.e. 0.4 kg/cm?, 0.6 kg/cm? and 0.8 kg/cm?. It can be
clearly observed that MRR increases as pulse current and flushing pressure is increased at constant V, Tonand Tofr. As a
highest value of 0.8 kg/cm? flushing pressure is kept, a considerable improvement in MRR is seen. However, TWR
behaves in a little different manner. Although effect of current is observed which increases TWR significantly but flushing
pressure remains recessive and shows no major effect on TWR. An increase in current also increases SR, but an increment
in flushing pressure shows opposite effect on SR than MRR. At minimum value of flushing pressure i.e. 0.4 kg/cm?, a
maximum value of SR of the order 25 pum is observed which indicates degraded surface quality at highest current of 30
amps. It may be noticed that at highest value of current, a maximum value of MRR is obtained but at the cost of SR at the

same flushing pressure
4. Discussions

4.1 Effect of flushing pressure on MRR

Hike in MRR is due to the fact that high intensity sparks of energy assist in rapid melting.

This result in equal vaporization leading to bigger impulsive forces in the spark zone leading to an increase in MRR.
Additionally an increment in MRR also results in fast material removal which is attributed to quick flushing action of
dielectric kerosene oil which removes the debris generated in subsequent sparks of current.
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Figure 2 Variation in MRR, TWR and SR with respect to pulse current and flushing pressure of dielectric
kerosene oil

Rate of increase in MRR is observed high at a flushing pressure of 0.8 kg/cm?, since a combination of current and large
flushing force compels material removed from the EDMed surface to be thrown away from the hot zone area and
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subsequently produces new space for the eruption of material underneath the electrode. Hence material clearance and
erosion is quite faster at high flushing pressures and current.

4.2 Effect of flushing pressure on TWR

Copper electrode with negative polarity was used as machining tool in present investigation. EDM studies have shown
earlier that copper has minimum wear rate when machining is carried on aluminium based composites. But when current
is increased, TWR is increased in parallel. Since at higher current thermal loading on both workpiece and copper electrode
is increased which results in faster removal of material but also erodes the tool with same rate. Nevertheless, no major
effect is observed on TWR with an increase in flushing pressure of dielectric kerosene oil. This can be attributed to rigidity
of copper which is not affected by any dielectric pressure.

4.3 Effect of flushing pressure on SR

An increase in current result in larger volume of material being removed leading to bigger crater size and thus giving poor
surface finish which is predominantly observed for lowest flushing pressure. On the other hand, surface quality is not
much affected when flushing pressure is highest even at higher current values. A low flushing pressure gives
comparatively lower force to material being removed from the machined surface and allows current to dominate which
wears away material in large fractions. While a high flushing pressure provides a larger force to material being erupted
from the machined surface and simultaneously effect of high current is normalized which removes material in small
fractions. Therefore, a good surface quality is achieved at higher flushing pressures by retarding the effect of current.

5. Concluding remarks

The aim of present investigation was to evaluate the effect of dielectric flushing pressure on important EDM performance
measures like MRR, TWR and SR being examined in majority of engineering alloys. 10wt.%Al,0;/AA2014 was
fabricated via stir casting method and was latter machined by die-sinker EDM equipped with an external dielectric
circulation system by varying flushing pressure at three levels. Flushing pressure during EDM significantly affects MRR
and SR. No serious effect is observed on TWR. Surface quality improves when machining is done at higher flushing
pressures. Also, large volume of material is removed at higher flushing pressures. MRR and SR are observed to behave
inverse when flushing pressure is increased.
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