Journal of Modern Processes in Manufacturing awdi&ation, Vol. 5, No. 2, Spring 2016

Experimental Investigation of the Effect of Deionized Water on
Surface Roughness of Near Dry Electro Discharge Machining of Al S|
D2 Steel

M ojtaba Taghizadeh®, Sayed Ali M osavi?
12 Department of Mechanical Engineering, NajafabaanBh, Islamic Azad University, Najafabad, Iran
*Email address of corresponding author: taghizadem@iaun.ac.ir
Received: April 27, 2016; Accepted: August 9, 2016

Abstract

The electro discharge machining (EDM), one of trethuds used in the machining industry and a
non-traditional manufacturing method, the electims®mn process does not depend on the hardness
of material and offers a way to process materiflgeoy complex geometry with very fine and high
precision by using cheap electrode materials, whieke it a preferred method.

In this study, effect of wet and near dry EDM haeib investigated. Design of the experiment was
chosen as full-factorial. Experimental data hasnbsetistically analyzed and then appropriate
model was extracted. The experimental results gshawsurface roughness decreases by increase of
peak current and also pulse on-time; it should leatraned that effect of peak current on surface
roughness is greater than pulse on-time. Also bpgusear dry machining (NDM), surface
roughness decreased about 1um and approximatelypetent. These indicate the good
performance of NDM.
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1. Introduction

The fundamentals of electro discharge machiningMDBan be traced as far back as 1770, when
English chemist, Joseph Priestly, discovered tlosies effect of electrical discharges or sparks.
However, it was only in 1943 at the Moscow Univrshat Mr. and Mrs. Lazarenko exploited the
destructive properties of electrical dischargesctorstructive applications [1].

The EDM method is one of the methods used in thehmang industry and a non-traditional
manufacturing method. The electro erosion process dot depend on the hardness of material and
offers a way to process materials of very compleangetry with very fine and high precision by
using cheap electrode materials, which makesiegeped method [2].

The selection and delivery of the dielectric flice critical to the material removal rate, surface
roughness, and environmental impacts of electrohdige machining. Dielectric fluid acts as an
electrical insulation barrier in the gap betweea Workpiece and electrode. Deionized water and
kerosene-based oil are two commonly used dielefttiats in conventional wet EDM [3-5].

The near-dry EDM process is a process in which>dure of gas and liquid is used as dielectric.
Mostlya tube-shaped tool is used and the dieleatritigh speed is sprayed through the hole in the
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tool on the workpiece surface, and with establighetectrical current between the tool and
workpiece, machining operations is conducted [6].

Near-dry EDM was reported by Tanimura et al. in48& the first time [7]. Tao et al. [8] studied
near dry EDM milling as a finishing process. Thelded an electrical resistance to EDM power
generator to be able to reduce the surface roughid®y investigated the effects of dielectric
fluid, tool materials and pulse energy on mategatoval rate (MRR) and surface roughness (SR).
Fujiki et al. [9] investigated the effects of dietiec fluid flow rate on MRR, tool wear ratio (TWR)
and SR in near dry EDM milling process. They alswvaedloped a computational fluid dynamics
(CFD) model to predict the dielectric fluid flowtesand compare with the information measured by
experiments.

Fujiki et al. [10] established a new gap controatgtgy for five-axis near-dry EDM milling. This
new strategy is capable of retracting the electiodiés axial direction. Their results showed that
MRR is increased 30% by applying this strategy.

The near dry EDM experimental setup and procedamrepresented first in this paper. The mixture
of deionized water and air is experimented as tbkedctric fluid for near dry EDM. The surface
roughness envelopes in near dry EDM are comparédweét ED Mof AISI D2 steel.

2. Methods
In this section, there will be a brief descriptiointhe equipment and material used to carry out the
EDM experiments. Also, the design factors usedhiswork will be outlined.

2.1 Selected materials

AISI D2 steel was selected as a tool materiat &n air hardening, high-carbon and high-chromium
tool steel. It has high wear and abrasion resigieopierties. AISI D2 steel’s high chromium content
gives it mild corrosion resisting properties in therdened condition. Typical applications for AISI
D2 Steel are: stamping or forming dies, punchesnifog rolls, knives, slitters, shear blades tools
and scrap choppers. A new set of instrument (e@det(tool) and workpieces) for each experiment
has been used. Main properties are summarized lte T The used dielectric in this study is
deionized water.

Table 1. Details of workpiece and tool

Electrode Workpiece
Cold Work Steel : DIN
Copper 1.2379 .
. . Composition—C: 1.53 %;
Dimension:

Cr:12%;Mo: 0.85%; V:
0.85%; Mn: 0.4%; Si: 0.35%;
restiron

Dimension: cylindrical shape
with a diameter of 50mm

( 50mmx50mmx5 mm)

cylindrical shape
with a diameter of
15mm

(15%30mm)
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2.2 Used equipment in the experiment
The arithmetic surface roughness was measured emtchined surface kusing the Diavite-

compact model.The accuracy of this equipment w0.001 microns.The photograph of thi
machine is shown in Figurel.

DIAVITE
COMPACT

Figurel. The measuring surface roughness machine

Die-sinking EDM machine used in this experiment washf@san manuctured by Iran. The
photograph of diesinking EDM set is shown in FigL.2.

Figure2. Die-sinking EDM set

The equipment utilized to control the MQL was R100 (nanufactured by Royal Sanat Khava
Co., Iran) in which oilsupply pumps are used. In thiystem, the compressed and deionized
waterflow can be adjusted separately and mixed il nozzle to make mic-droplets of deionized
water, fly tothe gap zone by compressed air. The photographQf bkt is shown ilFigure 3.
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- Figure3. MQL sgt

2.3 Design of the experiment

The main parameters affecting the electrical disgganachining process are spark current, pulse
on-time, pulse off-time and spark voltage [11, 1&8]this study, the design of experiment is carried
out by full-factorial methodology through Minitalofsvare and also effect of most important
machining parameters, namely spark current (1) @uide on-time (J;) [12] on surface roughness
are evaluated. The immersion method was selecteddidectric and also the electrode and
workpiece were considered negative and positivpeds/ely. In this experiment, the removal
process is done on 0.5mm workpiece by the electrbdele 2 shows how to perform experiment
and parameters calibration.

Table2. Parameters calibration

Dielectric Deionized water
Current(l) 4,812 A
Pulse on-time(Ton) 50,100, 158
Input voltage 40V
Tool polarity Negative

The MQL needs to be supplied at high pressure mpihged at high speed through the nozzle at
the cutting zone. Air pressure of MQL is 3 bar amstance of nozzle to tip tool is 50mm and the
mount of lubricant in MQL is gotten 300 ml/h in ¢hexperiment.

A total 18 experiments are carried out and eachrepeats at least two times and eventually 36
tests are done. Finally, the effect of input maicigrmparameters on output parameters is observed
through dielectric with NDM, then it is comparedthvivet machining and eventually the optimal
model is presented.

In the measurement stage, the sampling lengtk .8mm), measuring length £l= 3.2 mm) and
traverse length (L= 4.8 mm) are taken, respectively. Surface roughiiR) that occurred on each
part as a result of each EDM experiment was medstmee times and its average value was
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calculated.

3. Result and discussion

All of the 18 surface roughnesses measured auuli cfshe EDM based on parameters such as the
discharge current and pulse on-time have beenatetidbelow, in Table 3.

Table3. EDM tests
Ra(Hm)

No (") Ton(ks) Wet Machining Ra(mM)NDM
1 4 50 3.49 2.87
2 4 100 4.08 3.01
3 4 150 4.99 3.42
4 8 50 4.70 4.23
5 8 100 5.50 4.39
6 8 150 5.67 4.59
7 12 50 5.85 5.12
8 12 100 6.00 5.13
9 12 150 6.12 5.45

3.1 Satistical analysis results of wet EDM and NDM

In case of R (adj)>0.950 and &0.950, the statistical analysis done on the dadicates that the
regression model is correct [1].Table 4 shows tleas of Rand R (adj) in regression models on
surface roughness for wet EDM.

Table4. The values of regression models

Regression models Regression degreel Regression degree2
R 0.918 0.988
R? (adj) 0.891 0.968

According to Table 4, it can be concluded that $keond order regression model has less error
compared to the first order regression model andsTlhe first order regression model is not
acceptable Therefore, the second order regression is recormdatefor the conducted experiment.
Equation obtained from the regression model iohsW:

R.=0.509+0.5711+ 0.03214F— 0.01264 - 0.000035 T, - 0.00192 I, 1)

To test the above equation, it was considered ItHHOA and T,=75us. The value of surface
roughness obtained by the equation is pmi8and experimental value of surface roughness is
5.8um and due to 4.9% error arising from equation,rédselt is acceptable. Diagram of average
roughness Rhas been plotted in terms of current and pulseme- Figure 4 represents the average
roughness Rof the conventional dielectric in terms of EDM rhagng parameters (peak current
(A), pulse on-time(s)).
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Figure4. The average,Rf the wet EDM

According to Figure 4, by increasing parametercuirent and on-time, the surface roughness
increases so the surface quality decreases. Fonther the effect of spark current on surface
roughness is greater than pulse on-time.

Table 5 shows the values ofdhd R (adj) in regression models on surface roughnasisfiv.

Table5. The values of regression models
regression models Regression degreel Regression degree?2
R® 0.979 0.999
R? (adj) 0.972 0.997

According to Table 5, it can be concluded that $keond order regression model has less error
compared to the first order regression model. Tthessecond order regression is recommended for
the conducted experiment. The equation obtained fre regression model is as follow:

Ra= 1.02+ 0.529 | - 0.00177,7T- 0.0148 1+ 0.000065 3,2 0.000344 IF, )

To test the above equation, it was considered ItHHOA and T,=75us. The value of surface
roughness obtained by the equation is gn80and experimental value of surface roughness is
4.96um and due to 3.3% error arising from equation résellt is acceptable.

Diagram of average roughnesgis been plotted in terms of different current pal$e on-time.
Figure 5 indicates the average roughnessflRIDM.
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Figure5. The average,Rf the NDM

According to Figure 5, by increasing parametercuwient and on-time, the surface roughness
increases so the surface quality decreases. Fonther the effect of peak current on surface
roughness is greater than pulse on-time.

4. Conclusion

In this study, the effect of various parameterglettro discharge machining (such as peak current
and pulse on-time) on surface roughness has bgestigated. NDM and wet EDM with deionized
water have been done while machining the AISI D8 &ieel, by means of copper electrodes. A
full-factorial experiment was designed and statétanalysis was applied to experimental data and
then appropriate model was extracted and the fatigwesults were obtained:

1. Suitable regression models with low percentager evese achieved.By using these models,
one can calculates surface roughness; in this thaytraditional methods of trial and error
will be removed.

2. In different cases, surface roughness decreas@sclgase of peak current and also pulse
on-time and it should be mentioned that effect ek current on surface roughness is
greater than pulse on-time.

3. By applyingNDM, the surface roughness would be abhunm and decrease by 15%,
showing good performance of NDM.
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