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Study on Dry Electrical Discharge Machining

Grzegorz Skrabalak, Jerzy Kozak

Dry EDM is a 'green’ environment friendly EDM technique in
Abstract—In the paper are presented results of simulation which instead of mineral oil based liquid dielectric, gas at
and mathematical modelling of the material removal rate of high pressure is used as the dielectric medium. This method
electrodischarge milling process with compressed air as prings advantages in process performance, like lower tool
dielectric._ '_I'here are also presente_d basic c_:haracteristic (_)f_the wear, lower residual thermal stresses and higher precision.
DEDM milling process and comparison of this green machining - p . i application of the DEDM process could bring a lot

method with kerosene based EDM milling. Presented results of advantages for machine makers and machine end users
refer to the experiments of micro machining with thick walled 9 )

electrodes. There are described advantages and drawbacks of MPortant factor is the simplicity of the machine construction,
this machining method, especially in the field of nNotrequiring sophisticated and spacious dielectric circulation

micro-machining. and cooling system — the same design, manufacturing and
material costs can be reduced. Due to the lack of oils (which
Index Terms— dry EDM, EDM miling, mathematical are usually flammable), the risk of fire hazards is also lowered
modelling. to the minimum.
However the method is very promising, it still needs to be
investigated in details before practical application at the
industrial scale [3,4].

One of the aspects stimulating development of
manufacturing techniques and processes is the increasing
need of accuracy, quality of machining and quality of surface .
layer of the machining. Very important, especially recently, A- Practical background
factors are also demands on creating machining methods ndt numerical control system enables the workpiece or simple
harmful for environment. Effective way of reduction ofshaped tool electrode to move a previously programmed path.
hazardous effects on environment is elimination of liquidé this way, very complex 2 or 3 dimensional shapes
used as working media or coolants during machiningccording to the design requirement can be shaped.
processes [1]. However, the tool wear during machining adversely affects

Considering the benefits of dry machining processe#)e accuracy of the machined components. Tool wear in
presented in the Figure 1, companies and research cente®V/DEDM is characterized by the relative tool-electrode
involved in development of electrodischarge machining amear which is generally defined as ratio tool wear rate to
aiming towards reduction of amount of organic baseghaterial removal rate, which is the volume of workpiece
dielectric fluids, by exchanging them with pure water or lownaterial removed per unit time):
concentration water solutions [2]. TWR

|. INTRODUCTION

Il. MATHEMATICAL MODELLING

Environmentally Manufacturing - MRF @
conscious process .
manufacturing cost reducing whereTWR andMRR are the volume material removed per
= = unit time from the tool and the workpiece, respectively.
4L <L Changes in dimensions of tool due to wear during

machining is expected to reflect in the actual depth of cut and
finally in the profile and dimensional accuracy of machined
parts. The problem of tool wear in 3D micro and macro EDM
D - O\, using simple shaped electrodes has been addressed by
applying the Uniform Wear Method to maintain the electrode

[Ny - |

Simplification of AW 4 Decreased shape unchanged and compensate for the longitudinal tool
m:;ﬁrgz rt:on' Improvement of d{e.’ecg'g:sgedrum wear [5-7].
performance Tool electrode
characteristics Workpiece
Figure 1: Benefits of dry electrodischarge machining
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Uniform Wear Method with CAD/CAM software has bee R_[ ig_phJ(dF_dgjg_[nig_ ](dF_dg}/ (4)
dx dx) '

. . . . =| T —_— =
successful in generating very complex 3D cavities, it involves 4 dx dx)dt 4

atime consuming, empirical approach for selecting tool paths whereV; is feed rate.

and machining parameters. Therefore, it is necessary A@er substituting (2) and (4) in (1) for, the equation

develop a theoretical model which accounts for the effect gEcrining the profile of machined surface takes the following
tool wear on the surface profile generation during each pagsym:

As the number of passes can be very large, a corresponding

computer simulation software also needs to be developﬁ+ mE= mf(x)+@ (5)
[6-10]. dx dx
B. Mathematical modeling of DEDM shaping by end tool with initial condition isF(0) = — a(0)(Fig. 3), where
electrode d is the wear factor.

m:
The principal scheme of shaping using the end tool 77CHb{l=4A,/7ds
electrode process is presented in Fig. 3. The initial profile of
workpiece is given by functioly = f(x). The electrode is Two tasks can be formulated:
controlled to move along the tool head patte g(x). (1) Direct problem - The tool path(x), and initial shape of
However, the longitudinal tool wear results in the profile ofurface, f(x), are known but the resulting shape of the

machined surface = F(x), which is different frong(x). machined surfacés(x), and needs to be predicted.
(2) Inverse problem or control problem - For a required shape

of the machined surfacE(x), the tool pathg(x), needs to be
determined.

These tasks have been solved numerically using the Finite
Difference Method and iterative procedure.

In many cases it is possible to assume, that relative wear
during machining is constann(= const), i.e.the value it is

not dependent on the actual depth of cut. For this condition
and forf(x) = 0, and g(x)=const., the solution of (5) becomes:

y=F(X) hole ()

7| Ve 7 ;% F(X=-gexpmx (6)

d, % : / / While considering accuracy, the profile is conveniently
. ' described in coordinates relative to required allowarae,

cross section of the electrodes ie.

Figure 3: Principal scheme for mathematical modeling of
DEDM by end tool electrode h(%) = F~ (- a5) = a[1- exp(-mx)] (7)

For more universal application of (6) a non-dimensional form

: L : . o of notations is used. The non-dimensional variables are
simulation is to determine surface profjfle F(x), taking into ) — <= x/ .

account the change in tool length which occurs due to tHgfined ash= h/af{ andx'— /L, wherel and Lis I?ngth of
wear of electrode. The final profile depends on inpufo! path. In non-dimensional form, (7) can be written as:

The purpose of this mathematical modeling and comput

parameters, such as depth of egtinitial profile y = f(x), h=1- exp(— AD’() @)
diameter of toolly and tool head path= g(x).
Let us consider the case of machining presented in Fig.3, where  ,_ 4 - 4L .
when the value of slope of the initial surface and the tool 700, (1- 4A, 1 )
avic P . 1df dg
pathto x- axis is not significant i dx and& <<1 The machining accuracy may be improved by control motion

- i . . of tool electrode. For example, the tool wear can be
In determining the profile of machined surface, the fOIIOW'n%ompensated by moving tool or workpiece al is. to
assumpt|0n§ are made: _ obtain flat surface. In the case when initial surface is flat
» Changes in tool shape are neglected because the Uqu(gj = 0.and the depth of cut is equa| the required flat shape

Wear Method is applying. _ is F(x) = —a, Therefore, based on solution, the linear path of
« The gap between tool electrode and workpiece t§olis needed, which can be described as follows:
neglected. _ 9
Material removal ratMRRis equal: y= 4= Ho—gl[mix ©)
MRR=( (X = F(x) [d [V ) whereHj is initial position of tool head.
and a tool wear rate TWR, defined as the volume of tofPr machining with constant feed ra¥e along x-axis, the
material removed per unit time, fg(x) = const is: compensation of the tool wear can be obtained by adding the
2 d(F - ) 3) relative motion of the tool/workpiece with constant feed rate
TWR= [”0 - Ah]ig V, alongy-axis equal:
4 dt y :
of V, =-g MV, =- W, (10)

2 Vf
i, (1-4A, 1 d2)
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The effect of the type tool-electrode on profiles of machinedB. Machining conditions
surface in dimensionless coordinates x/L and F/a(0) is shown

in Fig. 4, wherep = V[ L Parameters
A During initial series of experiments, the best conditions for

For example, when performing machining process witREDM milling process were selected and verified.
electrode of outer diameter;l mm, at the path length of Optimization criteria were used as follows:

L=80 mm and tool wear facter0.01(1%), parametek used - minimal tool wear ratio (TWR);
for simulation is equal to: - maximal material removal rate (MRR);
- A=1.355 — pipe electrode with inner diameterd5mm - minimal surface roughness{R
andA = 0,585 mm; The best results for both types of used electrodes, were
- A=1.24 — 2-channel electrode with channel diameter @chieved for the following parameters:
d,=0.14mm and\ = 0,65 mni; - free run voltage: 150 V;
- A=1.12 — 2-channel electrode with channel diameter of - Wworking voltage: during horizontal milling — 90 V
d,;=0.1mm and = 0,72 mni; during Z-axis drilling — 50V;

] R B TTTYTTIETTTTTTT [ SR [ T - pulse ON / OFF time: 40/ 40 US;
Pl . - working current: 3 A;
- ignition current: 4 A,
- electrode rotation: 4000 rpm;
- gas supply pressure: 6 bar;
- electrical conditions: negative electrode (-), positive
worpiece (+).

4.3

%0.6
= Machining process
o For the specified parameters, new series of tests were run,
s aiming at gathering information on the performance of the
DEDM process. Machining process was run layer by layer.
a8 e Schematic run is presented in Fig. 5.
o 01 0.2 03 0.4 08 06 o7 08 09 1 .
— }
Figure 4: Profile of machined surface at different values of A 100 um
— different electrodes T

I1l.  EXPERIMENTAL INVESTIGATIONS workpiece (+)

A. Test stand setup

Experiments in the field of dry EDM were carried out at the S8
Institute of Advanced Manufacturing Technology (IAMT).
Test stand was built on the basis of CNC 3 axes EDM
machine of IAMT design. Machine was equipped with the &
rotating head enabling continuously adjustable rotation of the &=
electrode up to 4000rpm. =

During experiments two types of the copper electrodes b
were used: single hole and 2-channel. The outer diameterFafiure 5: Scheme of the machining process kinematics (a) and
the electrodes was 1mm. Inner hole of the pipe electrode waachining process (b) and machined surface (c)
0.4mm, outer wall of the 2-channel electrode was 0.3mm. So,
contrary to the experiments described by Kunieda at al. Machining results
[11,12], in case of tests run at IAMT, thick walled electrodek figures 6 and 7 are presented comparison results of DEDM
were used. machining using two types of electrodes. It is noticeable, that
Gas (compressed air) was supplied through the tool electroifecase of using two channel electrode, machining results were
Set pressures and measured flow-rates are presented inslightly better than in case of pipe (single hole) electrode.

Table 1. Better performance of the machining process (observed in
Flow rate surface roughness and geometry of machined cavity) was
Electrode type P [bar] [I/min] achieved when 2 channel electrode was used. It may result
2 6.4 from the positive effect of:
(} 4 12.5 - better stiffness of the electrode tip;
) 6 14.5 - faster drilling in Z axis when changing the layer.
f 2 5.3
f j 4 10.7
6 13.9

Table 1. Gas pressure and flow rate

ISBN: 978-988-18210-8-9 WCE 2010
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



Proceedings of the World Congress on Engineering 2010 Vol III
WCE 2010, June 30 - July 2, 2010, London, U.K.

5 1,24 C. Comparison of electrodischarge milling processes in

a 1‘22 gas and kerosene

3 12 Process conditions

ﬁ i Important part of the conducted research works was
= = comparison of the DEDM milling with EDM miilling process

§’ 1,16 in kerosene. To perform this comparison, a series of
s 114 experiments, using kerosene as dielectric, was run.

E 112 Test conditions for kerosene were similar to those used in
E ’ DEDM, significant difference was:

1.1 - working voltage for milling — 50 V;
O Sectiodi tipe €. - This set of parameters allowed to perform kerosene EDM

. milling in optimal conditions (minimal TWR, maximal MRR
Figure 6: Comparison of surface roughneseﬂ(m]) after - . .
DEDM milling with single hole and 2-channel electrodes and minimal B). Workpiece was submerged in kerosene,

additionally, there was applied flushing nozzle — dielectric
flow through electrode was not applied, as it had no positive

% 012 influence on the machining results.
E & 0,1 For milling process in kerosene the same kinematic
£ "
i E 0,08 | conditions were used, as for the DEDM (Fig. 5a).
f 3 006 ' Machining results
o E 0,04 As it was mentioned in part 2, important factor for performing
89 002 _ precise EDM machining is prediction of electrode tool wear,
2% 7 as it has significant influence on geometry of machined
0 elements. Comparison of electrode tool wear for both milling
0.03 processes is presented in Figure 9. It can be noticed, that in
’ case of DEDM, tool wear is about 4 times smaller than in case
£ 0,025 of kerosene EDM milling.
=} 0,09
8 E 0,02 - g
[T . 0,08 -
£7T 0015 - 3 007
-] =
& 0,06 -
% oot 58
€3 §35 005
' 0,005 - 235 0,04 -
SE 00
0 - Em l ]
°= J
0 Electrode type 0 ﬁN"J :gf
Figure 7: Comparison of electrode wear during DEDM % 0.
milling with single hole and 2-channel electrodes EDMin DEDM
- kerosene
Electrode wear model verification Figure 9: Electrode tool wear comparison during EDM and

Presented results go in common with the results of procd3EDM processes

modelling and simulation of the surface after machining

process (Fig. 4). In Figure 8 are presented profiles of tif@ther important factor, one of the optimization criteria, is the

surface after DEDM milling. MRR. Comparison of this factor is presented for both
methods in Figure 10.
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Figure 8: Profiles of the machine surface after DEDM milling o 0 0
with pipe electrode and 2-channel electrode EDMin DEDM

kerosene
Figure 10: Material removal rate comparison

ISBN: 978-988-18210-8-9 WCE 2010
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



Proceedings of the World Congress on Engineering 2010 Vol III
WCE 2010, June 30 - July 2, 2010, London, U.K.

It is noticeable that MRR is significantly higher duringduring DEDM milling is higher by 0,2 um (about 20%) than
DEDM milling process than in case of this process iduring EDM milling in kerosene.
kerosene. This results from the fact of bigger number of
effective working pulses during machining. Voltage and
current runs, recorded during machining processes are shown IV. CONCLUSION
in Figure 11.

a) Experiments which were already conducted at IAMT

proved the advantages of dry electrodischarge machining.
The method is useful not only when thin-walled electrodes are
used, like during tests run inJapan [11,12], but also when the
active area of the electrode is relatively big (in comparison to
the gas supply channels) — more than 50%.

The crucial problem during machining with this
environment friendly method is the evacuation of machined
material particles out from the working gap. It is very
probable that particles get addicted to the electrode. On one
hand this phenomena is good for the milling process — having
its influence on very low tool wear, but on the other it makes
the process useless for machining holes deeper than twice the
P o . . electrode radius. During this machining process, particles

t[us] a_lttaching to_ thg electrode are slowing down the process,
b) finally stopping it. N _ _
; ; ; ; In case of DEDM milling, with thin layers the problem of
200 4 particles attaching electrode is negligible, as the evacuation
them away from the working gap is relatively easy, enforced
by the electrode rotation and gas flowing through the centre of
electrode. During DEDM milling process, particles of
removed material attach to the surface on both sides of
machined area. This phenomena can be observed in figure 5c,
near the border of machined cavities. This particles cause
damages to side surface of machined element, as they are
difficult to get rid off. Application of additional gas nozzle,
from the side of electrode helps in avoiding this, undesired
process. Other solution could be addition of suction nozzle.
400 600 800 1000 DEDM milling process may be very useful especially for
t [us] micro machining. Due to the tool wear ratio it is more precise
Figure 11: Voltage and current runs during DEDM milling (ajhan EDM milling in kerosene, what is important aspect in
and EDM in kerosene milling (b) processes case of machining in micro-scale. Also process of preparing
tool paths is much easier, as the tool wear is negligible.
DEDM milling offers its users also much smaller value oHowever application fields of DEDM in micro-scale are

200 . . . . . . .
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-50
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coefficient, = TWR' the same, providing better accuracy O1almo_st borderless (gpart from dr|II|n_g deep hc_)le_s), application
MRF of this way of EDM in macro-scale is rather limited.
machined shapes than the same process in kerosene.
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