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Abstract

CNC Wire electric discharge machining (WEDM) idetént mode of electro discharge

machining (EDM) in which conductive, stretched dndgmeter thin wire is used as

tool. It has been widely used to shape machineesitsrby electrical sparks. In cutting

with WEDM, suitable input parameters for the workge material should be selected
due to the its specifications. However the desirexthining performace outputs like

material removal rate (MRR) and surface roughné&s) (parameters can be controlled

in this way. In this study the role of thermophgkjgroperties of work piece materials

are researched in WEDM. And also, in this presestedy an attempt has been made
to Grey relational analysis to obtain desirable fsemance characteristics through the

selection of appropriate process parametéfsr this purpose, aluminum, copper and
high speed steel (HSS) are machined with variowarpeters. As a result, the greatest
MRR was obtained in the cutting of copper and inSH&d aluminum processes,
respectively. And also if the detected surface hoegs values are evaluated from
lowest to highest copper, HSS and aluminum meatgpectively.
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" Haci Bekir OZERKAN, ozerkan@gazi.eduhttps://orcid.org/0000-0002-7214-9985

139



OZERKAN H.B.

Farkli termofiziksel 6zelliklere sahip metallerel elektro
erozyon ile glenmesinde performans parametrelerinin
optimizasyonu

Ozet

CNC tel elektro erozyon (WEDM), iletken, gerirkiicik capli ince telin takim olarak
kullanildigi bir erozyon glemidir (EDM). Makine elemanlarini, elektriksel kevmlarla
sekillendirmek icin yaygin olarak kullaniimaktadWEDM ile kesmede,s iparcasi
malzemesi igin uygun gjriparametrelerinin sec¢imi, malzemenin 0Ozelliklerkldite
alinarak yapilmahdir. Ancak bgekilde arzu edilensparcasi jleme hizi /H) ve yiizey
puruzluligtu (Ra) parametreleri byekilde kontrol edilebilir. Bu ¢amada, WEDM'de
elektriksel iletkenlik vesgiparcasi malzemesinin ghr termofiziksel 6zelliklerinin roli
arastinimistir ve Grey analizi ile optimumgleme parametreleri tespit edilgir. Bu
amacla, aliminyum, bakir ve yiksek hizg€htlSS) ceitli parametreler ile ylenmistir.
Sonug olarak, en biuyuk MRR, bakirin kesilmesindsirasiyla HSS ve aliminyum
islemlerinde elde edilngiir. Ayrica tespit edilen ylzey puruzltlik geeeri ise en
dusukten en yukge dgru sirasiyla bakir, HSS ve aliminyum metallerinilenmesi
sonrasinda Ol¢ulmir.

Anahtar kelimeler:Gri ili skisel analiz, tel EE ideal kesme derleri.

1. Introduction

The diffuculties of WEDM can be defined as highface roughness, low MRR, wire
breakage and bending, lateral cut gap size and rdiimeal differences. All these
problems are depending on choosing suitable inptarpeters such as pulse on time
(Ton), pulse off time (Tx), average servo voltage {y wire feed (f,), discharge current
() and wire tension {) [1,2]. The remarked input parameters are alscigpéhe
desired machining performance values like MRR amad Ris evaluation process is
best determined by a comparative experimental st@gnerally, MRR, Ra and,f
increase with the increment of Va, discharge cuyr@md T, during WEDM process [3-
6]. Until now, many studies have been conductedheneffect of electrical processing
parameters on the machining performance. GoswathKamar (2014), studied MRR,
surface integrity and wire wear rate in WEDM of Minic 80 A alloy. Higher currents
have expanded the melting zone and wider and deapéers on the surface are
observed [7]. Torres et al.(2015) analyzed theceftd I, Ton, duty cycle and servo
voltage making statiscal regression in machiningnaonel 718 and expressed that,
current for electrode wear andyThave significant influence on surface roughne$s [8
Bobbili et al. (2015), presented a comparative wfdarmour materials such as Al7017
and rolled homogeneous armour (RHA) steel applyimgckingham pi theorem” to
model the input variables and thermo-physical attarestics of WEDM on MRR and
Ra of Al 7017 and RHA steel. It has been intergtébat; MRR is higher in machining
metal with low melting temperature and specificthead also formation of deep and
large craters increases with a higher current angel pulse-on time [9]n a study in
which the squeeze cast A413 alloy was cut with WEDIM agreement of ANOVA
analysis and experimental results showed that th& mfluential parameters of MRR
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and Ra are &, To, peak current (IP) values [10]. In a study of Tid¥ alloy cut with
WEDM; when the values of Ton, Toff, I, Va, fw ana tncrease, the cutting width is
increased and also the increment of Ton, Va, watssure and fw increase the MRR is
declared [11]. In a study in which statistical as&d and experimental studies were
evaluated together, it was emphasized that the eftesttive parameters on MRR and
Ra are discharge current and,T12-16]. The thermophysical properties of the
workpiece, plays a important role in affecting tB®M process. Therefore, the
electrical and thermal conductivity, specific heaipacity, are of great importance.
These thermophysical properties are very relevanttie melting and scaling
temperatures of the material. In general, metath Vvawer melting temperatures can
machine easily. The thermophysical properties ef materials are expressed by an
important variable called thermal diffusivitg)(shown in heat equations (1) and (2)
[17].
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Where; ‘& symbolizes the ratio of the thermal conductiviky to the product of mass
density “U” and specific heat st called the heat capacity and measures the coweuct
thermal energy according to the storing abilitytleérmal energy of a material. By Eq.
3, erosion amount can be calculated since the myeléimperature is durableT18];
here the input values of EDM are symbolized likespgcific heat capacity, €J/(kgK),
thermal conductivity of material k (W/(mK), arc dtion t (us), derosion front
temperature JK), initial temperature J (K) densityp (kg/ms?), latent heat of melting
Hm (kJ/kg) and voltage U (V). So in general erosiordels, these thermo properties are
not dependent on temperature, and researchers d&sstaned these values to be
constant. Though, these properties are dependinghentemperature changes and
machining performance accuracy influences of tHabr example, the thermal
conductivity and specific heat properties of puppper changes for temperatures up to
3500 K [19]. When the copper liquid is convertetle tthermal conductivity is
significantly changed since the specific heat iases to the melting point and remains
relatively constant thereafter. Different materi@ihibit different behaviors in response
to changes in temperature during processing indifextion of their thermophysical
properties, and these properties can vary wide@). [l addition, another formula
developed by Palatnik on the machinability (erosweear resistance) of conductive
metals with EDM (Eq. 4) clearly demonstrates thieatfof these properties on the
erosion ability.

Rer = cp.p. kT (4)

Although EDM machining is an excellent manufactgritechnique for electrically
conductive metals, the work done on this field apidly increasing day by day.
However in EDM, workpiece conductivity is very inmpant because the spark means
the discharge of electrons. Electrons move fastgood conductors. In this regard, it is
very important that rapid dissipation of heat oeeldarge area due to the thermal
resistance value of the workpiece during the digghavhere the spark falls. Because
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this affects the MRR and the crater sizes thatfeilin on the surface. Therefore, in this
study three metals with different conductivitiesdamelting temperatures were
processed to compare the effect on MRR and Rawalue

2. Experimental study and Grey relational analysis

Since EDM is a manufacturing technique in whichpsha is realized by thermal
energy, so it is a definite opinion that the valadsMRR and Ra will be different
because of generated sparks at the same currait These sparks remove different
amounts of material where it falls. Because allatsednd alloys have different thermal
resistance, electrical and thermal conductivitywideer, which previously known to be
effective of physical and mechanical propertieshaf workpiece material in selecting
the processing parameters, make reliable data foartke pre-processing estimation of
the performance output values. The presentatiaxpérimental data in the catalogs of
the manufacturer's firms, as the value of the eustqrocessing, provides the user with
great convenience. Thus, parameter selection witbime easier in shaping thousand
kinds of metal alloys with EDM.

Table 1. Some physical and mechanical properti€2upfAl, HSS (M7) [21].

Electrical Modulus of Specific Thermal Melting . .
- s Heat L . Density | Vickers
Conductivity | Elasticity Capacit Conductivity | Point (glcc) | Hardness
(S/m) at 20°C|  (GPa) ( Jfg-"C); (W/m-K) C) 9 3
Aluminum 3.69xE7 68 0.900 210 660.37 | 2.69 15
Copper 5.85xE7 110 0.385 385 1083.6 | 8.96 100
S400(M7)
High Speed| 0.154xE7 217 0.460 19.0 1426.67| 8.30 640
Steel

Therefore, in this study; Cu, Al and HSS metalshwdifferent melting temperatures,
modulus of elasticity, electrical conductivitiesdatimermal conductivities were selected
especially for the purpose of comparing the prdogsperformances. These specific
features of these metals are listed in Table l.irguthe experiments, the process
parameters selected are pulse duratiaof),(Ppulse-interval (Jx), servo voltage (SV),
wire tension () and wire feed (f) to achieve desired performance characteristics
material removal rate (MRR) and surface roughné&s).( These parameters were
selected in the range of values for these thrderdiit metals which recommended by
the machine manufacturer and shown in Table 2h&sing the processing parameters
of these three different materials, the values sstggl by the machine manufacturer are
taken into consideration. However, since the prsiogsperformance of three metals
with different melting temperatures, electrical daativities and elasticity modulus are
compared in the study, so that highest values wiicbmmended for HSS metal by the
company software are used in three materials psoupsTable 2 gives the levels of
various parameters for each materials proposech®yWEDM manufacturer. Values
marked with an asterisk in the Table 2 are selefttethe three metals.
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Materials Levels Ton (us) | Toff (us) Vv oﬁ: gr\éo(v) Vzlr::?n:?n(;d Wire (tl\?)n ston
Low (1) 11 13 18 80 150
Al Medium (2) 13 14 20 90 160
High (3) 15 15 22 105 170
Low (1) 12 14 21 80 150
Cu Medium (2) 14 16 25 90 160
High (3) 16 18 28 105 170
Low (1) 13* 14* 32* 80* 150*
M7-HSS | Medium (2) 15* 30* 35* 90* 160*
High (3) 17+ 45* 40* 105* 170*

Machinings were performed on the Sodick SLC600Gdér&/EDM machine (Figure
1). As the samples, 20x200mm square bars were wdsdined from the market.
0.25mm diameter brass wire was used in cuttingatipers. In all processes, the water
pressure is fixed at 55 bar.

Figure 1. WEDM machine used in experiments.

In order to get the appropriate and accurate ediié design of experiments technique
is used to get data. Taguchi L27 orthogonal arsayeemental designs of three levels
were selected for the materials and the experimeete conducted. Hence an Grey
relational analysis and regression were used fdectieg appropriate process
parameters to achieve desired MRR and Ra throudti-ofjective optimization. Grey
analysis is the estimation of the conditions unakich the desired output parameters
will give the best result in experimental studigéss generally desirable that the MRR is
high and the Ra is low when evaluating manufactupnocess performance outputs.
Therefore, in statistical studies if the numberoafputs is more than one, it is best to
use these values in the ascending or descendirg cattulations. Since this is possible
with grey relational analysis, the optimal machghimerformance outputs of the three
different metals in this study were evaluated stamgdusly as maximum MRR and
minimum Ra.

The interaction between processing parameters ancegsing performance can be
found using Grey analysis. In such experimental cgsees of manufacturing,
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interpretation and evaluation can be carried oe¢lfr, with some experiments being
ignored, rather than complete experiments. In¢h&e, some input variable factors can
be neglected. Also, if the output of the input €astis different, ie a part of the outputs
can change to a decreasing fraction, the Grey sisaly an ideal approach to evaluate
the results multiple times. As a result, Grey iel&l grade coefficientI{) can use
multiple performance datas together with threeedéiht calculation styles.

(1) Higher is the better (HB):

xl@) (k)—minxlgo) (k)

(k) =
i ( ) max xlgo) (k)—minxi(o) (9 (5)

(2) Lower is the better (LB):

max xl@) (k)—xi(o) (k)

(k) =
Xi ( ) max xl@) (k)—minxi(o) (k) (6)

(3) Desired value ®"

|xi(0) (k)—xi(o) |

k) =1- 7
Xi ( ) maxxlgo) (k)—minxi(o) (k) ( )

where x*(k) is the normalized data matrice components myGanalysis, min (k) is
the minimum value of performance outputs (MRR o} &ata series, maxX(k) is the
maximum value of performance outputs (MRR or R&(K)) data series and¥ is the
desired or pre-specified value. In this analydig telationship between the output
values produced and the input values is expresgéGiey relational grade coefficient
I'". Here %(k) the and ¥k) are shown like below:

Xo(K)= Xo(1), Xo(2), ...x0(n) (reference series) (8)
xi(k)=xi(2), %(2), ...x(n) X, (comparative series) 9)
herei=1, ... ,m:

Then, the Grey grade coefficients can be foundbyuEq.(10) and the overall grey
relational grade values by Eq.(11) [16,22,23]. Absovalue of difference betweeg
andx; is defined as Aqi(k)”.

_ Amint @A qy

ol — A'+(pA (10)

max

Where 1) i=1,.....m, k=1,....,ngj
2) Aoi (k) = |x, (k) —x; (k)|
3)Amin = Miny; minw(|x0 (k) — x; (k)| (min. value ofA)
gy = MaXy maxW|x0 (k) — x; (k)| (max. value of\y)

Here “o” is the distinguishing coefficient witlhe[0, 1], and generallp= 0.5 is used
[16, 22, 23].
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x= [zh, (B9) (1)

n

The brass wire with 0,25 mm diameter was used astdhbl in the processes. For
processes performed with the L27 test design (T3pI®RR (mni/min) and Ram)
values were used for performance evaluation dfeoperations.

3. Results and discussion

MRR is an important perfomance scale which alwagsirdd most higher. MRR
depends on mainly thermophysical properties ofvtbekpiece rather than its hardness.
Excess temperature increase in the plasma chaeadk Ito discharge of material.
Removal of the material is due to instantaneoup@eion caused by melting. The
molten metal is partly removed and mixed with thedegttric fluid. So the temperature
and its convection is so important in EDM. Tablest3ows MRR and Ra values
determined from the processing of copper, aluminang HSS metals with WEDM.
When the results are examined in general; the bigh®cessing speed and the lowest
surface roughness have been achieved in the pmogeasfscopper. In the processing of
HSS metal, MRR is larger than aluminum processdsRauis lower. If these three
metals are to be compared, the smallest procespegd and the roughest surfaces are
obtained in the processing of aluminum, followed H$S and Cu, respectively.
According to Eqgs. 3 and 4, as the specific heat,cthefficient of thermal conductivity,
the density and the melting temperature incredmerdsistance of the metals to EDM
increases. As can be seen in Table 3, the bestinaddlity is followed by HSS and Al
respectively. Given the thermal conductivity, dgnsmnelting temperature and specific
heat capacity values of aluminum, it was expedtatithe MRR values would be higher
than the HSS steel. But overall it was lower tha&SHIn this case, it can be said that
the cutting process is caused by oxidation in tlaew Oxidation forms an instant,
weak and insulating oxide layer on the surfacehefrhachined surface. It is inevitable
that this layer will reduce the melting effect betsurface sparks and thus the thermal
conductivity. Therefore, by the water's contactrotlee workpiece, the uncontrolled
insulation on the surface has come to fruition.sTinsulating layer is the experimental
result that the continuity of the machinabilityrsduced by the effect of the plasma
channel temperature and the increasing servo &ltag

145



OZERKAN H.B.

Table 3. L27 Orthogonal array and experimentalltesu

Control factors Al Cu HSS (M7)

Exp.

No Ra Ra Ra

Ton| Toff | SV) WI | Wt (ml\r:IF’R/rF:nn) (um) (ml\r:leR/rF:nn) (um) (m“rﬂsfém) (um)

1 | 13| 14| 32| 80 | 150 1,94 3,9 6,52 2,0 641 2,37
2 13| 14| 32| 80 | 160 1,702 3,8 6,492 2,05 5,952 2,16
3 13| 14| 32| 80 | 170 1,504 3,94 6,254 2,094 6,754 2,44
4 | 13| 30| 35 90 | 150| 1,666 3,95 6,646 1,9 7,626 2,8|L
5 13| 30| 35 90 | 160 1,968 3,84 6,678 1,99 6,748 2,61
6 | 13| 30| 35 90 | 170 3,18 3,86 6,69 2 6,54 2,51
7 13 | 45| 40| 105| 150 3,162 3,92 6,102 1,94 6,822 2,49
8 | 13| 45| 40| 105| 160 2,884 3,71 6,124 2,04 7,084 2,63
9 | 13| 45| 40/ 105| 170 2,676 3,67 6,106 1,94 6,796 2,53
10 | 15| 14 | 35 105| 150 6,218 3,82 8,238 2,220 6,968 2,43
11 | 15| 14 | 35 105| 160 6,23 4.9 8,28 2,1 7,47 2,64
12 | 15| 14 | 35 105| 170] 3,652 499 8,292 2,220 5,592 2,13
13 | 15| 30 | 40| 80 | 150 2,584 5,04 7,884 2,08 6,984 3,13
14 | 15| 30 | 40, 80 | 160 2,626 499 7,596 2,1 6,526 2,4p
15 | 15| 30| 40, 80 | 170 5,568 494 7,578 2,11 5,408 2,41
16 | 15| 45| 32/ 90 | 150 5,88 5,17 7,78 2,24 7,08 3,01
17 | 15| 45| 32| 90 | 160 5,852 5,054 7,592 2,3q 7,492 3,19
18 | 15| 45| 32/ 90 | 170 5,814 5,08 7,664 2,27 5,384 2,18
19 | 17 | 14 | 40, 90 | 150 3,276 57 9,096 2,3B 6,106 2,48
20 | 17| 14 | 40] 90 | 160 3,148 5,6 9,278 2,4p 6,778 3,05
21 | 17| 14 | 40] 90 | 170 7,5 5,97 9,23 2,4 5,12 2,18
22 | 17| 30| 32/ 105| 150f 8,742 554 9,632 2,52 8,202 3,03
23 | 17| 30| 32/ 105| 160] 8,714 532 9,574 2,48 6,484 2,45
24 | 17| 30| 32/ 105| 170] 8,736 5,23 9,646 2,5 6,786 3,0p
25 | 17| 45| 35/ 80 | 150 7,278 6,05 8,468 2,4 6,698 3,1B
26 | 17| 45| 35/ 80 | 160 6,78 6,18 8,42 2,47 7,12 3,13
27 | 17| 45| 35/ 80 | 170 7,132 6 8,102 2.9 6,862 3,35

The continuity of the process is ensured by thealkmtewn of the barrier layer formed
by the oxidation of Al by the plasma arc and tharkpgenerated by the increased
voltage. It is believed that with the impact fomfespark and the deeper melting of the
accumulating high energy, surface roughness inescasver Al surface. At the
beginning of the process and at any moment beaafutfe conductivity of the water,
the formation of the servo voltage and the plasimanoel is continuous despite the
oxidation. However, since the oxidation does nompletely break down the
conductivity, it is thought that the higher the egyedensity, the higher the processing
voltage. Thus, when plasma is formed, the sparkhdiged on to the surface with
higher force and energy and forms deep cratersopper with the best electrical
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conductivity, the MRR is the largest and Ra is sheallest. Shortly, the oxidation is

important.

The calculated and measured machining performaalcesy are MRR and Ra shown in

Table 3. Firstly, 27 data of MRR are used as tliereace sequence showed agkkx

The L27-array values of machining parameters (Tiawff, SV, Ws, Wt) were set as

three comparative sequence Xi(k), i=1,2,3,4,5; .71 In order to calculate the three

characters of Grey relational analysis: normalaatmatrice, absolute value matrice,
grey relational coeffiecent and Grey grade caloutadf the original MRR and Ra data
of each sequence were calculated by Eq.5 for higl#R and Eq.6 for lower Ra. And
then the Grey relational grades for both machimpagameters on MRR and Ra can be
obtained by Eq.11. Those calculated Grey graddicmeft datas are shown in Table 4.

Table 4. The results of grey relational grade asialy

0,52108573513

Control factors Al | Cu | HSS
El\)l(g. Ton | Toff | SV | Wf | Wt Grey grades for Max. MRR and Min. Ra

1 1 1 1 1 1 0,596198688 11 0,5413552f76 [14 0,581173147
2 1 1 1 1 2 0,604018697 10 0,5168184{/9 |20 0,677820738
3 1 1 1 1 3 0,578142077 12 0,5013596p9 (21 0,57961760Q
4 1 2 2 2 1 0,577985999 130,685666387| 1| 0,589764883| 8
5 1 2 2 2 2 0,61445845 8 0,574419831 (10 0,526492873
6 1 2 2 2 3 0,63134787% 7| 0,565443028 (12 0,532222396
7 1 3 3 3 1 0,61364968% 9 0,6363636386 |5 0,56812735%
8 1 3 3 3 2 0,654035581 6 0,536406894 (15 0,553921534
9 1 3 3 3 3 0,686835312 5§ 0,609649312 (6 0,553118993
10 |2 1 2 3 1 |0,741182134| 1| 0,524648098| 19 0,603239053

11 | 2 1 2 3 2 0,547654546 15 0,5591311p7 |13 0,600661565
12 |2 1 2 3 3 0,451462888 23 0,529461049 (17 0,6856171923
13 |2 2 3 1 1 0,424124841 25 0,567033944 (11 0,458755033
14 | 2 2 3 1 2 0,429565027 24 0,535737372 |16 0,554115603
15 | 2 2 3 1 3 0,511016529 20 0,5288060P 18 0,51107268a
16 |2 3 1 2 1 0,506968436 21 0,482001945 (23 0,483779731
17 |2 3 1 2 2 0,51614011 18 0,432872146 |27 0,515131829
18 | 2 3 1 2 3 0,511845793 19 0,4639560p4 |25 0,635777148
19 |3 1 3 2 1 0,39019425 27 0,5910270¢4 |9 0,519542738
20 |3 1 3 2 2 0,393424519 26 0,59425125 8 0,449054282
21 |3 1 3 2 3 0,548760464 14 0,5962940B39 |7 0,666666667
22 |3 2 1 3 1 0,7008 4, 0,662747294 B0,691780822| 1
23 |3 2 1 3 2 0,712168113 3 0,6546345R7 |4 0,554604032
24 |3 2 1 3 3 0,72208538 2 0,6703296Y 2 0,449757333
25 |3 3 2 1 1 0,528617792 16 0,491697008 (22 0,426950827
26 |3 3 2 1 2 0,490891716 22 0,4716667L7 (24 0,473234722
27 |3 3 2 1 3 17 0,4375190p5 (26 0,434108526
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Table 5. Average grey relational grade by facteele (Al. , Max. MRR and min Ra).

Factor Level 1 Level 2 Level3

A ton 0,617408* 0,515551 0,556448
B toff 0,539004 0,591506* 0,558897
C v 0,605374* 0,567187 0,516845
D wf 0,520407 0,521236 0,647764*
E wt 0,564414 0,551373 0,57362*

Best machining factor combinatio®1B2C1D3E3*

Table 6. Average grey relational grade by facteele (Cu, Max. MRR and min Ra).

Factor Level 1 Level 2 Level3
A ton 0,574165 0,513739 0,574463*
B toff 0,550483 0,60498* 0,506904
C \ 0,547342 0,537739 0,577286*
D wf 0,510222 0,553992 0,598152*
E wt 0,575838* 0,541771 0,544758

Best machining factor combinationA3B2C3D3E1*

Table 7. Average grey relational grade by facteele (HSS, Max. MRR and min Ra).

Factor Level 1 Level 2 Level3

A ton 0,573584* 0,560906 0,518411
B toff 0,595933* 0,540952 0,516017
C v 0,574382* 0,541366 0,537153
D wf 0,521872 0,546493 0,584537*
E wt 0,547013 0,545004 0,560884*

Best machining factor combinationA1B1C1D3E3*

Tables 5, 6 and 7 show the best combination ofrtreiats, calculated according to the
average grey grades. Table 5 shows that A1B2C1D8&® most ideal combination of
processing for aluminum with the highest MRR anddst Ra. These values are
respectively Ton=138s, Toff=3Qus, SV=32V, Wf=105m/min and Wt=170N. The
highest MRR and the lowest Ra for copper ideal gaybination is shown in Table 6
as A3B2C3D3E1l. These values are respectively Toms;17Toff =3Qus, SV=32V,
Wf=105m/min and Wt=150N. And in Table 7 it is seeat A1IB1C1D3E3 is the best
combination of the highest MRR and the lowest fa fer HSS. These values are
respectively Ton=138s, Toff =14is, SV=32V, Wf=105m/min and Wt=150N. It is
clearly seen from Fig.2 that the machining paramsétetting of experimental run “10”
for Al, run number “4” for Cu and “22” for HSS haise highest Grey relational grade.
Therefore, experiment no 10 for Al, 4 for Cu andf@2HSS is the optimal machining
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variables for achieving maximum MRR and minimumdRaultaneously among all the
27 machinings.

Grey relational grade

0,8

0,7 4

0,6 4

0,5 A

0,4 1

0,3

—e— Al grey grades
0 Cu grey grades
—v— HSS grey grades

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Experiment number

Figure 2. Grey relational grades versus experimant

4. Conclusion

In this WEDM study, taking into account the TagutBi7 mixed orthogonal table, 27
experiments were sufficient for the selection adaldprocessing parameters for Al, Cu
and HSS metals which have different thermo-physicaperties. And this study also
presents the effect of different thermo physicalperties such as electrical and thermal
conductivity, elatisite modulus, specific heat aapa melting temperature value,
density and hardness of Al, Cu and HSS metals ocegsing performance. The results
presented below were excluded from this study.

o The highest MRR values were obtained in the procgss Cu with the highest

electrical and thermal conductivity. Subsequerti$S and Al-metal processes
are introduced. Normally, when the second higheBRWalues were expected
in the processing of Al, this was an unexpectedlteshis is thought to be due
to the fact that the processes are carried outninagueous medium and,
depending on it, the formation of a weak, passiw €hallow oxide layer on the
surface of Al which reduces conductivity.

All metals are processed in the same processiragners. Therefore, Palatnik
equation is an ideal approach of changing of MRR Ra values according to
the thermophysical properties. However, in this kvtine erosion ability of
metals with sparks is different due to oxidatiorAin Ra values are also highest
in Al. This has been determined in decreasing oofiétSS and Cu metals. The
specific heat capacity of an object, known as that hequired to change the
temperature of the unit mass in a unit degreehaeshighest metal Al in this
work. This is followed by HSS and Cu, respectively, decreasing order.
Therefore, this thermophysical property causedfi@rdnt volumetric removal
effect on the surface with each spark falling oe slurface among these three
metals at the same current density. It is thouggat, during the crater formation,
the major part of the spark energy moves rapidiyailly from the bottom of
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the molten metal causing the thermal energy losmetals with high thermal

conductivity. Because of the high thermal caparityl, it is believed that the

spark discharge energy has undergone too muchsloskat it melts too much at
the same volumetric energy density.

A metal with high heat conduction, it is thoughatthmost of the energy for
crater formation on the work surface of the spateerates inward from under
the melted part of the metal to generate thermaiggnloss.

As a result, material removal is largely influendsdthe thermophysical properties of
the workpiece, rather than material properties saglhardness and strength. And also
the grey relational model can be extensively cdroet to different manufacturing
situations where performance is specified by marachiming variables by various
grade requirements.
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