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Abstract—the electric spark cutting process is one of the most important cutting processes in the world
of industry because it allows for the cutting of metals with high hardness and the formation of complex
shapes.White layers in the machined surface are a common occurrence in metal cutting and refer to extreme
grain refinements that appear white in etched micrographs. Studying the beginning and evolution of white
layer formation is of tremendous interest to the industry because of the consequent changes in mechanical
characteristics of the workpiece surface. The industry requires valid predictive models of white layer
productionto save time and money during tool and process design. This necessitates atheoretical knowledge
of the metal-physical mechanisms that regulate these structural material changes. Dynamic recrystallization
(DRX), shearing, and perhaps phase transitions are also relevant mechanisms. The purpose of this research
is to investigate the influence of input parameters (current, pulse on, pulse off) on white layer thickness
when cutting CK45 DIN 17500. The input parameters for the practical side were current in values (10, 30,
and 50 A) and pulse on time in values (50, 100, and 200 us). The usage of the analysis procedure resulted
in optimal results (full factorial design). According to practical data, the WLT increases as the current and
pulse on-time increase. The material of the electrode is copper (pure), moreover, the anticipated outcomes
are extremely close to the actual outcomes.

Keywords— Electrical discharge machining, EDM, White layer thickness, WLT ,current, factorial
analysis.
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1. Introduction

Electrical Discharge Machining (EDM) also known as wire burning, flame eroding, and die sinking,
is a non-contact heat energy process that is utilized to machine hard materials and alloys in
complicated shapes and geometries. EDM is used in industry precisely used in the forging dies, die
casting, and molding of plastic, in addition to being used in the manufacturing of automotive, tools, and
surgical elements. The method uses the heat-electric energy from the electrode to the workpiecebecause
ofthe quickly repeating electrical discharge known (spark) between the electrode (tools) and workpiece
(w.p). The distance between tools and piecesis known as (a gap).the temperature in the gap is ranging (from
8000 oC) - (to 12,000 oC), the electrode behaves as the cathode in this machining process, whilethe
(w.p) workpiece behaves as the anode. the EDM process depends on the parameters such as (current, pulse
on, pulse off, working time, depth of cut, voltage, gap code, jumping travel, servo feed, and Dielectric
Fluid) [1], [2].

Ahmed Al-Khazraji et al. [3] The impact of powder mixing (EDM) parameters utilizing graphite
and copper electrodes and SiC powder on the (WLT) was investigated, and it was discovered that the lowest
value of WLT is 5.0 m, and the highest value of WLT is 5.57 m at high current and low current combined
with low pulse.W.J. Tomlinson and S. Spraggett [4] found the thickness of WLT increases when the rate
of infeed increases, decreases when the speed of work increases, and increases when the grinding wheels
corrosion. Maher, I. [5] discuss the effects of many parameters on the quality of surface by decreasing the
white layer thickness,he found that WLT as increases when the pulse on-time is increasing, and its decrease
when the pulse off-time is increased. M. Neslusanet al. [6] Shown is when theheating rate is very high quick
self-cooling in hard turning affects surface integrity. In addition, the hard- turning machine can form the
white layer. UlasCaydas and AhmetHascalik[7] show that the current is the important parameter affecting
(EW) and (WLT), on other hand, that’s notaffecting both (the EW and WLT) by pulse off-time. U.
ShrinivasBalraj and A. Gopalakrishna[8] reached the responses that are impacted directly by current and
pulse,where the current and Ton are increased due to an increase in the (WLT), but the increase of current
and Ton due to a decrease in the density of surface crack. . Maher et al[9] the author's conclusion that the
minimum rate of WLT reached when the current and Tonare low,andWLT is reached at high levels when
Tore is hlgh

2. White Layer Thickness

The white outward layer is a small, skinny layer on the rims of the workpiecesurface. This layer is
influenced by the difficult work, and it's the maximum tensioned area. So,the study of its mechanical
behavior is very important. Any production process, consisting of the electro-discharge process influences
the surface of the workpiece and generates the white layer[10]. A poormolten of CK45 DIN 17200 is formed
on the workpiece's surface due to the high temperature of the EDM process and the dielectric pyrolysis,
resulting in diffused carbon in the metal. The occurrence of the white layer is found to be dependent on two
main factors; the initial carbon content of the workpiece and the type of dielectric fluid used, regardless of
the EDM machining conditions used (such as pulse current and pulse on-time), according to the findings of
the various workers[11]. Figure 1 shows samples were magnified and photomicrographs were made.

The disadvantage of WLT:

1. Causing deformation of the workpiece.

2. Lackof accuracy.

3. Having no ability to obtain the desired shape.

4. Increasing the thickness of the upper layer of the workpiece [13].
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Figurel. The thickness of the white layer.

3. Experimental Procedure

In this study, the tool electrode is pure copper, and the workpiece is ck45 din 17200 tool steel with
dimensions (40x40x2) mm for the electrode and (40x40x2) mm for the workpiece. And it’s very important
to choose hard material for the workpiece. The chemical composition of the electrode (tools) is shown in
Table (1).

Table 1: Chemical composition for an electrode

sample weight
Al% 0.0083
S% 0.00006
Sn% 0.0018
P% 0.0008
Fe% 0.024
Mn% <0.0004
Cr% 0.0071
Sh% 0.0082
Cu% 99.9

This examination was in the state company for inspection and Engineering rehabilitation in Irag. The
mechanical and physical properties of the electrode are shown in Tables(2) and (3). Table (4) illustrate
chemical properties of workpiece.
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Table 2: mechanical properties electrode.

Mechanical properties Description
Tensile Strength (MPa) 620
Elongation (%) 7
Yield strength (MPa) 579
Hardness, HRB 62

Table 3: physical properties electrode.

Physical properties description

Electrical conductivity (10.E-6 s/m) 58.5

Thermal conductivity at 20°C (w/m.k) 391

Electrical resistivity at 20°C (10.E- 17
8Q.m)

Electrical expansion coefficient (10.E- 173
6(1/°C))

Melting point (°C) 1083

Density (g/cmd) 8.94

Table 4: chemical properties of workpiece.

C% 0.410
Si% 0.305
Mn% 0.677
P% 0.018
S% 0.0592
Cr% 0.139
Mo% 0.0307
Ni% 0.0771
Al% 0.049
Cu% 0.199
Co% 0.0141
W% 0.0180
Fe% Bal
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The practical testing for this study was carried out at the University of Technology's education and
workshop department on a die-sinking EDM machine called the CHMER of the model (CM 323C). As
depicted in Figure2. Table (5) illustrate the fixed input machine parameters.

Figure 2. CHMER EDM machine at U.O.T.

Table 5: Machine parametric value in this study.

Machining Parameters Fixed values

Machining Parameters Fixed values

Workpiece polarity Negative
Electrode polarity Positive
Dielectric fluid Transformer oil
High voltage (H.V) 240V
GAP 12
S code (S CODE) 20
Servo feed (SVO) 100%
Working time (W.T) 1sec
Jumping High (J.H) 0.8mm
0.5mm

Depth of cut

4, Results And Discussions

A full factorial design was used to create the experience of the white layer thickness of the copper
electrode, On application (Minitab 18 software).Current (A), Pulse on (Ton) (US), Pulse off (Tofr) (US),
Machining time (M.T) (min), White layer thickness (WLT)(um).27 experimental runs were done using

the design of experiment (DOE) as listed in Table (6).

Table 6: shows the input parameters (current, pulse on, pulse off) and machining time and WLT
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No. current | Pulse | Pulse | M.T WLT
on off

1 10 50 3 520 | 6.117496
2 10 50 9 519 | 8.93616
3 10 50 18 510 | 4.17946
4 10 100 3 5.00 | 11.48936
5 10 100 9 450 | 15.75489
6 10 100 18 444 | 16.07642
7 10 200 3 431 | 17.68699
8 10 200 9 4.20 20.42552
9 10 200 18 4.05 25.65924
10 30 50 3 4,00 | 30.63828
11 30 50 9 3.55 | 33.19147
12 30 50 18 3.51 40.85104
13 30 100 3 3.47 | 47.23404
14 30 100 9 3.40 51.07976
15 30 100 18 3.35 | 56.18469
16 30 200 3 3.28 | 60.01355
17 30 200 9 3.18 65.10635
18 30 200 18 3.10 | 74.05352
19 50 50 3 3.01 | 81.74197
20 50 50 9 2.59 05.74464
21 50 50 18 2.50 100.851
22 50 100 3 2.44 113.7778
23 50 100 9 2.40 119.9999
24 50 100 18 2.33 131.4955
25 50 200 3 2.00 335.7469
26 50 200 9 1.48 169.3671
27 50 200 18 1.23 236.1735
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The quantitative relationship between input parameters and WLT is found in the equation of regression,
which is used to create the statistical model.

WLT =72.95 - 58.91 current_10 - 22.02 current_30 + 80.93 current_50 - 28.25 pulse on_50 - 10.38 pulse
on_100 + 38.63 pulse on_200 + 20.6 current*pulse on_10 50+ 10.8 current*pulse on_10 100 - 31.4
current*pulse on_10 200+ 12.2 current*pulse on_30 50 + 11.0 current*pulse on_30 100 - 23.2
current*pulse on_30 200 - 32.8 current*pulse on_50 50 - 21.7 current*pulse on_50 100 + 54.6

current*pulse on_50 200

The WLT increases as the current increases because the discharge energy and impulsive force rise. Also,
WLT reduces when pulse on-time decreases because when (Ton) is low, the surface machining temperature
is lower, resulting in better surface smoothness and smaller WLT craters. Figure (3) is the effect of current,
pulse on time, and pulse off time on WLT. While Figure (4) is the normal probability plots of residuals for
WLT. The main effects plot for WLT are shown in Figure (5).
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Figure 3. The effect of current, pulse on time, and pulse off time on WLT.
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Figure 4. The normal probability plots of residuals for WLT.
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Figure 5. The main effects plot for WLT.

Results from an analysis of variance (ANOVA) can be summarized in a table, which contains a
breakdown by factor, degrees of freedom (DF), a total sum of squares (Adj SS), and the mean squares
(Adj MS) to determine if the factors are significant, as shown in Table (7).
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Table 7: ANOVA table for WLT.

source DF Adj SS Adj MS F-Value P-Value
Model 8 136730 17091.2 21.02 0.000
Linear 4 116133 29033.2 35.71 0.000

I 2 94546 47272.2 58.15 0.000
Ton 2 21587 10793.6 13.28 0.000
2-way 4 20597 5149.2 6.33 0.002
interactions

1* Ton 4 20597 5149.2 6.33 0.002
Error 18 14633 812.9

Total 26 151362

5. Conclusion

In this work, we have beendetermined the thickness of the white layer of ck45 DIN 17200 is dependent
on the current since the thickness of the white layer grows as the current increases.The WLT is also affected
by the pulse ontime (Ton). The WLT grows as the pulse on-time increases since it is responsible for the
duration the workpiece is exposed to the spark.While the correlation between the white layer and the pulses
off-time is inverse, the (WLT) grows as the pulse off-time declines.We infer that the thickness of the white
layer of ck45 DIN 17200 was related tothe current since the thickness of the white layer improves as the
current increases.The WLT is also influenced by pulse on-time (Ton).
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