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CKA45 steel, Considering the importance and high application of CK45 steel in today's industries and the
Wire EDM, increasing use of modern machining methods such as wire cut EDM, it is necessary to examine
Hardness, the effects of these methods' variables on the properties of metals. In this study, to enhance surface
Corrosion, properties during the manufacturing process, cubic samples made of CK45 steel were fabricated
Wear, using the wire cut method, and the effects of speed and current intensity variables on changes in
Roughness. surface properties including hardness, roughness, wear, and corrosion were discussed. The

hardness and weight loss due to wear in the base sample were 218 HV and 18.51 mg, respectively,
while in a sample with a manufacturing speed of 80 and a current intensity of 3 amps, these values
reached 247.7 HV and 5.62 mg. The highest roughness was recorded in a sample with a
manufacturing speed of 50 and a current intensity of 4 amps, and the best and worst corrosion
results were observed at a speed of 50 and a current intensity of 3 amps and a speed of 50 and a
current intensity of 4 amps, respectively.

Extended Abstract
1. Introduction

n traditional machining operations based on mechanical principles, a significant amount of energy is

expended for material removal [1]. However, a considerable portion of the cutting energy results in

undesirable heat, which can lead to issues such as surface cracking and unwanted deformations [2].
Additionally, residual burrs from traditional machining processes require extra operations for finishing [3]. It is
important to note that using traditional machining methods for superalloys with excellent strength and wear
resistance is challenging [4]. Due to these limitations, unconventional machining methods have emerged that not
only offer excellent mechanical and thermal properties but also have the capability to produce components with
complex features in superalloy materials [5]. To remain competitive in the global manufacturing industry,
producing precise and high-quality products is essential for outpacing competitors. Therefore, several
unconventional machining methods have been developed [6]. wire EDM plays a leading role in the production of
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complex shapes in all electrically conductive materials. This process was introduced to the industry for the first
time in the mid-1960s. As research up to 1975 provided a better understanding of the method and its capabilities,
its popularity rapidly increased [7]. The implementation of computer numerical control (CNC) systems in wire
EDM in the late 1970s significantly boosted the efficiency of this process. wire EDM is often used for creating
prototypes in the aerospace and medical industries, extrusion tools and molds, fixtures, and gauges. Since there is
no contact between the workpiece and the tool electrode in this method, hard materials can also be machined easily,
and the hardness of the workpiece is not a limitation in this process. The tool in this process is a thin wire with a
diameter range of 0.05-0.3 mm [8]. A gap in the range of 0.025-0.05 mm must be continuously maintained between
the workpiece and the wire for particle erosion. The used wire is collected after machining and then discarded, as
it cannot be reused due to wear and lack of dimensional accuracy [9]. Wire cut EDM technology also eliminates
the dimensional changes that occur during traditional machining and can machine high-strength and high-
temperature-resistant materials (HSTR). These materials are often used in aircraft, submarines, nuclear energy,
and missiles. Therefore, for cutting such materials, electrical discharge machining (EDM) was recognized as a
potential technology [10, 11]. Sinha et al. [12] optimized the machining of D3 tool steel to maximize the material
removal rate by considering pulse on time, pulse off time, peak current, and servo voltage, finding that pulse on
time and input current significantly affected the outcomes compared to the other two parameters. Van Reel et al.
[13] conducted an experimental study to improve machining efficiency and precision of finished parts by executing
the wire cut process on 316L stainless steel parts and tracked the gap between electrodes along the workpiece’s
edge to either increase or decrease it. The experiments presented in this paper aim to gain insight into the
relationship between wire EDM process parameters and the machined surface, considering machining depth,
material removal rate, and surface roughness. Several process optimization strategies are reviewed, taking into
account parameters such as feed rate and the number of passes. Experimental results indicate that wire-based
machining is a viable process for finishing parts, achieving a removal depth of more than 20 micrometers with
surface roughness below 1 micrometer Ra. Shivade et al. [14] studied the impact of pulse on time, pulse off time,
peak current, and wire speed on material removal rate, dimensional deviation, gap current, and machining time
during the complex machining of D3 tool steel through multi-objective optimization and found that peak current
was the most influential parameter on the outputs. Xiao et al. [15] used a wolf pack algorithm to optimize
parameters and Taguchi orthogonal array for the experimental design of the wire cut EDM process. By applying
the wolf pack algorithm, the roughness performance and material removal rate improved by 12% and 3.99%
respectively compared to the Taguchi S/N ratio. Recently, researchers have been using nature-inspired
metaheuristic algorithms for machining process optimization by combining regression models [16,17]. Given the
increasing demand for materials with high thermal resistance, wire EDM is increasingly used for large materials
[18]. Moreover, using environmentally friendly dielectric materials such as purified water can also meet a green
approach. Further increasing dimensional accuracy and machining efficiency results from the continuous wire
movement and lack of physical contact with the workpiece [19]. However, for lower material removal rates, the
surface quality is significantly higher. Conducting the process above a speed of 2.65 mm/min proportionally
reduces severe surface degradation with feed rate [20, 21]. To examine the surface characteristics of Ni-Ti shape
memory alloy during the wire cut process, including surface damage, shape recovery ability, and hardness, the
implementation was carried out. According to the authors, roughness decreased from 2.79 to 0.12 micrometers.
To achieve the highest material removal rate and lowest SR value, Taguchi’s approach was used for titanium and
showed that the two mentioned output features are directly influenced by increasing current. However, relatively
limited information is available regarding the simultaneous effect of the manufacturing process and changes in
surface properties of steel parts by the wire cut method, but it has been proven that the variables and mechanisms
of this method significantly impact the properties of steel, especially surface properties. The aim of this research
is to investigate the effect of speed and current intensity variables of the wire cut EDM machine on the surface
properties of CK45 steel simultaneously with the fabrication of the part.

Wear

According to the weight reduction results during the wear test listed in Table 3 and Fig.4, it is evident that the
wear rate of the sample cut by the wire-cut machine is less than that of the base sample. This indicates the
significant impact of this machining method in improving the wear resistance of steel samples. The increase in
wear resistance in the samples produced by the wire-cut method can be attributed to various factors such as
hardened surface, fine-grained microstructures, surface chemical composition, reduction in residual stresses, and
improved surface properties. These factors can be related to the specific characteristics of this method and its
effects on the surface of the cut materials. In the wire-cut process, high-frequency electric currents generate
significant heat, causing the surface of the material to melt. These materials then rapidly cool down, forming a
hard and brittle layer known as the "recast layer" on the surface. This layer can have higher hardness compared to
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the base material, thus increasing wear resistance. Additionally, the heat generated in the wire-cut process can
cause changes in the microstructure of the material. Specifically, this heat can lead to the formation of fine-grained
microstructures, improving the mechanical properties and wear resistance of the material. If the conditions of this
process are properly adjusted and optimized, it can produce a smoother final surface with fewer defects, which can
enhance the wear resistance of the material since fewer surface defects mean reduced stress concentration points
and a lower likelihood of wear. The wear results of the produced samples over 50-meter intervals show that
throughout the entire path, the weight reduction of the cut sample compared to the base sample has a significant
difference. In the end, the total weight reduction of the base and cut samples was recorded as 18.57 mg and 5.62
mg, respectively. The highest weight reduction for the base sample occurred in the fourth 50 meters, and for the
cut sample in the fifth 50 meters. The lowest weight reduction for the base sample was in the third 50 meters, and
for the cut sample in the fourth 50 meters. As seen in Fig.4, the initial weight reduction of the first sample due to
wear was recorded as 1.79 mg, and during the second, third, and fourth 50 meters, it experienced a noticeable and
significant decrease slope, indicating increased wear resistance of the first sample in the subsurface layers. As
observed in the SEM images of the wear path, three wear mechanisms, including abrasive, adhesive, and plowing
wear, were identified in this test. Plowing wear was only observed in the sample after wire-cutting, indicating the
displacement of detached hard particles. These particles are marked with yellow circles in the image. Abrasive
wear, characterized by deep, long scratches parallel to the surface, was observed in both samples before and after
wire-cutting with different qualities. Abrasive wear can occur through several mechanisms such as scratching,
cutting, and erosion. In the scratching mechanism, hard particles penetrate the softer surface and continuously
scratch it, displacing material and creating small grooves. These grooves are indicated by yellow arrows in the
images. In the erosion mechanism, also referred to as fatigue wear, the repeated application of pressures and
movements causes material fatigue, leading to particle fracture and separation from the surface. This is shown by
white arrows in the images. Abrasive wear is a significant and common phenomenon in engineering and material
science, greatly impacting the lifespan and performance of equipment and components. A precise understanding
of abrasive wear mechanisms and influencing factors can help improve designs and select appropriate materials to
reduce this type of wear. Adhesive wear, a common wear mechanism, causes parts of one surface to adhere to
another. One sign of adhesive wear is local contact and welding, where initially, asperities or small roughness on
the surfaces of two materials come into close contact. Due to local pressure and friction-induced heat, these points
may weld together locally. This is clearly shown by white circles only in the pre-wire-cut sample with lower
hardness. Adhesive wear is crucial in many industrial applications, especially in moving parts and machinery. For
example, in combustion engines, gearboxes, and hydraulic components, controlling adhesive wear can
significantly increase the service life of equipment and reduce maintenance costs.

2. Conclusion

In this study, CK45 steel samples were produced using the wire cut method under various parameters, and the
effects of machine speed and current intensity on surface properties, including hardness, roughness, wear, and
corrosion, were examined. The results obtained from the analyses of this research are as follows:

1. The average hardness increased from 218 HV for the base sample to 247 HV in the first sample with a speed
of 80 and a current intensity of 3 amps.

2. The mass loss of the first sample due to wear was initially recorded at 1.79 milligrams, and in the second,
third, and fourth 50-meter tests, it experienced a significant and noticeable decreasing trend, indicating
increased wear resistance in the subsurface layers compared to the surface itself. The total wear increased
from 18.51 mg for the base sample to 5.62 mg in the first sample with a speed of 80 and a current intensity
of 3 amps.

3. Regarding surface roughness of the produced samples, the first sample with a speed of 80 and a current
intensity of 3 amps, which also had the best results in hardness and wear, achieved the best roughness result
with a recorded value of 3.39 nm. The fourth sample with a speed of 25 and a current intensity of 2 amps
showed the worst roughness result with a recorded value of 5.32 nm.

4. In terms of corrosion, the lower the current density, the higher the corrosion resistance. However, there is
an optimal limit for speed because, in the fourth sample with the lowest speed, and in the first and second
samples with the highest speeds in the experiments, the corrosion resistance was lower compared to the
third sample with a speed of 50.
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