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Abstract: The cutting speed of laser cutting is predicted to affect the roughness of its object. However,
its roughness characteristics still need to be determined to consider whether it is tolerant. The
aspects of cutting products are studied intensely. Specific cutting styles with different plates like Eser
thick versus velocity of the cut varied, affecting the fineness of surface cutting. However, a monitor
showing frequency and period explained the more significant roughness. Those are predicted to be
straightforward for checking samples. Using CMM and the Surface Roughness Tester, the cutting
parameter and its process can be recommended for future applications. The brief used Eser plate
cutting using CNC laser cutting with thicknesses of 3 mm, 4 mm, and 5 mm with cutting speeds of
1m/min, 1.4 m/min, and 2 m/min. The best cutting speed was 2 m/min for a plate thickness of
3 mm, with an accuracy level of 98% and 98.51%, while the lowest Ra value was 6.51 um. The plate
thickness was 4 mm, the accuracy level was 98.05% and 98.77%, and the lowest Ra value was 4.183 pm.
The plate thickness was 5 mm with an accuracy level of 97.7% and 97.99% and Ra of 8.995 pm. In the
laser process, the thicker an object is, the lower its accuracy. In addition, the frequency of roughness
sensitivity detection impacts more than its period during a standard operation.

Keywords: eser plate; CNC laser cutting; cut speed

1. Introduction

A CNC machine is an automation system with commands programmed and stored on
storage media [1]. The CNC Laser Cutting machine combines CNC and laser technology, a
cutter capable of cutting sheets with complex shapes that require precision in processing [2].
CNC machines have two or more directions of movement called axes. Movements on the
axis include linear movement, which is a straight line, or circular movement, which is a
circular movement. One of the specifications showing a CNC machine’s complex work is
its many axes and the combination of movements on each axis [3]. The working principle of
laser cutting is to direct a high-power laser beam at the material to be cut via a computer [4].
The CNC is a laser machine that uses O, gas. This gas is used in steel cutting [5].

The machining process is carried out on the material using the parameters of the
laser beam focus point, cutting gas pressure, and cutting speed [6]. Highly focused heat
energy when cutting metal using laser cutting can increase the value of the cutting width
(kerf width) and cause changes in the hardness of the metal material. The influence of
the cutting width (kerf width) and hardness on the cutting process using laser cutting
provides disadvantages because if the cutting width is too large, the wasted material will
increase, and the accuracy of the cutting size decreases so that the cutting results do not
match the design or drawing [7]. The CNC machining begins with designing objects using
Computer-Aided Design (CAD) software. Then, it continues into the manufacturing process
using Computer-Aided Manufacturing (CAM)-based software, an application technology
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that uses computer software and machines to facilitate and automate the manufacturing
process [8].

Manufacturing production cannot be separated from cutting raw metal and non-
metal materials [9]. Even though the metal-cutting process is most frequently used in
manufacturing. Cutting is critical because it will determine the material’s quality in the
subsequent process. Quality products, too; it is necessary to have sturdy but light products,
so non-metal choices, for instance, acrylic [10]. The minimum product roughness can
be achieved by setting the influencing parameters, namely the focus point of the laser
beam, cutting gas pressure, and cutting speed [11]. Laser-cutting machines have various
advantages in manufacturing technology because they can receive data directly from a
computer so that the cutting process can run automatically. CNC laser cutting can also be
used to cut and engrave [12], showing the work’s details.

The CNC laser machine can conduct two machining processes: cutting and engraving.
The cutting process is used to cut the material, while the engraving process is used to
scratch the material’s surface so that the result becomes like a carving [13]. By setting the
influencing parameters, the optimum product results are influenced by the focus point of
the laser beam, cutting gas pressure, and cutting speed. The cutting speed influences the
optimum cutting results at the right thickness [14].

CNC laser cutting machines are increasingly widely used for industry manufacturing
and the craft industry in small and medium businesses such as furniture and home interiors.
Meanwhile, designing a CNC laser cutting machine for laboratory and small industrial
scales is now relatively more straightforward considering technological developments
and the ease of obtaining standard components, supporting components, and supporting
software, which can be purchased more cheaply [15]. In carrying out production activities,
the maintenance system has an important role. Each machine must be well maintained
to ensure the production process can run smoothly according to the expectations of all
companies [16]. CNC Laser cutting is a modern machining process for cutting sheet metal
from hard materials with complex patterns and produces relatively fast processing times.
This laser-cutting process is like gas pressure, cutting speed, and laser power is expected to
improve the products’ quality [17].

2. Materials and Methods

Laser cutting is a precise and efficient technique used in various industries to cut
and shape different materials. The process involves using a highly focused laser beam
that melts, vaporizes, or burns the material, resulting in intricate cuts and designs. The
main components of a laser cutting system include a laser source, focusing optics, and a
computer-controlled motion system. Laser cutting can be done using the O, laser or fiber
laser research methods, each with advantages and applications.

CNC Laser Cutting Machine PT. Pura Barutama is the primary tool in this research.
This machine is used to cut plates using laser cutting technology according to specified
speed variations. AutoCAD 2010 software is used to create design and cutting programs
that will be used on CNC laser cutting machines. AutoCAD 2010 allows precise and
accurate designs and facilitates the creation of cutting programs according to speed vari-
ations of 1 m/min, 1.4 m/min, and 2 m/min. Using the Cypcut Laser Cutting System
as control software allows setting the cutting parameters, including cutting speed, and
ensures efficient and accurate CNC laser cutting machine operation. A simple design of the
object to be cut can be seen in Figure 1.

Kerf width theory is a concept that refers to the width of material removed or cut by a
cutting tool, such as a CNC laser cutting machine. Using kerf width theory, we can relate
the measurement results from the CMM and Surface Roughness Tester to the material
removed during the cutting process. CMM allows us to understand the final dimensions
of the cut material and its surface quality and ensure that the cut results meet the desired
specifications. Thus, kerf width theory can be the basis for linking material processing
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using a CNC laser cutting machine with quality measurement and analysis using a CMM
and Surface Roughness Tester.

40 mm

30 mm

Figure 1. Image design for cutting.

Laser cutting can be done on various materials, such as metal, plastic, wood, and
textiles. However, the compatibility of materials with laser cutting depends on factors such
as thickness, composition, and reflectivity. Each material has its advantages and limitations
when cut with a laser. In this research, we used the JIS G3101 SS400 Eser plate, which is
often used in various construction projects, machine manufacturing, and the automotive
industry because of its strong and durable characteristics. The thickness of the ice plate is
3 mm, 4 mm, and 5 mm.

Various techniques can be used in laser cutting, such as vector cutting, raster engraving,
and etching. It also uses the parameters of cut height 0.8 mm, lift height 25 mm, cut power
100%, cut frequency 5000 Hz, cut focus 4.3 mm, cut oxygen gas, and cut pressure 0.8 Bar.
First, cut height is the distance between the plate surface and the laser nozzle tip, which
must be set precisely to ensure optimal laser focus. Then, lift height is the vertical distance
when the machine moves across the cutting area, which is essential to prevent damage and
smooth movement. Cut power regulates the laser’s intensity, affecting different materials’
speed, accuracy, and cutting ability. Next, cut frequency determines the number of laser
pulses per second, affecting the speed and quality of the cut. Cut focus holds the length
of the nozzle to the surface, impacting the accuracy and quality of the amount. Cut focus
regulates the distance of the nozzle to the surface, affecting the accuracy and quality of the
cut. The final parameters are cut gas and cut pressure, where a cutting gas such as oxygen
helps remove molten material, and the gas pressure is regulated for cutting efficiency. The
right one is essential to achieve the desired results. Safety precautions, including good
ventilation and eye protection, must be followed when operating a laser-cutting machine.
Regular maintenance is also essential for optimal machine performance and long life.

3. Results and Discussion

Laser cutting applications are broad and varied, spanning manufacturing, automotive,
aerospace, jewelry, and many more industries. Laser cutting enables high precision, com-
plex designs, and fast production times. Although laser cutting offers many advantages
over traditional cutting methods, it has limitations, such as a limited thickness capacity.
The results of cutting laser plates with thicknesses of 3 mm, 4 mm, and 5 mm using various
cutting speeds of 1 m/min, 1.4 m/min, and 2 m/min in accuracy testing using a CMM
and roughness using a Surface Roughness Tester are depicted in Figure 2. The following
discussion will highlight this.
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Figure 2. Results of a cutting 3 mm plate using speeds of 1 m/min, 1.4 m/min, and 2 m/min.

Table 1 shows the percentage of size precision due to the laser cutting machine. It
shows that the width and length accuracy is up to 98.5%. It was still evident that this
machine needed to be more precise, as errors remained.

Table 1. The percentage of precision 3 mm cuts.

Cutting Speed Width Length Wide Precision ~ Long Precision
(m/min) Difference (mm) Difference (mm)  Percentage (%) Percentage (%)

1 0.767 0.696 97.44 98.26

14 0.724 0.839 97.58 97.91

2 0.599 0.594 98 98.51

More clearly, from the results, the best cutting speed for a plate thickness of 3 mm is
2 m/min. As evidenced by its cutting speed, the reduction in dimensions of the cutting
results is the smallest. The difference in width is just 0.599 mm, and the length is 0.594 mm,
with 98% and 98.51% precision levels. The characteristics of roughness are shown in
Figure 3.
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Figure 3. The image of the 3 mm plate roughness at a cutting speed of 2 m/min (measured on
Standard—ISO 1997 [18]; 0.5 mm/s; Ac = 0.8; X = 5; Gauss).

More details about the effect of the moving velocity spindle’s Speed of laser cutting
are shown in Figure 4. The results of the surface roughness measurements expressed in Ra
values of three samples of 3 mm thick plate cutting objects showed the highest Ra value of
24.719 um and the lowest Ra of 6.51 um.

Moreover, by analyzing the Ra values, the higher cutting speed creates a smoother
surface than the lower Speed. The following will discuss other thicknesses of materials, as
shown in Figure 5, which shows the effect of various speeds on a plate thickness of 4 mm
by using CMM to make sense of the analysis. It is evidenced more clearly in Table 2.
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Figure 4. The effect of moving the velocity spindle’s laser cutting speed at 3 mm thick.
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Figure 5. Results of the cutting 4 mm plate using speeds of 1 m/min, 1.4 m/min, and 2 m/min.

Table 2. The percentage of precision 4 mm cuts.

Cutting Speed Width Length Wide Precision ~ Long Precision
(m/min) Difference (mm) Difference (mm) Percentage (%) Percentage (%)

1 0.697 0.747 97.67 98.13

14 0.634 0.9 97.88 97.75

2 0.585 0.489 98.05 98.77

From the results obtained, the best cutting speed for a plate thickness of 4 mm is
2 m/min. With this cutting speed, the reduction in dimensions of the cutting results is
the smallest. The difference in width is 0.585 mm, and length is 0.489 mm, with precision
levels of 98.05% and 98.77%. Figure 6 shows the roughness captured by using the Surface
Roughness Tester. It offers a more significant period than Figure 3 of the Surface Roughness
Tester, but not for its frequency.
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Figure 6. Plate roughness for 4 mm at cutting speed 2 m/min (measured on Standard—ISO 1997 [18];
0.5 mm/s; Ac = 0.8; X = 5; Gauss).
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Lastly, for comparison, there is a 5 mm plate thickness cut with a laser with various
velocities, like the previous ones. Figure 7 shows that the Speed significantly affects the
object dimensions.
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Figure 7. The effect of moving the velocity spindle’s laser cutting speed at 4 mm thick.

In addition, an analysis of the results of the surface roughness measurements stated
in Ra values from three samples of plate-cutting objects with a thickness of 5 mm showed
variations. The highest Ra value was 16.002 pm, while the lowest was 4.183 um. The lower
the Ra value, the smoother the object’s surface. The measure of the cut in CMM is shown in
Figure 8.
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Figure 8. Results of the cutting 5 mm plate using speeds of 1 m/min, 1.4 m/min, and 2 m/min.

Table 3 shows that the higher the thickness of an impact, the more significant the
roughness, and the roughness reverses.

Table 3. The percentage of precision 5 mm cuts.

Cutting Speed Difference Difference Wide Precision ~ Long Precision
(m/min) Width (mm) Length (mm) Percentage (%) Percentage (%)

1 0.855 0.967 97.15 97.58

14 0.943 0.948 96.86 97.53

2 0.69 0.804 97.7 97.99

From the results obtained, the best cutting speed for a plate thickness of 5 mm was
2 m/min. With this cutting speed, the reduction in dimensions of the cutting results was
the most significant. The difference in width was 0.69 mm, and the length was 0.804 mm,
the highest compared to the previous 3 and 4 mm thicknesses, with precision levels of
97.7% and 97.99%. Figure 9 tries to figure out the effect of the frequency, and while nearly
identical, it shows the frequency more often than in Figure 6.



Eng. Proc. 2024, 63, 10 70of9

01/01/2010 sec B €S 01/01/2010 sec B €S
1ISO1897 0.5mm/s

Ac 0.8

1ISO1997 0.5mm/s
Ac 08 X5

\

U nl A i\

I 1
APHA W
Y,.)---.I.J‘»l-. N
VRNV IY

v

—_———
-50um 000 = 4. 00mmn =50 um 000 - 4. 00mm

Figure 9. Plate roughness of 5 mm at a cutting speed of 2 m/min (measured on Standard—ISO
1997 [18]; 0.5 mm/s; Ac = 0.8; X = 5; Gauss).

Figure 10 describes the effect of the spindle’s moving rates on the graph. It also shows
the correlation between the cutting speed and roughness in Ra.
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Figure 10. The effect of moving the velocity spindle’s laser cutting speed at 5 mm thick.

The surface roughness measurement data expressed in Ra values from three samples
of plate-cutting objects with a thickness of 5 mm showed variations. The highest value
recorded was Ra 22.365 pm, while the lowest was Ra 8.995 um. As predicted, the lower the
Ra value, the smoother the object’s surface. From the data presented as a prediction, the
roughness or smoothness of the character in the Surface Roughness Tester was shown in
frequency mode rather than its period.

4. Conclusions

Based on research, this review states that laser cutting is a precise and efficient tech-
nique used in various industries to cut and shape multiple materials, but it needs to be
corrected. More precisely, the evidence detected in the frequency by the Surface Roughness
Tester is more tangible than its period according to the following evidence:

In brief, from the results obtained, the best cutting speed for all was 2 m/min for a
plate thickness of 3 mm with a difference in width of 0.599 mm and length of 0.594 mm,
with precision levels of 98% and 98.51%, and the roughness showed the highest Ra value of
24.719 pum and the lowest Ra of 6.51 um. At a plate thickness of 4 mm, the difference in
width was 0.585 mm, and the length was 0.489 mm, with precision levels of 98.05% and
98.77%. The highest Ra roughness value was 16.002 pm, while the lowest was 4.183 um. For
the 5 mm plate thickness, there was a difference between 0.69 mm in width and 0.804 mm
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in length, with precision levels of 97.7% and 97.99%. The highest roughness value was Ra
22.365 um, while the lowest was Ra 8.995 um.

If there was a thicker material, the potential to rough the surface was higher at various
cutter speeds.
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