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I. INTRODUCTION

Modern machine-building production is characterized by a wide variety of material processing technologies [1-4], each of which has
its own area of economic and technical feasibility. Enterprises use a range of methods for manufacturing parts with complex contours from
sheet materials, including mechanical machining (milling and coordinate boring operations), stamping, waterjet cutting, and laser cutting.
Each method has historically established niches of application: milling provides high precision in slots and holes, stamping is economically
efficient under mass-production conditions, while waterjet cutting is indispensable for materials sensitive to thermal effects. However, within
the context of medium- and small-series production tasks, especially when working with alloyed steels, laser cutting appears as the most
versatile and promising method. Its advantages are comprehensive in nature and have a direct impact on both economic and operational
performance indicators. Among these benefits are high productivity and speed due to non-contact interaction between the tool (laser beam)
and the material, eliminating costs associated with specialized cutting tools such as mills or drills that wear out and require regular
replacement. Additionally, this technology does not necessitate fabrication of complicated and expensive equipment like dies and molds,
significantly reducing preparation time and expenses [5-15]. Furthermore, the ability to process large-format sheet materials without pre-
cutting them into smaller blanks allows optimization of layout and minimization of waste, thus improving material utilization efficiency. In
Russian Federation's rocket-space industry enterprises, corrosion-resistant steel grade 12X18HI0T is widely used in critical structures
operating in aggressive environments. This type belongs to the class of austenitic stainless steels. The extensive product line of components
made from stainless steels produced using various techniques requires high stability and quality assurance of technological processes,
particularly laser cutting [16-19]. Currently, Russian enterprises commonly employ LC MSTD FO3015 laser cutting machines, often having
significant service life and experiencing natural wear of their mechanical and optical components. These factors introduce uncertainty into
the process since actual beam parameters and positioning accuracy may deviate from specified values.

Moreover, accompanying technical documentation either lacks specific recommendations altogether or contains only general
guidelines regarding cutting modes for different materials. Specifically, there is an absence of detailed, practice-verified settings for
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12X18H10T steel at varying thicknesses. As a result, operators must empirically determine cutting parameters. Consequently, results vary:
acceptable quality is achieved in some cases, whereas others exhibit substantial defects. Therefore, the lack of formalized, scientifically
grounded databases for cutting regimes tailored to specific materials and machinery prevents enterprises from fully realizing the potential of
laser cutting technology, ensuring high-quality products, and minimizing defective output. This underscores the urgent practical necessity
and relevance of targeted research efforts in this direction. The use of laser cutting machines for sheet metal processing involves addressing
several technological challenges, central among which is achieving high surface quality of cuts. Current industrial practices rely heavily on
subsequent finishing operations, such as manual deburring, to eliminate visible defects and bring the part up to standard condition. However,
this approach introduces negative consequences: it increases overall manufacturing lead times, raises labor intensity requiring additional
human resources, leading ultimately to higher final product cost. An alternative and technologically superior path would be obtaining a
finished component directly during the laser cutting stage itself, avoiding any further mechanical treatment. Achieving this goal is possible
only through precise determination and strict adherence to optimal laser cutting regimes unique to each “material-thickness” combination.
Thus, the objective of this study is to identify and analyze adjustable technological parameters of the laser cutting process that exert a
significant influence on two key metrics: the quality of the formed cut edge (absence of burr and discoloration) and compliance with required
roughness specifications according to design drawings for parts manufactured from sheet material (steel 12X18H10T).

Il. MATERIALS AND METHODS

Austenitic stainless steel 12X18H10T is extensively utilized in Russian rocketry because it possesses capabilities to operate under
extreme mechanical loads, thermal stresses, and aggressive environments. The chemical composition of material 12X18H10T is presented
in Table 1.

Table 1: Chemical composition of steel 12X18H10T.

Element Content, %
Carbon (C) <0.12
Silicon (Si) <0.8

Manganese (Mn) <2.0
Copper (Cu) <0.3
Nickel (Ni) 9.0-11.0
Sulfur (S) <0.02
Titanium (Ti) 0.50.8
Phosphorus (P) <0.035
Chromium (Cr) 17.0-19.0

Source: Authors, (2026).

Steel 12X18H10T belongs to highly carbonated (from 0.6% to 1.0%) and complex-alloyed cryogenic stainless steels. Chromium and
nickel serve as primary alloying elements, preventing corrosion, providing the metal with cryogenic properties (resistance to cooling) and
excellent workability. Mechanical properties of steel 12X18H10T are controlled upon release of billets and are listed in Table 2.

Table 2: Mechanical properties of steel 12X18H10T.

Parameter Value
Ultimate tensile strength 550-650 MPa
Yield strength 225-315 MPa
Density 7.92 g/cm?
Brinell hardness 170-190 HB
Elongation 35%
Fatigue limit 530 MPa

Source: Authors, (2026).
Table 3 presents analogues of steel 12X18H10T used by industries in various countries.

Table 3: Analogues of Steel 12X18H10T.

USA AISI 321, AISI 321H, S32100, S32109

Germany 1.4541, 1.4878, X10CrNiTi18-10, X12CrNiTi18-9, X6CrNiTi18-10
Japan SUS321

France Z10CNT18-10, ZI0OCNT18-11, Z6CNT18-10, Z6CNT18-12

United Kingdom 321S31, 321S51, 321559, LW18, LW24, X6CrNiTi18-10

Italy X6CrNiTi18-11, X6CrNiTi18-11KG, X6CrNiTi18-11KT

China 0Cr18Ni10Ti, 0Cr18Ni11Ti, 0Cr18Ni9Ti, 1Cr18Nil11Ti, HOCr20Ni10Ti
Bulgaria 0Ch18N10T, Ch18N12T, Ch18N9T, X6CrNiTi18-10

Hungary H5Ti, KO36Ti, KO37Ti, X6CrNiTi18-10

Poland OH18N10T, 1H18N10T, 1H18N12T, 1H18N9T

Czech Republic 17246, 17247, 17248

Austria X6CrNiTi18-10KKW, X6CrNiTi18-10S

South Korea STS321, STS321TKA, STSF321

Source: Authors, (2025).

Figure 1 shows examples of parts produced by the Russian space-rocket industry using laser cutting.
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Figure 1: Parts obtained by laser cutting.
Source: Authors, (2026).

To address the task set forth in this study, we propose investigating the effect of diverse laser cutting modes and conditions on the
quality characteristics of manufactured parts. The quality of the part’s edge obtained via laser cutting plays a crucial role in subsequent stages
of the production process [20]. For experimental studies, we employed the LC MSTD FO3015 laser cutting system (Russia), equipped with
a precise coordinate system, CNC control, and an adaptive laser head featuring a sensor for monitoring clearance from the part. This setup is
depicted in Figure 2.

Figure 2: Laser Cutting Machine LC MSTD FO3015.
Source: Authors, (2026).

As a result of analyzing the design documentation used at enterprises, steel sheets made from grade 12X18H10T steel were selected
for experiments, which are most commonly used to manufacture parts, namely:

* Sheet 0.8 mm thick, 12X18H10T according to GOST 19903-2015/GOST 5582-75;
* Sheet 1.0 mm thick, 12X18H10T according to GOST 19903-2015/GOST 5582-75;
* Sheet 1.5 mm thick, 12X18H10T according to GOST 19903-2015/GOST 5582-75;
* Sheet 2.0 mm thick, 12X18H10T according to GOST 19903-2015/GOST 5582-75;
* Sheet 3.0 mm thick, 12X18H10T according to GOST 19903-2015/GOST 5582-75;
* Sheet 5.0 mm thick, 12X18H10T according to GOST 19903-2015/GOST 5582-75;
* Sheet 8.0 mm thick, 12X18H10T according to GOST 19903-2015/GOST 5582-75.

The test samples used were squares measuring 20x20 mm. The processing quality requirements specify surface roughness not
exceeding Ra 6.3 as per the design documentation. For visual inspection and measurement of surface roughness, the following measuring
instruments were employed:

1. Portable profilometer Mitutoyo Surftest SJ-410 (Figure 3).
2. Control and measurement machine KIT-MSM-32 (Figure 4).

Figure 3: Portable profilometer Mitutoyo Surftest SJ-410.
Source: Authors, (2026).
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Figure 4: Control and measuring machine KIT-MSM-32.
Source: Authors, (2026).

I1l. RESULTS AND DISCUSSIONS

The main parameters under investigation that affect cut quality include laser power, speed of laser head movement, emitter frequency,
and lens position. These parameters will be variable during the experimentation process. During the study, it was found that these parameters
have an equal effect on metal thickness values of S= 0.8 mm, S=1 mm, and S = 1.5 mm. Therefore, it was decided to combine them into
one experimental group. Parameter changes occurred through the control panel of the laser machine using the Unicut software. Dependencies
of surface roughness Ra on focal distance of the lens for different sheet thicknesses are shown in Figure 5.

Ro, mecrara

a) b)

3 )

Ret, microns

S5 =8mm

Focal distemce of the lens

e)
Figure 5: Dependencies of surface roughness Ra on lens focal distance for different sheet thicknesses:
a) for sheet thickness S = 0.8.1.5 mm; laser power P = 4000 W; laser head travel speed 7000 mm/min; frequency F = 5000 Hz;
b) for sheet thickness S = 2 mm; laser power P = 4000 W; laser head travel speed 7000 mm/min; frequency F = 5000 Hz;
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c) for sheet thickness S = 3 mm; laser power P = 4000 W; laser head travel speed 7000 mm/min; frequency F = 5000 Hz;

d) For sheet thickness S =5 mm; laser power P = 4000 W; laser head travel speed 4000 mm/min; frequency F = 1000 Hz;

e) For sheet thickness S = 8 mm; laser power P = 4000 W; laser head travel speed 2000 mm/min; frequency F = 1000 Hz.
Source: Authors, (2026).

Figure 6 shows the dependence of surface roughness Ra on the frequency of the laser emitter.
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Figure 6: Dependence of surface roughness Ra on laser radiation frequency for:
a) sheet thickness S = 0.8...1.5 mm; laser power P = 4000 W; laser head speed = 7000 mm/min; lens position (focus) = -1.0;
b) sheet thickness S = 2 mm; laser power P = 4000 W; laser head speed = 7000 mm/min; lens position (focus) = -2.0;
c) sheet thickness S = 3 mm); laser power P = 4000 W; laser head speed = 7000 mm/min; lens position (focus) = -3.0;
d) sheet thickness S =5 mm; laser power P = 4000 W; laser head speed = 4000 mm/min; lens position (focus) = -4.5;
e) sheet thickness S = 8 mm:; laser power P = 4000 W; laser head speed = 2000 mm/min; lens position (focus) = -6.0
Source: Authors, (2026).

Dependences of surface roughness Ra on the speed of laser head movement for different thicknesses of cut sheets are shown in Figure 7.
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Figure 7: Dependence of surface roughness Ra on laser head movement speed at:
a) sheet thickness S = 0.8.1.5 mm; laser power P = 4000 W; laser emitter frequency = 5000 Hz; lens position (focus) = -1.0;

b) sheet thickness S = 2 mm; laser power P = 4000 W; laser emitter frequency = 5000 Hz; lens position (focus) = -2.0;
c) sheet thickness S =3 mm; laser power P = 4000 W; laser emitter frequency = 5000 Hz; lens position (focus) = -3.0;
d) sheet thickness S = 5 mm; laser power P = 4000 W; laser emitter frequency = 1000 Hz; lens position (focus) = -4.5;
e) sheet thickness S =8 mm; laser power P = 4000 W; laser emitter frequency = 1000 Hz; lens position (focus) = -6.0

Source: Authors, (2026).
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Figure 8: Dependence of surface roughness Ra on laser emitter power at:
a) sheet thickness S = 0.8.1.5 mm; laser head movement speed = 7000 mm/min; laser emitter frequency = 5000 Hz; lens position (focus) = -1.0;
b) sheet thickness S = 2 mm; laser head movement speed = 7000 mm/min; laser emitter frequency = 5000 Hz; lens position (focus) = -2.0.

Source: Authors, (2026).
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In Figure 8, the dependencies of surface roughness Ra on the laser emitter power are presented. It should be noted that further
experiments to reduce the laser power were not carried out when the sheet thickness was 2 mm (see Fig. 8, b), because with a further reduction
in laser power, the material did not penetrate. For the same reason, no experiments were conducted to reduce the laser power for sheets
thicker than 3 mm, as reducing the laser power by more than 5% resulted in insufficient penetration during one pass. As an example, Figure
9 shows images of processed surfaces after cutting sheets of 5 mm and 8 mm thickness. During visual inspection, such defects as scale
formation and heat-affected zones have been identified, i.e., changes in color—from straw yellow to blue and violet along the cut line. This
is particularly critical for stainless steel components since chromium can burn off in the heat-affected zones, thereby reducing corrosion
resistance.

Source: Authors, (2026).

IV. CONCLUSIONS

The work performed has yielded comprehensive scientific-practical results in optimizing the modes of laser cutting of corrosion-
resistant austenitic steel grade 12X18H10T using the LC MSTD FO3015 equipment. Quantitative relationships between technological
parameters and quality characteristics of cuts have been established. Analysis of these relationships allows us to draw the following
conclusions:

1. The optimal focus position value is found to be a critical parameter determining the geometry of the cut. For thin sheets (0.8-1.5 mm), the
optimum value is -1.0 mm (surface focus), providing minimum surface roughness Ra of 1.7 microns. As the thickness increases, it becomes
necessary to shift the focus deeper into the material (-4.5 mm for 5 mm, -6.0 mm for 8 mm) to ensure uniform energy input across the depth
of the cut.

2. Non-linear dependencies of the optimal laser emitter power on material thickness have been revealed. For sheet thicknesses up to 2 mm,
it is possible to reduce the power down to 2000 W without compromising quality, whereas for 3 mm or greater, even a slight decrease in
power (to 3000 W, which represents a drop of only 25%) leads to incomplete cuts and sharp deterioration in edge quality.

3. It has been proven that increasing the speed of the laser head movement up to 7000 mm/min improves processing quality when cutting
thin sheets, while for thicker ones (5-8 mm), optimal speeds range from 2000 to 4000 mm/min. Further increase in speed causes dross
formation and degradation of surface quality in terms of roughness.

4. The frequency of the laser emitter exerts its most significant influence on thin sheets, where high-frequency mode (5000 Hz) ensures
process stability. For thicknesses of 5-8 mm, low frequency (1000 Hz) proves optimal, promoting more effective melting and removal of
material. It has been determined that a 4 kW laser emitter configured with air has the following application areas for cutting sheet materials
made of 12X18H10T:

thicknesses of 0.8-2.0 mm: high-quality cutting with parameters meeting design documentation requirements;
thicknesses of 3.0-5.0 mm: limited applicability requiring subsequent mechanical treatment;
thicknesses over 5 mm: technologically unfeasible due to unsatisfactory edge quality and geometric accuracy.

For sheet thicknesses ranging from 0.8 to 2.0 mm, the recommended optimal regimes include:

laser emitter power: 4000 W;

laser head travel speed: 7000 mm/min;
frequency: 5000 Hz;

lens focal distance: -1.0...-3.0.

Under these conditions, expected surface roughness values fall within the range of Ra 1.7-3.7 microns. For thicknesses from 3.0 to 5.0 mm,
recommendations include:

reducing speed to 2000-4000 mm/min;
shifting the focus to -4.5...-6.0 mm;
using pulsed mode with a frequency of 1000 Hz.

Mandatory subsequent mechanical finishing.Implementation of these recommended regimes enables elimination of manual dross
removal operations, shortening of the manufacturing technology cycle, reduction of operator subjectivity, and increased utilization efficiency
of the equipment.
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