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ABSTRACT

A better process and products are thought to require characterization, evaluation of effects, and understanding
of the damage extension caused by the laser cutting (LC) process on the surface integrity of the cut workpieces,
given its many benefits and applications in the industry. In this work, 32-run CCD was used under response surface
methodology (RSM) to examine the laser cutting of stainless steel 201 (SST 201) utilizing a 32-run experimental
design. Laser power (Pu), cutting speed (V), frequency (F), focal position (FP), and gas pressure (P) are chosen
as parameters for the input process, where the surface roughness and dross formation are taken into account as
response variables in this process. Each parameter’s relevance and impact was evaluated by a thorough statistical
analysis that included Analysis of Variance (ANOVA), countor plots, main effect plots, and residual plots. The
ANOVA results for surface roughness (Ra) and dross generated area (DA) are closely related since both are in-
fluenced by process parameters. While improving assist gas pressure enhances the surface quality and lowers the

accumulation, increasing the laser power and cutting speed decreases both roughness and dross.

Keywords: fiber laser,dross formation, surface roughness, respons surface mehod RSM, SST 201.

INTRODUCTION

With the invention of power lasers in the
early 1970s, LC which is classified as an uncon-
ventional machining technique began to be used
in the field. Due to its ability to create compli-
cated forms, flexibility, speed, and the poten-
tial for high-quality finishing, LC is currently
equivalent to the highest level of effectiveness
and quality in the material cutting process. Laser
material processing has emerged as an intriguing
and competitive alternative to traditional manu-
facturing techniques in a number of industry cat-
egories [1]. Its high density and energy control,
flexibility in the beam path, ease of raw material
fixing, ease of automation, low emission pollu-
tion, fast speed, superb finishing W.P quality, a
tiny HAZ (haet affect zone), a lack of contact,
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and tool wear make it a beneficial method [2].
It is crucial to overcome obstacles, such as im-
proving the surface polish, increasing the pro-
duction rate, improving the accuracy, and ex-
tending the product life with a little negative in-
fluence on the society, environment, or machine
workers [3]. Numerous process variables have a
major impact on the quality of LC items. Many
researches have looked into how these criteria
affect the cut quality. Teixidor et al. (2012) con-
ducted an investigation on the stainless steel (SS)
fiber LC. For the impact on the cutting quality of
peak pulse (Pu), F, and V for a given gas type
and a gas pressure, the dimensions of the dross
were represented mathematically [4]. Amaral et
al. (2019) used a fiber laser to enhance and op-
timize the burr problem. In order to determine
their significance for the cut surface quality, the
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radiation Pu, V, and P were examined. It was
discovered that a laser beam with higher cut-
ting speed and less radiation power produced a
better cut surface quality [5]. M. Sharifi et al.
(2019) examined the impacts of V, Pu, T, and
nozzle SOD, upon the cutting edge quality and
cutting region temperature. AL6061-T6 alloy
was laser-cut. The findings indicated that the
most important component is Pu. [6, 7]. For the
continuous CO, LC process, the effects of cut-
ting Pu, V, and P variations on the workpiece’s
dross and Ra were examined via Zeilmann et
al. (2022). It was determined that the primary
variables influencing the production of burr and
roughness during the LC process were V and P.
[1]. Lil et al. (2024) examined how the cutting
quality of simulated fast reactor fuel rods was af-
fected by the LC parameters of V, FP, Pu, and P.
The results identified the best parameter values
that balance the Ra, the cutting efficiency, and
the least amount of slag production [8]. Alsaa-
dawy et al. (2024) used the cutting parameters,
including the laser Pu, V, and P; the parameters
that had the biggest impact on the cutting quality
were measured for surface roughness (Ra), kerf
width (KW), Kerf taper (KT), and slag height
Sh. The basic variables influencing the mini-
mum slit taper and minimum slit width values
were identified [9]. Lopezl et al. (2024) studied
the effects of spot overlap and pulse energy upon
the Ra and rear wall dross for AISI 316 L stain-
less steel minitube fiber LC. In order to evacuate
the molten material, three treatments were com-
pared: Compressed air, argon gas, and a control
test. It was found that using compressed air or
argon gas through tubes leads to a decrease in
the back wall dross and dross height when com-
pared to the control test [10, 11]. Genna et al.
(2020) focused on how the laser beam cutting
affects the kerf geometry, surface roughness, and
cut edge quality in relation to the material type,
workpiece, T (sheet thickness), V, and P. For
every material, the ideal cutting circumstances

that meet the strict requirements of the chosen
quality standard were found [12]. According to
the studies evaluated in the literature of previous
studies, the effect of Pu, V, F, T, P and Stand-
off distance SOD, upon the surface integrity and
dross formation was investigated. However, fac-
tors, such as Pu, V, P, FP, and F combined togeth-
er have not received sufficient attention, leaving
a research gap that requires further exploration.
Therefore, this study was conducted to examine
the influence of these parameters upon the dross
formation and surface roughness.

EXPERIMENTAL PROCEDURES

The fiber laser IGR-3015F IGOLDEN CNC
(computer numerical control) machine was uti-
lized to carry out the studies. For every test, the
focal point was consistently set at 10 mm, with a
standoff distance of 0.5 mm, and air as the assist
gas. A circular nozzle type single with a diameter
of 3 mm was used, and the oxygen (O,) was em-
ployed as the gas pressure. Table 1 contains com-
prehensive details on the mechanical and auxil-
iary supply devices.

The tests were fully programmed using con-
ventional CNC programming. Figure 1 depicts the
LC machine and its auxiliary supply components
in general. The workpiece (W.P) material was aus-
tenitic stainless steel 201 having a (5 mm) thick-
ness which is useful in many industries, includ-
ing consumer products, automotive, architecture,
kitchenware, and home utensils The chemical
composition of the material is provided in Table 2.

The alloy was cut using water jet process
(WIM) into 32 equally sized samples, each mea-
suring 50 x 40 x 5 mm, ensuring that the notch
previously made by the fiber laser cutting (LC)
process was positioned in the middle of each sam-
ple. The notch was produced at a length of 3.5
cm, as shown in Figure 2.

For laser metal cutting, five important con-
trollable process parameters were taken into

Table 1. The fiber laser system used for the experiment and its specific features

Parameters Symbol Values units Units
Max. power pu 12000 watt
Max. cutting size 3000 x 1500 mm
Wavelength A 1083 +3 nm
Mode of operation - Continuous wave -
Duty cycle DC 100 -
Lens focal length 1 127 mm
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Figure 1. The general view of the laser cutting machine

Table 2. Chemical composition (wt.%) and the ASM standard for stainless steel 201

Element C% Si% Mn% P% Cr% Mo% Ni% Cu% Al%
Weight % 0.136 0.219 5 <0.0005 16 <0.002 4.09 0.284 <0.001
ASM 0.15 1 5.5-7.5 0.060 16-18 - 3.5-5.5 - -
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Figure 2. Samples (a) with created by WIM, (b) with central notch created by fiber LC, (¢) with dimensions

consideration at three levels: Frequency (100,
2550, and 5000 Hz), focus position (FP) (-25,
-12, and 1 mm), assist gas pressure (7, 10, and 13)
bar, laser power (2000, 6000, and 10,000 Watt),
and cutting speed (0.5, 1, and 1.5 m/min). The
best collection of process parameters, as well as
their ranges, must be chosen. These were chosen
based on prior research and early experimental
testing. Minitab V16, a statistical tool, was used
to define the experimental run in line with RSM
in order to minimize the number of experiments
and accurately model and optimize the process. A
five-factor, three-level central composite design
(CCD) experimental schedule with six central
points and 26 non-central points was used in this
study, resulting in a total of 32 tests. Main effect
plots, contour plots, ANOVA, and residual plots
were used to analyze the output responses and the
impact of input variables on the output responses.
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MEASUREMENT OF CUTTING QUALITY

Two quality indices, including dross area
(DA) and sureface roughness (Ra) were em-
ployed. It was necessary to keep all parameters
under strict control. The laser machine was
equipped with various measuring devices to per-
mit detailed examination of the interrelationship
between the main process parameters.

Dross measurement

The term DA describes the molten material
that is not kept out of the machining zone by gas
flow and re-solidifies at the specimen’s bottom.
During the laser beam’s passage, a residue is
formed that drags the non-melting material and
deposits it at the margins of the cut surfaces. Fig-
ure 3 displays a sample that had a dross flaw; extra
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Figure 3. Sample with the defect of dross. (a) side view (b) top view

material was produced from the cut surface’s bot-
tom up [13]. The amount of dross accumulated
on the lower edge of the pieces was evaluated
after the process, by analyzing the area covered
by the slag in relation to the total length of the
pieces. ImageJ 1.48v software, an open-source
image analysis tool, was employed to measure
the dross area accumulated on the surface of the
sample after laser cutting. The software enables
accurate and efficient analysis of digital images.
The captured images of the cut surfaces were im-
ported into the program and then converted into
high-contrast images to clearly define the edges.
Subsequently, the measurement tools within the
software were used to calculate the dross area
along the cut edge. This method provided precise
measurements of the dross area for each sample,
allowing for a detailed analysis of the relationship
between process variables and dross formation
[14, 15], as shown in Figure 4. For calibration,
the scale (known distance) that came with the
figure was changed to the image’s pixel distance.
Measurements of various entities in the figure
were made using the calibrated pixel distance as
a guide. The pixels encircled by the space zone
could also be used to calculate the dross area.

50x1280), ROB. 4 7B

Ultimately, the relevant region for dross may be
identified by comparing the contained pixels to
the calibrated pixel [16].

Measurement of the surface roughness

For the purpose of measuring surface rough-
ness and due to the difficulty of reaching the sur-
face to be measured, samples were cut starting
from a height of 10 mm from the lower edge of
each sample horizontally, all the way to the laser
cutting slit. This resulted in a rectangular cut with
the same dimensions for all samples in the man-
ner evinced in Figure 5.

The samples were cut in wire electrical dis-
charge machining, which does not generate heat
to ensure that the samples are not thermally af-
fected. The surface roughness of the machined
surface is measured using the average Ra param-
eter. The vertical dimensions of roughness are de-
scribed by the arithmetic average height of sur-
face component (profile) abnormalities from the
mean line within the measuring length [17, 18].

Figure 6 manifests the Ra Tester Pocket Surf
device from Mahr Company a Mahr® M2 por-
table equipment, MarSurf® has a measurement
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Figure 4. Measurement of the dross area using ImageJ
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Figure 5. A sample cut in the EDM (electrical discharge machining)

accuracy of approximately £ 0.01 pm. Three
measurements of the various roughness metrics
were conducted on the faiber LC machined area
using software, and the average value was uti-
lized to record and capture the roughness values;
the unit of measure is pum. All surface roughness
measurements were carried out over a 10 mm
evaluation length. Three readings were taken at
equally spaced intervals along the measured sur-
face, and the average value was recorded. The
measurement followed ISO 4288 standards using
a Gaussian filter to ensure consistent and repre-
sentative roughness values.

Finally, the measured values of Ra and DA
in relation to the input machining factors are dis-
played in Table 3. The statistical program Minitab
(Version V17, Gandhinagar, India) was utilized
to analyze these measured responses. Regression
analysis was used to determine mathematical re-
lationships between each response variable and
the machining parameters.

RESULT AND DISCUSSION

Dross analysis

The importance of the input variables in rela-
tion to the created model was examined using the
ANOVA technique for dross, as indicated in Table
4. The dross area ANOVA results show that the
p-values are less than 0.05. The model appears
to suit the available data based on the R-sq. and
R-sq. (adj.) values.[19, 20].

Model summary

S =0.0076750, R-sq. = 99.04%,

R-sq(adj) = 97.29%, R-sq(pred) = 23.10%.
Regression equation in uncoded units — the

data demonstrate how significant the dross depo-

sition is. In order to forecast the size of this dross

as a function of certain LC parameters, a math-

ematical model is therefore developed by doing

Figure 6. The Ra tester pocket surf device
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Table 3. Experimental values of SR and DA in micrometer based on RSM technique

Run # (Pu) watt (V) mm/min (P) bar (F)Hz (FP) mm (DA) mm? (Ra) pm
1 10000 1.5 100 1 15.573 5.810
2 2000 0.5 100 1 111.290 3.064
3 2000 1.5 13 100 1 68.354 5.100
4 6000 1.0 10 2550 1 44.020 5.032
5 6000 1.0 7 2550 -12 98.052 4.950
6 6000 1.0 10 2550 -12 71.573 5.191
7 2000 1.5 13 5000 -25 110.090 7.209
8 10000 1.0 10 2550 -12 44.344 5.110
9 10000 1.5 13 5000 1 14.757 6.020
10 6000 1.0 10 5000 -12 44.853 5.990
1 6000 1.0 10 2550 -12 61.954 5.159
12 2000 0.5 13 5000 1 27.623 3.110
13 6000 0.5 10 2550 -12 84.269 1.780
14 2000 0.5 7 5000 -25 100.807 4.890
15 6000 1.0 13 2550 -12 48.620 5.430
16 6000 1.0 10 2550 -12 71.954 5.258
17 2000 0.5 13 100 -25 93.489 3.890
18 6000 1.0 10 2550 -12 75.547 4.940
19 10000 0.5 7 100 -25 79.636 3.037
20 10000 1.5 13 100 -25 105.230 4.460
21 2000 1.0 10 2550 -12 120.840 5.620
22 2000 1.5 100 -25 75.076 5.470
23 2000 1.5 5000 1 35.483 4.870
24 10000 0.5 13 100 1 16.829 4.049
25 6000 1.0 10 2550 -25 85.240 5.220
26 10000 1.5 5000 -25 21.960 5.144
27 10000 0.5 5000 1 62.360 3.800
28 6000 1.0 10 2550 -12 72.632 5.600
29 10000 0.5 13 5000 -25 38.064 3.270
30 6000 1.5 10 2550 -12 55.210 4.938
31 6000 1.0 10 100 -12 70.197 5.355
32 6000 1.0 10 2550 -12 71.752 4.960

this, one can choose the ideal laser settings to
lower the quantity of dross.

DA®5=0.0570 - 0.000003Pu - 0.1482V - 0.0149P +
+0.000025F + 0.001847FP - 0.0000Pu x Pu -
-0.0121V x V - 0.000385P x P - 0.000000F x F -
- 0.000064FP x FP - 0.000005Pu x V 0.000000Pu x
x P+ 0.000000 Pu x F - 0.000000 Pu x FP +
+0.01844V x P - 0.000006 VXF 0.000987 V x
x FP-0.000001 P x F - 0.000408 PxFP +
+0.000000 FxFP (1)

The residual graphs for the dross area are
shown in Figure 7. Residual plotting is essential
to confirm the validity of the outcomes of the
ANOVA. The four-in-one residual plots verify the

adequacy of the model. For a normal distribution,
the normal probability plot displays a straight
line. The residual vs. fitted figure shows that the
residuals are distributed randomly, confirming the
assumptions of the ANOVA. The parabolic form
of the histogram verifies the normalcy. ANOVA
reliability is ensured when there are no trends in
the residual vs. fitted plot [21, 22].

According to the ANOVA results, lase power
had the biggest impact contributing 45%, fol-
lowed by focus position at 39% and laser speed at
7%. Additionally, frequency had the contribution
6.3%, and gas pressure had the minimal contribu-
tion 2.7%. These findings suggest that the current

463



Advances in Science and Technology Research Journal 2025, 19(7), 458-470

Table 4. ANOVA for dross area

Source DF Adj SS Adj MS F-Value P-Value VIF
Liner 5 0.036140 0.007228 122.71 0.000
pu 1 0.016243 0.016243 275.74 0.000 1.00
1 0.002620 0.002620 44.48 0.000 1.00
P 1 0.000981 0.000981 16.65 0.002 1.00
F 1 0.002315 0.002315 39.31 0.000 1.00
FP 1 0.013981 0.013981 237.35 0.000 1.00
2-Way 10 0.022719 0.002272 38.57 0.000
Interaction
Pu x V 1 0.001776 0.001776 30.16 0.000 1.00
Pux P 1 0.000042 0.000042 0.71 0.417 1.00
Pu x F 1 0.000246 0.000246 4.18 0.066 1.00
Pu x FP 1 0.001207 0.001207 20.48 0.001 1.00
V x P 1 0.012237 0.012237 207.74 0.000 1.00
V xF 1 0.000978 0.000978 16.60 0.002 1.00
V x FP 1 0.000659 0.000659 11.18 0.007 1.00
P xF 1 0.000763 0.000763 12.96 0.004 1.00
P x FP 1 0.004056 0.004056 68.86 0.000 1.00
F x FP 1 0.000754 0.000754 12.80 0.004 1.00
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Figure 7. Residual plots for the dross area

study provides a solid foundation for future esti-
mations and analyses. Figure 8 illustrates the pro-
portional contribution of each machining param-
eter to DA through variation from the mean value
of dross is significantly smaller.

Figure 9 demostrates the impact of machining
factors on the DA, offering insights for optimiz-
ing the cutting processes to improve the product
quality. Increasing Pu and V reduces the DA, as
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the higher power enhances the material removal,
and the faster speeds minimize the excessive melt-
ing. Higher assist gas pressure slightly decreases
the dross, improving the molten material ejection.
Frequency depicts a nonlinear effect, and initially
increasing the dross before optimizing the remov-
al at a certain level excessive frequency may cause
instability. A more negative focus position (-25)
leads to more dross, while a focus closer to zero
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enhances the precision and reduces the heat-af- constant. Higher laser power and cutting speed

fected zones. Figure 10 portrays the contour plots significantly reduce the dross, as the prolonged
which illustrate the effect of machining parameters exposure at low speeds leads to excessive melt-
on the dross area in LC. Each plot shows the in- ing. Increased gas pressure improves the molten
teraction of two parameters while keeping others ~ material ejection, minimizing the dross. Moderate
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Figure 10. The contour plots of dross area
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frequency optimizes the material removal, while
too low or too high frequencies increase the dross.
A focus position near zero enhances the precision
and reduces the dross, whereas a highly negative
focus position (-25 or lower) results in inefficient
energy distribution and more dross. High speed
and high pressure minimize the dross, while the
low speed, low pressure, and extreme focus posi-
tions lead to increased accumulation.

In Figure 11, the samples with the lowest and
greatest dross areas are displayed. It is obvious
that there was dross in the treated samples. Not
all of the molten material was discharged from
the cut kerf and adhered to the cut wall’s bottom
side. It illustrates that the higher laser power,
moderate to high V, and increased P contribute
to reducing dross formation, while the lower
power and slower cutting speeds lead to greater
dross accumulation.

Analysis of surface roughness (Ra)

In the same way, the significance of the chosen
input variable was examined using the ANOVA

‘WP.9: PU=10000,

WP.1:PU=10000,
V=15, P=7, F=100,
FP=1,DA=15.573

V=1.5, P=13, F=5000,
FP=1, DA=14.757

A N L

WP.2: PU=2000,

V=0.5, P=7, F=100
FP=1, DA=111.290

p.21: PU=2000
=1.0, P=10, F=2550,
FP=-12, DA=120.840

WP.24: PU=10000, V=
0.5, P=13, F=100,
FP=1, DA=16.829

WP.7: PU=2000,
V=1.5, P=13, F=5000,
FP=-25, DA=110.090

approach. Table 5 displays the Ra’s ANOVA re-
sults. It demonstrates that every machining pa-
rameter significantly affects the Ra. Less than
20% of the difference between the R-sq. and Ad-
justed (Adj.) R-sq. values suggests that the cur-
rent model is appropriate and capable of offering
the best fit for the available data [14]

Model summary

S =2.11937, R-sq. = 98.31%,
R-sq(adj) = 95.22%, R-sq(pred) = 45.67%.
Regression equation in uncoded units:

Ra?=-25.5+0.00055Pu + 108.1V - 1.78P -
- 0.00721F - 0.527FP + 0.000000Pu x Pu - 50.97V x
xV +0.053P x P+ 0.000001F x F - 0.00139FP x FP -
- 0.000247Pu x V - 0.000086PuxP - 0.0000Pu x F +
+ 0.000104PuxFP + 1.055V*P + 0.001032VxF +
+0.0053VxFP + 0.000212P x F - 0.0018P x FP -

-0.000079 FxFP 2)

The residual graphs for the Ra are exhibited in
Figure 12. Residual plotting is essential to confirm
the validity of the ANOVA results. The four-in-one

‘WP.12: PU=2000,

WP26: PU=10000, V=05, P13,

V=L1.5, P=7, F=5000,
FP=-25, DA=21.960

WP.20: PU=10000,
V=1.5, P=13, F=100,
FP=-25, DA=105.230

WP.14: PU=2000,
V=0.5, F=7, F=5000
FP= 25,DA=100.807

Figure 11. Pictures of the samples that recorded the lowest and maximum values of DA
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Table 5. ANOVA for surface roughness area

Source DF Adj SS Adj MS F-Value P-Value VIF
Liner 5 1626.11 325.22 72.40 0.000
pu 1 43.85 43.85 9.76 0.010 1.00
1 1428.04 1428.04 317.93 0.000 1.00
P 1 22.60 22.60 5.03 0.046 1.00
1 110.47 110.47 24.59 0.000 1.00
FP 1 21.15 21.15 4.71 0.053 1.00
2-Way Interaction 10 722.78 72.28 16.09 0.000
Pu x V 1 3.92 3.92 0.87 0.371 1.00
Pux P 1 17.03 17.03 3.79 0.077 1.00
Pux F 1 25.63 25.63 5.71 0.036 1.00
Pu x FP 1 469.91 469.91 104.62 0.000 1.00
VxP 1 40.10 40.10 8.93 0.012 1.00
VxF 1 25.58 25.58 5.69 0.036 1.00
V x FP 1 0.02 0.02 0.00 0.950 1.00
PxF 1 38.77 38.77 8.63 0.013 1.00
P x FP 1 0.08 0.08 0.02 0.894 1.00
F x FP 1 101.74 101.74 22.65 0.001 1.00
Normal Probability Plot _ Versus Fits
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Figure 12. Residual plots for surface roughness

residual plots verify the adequacy of the model:
For a normal distribution, the normal probability
plot displays a straight line. The residual vs. fit-
ted figure indicates that the residuals are distrib-
uted randomly, confirming the assumptions of the
ANOVA. The parabolic form of the histogram ver-
ifies the normalcy. ANOVA reliability is ensured
when there are no trends in the residual vs. fitted
plot [16, 17]. Figure 13 displays a pie chart that

illustrates the machining variables’ proportional
contribution to Ra. According to the ANOVA re-
sults, the highest was the cutting speed with 87.8%
contribution followed by the frequency with 6.8%
contribution, and the power with 2.7% contribu-
tion was observed. Additionally, the focal position
and gas pressure had minimal contribution with
1.3% and 1.4%, respectively, indicating that the
present study could be effectively used as a basis

467



Advances in Science and Technology Research Journal 2025, 19(7), 458-470

W power (watt)
M speed (mm/min)

@ Gas pressure (bar)

1.40%

Figure 13. The percentage that machining factors contribute to Ra

mean of surface roughness area
Fitted Means

Pu w P F G

m

|

Maan of SH [pm}

ka

T T T T
3000 000 =000 05 10 15 = 10 iz a 2000 4000 -2 =10 a

All displayed terms are in the model.

Figure 14. Effects of the machining parameters on Ra

surface roughness

F*Pu -
. g
10~ <2
W2-s
M s3-4
20~ -
6000 9000 3000 6000 9000 300 6000 9060 Ms-6
| >
4500’ Hold Values
. Pu 6000
\Y 1
P 10
F 2550
P -12

T T T
1500 3000 4500

Figure 15. Contour plots on Ra

468



Advances in Science and Technology Research Journal 2025, 19(7), 458-470

for future predictions. The observed standard de-
viation for Ra was 2.11937, indicating the highest
possible variation from the mean value.

The Figure 14 reveals the effect of LC pa-
rameters on the Ra. Increasing the laser power re-
duces the roughness, while the cutting speed has
a curvilinear effect, with roughness increasing at
medium speeds and then decreasing. Gas pres-
sure and frequency have a significant effect on the
roughness, with optimum values for each. Focus
position has a slight effect. These results reflect
the importance of tuning parameters to achieve
the best surface quality. The Figure 15 illustrates
the effect of two-factor interactions on the sur-
face roughness (Ra) in laser cutting using color
maps. Lighter shades indicate lower roughness,
while darker shades represent higher roughness.
It is observed that certain interactions, such as la-
ser power with cutting speed, have a significant
impact on the roughness, whereas the other pa-
rameters show the minimal influence. These find-
ings highlight the importance of optimizing the
key parameters to achieve better surface quality.

These findings are consistent with those re-
ported by Teixidor et al. [4], who also found that
increasing laser power and cutting speed reduces
dross formation. Similarly, Amaral et al. [5] ob-
served that surface roughness decreases with
optimized assist gas pressure. The trends in our
study align well with Zeilmann et al. [1], particu-
larly regarding the influence of cutting speed and
gas pressure. Our results also support Singh et al.
[15], who highlighted the importance of proper
focus and gas dynamics in minimizing dross.

CONCLUSIONS

The present investigation examined the ef-
fects of various fiber LC process parameters,
comprising assist gas pressure, frequency, laser
power, cutting speed, and focal position on the
DA and Ra in 201 stainless steel. The following
key findings are drawn from the study:

Based on the ANOVA results for the DA,
three machining factors were identified as sig-
nificant: Lase power had the biggest impact con-
tributing 45%, followed by focus position at 39%
and Laser speed at 7%. Whill The contributions
of the remaining factors were minimal: frequency
at 6.3% and gas pressure at 2.7 %.

Higher Pu, V, and P help reduce the dross for-
mation. F and FP have a significant impact, re-
quiring fine-tuning to avoid excessive dross.

To minimize dross formation, higher power,
increased cutting speed, optimized assist gas pres-
sure, and proper frequency settings are recom-
mended. Moreover, Focus position plays a crucial
role in controlling the dross and needs fine-tuning.

The ANOVA results for the Ra demonstrate
the contribution of V was the highest with 87.8%,
then F with 6.8% contribution, and Pu with 2.7%
contribution was observed, Additionally, focal
position and gas pressure had minimal contribu-
tion, with 1.3% and 1.4% respectively.

The six central points in the CCD design were
included specifically to assess the repeatability
and consistency of the experimental results. The
variation among the central points was analyzed
statistically using ANOVA, and the results showed
minimal variation, confirming good repeatability.

Increasing laser power reduces surface
roughness. Cutting speed has a nonlinear effect,
where the roughness increases at medium speeds
and then decreases at higher speeds. Gas pressure
and frequency significantly influence the rough-
ness, with optimal values for each to achieve bet-
ter surface quality. In contrast, focus position has
a minor effect compared to other parameters.

Surface roughness and dross generation are
closely related since both are influenced by pro-
cess parameters. While improving the assist gas
pressure enhances the surface quality and lowers
the accumulation, as well as increasing the Pu
and V decreases both roughness and dross. Addi-
tionally, the important parameters are frequency
and focal position, since the incorrect settings
can make the dross and roughness worse. Conse-
quently, in order to attain the best cutting quality,
a careful control of these factors is necessary.
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