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Abstract: Since cutting stainless steels with non-traditional manufacturing processes such as laser beam cutting or water
jet cutting is quite costly, machining with the plasma arc cutting (PAC) method, which is generally more economical, has been
preferred more frequently in recent years. In this context, the use of PAC method in manufacturing of machine parts, especially
in the construction and manufacturing industries, as well as in other industries such as food, automotive and petrochemicals,
is increasing day by day. In these sectors, where high corrosion resistance and resistance to acidic environments are required,
AISI304 stainless steel is generally preferred as the raw material. In this study, comprehensive literature research on PAC was
conducted and the cutting qualities of AISI304 stainless steel plates with 4 and 8 mm thickness were investigated. Nine
different types of experiment conditions (E1-E9) were created by the machining parameters (gas pressure: 0.6, 0.7 and 0.8
MPa — cutting speed: 151, 215 and 217 mm/min) determined from other experimental studies in the literature. The lowest
average kerf taper value (0.32°) was obtained on the 4 mm thick plate with a gas pressure of 0.6 MPa and a cutting speed
of 151 mm/min, whereas the highest average kerf taper value (2.59°) was obtained on the 8 mm thick plate where the gas
pressure was 0.8 MPa and the cutting speed was 217 mm/min. The results revealed that for both plates, as the cutting speed
increases at constant pressure values, the cutting surface roughness values increase. On the other hand, as the cutting speed
is constant, the surface roughness decreases as the gas pressure value increases. The plates were cut into 100 mm long
straight lines and the bottom surface burr formations and the top surface spatter formations in the PAC method were also
examined.

Keywords: Plasma arc cutting, plasma cutting speed, plasma gas pressure, cutting width taper, kerf taper angle, cutting
surface roughness
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1. Introduction . :
ables and processing parameters (gas pressure, cutting

Plasma arc cutting (PAC), a non-traditional manufac-
turing process, begins with the creation of a plasma arc
by constricting a high-temperature, partially ionized
gas (plasma) through a torch. It involves transferring
the high energy released by the plasma arc to the elec-
trically conductive workpiece surface to be processed,
melting the material and removing the melted parts
from the cutting environment [1]. For the plasma arc
to form, the electrode (cathode) and the workpiece (an-
ode) must be polarized with direct current, as seen in
»Figure 1. Therefore, electrically conductive materi-
als such as stainless steels, alloy steels, aluminium and
copper can be machined with PAC [2-4]. The consum-

speed, workpiece thickness, torch-to-workpiece dis-
tance, arc voltage, arc current, plasma and shielding
gas type) used in the method directly affect the cutting
quality [5, 6].

Austenitic stainless steels are the most widely used
stainless steel class in the world, and the 304-grade
stainless steel in this class is a steel quality containing
high amounts of Cr and Ni. Due to their properties such
as high hardness, corrosion resistance, high melting
point and good weldability, AISI304 stainless steels are
widely used in food, automotive, petrochemical, paint-
ing etc. industries [7]. In these industries, it is very dif-

“Corresponding author: Cite this article as:

Email: oguz.erdem@kku.edu.tr

© Author(s) 2024. This work is distributed under History dates:
https://creativecommons.org/licenses/by/4.0/

Hirtisl, §., Erdem, O. (2024). Investigation of cutting qualities of AISI304 stainless steel
using plasma arc cutting method. European Mechanical Science, 8(4): 319-330. https://doi.
org/10.26701/ems.1573836

Received: 25.10.2024, Revision Request: |2.11.2024, Last Revision Received: 22.11.2024, Accepted: 04.12.2024


https://orcid.org/0000-0001-6924-2583
https://orcid.org/0000-0002-8094-3222
mailto:oguz.erdem@kku.edu.tr

Investigation of cutting qualities of AlSI304 stainless steel using plasma arc cutting method

Plasma gas

Shielding gas
\ (-)
@

Shielding gas

7 7

Electrode

Nozzle holder

Workpiece
Plasma arc

Figure 1. The schematic representation of the PAC process

ficult to cut and drill the hard-to-machine and thick
sheet materials with the desired surface properties and
geometric tolerances. At this point, the PAC offers more
economical and faster production opportunities com-
pared to other non-traditional manufacturing methods.

A considerable amount of literature has been published
on the machining of stainless steels with the PAC. Nu-
merous studies have argued that effects of machining
parameters on cutting quality of PAC. For example,
Bhowmick et al. [8] investigated the workpiece remov-
able rate (WRR) and surface roughness by machining
AISI304 stainless steel sheets with thicknesses of 4, 6
and 8 mm in the PAC method at different gas pressures
(0.6, 0.7 and 0.8 MPa) and cutting speeds (151, 214 and
217 mm/min). They found that the cutting speed and
plate thickness had a greater effect on the WRR value,
while the gas pressure had a more significant effect on
the surface roughness. They observed that WRR value
increased in three different experiments by increasing
the plate thickness at 0.6 MPa gas pressure and 151
mm/min cutting speed. They also found that the aver-
age surface roughness (R ) decreased as the gas pres-
sure value increased on the 6 mm thick plate at a cut-
ting speed of 217 mm/min. Celik and Ozek [9] subjected
the S235JR plate material to the PAC process to obtain
standard tensile samples using different machining pa-
rameters. In their experiments for 80 A current, they
found that the R value decreased with increasing arc
voltage, and for 130 A current, the R, value increased
with increasing arc voltage. Likewise, Tsiolikas et al.
[10] investigated the surface roughness of St37 steel in
the PAC by cutting rectangular samples with dimen-
sions of 30x40 mm at different cutting speeds (2000,
2600 and 3200 mm/min), different torch-to-workpiece
distances (3, 3.6 and 4.2 mm) and different arc volt-
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ages (145, 150 and 155 V). They determined the best
machining parameters in terms of surface roughness
as follows: cutting speed 2000 mm/min, torch-to-work-
piece distance 3.6 mm and arc voltage 155 V. For the
surfaces cutting with these machining parameters, the
R, value was determined as 0.835 um and the R val-
ue was determined as 7.7 um. Similarly, Patel et al. [11]
concluded that cutting speed has a significant effect on
surface roughness in machining AISI D2 steel by PAC
method. Bhuvenesh et al. [12] reported that the rela-
tionship between the WRR and R_ values in the PAC
is inversely proportional and the lowest R, value was
obtained in the machining that they performed at 6.0
bar gas pressure, 80 A cutting current, 600 mm/min
cutting speed and 4.0 mm torch-to-workpiece distance.

Improving the cutting quality of stainless steel by con-
trolling the machining parameters during PAC is a very
difficult task. Recent developments in the field of PAC
have led to a renewed interest in kerf width and kerf
taper. For example, Parthiban et al. [13] determined the
top surface kerf width, bottom surface kerf width and
kerf taper by cutting 2 mm thickness AISI316L stain-
less steel with different parameters and determined
the best processing parameters as 40 A cutting cur-
rent, 5000 mm/min cutting speed and 2 mm torch-to-
workpiece distance. Guatam and Gupta [14] obtained
the lowest R_ value (2.635 um) in a 30x30 mm square
cutting process at 6 bar gas pressure, 150 A cutting cur-
rent, 400 mm/min cutting speed and 2 mm torch-to-
workpiece distance. Ilii et al. [15] detected burr (beard)
formation at the bottom of the cut surface depending
on the cutting speed and material thickness. The ma-
chining parameters that did not cause burr formation
in the cutting of a 4 mm thick plate (AISI304) were de-
termined as 130 A cutting current and 1000 mm/min
cutting speed. Rana et al. [16] observed that the cur-
rent value has more than 65% effect on the kerf, the
cutting speed has about 34% effect and the gas pressure
have less than 1% effect. Hamid et al. [17] conducted
research using Taguchi and GRA methods for surface
roughness and kerf taper angles by experimenting
with different machining parameters in PAC. They dis-
covered that the cutting current primarily affects the
surface roughness and taper angle values by 79.42%,
while the cutting speed affects the value secondarily by
11.03%. Similarly, Das et al. [18] reported that gas pres-
sure significantly affects WRR and surface roughness
as a result of their study. Chamarthi et al. [19] inves-
tigated the surface roughness by cutting Hardox-400
material with different machining parameters using a
water-cooled torch at PAC. They stated that the cutting
speed should be reduced to decreased surface rough-
ness. They also mentioned that the required machining
parameters (cutting speed 2100 mm/min, arc voltage
125V and plasma gas flow rate 70 1/h) must be to obtain
the minimum surface roughness. Skoczylas et al. [20]
encountered rougher and more curved surfaces with
increasing cutting speed and cutting current in their
study. However, they reported that the smoothest sur-

https://doi.org/10.26701/ems.1573836



Serafettin Hirtisl, Oguz Erdem

face (R, = 1.27 pm) and less directional curvature were
obtained in the machining where the cutting speed was
1200 mm/min, the cutting current was 60 A, and the gas
pressure was 10 bar. Hatala et al. [21] determined from
their experiments that the most important parameter
affecting the surface roughness is the cutting speed and
the least affecting parameter is the nozzle diameter.
Chiarelli et al. [22] have conducted studies to investi-
gate the fatigue properties of 8 mm thick Fe510D1 steel
sheet by cutting it with both PAC and milling methods
to obtain 40 mm wide fatigue test specimens. When
milled and PAC cut samples were compared, it was ob-
served that the fatigue strengths of PAC cut samples
were almost equal to the milled samples.

A theoretical issue that has dominated the field for
many years is artificial neural network (ANN). Rado-
vanovic and Madic [23] conducted experimental stud-
ies for PAC modelling using ANN. For modelling, cut-
ting operations were performed using different cutting
speeds (0.33 and 2.8 m/min), different cutting currents
(45 and 130 A) and workpieces of different thickness-
es (4 and 15 mm). They determined from experimen-
tal studies that the surface roughness increases with
the decrease in cutting current and increase in cutting
speed and confirmed it with the ANN model. Hoult et
al. [24] investigated the cutting performances of alu-
minium-based metal matrix composite sheet by cutting
in the rolling direction. They concluded that the surface
roughness increased by 25% in the right region, and the
left side of the cut was twice as bad as the right side in
terms of heat affected zone (HAZ) width and kerf an-
gle. Similarly, Gostimirovié et al. [25] found that the in-
crease in cutting speed resulted in a larger kerf angle, a
smaller kerf width, and a HAZ width of approximately
1 mm for all machining conditions. Also, Singh et al.
[26] obtained the minimum kerf angle value (2.52°) by
machining 10 mm thick mild steel material with PAC at
1600 mm/min cutting speed and 7 mm torch-to-work-
piece distance. Suresh and Diwakar [27] found that
arc voltage had the greatest effect on WRR and surface
roughness, while cutting speed had the smallest effect.
lida et al. [28] investigated the slag formed after cutting
steel material with PAC at 125 A cutting current, 1000
mm/s cutting speed and 1.6 mm diameter nozzle. They
used a high-speed video camera to observe the slag that
formed during melting and the metal that adhered to
the other side of the cutting zone. From video record-
ings, they determined that cutting speed is a more effec-
tive parameter than cutting current in slag formation.
Naik and Maity [29] investigated the cutting perfor-
mances of 10 mm thick Hardox-400 steel by machining
it with PAC under the influence of four different plasma
gases (air, argon, oxygen and nitrogen). In their experi-
ments conducted at a plasma gas flow rate of 12 g/min,
they determined that nitrogen, argon and air created
sharper surfaces. Ferreira et al. [30] cut 15 mm thick
QstE-380 alloy steel with PAC under different machin-
ing conditions to increase productivity and make cost
analysis in PAC with response surface methodology.

European Mechanical Science (2024), 8(4)

They stated that in order to increase productivity and
surface quality, the cutting speed should generally be
above 1800 mm/min, and the arc voltage should be kept
as low as possible to keep the cost low. Masoudi et al. [31]
found that increasing the cutting current increases the
HAZ width, while high gas pressure and cutting speed
decrease the HAZ width. Sharma et al. [32] determined
that with the increase in gas pressure in PAC, the WRR
initially decreases but increases after a certain value
(68 psi). Sandeep et al. [33] found in their study that
the cutting current and torch-to-workpiece distance
values in the PAC affect the surface roughness in direct
proportion. Muhamedagic et al. [34] stated that cutting
speed is a more important parameter than plasma gas
pressure for cutting quality and the best machining pa-
rameter values is 2500 mm/min for cutting speed - 6
bar for plasma gas pressure.

Hamood and Najm [35] discovered that although the
machining parameters have direct effects on dimen-
sional accuracy and machining time, the most affect-
ing machining parameter is the cutting current. Ada-
larasan et al. [36] stated that in order to increase the
surface quality, the cutting current should be reduced,
the distance between the torch-to-workpiece should be
reduced and the gas pressure should be increased. Kim
and Kim [37] observed that the surface roughness in-
creased with increasing cutting speed, and the surface
roughness decreased with increasing cutting current,
but the HAZ width increased. Begic et al. [38] observed
that the top surface kerf width increased with increas-
ing cutting speed, and the top surface kerf width and
surface roughness decreased with increasing plasma
gas pressure while the cutting speed was constant. Peko
et al. [39] discovered that the cutting current has the
most significant effect on the kerf width. Kountouras
et al. [40] calculated the kerf angle by drilling 20 mm
diameter holes in 6.5 mm thick St37 steel with PAC at
variable parameters. They concluded that the kerfangle
was affected by cutting speed, arc current and torch-to-
workpiece distance by 19%, 59% and 16%, respective-
ly. Zajac and Pfeifer [41] found that the cutting speed
affects the surface quality, the cutting speed affects the
kerf angle more than the cutting current, and the kerf
angle value increases as the cutting speed increases.

Mentioning current applications of the PAC method,
many old oil production facilities are currently being
decommissioned. Removing underground pipes from
abandoned oil wells and shutting down facilities is very
important in terms of protecting the environment. In
this conjecture, PAC has been preferred in cutting steel
structures in oil facilities in recent years due to its low
cost and high-speed precision cutting performance. Liu
et al. [42] experimentally investigated the cutting of oil
pipes by underwater plasma arc method. They used a
workpiece composed of a steel plate and a cement block
to simulate the oil casing pipe during the cutting pro-
cess. Their experimental results revealed that optimiz-
ing the side air flow at constant cutting speed improved
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the slag emissions but reduced the kerf depth. They also
stated that underwater plasma arc cutting could be a
suitable method for extracting oil pipes.

In PAC, the characteristics of the plasma gas flow ex-
isting from the nozzle significantly affect the cutting
quality. The high-pressure jet in the PAC creates com-
plex shock wave structures as it is incident on the met-
al surface to be cut. In this area, Tuladhar et al. [43]
used a computational fluid dynamics simulation model
to analyse the effects of a curved cutting front on the
gas flow behaviour during the PAC process. They ob-
served that the curvature of the cutting fronts creates
oblique shock wave structures that significantly re-
duce the flow velocity. Recently, studies on the effects
of polarization have also been encountered in the PAC.
Sidorov et al. [44] examined the phase compositions
on the near-surface layers of Al-Mg, Al-Cu-Mg alloys
and commercially pure titanium samples obtained by
plasma cutting using direct current forward polarity
(DCSP) and direct current reverse polarity (DCRP).
They discovered that the “water mist” formed around
the plasma jet during cutting of all types of materials
with DCRP, results in more intense oxidation of the
metal, less thermal impact on the material and reduced
roughness of the cutting surface. Similarly, Grinenko et
al. [45] investigated the structure and properties of the
surface layers of AA5056 and AA2024 aluminium alloy
plates with a thickness of 35 to 40 mm after DRCP plas-
ma cutting. They stated that the alloy plate could not
be cut to its full thickness under the reduced heat input
condition with DCRP.

It is a fact that plasma flows under the workpiece are af-
fected by machining parameters. Various variance anal-
yses are performed to determine the significance of inde-
pendent variables affecting the kerf geometry in the PAC
process. For example, Tuladhar et al. [46] proved that the
variables selected for PAC significantly affect the kerf
length difference and the upper surface kerf width using
the regression model they developed. The existing re-
search fail to explain the magnetic effect on PAC. Espe-
cially, studies on magnetic re-limiting of plasma cutting
arc particularly remain limited in the literature. To fill
this gap in the literature, Liu et al. [47] comprehensive-
ly investigated the distribution of longitudinal magnet-
ic field (LMF) for PAC with a combined simulation ap-
proach using Maxwell and ANSYS. They stated that the
application of LMF can significantly increase the current
density, temperature and uniformity of the plasma cut-
ting arc and thus improve the cutting performance. An-
other research area for PAC is statistical data analysis.
Hussain et al [48] used Taguchi orthogonal array design
to investigate and optimize the PAC parameters. They
stated that their current work can contribute to indus-
trial practitioners by providing high efficiency, minimum
material waste and reduction of stubborn resolidified
metal buildup. They also reported that it can help them
to select, to control and optimize PAC machining param-
eters to achieve excellent cutting quality.

@ European Mechanical Science (2024), 8(4)

In this study, comprehensive literature review on PAC
was conducted and the cutting qualities of PAC were in-
vestigated using nine different types of experiment con-
ditions (E1-E9) created with different cutting speeds
(151, 214 and 217 mm/min) and different gas pressures
(0.6, 0.7 and 0.8 MPa) on AISI304 stainless steel plates
with thicknesses of 4 and 8 mm with the machining
parameters determined from the experimental stud-
ies in literature. Kerf taper was determined by cutting
AISI304 sheets into 30 mm long straight lines and cut-
ting them into 30x50 mm rectangles to determine the
cutting surface roughness values. Moreover, the plates
were cut into straight lines of 100 mm length and the
bottom surface burr formations and the top surface
spatter formations were also examined.

2. Materials and Methods

Experimental studies were carried out on the AJAN
brand CNC Plasma Arc Cutting machine, which is
capable of cutting materials with a maximum size of
2000x12000 mm and a thickness of 40 mm, as shown
in P-Figure 2, at a maximum current of 260 A and an
arc voltage of 171 V. AISI304 stainless steel sheets with
dimensions of 950x730 mm and thicknesses of 4 and
8 mm were used as workpieces. Air was chosen as the
plasma gas and nitrogen was chosen as the shielding
gas. The torch was held in a perpendicular position rel-
ative to the workpiece and the distance between the two
was set as 1 mm for each experiment. The nozzle diam-
eter used is 1.2 mm. The equipment used in the torch is
selected as follows: electrode E1, swirl ring SW2, nozzle
N5, gas ring G1 and shield cup S3, depending on the
type of material to be cut, the plasma gas used and the
current at which the cutting process will be performed
(>Figure 3) [49].

Figure 2. AJAN brand PAC machine (during cutting of AISI304 sheets
with thicknesses of 4 and 8 mm) [49]

In literature, because AISI304 steel plates were cut by
the PAC method in the study of Bhowmick et al. [8], it
was preferred the same machining parameters for our
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study. Three gas pressures (0.6, 0.7 and 0.8 MPa) were
directly taken as reference from the study of Bhowmick
et al. However, instead of the maximum cutting speed
value (417 mm/min) used in Bhowmick et al. study’s,
the cutting speed value of 217 mm/min, which is clos-
er to the cutting speed value of 214 mm/min, was pre-
ferred for our study. It can be said that the reason for
this preference is to investigate the possible cutting
quality results in cutting speed ranges closer to each
other in our study. Because it is also known that surface
quality will be negatively affected in thick plates at high
cutting speeds. In addition, it is very difficult to observe
the change in the kerf angle at very high cutting speed
values. For each experiment, the current value was kept
constant at 80 A and the arc voltage was kept constant
at 120 V. As seen in p>Table 1, nine different experiment
conditions (E1-E9) created from machining parame-
ters, 18 experiments were applied to 4- and 8-mm thick
plates, and a total of 54 cuts were performed, with each
experiment being repeated 3 times. P-Figure 4 shows
the geometries and machined forms of the test samples

Figure 3. The equipment used inside the torch [49]

prepared for experimental studies. As seen in P-Figure
4D, circles cut with a diameter of 40 mm were used in
another study conducted by the authors of this study on
circularity tolerance in PAC [49].

Table 1. Nine different experiment conditions created with machin-

ing parameters [8, 49]
Experiment Cutting speed Gas pressure
No. (mm/min) (MPa)
E1 151 0.6
E2 214 0.6
E3 217 0.6
E4 151 0.7
ES 214 07
E6 217 07
E7 151 0.8
E8 214 0.8
E9 217 0.8
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Figure 4. Geometries of the test samples: a) technical drawing and b) processed state with PAC [49]
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Figure 5. The schematic representation of the kerf taper angle

2.1. Calculation of Average Cutting Width (Kerf) Taper
Angle

After cutting AISI304 sheets with thicknesses of 4 and
8 mm with PAC to create 54 straight lines of 30 mm
length (P-Figure 5) using different experiment conditions
(E1-E9), measurements were taken from 3 different ar-
eas (start-middle-end) of the lower and upper edges of
the straight lines with the help of a digital calliper (GFB
brand, 1/100 precision). The average cutting width taper
angles were calculated by taking the arithmetic averages
of the measurements with the help of E.1 [11].

(Avg.top margin — Avg.bottom margin) x 180
(E.1)

Th Lk t le =
e avg.kerf taper angle Workpiece thickness x 2m

2.2. Cutting Surface Roughness Measurements

AISI304 sheets with thicknesses of 4 and 8 mm were
cut into rectangular shapes of 30x50 mm dimensions
with PAC with different experiment conditions (E1-
E9). Then, with the help of the MarSurf PS1 surface
roughness measuring device shown in P-Figure 6, mea-
surements were taken from three different points from
the 4 side cutting surfaces of each sample (a total of 12
different measurements for each sample) and the aver-
age R values were found by calculating the arithmetic
mean. The measuring needle of the device used has a
diameter of 2 um, the pressure force is 0.7 mN and the
measurement scan length is 5.6 mm. In surface rough-
ness measurements, the sampling length was selected
as 0.8 mm and the measurement length as 2.5 mm, tak-
ing Bozdemir’s work [50] as reference.

2.3. Investigation of the Bottom Surface Burr Formation
and the Top Surface Spatter Formation
100 mm length cutting was performed on 4 and 8 mm

thick AISI304 sheets using experiment conditions
(E1-E9) created with different machining parameters.

@ European Mechanical Science (2024), 8(4)

Heat affected zone (HAZ)

Cutting direction

" Kerf angle

> Top kerf

......

Bottdm kerf

During the cutting process (18 lines in total), burr and
spatter formations on the bottom and top surfaces of
the lines were visually examined and interpreted.

3. Results and Discussions

3.1.Kerf Taper Angle Measurement Results

It was observed that the upper and lower edges of the
30 mm long lines cut with different experiment condi-
tions had different widths compared to each other. This
situation is an inevitable result of the PAC method. In
the PAC method, if the cutting speed is not adjusted to
the appropriate value according to the material thick-
ness, the desired tolerance for the kerf taper cannot be
achieved. A total of 54 lines of 30 mm length cut from
the plate of both thicknesses were used to calculate the
average kerf taper angles using Equation 1. As seen in
the graph in D>Figure 7, the kerftaper angle increases as
the cutting speed increases at constant pressure values
in the machining of both 4 mm and 8 mm plates. When
the cutting speed is constant, as the gas pressure value
increases, the kerf taper angle value increases similar-
ly. When the processes carried out under the same ex-
perimental conditions (E1-E9) were compared, it was
determined that the kerf taper was greater in the 8
mm thick plate. Considering Equation 1, under normal

Figure 6. MarSurf PS1 surface roughness measuring device
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conditions, the kerf taper angles in 8 mm thick plates
should be smaller due to the thicker material, but larger
values were obtained. This finding was unexpected, and
it was concluded that the reason for this situation was
the fixed torch-to-workpiece distance (1 mm). Also, this
constant parameter was thought to be insufficient for
cutting an 8 mm plate. With this determination, it was
concluded that the amount of thermal energy generat-
ed with the initially determined machining parameters
was insufficient for the 8 mm plate and therefore the
taper tolerance control could not be provided during
cutting. In the cutting process (E1) performed with
a gas pressure of 0.6 MPa and a cutting speed of 151
mm/min, the lowest average kerf taper value (0.32 °)
was obtained on the 4 mm thick plate. In the E9 exper-
iment condition where the gas pressure was 0.8 MPa
and the cutting speed was 217 mm/min, the highest
average kerf taper value (2.59 °) was obtained on the 8
mm thick plate. When the PAC experiments carried out
with the experiment conditions of E1-E4-E7, E2-E5-E8
and E3-E6-E9 in both thicknesses were compared, it
was concluded that the cutting speed is a more effective
machining parameter than the gas pressure for the av-
erage kerf taper.

In the study of Gostimirovic et al. [25], a larger kerfangle
and a smaller kerf width were obtained by increasing the
cutting speed while the gas pressure was constant. This
determination obtained for the cutting speed when the
gas pressure is constant from the study of Gostimirovic et
al. is parallel to our experimental study. When P-Figure 7
is examined again, the kerf angle values increase when
the cutting speed increases at constant gas pressure in
both thicknesses of the plate. In the study of Begic et al.
[38], it was concluded that the kerf angle decreased in ex-
periments where the cutting speed was constant, and the
gas pressure increased. In this context, the result of the
kerf angle decreasing with the increase in gas pressure
when the cutting speed is constant in the study of Begic
et al. contrasts with this study. Also, as seen in P-Figure
7, kerftaper angles increase with increasing gas pressure
while the cutting speed is constant.

257
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Figure 7. The average kerf taper angle values of lines cut on 4- and
8-mm thick plates
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3.2. Roughness Measurement Results of Cutting Surfaces

In the machining of both plates, as the cutting speed in-
creases at constant pressure values, the cutting surface
roughness values increase (P-Figure 8). When the cut-
ting speed is constant, R, decreases as the gas pressure
value increases. As the experiments carried out under
the same experiment conditions on 4- and 8-mm thick
plates were compared, rougher surfaces were observed
on the 8 mm thick plate. As clearly seen in P-Figure 8,
the lowest surface roughness value (R, = 24.12 um)
was obtained on the 4 mm thick plate in the cutting
operation (E7) performed at a gas pressure of 0.8 MPa
and a cutting speed of 217 mm/min. Moreover, in the
E3 experiment condition where the gas pressure was
0.6 MPa and the cutting speed was 217 mm/min, the
roughest surface was encountered on the 8 mm thick
plate and the surface roughness value was obtained
as (R, = 31.65um). As the PAC tests performed on the
plates of both thicknesses in the E1-E4-E7, E2-E5-E8
and E3-E6-E9 experiment conditions were compared,
it was concluded that gas pressure is a more effective
parameter for R_than cutting speed.

35+
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Figure 8. The mean R_ values of cutting surfaces of samples cut from
4 and 8 mm thick plates

With this study, many studies in the literature were iden-
tified in which similar results were obtained in terms of
surface roughness values. For example, Bhowmick et al
[8]. reported that gas pressure is the most effective pa-
rameter in terms of surface roughness. They concluded
that with the increase of gas pressure, less roughness is
encountered on the cutting surface. So, this finding is
parallel to our experimental study. While the nozzle di-
ameter used in the study conducted by Bhowmick et al.
was 1.4 mm, the nozzle diameter used in our study was
preferred as 1.2 mm. Since the nozzle diameter is nar-
rower, the plasma arc is focused in a smaller area, which
causes the melting process to occur relatively less. For
this reason, although the same workpiece and the same
machining parameters were used in both studies, larger
surface roughness values were obtained in our study. In
addition, it was concluded that another effect causing the
difference between these two studies in terms of surface
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Figure 9. Top surface spatter formation after cutting on a 4 mm thick plate
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Figure 10. Top surface spatter formation after cutting on 8 mm thick plate
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roughness was the electrical parameters. In our study,
80 A cutting current and 120 V open circuit voltage were
used, while in the study of Bhowmick et al., 100 A cutting
current and 300 V voltage were used. As can be under-
stood from this point, Bhowmicks et al. obtained cutting
surfaces with relatively lower rough surfaces than our
surfaces by using high energy input (100 A and 300 V)
at high cutting speed (417 mm/min). Because, with high
energy input at high cutting speed, the molten metal was
not allowed to solidify on the surface again. Thus, it is
thought that by this mechanism they obtain lower sur-
face roughness values.

Guatam et al. [14] reported that they obtained fewer
rough surfaces at high gas pressure and low cutting
speed. However, our study is fundamentally in contrast
to the results of Das et al.’s study [18], which showed that
a smoother and less rough surface was obtained in the
experiment conducted at low gas pressure. Chamarthi
et al. [19] also reported that they obtained smoother
surfaces by reducing the cutting speed. Skoczylas et al.
[20] observed that the roughness would increase with
increasing cutting speed and decrease with increasing
gas pressure. Both of their findings are clearly parallel
to this study. Hatala et al. [21] stated that gas pressure
has the greatest effect on surface roughness, consider-
ing this result, it can be said that their study is parallel

to this study. Similarly, Gostimirovic et al. [25] report-
ed that surface roughness increased with increasing
cutting speed. Masoudi et al. [31] reported that they
encountered the smoothest surface at low cutting speed
and average gas pressure. In common, Adalarsan et al.
[36] concluded that surface roughness decreases with
increasing gas pressure. Likewise, Kim et al. [37] ob-
served that surface roughness increased with increas-
ing cutting speed.

Our study and the vast majority of studies in the lit-
erature show that surface roughness decreases as gas
pressure increases and also that surface roughness in-
creases as cutting speed increases. It is evaluated that
when the plasma gas pressure increases at a constant
cutting speed, shock waves will be formed due to the
increase in the amount of gas transferred to the cutting
zone per unit time, and the surface roughness will de-
crease because the resulting shock waves increase the
molten metal flow rate and move away from the ma-
chining zone rapidly without allowing it to resolidify on
the surface. Surface roughness increases when the cut-
ting speed increases at constant plasma gas pressure. It
is thought that the reason for this situation is the mol-
ten metal cools rapidly and resolidifies irregularly on
the surface before the spraying operation is completed
due to the fast movement of the torch.

o Safii 1T omia e
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Figure 12. Bottom surface burr formation after cutting on a 8 mm thick plate
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3.3. Results of Investigation of Bottom Surface Burr For-
mation and Top Surface Spatter Formation

When P-Figure 9 and P-Figure 10 are examined separate-
ly for both plate thicknesses, it is seen that top surface
spatter formation relatively increases as the gas pres-
sure is kept constant and the cutting speed increases
(E1-E2-E3), (E4-E5-E6), (E7-E8-E9) and as the cutting
speed is kept constant and the gas pressure increases
(E1-E4-E7), (E2-E5-E8), (E3-E6-E9). The highest sur-
face spatter formation in both plates was observed in
the E9 processing type, which has the highest cutting
speed and highest gas pressure. When the plates were
compared with each other for the same experiment con-
ditions, it was determined that the top surface spatter
formation in the plates with 8 mm thickness was more
and thicker.

When P-Figure 11 and P-Figure 12 are examined, it can
be said that the bottom surface burr formation increas-
es relatively as the gas pressure is kept constant and
the cutting speed increases in 4 mm thick plates. It was
found that when the cutting speed was kept constant
and the gas pressure was increased, the bottom surface
burr formation increased similarly to the top surface
spatter formation. As the plates with both thicknesses
were compared in the same experiment conditions, very
small and less bottom surface burr formation was ob-
served in the plate with 8 mm thickness compared to
the plate with 4 mm thickness (PFigure 12). According
to the visual inspection for burr and spatter formations,
it was concluded that the cutting lines in PAC processes
were at an acceptable level in terms of burr and spatter
formations. In this context, it was determined that lines
along the cutting line were generally smooth in each ex-
periment condition, except for the first entry and exit
points of the plasma in the PAC process.

In the study of Ilii et al. [15], like our study, it was found
that more intense burr and spatter formation occurred
when the cutting speed was increased in the machining
of plates of the same thickness with PAC. In addition, in
the study of Ilii et al., it was determined that burr and
spatter formations increased with increasing workpiece
thickness in experiments carried out on workpiec-
es with different thickness values at the same cutting
speed. The increase in burr and spatter formation with
increasing material thickness is not consistent with the
results of our study.

4. Conclusions

This study has the feature of shedding light on industri-
al applications with the experimental data obtained. As
a result of comprehensive research on key parameters
(gas pressure and cutting speed), it can provide a refer-
ence for cutting austenitic steels used in industry with
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PAC. As a general result, it was found that machining
parameters such as cutting speed, gas pressure, torch-
to-workpiece distance and electrical parameters (volt-
age and current) directly affect output performances
such as kerf taper and cutting surface roughness.

According to our experimental results, in the machining
of both 4- and 8-mm AISI304 plates, the kerf taper in-
creases as the cutting speed increases at constant pres-
sure values. When the cutting speed is constant, as the
gas pressure value increases, the cutting gap taper val-
ue increases similarly. In the machining of both plates,
as the cutting speed increases at constant pressure
values, the cutting surface roughness values increase.
While the cutting speed is constant, the surface rough-
ness decreases as the gas pressure value increases. For
both plate thicknesses, it was observed that top surface
spatter formation increased relatively as the gas pres-
sure was kept constant and the cutting speed increased,
and the cutting speed was kept constant and the gas
pressure increased. As the plates with both thickness-
es were compared in the same experiment conditions,
very small and less bottom surface burr formation was
observed in the plate with 8 mm thickness compared
to the plate with 4 mm thickness. These findings em-
phasize the importance of considering the machining
parameters before PAC operation and the appropriate
machining parameters should be considered together
according to the desired output performance.
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