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Abstract. The study aims to increase the efficiency of the plasma cutting machine by optimiz-
ing the technological parameters of plasma cutting equipment, improving quality (precision
cutting of shaped parts, cutting quality), reducing the number of locksmith work (removal of
deburring, cauterization), and reducing the percentage of defects in production. Inaccuracies
were revealed when cutting parts on the KarPLAZ plasma machine in Classic-B LLP. The design
and operation features of machine parts and assemblies have been studied. After analyzing
the experimental data and the design of the machine, design and technological decisions were
made. The drive was calculated, working drawings were developed, the kinematic pair "gear-
rack" was replaced, and a full-scale experiment was carried out. The results of the research
work confirmed the correctness of the technical decisions made.
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Introduction. Due to the cutting accuracy
of 0.001 mm, and positioning of 0.01mm, CNC
plasma machines are widely used in industry
for cutting precise shapes in steel sheets with
a thickness from 0.1 mm to 100 mm, dimen-
sions 1500x6000mm, 2000x12000mm.

Classic-B LLP successfully uses a plas-
ma cutting machine "KarPLAZ" of its design,
which consists of a power source, a device for
supplying gas (argon), a plasma distributor, a
distribution system, a horizontal beam along
the X-axis, longitudinal rail guides along the
Y axis, an electric height regulator along the
Z axis, toothed rails and the cutter (Figure 1).
Guides and drives are part of the playback sys-
tem. She is responsible for moving the cutter
when performing work operations.

The principle of operation of the machine is
as follows: the workpieces are installed on the
table, the machine is set up and the processing
program is started. According to the trajectory
set by the program, the plasma head cuts out
shapes. The cutting speed (movement of the
working body along the rail guides) is carried
out using a pair of gear - racks.

When cutting on the KarPLAZ machine, the
formation of a grate is observed (Figure 2, b,

c). The grate is a cooled metal or metal oxide

Figure 1 — Assembly of the KarPLAZ plasma
cutting machine

that adheres to the lower edge during opera-
tion on a plasma cutting machine. Deburring
may occur at inappropriate cutting speeds if
the cutting speed is too high or too low [1].
Research methods. The research meth-
ods were a comparative analysis; the study
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Figure 2 —

of foreign experience in using plasma cutting;
and a field experiment in the conditions of
Classic-B LLP.

To determine the cause of the inaccuracy,
we study the statistical data of the enterprise
for the period January-May 2022 (Table 1), the
total amount of work performed is shown in
Table 2.

Based on statistical data, we conclude that
accuracy is not ensured when cutting shapes.
To solve these problems, we conduct a review
of theoretical and experimental studies.

In [2], the authors conducted a compre-
hensive review of developments in the field
of plasma cutting for steel alloys. There are
many cutting problems such as electrode ero-
sion, metal oxide, tilt angle, double arc, sur-
face properties and thermal effects. It is noted
that the feed rate and edge roughness have a
significant effect on the processing character-
istics.

Inaccuracies in plasma cutting machine "KarPLAZ":
a) the end point of the cut does not coincide with the starting point of the cut; b) the formation
of a grate when cutting from a circle c) the formation of a grate from a rectangular cutting

An experiment was conducted to study AISI
304 stainless steel by plasma arc cutting, tak-
ing into account three process parameters and
three levels of factors for each parameter [3].
The gas pressure, the speed of movement and
the thickness of the material are taken as in-
put parameters of the process. A full-factor ex-
periment consisting of 27 experiments is set.
After the experiments, recommendations were
given for high-quality stainless steel cutting at
travel speeds of 1.6 to 4.7 m/min.

Experimental studies of plasma cutting on
15 mm thick steel sheet samples for cutting
17 shaped parts have shown [4] that too high
a speed negatively affects both the workpiece
and the tool and leads to a disorderly scat-
tering of sparks with incomplete cutting of the
metal; the appearance of an inclined strip on
the surface and solution spots on the cut from
below. Low speed contributes to the appear-

ance of the unevenness of the cut and its melt-
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Table 1 — Percentage of usable parts from the total amount of work performed on the plasma

machine "KarPLAZ" in LLP "Classic-B" LLP

Percentage of precisely cut shape parts, %
Months .
rectangular round triangular shaped
1 92.3 88.1 86.4
2 88.3 89.3 85.8 83.2
3 85.4 87.7 84.7 79.4
4 83.2 83.1 81.4 76.7
5 82.2 76.8 78.4 72.7

Table 2 — Scope of work performed on the KarPLAZ plasma machine in Classic-B LLP

ST The number of parts when cutting the mold, pcs
rectangular round triangular shaped
1 10500 10800 9500 9000
2 10500 10800 9500 9000
3 10500 10800 9500 9000
4 10500 10800 9500 9000
5 10500 10800 9500 9000

ing, leads to the formation of deburring, and
reduces the efficiency of the process. The op-
timal speed is set from 25 to 55 m/min with a
thickness of 15 mm of carbon steel.

With the help of experimental planning, the
surface quality is evaluated during CNC plasma
cutting of mild steel sheets with a thickness
of 10 mm [5]. The input parameters selected
are cutting speed, height, and arc voltage. The
analysis of the average values (ANOM) and
the analysis of deviations (ANOVA) showed a
significant effect of the cutting speed on the
surface quality, and the deviation of the other
parameters is low so that they can be ignored.

Mathematical modeling of the effect of cut-
ting speed, gas pressure, and voltage on the
cutting characteristics during the processing of
steel alloys [6] showed direct dependencies of
cutting accuracy on cutting speed. The result-
ing sections were examined, and their macro-
scopic and microscopic parameters were eval-
uated.

Optimization of plasma arc cutting param-
eters such as cutting speed, arc current, and
distance between burners when processing a
sheet of mild steel with a thickness of 12 mm
is considered in [7]. All data is analyzed us-
ing the orthogonal matrix "Taguchi's L9". The
experiment results showed that to obtain the
maximum cutting speed of steel with a thick-

ness of 12 mm, the cutting arc current should

be 65 A, the cutting speed should be 2000
mm/min, and the tap distance should be 2.0
mm. The results of the experimental studies
have shown that the feed rate, surface rough-
ness, plasma gas pressure, gas composition,
cutting current, arc voltage, and cutting speed
are the main parameters affecting the cutting
quality; at the same time, the speed of move-
ment of the working body significantly affects
the cutting quality.

Scientific results and discussion. Hav-
ing familiarized myself with the design of the
machine made by employees of Classic-B LLP,
I know that to perform cutting, the cutter ad-
justs to the desired height using an electric
height controller. The regulator is mounted on a
beam along which horizontal movement is per-
formed. With the help of toothed rails (Figure
3) mounted on longitudinal rail guides, vertical
movement along the Y-axis is performed. Rack
and pinion transmission is used to convert ro-
tational motion into translational motion. Rack
and pinion parameters: module m =4 mm,
length I1 = 500 mm, width b = 22 mm, pitch
s = 12.5 mm, number of teeth z = 40.

The kinematic pair "gear-rack" has an im-
portant feature: the unevenness of the gear
ratio due to the considerable influence of gear-
ing errors on the speed of movement of the
rack. It is tough to ensure the uniformity of
slow movements in the feed drive of high-pre-



Figure 3 — Gear rack of the KarPLAZ plasma
machine

cision machine tools, such as plasma cutting
machines, with the "gear-rack" pair [8].

One of the important indicators of a gear
transmission is the module. The modulus is
the primary indicator of gearing, linking the
essential transmission parameters, such as
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specific slip, increasing the transmission's effi-
ciency and reliability against jamming [8].

The module in the "gear-rack" pair is asso-
ciated with such a parameter as pitch. Chang-
ing the pitch value affects the smoothness of
the ride. The smaller the stroke, the smoother
the linear movement [8].

In the KarPLAZ plasma machine, the rack
module is m = 4 mm. Using the formula (1),
we calculate the pitch of the rack:

(1)

pn:ﬂ"mn,
p,=3,14-4 = 12,56,
p.=3,14-2,5=17,85.

Next, a gear rack with module m=2.5 mm,
small pitch s = 7.85 mm, length 11 = 1000 mm,
width b =25 mm, and number of teeth z= 128
from the standard range is selected [9]. We
are developing working drawings of the ele-
ments of the "gear-rack" pair (Figures 4, 5).

The cutting speed is approximately deter-
mined by the expression [1]:

pitch, height, number of teeth, the diameter of V= M, (2)
the circle of tooth protrusions, etc. A decrease 9
in the module and a corresponding increase in where, V - cutting speed, mm/min;
the number of teeth in a pair helps reduce the I - cutting current, A;
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Figure 4 — Gear-rack with module m = 2.5 mm
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Figure 5 — Gear

0 - thickness of the metal being cut, mm;

K - coefficient taking into account the type
of metal being cut: for carbon steels K = 1;
for aluminum alloys K = 0.6; for copper alloys
K = 0.4, for corrosion-resistant steels K = 0.8.

Using the formula (2), we calculate the the-
oretical cutting speed:

V= M = 4500mm/ min (4,5m/ min).

The design of the machine was changed by
replacing the "gear-rack" pair with a module
m = 4 mm with a pair with a module m = 2.5
mm (Figure 6), and then full-scale tests were
carried out, during which batches of sheets N
= 5 pieces were cut, made of steel 40, with
a thickness of 5 mm. A straight cut of a part
measuring 400x600mm (n = 10 pcs) was car-
ried out, as well as a shaped cut (n = 50 pcs)
(Figure 7) at a speed of V = 5 m/min.

The test showed that the modernized de-
sign of the KarPLAZ machine with a module
m = 2.5 mm at a speed of V = 5 m/min when
cutting structural steel with a thickness of 5
mm satisfies the needs of Classic-B LLP, en-
sures accurate cutting of the figure, high con-

tour accuracy at sharp corners and edges,

Figure 6 — Gear m=2,5 mm

narrow tolerance for unevenness of cutting
surfaces, the ability to make holes with a di-
ameter of @10mm and @25mm.
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Figure 7 — Tests of the modernized machine:

a) measuring the parallelism between the metal plate and the edge of the table; b) determina-
tion of the starting point; c) cutting; d — e) cutting process; f) completed cutting process;
g — h) cut out profiles of parts
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Conclusions:

1. As a result of the studies conducted on
the plasma cutting machine "KarPLAZ", inac-
curately cut parts were revealed.

2. When studying the design of the machine
and statistical data, we revealed the shortcom-
ings of the existing structures.

3. Based on the analysis of the machine
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4. The design of the drive unit has been im-
proved by optimizing the gearing parameters.
5. The result of the full-scale experiment
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tions adopted during the study.
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AHpaarna. 3epTreyiH MaKkcaTbl — /1a3MasiblKk KeCy MallnHacChlHbIH TEXHOJI0MNSJIbIK apaMeTp-
JIEPIH OHTaMAaHAbIpy, KeCcy canachiH xakcapTty (niwiHai 6esLeKTepaiH KeCy Ad4irl, Kecy ca-
racbl) apKblbl LWebepxaHasibiK XYMbICTapAblH Ke/1eMIH a3zanTy (Kabbipliaktapabl, KyunikTep-
Al )KOt0), XoHe eHAipicTeri akaynapAblH Mavbi3blH asanuty. «Knaccuk-b» XXLIC eHgipiciHaeri
«Kapll/IA3» rnna3ma’sibiK MallMHacblHAa Kecy KesiHge akaysiap aHblKTanabl. CTaHOKTbIH KOHCT-
DYKUMNSICbI XoHE TETIKTEPMEH TYHiHAEPAIH XKYMbIC iCTEY epeKLUEeNIKTePi aHbIKTanabl. Taxipnbe-
JIiK M3J1IMETTEPAI XKOHE MalUMHAaHbIH KOHCTPYKLUMUSCLIH capantai Kesle KOHCTPYKTOPJIbIK JKOHE
TEXHO/IOMMSLIK LeLiMaep KabbligaHabl. XKeTek ecentesngi, XYMbICLbl Cbi3banap a3ipaeHAai,
<TICTI IOHreneKk-peika» KUHEMATUKAa/IbIK KYObl aniMacTblpbiifbl XOHE 6HAIPICTE IKCIeEPUMEHT
XKYPri3ingi. 3epTTey XYMbICTapbiHbIH HOTUXECIHAE KabbligaHFaH LielliMAepAiH AYPbICTbIfbl

pacrangsl.
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AHHoOTaywms. Llesibio uccinenoBaHns sB/SIETCS MOBbILLIEHNE 3PDEKTUBHOCTU MaLUMHBbI M/1a3MEH-
HOV pEe3KM 3a CYET ONTUMM3aLUNN TEXHOJIOMMYECKUX NapaMeTpoB 060pyA0BaHUS M1a3MeHHOM
PE3KM, MOBbILLEHNS Ka4eCTBa (TOYHOCTb PE3KM (DaCOHHbIX AETA/IEN, KAYECTBO PE3a), CHUXKEHMNS
KOJIMYECTBA c/iecapHbix paboTt (yaaneHue rpata, MpuxXoroB) U CHUXEHMS rpoLeHTa bpaka rpu
npoun3BoacTBe. lNpu pe3ke getaner Ha naa3mMeHHou MmawmHe «KapllJIA3» B TOO «Knaccuk-b»
6b11M BbISIBJIEHBI HETOYHOCTU. MI3y4YeHa KOHCTPYKLUMSI M 0CO6eHHOCTU paboThl AETaNEN U Y3/10B
CTaHKa. AHann3upysi 3KCrepuMeHTasIbHble AaHHbIE U KOHCTPYKUMIO MaLunHbl, 6blin NpuHSTbI
KOHCTPYKTOPCKME U TEXHOJIOMMYECKUE peLueHuns. [TIpoBeaeH pacyeT rpuBoaa, pa3paboTaHsl pa-
6ouyne yepTexu, NpPou3BeAEHa 3aMEHa KMHEMAaTUYECKOM rapbl «3ybyaToe KOJ/1IeCO — peyika»,
W HaTypHbI¥ SKCEPUMEHT. Pe3y/ibTaTbl NCC/IEA0BATEILCKON paboTbl MoATBEPANIN IPaBUIIb-
HOCTb MPUHSTLIX TEXHUYECKUX PELLEHUN.

KnroueBble cnoBa: MOAEPHM3ALMS, MALLMHA [/IA3MEHHOM PE3KM, CTaHku ¢ YIY, naa3meHHas
pe3ka, rpart, npuBog, 3ybuatas pesika, paboyne YepTexu, CKOPOCTb PE3KH.
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