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Abstract. The presented research is dealing with principles and technology of the laser cutting.
The properties of the GQOaser beam, input parameters of the laser cutting, assist gasses,
interaction with the cut material and the cutting process stability are described. Influence of the
heat from the laser beam on degradation of the zinc surface layer, which serves as the anti-
corrosive protection of the lower carbon steel, is considered in this paper. In the experimental
part of this research, the two most important laser cutting parameters were experimentally
changed, namely the type of the assist gasand N and the cutting speed.

1. Introduction

The principle of the laser cutting of metallic materials is based on the action of a focused laser beam on
the cut material. In material cutting in the technical practice, the surface, to which is the laser beam
incoming, is in the form of a circle with diameter of 0.1 to 0.4 mm, depending on the structure of the
device and the thickness of the cut material. The laser beam of the above-mentioned parameters
impacting on the cut material causes its rapid heating, Figure 1. The cut material is in within milliseconds
heated to the melting point or to the evaporation temperature. When the laser beam impacts the cut
material, a mutual interaction occurs between the cut material and the beam itself. The subsequent
phenomena, occurring during the material cutting, which are affecting the properties of the material after
the impact of the focused beam, depend, in particular, on the chemical composition of the cut material
and on the quality of its surface [1, 6, 7].

2. Interaction of the laser beam and the cut material

In the thermal separation of metallic materials by the laser, it is always necessary first to create a hole
in the workpiece, from which the cutting is continued. The formation of the opening is based on the
laser-drilling principle and has a slightly different course characteristics than the cutting itself. The
incident laser beam transmits the kinetic energy of the photons of the material, which converts to heat
that melts and partially vaporizes the heated material, Figure 2 [1, 2, 5].

In the melt laser cutting process, the material is heated locally above the melting point, with a stream
of pure inert gas, which removes the material from the cutting point, but does not affect the cutting
process itself. Material separation takes place in the liquid phase, so the process in question is the melt
cutting by a laser. The cutting gas is usually nitrogen, though the noble gases could also be used,
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Figure 1. Photo of the laser cutting process.  Figure 2. The laser cutting simulation.

depending on the cutting workpiece or the cut dguaéquirements. The lower cutting head feed rates
may also be used, as with other laser cutting nalsthBhe maximum cutting speed increases linearly
with the laser power and decreases approximatedatly with the thickness of the cut material dmal t
corresponding melting temperature of the matelnalhat case, the laser beam is poorly absorbeg. Th
quality of the cut is impaired by the molten slaxtloe lower edge of the cut. That slag must be veho
The higher surface roughness is also achieved. rBailod is suitable, in particular for forming the
non-oxidized cuts of metallic materials, for ingtaranti-corrosive steels, Al, brass and galvanshesbt
metal [3, 4].

In an oxidative laser cutting process, the matetidhe point of the laser beam impact is heated to
the ignition temperature and burnt in the flow b tactive oxygen gas. The oxidative effect is
manifested by the initial oxidation of the laseafre(by decreasing the light reflection coefficienty
well as by the additional exothermic reaction hefatombustion, which ensures an increase in the
cutting speed. The cutting process is therefore@dhelt of an exothermic reaction of the materighw
oxygen [3, 8].

3. Experimental material
The test specimens were made on the Lasercellla868Bcutting machine (Trumpf) for material - Steel
1.0355 + Z (thickened steel with zinc coating)lo€kness t = 2 mm, Tables 1 and 2.

Table 1.Mechanical properties of the 1.0355 steel.

Re Rm Asgo
[MPa] [MPa] [%0]
140 — 260 270 — 380 >30

Table 2.Chemical composition of the 1.0355 steel.

Maximum values in %
C Si Mn P S Ti
0.12 0.5 0.6 0.1 0.045 0.3

4. Experimental conditions and experiments evaluan

Experimental samples of 1.0355 steel were cut aihlication of the two distinct gases - inegt Aind
active, strongly oxidizing © For each of the used gasses the constant laggrgcparameters were
appropriately set. The varying parameter was thtnguspeed, which was within range 6.6 m/min —
2.4 m/min for N and 4.95 m/min — 1.8 m/min for.OThe evaluation criterion for amount of the heat-
deteriorated zinc coating was the width of the smoland extruded zinc layer, done by measurement
and the immersion corrosion test.
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Sample No. I(Figures 3 and 4)
Cutting parameters

= Cutting speed — 6.6 m/min,

= Assistgas — B

= Nozzle diameter — @ 1.4 mm,

= Power —4000 W,

= Gas pressure — 1.6 MPa,

= Focusing point position — 1 mm.

The measured mean value of the width of the hdatrsed and molten zinc area on the input surface

of the laser beam penetratiah, and on the laser beam output surfate were:
AL1=0.773 mm andL; = 0.41 mm.

After the corrosion test, carried out in 3% NaQuson for 35 days, the corrosion mass decreased

the original weight by 1.86690%.

Figure 3. Laser beam penetration area of Figure 4. The cut edge surface of sam
sample # 1 # 1 after the corrosion test

Sample No. XFigures 5 and 6)
Cutting parameters

= Cutting speed — 4.8 m/min,

= Assistgas — i

= Nozzle diameter — @ 1.4 mm,
Power — 4000 W,
Gas pressure — 1.6 MPa,
Focusing point position — 1 mm.

Figure 5. Laser beam penetration are¢  Figure 6. The cut edge surface of sampl
sample # 2. 2 after the corrosion test



KOD 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 393 (2018) 012096 doi:10.1088/1757-899X/393/1/012096

The measured mean value of the width of the hdairsed and molten zinc area on the input surface
of the laser beam penetratiah, and on the laser beam output surfate were:

AL1=0.163 mm andlL, = 0.41 mm.

After a corrosion test, carried out in 3% NaCl siolu for 35 days, the corrosion mass decreased
the original weight by 1.68853%.

S gj——

Figure 7.Laser beam penetration are: Figure 8. The cut edge surface of sam
sample # 3. # 3 after the corrosion test

Sample No. JFigures 7 and 8)
Cutting parameters
» Cutting speed — 2.4 m/min,
= Assistgas — B
= Nozzle diameter — @ 1.4 mm,
= Power —4000 W,
= Gas pressure — 1.6 MPa,
= Focusing point position — 1 mm.
The measured mean value of the width of the hdatmsed and molten zinc area on the input surface
of the laser beam penetratiah, and on the laser beam output surfate were:

AL; =0.29 mm andL; = 0.437 mm.

After the corrosion test, carried out in 3% NaQuson for 35 days, the corrosion mass decreased
the original weight by 1.53703 %.

Figure 9. Laser beam penetration are¢  Figure 10.The cut edge surface of sam
sample # 4. # 4 after the corrosion test
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Sample No. 4(Figures 9 and 10)
Cutting parameters
= Cutting speed — 4.95 m/min,
= Assistgas - €
= Nozzle diameter — @ 1.0 mm,
= Power —-1200 W,
= Gas pressure — 0.35 MPa,
= Focusing point position — 1 mm.
The measured mean value of the width of the hdatrsed and molten zinc area on the input surface
of the laser beam penetratiah, and on the laser beam output surfate were:

AL1=0.227 mm andL, = 0.45 mm.

After the corrosion test, carried out in 3% Naduson for 35 days, the corrosion mass decreased
the original weight by 1.31170%.

Figure 11.Laser beam penetration arei  Figure 12. The cut edge surface
sample # 5. sample # 5 after the corrosion test

Sample No. 5Figures 11 and 12)
Cutting parameters
= Cutting speed — 6.6 m/min,
Assist gas — &
Nozzle diameter — @ 1.0 mm
Power — 1200 W,
Gas pressure — 0.35 MPa,
= Focusing point position — 1 mm.
The measured mean value of the width of the hdatrsed and molten zinc area on the input surface
of the laser beam penetratiah, and on the laser beam output surfate were:

AL1=0.227 mm andlL, = 0.26 mm.

After the corrosion test carried out in 3% NaClusioin for 35 days, the corrosion mass decreased
the original weight by 2.03539 %.

Sample No. §Figures 13 and 14)
Cutting parameters

= Cutting speed — 1.86 m/min,

= Assistgas -

* Nozzle diameter — @ 1.0 mm

= Power-1200 W,

= Gas pressure — 0.35 MPa,

* Focusing point position — 1 mm.
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Figure 13.Laser beam penetration arez  Figure 14. The cut edge surface
sample # 6. sample # 6 after the corrosion test.

The measured mean value of the width of the hdairsed and molten zinc area on the input surface
of the laser beam penetratiahi and on the laser beam output surfate were:

AL1=0.313 mm andL; = 0.203 mm.

After the corrosion test carried out in 3% NaClusioin for 35 days, the corrosion mass decreased
the original weight by 1.63677 %.

Summary diagrams of the cutting speed on aresedfi¢lat degraded zinc layer for application of N
and Q are presented in Figures 15 and 16, respectively.
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Figure 15.Influence of the cutting speed on are.  Figure 16. Influence of the cutting speed
the heat-degraded zinc layer with &pplication. area of the heat-degraded zinc layer with O
application.

From the graphical evaluation of the experimentahsurement, it can be concluded that the width
of the area of the heat-deteriorated zinc layethensurface of samples decreases with the inciggasin
N2-gas cutting rate. This fact can be explained kyatmount of heat introduced at different speeds.

With application of the @gas, the output values of the heat-degraded zbtie @inc layer vary,
with respect to application of2NOn the surface of the laser beam input, degradatith an increasing
cutting speed is increasing. The outlet width af the-zinc layer decreases again. This fact can be
explained by influence of the exothermic reactemthe material did not melt but burned, which edus
a wider influence on the lower part of the cut.

Mass losses after the dip corrosion test (3 % N&&ldays) for the two gasses applications are
presented in Figure 17.

The resulting graphical evaluation of the immerstonrosion test, by weight loss of samples, has
shown that decreasing the rate of laser cuttingttemy with the use of the:Nyas, aids slightly in
degradation of the zinc layer, thereby promoting dhticorrosive properties of the cut material.dras
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Figure 17.Mass losses after a dip corrosion test (3% NaCta835).

cutting using the ©gas, with decreasing cutting speed, on the contesggravates the anticorrosive
properties of the material. The surface of thelootyever, contains oxides, which serve as antisoreo
protection, which during the corrosion test, impktlee corrosion process, but was removed from the
point of the cut when the corrosive waste was @dan

5. Simulation of the laser cutting process

An introductory step for creating a model of theelacutting process is a compact analysis of the
problem and the definition of the result, espegifilbm that point of view, so that it is clear what
required from the simulation. An important stepoigorrectly define the total heat source, respelt;

the heat, which is then dispersed in the surrogndiaterial. Said method of defining a heat sousce i
performed based on the mathematical relationshighich the coefficient of reflectivity of the suda

to which the laser beam enters, the coefficieneraérgy absorption of the photon flux through the
material and the analytical function representmg2D Gaussian curve are included as variableg. Tha
equation defines a point thermal source. The rniext 5 to determine the correct networking of the
model. The point heat source, which representptiger of the photons moving in the laser beam, is
defined as the boundary condition in the entire @onn the simulated design.

The simulation was generated as a process of hehtnplate. The material properties of the board
are considered to be constant - simulation doeswolve a change in the material phase. The reWeac
index of the steel is defined by the reflectionfiorent and the energy absorption coefficient loé t
material. The material model represents a plateselsides except the top are considered to be heat
insulated. The movement of the laser beam is ctearaed by thex andy coordinates, and in they
plane,z= 0 is on the surface of the plate. Parameteendy, serve to enter the shift of the center of
the laser beam. The diameter of the incident lasam in practice has a changing value, the shiftfng
the laser beam focus point, and therefore the @ahghe incident beam diameter is defined by the
standard deviation parametetsandoy.

Variables used for simulation:

= Material: 1.0355 + Z,

= Assist gas: @3.5,

= Power: 3.2 J/mm,

= Cutting speed: 4.5 m/min,

= The dimension of the plate: 80 mm,

= Thickness of the plate: 2 mm,

= The dimension of the mesh square: 0.15 mm,

= The dimension of the kerf: 0.25 mm,

= Calculation step: 0.1 s,

= The end of simulation: 10 s,

= The time of the laser beam on the plate: 0.8 s,

= Cooling: air 20 °C.
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Figure 18. Simulation of thermal influence.

Based on the model of the heat transfer in the mahtéuring the laser cutting, it is possible to
understand the principle of the heat conductiomftbe cutting point to the surrounding materialisTh
mechanism is especially important when dealing with problem of cutting the rough metal sheets,
with a complicated cutting path so that a relagivatge amount of heat is introduced into the nialter
Based on the analysis of the simulated model igstittan be stated that the temperature of thenmagt
at the point of cutting at the edge of the lasemnygs assumed to be approximately 1540 °C, Fig8re
The maximum stress, due to the thermal expansitimeofnaterial is assumed to be approximately 650
MPa, Figure 19. The temperature of the materighatcutting location is relatively high, but with
increasing the distance from the cutting poinrdps$ sharply.
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Figure 19. Simulation of Von Mises residual stresses.

6. Conclusion
The present paper analyzes and compares the infusithe cutting speed and the type of the assist
laser gas on the corrosion properties and degrmadatithe zinc layer of the galvanized sheets.

Based on the analysis of the results of the exmariah measurements, it can be stated that the
degradation of the zinc layer of the galvanizecesheand thus the corrosion at the cutting locatan
be eliminated by suitably setting parameters ofiéiser cutting. Simulation of the laser cuttingtloé
galvanized material revealed the heat fields inlélser cutting and showed the method of cooling the
cut material and the method of melting, sublimatoa degradation of the zinc coating. Subsequently
it displays the residual Von Misses stress.
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