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Laser cutting of steel sheets: Influence of workpiece thickness and
beam waist position on kerf size and stria formation
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Abstract

CGQ;, laser cutting of steel sheets is considered and influence of beam waist position relative to the workpiece surface and the workpiece thickne:
on the striation formation is examined. The kerf width is modeled using a lump parameter analysis. The measurements are composed with tt
experimental findings. SEM and optical microscopy are conducted to examine the cutting surfaces. It is found that beam waist position ha:
significant effect on the kerf size and as the workpiece thickness reduces, the relative location of beam waist position varies for the minimurr
kerf width. The microcracks are found in the resolidified material at the cutting surface, which is due to non-uniform and rapid cooling of the
resolidified material at the surface.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tain frequencies may reduce the dross height of stria. However,
the combination of parameters reducing the dross height has
Laser cutting is one of the important applications of lasemot been established yet. Consequently, investigation into stria
machining process. Inlaser gas assisted cutting operation, assisharacteristics is necessary for improved laser cutting process.
ing gas can be reactive or inert depending on the process require- Considerable research studies were carried out to examine
ments. In metal gas assisting cutting process, in general, oxygédaser cutting process. The influence of surface plasma on laser
(reactive gas) is used while argon or helium (inert gasses) is useditting was studied earlig—7] and penetration time during
forwood and plastic cutting. Use of oxygen provides exothermidaser cutting process was examined by Yilbas 84l The qual-
reaction in the cutting section enhancing the energy availablgy improvements for laser machining operation were considered
for the cutting process. On the other hand, argon or helium preby Pietro et al[9]. They indicated that the process manipulation
vents high temperature exothermic reactions and avoids the sideuld lead to significant quality improvements. Laser cutting of
ways burnings and excessive mass removal from the cuttinmetallic coated steel sheets was carried out by Waay He
kerf. Moreover, regulation of gas pressure and proper selectioamployed a statistical analysis when optimizing the laser cutting
of nozzle are necessary for controlled cutting process. process. Laser cutting of non-metallic materials was examined
In laser cutting, the end product quality is that matters. Dudy Zhou and MahdaviaflL1]. They introduced two correction
to oscillation in laser output power, assisting gas mass flow ratggarameters to improve the mathematical model. Laser cutting
material impurities and workpiece scanning speed resultin instasf fibre reinforced plastic composite materials was considered
bilities associated with molten layer in kerf. This, in turn, causedy Cenng[12]. He compared the predictions with experimen-
striation formation and out of flatness at the cutting edges. Th&l results and indicated that they were in good agreement. The
striation can be characterized geometrically by dross height anghrameters affecting the laser cutting process were investigated
stria frequency1]. The pulsation of laser output power at cer- by Yilbas[13]. He developed a method for pattern classification
using an artificial neural network and identified the striation pat-
terns successfully. Laser machining operation was investigated
* Corresponding author. Tel.: +90 312 2320427; fax: +90 312 2320427. DY Meijer [14]. He indicated that the trends in miniaturization
E-mail address: omer@gazi.edu.tr (O. Keles). in laser machining were expected to continue due to short and
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Table 1
Nomenclature Cutting conditions
. Feed rate (mm/min) 300
A energy coupling factor, <1 Power (W) 1500
Cp specific heat at constant pressure (J/(kg K)) Frequency (Hz) 100
d kerf depth (m) Nozzle gap (mm) 1.5
f fraction of pressure drop in the kerf, <1 Nozzle diameter (mm) 15
k thermal conductivity (W/mK) g“ty (%) o 2‘?00
Lo laten heat of evaporation (J/kg) 2 pressure (kPa)
Lm laten heat of melting (J/kg)
My molecular weight of assisting gas (g/mol)
P power input in the workpiece (W) Table 2 The workpiece thickness is varied at two levels while focus setting
Pg power input at the Workpiece surface (W) is changed at forty levels. SEM (Jeol JSM6360LV) is used for micrographs
Tm melting temperature (K) of the cutting section while optical microscope is accommodated for striation
To ambient temperature (room temperature) (K) anaysis.
v laser beam scanning speed (m/s) _ 2.1. Kerfwidth formulations
laser beam waist diameter at workpiece surface
(m) The energy balance for the cutting process can be simplified by using the
wk kerf width (m) lumped parameter techniq{8]. Consequently, following relation can be pro-
wo beam waist diameter at surface when focus setting duced after considering the energy balance[18}:
is nominal (m) P vwg + Az/vug 1
o thermal diffusivity (nf/s) i Ao @)
B fraction of evaporation contribution, <1 where
o the moIecu]ar dlamet_er A 1 (i + 20(Ton — o))
Nu super heating factor in the melt front, <1 Ao= o and  Az= o 2jawwe @
0 density of workpiece material (kgfn
Pg density of assisting gas (kgn and
ag = p(Cp(Tm — To) + Lm + BLb) (3)

where wy is the kerf width,w the laser beam spot sizéthe length of the
ultrashort laser machining techniques. The prediction of melgut, 7m the melting temperature of the substrate mateffglthe ambient
geometry inlaser cutting was considered by Tani €§15ﬂ.. They room temperature and is the laser input power. The terAy represents the

indicated that th del d | d bl aEnergy transport rate to the workpiece material at the surface during the cut-
Indicate a € model aeveloped gave reasonably accur ﬁg processA is the effective energy coupling factor at the substrate material

results with the experimental findings. Quantitative evaluationsyrface.4; is associated with the conduction energy loss in the solid phase
of Nd:YAG laser drilling of mullite-alumina was carried out by of the substrate material, ang, is the contribution of evaporation of the
Quintero et al[16]. They performed the analysis by means of surface. - _ _ _
analytical image processing. Laser cutting of 4130 steel Wa§ Applying scaling law for the laser cutting process, the kerf width resulted
: . L. e to a circular beam waist sizewfcan be written afl8]:
studied by Rajaram et dlL7]. They indicated that the low feed ! redrar wast stz i #el
rates gave good surface roughness and low striation frequency 1 2_51\/gk(7gAnuT) NG
at the cutting edges. we =~ v MIm—To) >
. . A oca
In laser cutting process, many factors affecting the end prod- 1+3.08x 10' (Aah) (%) PJv
uct quality. Some of these factors include the focus setting of _ _ _ _ .
focusing lens and the Workpiece thickness. This is due to thewherefls the fraction of pressure drop in the kerfthe molecular diamete/(
focus setting modifies the power distribution across the focuseg:gs”om unit) My the molecular weight (g/mol unit) of the assisting ga.
. g . P . dpg the pressure and density of the assisting gasngris the superheating
spot while thickness alters the energy required for full-depthactor in the melted zone.
penetration cutting. In the present study laser cutting of steel
sheets at different focus setting and workpiece thicknesses are
considered. The laser cut surfaces are examined using opticEble 2 3 _ _
and scanning electron microscopy. The different kerf sizes anElemental composition of the HSLA-Steel used in the experiment (wt%)

4

striation patterns are identified. C 0.12

Si 0.10

Mn 1.20

2. Experimental p 0.02

o ) S 0.01

The CQ laser (LCelll-Amada) delivering nominal output power of 2kW  p| 0.02

at pulse mode with different frequencies is used to irradiate the workpiece suiyy, 0.07

face. Oxygen emerging from a conical nozzle and co-axially with the laserr; 0.05

beam is used. One hundred and twenty seven millimeters focal lens are utilizeg. 0.10
The cutting conditions are given ifable 1 The workpiece accommodated is gq Balance

hot rolled and pickled HSLA-Steel with its elemental composition is given in
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