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ABSTRACT

Laser machining operation is a thermal, separation process, well suitable for several
engineering industrial applications. High cutting speed, superior cut quality and low
machining costs made laser cutting to become competitive to existing methods of contour
cutting. Austenitic stainless steel is a significant engineering metal and it is complex to cut
by oxy—fuel formed oxides and high melting point. So, austenitic stainless steel is mostly
appropriate to be cut by laser. The cutting process parameters are highly affects the laser cut

Ic<eyLwords quality. In this research 1.9 mm austenitic stainless steel is cut with co, laser. Laser power,
AOZ aser, Stainless Steel cutting speed, gas pressure and focal distance are to be varied. The goal of this research is to
P;:;ﬁ::;:r:s tainless Steel, narrate these conditions to formations of burr and surface roughness of cut edge. These

relationships are engendered and approved with a mathematical model, which is used to

Surface Roughness,

forecast and reduce burr height and minimizing the cut edge surface roughness.

Burr Heights.

Introduction

Metal cutting by laser has turn into consistent machinery for
industrial production. presently, it is considered as a viable
different to conventional cutting and blanking due to its
elasticity and capability to process changeable quantities parts of
sheet metal in a less time with maximum programmability and
less waste. Laser cutting does not need fixtures and jigs for
holding and guiding the work piece because it is a non-contact
operation. Moreover, it does not need costly or disposable tools
and does not produce mechanical force that can damage thin
work pieces [K.Abdel Ghany et al]. Laser cutting is categorized
as a various thermal technique that has distinct benefits over
other known thermal operations due to the great quality and very
finished cut surface, thin kerf width, square corners of cut edges,
minor HAZ, lass metal deformation, perpendicular& sharp cut
sides and no oxide layer [K.Abdel Ghany et al].
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Fig 1. Schematic diagram of laser cutting process

Stainless steel cutting by Laser

Stainless steel material is a special engineering metal, it has
high promises in many important industries particularly
automobiles and house appliances [K.Abdel Ghany et al]
Stainless steel is complex to cut by using conventional oxy-fuel
cutting device because the melting point is high and high
viscosity of the oxide is formed. Laser cutting process is
preferably appropriate for stainless steel and obtained accuracy
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and productivity. The major factors for the optimum cutting of
work pieces are selection of the assisted gas, which could be
oxygen (active gas) and variable inputs. The amount of energy
transmitted by the flaming response is about 60% for non-
reactive metals like mild steel and stainless steels and up to 90%
for reactive metals such as titanium [W.K.hamoudi et. al].

But it usually wants high gas pressure to cut stainless steel
[D.Havrilla.et al] and low cutting speed to obtain good as an
inert gas produces optimistic and finished cut surface and does
not disturb the rust resistance of the cut edge cutting quality and
dross-free lower surface. It is very significant to enhance the
cutting speed and other parameters in order to reduce the amount
of pumping gas, thus the total manufacture cost. [K.Abdel
Ghany et al].The temperature in the cutting front intervals from
2000 to 2500 °C, the exothermal reactions are induced in the
work piece and a larger amount of energy related to low carbon
steel is free. Also, the thermal conductivity of low carbon steel is
greater than that of high alloy austenitic steel, and the effect of
lower conductivity and superior energy in the cutting front is
that a wider cut is finished than that in low carbon steel.
Optimization of Laser Cutting Parameters

Laser cutting excellence is controlled by several variables; a
few of them are allied to the laser apparatus like peak laser
power, efficiency, emerging beam diameter and wave length.
Further are associated to the sending optics like focused beam
diameter, fiber diameter. [K.Abdel Ghany et al]. The left over
are allied to the operation such as the cutting speed, nozzle tip
diameter, face-off distance, type and pressure of assistant gas.
Input parameters that influencing product quality and
productivity i.e. the applicability of this technology are: laser
type, laser operating mode power/energy and power density of
the laser beam, the distribution of power density - TEM mode &
the quality of the laser beam, the character of the polarization
beam, cutting speed, assist gas for cutting, the type and thickness
of the material, surface condition of the work piece, length and
focus position, type and standoff, etc. Output parameters that
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depend on input and on the basis of which justifies the
application of this technology are: cutting surface roughness,
Burr height, the effect of laser power, cutting speed and oxygen
assist gas pressure on the cut quality in laser cutting of refractory
materials analyzed in [K.F.Tamrin et al]. Mathematical models
are describe the dependence of input i.e. more independent
variables (cutting speed, focus position, standoff, types and
assist gas pressure, laser power, etc.) and output parameters, i.e.
dependent variable (Burr height and Surface roughness.).
Mathematical models are defined by multiple linear regression
analysis. So with defined mathematical models, optimal process
parameters of laser cutting of related austenitic stainless steel are
achieved with regard to fulfillment of certain objectives
(maximum material saving, higher product quality, etc.). The
effect in differences of pressure and nozzle distance on burr
height and roughness is shown in lesser oxygen gas pressure has
a positive impact on both responses, whereas more focal
distance on burr height. Logically the larger nozzle reduces the
gas flow to the cut zone, thermodynamic stability is important to
avoid turbulence in the melt zone which results in pattern
formations. The effect of changing cutting speed on both
responses is also plotted in Higher cutting speeds within the
tested level range improve burr height and roughness, mainly as
it minimizes side burning. At low speeds, burning effects
disrupts flow of molten material, causing irregular solidifications
of the melt at the bottom kerf as shown in fig.3.
Design of Experiments
Response surface methodology

Response surface method (RSM) is an assembly of
statistical and mathematical methods that are suitable for the
modelling and optimization of the industrial problems. In this
method, the main goal is to optimize the output response that are
influencing by various input parameters.[M.M.Noor.et.al] RSM
also computes the relationship between the manageable
parameters and the achieved response. In modelling of the
manufacturing processes using RSM, the appropriate data is
collected through designed investigation. In general, a second
order regression model is developed because of first order
models often give lack-off fit [Montgomery.etal] the
optimization of experiments using RSM to understand the effect
of important Parameters.
Experimental setup
CO, Laser

The most widely used lasers for sheet cutting are continuous
wave (CW), CO, and pulsed Nd.YAG [Schreck et. al]. High
quality cutting surface is obtained by proper selection of
parameters and application of appropriate assisted gases. As the
laser cutting of steel, using N, gets brighter and smoother surface
finish. The experimental setup of CO, laser as shown in Fig.2.
For research purpose, the Laser light was developed by gaseous
state CO, laser (fig.1) with larger power up to 3200W, frequency
10000 Hz, maximum gas pressure 8.0 bar, maximum cutting
speed 5000 mmi/sec and prepared with stand-off distance
regulating by servo motor and sensory devices. The
specifications of laser source as shown in Table No.1.
Work piece material

1.9mm thickness austenitic stainless steel was used. The
percentage of chemicals mixed in the austenitic stainless steel as
shown in table.2 Austenitic stainless steel sheet was cut using
shear machine to square shape with measurements of
200mmx200mm and kept in a dry box to avoid the formation of
rust by clean cloth to remove dust before start cutting process
[Hud Wahab.et al].
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Fig 3. Austenitic Stainless steel material
Front side

Fig 4. Austenitic Stainless steel material
Back side

Design of Experiment

The need of process development is to increasing the
performance of the process related to customer expectations. The
purpose of DOE should be to understand how to deduct and
controlling the variations of a process; however thinks must be
made concerning which variables affecting the performance of a
process. The process parameters according to the experimental
conditions as mentioned in Table. No.3 and the experimental
inputs responses of the parameters are mentioned in the Table
No.4.
Measuring Equipment

Surface roughness was measured using Talysurf (Mitutoyo)
[fig.5] and Burr height was measured using Micrometer
(Mitutoyo). The controlled parameters have been the burr height
and surface roughness. Surface roughness of the square grooves
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ware measured in terms of the aggregate roughness Ra, using a
Talysurf instrument. Roughness was measured along the length
of cut at approximately medium of thickness. The size of burr
height was measured using a 2 to 25 mm micrometer.

Fig 5. Talysurf equipment

Effects of output responces
Laser power influencing on surface roughness

The influence of laser power on the surface roughness as
shown in fig.6.The effect of laser power on the surface
roughness of cut reduces as thicker sheet is considered to be cut.
The surface roughness values are investigated on the different
laser power conditions. A very fast increment in surface
roughness is occurred at low, medium and high values of the
laser power conditions. The power and surface roughness are
directly proportional to each other.
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Fig 6. The Relationship between Laser power and surface
Roughness

Cutting speed influencing on surface roughness

The influence of cutting speed on the surface roughness as
shown in fig.7.The most favorable cutting parameters for a
group of related steel is possible on the basis of presented
indicators. The higher cutting speeds give maximum surface
roughness. The good surface finish is to be obtained at optimal
cutting speeds in this investigation.
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Fig 7. The Relationship between cuttings speed and surface
roughness
Gas pressure influencing on surface roughness
The influence of gas pressure on the surface roughness as
shown in fig.8.The gas pressure is most significant parameter
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affecting the surface roughness variation. For obtaining the

minimal roughness the gas pressure should be kept at low level.
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Fig 8. The relationship between Gas pressure and surface
Roughness
Focal Distance influencing on surface roughness
The influence of Focal distance on surface roughness as
shown in fig.9.The surface roughness value increases if both
laser power and focal distance increases. The focal distance has

the most significant effect on the surface roughness.
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Fig 9. The relationship between Focal Distance and surface
roughness

Laser power influencing on Burr height

The influence of Laser power on the burr height as shown in
fig.10.During cutting, the laser power develops a Very high
temperature in the form of light wave. The laser power is
directly proportional to the burr height because more power
causes more metal removal. This large amount of metal removal
gives an irregular solidification of the bottom surface. These

burr height also varies with respect to power fluctuations.
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Fig 10. The relationship between Power and burr height
Cutting speed influencing on the Burr height
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Table 1. Overview of characteristics data of The Laser source

Wave length (£) | 808 — 1055 nm
Power 3.2 KW

Gas 0, N,

Gas Pressure 12 bar

Cutting Speed 5000 mm/sec
Frequency 10 KH,
Nozzle Diameter | 1 —2.5mm
Kerf 0.1-0.5mm

Table 2. Chemical composition (wt%6) of austenitic steel

Cr Ni Mn | Si Cu Mo Co
18.39 | 8.72 | 1.11 | 0.566 | 0.355 | 0.170 | 0.14
Table 3. Experimental Conditions

. Levels
Factors Units x) 0 1
Power KW 1.6 1.8 2.0
Cutting Speed | mm/sec | 4000 | 4250 | 4500
Gas Pressure Bar 2.0 2.5 3.0
Focal Distance Mm 04 | 055 | 0.7

Table. 4 Experimental design and measured Responses

R.No | Input Variables Output Variables
Cutting Speed | Gas Pressure | Focal Distance | Surface Roughness

Power | [mm/sec] [bar] [mm] [um] Burr Height

[KW] [um]
1 1.6 4000 2.0 0.4 6.695 18.05
2 1.6 4000 25 0.55 4.536 15.88
3 1.6 4000 3.0 0.7 7.952 13.52
4 1.6 4250 2.0 0.55 3.166 14.24
5 1.6 4250 2.5 0.7 3.925 17.25
6 1.6 4250 3.0 0.4 4.372 19.30
7 1.6 4500 2.0 0.7 3.048 12.28
8 1.6 4500 25 0.4 3.704 1341
9 1.6 4500 3.0 0.55 3.106 20.71
10 1.8 4000 2.0 0.55 5.875 16.87
11 1.8 4000 2.5 0.7 6.987 16.87
12 1.8 4000 3.0 0.4 7.806 19.94
13 1.8 4250 2.0 0.7 4.002 18.14
14 1.8 4250 25 0.4 4.183 21.00
15 1.8 4250 3.0 0.55 4.850 13.61
16 1.8 4500 2.0 0.4 2.839 17.47
17 1.8 4500 25 0.55 3.020 19.24
18 1.8 4500 3.0 0.7 3.564 16.68
19 2.0 4000 2.0 0.7 8.886 18.48
20 2.0 4000 25 0.4 4.635 18.78
21 2.0 4000 3.0 0.55 6.995 20.71
22 2.0 4250 2.0 0.4 6.208 16.48
23 2.0 4250 25 0.55 7.175 18.51
24 2.0 4250 3.0 0.7 4.501 22.01
25 2.0 4500 2.0 0.55 2.882 13.97
26 2.0 4500 25 0.7 5.852 15.10
27 2.0 4500 3.0 0.4 6.964 17.77
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The influence of cutting speed on the Burr height as shown in
fig.11.The curve slope is greater at the lower cutting speed
because of at high speed there is no sufficient time to diffusion
and melting grooves. The larger cutting speeds with in the tested
range increase the burr height.
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Fig 11. The relationship between Cutting speed and burr
Height

Gas pressure influencing on Burr height

The influence of gas pressure on the Burr height as shown in
fig.12.The burr height can be explain by increase in some
automatic force induce by gas pressure. Although growing the
pressure of oxygen gas assures very smooth and burr less
surface. The optimal gas pressure even with some unnoticeable
burrs is attached to lower surface. Increasing the gas pressure
gives an increasing the burr height.
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Fig 12. The relationship between Gas Pressure and Burr
Height

Focal Distance influencing on Burr height

Influence of the focal distance on burr height as shown in
fig.13. The steady values, positive relations effect on burr height
with increase in focal distance. Focal distance has the dominant
effect on the burr height improvement. For obtaining the optimal
burr height while using the maximum focal distance.
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Fig 13. The relationship between Focal distance and Burr
Height
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Conclusions

Some certain points which can be taken about research can
only be applied for the above mentioned material within the
limits of the factors investigated:
1)Near ambient oxygen gas pressure is important to avoid
burning effects, allowing melt to flow downward with low
viscosity. For laser inert-gas cutting, high nitrogen gas pressure
is needed to forcefully eject molten material.
2)Higher cutting speeds generally give positive results in
maintaining thermodynamic stability and avoid excessive
overheating.
3)The nozzle standoff distance is favorably large for laser
oxygen cutting as to control gas flow to the melt zone
4)RSM models reveal that power requirement is the most
significant design variable in determining surface roughness
response as compared to other parameters. A designer can
subsequently select the best combination of design variables for
achieving optimum surface roughness
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