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Abstract— Laser cutting has its own advantages over other 

non-convectional machining processes. There are so many 

factors which affect the laser cutting in statistic manner. 

This parameter can be control individually for better 

performance. In present work a new combination of factor is 

investigated and optimize for better surface roughness Kerf 

width, material removal rate and drag. The selected 

combination of factor is Gas pressure, cutting speed and 

stand of distance. I found that there are very few researches 

done on SS 410 so we have done research on this material. 
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I. INTRODUCTION 

Laser is a coherent and amplified beam of electromagnetic 

radiation. The key element in making a practical laser is the 

light amplification achieved by stimulated emission due to the 

incident photons of high energy. A laser comprises three 

principal components, namely, a gain medium, a device for 

exciting the gain medium (amplifying state), and optical 

delivery /feedback system. For example, in CO2 laser, a gain 

or laser medium CO2, an optical resonator or cavity with two 

mirror (one is fully reflective and another partial reflective) 

and, an energizing or pumping source that supplies energy to 

the gain medium to activate CO2 into amplifying state. 

Additional provisions of cooling the mirrors, guiding the beam 

and manipulating the target are also important. The laser 

medium may be a solid (e.g. Nd:YAG or neodymium doped 

yttrium– aluminium– garnet), liquid (dye) or gas (e.g. CO2, 

He, Ne). 

Laser light differs from ordinary light because it has 

the photons of same frequency, wavelength and phase. Thus, 

unlike ordinary light laser beams are highly directional, have 

high power density and better focusing characteristics. These 

unique characteristics of laser beam are useful in processing of 

materials. Among different type of lasers, Nd:YAG and CO2 

are most widely used for LBM application. CO2 lasers have 

wavelength of 10.6 m in infrared region. It has high average 

beam power, better efficiency and good beam quality. It is 

suitable for fine cutting of sheet metal at high speed. 

II. LITERATURE REVIEW 

Stournaras A. et al.
(1) 

,use taguchi approach to solve the low 

coupling of the laser radiation with high reflectivity material 

as aluminium alloys (AA5083 with 2 mm thickness sheet), 

is processed  in pulsed mode (8,9 and 10 Hz). They 

determine the contribution of each individual parameter to 

cutting quality and use regression analysis to develop an 

empirical model. They found laser power and cutting speed 

play significant role on the cutting quality, the pulsing 

frequency and the assist gas pressure also important for the 

surface roughness. 

Riveiro A. et al
.(2)

 have studied processing 

parameters and optimal conditions for CO2 laser cutting of 

an aluminium–copper alloy (2024-T3) (3 mm thickness 

sheet) have been determined under CW and pulsed mode, 

which opens a new sort of material to be cut by existing 

CO2 laser cutting. They proper take care of beam back- 

reflection. With the help of full factorial design (FFD) 

approach they screen out effectively the key variable 

significantly affecting on the response variables and 

investigated the interdependence of processing parameters 

on them. Experiment conducted by varying the pulse 

frequency, laser power and gas pressure, remaining 

parameters ware kept constant. Best result obtained under 

high laser power, high frequency and moderate duty cycle. 

When processing in pulsing mode two clear processing 

regimes were detected depending on the pulse frequency; 

processing at low frequencies (f<100 Hz) induces an intense 

recoil pressure on the molten material. Nevertheless, 

removal induced by the assist gas predominates using high 

frequencies (f >100 Hz).The high relevance of the assist gas 

on the cut quality was pointed out. They also pointed out 

that to prevent instabilities and damage caused by back- 

reflections, there was necessary to use a beam mirror with 

any kind of multilayer coating that absorbs the back-

reflected laser beam and under optimized processing 

conditions sound cuts can be made in 2024-T3 Al alloy. 

Lamikiz  et al.
(3)

  have discussed  on CO2 laser 

cutting for high strength steels(AHSS) and parameters that 

most influence the cutting of sheet metal have been studied. 

The results have, demonstrate very different behaviors 

between the thinnest and thickest sheets, whilst the variation 

of the cutting parameters due to the influence of the material 

is less relevant. They found that good quality cuts at a large 

range of speeds (ranging from 2000 to 7000 mm/ min) have 

been obtained for the 0.7 and 0.8 mm sheets. Furthermore, a 

200 W power is enough to cut these sheets with a cutting 

speed up to 4000 mm/min. In all the experiments, both in 

the case of the thin and the thick sheets, the optimum focal 

position has been established near the under surface of the 

sheet. In the experiments where the laser beam has been 

focused on the surface of the sheet and even above the sheet, 

the results show poor quality in cutting areas. In their study 

they found that high strength steel cutting is perfectly viable, 

and most considerations valid for mild steel can be applied 

to achieve optimum cutting conditions. 

Eltawahni  et al.
[4] 

had studied the, CO2 laser 

cutting of stainless steel of medical grade AISI316L (3mm 

thickness). Design of experiment (DOE) was implemented b 

y applying Box–Behnken  design to develop  the experiment  

layout and mathematical models were developed to 

determine the relationship between the process parameters 

and the edge quality features. They tried to found the cutting 

edge quality parameters namely:  upper kerf, lower kerf, the 
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ratio between them, cut section roughness  and operating 

cost to the process parameters such as laser power (1, 1.25 

and 1.5 kW), pressure (10,12.5 and 15 bar),cutting speed 

(1,2 and 3 m/min), nozzle diameter (1,1.5 and 2 mm) and 

stand of distance (-4,-3 and -2 mm). Then, an overall 

optimization routine was applied  to find  out the optimal 

cutting setting that would enhance the quality or minimize 

the operating cost. The ratio increases as the laser power, 

nitrogen pressure and nozzle diameter increase, and it 

decreases as the cutting speed and focal position increases. 

The roughness value increases as the cutting speed increases 

and it decreases  as the other  parameters  increases.  

However,  the nozzle  diameter  has no significant  effect on 

the roughness.  The optimal  cutting  setting  for AISI316L  

was laser power of 1.49 kW, cutting speed between 1538 

and 1661 mm/min, a focal point position of 2.02 mm, 

nitrogen pressure of around 11.4 bar and nozzle diameter of 

1.5 mm  if  the  quality  is  important.  The  cut  section  

roughness  is  on  average  65.8% smoother if this setting 

was applied. The economical optimal settings are laser 

power of 1.02 kW, cutting speed from 1900 to 2968 

mm/min, a focal point position ranged from -3.92 mm to -

2.85 mm, nitrogen pressure ranged between 10.4 and 12.9 

bar and a nozzle diameter of 1 mm. A reduction of about 

71% in the cutting operating cost could be achieved, if the 

economical setting is considered. 

Wang J
.(5)

 presented analysis and optimization of 

CO2 laser cutting process for metallic coated sheet steels, 

GALVABOND. The study reveals that visual examination 

indicates that when increasing the cutting rate to as high as 

5000 mm/min, kerfs of better quality could be achieved. 

Experimental setup used, material thickness (0.55, 0.8, 

1.0mm)  assist gas (O2), pressure (200,500,800 KPa), laser 

power (400, 500, 600, 700 W), cutting speed (2, 2.5,3 and 

3.5 m/min). Some kerf characteristics such as the width, 

heat affected zone and dross in terms of the process 

parameters ware also discussed. It had shown that the 

energy efficiency ranges from as low as 5% to about 24% 

under the test conditions. High cutting speed and low laser 

power are favoured from the energy efficiency point of view 

and this condition also gives small size of HAZ. 

Rajaram et al.,
(6) 

 studied the effect of laser power 

and feed rate on kerf width, surface roughness, striation 

frequency and the size of heat affected zone (HAZ) on 

1.27 mm, 4130 steel using 2kW laser machine. They vary 

power from 0.7-1.3 kW and feed rate 29.6-55 mm/s and 

other parameter ware kept constant. They found at low 

power and high cutting speed continuous  through cut not 

done, whereas at 900 to 1300 W continuous cut obtained. 

Result shows decrease in kerf width occurs with an increase  

in  feed  rate  for  powers  from  900  to  1300  W.  As  

power  and  feed  rate increases kerf width also increases 

same behavior is also found in surface roughness. Striation 

frequency is less dependent  on laser power but it increases 

as the cutting speed up to critical level (approx. 46mm/s) 

and then decrease. HAZ mostly effected by laser power and 

increases with it and as speed increases the layer of HAZ 

decrease because less time for high power interaction. 

Regression model for laser power and feed rate on the 

quality characteristic ware developed. 

Pratik et al.,
(7)

 had cut mild steel (3 mm) using CO2 

laser by varying power (1.0 – 1.4 kW), feed rate (2400-3600 

mm/min), and stand of distance (SOD, 1.0-1.5 mm) using 

full factorial design. They measure upper and lower kerf 

width taper angle, surface roughness and performed 

ANOVA. Results suggest that as feed rate increase upper 

and lower kerf width decrease, while it increases with laser 

power. The effect of SOD on upper  kerf  is  not  significant,  

while  for  lower  kerf  width  it decreases  as SOD 

increases. Surface roughness decreases with increases in 

feed rate. It also decreases with increase in laser power 

intensity. 

Milos  et al.,(8) presented,Taguchi method for 

optimization of surface roughness in CO2 laser cutting of 

mild steel (2 mm ,S355JG3 (EN)) using cutting speed (3-7 

m/min), laser power (0.7-1.5 kW) and oxygen as assist gas 

pressure (3-7 bar) were considered in the experiment using 

Taguchi’s L25 orthogonal array. They found cutting speed 

and assist gas pressure are the most significant parameters 

affecting the surface roughness variation, whereas the 

influence of the laser power is much smaller. It was 

observed that the cutting speed should be kept at the highest 

level (7 m/min), assist gas pressure at the lowest level (3 

bar), while laser power should be kept at an intermediate 

level (0.9 kW) for obtaining minimal surface roughness. 

Eltawahni  et al, (9) studied cutting edge quality 

parameters and to find out the optimal cutting conditions for 

ultra-high performance polyethylene (UHPP). They applied 

DoE by implementing Box-Behnken design and ANOVA 

analysis, validated their result with mathematical model. 

The effects of process parameters (laser power (800-1450 

kW), cutting speed (700-1750 mm/min), focal point position 

(-1 to -7 mm)), on each response were determine. Some 

major findings are: 

(1) The upper kerf decreases as the focal position and 

the cutting speed increase, and it increases as the 

laser power increases. The lower kerf increases as 

the laser power and focal position increase, and it 

decreases as the cutting speed increases. The ratio 

decreases as the focal position and laser power 

increase, and it increases as the cutting speed 

increases. The focal position has the main effect on 

the ratio. 

(2) The roughness decreases as the focal point 

increases from its lowest level till its central level 

and then it increases as the focal starts to increase 

above its central level. The roughness decreases as 

the laser power increases and it increases as the 

cutting speed increases. 

(3) Higher cutting speed does not always improve the 

efficiency of the laser cutting process. 

Caiazzo et al.,
(10)

 studied the application of CO2 

laser cutting of polymeric materials, polyethylene (PE), 

polypropylene (PP) and polycarbonate (PC) in order to 

provide potential future industrial users of this technology. 

They studied with optimum power levels and cutting 

velocities as well of the quality of the surfaces. In their 

experiments they tested different thicknesses ranging from 2 

to 10 mm and process parameters examined were: laser 

power, range of cutting speed, type of focusing lens, 

pressure and flow of the covering gas, thickness of the 

samples. Furthermore, the values of kerf widths on top 

(Lsup) and bottom (Linf) thicknesses, the melted transverse 

area, the melted volume per unit time and surface roughness 
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values (Ra) on cut edges were measured.  They have 

reported that, for all the three plastic, the high cutting speeds 

are not always synonyms with good process efficiency, the 

laser cutting workability under investigation is as follow: PC 

high, PP high/medium and PE lower. focusing lens, pressure 

and flow of the covering gas, thickness of the samples. 

Furthermore, the values of kerf widths on top (Lsup) and 

bottom (Linf) thicknesses, the melted transverse area, the 

melted volume per unit time and surface roughness values 

(Ra) on cut edges were measured.  They have reported that, 

for all the three plastic, the high cutting speeds are not 

always synonyms with good process efficiency, the laser 

cutting workability under investigation is as follow: PC 

high, PP high/medium and PE lower. 

Davim  et al.,
(11)

 presented some surface quality 

aspects of CO2 laser cutting of several polymeric/composite 

materials and evaluate the quality of the cut. The dimension 

of the burr and the HAZ was studied by shop microscopy, 

with 30x magnification and 1 m resolution. They found that, 

the HAZ increases with the laser power and decrease with 

the cutting velocity. Also, they found that the surface 

roughness increases with a decrease in laser power and an 

increase in cutting speed. The thermosets plastics (epoxy 

resin + GF and phenolic resin + algodon) present the cutted 

surface deteriorated burnout and high dimension of HAZ, 

consequently poor workability. The PC presents the 

dimension of burr between 0.06 and0.15 mm and a HAZ 

between 0.10 and 0.20 mm. The PMMA present the 

dimension of HAZ between 0.06 and 0.13 mm without burr. 

Laser cutting workability follow: PMMA very high, PC 

high, PP high/medium and thermosets plastics reinforced 

lower. 

Yilbas  et al.,
[12]

 had studied the effect of laser 

melting of thick mild steel sheets of 12mm. Laser cutting of 

thick metal plate, result in poor end product quality due to 

excessive thermal erosion from the kerf sites. The cutting 

parameters considered include laser output power, cutting 

speed, and oxygen assisting gas pressure and modeling of 

laser thermal efficacy and specific energy required was 

evaluated. According to his investigation, thermal efficacy 

increases with reducing laser power which is noticeable with 

high cutting velocities. It should be noted that at constant 

power by increasing cutting speed enhancing thermal 

efficacy, the cutting process may not be completed due to 

inefficient laser power for complete cutting. As per their 

study laser power and cutting speed significantly affect and 

combine effect of both influences the percentage of kerf size 

variation significantly. Increase in gas pressure improves the 

exothermal reaction process and excess pressure result in 

more striation mark and wider kerf width. Reducing gas 

pressure and cutting speed produce premature  dross 

formation on the cut surface,  in which case molten metal 

flow is observed at the cut surface. 

Araujo  et  al.,
(13)   

studied  machining  of  Al  2024  

because  critical  operation parameters in aeronautic industry 

like processing time, versatility, contamination and finish 

can be improved. The main disadvantage of laser machining 

is the high temperatures  reached  by the studied  material  

during  the laser  processing.  In their experiment an orbital 

8 mm diameter hole drilled using 2 kW continuous CO2  

laser with high N2  gas pressure. To study the crack 

formation fatigue tests were performed and  stopped  just  

when  the  crack  propagation  began.  Tests  were  carried  

out on  a Suzpecar MUF-20  fatigue tester coupled to 

Suzpecar software (Version F-105) for data acquisition. The 

HAZ of the samples are studied in cross-section, in the case 

of broken  samples,   and   in  plan  view,   for  non-broken   

samples,   both  by  optical microscopy (OM)  and scanning 

electron microscopy (SEM).  A heat affected  zone (HAZ) 

extension lower than 5 mm was observed. The 

microstructural analysis shows that this HAZ suffers a 

heating between 548 and 596oC where Į- liquid phases was 

present.  Optical  and  SEM  studies of CO2   laser  

machined  Al2024  sheets  allow  to understand the 

mechanisms generating the HAZ. Due to the large Į-liquid 

region at 4% Cu of the Al–Cu phase diagram and to the low 

material first partially melts before evaporation/sublimation 

of the liquid-Į material. Indeed, the absorption phases 

change from 1 to 8% during the phase  transition  promoting  

and immediate  evaporation/sublimation  of the partially 

melted material. 

Riveiro et al.,
(14) 

have discussed on CO2 laser 

cutting of an Aluminium–copper alloy by means of a non-

conventional cutting head. Argon, oxygen, nitrogen and 

compressed air were studied as assist gases. Surface 

characterization was accomplished by means of X-Ray 

diffraction (XRD) and X-Ray photoelectron spectroscopy 

(XPS) analyses of cut edges, showing the formation of 

oxides and nitrides. Argon was revealed as the more 

efficient assist gas to obtain best quality results and they 

discussed on results that Oxygen, nitrogen and compressed 

air react to a greater or lesser extent with the molten material 

generating a large amount of oxides and/or nitrides. This 

produces cuts with an uneven profile, a large amount of 

clinging dross, and micro structural modifications. Reduced 

cut quality nullifies resulting pieces to work in mechanically 

exigent applications either static or dynamic. Argon was 

found as the more efficient assist gas to obtain best quality 

of cutting. The results of different gas cutting are shown in 

figure Dubey  et al., 
[15]

 have discussed on laser beam 

cutting (LBC) process, the cut quality for of laser cut kerf 

mainly depends on appropriate selection of process 

parameters. Uniform kerf with minimum kerf width is 

demand of today’s. It has been found that the kerf width 

during LBC is not uniform along the length of cut and the 

unevenness is more in case of pulsed mode of LBC. Till 

date, no experimental study has been done for kerf 

unevenness or kerf deviation along the length of cut. In their 

paper, two kerf qualities such as kerf deviation and kerf 

width have been optimized simultaneously using Taguchi 

method. They have got results for the optimum levels of 

process parameters for minimum kerf deviation and kerf 

width for cutting Aluminium alloy sheet of 0.9 mm 

thickness is: gas pressure at 8.0 kg/cm2, pulse width at 1.2 

ms, pulse frequency at 28 Hz, and cutting speed at 17.5 

mm/min. They also found assist gas pressure and pulse 

frequency significantly affect the kerf quality in the 

operating range of process parameters. 

From the above literature survey we find that there 

are many researches done on optimization techniques for 

process parameter for surface roughness and kerf. But I 

found that there are very few researches done on SS 410 so 

we want to do research on this material. We like to use 
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D.O.E as RSM for analysis. Here effect on MRR, SR, KERF 

and DRAG is investigated. 

III. DESIGN OF EXPERIMENTS 

A. Central Composite Designs 

There are two design available in Response Surface 

Methodology. They are listed below. I have select Central 

Composite Designs as a DOE. 

The response surface design list contains two types of 

central composite designs: uniform precision and orthogonal. 

These properties of central composite designs relate to the 

number of center points in the design and to the axial values: 

 Uniform precision means that the number of center 

points is chosen so that the prediction variance near 

the center of the design space is very flat.  

 For orthogonal designs, the number of center points 

is chosen so that the second order parameter 

estimates are minimally correlated with the other 

parameter estimates.  

(1) Gas Pressure  : Kg/cm
2
 

(2) Cutting Speed  : mm/min 

(3) Stand of Distance  : mm 

(4) Power   : kW 

 Level 1 Level 2 Level 3 

Gas Pressure 14 15 16 

Cutting Speed 900 1200 1500 

Stand of Distance 1 2 3 

Power 1600 1800 2000 

Table 1&2: Levels of factors 

Sr 

No 
Gas Cutting SOD LP 

1 16 1200 2 1800 

2 16 1200 2 1800 

3 14 1200 2 1800 

4 16 1500 2 1800 

5 16 1500 1 1600 

6 14 1500 1 2000 

7 15 1200 2 1800 

8 15 1200 3 1800 

9 15 1200 2 1800 

10 15 900 2 1800 

11 16 1500 3 2000 

12 16 900 3 1600 

13 16 1500 3 1600 

14 14 900 3 1600 

15 16 900 1 2000 

16 14 900 1 1600 

17 16 900 3 2000 

18 14 1500 1 1600 

19 15 1200 2 1800 

20 15 1200 2 1800 

21 14 900 1 2000 

22 16 1200 2 1800 

23 15 1200 2 2000 

24 14 900 3 2000 

25 15 1200 2 1600 

26 15 1200 1 1800 

27 16 900 1 1600 

28 16 1500 1 2000 

29 15 1200 2 1800 

30 14 1500 3 2000 

31 14 1500 3 1600 

Table 2: DOE Table 

B. Workpiece Material 

According to literature survey, the material selected for 

present work. The selected material is AISI 410 steel which 

is also famous as a stainless steel. Also famous as a SS410. 

It contain 11.8 % Chromium and 0.18 % Carbon. So it can 

categorise as a high alloy steel. The Chemical Composition 

of material is given in table 3.1 as under. 

Constitute element % contribution 

Carbon (C) 0.18 

Manganese (Mn) 0.52 

Silicon (Si) 0.31 

Molybdenum (Mo) 0.067 

Chromium (Cr) 11.80 

Aluminium (Al) 0.013 

Nickel (Ni) 0.002 

Table 3: Chemical Composition of AISI A2 Tool Steel 

C. Experiment Work 

The experimental work is carried out on Laser Machine 

(MODEL Bs 3015). First the raw material is purchased as a 

plate having size 2000*240*5 mm. It is first cut in to 35 

pieces having size of 55*240*5 mm. As per the DOE, total 

31 experiments is carried out. 
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Fig. 1: Laser Machine 

 
Fig. 2: Cut Piece on Laser 

Sr 

No 
MRR SR KERF DRAG 

1 6.191 2.63 0.59 0.32 

2 6.301 2.67 0.59 0.34 

3 5.734 4.32 0.57 0.33 

4 7.943 2.04 0.54 0.43 

5 5.593 1.25 0.59 0.42 

6 4.852 2.99 0.55 0.42 

7 8.001 2.59 0.59 0.32 

8 9.701 2.79 0.58 0.30 

9 6.231 2.45 0.59 0.32 

10 4.260 2.93 0.64 0.32 

11 9.820 1.76 0.56 0.45 

12 7.351 1.76 0.64 0.29 

13 8.193 1.60 0.59 0.42 

14 6.983 3.58 0.62 0.33 

15 7.378 1.71 0.61 0.28 

16 3.383 3.48 0.62 0.32 

17 7.978 1.81 0.61 0.34 

18 5.305 3.38 0.57 0.45 

19 6.201 2.64 0.59 0.31 

20 6.101 2.50 0.59 0.34 

21 6.010 3.53 0.59 0.25 

22 6.550 1.28 0.61 0.35 

23 5.728 2.75 0.56 0.32 

24 6.610 3.63 0.58 0.29 

25 6.475 2.54 0.62 0.31 

26 6.501 3.00 0.60 0.27 

27 3.751 1.66 0.70 0.25 

28 7.220 1.61 0.56 0.47 

29 6.101 2.50 0.59 0.32 

30 8.452 3.53 0.55 0.44 

31 7.025 2.78 0.57 0.46 

Table 3: Measurements 

 
Fig. 2: Measurement on Tool Maker Microscope 

IV. ANALYSIS 

The following graph developed by RSM in MINITAB 

software. 
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VI. CONCLUSION 

Laser has wide application in different field of Science, 

Engineering and Medical. In mechanical engineering Laser 

machining is one of the best alternative absence as non-

convectional machining process. The experimental work is 

successfully conducted and then the necessary measurement 

is taken. The result is analyzed and optimized to examine 

the effect of input parameter on response 

The material removal rate is increase with increase 

of Gas Pressure, Cutting speed, SOD and laser Power. 

The surface roughness is decreasing with increase of gas 

pressure and cutting speed. But it is increasing with 

increasing of SOD and laser power. 

The kerf is increasing with increasing the value of 

Gas Pressure, SOD and laser Power. But it is decreasing 

with increasing cutting speed. 

The drag is increasing with increasing with cutting 

speed. But it is first decreasing than increasing with 

increasing the value of Gas Pressure, SOD and laser Power. 

The optimum value of material removal rate 9.91 

mm3/min at a parameter setting as Gas pressure = 16, 

Cutting speed = 1385, SOD = 3 and LP = 1911. The 

experimental conformation result show material removal 

rate 9.8 mm3/min. 

The optimum value of surface roughness 1.42 Ra at 

a parameter setting as Gas pressure = 16, Cutting speed = 

1500, SOD = 1 and LP = 1600. The experimental 

conformation result show surface roughness 1.45 Ra. 

The optimum value of KERF 0.54 at a parameter setting as 

Gas pressure = 14, Cutting speed = 1500, SOD = 2.7 and LP 

= 1834. The experimental conformation result show KERF 

0.55 mm. 

The optimum value of DRAG 0.24 mm at a 

parameter setting as Gas pressure = 14, Cutting speed = 985, 

SOD = 1 and LP = 2000. The experimental conformation 

result show DRAG 0.25 mm. 
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