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Abstract Hot Rolled micro alloy steels (SS 4012A) find wide application in automotive sector. They
are high quality steels having a blend of all the alluring properties that are not feasitdaaryor

mild steel. These steels posses high yield strength, high notch toughness, good fatigue properties,
excellent weld ability and better formability. SS 4012A material finds application in construction of
ships, railway wagons and carriages, pressassels, pipes, heavy duty transport vehicles, earth
moving equipment and capacity tanks. The present study reports the applicatiorcohtaan type
(thermal energy based) continuous wave (CW) &®er cutting process on Hot Rolled micro alloy
steels (S 4012A). The process parameters in laser cutting influence the kerf width and surface
roughness. These quality characteristics were observed for the various combinations of cutting
parameters like cutting speed, beam power, assist gas pressure, fotablehgtandoff distance.
Experi ments wer e dezsortlppgoratiarray sind a lgybri@l apgroachhof Response
surface technology. A significant improvement in the kerf width and surface roughness was observed
with the optimal setting of paranegs.

KeywordsLaser cutting, SS 4012A, Ke r brorthogdnallarray Su r |
Response surface method

l. INTRODUCTION

Laser beam machining (LBM) is one of the most widely used thermal energy baseohiect type
advanced machingnprocess which can be used to machine wide range of mafeta@hrasan Ret

al. in 2015stated that in laser machining, the intense beam of laser melts the material thereafter it
burns followed by vaporization of material, this vaporized material is fineily blown away by
pressurized stream of gas thereby getting an edge with high cut qualitpjiZy@ly AK, Yadava Mn

2008 found that it is very much suitable for cutting geometrically complex profile and for making
miniature holes in sheet metal [1Row-a-days, for avoiding delays in cost and time industries are
strict with respect to the quality of cut/machined surface. Laser cutting is commonly used machining
process for cutting various grades of steel mainly because of its cutting speed aminmacist

while cutting sheet metals. There are two modes in laser cutting pulsed and continuous mode out of
which continuous mode laser cutting is a renowned process in industries for cutting majority of
materials such as metals, wood, magnetic shdefgpn foam, paper, rubber, ceramics and various
composites. Recent advancements also suggest use of laser femaetriaing of components [4].
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Lasers are broadly classified by the type of lasing material they use sisdiicestate crystal,
semicondudr, dye, ionized gas, molecular gas, fiber laser. Out of theséa€€¥s are widely used in
industries as they produce high power at low cost. Due to these characteristidas€Ois
extensively used to cut flat steel sheets, and the present woracseattby the inspiration to discover
optimum input process parameters for Marathwada Auto Cluster, Aurangabad to cut E34 steel sheet.
A. Riveiro et al. in 2011 investigated laser cutting on aluminum alloys and found for obtaining good
surface finish argogas is best for aluminum copper alloys, nitrogen for stainless steel and oxygen for
carbon steel [1]AhmetHaseal é k and Mustafa Ay in 2013 check:
Inconel 718 nickel based super alloy and found that cutting spieetl @fi surface roughness and kerf
tapper ratio higher than laser power [Btintilla LD et al. in 208 stated that titanium alloys require

high laser power for cutting with good surface finish [Bi$was Ret al. in 2010 stated that choosing
appropriate laser cutting machine and process parameters play key role in obtaining required quality
characterists [10]. A comparative study was done on Nd:YAG laser cutting of steel and stainless
steel by K.H. Lo suggest that laser cut quality of continuous wave is better than sine and square wave
[16]. Arun Kumar Pandey and Avinash Kumar Dubey in 2011 developd#d $\model for kerf width

and material removal rate and the same model was trained by using different experimental training
data sets [9]. Suvradip Mullick et. al in 2016 investigated effect of laser incidence angle on cut quality
of stainless steel andund that positive inclination yields better absorption qualities and bring down
transmission loss and negative inclination applies uniform shearing type of force on the melt pool
[31]. Anders Ivarsona in 2015 stated that silicon content does not affestigeitquality, increased
manganese content reduces cut edge quality and increased carbon content improves cut edge qualit
although manganese content is high, after studying influence of alloying elements on laser cutting
process [8]Aghdeab SHet al. in2015 experimented laser cutting on aluminum alloy using regression
modeling and simulated technique. This combined model gave best set of process parameters [5].
Yang CBet al. in 2012 was successful in creating a neural network which was effectiveiatipged
process responses. [3%anthanakumar Mt al. in 2016 stated that response surface method is most
effective to predict process output precisely [25]. Accordingivarao S et al. in 2014sually, before

using RSM design of experiment is produagsing central composite design [29]. Furth&rl;
Sulaiman et alin 2009 proposed that found that assist gas pressure is significant process parameter
that affects quality of laser cut. [7]. Yan et al. in 2013 used I@€&r cutting on alumina obtaining
striation and crack free cut surfaces [32].
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Figure 1: Laser cutting mechanics

Form the extensive literature survey it was seen that study on quality characteristics for SS 4012A
material was not conducted and hence it was needed to find the optimum toatugsSS 4012A

sheet material. The motivation of the research is that a continuous wave medas@Obeam
machine is used in Marathwada Auto Cluster, Aurangabad and SS 4012A steel sheet was newly
introduced to the machine. The initial setting of paransetreated large kerf width and poor surface

www.ijaera.org ©2018, IJAERA- All Rights Reserved 126


http://www.ijaera.org/

International Journal of Advanced Engineering Research and Applications=RI) ISSN: 2454€377

Volumei 4, Issug 7, Novembeii 2018

finish. A good surface finish and geometric dimension is essential if the component is to be further
assembled with tolerance. Thus, the present research work explores the quality characteristics of hot
rolled micro alloy steel (SS 4012A) by utilizing Research surface methodology model in continuous
mode CQ Laser cutting.

Il. COMPOSITION OF MATERIAL

Hot Rolled micro alloy steels (SS 4012A) are high quality steels having a blend of all the alluring
properties thaare not feasible in ordinary mild steel. These steels posses high yield strength, high
notch toughness, good fatigue properties, excellent weld ability and better formability. The table 1
below gives chemical properties. Due to these properties the rhagebaing widely used as a
substitute for normal mild steel.

Table 1 Chemical composition of SS 4012A steel

C Mn Si S P Al Nb Vv Ti

0.1 0.7 0.2 0.03 0.03 0.02 0.055 0.095 0.045

II. EXPERIMENTATION

The machine employed to carry out experimentation was DOMIRQ@I000. This is highly versatile

laser machine: a single system can be used for flat parts 2D and 3D components processing and for
bevel cutting and welding. It is a truea&is machine that cuts three dimensional pieces with any head
orientation. Maximm laser power generated is 4000 W. The beam for current experimentation was
focused to a spot using nozzle diameter of 1.5 mm; the direction of laser beam was kept at right angles
to the workpiece for all the trials. A button hole cut of 10 mm length wadenm each specimen to
measure the kerf width. Since the laser beam machine worked in continuous wave mode, a square
piece of 20 mm x 20 mm x 2.5 mm starting with a button hole cut was made. Fig 2 shows some
sample profile pieces cut during experimentatio

Figure 2: Profile cut for few Experiments

The process parameters considered for the current study were cutting speed, beam power, assist ga
pressure, focal length and stawmifl distance. Preparatory cutting trials were made to identify the range

of selected parameters for minimum kerf width and dross formation along with reasonable surface
finish. The selected parameters were Vatried
Orthogonal array was used to conduct the cutting trials, which offedethged scope to study the
interaction among parameters at minimum cost.
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Table 2 Levels of laser cutting parameters chosen for experimentation

Cutting Parameters Unit Low level Medium level High level
Cutting speed mm/min 1500 1750 2000
Beam Power w 1100 1300 1500

Assist gas Pressure bar 0.5 1 0.5
Focal length mm 0.5 1 0.5

Standoff mm 0.5 1 0.5

The cutting trials were executed on SS 4012A sheet as per the designed profile cut. The measured
output responses included the kerf width and surface rasgh A vision measuring machine
MITUTOYO (OSL 2010) furnished with 2D measurement software was used to measure the kerf.
Surface Roughness was measured using MITUTOYO Surfte$t Sportable roughness tester and
measurements were taken over the cut time®n the opposite side of button hole for aaffitength

of 12 mm at the half of shedhicknessesj.e. 1.25 mm from upper surface. The observed
characteristics are in table 3.

Table 3 Response for various combinations of input parameters

Trial Cutting speed Beam power prS:SSure I';g;‘;! Stand off  Kerf width rosuugrfhi%ess
NO- (mm/min) (W) (o) (mm) (mm) - 0tmm)
1 1500 1100 0.5 0.5 0.5 4.210701 2.459
2 1500 1100 0.5 0.5 1 1.074268 3.535
3 1500 1100 0.5 0.5 1.5 5.671338 3.276
4 1500 1300 1 1 0.5 5.322803 3.792
5 1500 1300 1 1 1 2.143949 4.594
6 1500 1300 1 1 15 5.821529 6.12
7 1500 1500 15 15 0.5 8.751338 15.484
8 1500 1500 15 15 1 4.885987 11.499
9 1500 1500 15 15 15 5.61172 4.58
10 1750 1100 1 15 0.5 9.007516 3.33%
11 1750 1100 1 15 1 4.827516 5.855
12 1750 1100 1 15 15 4.634904 5.096
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13 1750 1300 15 0.5 0.5 4.513376 5.77

14 1750 1300 15 0.5 1 1.902038 7.198
15 1750 1300 15 0.5 15 2.89172 4.191
16 1750 1500 0.5 1 0.5 9.23707 4.623
17 1750 1500 0.5 1 1 4.133885 3.31

18 1750 1500 0.5 1 15 4.962803 5.001
19 2000 1100 15 1 0.5 4.249682 5.429
20 2000 1100 15 1 1 6.348917 4.307
21 2000 1100 15 1 15 4.622293 3.711
22 2000 1300 0.5 15 0.5 4.108408 2.622
23 2000 1300 0.5 15 1 1.416306 4.464
24 2000 1300 0.5 15 15 5.342293 5.735
25 2000 1500 1 0.5 0.5 12.16484 4212
26 2000 1500 1 0.5 1 8.564713 2811
27 2000 1500 1 0.5 15 12.96166 3.198

IV. RESPONSESURFACEMETHOD (RSM)

Response surface methodology explores the relation between various vatiablascollection of
various mathematical and statistical techniques which is further used to build empirical models. The
RSM model is used to optimize output parameters that are controlled by various input parameters. If
applied properly RSM model camaximize production rate. The advantages of this method over
other methods include reduced cost of and their associated numerical noise. RSM grants the
investigation of parameters impacts using 3D plots which are by and large impractical with different
techniques. Further, the study and investigation of output response (quality characteristics) curvature
effects are possible with RSM, which has prompted its application in the present research work.

Table 4:Analysis of variance for kerf width

Degreeof Adj. Sum of Adj. Mean
Source F value p Value
freedom squares Square
Model 14 192.137 13.7241 4.99 0.004
Linear 5 60.998 12.1995 4.44 0.016
Cutting speed 1 14.734 14.7343 5.36 0.039
Beam power 1 39.388 39.3884 14.32 0.003
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Gas pressure 1 0.728 0.7280 0.26 0.616

Focal length 1 1.601 1.6013 0.58 0.460

Stand off 1 4.546 4.5456 1.65 0.223

Square 5 124.043 24.8085 9.02 0.001

Cutting speed*Cutting speed 1 2.262 2.2616 0.82 0.382

Beam power*Beam power 1 44.456 44.4563 16.17 0.002

Gas pressure*Gas pressure 1 40.846 40.8460 14.85 0.002

Focal length*Focal length 1 1.452 1.4520 0.53 0.481

Standoff*Stand off 1 35.027 35.0269 12.74 0.004

2-Way Interaction 4 7.097 1.7743 0.65 0.641

Cutting speed*Stand off 1 1.070 1.0702 0.39 0.544

Beam power*Stand off 1 1.386 1.3856 0.50 0.491

Gas pressure*Stand off 1 0.658 0.6575 0.24 0.634

Focal length*Stand off 1 3.984 3.9838 1.45 0.252
A. Regression Equation for kerf width

Kerf width = 131.2- 0.0332Cuttingspeed 0.1661Beampower +22.21Gaspressure 2.23Focallength
16.9 Standoff +0.000010Cuttingspeed*Cuttingspeed +.000068Beampower*Beampower
10.44Gaspressure*Gagpressure .97 Focallength*Focallength +9.66 Standoff*Standoff+
0.00239Cuting speed*Standoff 0.00340Beampower*Standoff 0.94 Gaspressure*Standff
- 2.30Focallength*Standoff Q)

Table5: Model Summary for kerf width

S R-sq R-sq (adj) R-sq (paired)

1.65826 87.34% 68.24% 19.59%

Table 6:Analysis of variance for surface roughness
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Source Degree of Adj. Sum of Adj. Mean F p
freedom squares Square value Value
Model 14 167.197 11.9426 4.84 0.005
Linear 5 107.466 21.4932 8.72  0.001
Cutting speed 1 19.740 19.7401 8.01 0.015
Beam power 1 17.614 17.6141 7.14  0.020
Gas pressure 1 40.662 40.6622 16.49 0.002
Focal length 1 26.935 26.9354 10.92 0.006
Stand off 1 4.546 4.5456 1.65 0.223
Square 5 11.245 2.2491 0.91 0.505
Cutting speed*Cutting 1 0.155 0.1549 0.06  0.806

speed
Beam power*Beam powe 1 0.149 0.1492 0.06 0.810
Gas pressure*Gas presst 1 6.869 6.8694 2.79 0.121
Focal length*Focal lengtt 1 3.308 3.3078 1.34 0.269
Stand off*Stand off 1 0.764 0.7640 0.31 0.588
2-Way Interaction 4 48.486 12.1215 4.92 0.014
Cutting speed*Stand off 1 552 5.5216 2.24 0.160
Beam power*Stand off 1 12.630 12.6301 5.12 0.043
Gas pressure*Stand off 1 28.827 28.8269 11.69 0.005
Focal length*Stand off 1 1.507 1.5073 0.61 0.449
B. Regression Equation for surface roughness

Surface roughness9.0- 0.0186Cutting speed #.0050Beampower +0.65Gaspressure 2.08Focallength
+ 13.6 Standoff+0.000003Cutting speed*Cuttingspeed #4.28 Gaspressure*Gas
pressure.97Focallength*Focallength - 1.43 Standoff*Standoff + 0.00543 Cultting
speed* Standoff 0.01026beampower*standoft 6.20gaspressure*standoff 1.42

Focal length*standoff (2)
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Table7 Model Summary for surface roughness

S R-sq R-sq (adj) R-sq(pred)

1.57033 92.96% 67.42 0.00%
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Figure3: Residual Plot for kerf width

Residual Plots for SURFACE ROUGHNESS
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Figure4: Residual Plot for surface roughses
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Figure5: Optimization plot

V. RESULTS AND DISCUSSION

Before RSM Lutilizes statistical method to analyze laser cutting process parameters and form
polynomial equations of second order. The mathematical model which was created using RSM in
Minitab 17 softwae counts the individual and consolidated impacts of laser cutting process
parameters on both kerf width and Surface roughriessg u c v orthogondl arrayas used for
experimentation. The quadratic models are presented after eliminating the irsmriéons Eq.

land 2). The significant terms for kerf width include cutting speed, beam power, Beam power*Beam
power, Gas pressure*Gas pressure and Standoff*Standoff whose probability were found to be less
than 0.05 (Table 4) and Cutting speed, Beam pov@ais pressure, Focal length, Beam
power*Standoff, Gas pressure*Stand off for surface roughness (Table 6)-ddweafed values were

found to be 87.34% (Table 5) and 92.96 % (Table 7) their closeness to 100% describes the model
fitness. The fitness of experental data of the developed model for Kerf width was exhibited by the
realistic agreement between the predictesigRared (19.59%) and adjustees@uared value (68.24

%) observed from Table 5. A similar observation was made for model related to Soufgiceess as

well.

. STUDY OF RESEDUAL PLOTS
A. Normal probability plot

This chart plots the residuals versus their expected values when the distribution is normal. The
residuals from the investigation ought to be normally distributed. By and by, for adjustbdost

adjusted designs or for information with an extensive number of perceptions, moderate deviations
from normality donét genuinely influence the

For kerf widthand surface roughness, the residuals generally appear to follow the straight line
Therefore, the given design is well balanced and no evidence of non normality, skewness, outliers, or
unidentified variables exists. Fig. 3 and 4 reveals that the residuals generally fall on a straight line,
implying that the errors are normally distribd. This implies that the models proposed for kerf
width and surface roughness are adequate, and there is no reason to suspect any violation of the
independence or constant variance assumption.
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Surface Plot of KERF WIDTH vs BEAM POWER, CUTTING SPEED Surface Plot of KERF WIDTH vs CUTTING SPEED, ASSIST GAS PRESSURE
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Figure 6: Response surface plotyr fkerf width and surface roughness
B. Residual versus fits

The graph in fig. 3 and fig. 4 shows residuals esxis and fitted values onaxis. For both Kerf

width and surface roughness the residuals bounce randomly abling 8howing that the
assumptios that the relationship is linear are reasonable. The residuals roughly form a horizontal
band along 9ine suggesting that the variances of the error terms are equal.

C. Residual versus frequency

This graph shows weather variance is normally distributedhelkshapedhistogram is distributed
around zero indicating the assumptions are likely to be true.

D. Residual versus order plot

This graph plots the residuals in the order of the corresponding observations. This graph is thus used
when the output may affetthe results, which can happen when information is gathered in a period
succession or in some other grouping for example geographic zone. This plot can be especially useful
in an experimentation in which runs are planned.

The residuals in the plot ought tictuate in an irregular fashion across the line. Paying close
attention to the plot shows whether there is any correlation between error terms. Connections among
residuals might be shown by:

x An upward or downward pattern in the residuals

x Rapid changesiindications of adjacent residuals
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