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Abstract:

Fiber laser welding process has successfully used for joining similar as well as dissimilar
metals. Welding with fiber laser is still a very young technology. Fiber laser for materials
processing have undergone a rapid development in the past several years. In this study, the
laser welding process on mild steel (IS 2062 Grade A) sheets of 1 mm using fiber laser have
been experimentally investigated and the experimental results have been used to prepare the
prediction model. A statistical design of experiment (DOE) method full factorial design with
help of Design expert 8.0.7 software have been used for designing the experimental work.
The selected laser welding input parameters (laser power, travelling speed and focal
position) have been used for the three output parameters (ultimate tensile strength, depth of
penetration and weld bead width) and the relation between these parameters have been
analyzed. The effect of each parameter has been studied. Analysis of Variance (ANOVA) has
been used for finding the contribution of each factor on the output parameters. The main
effects plots and the interaction effect plots have been plotted in order to understand the
actual effect of input on the output. The responses have been predicted by Artificial Neural
Network (ANN) using MATLAB.
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1. Introduction

The word “laser” is an acronym for light amplification by stimulated emission of radiation. It was
first proposed by Schawlow and Townes. Laser Beam Welding (LBW) is a modern welding
process used to join multiple pieces of similar and dissimilar metal through the use of a laser
beam. Due to its wide variety of application an experimental investigation and prediction of
the process is of utmost important. In this paper influence of various input parameters on the
varieties of output parameters related to laser welding process has been investigated. The
variation between experimental and ANN results has been presented. The validation results
show an error of 2 % to 4 % which are acceptable results for the industrial solutions.
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2. Literature Review

Alexandra P. Costaa, Lui'sa Quintinoa, and Martin Greitmannb (2003) have worked on
laser beam welding hard metals to steel. They have examined Laser beam weldability of hard
metals to steel with high power (cw) CO,; laser, (cw) Nd: YAG laser and (pw) Nd: YAG
laser. They have deduced that the laser beam welding process has the overall advantage of
producing small beads and HAZ and minimizing residual stresses. Continuous Nd: YAG
laser was found to present the best results.

A Ribolla, G.L. Damoulis and G.F. Batalh (2005) have investigated the use of Nd: YAG
laser weld for large scale volume assembly of automotive body in white. They have
suggested some advantages in laser welding as a variety of benefits over other types of
welding. Deep penetration of precise narrow welds, small heat affected zone, low heat input,
fast weld times, minimum part distortion, no secondary processing and high repeatability can
be mentioned as great advantages.

K. R. Balasubramanian, G. Buvanashekaran and K. Sankaranarayanasamy (2006) have
worked on Mathematical and ANN Modeling of Nd: YAG laser welding of thin SS Sheets.
The effect of laser power (0.6-1.4 kW), welding speed (0.8-2 m/min) and shielding gas flow
rate (5 -15 1/min) on the weld-bead geometry i.e. depth of penetration (DOP), weld bead
width (BW) was investigated. The experiment was designed on three levels Box-Behnken
design with replication. Modeling was done using artificial neural network and multiple
regression analysis. Comparison of neural network model and multiple linear regression
model was made.

Jose” Roberto Berrettaa and Wagner de Rossib (2007) have investigated the pulsed Nd:
YAG laser welding of AISI 304 to AISI 420 stainless steels. They have studied the influence
of the laser beam position, with respect to the joint, on weld characteristics. The joints were
examined in an optical microscope for cracks, pores and to determine the weld geometry. The
microstructure of the weld and the heat affected zones were observed in a scanning electron
microscope. Vickers microhardness testing and tensile testing were carried out to determine
the mechanical properties of the weld.

M.s.w glowski, K. kwieciski, K. krasnowski and R. jachym (2009) have studied the
characteristics of Nd: YAG laser welded joints of dual phase steel. They have presented the
examination results of microstructure, mechanical properties, fatigue strength and residual
stresses of Nd: YAG laser welded joints in dual phase HDTS580X steel. They have concluded
that the laser welding parameters were appropriate to obtain sound welds. They have
indicated that it was possible to achieve good quality welds by the application of proper
welding parameters.

G. Padmanaban and V.Balasubramanian (2010) has worked on an optimization of laser
beam welding process parameters to attain maximum tensile strength in AZ31B magnesium
alloy. An empirical relationship was developed to predict tensile strength of the laser beam
welded AZ31B magnesium alloy by incorporating process parameters such as laser power,
welding speed and focal position. The experiments were conducted based on a three factor,
three level, central composite face centered design matrix with full replications technique.
The empirical relationship can be used to predict the tensile strength of laser beam welded
AZ31B magnesium alloy joints at 95% confidence level. The results indicate that the welding
speed has the greatest influence on tensile strength, followed by laser power and focal
position.
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A. Ruggiero, L.Tricarico, A.G.Olabi and K.Y.Benyounis (2011) have investigated weld-
bead profile and costs optimization of the CO, dissimilar laser welding process of low carbon
steel and austenitic steel AISI316. The effect of laser power(1.1-1.43kW), welding
speed(25— 75 cm/min) and focal point position(- 0.8 to - 0.2 mm) on the weld-bead geometry
(i.e. weld-bead area, A; upper width, Wu; lower width, W1 and middle width, Wm) and on
the operating cost C was investigated using response surface methodology (RSM). The
results indicate that the proposed models predict the responses adequately within the limits of
welding parameters being used. They have used regression equations to find optimum
welding conditions for the desired geometric criteria. They have concluded that the welding
speed is the parameter that most significantly influences the main weld bead dimensions.

P. Sathiya, K.Panneerselvam and R.Soundararajan (2012) have worked on optimal
design for laser beam butt welding process parameter using artificial neural networks and
genetic algorithm for super austenitic stainless steel. In that study, the weld bead geometry
such as depth of penetration (DP), bead width (BW) and tensile strength (TS) of the laser
welded butt joints made of AISI 904L super austenitic stainless steel were investigated. They
have developed Artificial Neural networks (ANN) program in Matlab software to establish
the relationships between the laser welding input parameters like beam power, travel speed
and focal position and the three responses DP, BW and TS in three different shielding
gases(Argon, Helium and Nitrogen).

Yang dongxia and Lixiaoyan (2012) has worked on Optimization of weld bead geometry in
laser welding with filler wire process using Taguchi’s approach. In their work, laser welding
with filler wire was successfully applied to joining a new-type Al-Mg alloy. Welding
parameters of laser power, welding speed and wire feed rate were carefully selected with the
objective of producing a weld joint with the minimum weld bead width and the fusion zone
area.

3. Design of Experiment, experiment work and measurement

Design of Experiments refers to the process of planning, designing and analyzing the
experiment so that valid and objective conclusions can be drawn effectively and efficiently.
In order to draw statistically sound conclusions from the experiment, it is necessary to
integrate simple and powerful statistical methods into the experimental design methodology.
In this work input parameters considered for laser welding are as laser power, travelling
speed and focal position. Output parameters are ultimate tensile strength measured by
universal testing machine, depth of penetration and bead width with use of optical
microscope. Other parameters are considered as constant parameters. The material selected
for the experiment work is mild steel IS 2062 grade A which is widely used in industrial
practice. The joint type selected for the experiment work is square butt joint.

For this experiment 3 input factors are selected with their three levels. Design of experiment
is carried out using full factorial design. In this design of experiment, all three factors and their
unique factor level combinations (3 P * 3 FP * 3 TS)results in a total 27 observations.

For Design of experiment Design expert 8.0.3 is used. The experiment work is carried out on
laser welding machine at Sahjanand laser technology limited as per the DOE table. The
workpiece welded before & after the welding is shown in figure 1 and figure 2 respectively. After
the experiment work the output response UTS was measured using universal tensile testing
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machine and weld bead geometry was measured using optical microscope. The result obtained
after the experiment work are shown in the result table 1.

Figure 1 Workpiece before welding Figure 2 Workpiece after welding

Table 1 Result table

Input Parameters Output Parameters
Laser | Travelling | Focal Ultim.ate Depth Weld
Exp e tensile of .
power speed position . bead width
No. (KW) | (mm/min) | (mm) strength | penetration (mm)
(Mpa) (mm)
1 1.5 1000 0 389 0.979 1.015
2 1.5 1500 0 394 0.982 1.013
3 1.5 2000 0 402 0.985 1.011
4 1.5 1000 -0.35 396 0.981 1.013
5 1.5 1500 -0.35 400 0.983 1.011
6 1.5 2000 -0.35 405 0.987 1.005
7 1.5 1000 -0.7 412 0.991 1.019
8 1.5 1500 -0.7 416 0.994 1.015
9 1.5 2000 -0.7 419 0.997 1.009
10 1.75 1000 0 408 0.988 1.021
11 1.75 1500 0 412 0.992 1.016
12 1.75 2000 0 418 0.994 1.014
13 1.75 1000 -0.35 410 0.995 1.021
14 1.75 1500 -0.35 413 0.998 1.018
15 1.75 2000 -0.35 419 1 1.015
16 1.75 1000 -0.7 421 1.01 1.019
17 1.75 1500 -0.7 424 1.013 1.014
18 1.75 2000 -0.7 427 1.015 1.011
19 2 1000 0 417 0.99 1.021
20 2 1500 0 421 1.001 1.018
21 2 2000 0 425 1.008 1.016
22 2 1000 -0.35 419 1.01 1.021
23 2 1500 -0.35 421 1.013 1.018
24 2 2000 -0.35 423 1.016 1.014
25 2 1000 -0.7 425 1.019 1.021
26 2 1500 -0.7 426 1.021 1.018
27 2 2000 -0.7 427 1.023 1.016

From the table 1, it is identified that the minimum ultimate tensile strength value 389 Mpa is
obtained at the value of 1.5 KW power, 1000 mm/min travelling speed and 0 mm focal
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position. The maximum ultimate tensile strength value 427 Mpa is obtained at two positions.
One at the value of 1.75 KW power, 2000 mm/min travelling speed and -0.7 mm focal
position and other is at the value of 2 KW power, 2000 mm/min travelling speed and -0.7 mm
focal position. It is also identified that the minimum depth of penetration value 0.979 mm is
obtained at the value 1.5 KW power, 1000 mm/min travelling speed and 0 mm focal position.
The maximum depth of penetration value 1.023 mm is obtained at the value 2 KW power,
2000 mm/min travelling speed and -0.7 mm focal position. From the table 1, it is also
identified that the minimum weld bead width value 1.005 mm is obtained at the value 1.5
KW power, 2000 mm/min travelling speed and -0.35 mm focal position. The maximum weld
bead width value 1.021 mm is obtained at four positions. One at the value 1.75 KW power,
1000 mm/min travelling speed and O mm focal position, the second is at the value 1.75 KW
power, 1000 mm/min travelling speed and -0.35 mm focal position, the third is at the value 2
KW power, 1000 mm/min travelling speed and 0 mm focal position and the last is at the
value 2 KW power, 1000 mm/min travelling speed and -0.35 mm focal position.

4. Results and Discussion

Minitab 15 and Design expert 8.0.7 is used for graphical representation of the analysis results
obtained by experimental work. Main effects plot for ultimate tensile strength, depth of
penetration and bead width are presented in figure 3, figure 4 and figure 5 respectively.

Main Effects Plot for Ultimate Tensile strength Main Effects Plot for Depth of penetration
Data Means Data Means
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Figure 3 Main effects plot for UTS Figure 4 Main effects plot for DOP
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Figure 5 Main effects plot for bead width
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Table 2 shows the percentage contribution of each input factor on the output parameter after
ANOVA.

Table 2 Percentage contribution of each input parameter on the output parameter

OUTPUT
INPUT Ultimate tensile pgﬁgz‘g t(i)gn Weld bead
strength (Mpa) (mm) width (mm)
Laser power
(KW) 57.25 58.43 37.07
Travelling
speed (mm/min) 8.65 4.54 46.08
Focal position 26.08 3296 1.7
(mm) . . .
Error 8.01 4.83 15.77

For preparing the prediction model Matlab 2011a was used. The neural network toolbox
gives a better way for using ANN to prepare the prediction model. The Comparisons of ANN
model with experimental values of ultimate tensile strength, depth of penetration and weld
bead width is shown in table 3.

Table 3 Comparisons of ANN model with experimental values of ultimate tensile
strength, depth of penetration and weld bead width

Inputs Outputs
Ex
: ANN ANN ANN
LP TS FP UTS UTS % Error DOP DOP % Error BW BW % Error
1 1.5 1000 0 389 389 0.01661 0979 | 0977 | 021438 1.015 1021 | _0.61068
2 1.5 1500 0 394 391 085335 0.982 | 0.983 0.07088 1.013 1.015 019416
3 1.5 2000 0 402 398 0.99438 0.985 | 0.994 091371 1.011 1.013 023438

4 1.5 1000 -0.35 396 392 1.02545 0.981 0979 | 0.15812 1.013 1.013 | _0.03317

5|15 | 1500 | 035 [ 400 | 397 | 05 0983 | 1002 [ eoiig| vOUL fr020| oinc,

6 1.5 2000 -0.35 405 399 1.38094 0.987 | 0.979 0.81054 1.005 1.002 0.283224

7 1.5 1000 -0.7 412 405 1.73718 0.991 0.981 0.98357 1.019 1.005 | 1.421786

8 1.5 1500 -0.7 416 410 1.44231 0.994 | 1.013 1.92076 1.015 | 1.020 048252

9 1.5 2000 -0.7 419 416 078134 0.997 | 1.019 291011 1.009 | 1.008 0.090228

10 175] 1000 | o | 408 | 407 | 12480 | 0988 | 0979 | 0gsan1 | 1021 | 1.020 | o 128501

11 | 1.75 ] 1500 0 412 409 065175 0.992 | 1.001 0.86645 1.016 | 1.021 04526

12 | 1.75 | 2000 0 418 415 075392 0.994 | 1.010 1.57465 1.014 | 1.025 -1.04363

13 [1.75] 1000 |-035| 410 | 409 | 34737 | 0995 | 0979 | ;57797 | 1.021 | 1.015 | ¢ 544878

Online International, Reviewed & Indexed Monthly Journal

RET Academy for International Journals of Multidisciplinary Research (RAIJMR)




Mr. Dhavalkumar K. Soni et al. / International Journal of Research in Modern Engineering Vol. 1, Issue: 5, MAY: 2013

and Emerging Technology (IJRMEET) ISSN: 2320-6586

14 | 175 | 1500 | 035 [ 413 | 409 | ogsi67 | 0998 | 0993 | (53503 | 1-018 | 1018 | 00138

15 | 1.75 ] 2000 | -0.35 419 413 1.35594 1 1.007 072544 1.015 | 1.022 -0.68682

16 | 175 1000 | 07 | 421 | 418 | os1306 | 101 | 0999 | | oar7a | 1019 | 1.004 | | 504377

17 [ 175 1500 | 07 | 424 | 418 | [36g73 | 1013 | 1.003 | | 00700 | 1:014 | 1.008 | 0612229

18 | 1.75 ] 2000 -0.7 427 431 -1.05012 1.015 | 1.022 0.69695 1.011 1.011 -0.03292

19 2 [ 1000 | o | 417 [ 421 | gesg7 | 099 | 0989 | o 1204a | 1021 | 1016 | ¢ 456895

20| 2 | 1500 | o 421 | 427 | _jagira | 1001 | 1001 | goooa | 1:018 | 1.013 | 474008

2L 2 (2000 0 ) 45 ] 46 g3yq69 | 1008 TOI0 T g gg7p | 1OT6 ) LO20T 6 4036

22| 2 | 1000 | -035] 419 | 420 | gogise | 101 | 0980 | 506388 | 1021 | 1021 | 0357

23| 2 | 1500 | 035 | 421 | 424 | soo03 | 1013 | 1003 | o010z | 1.018 | 1013 | 0533081

24 2 2000 | -0.35 423 427 -0.98156 1.016 | 1.025 0.88083 1.014 | 1.013 0.122919

25| 2 | 1000 | 07 | 425 | 419 | ;35000 | 1019 ]| 0978 | 3097007 | 1021 | 1.010 | | 037258

26 | 2 | 1500 | 07 | 426 | 422 | gor1s0 | 1021 | 1011 | gg70a3 | 1.018 | 1.005 | 23000

27 2 2000 -0.7 427 434 163012 1.023 1.042 1.82237 1.016 1.014 022126
Tot.al error 9931 Tot.al error 2480 Tot.all error 359
in % in % in %

Here, for the purpose of validation of ANN model, all these 27 input parameters are
given to the prediction model and the comparison is carried out as presented in table 3. The
comparison shows that the 9.931 % variation in results of Ultimate tensile strength, 2.48 %
in depth of penetration and 3.59 % in weld bead width.

5. Conclusion

In the presented work, experiments are carried out for ultimate tensile strength, depth of
penetration and weld bead width with variables as laser power, focal position and travelling
speed. There are 27 experimental readings taken for all variables to conduct the parametric
study as per the full factorial design.

The ANOVA analysis also conducted to know the percentage contribution of the input
parameters on output parameters. The parametric study indicate that the percentage
contribution of laser power is of 57.25 %, travelling speed of 8.65 % and focal position of
26.08 % for ultimate tensile strength, which shows that the influence of travelling speed on
ultimate tensile strength is less compare to other parameters. The percentage contribution of
laser power is of 58.43 %, travelling speed of 4.54 % and focal position of 32.26 % for
depth of penetration, which shows that travelling speed, has very less influence compare to
other parameters. The focal position is identified to be significant factor with laser power for
the depth of penetration. The percentage contribution of laser power is of 37.07 %, travelling
speed of 46.08 % and focal position of 1.7 % for bead width, which shows that travelling
speed, has highest influence on bead width compare to other parameters.

Based on the experimental results, the ANN model is trained for prediction of laser
welding process parameters. For the validation purpose all the 27 experimental readings are
validated through the application of developed ANN model. The comparison shows that the
9.91 % variation in results of ultimate tensile strength, 2.48 % in depth of penetration and
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3.59 % in weld bead width. So the developed ANN model gives accurate results and can be
used to predict the output parameters such as ultimate tensile strength, depth of penetration
and weld bead width for given input parameters such as laser power, travelling speed, and
focal position. Based on industry practice, the variation in results is very less and acceptable.
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