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Abstract: 

In laser welding, for join ing of work pieces  made of either metals  or nonmetals, similar or dissimilar, the process parameters have 

a very important role. The objective o f this research is to investigate and update the effect of laser welding process parameters and 

output responses on various materials using different variety of optimizat ion techniques, such as weld quality, weld-depth, weld-

width, weld pool area and weld bead geometry at joints welded by laser welding process using either Nd-Yag laser or CO2 laser. 

Also, the optimization laser weld ing parameters are to be investigated with the help of classical proven statistical techniques . The 

effect of laser power and weld  speed on the output responses such as weld-depth, weld-width, weld pool area, are to be 

investigated. Several approaches have been proposed in the literature to optimize these parameters hence it is felt that a review of 

the various approaches developed would help to compare their main features and their relative advantages and limitations to a llow 

choose the most suitable approach for a particular application.  
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I. INTRODUCTION 

Welding is one of the most significant manufacturing 

processes in the area of jo ining two similar or d issimilar 

materials. Laser welding is defined as a “Special Process” as 

per ISO 9000:2008 in order to obtained a welded jo int with 

desired attributes of s ize, shape, and surface finish. In high 

speed welding operations such as laser welding, dimensional 

accuracy, weld depth, weld width and porosity or blow holes 

are three factors that manufacturers must be able to control 

among various process variables. Blow Holes or Porosity are 

primarily dependent on the cleanliness of the surfaces to be 

welded and the presence of impurit ies such as oil, grease, 

moisture, dust etc. Weld depth is the most crucial parameter of 

the quality of a work-p iece with reference to load/torque 

transmission. Key controllable process parameters in laser 

weld ing are Weld ing speed and Laser Power.  

 

The Parameters of interest are the ‘weld depth’ and ‘weld 

width’. In laser weld ing the quality of the weld is assessed by 

the narrowness of the Depth of Weld Penetration and the Weld 

Width. The Weld Depth (D) & Weld Width (W) are functions 

of laser power and weld ing speed. 

 

D =  f ( P, S ) ………………………………………..(1)  

W  = f ( P, S ) ………………………………………..(2)  

 

Where “P” is Laser Power in (Watts or Kw) and “S” is 

Welding Speed in (m/min  or mm/min) 

 

The main goal of the present work is to investigate in to 

optimization and updating of laser welding process through 

the study existing research efforts, in order to develop a model 

that can help accurate assessment and prediction of selected 

laser welding parameters i.e. laser power and welding speed to 

achieve required weld depth of weld width.  
 

Laser weld ing industry in this regard has derived substantial 

benefit from the innovations in the field of physics. One such 

device which has changed the perception of welding tool is a 

laser. Over the years new category of lasers with compact size 

and higher energy delivering ability has been developed. The 

relative ease with which they can be integrated into automated 

manufacturing process has increased their application. Carbon-

dioxide (CO2) laser which is a molecular laser generates 

energy in the far infrared region of electromagnetic spectrum. 

The energy is localized to a very narrow region which is of the 

order of a fract ion of a millimeter usually < 200 microns. The 

energy deposition process from a pulsed/continuous wave 

laser beam into the near-surface regions of a solid involves 

electronic excitation and de-excitation within an ext remely  

short period of time. The laser–matter interaction within the 

near-surface region achieves extreme heating and cooling rates 

of 103–1010 K/s. The total deposited energy which is of the 

order of 0.1–10 J/cm2 is insufficient to affect the temperature 

of the bulk material. This allows the near-surface region to be 

processed under ext reme conditions with little effect on the 

bulk properties. The deposited energy of laser irrad iation is 

converted into heat on a time scale shorter than the pulse 

duration or laser interaction time. The resulting temperature 

profile depends on the deposited energy profile and thermal 

diffusion rate during laser irradiat ion. Depending on the 

temperature profile, the irradiated material may undergo only 

heating, melting or vaporizat ion. The increasing demand of 

laser in material processing can be attributed to several unique 

advantages of laser namely, high productivity, ease of 

automation, non-contact processing, elimination of finishing 

operation, reduced processing cost, improved product quality, 

greater material utilization and min imum heat affected zone 

(HAZ). The major advantage of laser welding over other non-

traditional and traditional techniques is speed, amenabil ity to a 

wide variety of materials narrow weld width. Several physical 

models of laser material interaction have been developed. 
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Some are material dependent and some have parameters which 

are difficult to measure.  

 

The laser material interaction is yet to be fully understood. The 

soft computing which has made rapid progress during last 

decade can be used in non linear process modeling. This 

technique is basically driven by the experimental database and 

it is extremely useful fo r online optimizat ion of process 

parameters. The knowledge derived from soft computing can 

be easily backward integrated into machine to improve the 

quality of the process. This work is focused on the study of 

“weld depth” and “weld width” with the variation of laser 

power, and welding speed in laser welding.  

 

The real physical processes in laser machining are very 

complex. Modeling of the Process can be divided according to 

the area of interests, some are focused on the target material, 

some are on gas dynamics and some are on the plasma 

phenomena. The governing equations are usually Energy 

equation and momentum equations. Most of the models have 

parameters which are very difficu lt to measure. Such models, 

though explains a domain of laser machining are found 

wanting when it comes to finding the optimal process 

parameters. Laser welding is widely used in aerospace, 

armament and defense, sheet metal laser industry, automobile 

and shipping industry. The current research work is focused on 

developing a mathematical model using DOE, ANOVA and 

Response Surface Method based on the information derived 

through the experimental work.  

 

The objective of this work is to develop a scientific, systematic 

and reliable methodology based purely on experimental 

knowledge to arrive at optimal welding conditions to achieve 

specified process performance goals.  

 

Main thrust of the research work is on the effect of Laser 

Power and weld ing speed on the weld depth and weld width.  

II. VARIOUS  TECHNIQUES  FOR OPTIMIZATION 

OF LAS ER WELDING PROCESS  PARAMETERS  

Different author have used different combination of process 

parameters. They have analyzed the experimental data by 

plotting Interaction graphs, Residual plots for accuracy and 

Response curves. Some other methods used by different author 

for analysis are Taguchi method, Regression analysis , 

Response Surface Methodology, Genetic A lgorithm, Fuzzy  

clustering, Artificial Neural Network etc. After going through 

the literature the major optimizat ion techniques and tools 

utilized by the researchers are as follows:  

Other Optimizat ion technique 

Response Surface Method, Regression analysis, Genetic 

Algorithm, Fuzzy Logic Approach, Ant optimizat ion, Taguchi 

Method, ANOVA method, Artificial Neural Network. 

III. ISS UES RELATED TO OPTIMIZATION OF 

LAS ER WELDING PROCESS  PARAMETERS  

 The various optimization parameters are: 

Input Process Parameter  

Laser Power, Welding Speed, Focal Point, Shielding Gas, 

Work piece material(s), plate thickness. 

 

Performance Parameter  

Weld-depth, Weld-width, Weld pool area, Material p roperties, 

Microstructure, Tensile Strength, Impact strength, Material 

removal rate, residual stress, heat effected zone, weld quality, 

weld pool geometry, welding strength, Dimensional Accuracy, 

surface finish.  

Work piece Material  

 Stainless steel, Copper, Brass, Aluminum alloy, Low carbon 

steel, Alloy steel, Titanium alloy. Inconel, Magnesium alloys, 

Binary Metals, Austenitic Stainless steel.  

IV. EXIS TING RES EARCH EFFORTS 

 

Hugger.et.al. (2014) [1] studied the chemical, physical, 

mechanical properties of weld ing process of brass with 37m% 

Zinc (CuZn37). Since copper has a solidification temperature 

of 1,087°C and zinc vaporizes at a temperature of 907°C, a 

strong evaporation takes place and an elongation of the 

keyhole can be observed. Depending upon welding velocity, 

the ratio of keyhole length to width is between one and six. 

Furthermore it is observed that a defect free weld seam is 

formed. Since the melt pool does not leak also for h igh ratios 

of keyhole length to width, the conventional keyhole model  

with a dynamic flow around the laser beam has to be adapted 

to a model in which the melt flow at the side of the capillary is 

stabilized also outside of the interaction zone of the laser beam 

with the melt due to strong evaporation at the flank of the 

keyhole.  

 

Bhujbal.et.al. (2013) [2] had applied the approach of Taguchi 

method and Fuzzy Logic technique to study the depths of 

penetration, ultimate tensile strength , study of chemical, 

physical and mechanical properties of  dissimilar metals, 

Stainless Steel 304L and Inconel 625 to meet  to meet 

industrial demand for low cost, light weight and excellent 

weld strength. In this work, Laser welding of two dissimilar 

metals namely Inconel and stainless steel plates has been 

carried out to attain optimum tens ile strength of the weld joint. 

The weld ing experiment was performed according to Taguchi 

method based on four factor three levels design. The 

optimization of the process parameters is carried out by using 

fuzzy logic technique and the results are compared by 

regression analysis and ANOVA. It was found that values of 

parameters namely depth of penetration and ultimate tensile 

strength obtained from fuzzy logic and regression was in close 

agreement with each other. Laser welding is increasingly used 

in automobile, aerospace, defense, electronics industries. 

Tadamalle.et.al . (2013) [3] had applied the approach of 

Taguchi method and Response Surface Method (RSM) 

technique to study the tensile strength of dissimilar metals. 

The weld ing experiment was performed according to Taguchi 

method based on input parameters, laser power, weld ing speed 

and focal point. The analysis of output parameters was done 

for tensile strength of the welded joint.  

Eagler.et.al . (2011) [4] studied the threshold intensity, energy 

coupling & penetration of Copper (Cu) with brilliant green and 

infrared lasers. They concluded that copper materials are 

classified as difficult to weld with state-of-the-art lasers. High 

thermal conductivity in combination with low absorption at 

room temperature requires high intensities for reaching a deep 

penetration welding process. The low absorption also causes 

high sensitivity to variations in surface conditions. Green laser 

radiation shows a considerable higher absorption at room 
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temperature. This reduces the threshold intensity for deep 

penetration welding significantly. The in fluence of the green 

wavelength on energy coupling during heat conduction 

weld ing and deep penetration welding as well as the influence 

on the weld shape has been investigated. 

 

Kanujia.et.al. (2011) [5] applied the approach of Taguchi 

method to study the laser welded joint strength of dissimilar 

metals Stainless steel AISI 304 and Copper. The weld ing 

experiment was performed accord ing to Taguchi method based 

on input parameters, laser power, welding speed focal point. 

The laser used for the experiment was Nd-Yag laser.  The 

analysis of output parameters was done for tensile strength of 

the welded jo int. 

Ruggiero.et.al. (2011) [6] applied the approach of regression 

analysis to study the laser weld bead profile and cost 

optimization. The weld ing experiment was performed  

according to regression analysis on input parameters, laser 

power and welding speed using CO2 laser on dissimilar metals 

low carbon steel and austenitic steel AISI 316.  

  

Balasubramani.et.al. (2010) [7] applied the approach of 

Neural Networks to study the laser welding parameters, depth 

of weld penetration and weld width on stainless steel butt 

joint. The welding experiment was performed according to 

Neural Networks method with input parameters, laser power 

and welding speed. The analysis of output parameters was 

done for depth of weld penetration and weld width of the 

welded joint. 

Anawa.et.al. (2010) [8] applied CO2 continuous laser weld ing 

process was successfully applied and optimized for join ing a 

dissimilar AISI 316 stainless steel and AISI 1009 low carbon 

steel plates. Laser power, weld ing speed, and defocusing 

distance combinations were carefully selected with the 

objective of producing welded joint with complete penetration, 

minimum fusion zone size and acceptable welding profile. 

Fusion zone area and shape of dissimilar austenitic stainless 

steel with ferrite low carbon steel were evaluated as a function 

of the selected laser welding parameters. Taguchi approach 

was used as statistical design of experiment (DOE) technique 

for optimizing the selected welding parameters in terms of 

minimizing the fusion zone. Mathematical models were 

developed to describe the influence of the selected parameters 

on the fusion zone area and shape, to predict its value within 

the limits of the variables being studied. The result indicates 

that the developed models can predict the responses 

satisfactorily. 

Dey.et.al. (2009) [9] used the approach of generic algorithm to 

study the laser welding parameters, depth of weld penetration 

and weld strength. The welding experiment was performed 

according to generic algorithm based on input parameters, 

laser power, welding speed and shielding gas on Stainless steel 

butt joints. 

Park.et.al. (2008) [10] used Neural Network and Genetic 

Algorithms for laser weld ing automation for process modeling 

and parameter optimization. In aluminum alloy laser welding, 

the weld quality was influenced by laser power, weld ing 

speed, and the shielding gas. As they are related to each other 

in a complex manner, it is very difficu lt to obtain the most 

optimal weld ing conditions. Tensile strength was carried out to 

evaluate the weldability. It was determined that the estimated 

performance of the neural network model was good. The 

process variables were optimized using a genetic algorithm. 

For optimization, objective function and the fitness function 

were defined considering weldability and productivity. Park 

and Rhee used both the regression analysis and a neural 

network algorithm in CO2 laser welding, and proved that the 

neural network has better estimat ion performance than the 

Regression models. Genetic algorithms, the method to search 

for a global optimal point, and the response surface 

methodology, which was another optimization method with a 

regression model, and proved that the genetic algorithm was a 

more effective method than response surface methodology. 

 

Balasubramani.et.al. (2008) [11] studied by fin ite element 

simulation. In this paper, numerical analysis of the laser 

weld ing of AISI 304 austenitic stainless steel sheet of 

thickness 1.6mm is conducted to provide guidelines for 

optimizing the process parameter. The experiments are 

designed based on a three level Box-Behnken design. Laser 

beam power, welding speed and beam angle are the laser 

independent input variables. Depth of penetration and bead 

width are the dependent output variables. The experimentally  

obtained weld pool shapes confirm the numerical calculat ion 

(FEM analysis) with the error of 4.54 % (which is well within  

the acceptable limit) and also, typically indicate a deep 

penetration welding. Beam power is the major input process 

parameter influencing the output process parameter followed 

by the welding speed. 

 

Bag.et.al. (2008) [12] proposed an accurate knowledge of the 

temperature-t ime history of the weld pool is a prerequisite for 

reliable predict ion of the weld dimensions, final 

microstructure and the mechanical properties of the weld joint. 

Measurement of the weld thermal cycle in the laser weld pool 

is nearly impossible due to high peak temperature, rapid  

melting and solidification, and the complex flow of liquid  

metal within a small weld pool. A numerical model based on 

conduction heat transfer alone has also gained significant 

popularity. 

 

Benyounis.et.al. (2008) [13] Studied multi-response 

optimization of CO2laser weld ing process of austenitic 

stainless steel. In this research, the tensile strength and impact 

strength along with the joint operating cost of laser welded 

butt joints made of AISI 304 was investigated.  Design-expert  

software was used to establish the design matrix and to 

analyze the experimental data. The relat ionships between the 

laser welding parameters (laser power, welding speed and 

focal point position) and the three responses (tensile strength, 

impact strength and joint operating cost) were established. 

Also, the optimizat ion capabilities in design-expert software 

were used to optimize the welding process.  The developed 

mathematical models were tested for adequacy using analysis 

of variance and other adequacy measures. In this investigation 

the optimal weld ing conditions were identified in order to 

increase the productivity and minimize the total operating cost. 

Overlay graphs were plotted by superimposing the contours 

for the various response surfaces. The process parameters 

effect was determined and the optimal welding combinations 

were tabulated. 

Kim.et.al. (2007) [14] carried out to investigate a weld 

between a thermocouple wire and a seal tube with laser 

weld ing. The optimum weld ing parameters and a suitable joint 

of a dissimilar binary metal combination among Ta/Ta, 

Mo/Ta, Ti/Ta and Zr-4/Ta jo ints were chosen. Taguchi 
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experimental method was employed to analyze the weld 

specimens and the optimizat ion of the experimental results of 

dissimilar metal welds was also done by the Taguchi 

experimental method. This work was carried out to obtain the 

optimum welding parameters and to select the most suitable 

dissimilar metal combination for a join ing of seal tube to a 

thermocouple wire for the fuel irradiation test. A joint of a 

dissimilar binary metal combination of Zr-4/Ta was selected 

for a seal tube to Ta thermocouple wire joining in terms of the 

penetration and sound welds, in which the welding parameters 

optimized by the Taguchi method were employed. The laser 

power was found to have the most dominant effect on the 

penetration depth among the welding parameters used in this 

experiment. 

 

Lim.et.al. (2006) [15] focused on obtaining the cutting 

performance evaluation and optimal cutting conditions for a 

high speed feeding type laser cutting machine by using 

Taguchi method in the design of experiment. The two d ifferent 

thickness plates were selected to see the effect of parameters 

on the performance characteristic i.e . surface roughness of the 

cutting face. S/N ratio is calculated by using the commercial 

software, MINITAB, and found the optimal cutting condition 

for the developed machine using analysis of variance. The four 

parameters were selected are cutting speed(A), power(B), 

Efficiency(C), and Gas pressure(D), and each parameter is set 

on three levels based on engineering judgment. L9 orthogonal 

array have selected for this study. Results showed that the 

optimal condition is obtained by S/N ratio is A3, B1, C1, and 

D1 which was A2, B1, C1, and D1 in starting condition for 

both the thickness of the material. No interaction was found in 

the study. ANOVA was used to verify the optimal condition. 

In the result of the cutting face captured by using a tool, 

microscope show that the optimal condition has resulted in 

better surface roughness than present cutting condition. The 

experimenter also suggested that the design of experiment was 

a simple method of obtaining the optimal cutting condition. 

These results lead experimenters to the conclusion that they 

could predict the product quality to be improved by using the 

proposed analysis method. 

 

Olabi.et.al. (2006) [16] had applied the approach of Taguchi 

method and Artificial neural network (ANN) to achieve the 

optimal values of tensile strength, impact strength and 

operation cost through the process parameters for austenitic 

AISI 304 stainless steel plates. The welding experiment was 

performed according to Taguchi method and ANN based on 

input parameters, laser power, welding speed and focal 

position.  

 

Anawa.et.al. (2006) [17] CO2 continuous laser weld ing 

process was successfully applied and optimized for join ing a 

dissimilar ferric and austenitic stainless steel plates. Laser 

power, welding speed, and defocusing distance combinations 

were carefully selected with the objective of producing welded 

joint was to study the physical and mechanical propert ies of 

the welded jo int. 

Hyoung-Keun.et.al. (2006) [18] Nd-Yag laser weld ing 

process was successfully applied and optimized for join ing 

and sealing small titanium tube ends. Laser power, weld ing 

speed, and defocusing distance combinations were carefu lly  

selected with the objective of producing welded joint was to 

study the microstructure and mechanical properties of the 

welded joint. 

Anawa.et.al. (2006) [19] Nd-Yag laser weld ing process was 

successfully applied for steel plates of dissimilar materials. 

Taguchi method was successfully applied to optimize the 

weld ing parameters, the depths of penetration, weld width. 

Casalino.et.al. (2005) [20] both CO2 and Diode laser weld ing 

processes were investigated for Ti6Al4V Alloy Steel Sheet 

joining using either lap or butt configurations. ANN (Artificial 

Neural Network) approaches were used to process data from 

the experimental trials. ANOVA and the Taguchi analysis of 

the means methods were used to for processes investigation of 

individual parameters from a limited number of t rials. 

 

LungKwangPan.et.al. (2005) [21] Nd-Yag laser weld ing 

process was successfully applied for magnesium alloy. 

Taguchi method was successfully applied to optimize the 

weld ing parameters, bead geometry, depths of penetration and 

weld strength. 

Kim.et.al. (2003) [22], had applied the approach of factorial 

design to achieve the optimal bead geometry through the 

process parameters for GMA weld ing of AISI1204 steel 

plates. The optimal bead geometry was based on bead width, 

bead height and penetration. The factorial design has been 

adopted to determine the optimal bead geometry. 

Mathematical models developed from the experimental data 

could be used to investigate relationships between process 

parameters and bead geometry and to predict the bead 

dimensions within     0 – 25% accuracy. Sensitivity analysis 

has been investigated to represent the effectiveness of the 

processing parameters on these empirical equations and 

showed that the change of process parameters affects the bead 
width and bead height more strongly than penetration. 

Steen.et.al. (1999) [23] CO2 continuous laser welding process 

was successfully applied and optimized for joining a d issimilar 

ferric and austenitic stainless steel plates. Laser power, 

weld ing speed, and defocusing distance combinations were 

carefully selected with the objective of  producing welded 

joint was to study the microstructure and mechanical 
properties of the welded jo int. 
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Table I: Existing research efforts 

Name of 

researcher 

and Year 

Contribution Technique used 

Work 

piece 

Material  

Parameters 

Process/Input Performance/ 

Output  

Hugger et.al 

(2014) [1] 

Studied the effect of laser power, 

weld speed & focal point on 

Fusion & Heat Zone during laser 

weld ing of 1 mm Brass plates 

Experimental Brass with 

37m% zinc 

(CuZn37) 

1mm thick 

Plates 

Laser Power, 

Weld Speed & 

Focal Po int 

Fusion & Heat 

Zone 

Bhujbal et.al 

(2013) [2] 

Performed optimizat ion on 

depths of penetration, ultimate 

tensile strength, chemical, 

physical and mechanical 

properties 

Taguchi Method 

& Fuzzy Logic 

Technique 

Stainless 

Steel 304L 

and Inconel 

625 

Laser Power, 

Laser Energy, 

Laser Current, and 

Beam Travel 

Speed (Nd-YAG) 

Laser  

Depths of 

penetration, 

Ult imate Tensile 

Strength , study of 

chemical, physical 

and mechanical 

properties 

Tadamalle et.al 

(2013) [3] 

Investigated the impact of speed 

and laser power on tensile 

strength of dissimilar metals. 

Taguchi 

Method & RSM 

Dissimilar 

Metals 

Laser Power and 

Speed of welding 

Tensile Strength 

Eagler et.al 

(2011) [4] 

Observed the effect of laser 

power, weld speed & focal point 

on fusion & heat zone.  

Process Study Copper 

with 

Brilliant 

Green  

Laser Power, 

Weld Speed & 

Focal Po int 

Threshold 

Intensity, Energy 

Coupling & 

Penetration 

Kanujia et.al 

(2011) [5]  

Applied Taguchi method using 

Nd-Yag laser to study the effect 

of laser power and speed of 

weld ing on laser weld jo int 

strength. 

Taguchi method  Dissimilar 

Metals 

(AISI304 

Stainless 

Steel and 

Copper)  

Laser Power and 

Speed of welding 

(Nd-Yag Laser 

Laser weld joint 

strength 

Ruggiero et.al 

(2011) [6] 

Performed regression analysis 

for weld bead profile and cost 

optimization. 

Regression 

Analysis 

Low 

Carbon 

Steel and 

Austenitic 

Steel 

AISI316  

Laser Power,  

Welding Speed 

(CO2 Laser) 

Weld Bead Profile 

and Cost 

Optimization. 

Balasubramani.et

.al. (2010) [7] 

applied the approach of Neural 

Networks to study the laser 

weld ing parameters 

on stainless steel butt joint 

 

Neural 

Networks 

Stainless 

Steel Butt 

Joint  

Laser Power and 

Speed of welding 

Depth of 

penetration and 

weld width 

Anawa et.al 

(2010) [8] 

Used dissimilar metals to 

optimize area of fusion, weld 

width at surface, width at mid 

point. 

Taguchi 

Method  

Stainless 

Steel AISI 

316 & Low 

Carbon 

Steel AISI 

1009  Plate  

Laser Power, 

Welding Speed 

and  Focal Po int 

Area of Fusion , 

Weld width at 

surface, width at 

mid point  

Dey et.al  

(2009) [9] 

Applied genetic algorithm on 

bead geometry, weld depth and 

weld strength with electron 

beam energy and welding speed 

Genetic 

Algorithm 

Bead 

Geometry 

in Electron 

Beam 

Welding  

Electron Beam 

Energy, Weld ing 

Speed  

Bead Geometry, 

Depth of Weld 

Penetration and 

Weld Strength 

Park et.al 

(2008) [10] 

Used non conventional 

optimization techniques like 

neural network and genetic 

algorithms to optimize the 

tensile strength.  

Neural Network 

and Genetic 

Algorithms 

Aluminum 

Alloy  

Laser Power, 

Welding Speed, 

and Shielding Gas 

Tensile Strength  
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Balasubramani 

et.al (2008) [11] 

Applied numerical and 

experimental investigations to 

optimize  depth of penetration 

and bead width with laser beam 

power, weld ing speed and beam 

angle on 1.6mm thick sheet of 

Stainless Steel 

Numerical and 

Experimental 

Investigation 

Stainless 

Steel             

(AISI 304)                                   

Sheet 

Thickness 

1.6mm 

Laser Beam 

Power, Welding 

Speed and Beam 

Angle  

Depth of 

Penetration and 

Bead Width 

Bag et.al 

(2008) [12] 

Used multivariate optimizat ion 

algorithm to study 

microstructure and the 

mechanical properties of the 

weld joint. 

multivariate 

optimization 

algorithm  

Low 

Carbon 

Steel 

self-consistent 

numerical heat 

transfer model  

microstructure and 

the mechanical 

properties of the 

weld joint  

Benyounis.et.a

l. (2008) [13] 

Applied Artificial Neural 

Networks (ANN) for 

optimization of depth of 

penetration and weld width to 

study mechanical propert ies. 

Neural 

Networks 

Austenitic 

Stainless 

Steel AISI 

304 

Controlled 

Mechanical 

Properties 

Depth of 

Penetration and 

Weld Width 

Kim et.al  

(2007) [14] 

Applied Taguchi experimental 

method for laser welding of Ta 

sheath for a thermocouple wire 

of an instrumented fuel 

irradiation test on Dissimilar 

Binary Metal Combination  

Taguchi 

experimental 

method  

Dissimilar 

Binary 

Metal 

Combinatio

n Among 

Ta/Ta, 

Mo/Ta, 

Ti/Ta, Zr-

4/Ta  

Joining of Seal 

Tube to a 

Thermocouple 

Wire fo r the Fuel 

Irrad iation Test 

Laser weld ing of 

Ta sheath for a 

thermocouple wire 

for an instrumented  

fuel irradiation  test 

Lim et.al 

(2006) [15] 

Used Taguchi method on two 

different thickness plates for 

study of surface roughness of the 

cutting face with different speed, 

power efficiency and gas 

pressure. 

Taguchi method The two 

different 

thickness 

plates  

Speed, Power, 

Efficiency and 

Gas Pressure 

Surface Roughness 

of the Cutting Face  

Olab i et.al 

(2006) [16] 

Applied ANN & Taguchi 

method for optimization of 

tensile strength, impact strength 

and joint operating cost 

ANN & 

Taguchi 

Method 

Austenitic 

Stainless 

Steel AISI 

304 

Laser Power, 

Welding Speed 

and Focal Position 

Tensile Strength, 

Impact Strength 

and Joint Operating 

Cost 

Anawa et.al 

(2006) [17] 

Studied the physical and 

mechanical properties on 

Ferrite/Austenitic Steel using 

laser power, welding speed and 

focal position in a CO2 Laser 

weld ing 

Study of 

physical and 

mechanical 

properties 

Ferrite/Aus

tenitic Steel 

Laser Power, 

Welding Speed 

and Focal Position 

(CO2 Laser)  

Microstructure and 

Mechanical 

Properties of the 

Weld Joint 

Hyoung et.al 

(2006) [18]  

Used Nd-Yag laser welding and 

applied DOE & statistical 

techniques for study of 

microstructure and mechanical 

properties of the weld joint 

DOE & 

Statistical 

Techniques 

Sealing 

Small 

Titanium 

Tube Ends 

Nd-Yag laser 

weld ing  

Microstructure and 

Mechanical 

Properties of the 

Weld Joint 

Anawa.et.al. 

(2006) [19] 

Used Nd-Yag laser welding and 

applied Taguchi method for 

optimization of laser welding 

parameters on dissimilar laser 

welded components. 

Taguchi 

Method 

Dissimilar 

Laser 

Welded 

Component

s 

Nd-Yag laser 

weld ing  

Optimization of 

Laser Weld ing 

Parameters 

Casalino et.al 

(2005) [20] 

Used ANN, ANOVA and 

Taguchi approaches for 

investigation on Ti6Al4V Alloy 

Steel Sheet with CO2 laser 

weld ing. 

ANN, ANOVA 

and Taguchi 

approaches 

Ti6Al4V 

Alloy Steel 

Sheet  

CO2 and Diode 

Laser Weld ing 

Processes  

Investigation on 

Ti6Al4V Laser 

Welding 
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Lung et.al  

(2005) [21] 

Applied Taguchi analysis using 

Nd-Yag laser welding on 

Magnesium Alloy to optimize 

bead geometry, weld depth and 

weld strength. 

Taguchi 

Analysis 

Magnesium 

Alloy  

Nd-Yag laser 

weld ing  

Bead Geometry, 

Depth of Weld 

Penetration and 

Weld Strength 

Kim et.al. 

(2003) [22] 

Used factorial design method on 

steel plates with GMA welding 

processes to optimize bead 

width, bead height and 

penetration. 

Factorial 

Design Method 

AISI1204 

steel 

plates(GM

A weld ing 

processes) 

Laser Power, 

Cutting Speed 

Focal Po int 

Bead Geometry 

:Bead Width, Bead 

Height and 

Penetration 

Steen et.al 

(1999) [23] 

Studied microstructure and 

mechanical properties of the 

weld joint on Ferrite/Austenitic 

Steel with CO2 laser welding. 

Study of 

Physical and 

Mechanical 

Properties 

Ferrite/Aus

tenitic Steel 

CO2 Laser 

Welding  

Microstructure and 

Mechanical 

Properties of the 

Weld Joint 

 

CONCLUS IONS  

 

The literature review reveals that, up-till now, a lot of research 

has been done on the laser technology for cutting and welding 

of various materials and their combinations using Nd-Yag, 

CO2, Diode and other types of lasers. But the most of research 

is limited to study of joining but weds on plates of different 

thicknesses. 

 

The study of laser technology for welding of gear-synchro 

assembly for automotive gears, especially to predict the 

extrapolation, interpolation and optimization of the results 

obtained from the experimental study is  not found in the 

literature and research publications. 

1. There are two types of techniques to solve the parameter 

optimization problems i.e. conventional and non-

conventional. Conventional technique attempts to provide 

a local optimal solution, whereas the non-conventional 

technique attempts to provide a near optimal solution. 

 

2. Mathematical modelling is useful in weld ing conditions 

where there is requirement of temperature-t ime history of 

the weld pool d imension, in order to have the better 

understanding of laser weld ing process and establishes the 

knowledge base to support this process; otherwise it 

makes the optimization process more complex.  

 

3. A case study compared the neural network with the 

regression analysis, and Genetic algorithm to the response 

surface methodology in the optimizat ion of laser beam 

weld ing, and found that the neural network and genetic 

algorithm was more effective tool. But again these 

methods are more tedious than the design of experiments 

methods to solve the optimization problem.  

 

4. The factorial analysis is found to have great potential in  

sensitivity analysis; however, one of the drawbacks of 

factorial experiment is that the experimental design tends 

to grow rapidly as the amount of factors and their number 

of levels increases. Fractional factorial can be used to 

reduce the number of trial runs but it contain a major flaw 

i.e. two experimenter can design two distinct sets of 

fractional factorial experiments, which gives dissimilar 

result.  This is where Taguchi methods comes into use, 

which consists of special set of full and fractional 

factorial designs which uses the orthogonal array, thus is 

easy to use. 

 

5. For the laser welding optimization, laser power, shield ing 

gas, welding speed, and focal position are the most 

important input parameters which affect the output quality 

of the product used by many researchers.  As these 

parameters are related to each other in a complex manner, 

it is very difficult to obtain the most optimal weld ing 

conditions. The laser power was found to have the most 

dominant effect on the penetration depth. 

 

6. To find the optimal solution with the conventional 

techniques in the laser beam welding process the Taguchi 

method was found to be most effective and easy to use 

statistical experimental process which needs fewer 

resources than other methods used in the optimizat ion 

methods, and hence gives the better prediction in a very 

easy to use way. 

 

7. ANOVA, which was used to verify the optimal condition, 

is useful in investigating the design parameters that 

significantly affect the quality characteristics especially  

when there are multip le quality characteristics and there is 

a need to find the optimal conditions for parameters. 

Regression analysis is useful to predict the response. 

8. Engineers often wish to determine the values of the 

process input parameters at which the responses reach 

their optimum. The optimum could be either a min imum 

or a maximum of a particular function in terms of the 

process input parameters. 

 

9. Response Surface Method (RSM) is one of the 

optimization techniques currently in widespread use in 

describing the performance of the welding process and 

finding the optimum of the responses of interest.  

10. RSM is a set of mathematical and statistical techniques 

that are useful for modeling and predicting the response 

of interest affected by a number of input variables with 

the aim of optimizing this response. RSM also specifies 

the relationships among one or more measured responses 

and the essential controllable input factors. When all 
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independent variables are measurable, controllable and 

continuous in the experiments, with negligible error, the 

response surface method is very effect ive.  

REFERENCES 
  

[1] Hugger Florian, Hofmanna Konstantin, Steina Stefan, 

Schmidta Michael,b,c, [2014]  “Laser Beam Welding of 

Brass”, 8th International Conference on Photonic 

Technologies LANE 2014, Physics Procedia 56 576 –  

581, 

[2] Bhujbal Vijay D., Ashok P. Tadamalle,  Sinhgad [2013] 

“Optimization of Laser Welding Process by Fuzzy Logic 

Technique”, International Journal of Engineering 

Science and Innovative Technology (IJESIT). Volume 

2, Issue 4, pp. 221 - 227. 

[3] Tadamalle A. P., Reddy Y P and Ramjee E, [2013] 

“Influence of laser welding process parameters on weld 

pool geometry and duty cycle”, International Journal of 

Advances in Production Engineering and Management, 

Vol. 8, No. 1, pp 53-60. 

[4] Engler Sebastian, Ramsayer Reiner, [2011] “Reinhart, 

Process Studies on Laser Welding of Copper with 

Brilliant Green and Infrared Lasers”, 1875-3892  

Published by Elsevier Ltd.10.1016/j.phpro.2011.03.142.  

[5] Kanaujia K. K., Rout M. P., Behera B. C., Sahoo S. K., 

Maharana B.K.,[2011] “Optimization of Tensile 

Strength of AISI304 Stainless Steel and Copper using 

Nd:YAG Laser Welding”, Proc. of the 5th International 

conference on Advances in Mechanical Engineering 

(ICAME-2011), June 06-08,.  

[6] Ruggiero A., Tricarico L.,  Olabi A.G., Benyounis 

K.Y., [2011] “Weld-bead profile and costs optimization 

of the CO2 dissimilar laser welding process of low 

carbon steel and austenitic steel AISI316”, Optics & 

Laser Technology 43, pp.82–90,.  

[7] Balasubramanian K.R., Buvanashekaran G., 

Sankaranarayanasamy K., [2010] “Modeling of laser 

beam welding of stainless steel sheet butt joint using 

neural Networks”, CIRP Journal of Manufacturing 

Science and Technology 3, pp. 80–84,. 

[8] Anawa E. M. and Olabi A. G., [2010] “Effect of laser 

welding conditions on toughness of dissimilar welded 

components”, J. of Applied Mechanics and Materials, 

Vol. 5-6, 2006, 375-380.  

[9] Dey Vidyut, Pratihar Dilip Kumar, Datta G.L., Jha 

M.N., Saha T.K., Bapat A.V., [2009] “ Optimization of 

bead geometry in electron beam welding using a 

Genetic Algorithm”, journal of materials processing 

technology 209, pp.1151–1157,.  

[10] Park Y W, Rhee S [2008], “Process modelling and 

parameter optimization using neural network and 

genetic algorithms for   aluminium laser welding 

automation”, Int. J Adv Manuf. Technol. p1014-1021. 

 

[11] Balasubramanian K R, Shanmugam S N, 

Buvanashekaran G, Sankaranarayanasamy K [2008], 

“Numerical and experimental investigation    of      laser    

beam    welding    of     AISI 304    stainless    steel     

sheet”,  APEM journal pp.93-105. 

 

[12] Bag S, De A, Trivedi A [2008], “Use of multivariate 

optimization algorithm to develop a self-consistent 

numerical heat transfer model for laser spot welding”, 

int. journal advanced manufacturing technology pp.575-

585. 

 

[13] Benyounis K.Y., Olab i A.G., Hashmi M.S.J., [2008] 

“Multi-response optimization of CO2 laser-welding 

process of austenitic stainless steel”, Optics & Laser 

Technology 40, pp.76–87. 

 

[14] Kim Lee S S, Kim C Y, Park W K, G, Koh J K [2007], 

“Laser welding of Ta sheath for a  thermocouple wire 

for an instrumented  fuel irradiation  test”,  JLMN-

Journal of Laser Micro/Nanoengineering, Vol. 2 pp.91-

94. 

 

[15] Lim S H, Lee C M, Chung W J [2006],    “A study on 

the optimal cutting condition of a high speed feeding 

type laser cutting machine by using Taguchi method”, 

international journal of precision engineering and 

manufacturing, Vol. 7 pp.18-22. 

[16] Olabi A.G. , Casalino G., Benyounis K.Y., Hashmi 

M.S.J., [2006]  “An ANN and Taguchi algorithms 

integrated approach to the optimization of CO2 laser 

welding”, Advances in Engineering Software 37 pp. 

643–648. 

[17] Anawa E. M. and Olabi A. G., [2006] “Effect of laser 

welding conditions on toughness of dissimilar welded 

components”, Journal of Applied Mechanics and 

Materials, Vol. 5-6, pp. 375-380. 

[18] Hyoung-Keun Lee, Han Hyon-Soo, Son Kwang-Jae and 

Hong Soon-Bog, [2006] “Optimization of Nd: YAG 

laser welding parameters for sealing small titanium 

tube ends”, Materials Science and Engineering: A, 

Volume 415, Issues 1-2, 15 January, Pages 149-155.  

[19] Anawa E. M., Olabi A. G. and Hashmi M. S. J., [2006] 

“Application of Taguchi Method to optimize Dissimilar 

Laser Welded Components”, presented at 23rd 

International Manufacturing Conference 30th Aug. to 

1st Sep., , Belfast, UK, pp. 241-248. 

[20] Casalino G, Curcio F, Minutolo F M C [2005], 

“Investigation on Ti6Al4V laser welding using 

statistical and Taguchi approaches”, journal of 

materials processing technology, Vol. 167 pp.422-428. 

[21] Lung Kwang Pan, Che Chung Wang, Ying Ching Hsiao 

and Kye Chyn Ho, [2005], “ Optimization of Nd:YAG 

laser welding onto magnesium alloy via Taguchi 

analysis”, Optics & Laser Technology, Volume 37, 

Issue 1, February, Pages 33-42.  

[22] Kim S, Son K J, Yang Y S, Yaragada P K D V [2003], 

“Sensitivity analysis  for process parameters in GMA 

welding processes using a factorial design method”, 

International Journal of Machine Tools and 

Manufacture, Vol. 43 pp.763-769. 

 

[23] Steen W.M., “Journal of Laser Applications”, October 

1999 , Volume 11, Issue 5, pp. 216-219 Springer, 

London, 1991. 


