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Abstract— Aluminum alloys are widely used in aircraft 

industry which involves a large number of joint 

configurations, traditionally fabricated by riveting. 

Disadvantages of riveting are extra weight to the structure, 

stress concentration, crevices corrosion and loosening due to 

vibrations. Moreover, it is a time consuming and manpower 

intense task. Laser welding can be a potential tool which is 

superior to other joining techniques, such as, arc welding 

due its heat input nature and related microstructure effect 

This investigation mainly based on input parameters like 

Laser power, Current and laser pulse diameter, There is 

output parameters are Tensile strength, Heat affected zone 

and also want to check microstructure of the material after 

laser welding. There is method for analysis is full factorial 

method with help regression analysis. 

Key words: Full Factorial Method, Tensile Strength HAZ, 

RSM 

I. INTRODUCTION 

A Laser beam welding is based on the interaction between a 

light beam with a specific composition and the work piece 

material. The beam is concentrated very locally, making this 

welding method a high power density process. Different 

laser sources exist such as YAG, fibre, CO2 etc. The fibre 

laser produces a beam of outstanding optical quality for 

precise cutting and welding actions. Due to the local heat 

input, deep welds can be produced at high heating and 

cooling rates. These process characteristics make it possible 

to produce precision joints with a narrow heat affected zone 

and limited work piece deformation after welding. The high 

heat exchange rates also have a positive effect when joining 

dissimilar metals. 

In the process of laser welding, because of the high 

concentration of energy, the weld pool of the thermal zones 

is small, and there is little time of heating and cooling. It 

provides high strength of welded joints and the small 

deformation of welded structures. The high concentration of 

energy, high speed, and a slight thermal effect on the seam 

zone due to high rates of heating and cooling of the metal, 

significantly increases the resistance of most structural 

materials to the formation of hot and cold cracking. It 

provides high quality of welding. Deformation of welded 

parts decreases significantly, which reduces the cost of 

corrections. The most common defect in laser welding of 

thick parts is uneven penetration and the presence of cavities 

in the joint. To reduce the possibility of melting peaks in the 

not-deep-penetration welding it is recommended to increase 

the welding speed and deflect the laser beam vertically at 15 

to 17 angles to the direction of the beam. 

 
Fig. 1: Schematic Diagram of Laser Welding Process 

II. LITERATURE REVIEW 

1) E.M. Anawa et all experimentally optimized for joining 

a dissimilar AISI 316 stainless-steel and AISI 1009 low 

carbon steel plates. They took Laser power, welding 

speed and defocusing distance combinations with the 

objective of producing welded joint with complete 

penetration, minimum fusion zone size and acceptable 

welding profile. They developed mathematical models 

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.[1] 

2) M.J. Torkamany et all carried out experiment dissimilar 

butt welding of pure niobium plate to the titanium alloy 

Ti–6Al–4V sheet using a pulsed Nd:YAG laser . they 

studied the effects of laser pulse energy, duration and 

repetition rates on the melt profile on both sides of the 

weld line.  They obtained full penetration along the 

dissimilar interface through optimization of the process 

parameters a sound weld. They  found from experiment 

that the tensile strength of the welded joints matched 

that of the weaker base metal like niobium and the 

specimens broke outside the fusion line. [2] 

3) A. Ruggiero et all conduct experiment to Weld-bead 

profile and costs optimisation of the CO2 dissimilar 

laser welding process of low carbon steel and austenitic 

steel AISI316. They influenced process parameter like 

of laser power (1.1–1.43 kW), 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, Wl and middle width, Wm) and 

on the operating cost C to investigated using response 

surface methodology (RSM). The results indicate that 

the proposed models predict the responses adequately 
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within the limits of welding parameters being used. The 

regression equations were used to find optimum welding 

conditions for the desired geometric criteria. [3] 

4) M.M.A. Khan et all investigated on laser beam welding 

of dissimilar ferritic/Martensitic stainless steels in a butt 

joint configuration. They examined the effects of laser 

welding parameters and line energy on weld bead 

geometry and tried to obtain an optimized laser-welded 

joint using a full factorial design of experiment 

technique. They developed models to find optimal 

parameters for the desired geometric criteria.  All the 

bead characteristics varied positively as laser power 

increased or welding speed decreased. Penetration size 

factor decreased rapidly due to keyhole formation for 

line energy input in the range of 15–20 kJ/m. From 

experiment, they observed that the laser power of 790–

810W and welding speed of 3.6–4.0 m/min to 

determined optimal parameters providing an excellent 

welded components. [4] 

5) Masoud Harooni et all presented on laser welding of 

AZ31B magnesium alloy in zero-gap lap joint 

configuration. They investigated single-beam and dual-

beam laser heat sources in relation to mitigation of pores 

resulting from the presence of the as-received oxide 

layer on the surface of AZ31B-H24 magnesium alloy 

during the laser welding process.  They investigated to 

effect of dual-beam laser welding with different beam 

energy ratios on the quality of the weld bead. They 

identify the beam ratio that best mitigates pore formation 

in the weld bead. They used a high speed charge-

coupled device (CCD) camera assisted with a green laser 

as an illumination source. They measured tensile and 

micro hardness tests for the mechanical properties of the 

laser welded samples. Results showed that a dual-beam 

laser configuration can effectively mitigate pore 

formation in the weld bead by a preheating-welding 

mechanism.[5]  

6) Mohammad Akbari et all reported experimental and 

numerical investigation of temperature distribution and 

melt pool geometry during pulsed laser welding of 

Ti6Al4V alloy. They predicted the heat affected zone 

(HAZ), depth and width of the molten pool. they 

observed  by decreasing the welding speed, the peak 

value of temperature diagram to increased and its 

maximum value occurred at a longer time. They found 

that the larger width and the weld surface got acceptable 

quality at decreased with increasing laser welding speed 

and at sufficient low welding speed.[6] 

7) S.H. Baghjari and et all have been investigated on 

dissimilar pulsed Nd:YAG laser welding of AISI 420 

stainless steel to kovar alloy. They have been made 

joints as a circular geometry and butt welded. They were 

examined joint by optical microscope for cracks, pores 

and for determining the weld geometry. They were 

investigated microstructure of the weld and the heat 

affected zones by scanning electron microscope. The 

austenitic microstructure was achieved in the weld. They 

were found that the start of solidification in the kovar 

side of weld zone occurred by means of epitaxial 

growth. When the temperature gradient was high, the 

columnar grains were created in the fusion boundary of 

420 stainless steel side toward weld zone[7] 

8) B. Mahmoudi and et all conducted experiment on the 

AISI 420 martensitic stainless steel by a pulsed Nd:YAG 

laser. They have been investigated the influences of 

process parameters e.g. laser pulse energy, duration time 

and travel speed on the depth and hardness of laser 

treated area and its corrosion behaviour. They found that 

the Hardness of the laser transformation hardening of 

AISI 420 with optimum laser parameters is about 490 

VHN and the hardness reached about 90% of the 

maximum hardness achieved by conventionally 

hardening heat treating.[8] 

9) Guoliang Qin and at all carried out experiment of fusion 

welding of aluminium alloy to galvanized steel. The 

brazed seam width w increased with the increasing of 

heat input. They showed that the maximum tensile 

strength of dissimilar joint reached 75% of that of Al. 

The shear strength was mainly decided by heat input, 

and the brazed seam had the highest micro hardness. 

They also investigated that the appropriate laser-wire 

distance Dlw and defocusing[9] 

10) Yih-fong Tzeng was conducted experiment through the 

major process parameters, such as the mean laser power, 

the average peak power density, the pulse energy and the 

traversing speed on heat flow. They have been 

investigated the effect of pulsed laser parameters on the 

heat flow for a rectangular power pulse h Heating effects 

are increased with an increase in pulse duration for a 

given mean power, travel speed and APPD, and 

enhanced by higher APPD, when the mean power and 

the traverse speed are kept constant.[5] 

11) G.D. Janaki Ram et all conducted experiment to 

investigated for Microstructure and tensile properties of 

Inconel 718 (2mm thick) pulsed Nd-YAG laser welds. 

They were performed Welds of three different post-weld 

heat treatments: direct aging, 980 ◦C solution treatment 

+ aging (980STA), and 1080 ◦C solution treatment + 

aging (1080STA).  they found that the Weld tensile 

properties in direct aged condition to be inferior in 

relation to the base metal due to the presence of Nb-rich 

brittle intermetallic Laves phase in fusion zone 

microstructure. From the Solution treatment at 980 ◦C 

was found to result in considerable dissolution of Laves 

phase, leading to some improvement in weld properties, 

though not to the level of base metal [6] 

III. EXPERIMENTAL WORK 

A. Full Factorial Method 

Step: 1 Full factorial design is used for simultaneous study 

of several factor effects on the process. By varying levels of 

factors simultaneously we can find optimal solution. 

Responses are measured at all combinations of the 

experimental factor levels. The combination of the factor 

levels represent the conditions at which responses will be 

measured. Each experiment condition is a run. The response 

measurement is an observation. The entire set of run is a 

design of experiment. It is used to find out the variables 

which are the most influence on the response and their 

interactions between two or more factors on responses. An 

instance of the experiment unit with a particular level from 

each factor applied. For a full factorial design, if the 

numbers of levels are same then the possible design N is  
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N = Lm 

Where, L = Number of levels for each factor, M = 

Number of factors. 

Step 2: The regression model for predicting the response 

parameters in turning can be derived using methods like 

Regression analysis. Regression is method of estimating the 

conditional expected value of one variable, y, given the 

values of some other variable, x. The variable of interest, y, 

is called the dependent variable. The other variable, x, is 

called the independent variable.  

The regression equation takes the form of:  

Response= constant + coefficient (predictor) +… + 

coefficient (predictor)  

OR  

Y= b0 + b1x1+b2x2+…+bkx 

Where;  

Response (Y) is the value of the response.  

Constant (b0) is the value of the response variable 

when the Predictor (X) is the value of the predictor variable.  

Coefficients (b1, b2… bk) represent the estimated 

change in mean response for each unit change in predictor 

value. regression analysis is derived with the help of 

MINITAB software. 

B. Factors & Its Level 

Process parameter Unit Level-1 Level-2 Level-3 

Laser power W 600 800 1000 

Welding current A 30 60 90 

Pulse diameter Mm 0.4 0.6 0.8 

Table 1: Range of process parameters 

IV. SELECTION OF LASER WELDING MACHINE 

 
Fig 2: Pictorial view of Machine Setup 

A. Work Piece Material 

 Aluminium alloy 3003 

 Steel Alloy- 309 

 5mm thickness of plate 

CONTENT % 

Cu 0.083 

Si 0.219 

Mn 1.160 

Iron 0.310 

Zn 0.049 

Al 98.040 

Table 2: Chemical composition of Aluminium 3003 

C 

Max 

Si 

Max 

Mn 

Max 
Cr Ni 

P 

Max 

S 

Max 

0.03 0.75 2.00 18/20. 8. /12. 0.045 0.030 

Table 3: Chemical compositions of steel - 309 

V. CONCLUSION 

From the following literature review it has been found that, 

there are so many materials used with laser welding process 

but its effects and application is different compared to Al 

alloy and Steel. Also there is another point of view from the 

survey is that, previously check parameters with laser 

welding processes are like Welding speed, Welding effects 

but now from this experiment there is investigation of the 

tensile strength and heat affected zone of the dissimilar 

metal.This dissimilar metal generally used in automobile 

and aerospace industry due to light weight of the materials.  
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