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ABSTRACT 

The need of joining of dissimilar materials goes on increasing day by day in industry due to its 

high demand. Dissimilar joints are based on both technical and economic aspects, because they 

can provide satisfactory service performance and reasonable cost savings. The demand for such 

joints in industry is huge. For example, in power plant industry more than thousand dissimilar 

joints are used. The parameters of laser welding play important role in determining quality of 

the weld and hence the quality of the product made in industry. Since the demand of a product 

depends mostly on its quality, the parameters of laser welding should be optimized properly so 

as to find good weld quality. In this project two dissimilar materials namely AISI 316 and 

EN32 were taken for laser welding in lap joint configuration. Three process parameters i.e. 

scan speed, pulse frequency and pulse diameter at four levels were taken for optimization. Two 

response parameters namely weld hardness and length of heat affected zone were considered 

for different combinations of process parameters. Grey Taguchi methodology with L16 

orthogonal array and ANSYS software are was used to optimize specified parameters. It is 

found that laser welding with scan speed of 45 mm/min, pulse diameter of 0.3 mm and pulse 

frequency of 7 Hz yields the optimal quality characteristics. In these levels hardness of weld 

zone was found to be 304.77 HV and length of HAZ to be 0.0852 mm. 

1.0 INTRODUCTION: 

Laser beam welding is a welding process used in two metals from laser sources. The Laser 

Source is a heat source with high density that makes a short, deep sale bead with high soldering 

speed. The process is used in large-scale manufacturing sectors, including the automotive 

industry. But now, due to its beneficial impact on other machining activities, it has wide 

application in various fields of metal working. Laser beam soldering has a high density, 

contributing, due to high heating and cooling rate, to small areas affected by heat. Laser beams 

are a flexible device that can solder nearly any material, e.g. copper, titanium, carbon steels 

and HSLA stainless steels. The beam is a powerful metal joining technique. This can be used 

to join surface and depth metals to produce strong welding. The required solder quality could 

be combined with traditional welding processes. The solder is high quality and can be soldered. 

 
Figure: Laser machine setup 
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Losers are a very good source for soldering thin materials with well-defined beams with high 

power density which operate close to thermally induced components. Once the visual line 

remains, even complicated sections of the outline can be sold by laser. Laser soldering has high 

density, a high production rate and exceptionally high levels of automation, which make it 

particularly useful for industries. For many industries, joints of different metals, particularly in 

the petrochemical, electronic and nuclear industries, are used in the car, electrical and chemical 

and atomic components. 

Laser weld characteristics 

Crushing of the weld is an important consideration for quality analysis. The vulnerability to 

cracking and resistance to structural hardness is increased. Hardness in the part is accomplished 

by faster cooling. Martensitic formation in stainless steels is due to hardness. Faster 

refrigeration contributes to greater longevity and hence more prone to cracking is the hardened 

structure. The nonlinear laser welding detection approach A typical laser diode solder was also 

developed and experiments were conducted to explore how soldering parameters are connected 

to solder tank geometry. The hammer-stein detection protocol was used for significant non-

linearity in the method of laser diode soldering 

Objectives: 

 These are the goals of the study. 

 To optimize process parameters including laser scan velocity and pulse diameter by 

Taguchi analysis 

 To improve reaction i.e. longevity and heat longevity by taking optimized input laser 

parameter values 

 To identify the relevant ANOVA factors 

 Determining the proportion of response factors 

2.0 LITERATURE REVIEW 

[1] Laser is unique to other light sources because light is continuously emitted. The word 

"pencil beam" is widely used, since the effects of this spatial accuracy are small beams of low 

diameter with minimal diffraction  

[2] In the material processing in the diagram, the laser beam is applied. Temporary or 

longitudinal consistency describes a single frequency polarized wave that is proportional to the 

magnitude of the wave. The manner in which a wave will interact with itself at a certain 

moment. An instantaneous spectrum, phase and location arbitrarily altered by thermal energy 

or other incongruous light source. 

[3] The beam differential can be defined as the characteristics of a light beam that increases the 

distance between its cross-section area and the source. Light is distributed uniformly from an 

ordinary source in every direction. Its divergence is therefore considered sufficiently high. But 

the cross-section remains almost constant throughout the journey in case of laser. Diversity is 

therefore very low 

3.0 METHODOLOGY 

The finished subject is metal and alloy solding, specific welding is a major technological and 

scientific challenge New techniques are gradually emerging involving the joining of various 

metals and alloys. In conductive or keyhole modes, most metals and alloys are extremely 

weldable. This section describes the specific topic of interest of the literature review, namely 

the laser soldering of various materials. In this project two dissimilar materials namely AISI 

316 and EN32 were taken for laser welding in lap joint configuration. Three process parameters 

i.e. scan speed, pulse frequency and pulse diameter at four levels were taken for optimization. 

Two response parameters namely weld hardness and length of heat affected zone were 

considered for different combinations of process parameters. 

ADVANTAGES OF LASER WELDING: 

 The laser shaped soldering is as clean as any other soldering. It contains very small 

http://jespublication.com/


Vol 11, Issue 7,July/ 2020 
 ISSN NO: 0377-9254                                  
  

 

 

www.jespublication.com Page No:1030 

   
 
 

 

  

 

surrounding contaminates. 

 The lower distortion is the laser weld. In addition to laser stability, distortion should be 

smaller. 

 Laser soldering is a faster process of welding. Laser welding is possible at a scan speed 

of 20 m / min. 

 The hard to weld materials are soldered by the laser. The laser can weld aluminum that 

is extremely difficult to solde. In this field, too, very hard materials come. 

 During laser welding, the region affected by heat is very small as a laser produces a 

focused energy for less time. 

 Automation of the welding process 

 Laser can successfully solder small-size products with a very narrow interface. 

Material selection 

AISI 316L stainless steel and AISI 1552 stainless steel was chosen for laser welding. AISI 

316L stainless steel is cut in 50 mm x 30 mm x 2.5 mm and AISI 1552 in 50/30 mm x 2.0 mm 

form in stainless steel. The chemical composition was determined for each XRF sample. The 

two components are composed chemically in Table 

Table 1: Composition of AISI 316L and EN32 (Weight %) 

Composition C Si Mn Ni Cr S P Cu Fe 

          

AISI 316L 0 0.529 1.551 11.37 17.026 0.007 0.054 0.22 66.772 

          

EN32 0.5 0.169 0.583 0.08 0.064 0.012 0.02 0.17 95.892 

          

 

laser in stainless steel is 200 W Nd: YAG and the AISI 316, stainless in a lap shape. Before the 

welding, the manual grinder was thoroughly grinded to remove sample burrs and oxides. Once 

the samples are broiled, the correct size and finish have been modified Again, all samples were 

washed by decomposition elements including spirits, which removed the grate content on the 

surface. It is very important for samples to be degreased as any grafting factor on the sample 

surface reduces the absorption of laser. 

 
Figure: Welded samples 

HARDNESS MEASUREMENT 

A single reaction parameter used in this work was the weld range. The hardness measuring 

machine from Vickers was used to measure toughness. The Vickers test is more used than other 

hardness tests as the necessary measurements are independent of the size of the indenter and 

can be used for any type of material regardless of their hardness. It tests the macro-hardship of 

the piece. 
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Table: Weld hardness values 

 

The samples sold were in the first process cut by the EDM wire. The soldering area in the small 

sample piece was removed. In the wire of EDM brass electrode, samples of 1 mm x 0.5 mm 

were made. All 16 specimens were reduced to the target size for polishing, extra. Figure 

demonstrates the wire EDM cutting cycle with a data collection system.  

4.0 RESULTS AND DISCUSSIONS 

Various stainless-steel thicknesses were welded with Nd: YAG laser in lap joint configuration. 

The effect on responses such as hardness and HAZ were analyzed in this section from various 

process parameters, such as the scanning speed, pulses' diameter and pulse frequency. In 

Taguchi 's noise ratio methodology the influence of process parameters has an important role 

to play.  

Table: SN ratio with corresponding factor combinations 

 
 

Single objective optimization technique 

Our project has taken into account two qualitative characteristics, such as solder hardness and 

HAZ. Taguchi 's approach first independently tailored these. Key effect plot for both parameter 

and regression ratios SN equation has been drawn between reaction and controllable 

parameters. For both goals, Table ANOVA was checked. 
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Graph: Main effect plot for SN ratios of hardness 

Table: Analysis of Variance for SN ratios of hardness 

 
 

 
Graph: Residual plots for SN ratios of GRG 

the standard distribution graphs. The experimental data is validated. Verses fit and the 

random order follows that is desirable. 

Confirmatory Test Result: 

The final step is to confirm the validity and check the performance characteristics by welding 

the same sample using a designed customized level environment. This means once again laser 

welding at 45 mm / min speed, 0,3 mm pulse diameter and 7 Hz frequency for the given 

sample. The toughness of the solder and of the heat affected area were identified during the 

same procedure. The solder hardness was 304.77 HV with a hardness of 0.0852 mm. HAZ. 
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Table: Comparison of result 

parameters Predicted result Actual result Percentage error 
    

Weld Hardness 300.05 HV 304.77 HV 1.54% 
    

HAZ 0.0948 mm 0.0852 mm 11.26% 
    

 

We found that by evaluating the actual result, the total number of hardness’s between all 

harnesses is the largest. Hardness is generally maximized in optimized rates. In case of the 

duration of HAZ, however, the current value is not the minimum in all heat areas. Somehow 

the minimum length of HAZ is higher. HAZ duration is therefore constrained at the optimized 

rates. Therefore, the technique of optimization used is proven and checked 

 
Figure: Lap joint welding 

 
Figure: lap joint geometrical view 

 

CONCLUSION: 

The laser soldering was carried out in lap joint form by means of two separate materials called 

AISI 316L stainless steel and EN32 stainless steel. In order to optimize controllable variables, 

Taguchi methodology was employed. In the laser soldering some of the important features were 

observed below. 

 Laser welding at 45 mm / min scan rate, pulse diameter 0.3 mm and pulse frequency 7 

Hz provides the best of quality. 

 Sweat zone hardness of 300.05 HV and HAZ length of 0.0948 mm were defined as the 

optimum configuration of the optimizing model. 

 Hardness of the solder zone at 304.77 HV and duration of HAZ at optimum conditions 

was found to be of 0.0852 mm experimentally. 

 It has been found that hardness decreases with an increase in the scan speed and pulse 

diameter, whereas hardening increases with an increase in puls frequency. 

 HZ declines with the scan speeds for the same samples, while HAZ increases with the 

increase in pulse diameter and pulse frequency .. 
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 The pulse frequency of the welding cycle influences the determination of soil hardness 

and length of HAZ most when individual responses are analyzed. However, when all 

answers are taken together, pulse frequency has the lowest effect on weld hardness and 

HAZ duration. 

 When both weld longevity and the length of HAZ are considered, pulse diameter is the 

most critical determination factor. 

 The highest SN ratio in forecast results indicates that the optimization model is 

adequate. 

 The predicted hardness result and HAZ show that hardening is maximized and HAZ is 

roughly minimized.  

Future Scope: 

The simulation generates a predicted outcome. Eventually, it is important to compare the 

simulated results, optimized results and experimental results. 

 In different optimization techniques the data obtained from AISI 316 and EN32 laser 

soldering may be used and the optimization results should be compared with each of 

the cases. The best method of optimization should be followed for achieving the desired 

result. 

 Under water can be welded with the same laser. Reaction should be evaluated, in 

particular the duration of the HAZ. When welded under water, the HAZ length can be 

reduced. The performance of optimized water soldering can then be compared to the 

existing optimized welding parameters. 
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