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Summary 

The dissimilar butt welding of nickel 201 and AISI 316 was investigated using 4 kW 

CO2 laser welding machine. The effects of laser power (2580 - 3420 W), welding speed (450 - 

1150 mm/min), focal position (-1 to 0 mm), beam angle (84 - 96 degrees) and Beam offset (0 - 

0.2 mm) on the weld geometry i.e, depth of penetration (DP), bead width (BW) and Fusion 

Zone Area (FZ)were investigated using Response Surface Methodology (RSM). The central 

composite design was used for this experimental plan. Mathematical equations were 

developed to predict the required weld profile responses dissimilar butt welding process. The 

sequential F- test, lack of fit test and analysis of variance (ANOVA) technique where used to 

test the adequacy of the developed models. Output responses reflect the results for the 

mathematical models within the limits of the input process parameters that were used. 

Numerical optimization technique was used to identify the optimal condition region of all this 

laser welding process. Laser welding speed played a major role in this process, which causes 

pores nearby fusion zone. Depth of penetration is the most important output response to 

achieve the good dissimilar joint. In microstructure studies some delta ferrite is seen in the 

interdendritic region and also the solidification shows columnar grains. The tensile test 

results the fracture in the base metal which proves that the weld strength is good as expected. 

The optimum conditions are obtained from Desirability analysis. A set of Pareto-optimal 

solutions provides flexibility to the welding industry and the process engineer to select the 

best setting based on the quality requirements and applications. 

   

Keywords: laser welding, dissimilar joint, Response surface methodology, weld bead 

geometry  

 

1.Introduction 
Material processing at aerospace, automobile, electronics, nuclear power sectors and 

other industries are using high power CO2 laser welding process widely because of its 
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accuracy, speed, minimum heat affected zone and distortion [1]. A small spot with high 

optical intensity of 106 to 1010 W/cm2 is possible by focusing laser beam. This allows the 

material for a fine heating scale that melts the material to the melting point in a short time. 

The time to reach the melting temperature is only in nanoseconds [2]. Keyhole shape is 

efficient because of energy that is saved by reflection and also the shape extends the heat to 

the metal surface below by energy saving thermal conduction. It should be very important that 

maintain allowable metal to metal gap. If power is very low for a material that melts only the 

surface [3].Palanivel et al., experimented to join Titanium tubes by Nd:YAG laser welding by 

varying the speed. The result was based on ultimate tensile strength, micrographs, 

microstructure, EDAX Analysis and other mechanical properties investigation. The maximum 

tensile strength of the Titanium tube was 342 MPa and it was broken at the base metal [4]. 

Laser power should be in the necessity level to melt the material per unit time. The heat 

transfer increases when travel speed decreases which causes the high depth of penetration 

related to laser power density of the laser beam. Laser beam power is a function of laser 

power and beam diameter. The constant beam diameter should be maintained to achieve 

better ratio by increased laser beam power. Laser speed is also an important factor which 

affects the penetration [5]. Laser beam welding can join the difficult materials like Titanium, 

Quartz etc., with no filler material. Very narrow welds can be possible by using laser welding. 

Very accurate welds can be achieved with less effort. Heat affected zone is very narrow so 

that small and closely spaced can be joined on a small area. Laser beam is a fully automated, 

high speed, numerical control mechanism [6]. Carlson focused the relationship between the 

heat Input and in depth of penetration of the laser beam welding. If the power density exceeds 

the level, the material melts and vaporizes quickly and forms the cavity instantly. The proper 

laser power and the welding speed give the perfect penetration with minimum heat input. The 

study of major applications of laser welding for stainless steel, Nickel alloys and Titanium 

alloys were experimented [7]. Karthikeyan et al. investigated advantages of laser beam 

welding with the conventional welding process. The results show that the full penetration 

weld joint with the material gap from 0.2 to 0.3mm is good in mechanical properties for 

higher thickness sheets [8]. Anandkumar et al. deeply investigated the dissimilar metal joint 

by laser welding process. It is found that the laser welding process have the special advantage 

for the materials with low thickness. This is mainly because of the very small laser beam 

diameter that can be directly position on the exact location with high accuracy [9]. 

E.M.Anawa experimented about weld bead area and the shape of the dissimilar joint between 

austenitic Steel with low Carbon Steel. Evaluation was about laser parameters, laser power, 

welding speed, and focus position using Taguchi method with the design of experiment 

[10].Stainless steel and Nickel alloys are largely used in various industries specially nuclear 

power plant and chemical industries because of their good mechanical and corrosion 

resistance property. Using conventional joining processes the dissimilar metal joint 

components were fabricated for various applications. However, more coarse grain and 

deformations occurred because of unstable welding process parameters of the conventional 

joining processes [11].Laser Power, welding speed, focal position, beam angle, offset distance 

and shielding gas are the important combination of input process parameters that should be 

exactly selected to control the weld bead geometry and the heat input [12].To find the various 

input parameters and the output responses by consuming accurate material, time and effort, 

the Response surface methodology is the well known design of experiments (DoE) type that 

can be applicable in different areas. Among more techniques, response surface methodology 

is the efficient technique to visualize the effects of input parameters on the output responses 

of a process [13-16].In this work beam power (BP), welding speed (WS), focal position (FP), 

beam angle (BA) and Beam offset (BO) are the input parameters taken into account to find 

the weld bead geometry (i.e, depth of penetration (DP), bead width (BW) and Fusion Zone 
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Area (FZ)) of dissimilar butt joint of nickel 201 and AISI 316 for 4 KW CO2 laser welding 

machine. In this work, the input process parameters (laser power, welding speed, focal 

position, beam angle and Beam offset and the output responses (depth of penetration, bead 

width and Fusion Zone Area (FZ)) were related by using response surface methodology tool. 

The main aim is to find the optimal solution that would maximize the depth of penetration and 

minimize the bead width and Fusion Zone Area (FZ) [17]. Caiwang Tan et al., investigated 

AZ31 Mg to Ti-6Al-4V dissimilar butt joint with and without nickel coating by varying the 

laser power. It was also about the mechanical and microstructural clarification based on 

thermodynamic formulation. The joint failed at magnesium base metal and other samples at 

fusion zone and titanium interface [18]. Genetic algorithm is the most popular heuristic 

approach to multi-objective design and optimization problems [19]. 

 
 

Fig.1. TRUMPF LASERCELL TLC1005 experimental setup 

2. Experimental design 

Experimental design was based on the five level central composite design (CCD) with half 

fraction. The independent laser input process variables are laser power (2580 - 3420 W), 

welding speed (450 - 1150 mm/min), focal position (-1 to 0 mm), beam angle (84 - 96 

degrees) and Beam offset towards nickel side (0 - 0.2 mm). The upper and lower limits of the 

input parameters were decided only based on the trial runs made in the experimental set up for 

the materials.  Design-Expert 11is used as statistical software to analyse the experimental data 

by response surface methodology. Regression equation was obtained by fitting the linear and 

second order polynomials to the experimental data. The F- test, lack of fit test and analysis of 

variance (ANOVA) technique were used to test the adequacy of the developed models. 

Experimental data were fit with second order polynomial equation (1) by step-wise regression 

method to identify related terms in the mathematical model. Response graph and statistical 

plots were generated by the same software. 

Y =b0+Σbixi+ ΣbiiX
2
ii + Σbijxixj         (1) 

 

2.1 Experimental work 

Stainless steel AISI 316 with chemical composition in weight percent of 18.50% 

Cr,11.50% Ni, 0.9% Si, 1.7% Mn and balance as Fe and Nickel 201 with 0.40% Fe, 0.35% Si, 

0.35% Mn remaining as nickel was used as work material. The dimensions of each plate were 

100 mm long x 50 mm width with 5 mm thickness. The range of the input process parameters 

were fixed by the trial samples and bead on plate runs performed by varying the process 

parameters. The working range of the process parameters were confirmed by visual inspection 

of those trial runs are shown in Table 1.The butt welding joint was carried out based on 

design matrix and maximisation to avoid experimental errors using a six axes 4kW CO2 

universal laser machining center (TRUMPF LASERCELL TLC1005) provided by Magod 
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Lasers Machining Private Ltd (Fig.1).Argon was used as shielding gas with flow rate of 15 

l/m. The sample was sectioned across the weldment and prepared for metallographic 

examination by polishing with a series of emery papers ranging from 100 grit sizes down to 

1000 grit size. Etching was carried out by masking technique using aquaregia and Marble's 

reagents. Examination was carried out using Optical Metallurgical Microscope (Zeiss, 

AxioVert.A1). The macro examination was carried out using a Stereomicroscope at 

magnification of 10X. Weld bead profile was measured by using MACSCOPE-Z with Pixel 

Fox Camera and (dhs Imaging System, Ver. 6.02, Germany).The design matrix along with the 

measured output responses are shown in Tables 2 and 3. 

Table 1 Process variables and experiment levels. 

 

Code Factor Unit -2 -1 0 +1 +2 

BP Beam Power Watt (W) 2580 2790 3000 3210 3420 

WS Welding Speed mm/min 450 625 800 975 1150 

FP Focal position mm -1 -0.75 -0.5 -0.25 0 

BA Beam Angle  Degrees0 84 87 90 93 96 

BO Beam Offset mm 0 0.05 0.1 0.15 0.2 

 

3. Result and discussions 

The experiment was conducted based on design matrix Table 2 .All the 32 specimens 

were cross-sectioned and prepared for measurements. All the experiments were carried out 

carefully. The samples were sectioned and prepared for profile measurement. The weld cross 

sections were polished with emery papers ranging from 100 grit size down to 1000 grit size. 

Then the sections were lapped with diamond paste of 1-2 microns size. Etching is a very 

important process for a dissimilar joint weld sections. It was carried out by masking technique 

using aquaregia and Marble's reagents. Depth of penetration and the bead width are the major 

profile dimensions which are the strength stabilizers. The width and the depth are accurately 

measured for all the 32 samples. The measured values from the experiments ie., the output 

responses are listed in Table 3. 

3.1 Analysis of variance (ANOVA)  

Analysis of variance helped to test the adequacy of the models. According to this test, 

calculated F ratio of the model should be within the confidence limit. The insignificant 

coefficients can be eliminated by step wise method using the statistical software package. The 

fit summary indicates that the quadratic model is statistically significant for all the output 

responses and are analyzed by Design Expert V11 software. The final reduced models for the 

output responses are resulting from ANOVA Tables 4 – 6.Adequacy measures of R²value is 

close to 1 which indicates the better adequacy of the models and also adequate precision of all 

the models greater than 4 is desirable. The mathematical model of depth penetration states 

that the main effect of beam power (BP), welding speed (WS), beam angle (BA), beam offset 

(BO), the second order effect of welding speed (S2), the second order effect of the focal 

position (FP2), beam offset (BO2)and the two level interaction of beam power (BP) and focal 
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position (FP), welding speed (WS) and beam angle (BA) , focal position(FP) and beam angle 

(BA) are the significant model terms. However, two level interaction of welding speed (WS) 

and beam angle (BA) are the most associated term of the model with depth penetration. .For 

Weld bead width ,the main effect of  welding speed (WS), focal position (FP),beam angle 

(BA), the second order effects of beam angle (BA2) and the two level interaction of beam 

power (BP) and focal position (FP),beam power (BP) and beam angle (BA), welding speed 

(WS) and focal position(FP) , welding speed (WS) and beam offset (BO),focal position(FP) 

and beam offset (BO) are the significant model terms. However the main effect of welding 

speed (WS) is the most significant term of the model on Weld bead width.  

In the case of Fusion Zone Area (FZ), the main effect of welding speed (WS), focal 

position (FP), beam angle (BA), the second order effects of beam power (BP2), beam angle 

(BA2) and the two level interaction of welding speed (WS) and beam angle (BA), focal 

position (FP) and beam offset (BO), beam angle (BA) and beam offset (BO) are significant 

model terms. In this case, the main effect of welding speed (WS) is the most significant term 

of the model.  

 

Table 2. Design matrix with coded process parameters 

 

Exp. 
No. 

Beam Power 
(W) 

Welding Speed 
mm/min 

Focal position 
mm 

Beam Angle 

Degrees0 

Beam Offset 
mm 

1 -1 -1 -1 -1 1 

2 1 -1 -1 -1 -1 

3 -1 1 -1 -1 -1 

4 1 1 -1 -1 1 

5 -1 -1 1 -1 -1 

6 1 -1 1 -1 1 

7 -1 1 1 -1 1 

8 1 1 1 -1 -1 

9 -1 -1 -1 1 -1 

10 1 -1 -1 1 1 

11 -1 1 -1 1 1 

12 1 1 -1 1 -1 

13 -1 -1 1 1 1 

14 1 -1 1 1 -1 

15 -1 1 1 1 -1 

16 1 1 1 1 1 

17 -2 0 0 0 0 

18 2 0 0 0 0 

19 0 -2 0 0 0 

20 0 2 0 0 0 

21 0 0 -2 0 0 

22 0 0 2 0 0 

23 0 0 0 -2 0 

24 0 0 0 2 0 

25 0 0 0 0 -2 

26 0 0 0 0 2 

27 0 0 0 0 0 

28 0 0 0 0 0 

29 0 0 0 0 0 

30 0 0 0 0 0 
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31 0 0 0 0 0 

32 0 0 0 0 0 

 

Table 3 is the values of output responses. For all the different input parameters it’s not 

possible to maintain the penetration as a constant value. We are looking for the best 

penetration value by considering all the input parameters and also the other output responses 

of the bead geometry. 

Table 3 Measured value of experimental responses 

 

Exp. 

No. 

Depth of 
Penetration (DP) 

mm 

Bead Width (BW) 
mm 

Fusion Zone Area (FZ) 

mm2 

1 5 3.79 10.66 

2 4.794 2.481 10.279 

3 4.318 3.178 6.765 

4 4.513 2.438 6.892 

5 4.806 4.376 12.998 

6 4.98 4.085 10.575 

7 4.518 1.663 5.222 

8 4.738 3.181 8.947 

9 4.651 3.776 11.611 

10 4.712 4.069 12.95 

11 4.882 2.971 7.269 

12 4.663 2.975 6.887 

13 4.406 4.244 13.149 

14 4.518 4.933 14.156 

15 4.376 2.83 7.026 

16 4.713 3.126 7.704 

17 4.387 3.808 8.158 

18 4.695 3.356 8.206 

19 4.75 4.796 15.293 

20 4.512 2.612 6.659 

21 4.879 3.392 10.675 

22 4.975 3.775 11.225 

23 4.775 3.001 7.445 

24 4.639 3.568 9.77 

25 4.379 3.619 9.927 

26 4.516 3.364 9.455 

27 4.762 4.002 9.758 

28 4.798 3.569 9.792 

29 4.772 3.556 10.827 

30 4.562 3.832 10.747 

31 4.612 3.946 10.332 

32 4.544 3.621 8.689 
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Table 4  ANOVA table for Depth of Penetration (DP) reduced quadratic model 

Source Sum of Squares df Mean Square F-value Prob. >F 

Model 0.8925 9 0.0992 11.89 < 0.0001 

BP 0.0693 1 0.0693 8.32 0.0086 

WS 0.1096 1 0.1096 13.15 0.0015 

BA 0.0432 1 0.0432 5.18 0.0330 

BO 0.0536 1 0.0536 6.43 0.0189 

BP x FP 0.0640 1 0.0640 7.68 0.0112 

WS x BA 0.2116 1 0.2116 25.38 < 0.0001 

FP x BA 0.1076 1 0.1076 12.90 0.0016 

FP ² 0.1383 1 0.1383 16.59 0.0005 

BO ² 0.0802 1 0.0802 9.62 0.0052 

Residual 0.1834 22 0.0083   

Cor. Total 1.08 31    

      R² =0.8295; predicted R² = 0.6704; adjusted R² = 0.7598; adequate precision= 15.4620. 

 

Table 5 ANOVA table for Bead Width (BW) reduced quadratic model  

 

Source Sum of Squares df Mean Square F-value Prob. >F 

Model 13.23 9 1.47 22.98 < 0.0001 

WS 7.89 1 7.89 123.37 < 0.0001 

FP 0.5180 1 0.5180 8.10 0.0094 

BA 0.9866 1 0.9866 15.43 0.0007 

BP x FP 0.9821 1 0.9821 15.36 0.0007 

BP x BA 0.2767 1 0.2767 4.33 0.0494 

WS x FP 1.15 1 1.15 17.94 0.0003 

WS x BO 0.4186 1 0.4186 6.55 0.0179 

FP x BO 0.5852 1 0.5852 9.15 0.0062 

BA ² 0.4219 1 0.4219 6.60 0.0175 

Residual 1.41 22 0.0639   

Cor.Total 14.63 31    

R² =0.9039; predicted R² = 0.7426; adjusted R² = 0.8645; adequate precision= 20.9796. 

 

Table 6 ANOVA table for Fusion Zone Area (FZ) reduced quadratic model  

 

Source Sum of Squares df Mean Square F-value Prob. >F 

Model 165.83 8 20.73 38.06 < 0.0001 

WS 135.06 1 135.06 247.98 < 0.0001 

F P 2.38 1 2.38 4.38 0.0477 

BA 7.11 1 7.11 13.06 0.0015 

WS x BA 2.48 1 2.48 4.55 0.0439 

F P x BO 4.74 1 4.74 8.70 0.0072 

BA x BO 3.09 1 3.09 5.67 0.0259 

BP² 7.23 1 7.23 13.28 0.0014 

BA² 4.44 1 4.44 8.16 0.0089 

Residual 12.53 23 0.5446   

Cor. Total 178.35 31    

R² =0.9298; predicted R² = 0.8726; adjusted R² = 0.9053;adequate precision= 24.2448. 
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Regression models were constructed using these coefficients and are as follows in equations 

(2), (3) and (4). 

Depth of Penetration (DP) = 4.648 + 0.053 P -0.067 S -0.042 A + 0.047 O + 0.063 P*F + 

0.115 S*A -0.082 F*A + 0.068 F2 -0.051 O2       (2) 

Bead Width (BW) = 3.586 -0.573 S + 0.146 F + 0.202 A + 0.247 P*F + 0.131 P*A - 0.267 

S*F - 0.161 S*O - 0.191 F*O - 0.118 A2       (3) 

Fusion Zone Area (FZ) = 10.347 -2.372 S + 0.315 F + 0.544 A -0.393 S*A -0.544 F*O + 

0.439 A*O -0.492 P2 -0.385 A2        (4) 

The actual factor mathematical model after elimination of insignificant coefficients for the 

responses is given in equations (5), (6) and (7). 

Depth of Penetration (DP) = 20.675 -0.020 S -0.211 A + 5.109 O -0.044 F*A + 1.032 F2 - 

20.821 O2           (5) 

Bead Width (BW) = -103.865 -4.706 F + 2.360 A -0.012 S*O- 17.050 F*O -0.013 A2 (6)

  

Fusion Zone Area (FZ) = -367.12 + 0.053 S+ 5.357 F + 7.859 A - 40.967 F*O - 0.273 A*O - 

0.039 A2           (7) 

In equations  (2) – (7) , P,S,F,A,O represents Beam Power , Welding Speed , Focal position , 

Beam Angle , Beam Offset  respectively.  

3.2   Models validation 

Actual value and predicted values relationships for Depth of Penetration (DP), Bead 

Width (BW) and Fusion Zone Area (FZ) are shown in Figs. 2–4 respectively. The Residual 

values are closer which indicates the developed models adequate. It is necessary to verify the 

level of adequacy of the developed mathematical models by conducting confirmation 

experiments. By using the developed models, the validation experiments were predicted with 

the help of point prediction in the Design Expert software. Table 7 shows the error percentage 

between with calculated value and experimental value of the analyzed responses. 

 

  

Fig. 2 Scatter diagram of depth of 
penetration. 

Fig. 3 Scatter diagram of bead width. 
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Fig. 4 Scatter diagram of Fusion Zone Area (FZ). 

 

 

3.4   Analysis of response graphs and contour plots 

Welding speed decreases from maximum to minimum and the depth of penetration is 

decreasing. As beam angle decreases the depth of penetration increases shown in Fig.5. 

Figure 6, the depth of penetration decreases slightly to a minimum value with rise in focal 

position and then steadily increases with the further increase in beam power. From Figure 7 

the rate of increase in bead width is higher at lower welding speed and Focal position.  Beam 

angle shows a negative effect on weld width. The reason is that the increasing welding speed 

reduces the time and less heat is delivered. This causes the reduction in depth volume of the 

molten material during the process. 

  

Fig.5 Contour plot for the effect of 
welding speed and beam angle on 

depth of penetration 

Fig.6 . Contour plot shows the 
interaction effect of  beam angle and 

focal position on depth of  penetration  
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Fig.7 Contour plot shows the interaction effect of welding speed and focal 
position on bead width. 

 

4. Multi response optimization 

 

It is required to achieve a higher process improvement, thus the selection of optimal 

welding process parameters required an exacting mission in welding process. Due to many 

process attributes and arduous process mechanism, higher depth of penetration. Lower bead 

width and fusion zone area are more difficult to obtain in a welding surface. Desirability 

analysis is the most enticing approach for optimizing input parameters to meet the objectives. 

The response surface optimization tool in Design Expert V11 software involves combining 

the requirement of the response and the input process parameters. The numerical optimization 

gives a space to find the minimization, maximization and the optimum response value within 

the target. The optimal results are presented in Table 7. Fig.8 shows the Pareto optimal 

frontier distributed points generated from the optimization of responses. The parameter 

combinations of ten sets of non-dominated Pareto optimal solutions are presented in Table. 8. 

It has been validated and found that the investigation of genetic algorithm results stands closer 

between actual versus predicted values. Thus the predicted values using genetic algorithm can 

be adopted in welding industry based on their required of individual responses.   

While Tables 7 present the optimal solution based on the optimization criteria as 

determined by design-expert software 

 

Table 7 Optimal welding solution using Desirability Approach  

 

No. BP WS F P BA BO DP BW FZ Desirability 

1 3210.000 975.000 -0.250 87.000 0.150 4.771 2.466 6.278 0.765 

2 3209.999 967.273 -0.250 87.000 0.148 4.782 2.528 6.414 0.761 

3 3209.988 974.754 -0.250 87.147 0.150 4.771 2.489 6.347 0.761 

4 3209.999 969.846 -0.251 87.000 0.146 4.779 2.521 6.408 0.761 

5 3209.999 974.993 -0.253 87.000 0.144 4.774 2.509 6.399 0.759 
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Fig.8 Pareto Frontier chart 

 

Table 8 Optimal welding solution using genetic algorithm approach  

 

No. BP WS F P BA BO DP BW FZ 

1 2181.176 1479.258 0.435218 78.38076 0.290714 4.537478 2.19545 7.440426 

2 3800.578 1483.379 -1.45834 78.9918 0.283254 4.859186 2.533039 5.96301 

3 3827.975 1482.877 -1.46803 78.92568 0.226906 4.876167 2.511392 6.029793 

4 3820.507 1483.643 -1.41765 78.53964 0.289644 4.857649 2.502134 5.892204 

5 2182.277 1479.645 0.062389 78.3882 0.290647 4.49276 2.395384 7.12743 

6 2293.787 1479.154 0.428361 78.40152 0.289923 4.556469 2.214919 7.557807 

7 3158.805 1457.231 0.475261 78.7128 0.288527 4.715393 2.35435 8.013417 

8 3818.261 1483.414 -0.44699 78.50292 0.289319 4.782512 2.448903 6.70251 

9 3818.025 1483.267 -0.1053 78.53664 0.287295 4.787018 2.434505 6.996363 

10 2353.133 1481.337 0.113973 78.50052 0.290705 4.528343 2.373615 7.349658 

 

4.1. Optimization conformity tests 

The conformity test is done for bead geometry confirmation, Tensile test and 

microstructure analysis in order to measure the strength of the sample which is made using 

optimal input process parameters. The micro structural analysis was done on stainless steel, 

nickel and weld zones of the optimal dissimilar weld sample. 

 

4.1.1. Experimental confirmation of bead geometry 

Table 9 shows conformity test for the optimized input and output responses. The finalized 

bead profile values are in the acceptance level of error percentage between the predicted value 

and the measured value. Fig.9 shows the conformity specimen bead profile for the optimized 

value.  
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                                    Fig. 9 The confirmity test specimen bead profile 

 

Table 9 Experimental confirmation of bead geometry for optimal solutions 

Particulars 
Depth of Penetration 

(DP) 
Bead Width (BW) 

Fusion Zone Area 
(FZ) 

Predicted Value 4.803 3.461 6.764 

Measured Value 4.882 3.3841 6.887 

Error % 1.6448 -2.2219 1.8184 

Error, % = [(measured value - predicted value) / predicted value] x 100 

4.1.2. Tensile test observations  

The welded sample was prepared for standard tensile test specimen ASTM E8-16a with 

the help of EDM wire cutter. The tensile test is carried out in the specimen with the dimension 

of 100mm x 20mm x 5 mm in Electro-Mechanical Universal Testing Machine UNITEK 9450. 

Dissimilar metal joint was successfully carried out between AISI 316 and Nickel 201 CO2 

laser welding, having a sufficient tensile strength of above 412 Mpa. Tensile tests were 

conducted on optimized specimen (Width 19.95 mm , thickness  4.68 mm, Cross section 93.37 mm2 ) 

and the fractured sample is shown in Fig. 10. The results indicate that the weld strength is 

nearly equal value of the base metal nickel 201 and shows satisfied results. The fusion is good 

in the sample and no failure was found in the weld area.  

 
 

 

 

 

Fig. 10 Fractured sample of the optimized specimen 
 

4.2. Microstructure observations of the optimized specimen 

Microstructure observations were done for the optimized specimen. The mechanical 

properties show the good results for the better bonding of AISI 316and nickel 201. But that 

should be confirmed by the microstructure observations of that specimen. The microstructure 

image of base metal Nickel 201 (Fig.11) shows coarse, equiaxed grains of gamma (nickel) 

solid solution. The annealing twins (AT) are seen within the grains. The microstructure image 

of base metal AISI 316 (Fig.12) shows fine grains of austenite, within annealing twins (AT) 

and less than 5% free ferrite is seen. The microstructure image of weld (Fig. 13) shows fine 

dendrites of nickel solid solution and there is some delta ferrite at the interdendritic region and 

the solidification structure shows coarse columnar structure in the sample that indicates good 

fusion in the weld joint between the dissimilar metals. In the optimized process specimen the 

microstructure and the mechanical properties are strongly proving the relationship for a good 

joint of the dissimilar welding process. 
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Fig.11. Microstructure of 
base metal Nickel 201 

Fig. 12. Microstructure 
of base metal AISI 316 

Fig.13. Microstructure of 
weld 

 

5.Conclusions 

The following are the results concluded from the above investigations:  

 The optimum input process parameters can be arrived for the good quality dissimilar 

weld joint by using Design Expert 11 software. Laser beam power 2790 Watts is the 

optimized input parameter value to produce the dissimilar joints between AISI 316 and 

nickel 201. The most important input parameter is the welding speed. Optimum value for 

welding speed is 975 mm/min with and focal position value of -0.75 mm.  

 The beam angle of 92.98 degrees is an optimum value for the best output responses with 

the offset distance value of 0.091 mm towards nickel side.  

 The numerical optimization is used for understanding the relationship between the 

effective weld joint and the input parameters. Second criteria satisfy depth of penetration 

that is the most influencing output response for the better weld quality.  

 The conformity tests result is good in all aspects (bead geometry, tensile test and 

microstructure) on the dissimilar joint of AISI 316 and nickel 201. The optimized process 

parameters were confirmed by the confirmation test. The calculated weld bead profile of 

the optimized dissimilar joint was nearly matching with the experimental value. During 

the tensile test the specimen fractures at the base metal nickel 201 with a tensile strength 

value of 412 MPa approximately. From microstructure observations of the same 

optimized specimen showed the interdendritic region with the coarse columnar 

solidification structure in the sample that indicates good fusion in the weld joint between 

the dissimilar metals. The dissimilar joint between those materials is highly possible by 

the 4 kW CO2 laser welding machine.  

 The parameter combinations of ten sets of non-dominated Pareto optimal solutions are 

presented. It has been validated and found that the investigation of genetic algorithm 

results stands closer between actual versus predicted values. Thus the predicted values 

using genetic algorithm can be adopted in welding industry based on their required of 

individual responses.   
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