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INTRODUCTION 

Welding is a process of fitting together the surfaces of two metals over localized meld. It is a cost-effective, precise 

and reliable for joining two metals it may similar or dissimilar metals. None of the practice is as broadly used to join 

efficiently. The laser beam is used to weld metals of multiple pieces by LBW. This laser beam gives a rigorous source of 

heat, deep weld joint and slim. The welding speed is proportionate to the supplied power and it’s also related to the 

thickness and type of the workpiece [1]. Pulsed Nd: YAG laser welding is a neodymium-doped yttrium aluminium garnet 

(Nd: YAG) a laser is a solid-state laser, Nd: YAG laser operating in both pulsed and continuous mode. The Nd: YAG 

laser makes laser light usually close to an infrared region of the spectrum at 1064 nm. The Nd: YAG laser is a commonly 

used type of solid-state laser in many fields at present because of its good thermal properties and easy repairing. The 

pulsed Nd: YAG laser welding system contains a laser, beam delivery and, focusing head. 

The advantages Nd: YAG laser welding is very small heat-influencing zone due to a very short pulse duration (welding 

time, 5-10 ms) and a relatively slow sequence of the individual welding pulses (up to 10Hz). One of the main advantages 

of laser welding is its versatility. Another important fact is that laser systems can be made fully automatic in order to have 

high accuracy welds. Improvements in welding speed, productivity and accuracy are achieved at the same time. Very 

high finish welds are obtained, that do not require further processing. These qualities make lasers a good choice for 

welding a variety of parts like transmission components, antilock-brake valves; pace-makers, and stainless-steel tubes. 

Lasers provide a high heat concentration that is obtained when the beam is focused to a metal surface, resulting in deep, 

narrow welds with a minimum of melted metal, which reduces undesirable effects such as distortion and large heat-

affected zones (HAZs). The high welding speeds and low scrap rates achieved with the laser process make it cost-effective 

for stainless steel applications. 

Earlier work by Costa AP et al. [2] concluded that horizontal and vertical focal point positions were important 

parameters to avoid overheating and to achieve high resistant joints respectively and also the continuous Nd: YAG laser 

was originated to give the best results. Aimed at achieving the maximum ultimate tensile strength by making the usage 

of Nd: YAG laser for thin plate magnesium alloy welding process parameters such as shielding gas, conveying the speed 

of workpiece, laser energy, pulse shape, and pulse frequency were optimized using the Taguchi analytical methodology. 

As the output of research, the optimal combination of welding parameters for laser welding is Ar as the shielding gas, a 

360W laser, a workpiece speed of 25mm/s, a pulse frequency of 160Hz, a laser focus distance of 0.2mm and a type III 

pulse shape. The maximum stress was found in the 23rd welding zone at the overlap of approximately 75%. The optimal 

result was inveterate with a maximum tensile stress of 169MPa, two and a half times greater than that from the original 

set for laser welding [3]. Benyounis et al. [4] optimized the keyhole parameters of carbon steel in counter-clockwise CO2 

ABSTRACT – The ultimate strength is an important property of any material for the manufacturing 
of components. This paper utilized the laser beam welding (LBW), due to its smaller dimension, 
which produces lesser distortion and process velocity is higher. Inconel 625 alloy and duplex 2205 
stainless steel is having higher strength and corrosive resistance properties. Due to the above-
mentioned properties, it could be used in oil and gas storage containers, marine and geothermal 
applications. This research work presents an investigation of various input variable effects on the 
output variable (ultimate tensile strength) in LBW for dissimilar materials namely, Inconel 625 alloy 
and duplex 2205 stainless steel. The input variables for this research are the power of a laser, 
welding speed, and focal position. The experimental runs are developed with the help of design of 
experiment (DOE) and utilized statistical design expert software. The ultimate tensile strength on 
different runs is measured using a universal tensile testing machine. Then from a response surface 
methodology and ANOVA, the optimum value of ultimate tensile strength was determined to 
maximize the weld joint and bead geometry. Finally, the confirmation test was carried out, it reveals 
the maximum error of 0.912% with the predicted value. In addition, the microstructure of the weld 
beads was examined using optical microscopy. 
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laser welding (butt) of medium carbon steel in design-expert software. The optimum weld bead was found between the 

welding power (1.2kW - 1.24kW), welding sped (69.77cm/min - 70cm/min) and focused position (-2.03mm to - 1.71mm). 

El-Batahgy [5] focused on optimizing the gas flow as well as the protection of gas device design. The study found the 

protection against oxidation is easiest with helium than with more dense gases (such as nitrogen or argon), better surface 

state for the molten zone, less perturbed by the mechanical effect of the gas. Also, the high ionization potential of helium 

is an important element in the case of CO2 laser welding, because it permits the best efficiency for the laser-matter 

interaction. In the case of Nd: YAG laser, where plasma is very difficult to initiate, it can be replaced by denser gases 

(such as nitrogen or argon) in order to improve the welding penetration by mechanical pressure. A nozzle system was 

developed to assures protection against oxidation using minimal gas flow rates and increases welding penetration [6]. 

Utilized the Taguchi method  for experimental design [7]. The Pulsed Nd: YAG laser welding of AISI 304 to AISI 420 

stainless steel plates were examined. The welds were examined for cracks, defects and for determining the weld geometry 

in an optical microscope. Tensile testing was underpinned to access weld strength [8]. Examined the effects of process 

parameters such as welding speed, laser power, pressure and laser beam size on weld seam width and lap-shear strength 

for laser transmission welding of acrylic sheet in lap joint configuration using a laser diode device. Increasing laser power 

increases lap-shear strength and weld-seam width; although increasing welding speed decreases both responses, weld 

seam width increases with line energy (until it reaches a maximum limit) as the stand-off distance increases [9]. Studied 

methodology of the response surface and study of techniques of variance from [9], [10]. For Inconel 625 alloy and 

stainless duplex steel SAF 2205 the ultimate strength values are 760MPa and 620MPa, respectively. From these previous 

works, it is clear that to optimize the laser power and welding speed are significant process parameters that can improve 

the efficiencies of welding. 

 

METHODS AND MATERIALS 

In this work, Butt welding of Inconel 625 and Duplex Stainless steel SAF 2205 is carried out by varying the input 

parameters since it’s extensively used in chemical tanks & pipes, automotive, boiler & vessel manufacturing, heat 

exchange equipment, power plants, and reactor applications. The size of the workpiece was 30 mm wide, 30 mm long 

and 2 mm thickness. Inconel is a family of austenitic nickel chromium-based superalloys. Inconel alloys are corrosion 

resistant material well suited for service in extreme environments subjected to pressure and heat. It has a good 

combination of yield strength, tensile strength, creep strength, excellent processability, weldability and good resistance 

to high-temperature corrosion on prolonged exposure to aggressive environments. Strength of Inconel alloy 625 is derived 

from the stiffening effect of molybdenum and Niobium on its nickel-chromium matrix, thus precipitation hardening 

treatments are not required. Table 1 shows the chemical composition of Inconel 625. Characteristics of Inconel 625 are 

high creep-rupture strength, oxidation resistant to 1800°F, seawater pitting and crevice corrosion resistant, immune to 

chloride-ion stress corrosion cracking and non-magnetic [11]. Duplex 2205 stainless steel (both ferritic and austenitic) is 

used extensively in applications that require good corrosion resistance and strength. The S31803 grade stainless steel has 

undergone a number of modifications resulting in UNS S32205 and was endorsed in the year 1996. This grade offers 

higher resistance to corrosion. At temperatures above 300°C, the brittle micro-constituents of this grade undergo 

precipitation, and at temperatures below -50°C the micro-constituents undergo ductile-to-brittle transition; hence this 

grade of stainless steel is not suitable for use at these temperatures. Applications are oil and gas exploration, processing 

equipment, transport, storage and chemical processing, high chloride and marine environments, paper machines, liquor 

tanks, pulp, and paper digesters [12]. Table 1 gives the chemical composition of duplex stainless steel SAF 2205. 

 

Table 1. Chemical Composition of Inconel 625 and Duplex stainless steel SAF 2205 

 In this work, a systematic method the Design of Experiments (DOE) is used to evaluate the relationship between 

factors influencing a welding process and the output of that process [13]. To optimize output parameters, DOE is required 

to control process inputs. And, response surface method is used to examine the relationship between one or more response 

variables and a set of quantitative experimental parameters. These methods are often employed after the important 

controllable factors have been identified and intend to find the factor setting that optimizes the response [14]. The three-

level response surface factorial design utilized in this study. The aim of the variance analysis (ANOVA) is to analyse the 

welding process parameters affect the quality characteristic significantly. This is accomplished by separating the total 

Base 

Composition (% Weight) 

Ni Cr Mo Fe Ti C Mn Si Nb V W 

Inconel 625 59.6 22.85 8.1 4.81 0.19 0.082 0.11 0.1 3.50 0.01 0.14 

Duplex 

stainless steel 

SAF 2205 

4.81 22.81 3.05 66.9 0.006 0.028 1.43 0.5 0.03 0.12 0.21 
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variability of the S/N ratios, which is measured by the sum of the squared deviations from the total mean of the S/N ratio, 

into contributions by each welding process parameter and the error. The test for significance of the regression model, the 

test for significance on individual model coefficients and the lack-of-fit test were performed using Design Expert 7 

software [15]. ANOVA tables summarise the analysis of three variances of the responses and show the significant models 

[16]. F Value: Test for comparing model variance with residual (error) variance. When the variances are close to each 

other, the ratio will be close to one and it is less likely that any of the factors have a significant effect on the response.  

 

Experimental Details 

The Figure 1 (a) shows the Nd-YAG Robotic Laser Beam welding equipment. The experiments are conducted on 

High peak power pulsed ND: YAG Laser welding system with six degrees of freedom robot delivered through 300µm 

luminator fiber., JK 300D, made by GSI group laser division, United Kingdom which is available with M/s. Optilase 

Techniks (I) PVT. LTD. Chennai, Tamilnadu. The maximum average power produced at laser is 300W, it ranges from 

0W to 600W. Table 2 gives the laser beam welding parameters. 

 

 
(a) (b) 

Figure 1. (a) Nd: YAG Robotic Laser Beam welding equipment and (b) experimental setup of Nd: YAG laser welding 

 

Table 2. Laser beam welding parameters 

S. No Welding Parameters 

1 Type of Laser Pulsed Nd: YAG laser welding 

2 Maximum Average power at Laser 300W 

3 Type of gas used as medium Argon 

4 Work piece dimensions 30mm ×30mm× 2mm 

5 Type of joint Butt joint with no filler material 

6 Location of work piece At the center of table using specially 

designed fixture 

7 Spot diameter 0.5mm 

8 Wavelength 1064nm 

9 Gas pressure 0.5bar 

 

 The laser beam is focused at the interface of the joints. No filler material is used for the laser welding of the 

samples. An inert gas such as argon is used to protect the weld bead from contamination, and to reduce the formation of 

absorbing plasma.  Figure 1(b) shows an experimental Setup of Nd: YAG laser welding. The samples are cut into square 

specimens of 30mm x 30mm by using a wire cut electric discharge machine to avoid distortion. 

 

Laser welding parameters for pulsed Nd: YAG laser 

 As shown in Table 3 three welding parameters visualizing laser beam power (LP), focal position (FP) and 

welding speed (WS) are considered as input parameters. So, this experiment is having 3 factors and 3 – 3 – 3 level factorial 

design. We know that for full factorial design the number of possible designs N equals to level power factors. Table 4 

gives the 12 runs developed for pulsed Nd: YAG laser welding from DOE. 

 

 

 

     

Robot 

Laser 
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Table 3. Welding parameters for Pulsed Nd: YAG Laser welding 

Notation Parameters 
Levels 

1 2 3 

LP Laser Power (W) 400 500 600 

WS Welding Speed (mm/min) 300 450 600 

FP Focal Position (mm) 14 16 18 

 

 

Table 4. DOE for Pulsed Nd: YAG Laser welding 

Std Run Block 

Factor 1 

Laser Power 

(W) 

Factor 2 

Welding Speed 

(mm/min) 

Factor 3 

Focal Position (mm) 

6 1 Block 1 600 450 14 

12 2 Block 1 500 600 18 

4 3 Block 1 600 600 16 

8 4 Block 1 600 450 18 

3 5 Block 1 400 600 16 

10 6 Block 1 500 600 14 

1 7 Block 1 400 300 16 

9 8 Block 1 500 300 14 

5 9 Block 1 400 450 14 

2 10 Block 1 600 300 16 

11 11 Block 1 500 300 18 

7 12 Block 1 400 450 18 

 

Optical Microscopy and Tensile strength test 

 Before going to take microstructure, the weld samples were cut into transverse directions and the cross-sectional 

surface was carried out for the standard metallographic procedure. Polishing with emery sheets of SiC with grit size 

varying from 220 to 2000 followed by disc polishing using alumina and velvet cloth were employed on the specimen to 

obtain a mirror finish the weldments [17]. Metallurgical characterization was performed with the use of an optical 

microscope and inverted microscope on the weldment, compromising of base metal and fusion zone. The standard 

metallographic procedure was adopted to prepare the sample for examination. The microstructure was revealed using an 

etchant glycergia (10% HNO3+ 10% HCl + 5% acetic acid) and the etching time is 8-10 seconds. The weld bead 

microstructures are observed by using an optical microscope and image analyzer. The welded joints are sliced using 

power hacksaw and then machined to the required dimension to prepare a tensile specimen as shown in the figure, these 

specimens are taken in the normal direction of the weld. The specimen is loaded and the tensile specimen undergoes 

deformation. The tensile test of the butt joint was conducted by using a universal testing machine of 1000KN capacity. 

 

RESULTS AND DISCUSSION 

Based on the experiment, it was found that the process parameters such as laser power, welding speed, focal position 

have significant effect on weld bead geometrical features such as microstructures and tensile strength. 

 

Microstructure Analysis 

The weld bead microstructures are observed by using an optical microscope and image analyzer. Figure 2 shows the 

microstructures of the weldments, confirming that the microstructure of the weld zone (WZ) is fine, as a consequence of 

the high solidification and cooling speed, being generated by the high rate of heat extraction from the welded joint. No 

cracks are seen in the WZ, regardless of whether the region analyzed is close to the interface with the Inconel 625 (Base 

Metal 1 – BM1) and Duplex stainless steel SAF 2205 (Base Metal 2 – BM2).  
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Figure 2. Microstructures of the weldments 

 

Both columnar and fine cellular growth was observed at the fusion zone adjacent to Inconel 625 side. The fusion zone 

microstructure adjacent to the interface of both the metals was observed to have multi-directional grain growth containing 

cellular, columnar dendritic, and equiaxed grains. This could be reasoned out to the use of low welding speed which tends 

to reduce the cooling rate. Table 5 gives the Previous studies on welding on Dissimilar materials. On comparison with 

Table 5, the microstructural and tensile strength of the chosen materials gives satisfying results. 

 

Table 5. Previous studies on welding on dissimilar materials 

Ref. Welding type Material 
Microstructural 

characteristics 
Parameters 

Maximum 

tensile strength 

[18] Gas tungsten arc 

welding process 

Inconel 718 with 310 

stainless steel 

Optical microscope 

and scanning electron 

microscope (SEM) 

Voltage, current and 

welding speed 

495MPa 

[19] Laser beam welding Inconel 625 with 

Duplex stainless steel 

2205 

SEM Laser power, welding 

speed and energy 

input 

~660MPa 

[20] Pulsed current gas 

tungsten arc welding 

Inconel 718 with 

AISI 416 

Optical microscopy, 

SEM 

Voltage, current, 

frequency and Duty 

cycle 

525MPa 
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Table 5. Previous studies on welding on dissimilar materials (cont.) 

Ref. Welding type Material 
Microstructural 

characteristics 
Parameters 

Maximum 

tensile strength 

[21] Fusion welding 316 stainless steel 

with Inconel 182 

Optical microscopy, 

SEM 

Fusion boundaries - 

[22] TIG welding 22Cr15Ni3.5CuNbN 

steel with Inconel 

617 

Optical microscope Base metal with 923 

K 

466.3MPa 

[23] TIG welding AISI 316L SS with 

Inconel 600 

Optical microscope Diffusion coefficient, 

Carbon activity and 

carbon potential 

665MPa 

 

Tensile Test Analysis 

From table 6, it is identified that the minimum ultimate tensile strength of 428MPa is obtained at 400W laser power, 

600mm/min welding speed and 16mm focal position. Whereas, the maximum ultimate tensile strength of 457MPa is 

obtained at 500W power, 300mm/min welding speed and 14mm focal position. Figure 3 shows the specimens prepared 

for tensile testing. 

Table 6. Ultimate tensile strength values 

Std Run Block 

Input Parameter Output Parameter 

Factor 1 Factor 2 Factor 3  

Laser Power 

(W) 

Welding Speed 

(mm/min) 

Focal 

Position mm) 

Ultimate tensile 

strength (MPa) 

6 1 Block 1 600 450 14 455 

12 2 Block 1 500 600 18 433 

4 3 Block 1 600 600 16 439 

8 4 Block 1 600 450 18 440 

3 5 Block 1 400 600 16 428 

10 6 Block 1 500 600 14 441 

1 7 Block 1 400 300 16 442 

9 8 Block 1 500 300 14 457 

5 9 Block 1 400 450 14 436 

2 10 Block 1 600 300 16 456 

11 11 Block 1 500 300 18 445 

7 12 Block 1 400 450 18 432 
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Figure 3. Tensile strength specimens 

 

Development of mathematical models 

Design-Expert statistical software is used for graphical representation of the analysis results obtained by experimental 

work. At this stage, the fit summary in the design-expert software is used to select the models that best describe the 

response factors. The fit summary includes sequential model sum squares to select the highest order polynomial where 

additional terms are significant and the model is not aliased. In addition, model summary statistics of the fit summary 

focuses on the model that maximizes adjusted R-squared and predicted R-squared values. The sequential F-test is carried 

out using the same statistical software package to check if the regression model is significant and find out the significant 

model terms of the developed models as well. The step-wise regression method is also applied to eliminate the 

insignificant model terms automatically.  

 

Response model selection 

Suitable response models for the response factors are selected based on the fit summaries. Design expert software is 

used to develop and select the model that best described the response factor in regression analysis. The sequential F test 

is carried out to check significance of the regression model and determine the significant model terms of the developed 

model as given in Table 7. Sequential model sum of squares is also included in this model to select the highest order 

polynomial where additional terms are significant and the model is not aliased. In addition, model summary statistics 

shown in Table 8 is focusing on the model that maximized adjusted R-squared and predicted R-squared values. The data 

of Tables 7 and 8 indicate that a quadratic model is statistically significant for the weld strength and can be used for 

further analysis in this investigation. 

 

Table 7. Sequential model sum of squares for strength model 

Source 
Sum of 

Squares 
df Mean square F Value 

p-value 

Prob > F 
 

Mean vs Total 2.344E+006 1 2.344E+006    

Linear vs Mean 963.25 3 321.08 40.93 < 0.0001 Suggested 

2FI vs Linear 36.50 3 12.17 2.32 0.1927  

Quadratic vs 2FI 24.50 2 12.25 21.00 0.0172 Aliased 

Cubic vs Quadra 1.75 3 0.58   Aliased 

Residual 0.000 0     

Total 2.345E+006 12 1.954E+005    
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Table 8. Model summary statistics for strength model 

Source Std. Dev. R-Squared 
Adjusted R-

Squared 

Predicted R-

Squared 
PRESS  

Linear 2.80 0.9388 0.9159 0.8624 141.19 Suggested 

2FI 2.29 0.9744 0.9437 0.8526 151.20  

Quadratic 0.76 0.9983 0.9937 0.9727 28.00 Aliased 

Cubic      Aliased 

 

Analysis of variance (ANOVA) 

 In factorial design technique, (ANOVA) is usually carried out to determine the significance of model and model 

terms. A model or model term is significant when its p-value is less than 0.05. The ANOVA for the weld strength 

(response) as influenced by the input variables is shown in Table 9. It is seen from Table 6 that the linear effects of laser 

power, welding speed and focal position also the quadratic effects of the laser power (P2), welding speed (S2) and the 

focal position (F2) is significant. Further, it is seen from Table 5.5 that the predicted R2 value of 0.9983 is very close to 

the adj. R2 of 0.9937. The R2 value of 0.9727 is high and close to 1 which is an indication of an adequate model. Adequate 

precision compares the range of the predicted value at the design points to the average prediction error. The value of 

adequate precision is 44.033. The adequate precision ratio above four indicates adequate model discrimination. 

 

Table 9. ANOVA for the model 

Source 
Sum of 

Squares 
df 

Mean 

Square 
F Value 

p-Value 

Prob > F 
 

Model 1024.25 8 128.03 219.48 0.0005 Significant 

A-LASR POWER 338.00 11 338.00 579.43 0.0002  

B-WELDING SPEED 453.13 1 453.13 745.93 0.0001  

C-FOCAL POSITION 190.13 1 190.13 325.93 0.0004  

AB 2.25 1 2.25 3.86 0.1443  

AC 30.25 1 30.25 51.86 0.0055  

BC 4.00 1 4.00 6.86 0.0791  

A2 15.12 1 15.12 25.93 0.0146  

B2 0.50 1 0.50 0.86 0.4228  

C2 0.000 0     

Residual 1.75 3 0.58    

Cor Total 1026.00 11     

Std. Dev. 0.76  R-Squared 0.9983  

Mean 442.00  Adj R-Squared 0.9937  

C.V. % 0.17  Pred R-Squared 0.9727  

PRESS 28.00  Adeq Precision 44.033  

 

Interaction Effect Plot using Design-Expert 

Figure 4 and figure 5 shows an interaction and contour effect of welding speed and laser power on ultimate tensile 

strength with constant focal position 14 mm. Figure 6 and figure 7 shows an interaction effect of welding speed and focal 

position on ultimate tensile strength with constant laser power 500 W. Figures 4 and 5 reveal that the ultimate tensile 

strength increases linearly with increasing laser power and decreasing welding speed. It is apparent from figures 6 and 7 

that the ultimate tensile strength increases as the focal position and the welding speed decreases. At elevated welding 

speed, the time accessible for the laser beam in direct contact with the surface is lower and the ultimate tensile strength 

increases as the welding speed decreases. The lower laser input power decreases, resulting in less hardening of the base 

material than the melting of the material, therefore the ultimate tensile strength decreases. Its laser power should also be 

held at such an optimal amount that the rise in laser power does not melt the surface but instead heat the surface.  
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Figure 4. Interaction effect of welding speed and laser power on ultimate tensile strength with constant focal position 

14mm 

 

 

 
Figure 5. Contour effect of laser power and welding speed parameters on the focal position 14mm 

 

 

 
Figure 6. Interaction effect of welding speed and focal position on ultimate tensile strength with constant laser power 

500W 
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Figure 7. Contour effect of welding speed and focal position on ultimate tensile strength with constant laser power 

500W 

 

Confirmatory Test Result 

Two criteria are introduced in this numerical optimization. The first set of criteria is to create a full-depth penetration 

weld and maximize weld penetration depth, resistance length and shearing force with no limitation on either process 

parameters or weld width. In this case, all the process parameters and weld width (first response) are set within a specified 

range. Furthermore, lowering the laser power and increasing the welding speed are the most common techniques used in 

automotive industries to produce relatively low-cost and excellent weld joints. Table 10 summarizes these two criteria, 

lower and upper limits as well as the importance of each input and response factor. 

 

Table 10. Optimization criteria used in this study 

Constraints 
Lower limit Upper limit 

Name Goal 

Laser power Minimize 400 600 

Welding speed Minimize 300 600 

Focal position Minimize 14 18 

Ultimate tensile strength Maximize 428 457 

 

Validation of the developed models 

In order to validate the developed models, three confirmation experiments were carried out with welding conditions 

chosen randomly from the optimization results. For the actual responses, the average of three measured results was 

calculated. Table 11 summarizes the experiment's condition, the average of actual experimental values, the predicted 

values and the percentages of error. The validation results demonstrated that the models developed are quite accurate as 

the percentages of error in prediction were in a good agreement. 

The normal probability plot of the residuals and plot of the residuals versus the predicted response shown in figures 8 

and 9 respectively are other tools for checking the adequacy of the model. Because the points on the normal probability 

plot of the residuals form a straight line, it can be concluded that the model is adequate. Points in figure 8 shows no 

obvious pattern and unusual structure. These plots indicate the adequacy of the model. 

 

 

 

 

 

 

 

 

 

 

Design-Expert® Softw are

Ultimate tensile strength

Design Points

457

428

X1 = B: WELDING SPEED

X2 = C: FOCAL POSITION

Actual Factor

A: LASER POWER = 500.00

300.00 375.00 450.00 525.00 600.00

14.00

15.00

16.00

17.00

18.00
Ultimate tensile strength

B: WELDING SPEED

C
: F

O
C

A
L

 P
O

S
IT

IO
N

436.833

440.917445

449.083

453.167



S. Madhankumar et al.  │ Journal of Mechanical Engineering and Sciences │ Vol. 15, Issue 1 (2021) 

7725   journal.ump.edu.my/jmes ◄ 

Table 11. Validation test results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Normal probability plot of the residuals 

 

 

 
Figure 9. Plot of the residuals versus the predicted response 

 

The validity of the proposed model can be checked by conducting three confirmation experiments. These experiments 
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strength. This figure also indicates that the developed model is adequate and predicted results are in good agreement with 

the experimental data.  

 

 
Figure 10. Plot of actual versus predicted strengths 

 

Graphical optimization 

It is obvious that the graphical optimization allows visual selection of the optimum welding conditions according to 

certain criteria. The result of the graphical optimization is the overlay plots, these types of plots are extremely practical 

for quick technical use in the workshop to choose the values of the welding parameters that would achieve certain response 

value for these types of materials. 

In this case, for each response, the limits lower and/or upper have been chosen according to the numerical optimization 

results. The same two criteria, which are proposed in the numerical optimization, are introduced in the graphical 

optimization. As shown in Figure 11, the yellow areas on the overlay plots are the regions that meet the proposed criteria. 

The green/shaded areas on the overlay plots are the regions that meet the proposed criteria. 

 

 
Figure 11. Overlay plot shows the region of optimal welding condition 

 

CONCLUSIONS 

This work demonstrated the porosity free successful dissimilar joints of Inconel 625 and SAF 2205 utilizing a low 

kW capacity Nd: YAG welding machine. The metallurgical and mechanical characterization of the weldments have been 

established which would be a major resource for the end-users employing these dissimilar metals. The major conclusions 

drawn from this work are given below:  

1. The microstructure of the fusion zone exhibited multidirectional grain growth consisting of cellular, dendritic, and 

equiaxed grains. There is a concentration gradient of the iron and nickel elements in the WZ. 
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2. Tensile failures were observed at the fusion zone in all the trials. The joint strength of the laser welds is found to be 

459MPa. 

3. Maximum tensile strength (457MPa) was achieved for a combination of parameter namely laser power (500), 

travelling speed (300) and focal position (14). While minimum tensile strength (428MPa) was observed at laser 

power (400), travelling speed (600) and Focal position (16). 

4. The ANOVA analysis also conducts to know the percentage contribution of the input parameters on output 

parameters. The parametric study indicates that the percentage contribution of laser power is of 35.09%, welding 

speed of 45.17% and focal position of 19.74% for ultimate tensile strength, which shows that the influence of focal 

position on ultimate tensile strength is less compare to other parameters. 

5. The data obtained from laser welding of Inconel 625 and Duplex stainless steel can be used in different optimization 

techniques and the optimization result found in each case should be compared. The best optimization technique in 

which desired the result is obtained should be adopted. 
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