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Abstract 

Dissimilar metal welded joints are commonly used in the nuclear sector to connect pressure vessel ferritic 

steel pipe nozzles to austenitic stainless steel safe-end pipes. Stainless Steel 316 and Nickel 201 dissimilar joints are 

focused on by utilising a 4KW CO2 laser welding machine in this study. Mechanical parameters such as ultimate 

tensile strength (UTS) and hardness survey were used to identify a high-quality welded junction. The tensile stress 

was found to be 412 Mpa, and the fracture occurred outside the weld zone on the nickel side. The tensile test shows 

that the weld was strong enough to break through the base metal. The profile of the weld bead is critical to ensure 

that it is a strong weld junction. Some delta ferrite has been observed in the interdendritic zone in microstructure 

studies, along with columnar grains during solidification, all of which point to successful fusing in the joint between 

the two dissimilar metals. With the 4 kW CO2 laser welding machine, it is possible to join materials that are 

completely different from each other. 

Keywords: CO2 Laser, Dissimilar Metal Weld Joint, SS 316, Nickel 201, Mechanical Properties, 

Microstructure 

Introduction 

Laser welding is the most accurate method for connecting different materials. Laser beam 

welding is a superior joint and its strength-to-size ratio is excellent. Its uniformity and heat 

impacted zone are minimal. Nickel and stainless steel are two prevalent materials that are 

becoming increasingly used in aerospace, nuclear power plants, and food processing industries. 

Steel and nickel joints welded together with dissimilar metals require a fix during the section 

assembly process. Focused high power density beams [1–5] overcome the common fusion 

problems caused by varying thermal conductivity. It was found that base metals Inconel 600 and 
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Inconel 690 were not adversely impacted by welding heat, and that they obtained satisfactory 

tensile and shear strength. The welding of complex structures in nuclear power plants is made 

possible by the Nd: YAG laser's unique properties [6, 7]. In addition to saving energy by 

reflection, a keyhole design extends heat to the metal underneath through thermal conduction, 

making it even more efficient. Maintaining a nominal metal-to-metal distance should be a top 

priority. If the material's surface melting power is extremely low [8–10], the CO2 laser welding 

solves the frequent residual stress problem when dissimilar metals are joined, even if the metals 

have different coefficients of thermal expansion and heat conductivity. These two parameters, 

welding speed and laser power, had the greatest impact on the fusion area. The laser energy input 

is determined by a carefully orchestrated mix of the welding process's many parameters and 

controls. In order to regulate the output characteristics of a laser welder, focus size, shielding 

gas, laser power, and welding speed were critical. Analysis of metal microstructure and 

composition at different scanning speeds was used to investigate a copper-nickel dissimilar pair. 

They blended well with one another. Weld pools were stretched because of the influence of 

thermal characteristics. [11] Carlson concentrated on the link between the heat input and the 

depth of penetration of the laser beam welding. As soon as the power density reaches a certain 

threshold, a hollow is formed in the material. Perfect penetration is achieved with the least 

amount of heat input by using the optimum laser power and welding speed. Laser welding for 

stainless steel, nickel alloys, and titanium alloys was tested [12–15]. 

An Electron Diffraction Scanning Microscopy (EDS) study of CO2 laser welded 

dissimilar metal joints demonstrated effective mixing and solidification of SS and Cu. A 10 mm 

thick HAZ was discovered during microscopic testing. They achieved satisfactory levels of 

mechanical characteristics, such as tensile and hardness [16, 17]. The weld was found to be 

broken up to 201 MPa [18]. A variety of titanium-stainless steel laser welding combinations are 

being studied, and the result shows that the combination is not practicable because of the weld's 

embrittlement. Interlayers in the form of tantalum strips have been gradually increasing the 

joint's strength [19-22]. With a 2.5 kW CO2 laser and helium shielding gas, the laser dissimilar 

butt joint of magnesium alloys was successfully completed. Observations of microstructures in 

the fusion zone showed that recrystallization was going in the right direction. For the joints' 

microhardness distribution, there were no significant effects across the profile [23-28]. 
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An Nd: YAG laser was used to fuse incompatible stainless steel butt joints together. It 

was determined that the tensile strength and weld breadth On the other hand, for a given 

parametric condition, the 304SS base material has better microstructural and mechanical 

qualities than the 316SS. Finally, desirability function analysis has been used for multi-objective 

optimization in order to maximise ultimate tensile strength and minimise weld width 

simultaneously [29]. A 500W Nd: YAG laser lap joint made of austenitic stainless steel and 

nickel-based super alloy.The joints were analysed using microstructure, tensile, and 

microhardness. At the weld junction, a tensile fracture occurred, reducing the strength and 

hardness of the base metal by 17% [30, 31]. An austenitic stainless steel 304 butt junction was 

studied using a factorial approach to predict weld bead geometry. They came to the conclusion 

that input process factors have both direct and indirect effects on the shape of our weld beads 

[32].The crack propagation and micro hardness distribution were studied in laser welded 316 

steel, which had better qualities than the basic metal. In order to conduct the experiment, CO2 

laser welding was used to weld the parts together. However, two different thicknesses of high-

strength steel, 1.6 mm and 2.0 mm, The process accuracy was examined in great depth, and the 

laser welding procedure was able to combine even the most complex of materials [33]. The weld 

bead profile and the heat-affected zone were analysed for P92 (Cr–W–Mo–V) steel. The joining 

process was optimised by employing a CO2 laser welding machine. Micro-harndess and 

microstructure studies show that laser welding is accurate and can be done in the real world [34]. 

The microstructure and mechanical characteristics of the welding of Fe-Cu using a 

continuous CO2 laser The two sides of the weld produced different microstructural results. The 

iron side aided in the modification of characteristics in response to adjustments in process 

parameters. The weld zone has a higher hardness value than the other base metals.Weld zone 

hardness is raised because of Fe and Cu fine grain zones [35, 36]. A fibre laser welding 

technique was used for the weld of SS and low-carbon steel dissimilar joints. The dissimilar 

joint's quality and the weld bead shape and weld area were the outputs of the optimization 

process. Dissimilar metal laser welding requires a high level of laser power in order to achieve a 

strong weld [37]. Stainless steel AISI430F and AISI440C are laser welded together to form a 

new joint. For the prevention of the production of cracks, post-heat treatment and preheat 

treatment have been utilized. The weld zone's material parameters were determined by 
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conducting a microstructure investigation. In the fusing area, martensite and ferrite structures 

formed as a result of the outcomes. A microhardness test shows that the hardness of the fusion 

zone is much higher than that of the base metal [38]. 

SS316 and Nickel dissimilar junctions without filler wire have not been documented in 

the open literature, which accounts for the problem. As a result of this work, the mechanical 

properties of laser beam welded dissimilar joints were predicted. A macro and microstructural 

study of the weld joint is presented. Tests on dissimilar welding of stainless steel plate and nickel 

plate of 5 mm thickness were carried out. 

Experimental Procedures 

Laser Welding Process and Materials 

  

Figure 1. Experimental Setup of the TRUMPF LASERCELL TLC1005 

Table 1 shows the chemical compositions of the base metals used for welding dissimilar 

metals of SS 316 and Nickel 201. Butt-joint welding is used to link AISI 316 stainless steel with 

commercially pure nickel plates. Fig.1 shows the laser machining centre used to weld the butt 

joint, which has a maximum output power of 4 kW and a laser beam diameter of 0.5 mm. Figure 

1 depicts the components of the experiment, and Table 2 indicates the experimental conditions 

and numerous parameters employed in the joining method. There is 15 lpm of argon shielding 

gas flowing through the nozzles. Bead on plate (BOP) and extensive trial runs are used to 

discover the process parameters. The Fe and Ni plates have a thickness of 5.0 mm. 
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Table 1. Chemical Composition of Stainless Steel 316 L with Nickel 201 (mass fraction, %) 

 Fe Si C Cr Mn Ni 

SS 316 L Bal. 0.90 0.02 18.50 1.70 11.50 

Ni 201 0.40 0.35 0.02 -- 0.35 Bal. 

 

 

Figure 2.  Beads on the Plate and Weld Sample Trials. 

Table 2. The Process Parameters for Welding Techniques. 

Process parameters  Values 

Laser power (W) 2790, 3210 

Speed (mm/min) 625, 975 

Position of laser beam 0.15 mm offset towards Nickel side 

Focal length (mm) 200 mm 

Laser beam angle 870 

Gas flow rate (lpm) 15  

Focal position -0.75 from the surface 

 

Characteristics of Joints 

An EDM wire cutter was used to fabricate the welded specimen for ASTM E8-16a and 

perform the tensile test on the Unitek 9450 Electro-Mechanical Universal Testing Machine. A 

standard specimen size of ASTM E384-16 was used with a Matsuzawa-MMTX7 Microhardness 

Tester (Make/Model) to test the hardness. 

The sample was cut across the weldment and polished with a series of emery papers 

ranging from 100 to 1000 grit sizes for metallographic inspection. A diamond paste 1-2 microns 
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in size was used to lap it. The etching was done using Aquaregia and Marble's reagents in a 

masking technique. The investigation was carried out with the help of an optical metallurgical 

microscope (Zeiss, AxioVert. A1). A stereomicroscope with a 10x magnification was used for 

the macro inspection. MACSCOPE-Z and Pixel Fox Camera are used to measure the weld bead 

profile (dhs Imaging System, Ver. 6.02, Germany). 

Results and Discussions 

Micro and Macrostructures 

 

Figure 3. Sample Weld Pool Measurements. 

The macrostructures of the samples are used to measure the weld profile dimensions. 

According to the research, the average weld pool has an area of 12.14 mm2 and an average weld 

thickness of 3.38 mm, with 4.54 mm being the average weld penetration depth. Figure 3 depicts 

the macro investigation and the related measurements. Nickel 201 microstructure images of Fig.4 

(a) display large, equiaxed gamma (nickel) solid solution grains. At the grain borders, no carbide 

precipitation can be seen, and annealing twins can be found within the grains themselves. In the 

microstructure image of stainless steel SS 316 L shown in Fig.4(b), fine austenite grains can be 

seen within the annealing twins, and there is less than 5% free ferrite. Fine nickel solid solution 

dendrites are visible in the microstructure image indicated in Fig. 4 (c). The interdendritic area 
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has some delta ferrite and the structure of the solidified matter is clearly visible. It's a good mix, 

and the weld appears to have some porosity. 

  

Figure 4. (a) Microstructure of Nickel 201 Base Metal (b) Microstructure of Stainless Steel 

316L Base Metal (c) Microstructure of Weld. 

Micro-hardness of the Material 

 

Figure 5. Micro-hardness Survey in Sample 4. 

As shown in Fig. 5, micro-hardness measurements across the weld are used to identify 

the tensile properties of the weld. The micro-hardness profile of sample 4 is depicted in Fig. 6. 

Based on the measured values, high levels of micro-hardness throughout the fusion border and 

no substantial rise in the melted zone were discovered, as well as a progressive drop towards the 

nickel region. Nickel 201 is 138 to 157 VHN and SS 316 L is 200 to 243 VHN. Due to laser 

welding's minimal heat input and extremely high power densities, there is no change in hardness 

at the fusion line in the base metals, confirming that HAZ is not an issue [39]. 

(a) (b) (c) 
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Figure 6. Microhardness Profile of Welded Sample 4. 

Tensile Strength 

Table 3. The Tensile Strength of the Test Samples. 

Sample Tensile 

stress (MPa) 

Fracture Location 

1 (2790 W, 625 mm/min.)  284 Weld  

2 (2790 W, 975 mm/min.)  405 Closer to weld at Ni 201 

3 (3210 W, 625 mm/min.)  398 Closer to weld at Ni 201 

4 (3210 W, 975 mm/min.)  412 Parent metal (Nickel 201) 

 

Figure 7. The Fractured Welding Samples of Ni 201 and SS 316 L. 
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Figure 8. A Comparison of Tensile Strength of the Samples with Parent Metals. 

Figure 7 depicts the broken specimens from tensile testing performed on four welded test 

specimens. The results demonstrate that the weld strength for sample 4 is virtually similar to the 

base metal nickel 201, as shown in Fig. 8. This is likewise the case for samples 2 and 3. 

Although the tensile results are acceptable, sample 2 is not. Nodules may have caused nickel 201 

samples 2 and 3 to break because of the voids in their HAZ. No cracks were discovered in the 

weld region in any of the samples. Due to an underfill problem, weld sample 1 fails. Underfill 

fault is caused by high power and low speed, as seen in Fig. 9 (a). In contrast to sample 1, which 

had an underfill defect, sample 2 was free of porosities yet was welded at the same power. Weld 

samples in fig. 9 (b), (c), and (d) have cumulative porosity values of 0.931 mm, 2.712 mm, and 

0.632 mm, respectively. Porosity can also be minimised by controlling the power and speed at 

which the material is processed [40, 41]. The porosity values in sample 4 are good because they 

are lower than those in samples 1 and 2. 
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Figure 9. Micro Structures of Various Samples (a) Weld Sample 1 (b) Weld Sample 2 (c) Weld 

Sample 3 (d) Weld Sample 4. 

Conclusions 

The dissimilar metal welding was performed on nickel 201 and stainless steel 316 L 

plates of 5 mm thickness by CO2 laser welding without filler metal. From this study, we can draw 

the following conclusions: 

• Welding of dissimilar metals of SS316L and nickel 201 using CO2 lasers and no filler 

metal with an acceptable tensile strength of more than 412 MPa has been successfully 

accomplished. 

(a) (b) 

(c) (d) 
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• Weld joints between incompatible metals are shown to have a columnar structure by 

macro and microstructure analyses, indicating successful fusion. Weakness 

characteristics are influenced by manufacturing parameters like porosity and underfill 

flaws. 

• No considerable amount of HAZ can be seen in the micro-hardness profile of the 

successful sample 4 specimen. Acceptable micro-hardness levels in the weld zone allow 

for a smooth transition from SS 316 L through the fusion zone to Nickel 201. 
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