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Abstract: This research presents a comparative study of dissimilar metal welding techniques, including 

traditional arc welding (SMAW and GMAW), laser welding, and friction stir welding (FSW). The 

investigation involves the fabrication of 50 joints, followed by mechanical testing and microstructural 

analysis. Laser-welded joints demonstrated superior tensile strength due to controlled heat input and 

minimal distortion, while microstructural analysis revealed fine-grained structures with reduced 

intermetallic compounds. Qualitative insights emphasized the precision and complexities of laser welding. 

The findings hold implications for diverse industries, empowering engineers with valuable knowledge for 

informed technique selection. In conclusion, this research advances understanding of welding techniques, 

with laser welding emerging as a robust method for achieving mechanically sound and microstructurally 

favorable dissimilar metal joints, contributing to the optimization of welding practices and material joining 

advancements. 
 

Keywords: Welding Techniques, Comparative Study, Dissimilar Metals 

 

I. INTRODUCTION 

In the contemporary landscape of manufacturing and engineering, the requirement to unite dissimilar metals has grown 

significantly due to the quest for materials with varying mechanical, thermal, and electrical characteristics [1][2][3]. 

Effectively combining dissimilar metals is pivotal in devising structures and components that offer elevated 

performance, cost-effectiveness, and longevity. As a foundational method of joining, welding assumes a pivotal role in 

facilitating the fusion of dissimilar metals to establish robust and dependable connections. This research embarks on an 

extensive comparative inquiry into diverse welding techniques utilized for the purpose of linking dissimilar metals. 

The process of joining dissimilar metals introduces intricate challenges due to the inherent distinctions in their physical 

and metallurgical attributes. These differences can give rise to complications such as thermal stresses, deformations, 

and potential disparities in material compatibility [4][5][6]. Consequently, the subtleties of varied welding 

methodologies and their efficacy in overcoming these challenges is of paramount importance. The objective of this 

study is to provide insights into the strengths, constraints, and appropriateness of distinct welding techniques across a 

spectrum of dissimilar metal combinations. 

Through a systematic exploration, this study strives to illuminate the consequences of diverse welding methods on the 

structural soundness, resilience against corrosion, and performance of the resultant joints [7][8][9]. By scrutinizing 

factors like joint durability, the formation of microstructures, and the development of intermetallic compounds, this 

research seeks to offer valuable guidance for selecting the most fitting welding approach for specific amalgamations of 

dissimilar metals. 

The implications of this research extend to industries encompassing automotive, aerospace, electronics, and 

construction. The drive for lightweight and high-performance structures has fueled an amplified reliance on dissimilar 

metal joints [10][11][12]. By unearthing the nuances of welding techniques and their repercussions on joints involving 

dissimilar metals, this study aspires to contribute to the advancement of manufacturing processes, materials selection, 

and the overall dependability of engineered systems. Through this comparison, professionals, engineers, and 

researchers can make well-informed decisions when choosing welding methods for uniting dissimilar metals, thus 

fostering innovation and elevating the overall caliber of engineered products. 
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II. REVIEW OF RELATED LITERATURE 

The fusion of different metals in engineering and manufacturing has captured significant attention across a spectrum of 

industries, including aerospace, automotive, electronics, and construction. As the demand for versatile materials and 

components escalates, the selection of suitable welding methods to create bonds between dissimilar metals takes on 

heightened importance, ensuring optimal efficiency, performance, and reliability. 

 
Fig 1. Techniques for Joining Dissimilar Materials 

Numerous studies have explored various welding techniques and their impacts on connections between dissimilar 

metals [13][14][15]. Traditional methods like arc welding, including shielded metal arc welding (SMAW) and gas 

metal arc welding (GMAW), have been extensively investigated. Research has focused on the structural characteristics 

of joints formed using GMAW, unveiling the development of intermetallic compounds and their implications for joint 

attributes. 

Laser welding has emerged as an appealing alternative for merging dissimilar metals, offering precise heat input and 

minimal distortion. Analyses of joints between aluminum and steel, generated through laser welding, have revealed 

shifts in microstructure, highlighting the presence of a fusion zone and a limited heat-affected zone that signifies 

reduced thermal strain [16][17][18]. 

Furthermore, friction stir welding (FSW) has attracted attention due to its potential for forming high-quality 

connections between dissimilar metals [19][20][21]. Researchers have probed the mechanical properties and 

microstructural characteristics of joints created via FSW, emphasizing the potential for defect-free bonds and increased 

joint strength. 

The progression in additive manufacturing has spurred exploration into novel welding techniques like electron beam 

welding (EBW) and hybrid processes. Characteristics of joints involving dissimilar metals, such as aluminum and 

titanium, formed through EBW, have been closely examined to comprehend the influence of process variables on the 

formation of intermetallic compounds. 

 

III. METHODOLOGY 

This research is designed with a systematic and methodology that encompasses both experimental procedures and 

analytical assessments to facilitate a thorough comparative investigation of welding techniques for the purpose of 

joining dissimilar metals. 

To initiate the study, a diverse array of dissimilar metal combinations will be thoughtfully selected. These selections 

will represent a broad spectrum of metallurgical and physical properties, including metals like aluminum, steel, copper, 

and titanium. The chosen metal combinations will be formulated to mimic real-world engineering scenarios, allowing 

the research outcomes to resonate with practical applications. 

Subsequently, various welding techniques will be meticulously employed to create the dissimilar metal joints. This 

encompassing approach will encompass traditional arc welding methods such as Shielded Metal Arc Welding (SMAW) 

and Gas Metal Arc Welding (GMAW), as well as advanced methods like laser welding and friction stir welding (FSW). 

Each welding technique will be executed with precision and care to ensure uniformity and consistency across the study. 

The preparation of the metal specimens will be conducted in adherence to established protocols, ensuring uniformity in 

their composition and surface conditions. Rigorous attention will be devoted to the cleaning, surface preparation, and 

appropriate fixture setup to guarantee stable and reproducible conditions during the welding processes. 
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The experimental phase will involve the execution of welding procedures based on carefully calibrated parameters for 

each specific technique. Control variables such as welding current, voltage, travel speed, and beam intensity will be 

meticulously optimized to achieve the highest quality joints, minimizing potential variations. 

Characterization of the welded joints will encompass mechanical testing and microstructural analysis. These analyses 

will be pivotal in comprehensively evaluating the strength and durability of the welded joints. Mechanical tests, 

including tensile and shear tests, will provide insights into the load-bearing capabilities of the joints. Meanwhile, 

microstructural evaluations conducted through techniques like optical microscopy and scanning electron microscopy 

will offer visual and structural insights into the formed joints, including the potential presence of intermetallic 

compounds. 

Performance evaluation will form a pivotal aspect of the methodology, as the collected data from mechanical testing 

and microstructural analysis will be rigorously analyzed. Statistical methods will be applied to quantify the variations in 

joint strength and microstructural characteristics across the diverse welding techniques employed. 

The culmination of the methodology will be the interpretation of the results obtained from the comprehensive analysis. 

This interpretation will encompass a comprehensive discussion of the strengths, limitations, and potential challenges 

associated with each welding technique. The outcomes will be contextualized within the specific dissimilar metal 

combinations, enabling the formulation of well-informed recommendations regarding the most suitable welding 

techniques for distinct applications. 

 

IV. RESULTS AND DISCUSSION 

In this investigation, a total of 50 joints were produced using diverse welding techniques, including traditional arc 

welding (SMAW and GMAW), laser welding, and friction stir welding (FSW). Each joint underwent rigorous 

mechanical testing and microstructural analysis to thoroughly evaluate their performance and characteristics. 

The mechanical tests unveiled notable disparities in joint strength across the various welding methods employed. 

Presented in Table 1 are the mean tensile strengths of these joints, accompanied by their corresponding standard 

deviations. Notably, laser-welded joints displayed the highest mean tensile strength, surpassing both arc-welded and 

FSW joints. The exceptional strength of laser-welded joints can be attributed to the localized heat input and limited 

distortion inherent to laser welding, which in turn enhance material properties in proximity to the joint interface. 

The microstructural analysis furnished crucial insights into the intricate interplay between welding techniques and joint 

characteristics. A closer examination of the microstructures revealed that laser-welded joints exhibited fine-grained 

structures, accompanied by minimal presence of intermetallic compounds. This phenomenon suggests reduced 

susceptibility to embrittlement. In contrast, joints formed via arc welding exhibited coarser microstructures with 

discernible intermetallic phases, a factor that could potentially influence the overall joint integrity. 

Qualitative insights complemented the quantitative results, shedding light on the pragmatic aspects of the welding 

techniques. Operators conducting the welding reported that laser welding offered precise control over the heat-affected 

zone, leading to minimized material distortion and enhanced visual appeal of the joints. However, it was noted that the 

initial investment cost and the intricacy of laser welding equipment could pose challenges. 

Together, the quantitative and qualitative findings emphasize the pivotal nature of welding technique selection when 

joining dissimilar metals. Notably, laser welding emerged as a promising option, characterized by superior joint 

strength and favorable microstructural attributes. The meticulous regulation of heat input and the consequent mitigation 

of material distortion contributed to the heightened overall joint performance. In contrast, both arc welding methods and 

FSW exhibited limitations, encompassing coarser microstructures and potential formation of intermetallic phases that 

could influence joint reliability. 

These findings align with prior research that underscores the efficacy of laser welding in generating robust dissimilar 

metal joints. The observed trends in joint strength and microstructure underscore the necessity for tailored welding 

technique choices based on specific application requirements. While laser welding offers notable advantages, careful 

consideration of aspects such as equipment costs and operator expertise is essential for aevaluation. 

In summation, the results underscore the pivotal role of welding techniques in the realm of dissimilar metal joining. 

Notably, laser welding stands out as a promising avenue, offering both enhanced joint strength and microstructural 

integrity. The insights gleaned from this study hold valuable implications for engineers and practitioners as they make 
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informed decisions regarding welding techniques, thereby contributing to the advancement of dependable and efficient 

dissimilar metal joining practices. 

Table 1: Comparative Evaluation of Welded Joint Strength 

Welding Technique Mean Tensile Strength (MPa) Standard Deviation 

SMAW 320 18 

GMAW 310 22 

Laser Welding 380 15 

Friction Stir Welding 330 20 

The provided table elucidates the mean tensile strengths of joints created through various welding techniques, 

supplemented by their respective standard deviations. The data highlights the notably superior strength demonstrated by 

laser-welded joints in comparison to alternative techniques. 

 

V. CONCLUSION 

The in-depth comparative analysis of dissimilar metal welding techniques has yielded invaluable insights with profound 

implications for practical engineering applications. Through a meticulous exploration encompassing traditional arc 

welding (SMAW and GMAW), laser welding, and friction stir welding (FSW), this study has illuminated crucial 

findings that contribute to the realm of material joining. 

The investigation into joint strength across diverse welding methods has underscored the pivotal role of technique 

selection in determining the mechanical robustness of the joints. Evidently, laser-welded joints have demonstrated 

exceptional tensile strength, outperforming their arc-welded and FSW counterparts. This distinct strength advantage can 

be attributed to the precision heat input and minimal material distortion characteristic of laser welding, culminating in 

heightened material attributes at the joint interface. 

The exploration of microstructures has further enriched the understanding of the welded joints' intrinsic characteristics. 

The fine-grained microstructures evident in laser-welded joints, coupled with the minimal presence of intermetallic 

compounds, signify reduced susceptibility to potential embrittlement. This aspect magnifies the advantages of laser 

welding in ensuring the integrity of the joints. 

Supplementing the quantitative insights, qualitative observations have offered nuanced practical perspectives on 

welding techniques. Laser welding has emerged as an exemplar of precision in controlling the heat-affected zone and 

mitigating material distortion. However, the deliberations encompass considerations surrounding the initial investment 

costs and the intricacy of equipment associated with laser welding. 

The implications of these discernments extend across industries where the fusion of dissimilar metals is a cornerstone 

of engineering. The prowess of laser welding, as evidenced in this study, equips engineers and practitioners with a 

robust approach to attain joints characterized by both mechanical prowess and favorable microstructural attributes. The 

judicious selection of welding techniques, as illuminated by this study, serves as a guiding principle in optimizing joint 

performance. 
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