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Abstract 
 

Welding is a critical process in the fabrication of aluminum cylindrical shells, widely used in aerospace, automotive, and 

industrial applications. Understanding and managing residual stress in these structures is essential for ensuring their 

structural integrity and performance. This research delves into the complexities of gas tungsten arc welding (GTAW) and its 

impact on residual stress in aluminum cylindrical shells. By systematically analyzing key influencing factors, including 

welding parameters, material properties, and geometric considerations, this study aims to provide valuable insights for 

optimizing welding processes and mitigating residual stress-related issues in aluminum cylindrical shell fabrication. 
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INTRODUCTION 
 
Aluminum cylindrical shells are integral components in a multitude of industries, serving critical functions 
in aerospace, automotive, and various industrial applications. These cylindrical structures, often subjected 
to demanding mechanical and thermal loads, must exhibit exceptional structural integrity and performance. 
Achieving such robustness necessitates meticulous attention to their fabrication processes, with welding 
being a pivotal step. 
Gas tungsten arc welding (GTAW), a widely employed welding technique in aluminum fabrication, plays a 
crucial role in the assembly of cylindrical shells. While GTAW offers numerous advantages, including 
precise control and a high-quality weld finish, it also introduces a complex and often challenging aspect: 
residual stress. Residual stress, resulting from the non-uniform heating and cooling during welding, can 
significantly affect the mechanical properties and long-term performance of these structures. 
This study delves into the multifaceted issue of residual stress in GTAW welding of aluminum cylindrical 
shells. Recognizing the need for a comprehensive understanding of the factors influencing residual stress, 
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we embark on a systematic investigation. By examining the intricate interplay of welding parameters, 
material properties, and geometric considerations, this research aims to unveil the complexities that govern 
the development and distribution of residual stress in these critical components. 
The outcomes of this investigation hold paramount importance in various industrial sectors. Optimizing 
GTAW welding processes to mitigate residual stress-related issues can lead to improved structural integrity, 
enhanced fatigue resistance, and prolonged service life for aluminum cylindrical shells. In aerospace and 
automotive applications, where safety and reliability are paramount, the findings of this study have the 
potential to inform critical decisions in design, fabrication, and quality control. 
In the pages that follow, we delve into the nuanced world of GTAW welding of aluminum cylindrical shells, 
with a particular focus on the intricacies of residual stress. By shedding light on the factors that influence 
its formation and distribution, we aim to provide valuable insights that contribute to the advancement of 
welding techniques and the realization of high-performance aluminum structures. 
 
METHOD 
 
The research process involved a systematic and interdisciplinary approach to unveil the complexities of 
residual stress in gas tungsten arc welding (GTAW) of aluminum cylindrical shells. 
First and foremost, meticulous sample preparation was undertaken to ensure the consistency and relevance 
of the specimens used in the study. Aluminum cylindrical shells, representing a variety of wall thicknesses 
and diameters encountered in practical applications, were fabricated with precision to industry standards. 
These specimens served as the canvas upon which the welding and residual stress investigation would 
unfold. 
The GTAW welding process, chosen for its prevalence in aluminum welding applications, was executed 
with a deliberate and methodical approach. A matrix of welding conditions was meticulously designed, 
systematically varying parameters such as current, voltage, welding speed, and shielding gas composition. 
This allowed for a comprehensive exploration of the impact of welding variables on residual stress. 
Residual stress, the focal point of this research, was quantified through a combination of non-destructive 
techniques. X-ray diffraction (XRD) was employed to assess surface residual stresses, while neutron 
diffraction was employed to gain insight into through-thickness residual stress distribution. Measurements 
were taken both before and after various post-weld heat treatment (PWHT) procedures, providing valuable 
data on stress relief mechanisms. 
Material characterization played a crucial role in understanding the aluminum alloy's response to welding. 
Tensile tests, hardness tests, and metallographic examinations were carried out to assess mechanical 
properties and microstructural changes induced by the welding process. 
Finite Element Analysis (FEA) simulations were a complementary aspect of the research. FEA allowed for 
the modeling of heat transfer, thermal cycles, and deformation during welding. These simulations were 
validated against experimental results and used to predict the effects of various welding parameters on 
residual stress. 
To unravel the intricate relationships between welding parameters, material properties, and geometric 
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considerations with observed residual stresses, statistical analysis came into play. Regression analysis and 
design of experiments (DOE) techniques were employed to identify the most significant factors and 
interactions influencing residual stress development. 
The combination of these multifaceted processes, encompassing experimentation, numerical modeling, and 
statistical analysis, paved the way for a comprehensive understanding of the factors influencing residual 
stress in GTAW welding of aluminum cylindrical shells. The results and insights derived from this intricate 
process contribute to advancing welding techniques and enhancing the performance and integrity of critical 
aluminum structures. 
 
RESULTS 
 
Influence of Welding Parameters: 
The investigation of various welding parameters revealed their profound impact on residual stress in GTAW 
welding of aluminum cylindrical shells. Higher welding currents and slower welding speeds were found to 
correlate with increased tensile residual stresses along the weldment. Additionally, changes in shielding 
gas composition demonstrated notable effects on both surface and through-thickness residual stress profiles. 
Effects of Post-Weld Heat Treatment (PWHT): 
Post-weld heat treatment was observed to have a significant influence on residual stress mitigation. 
Specifically, PWHT procedures involving controlled heating and cooling cycles led to substantial reductions 
in residual stresses. This finding underscores the importance of thermal treatment strategies in managing 
and optimizing the residual stress state of welded aluminum cylindrical shells. 
Material Property Variations: 
Material characterization revealed that the welding process resulted in localized changes in mechanical 
properties and microstructure, particularly in the heat-affected zone (HAZ). While the aluminum alloy's 
mechanical strength remained within acceptable limits, variations in hardness and microstructural alterations 
were observed. These changes were found to correlate with the distribution and magnitude of residual 
stresses. 
 
DISCUSSION 
 
The observed influence of welding parameters on residual stress aligns with established principles of heat 
transfer and solidification during GTAW welding. Higher welding currents and slower speeds result in 
increased heat input, leading to larger thermal gradients and subsequently higher tensile residual stresses. 
The effect of shielding gas composition on residual stress is attributed to its impact on cooling rates and 
thermal cycling during welding. 
Post-weld heat treatment emerged as a crucial strategy for residual stress mitigation. The controlled 
thermal cycles induced during PWHT facilitated stress relief mechanisms, such as relaxation of 
microstructural defects and redistribution of residual strains. This finding underscores the practical 
significance of incorporating PWHT into welding procedures for aluminum cylindrical shells to enhance 
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their structural integrity. 
The variations in material properties, particularly hardness and microstructure, within the HAZ are consistent 
with the localized heat-affected zone created during welding. These changes can influence the distribution 
of residual stresses, with harder regions potentially contributing to elevated stress concentrations. 
 
CONCLUSION 
 
This comprehensive study has unveiled the complexities surrounding residual stress in GTAW welding of 
aluminum cylindrical shells. The investigation systematically explored the impact of welding parameters, 
post-weld heat treatment, and material property variations on residual stress development. The results 
provide valuable insights into optimizing welding processes to minimize residual stress-related issues and 
enhance the structural integrity of these critical components. 
Practical implications of this research include the need for careful consideration of welding parameters to 
control residual stress levels during fabrication. Moreover, the incorporation of post-weld heat treatment 
strategies can significantly reduce residual stresses, thereby improving the overall performance and 
longevity of aluminum cylindrical shells in aerospace, automotive, and industrial applications. 
In essence, this study contributes to the advancement of welding techniques, offering practical guidelines 
for mitigating residual stress and ultimately ensuring the reliability and safety of aluminum cylindrical 
structures in demanding operational environments. 
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