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Abstract: Hydroforming is an advanced manufacturing technique widely used for producing 

complex, lightweight, and high-strength tubular components, particularly in the automotive and 

aerospace industries. Thin-walled stainless steel tubes are commonly employed in these 

applications due to their excellent corrosion resistance and mechanical performance. This study 

investigates the hydroforming behavior and structural integrity of thin-walled AISI 304 stainless 

steel tubes with varying diameters. A combination of experimental hydroforming trials and finite 

element analysis (FEA) was employed to assess formability, wall thickness distribution, stress-

strain responses, and failure modes. The results indicate that tube diameter and wall thickness 

significantly influence deformation behavior, with smaller diameter tubes exhibiting higher strain 

localization and a greater tendency for thinning at corners. Hydroformed specimens were subjected 

to mechanical testing to evaluate residual strength and integrity, while microstructural analyses 

were conducted to examine grain orientation, strain hardening, and localized deformation. 

Findings from this study provide insights into optimizing hydroforming parameters and tube 

geometry to achieve enhanced structural performance, ensuring lightweight yet robust components 

for industrial applications. 
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Introduction 

Hydroforming is an advanced metal forming process that has gained significant attention in recent 

decades due to its ability to produce complex, lightweight, and high-strength components with 

superior dimensional accuracy and surface finish. Unlike traditional stamping or mechanical 

forming methods, hydroforming utilizes a high-pressure hydraulic fluid to shape ductile metal 

tubes or sheets against a die, allowing for intricate geometries, reduced part count, and improved 

material utilization. The process has become particularly relevant in the automotive and aerospace 
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industries, where there is a growing demand for lightweight structures to enhance fuel efficiency, 

reduce emissions, and maintain structural integrity under dynamic loading conditions. Stainless 

steel, especially the AISI 304 grade, is commonly employed in hydroforming applications due to 

its excellent corrosion resistance, ductility, and ability to sustain large plastic deformations without 

catastrophic failure. Thin-walled stainless steel tubes are especially valuable in these applications, 

offering an optimal balance between structural performance and weight reduction. 

The mechanical behavior of thin-walled tubes during hydroforming is influenced by several 

interdependent factors, including tube geometry, wall thickness, material properties, and 

hydroforming process parameters such as internal pressure, axial feeding, and die geometry. Thin-

walled tubes present unique challenges due to their susceptibility to localized thinning, wrinkling, 

and stress concentration during plastic deformation. Excessive thinning can compromise structural 

integrity, leading to premature failure under operational loads, while wrinkling or buckling may 

result in dimensional inaccuracies and reduced component performance. Understanding the 

complex interaction between material behavior, geometric constraints, and hydroforming 

parameters is essential for optimizing the process and ensuring that the resulting components meet 

stringent safety and performance standards. 

Literature Review 

Hydroforming of thin-walled metallic tubes has been widely investigated over the past two decades 

due to its potential to produce lightweight, complex, and high-performance components for 

automotive, aerospace, and structural applications. The process relies on internal hydraulic 

pressure to plastically deform tubes into a die cavity, allowing for precise control over shape and 

wall thickness. Early studies focused on understanding the fundamental mechanics of tube 

hydroforming, emphasizing the influence of tube geometry, wall thickness, and material properties 

on formability and defect formation. Pioneering work by Tekkaya et al. (2000) highlighted the 

sensitivity of thin-walled stainless steel tubes to localized thinning and wrinkling during 

hydroforming, identifying key parameters such as internal pressure, axial feeding, and die 

geometry as critical factors for defect prevention. Subsequent research confirmed that controlling 

these process variables is essential for maintaining structural integrity and maximizing material 

utilization. 
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Material behavior plays a central role in hydroforming outcomes, particularly for stainless steel 

alloys such as AISI 304. Stainless steel exhibits high ductility and strain-hardening characteristics, 

which facilitate significant plastic deformation without immediate fracture. However, its 

anisotropic mechanical response can lead to uneven strain distribution, resulting in localized 

thinning and potential failure zones. Researchers have investigated the effect of initial wall 

thickness, tube diameter, and length-to-diameter ratio on hydroformability, showing that thinner 

walls are prone to excessive thinning and bursting, while thicker walls may resist deformation, 

leading to incomplete filling of complex die cavities. Studies by Altan et al. (2005) and Kim et al. 

(2012) also emphasize the importance of optimizing axial feeding and internal pressure sequences 

to achieve uniform deformation and prevent wrinkling, particularly at the tube ends and corners. 

Methodology 

The experimental methodology was designed to investigate the hydroforming behavior and 

structural integrity of thin-walled AISI 304 stainless steel tubes under varying process parameters 

and geometric configurations. Tubes with diameters of 20 mm, 25 mm, and 30 mm and wall 

thicknesses of 1.0 mm, 1.5 mm, and 2.0 mm were selected to cover a range of practical 

applications. Each tube was cut to a standard length of 200 mm and thoroughly cleaned to remove 

surface contaminants, ensuring uniform contact with the die during hydroforming. The 

hydroforming setup consisted of a high-pressure hydraulic system capable of generating pressures 

up to 100 MPa, a precision die cavity with complex cross-sectional features, and axial feeding 

mechanisms to control tube elongation. 

Prior to hydroforming, finite element simulations were conducted using ABAQUS software to 

predict stress distribution, wall thickness variation, and potential failure locations. Material 

properties, including yield strength, ultimate tensile strength, Young’s modulus, and Poisson’s 

ratio, were defined according to experimental tensile testing of the selected stainless steel tubes. 

The simulations incorporated friction coefficients between the tube and die, as well as anisotropic 

strain-hardening behavior based on Barlat’s yield criterion, to accurately represent the 

hydroforming process. Simulations provided guidance on optimal internal pressure sequences and 

axial feed rates, which were then applied in experimental trials. 

Hydroforming experiments were performed under varying internal pressures (40–80 MPa) and 

axial feed rates (0.5–1.5 mm/s) to evaluate their impact on tube deformation and wall thickness 



Vol. 3 No. 6 (2026): FJNT                                                    Famous Journal of Nanotechnology 
 

58 
 

distribution. Each hydroformed tube was measured for dimensional accuracy using a digital caliper 

and laser scanning, while wall thickness at critical locations (corners, mid-span, and high-curvature 

regions) was assessed using ultrasonic thickness measurement techniques. Mechanical testing was 

performed to evaluate structural integrity, including tensile testing, hardness measurements, and 

impact resistance assessments. Microstructural analyses were conducted using scanning electron 

microscopy (SEM) and optical microscopy to examine grain orientation, strain hardening, and 

localized defects. 

Results and Discussion 

The hydroforming experiments demonstrated that tube geometry, wall thickness, and process 

parameters significantly influence deformation behavior, wall thickness distribution, and overall 

structural integrity of thin-walled stainless steel tubes. Measurements of hydroformed specimens 

revealed that smaller diameter tubes (20 mm) exhibited higher localized thinning, particularly at 

corners and regions of high curvature, compared to larger diameter tubes (25 mm and 30 mm). 

This phenomenon can be attributed to the increased strain concentration in tighter radii, which 

accelerates plastic deformation and reduces material redundancy in critical areas. Wall thickness 

analysis using ultrasonic measurement confirmed that thinning was more pronounced in tubes with 

initial wall thicknesses of 1.0 mm, where reductions of up to 25% were observed in extreme 

regions. In contrast, thicker tubes (2.0 mm) maintained more uniform wall thickness, 

demonstrating enhanced resistance to strain localization and reduced likelihood of failure. 

Axial feeding and internal pressure were found to play a critical role in controlling the 

hydroforming outcome. Tubes subjected to optimized axial feed rates (1.0–1.2 mm/s) in 

combination with staged internal pressure exhibited more uniform wall thickness distribution and 

minimized wrinkling at tube ends. Excessive axial feed rates or internal pressure led to buckling 

and localized thinning, which were identified as primary causes of premature failure during 

subsequent mechanical testing. Finite element simulations closely matched experimental 

observations, with predicted locations of maximum strain and thinning corresponding to 

experimentally measured values within a 5% deviation. This validation confirms that FEA is an 

effective tool for optimizing hydroforming parameters, predicting failure zones, and guiding 

process control. 
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Mechanical characterization of hydroformed tubes indicated that deformation history directly 

influenced structural integrity. Tensile testing showed that regions with higher localized thinning 

exhibited lower ultimate tensile strength, highlighting the importance of uniform wall thickness in 

maintaining load-bearing capacity. Impact testing revealed that hydroformed tubes with optimized 

pressure and feed parameters absorbed more energy before failure compared to specimens formed 

under non-optimal conditions, indicating enhanced toughness and resilience. Hardness 

measurements revealed strain-hardening effects, particularly in high-strain regions, which 

contributed to increased strength but also highlighted potential sites for crack initiation if localized 

strain exceeded material limits. 

Conclusion 

This study demonstrates that the hydroforming behavior and structural integrity of thin-walled 

stainless steel tubes are strongly influenced by tube geometry, wall thickness, and process 

parameters such as internal pressure and axial feeding. Experimental investigations revealed that 

smaller diameter tubes and thinner walls are more prone to localized thinning, wrinkling, and strain 

concentration, which can compromise structural performance if not properly controlled. Optimized 

hydroforming conditions, including staged internal pressure and carefully regulated axial feed 

rates, resulted in uniform wall thickness distribution, minimized defects, and enhanced mechanical 

performance. Finite element simulations closely correlated with experimental observations, 

confirming their effectiveness in predicting deformation patterns, strain localization, and potential 

failure zones. 
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