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Metal forming processes have evolved significantly to meet the increasing demand for lightweight, 

high-strength, and geometrically complex components in modern industries [1, 2]. Conventional sheet 

metal forming techniques such as deep drawing and stamping are widely used; however, they are often 

limited by issues such as non-uniform strain distribution, excessive thinning, wrinkling, and early 

fracture [3, 4]. To overcome these limitations, advanced forming technologies have been developed, 

among which sheet hydroforming has gained considerable attention [5, 6]. Sheet hydroforming utilizes 

hydraulic pressure as a forming medium, allowing more uniform stress distribution and improved 

control of material flow. This leads to enhanced formability, reduced spring back, improved surface 

finish, and the capability to manufacture near-net-shape components with minimal secondary 

operations [6, 7]. As industries such as automotive and aerospace continue to prioritize weight 

reduction and structural performance, hydroforming has emerged as a promising alternative to 

conventional forming processes. Sheet hydroforming is an advanced metal forming process that 

utilizes pressurized fluid to shape ductile sheet materials into complex geometries [8, 9]. Unlike 

conventional stamping, where a rigid punch directly deforms the sheet, hydroforming applies uniform 

hydraulic pressure to force the sheet against a die surface [10]. This results in improved strain 

distribution, enhanced surface finish, and increased formability [11]. The process is widely applied to 

ductile materials such as aluminum alloys, brass, stainless steel, and low carbon steel due to their 

favorable deformation characteristics [10, 11]. In sheet hydroforming with a die, the sheet blank is 

clamped between the die and the blank holder, while hydraulic pressure is applied on one side of the 

sheet [12]. The blank holder plays a critical role in regulating material flow from the flange into the die 

cavity and preventing wrinkling or leakage of the pressurized fluid. The controlled application of 

pressure enables the production of lightweight, rigid, and structurally strong components with reduced 

springback and improved dimensional accuracy. Consequently, sheet hydroformed components are 

extensively used in automotive body panels, roofs, structural reinforcements, aerospace parts, 

cookware, medical devices, and precision metalworking applications [13]. Although sheet 

hydroforming offers superior surface quality, higher formability limits, and near-net-shape production 

capability, its adoption is sometimes limited by higher tooling and operational costs compared to 

conventional stamping processes [14]. However, for complex geometries and high-performance 

components, hydroforming presents a technically and economically viable solution, particularly when 

the reduction in secondary operations and assembly requirements is considered [15]. Low carbon steel 

sheets are among the most widely used materials in sheet metal forming due to their good ductility, 

weldability, moderate strength, and cost-effectiveness [16-20]. Materials suitable for cold forming 

processes are generally compatible with hydroforming, provided they possess adequate elongation, a 

high strain hardening exponent, fine grain structure, and a significant difference between yield strength 

and ultimate tensile strength [21-25]. These properties enhance the material’s ability to withstand large 

plastic deformation without localized necking or premature fracture. Additionally, the required 

forming pressure must be evaluated in relation to equipment capabilities during material selection [26-

30]. Despite the advantages of sheet hydroforming, challenges remain in fully understanding the 

influence of sheet thickness on formability and the evolution of mechanical properties during hydraulic 

bulging. Conventional formability assessment methods such as the Nakazima test provide forming 

limit diagrams under specific strain paths, but they may not accurately represent the biaxial stress state 

experienced during hydraulic bulge forming. Furthermore, limited experimental data are available 
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regarding the correlation between maximum dome height, thickness reduction at the pole, and micro-

hardness variation in low carbon steel sheets subjected to hydroforming. 

 

Previous research has primarily focused on aluminum alloys and high-strength steels in hydroforming 

applications, while comparatively fewer studies have investigated 1008 low carbon steel sheets under 

hydraulic bulge conditions. In addition, limited comparative analyses exist between hydraulic bulge 

testing and the Nakazima test for different sheet thicknesses. The combined evaluation of formability 

parameters and post-forming mechanical properties, particularly hardness distribution at critical 

regions such as the pole, remains insufficiently explored. This study is limited to three sheet 

thicknesses of 1008 low carbon steel and specific hydroforming conditions. The effects of strain rate, 

lubrication, temperature variation, die geometry modifications, and numerical simulation analysis are 

not considered. Microstructural characterization beyond hardness measurement was also outside the 

scope of this investigation. Recent advances in nanotechnology have provided new opportunities to 

enhance metal forming processes through nanoscale control of material behavior. Nanostructured 

materials and nanoparticle-assisted techniques can improve grain refinement, reduce friction during 

deformation, and enhance strain distribution in sheet metal forming. In hydroforming, nanotechnology 

can contribute to improved formability limits, reduced surface defects, and enhanced mechanical 

properties by modifying deformation mechanisms at the nanoscale. In this paper, an experimental 

investigation of sheet hydroforming applied to 1008 low carbon steel sheets is presented. Hydraulic 

bulge tests are conducted to assess formability and compared with Nakazima test results. The influence 

of sheet thickness on maximum dome height, thickness reduction at the pole, and micro-hardness 

distribution was analyzed. The results contribute to a better understanding of the capability of sheet 

hydroforming to enhance formability and mechanical properties of low carbon steel sheets. 
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