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ABSTRACT 

This dissertation delves into the comprehensive parametric optimization of the warm deep drawing 

process of 304 stainless steel. The warm deep drawing process is a crucial metal forming technique 

that leverages elevated temperatures to enhance the material's formability and reduce defect 

occurrence. This study systematically investigates the influence of various process parameters, 

including sheet thickness, temperature, coefficient of friction, and strain rate, on the quality of the 

final product. 

 
Using the Taguchi method for design of experiments and Finite Element Analysis (FEA) for 

simulation, the research aims to determine the optimal settings for these parameters. The Taguchi 

method allows for efficient experimentation and identification of significant factors, while FEA 

provides a detailed understanding of the material behaviour under different conditions. 

 

The findings reveal the optimal combination of parameters that minimize common defects such as 

wrinkling, tearing, and thinning. Validation of these results through experimental trials confirms the 

accuracy and reliability of the simulations. The optimized parameters lead to significant 

improvements in the formability and structural integrity of the deep-drawn components. 

 
This research holds substantial implications for the manufacturing industry, particularly in 

applications requiring high precision and reliability. The enhanced understanding of the warm deep 

drawing process and its optimization contributes to improved manufacturing efficiency, reduced 
production costs, and higher quality products. The insights gained from this study are expected to 

benefit sectors such as automotive, aerospace, and electronics, where advanced sheet metal forming 

processes are critical. 

 

CONCLUSION 

These insights can guide the optimization of process parameters in sheet metal forming to achieve 

desired outcomes in terms of effective stress, strain, surface expansion, and damage. 

 

A. Temperature: 

• Effective stress: Increased temperature leads to decreased effective stress of the sheet metal. 

• Surface Expansion Ratio: The surface expansion ratio increases with increasing temperature. 

• Damage: Damage initially decreases with increasing temperature but then increases again. 
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B. Thickness: 

• Effective Stress: Thickness has a low percentage of contribution, indicating it is not a highly 

significant factor. However, thinner materials (0.5 mm) experience more effective stress. 

• Effective Strain: There is a notable effective strain at 0.5 mm thickness, but not much change is 

observed for thicknesses of 1 mm and above. 

• Surface Expansion Ratio: The surface expansion ratio increases with increasing thickness. 

• Damage: Damage is inversely proportional to increasing thickness, meaning thicker materials 

tend to have less damage. 
 

C. Coefficient of Friction: 

• Effective Strain: The effective strain fluctuates with changes in the coefficient of friction. 

• Surface Expansion Ratio: Less surface expansion at low coefficients of friction, remaining steady 

at higher coefficients. 

 

D. Strain Rate: 

• Effective Strain: Effective strain increases with increasing strain rate and then decreases towards 

the end. 

• Surface Expansion Ratio: The variation in surface expansion ratio with strain rate mirrors the 

variation with the coefficient of friction. 

• Damage: Damage increases with increasing strain rate. 
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