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Abstract.  Sheet metal forming is one of the most valuable processes in manufacturing. Its products are used 

in mechanical engineering, the auto industry, warehouses, civil engineering, and architecture. Shearing and 

forming are two of the primary operations in sheet metal processing. They are the first fundamental stage in 

processing sheet metal. The quality of the forming product is a manufacturing parameter. Shearing and 

forming processes, including progressive, die clearance, and radius, are the main factors influencing the quality. 

In this paper, the effects of die clearance and die radius on burr height and stress of aluminum are investigated 

by simulation and experiment. The findings revealed a direct correlation between die clearance and stress on 

the workpiece, with smaller clearance inducing higher stress and lower burr formation. The clearance 

exhibited minimal influence on stress and deformation. A 6% die clearance yielded the lowest burr height. 

Increasing the fillet radius mitigated stress concentration, diminished the critical cross-sectional area, and 

lessened deformation; however, it resulted in a less defined product shape. 
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1. Introduction 
 

Blanking and embossing are two standard sheet metal forming processes in the manufacturing 

industry. Blanking is a process of separating a metal blank into parts with the desired shape by 

applying a cutting force. Embossing, on the other hand, is a process of changing the shape of a metal 

blank by pressing the blank into a mold with the desired shape. Products created through blanking 

and embossing processes are found in various areas of life, ranging from simple household items to 

intricate components of automobiles and machinery. 

Previous studies have focused on analyzing the effects of various factors on the quality of blanked 

products, including blanking force, blanking speed, mold shape, blank material, and other process 

parameters, such as the optimization of parameters during cold stamping (Xu et al. (2012), Pereira  
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(a) Front view (b) Back view (c) Side view 

Fig. 1 Product design 

 
Table 1 Material data for AA1050 Bouchaâla et al. (2021) in this work 

Parameters Value 

Density (kg/m3) 2700 

Strength coefficient (k) (MPa) 149 

Strain hardening exponent (n) 0.287 

Young Modulus (E) (GPa) 69 

Poisson’s ratio 0.33 

 

 

et al. (2013), Chen et al. (2022)), simulate the deformation process (Azamirad et al. (2017), Nilsson 

et al. (2007), Ting et al. (2007)), optimization (Shaheen et al. (2020), Kuo et al. (2019), Wojtkowiak 

et al. (2019)), automated design processes (Lin et al. (2008), Cao et al. (2001), Silva et al. (2021), 

Bouchaâla (2021)).  

However, detailed research on the effect of the clearance between the punch and die on the burr 

height during blanking and the effect of the corner radius on the product quality during forming is 

still limited. Although some studies have mentioned these factors, they often focus on specific cases 

or lack in-depth analysis of the mechanism of burr formation and the relationship between the corner 

radius and product quality indicators. This study aims to investigate the impact of the clearance 

between the punch and die on burr height during stamping, as well as the effect of the corner radius 

on product quality during forming. 

 
 
2. Materials and Methods 

 
2.1 Material 
 

Table 1 displays the product's material. Fig. 1 depicts the product's design, including the forming 

and blanking procedure. 

 
2.2 Deform 3D software 
 
Deform 3D (Scientific Forming Technologies Corporation, Ohio, USA) is used to analyze metal 

forming, heat treatment, machining, and mechanical joining processes on the computer rather than 

the shop floor, using trial and error (Nitish et al. 2023).   
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(a) Die assembly and die (b) Structure of die 

Fig. 2 a) Profi Press PPCM-50 is used for the experiment 

 
Table 2 Features and specifications of Profi Press PPCM-50 

Specifications Value Unit 

Force 50000 kg 

Motor power   4 kW 

Throat depth 265 mm 

Working speed 6.3 mm/s 

Approaching speed 32 mm/s 

Return speed 42 mm/s 

Maximum pressure 320 bar 

Piston stroke   250 mm 

Guides diameter 50 mm 

Lower table size 700 x 450 mm 

Upper table size 550 x 300 mm 

Max. vertical light 400 mm 

Working height 850 mm 

Specifications Value Unit 

 
 
2.3 Machine and die 
 
Profi Press PPCM-50 (Schaijk, The Netherlands) with sheet metal die (Fig. 2) is used to 

experiment with the parameters in Table 2.  

 
2.4 Experiment process 
 
For blanking 

Input the 3D CAD file (including the workpiece, punch, and die) in Deform 3D. Set up the 

position, dimension, parameter, material, meshing, and stepping. The left is the forming process, and 

the right is the shearing process (Fig. 3). 

Shearing Process input parameter: 

Material is AA 1050, mesh size is 100000, initial temperature is 35 °C, material thickness is  
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(a) From punch (b) Shearing punch 

Fig. 3 Die structure 

 

  

 

Fig. 4 Input parameter in Deform 3D 

 

 

2mm, cutting speed is 350 mm/s, and stroke is 13 mm. 

Variable: The die clearance is changed based on a formula: 

U = a.t 

Here 

▪ U: die clearance (mm) 

▪ t: thickness of material (mm) 

▪ a: constant (a: 3%, 4%, 6%, 10%, 20%) 

The parameter in Deform 3D is shown in Fig. 4: 

• Rigid is used for the die and punch, and plastic is used for the workpiece 
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(a) Punch of forming tool (b) Radius of die (R) 

Fig. 5 Punch of forming tool and radius of die (R) 

 

  

(a) Force and stroke in punch 
(b) Effect of die clearance on stress  

and strain in simulation 

Fig. 6 Force and stroke in punch 

 

 

▪ With Die Displacement = Min Element Size / 3 

▪ Number of Simulation Steps = Punch stroke / With Die Displacement 

▪ Step Increment to save: save every three steps. 

▪ Experiment with varying punch sizes while maintaining a constant die size. Compare and 

analyze the resulting changes in effective stress and effective strain. Observe and comment 

on the product variations when the clearance is set at 3%, 4%, 6%, 10%, and 20%. 
 

For forming 

The billet, die, and embossing punch parameters depicted in Fig. 5 were imported into DEFORM 

as a blanking process. The strain and stress distribution were investigated by modifying the fillet 

radius of the punch and die, as illustrated in Fig. 5. 
 
 

3. Results and discussion 
 
3.1 Effect of die clearance on the burr height of the product 
 

The results of the effect of die clearance at 3%, 4%, 6%, 10%, and 20% to force (Z axis) are 

shown in Fig. 6a.   

Observing the results in Fig. 6a, we notice that the applied force is not uniformly distributed and 

depends on the specific deformation zone of the material, corresponding to the elastic, plastic, and 
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(a) 3%, 4%, and 6% (b) 20% 

Fig. 7 Section of the shearing part of 3%, 4%, 6% and 20% 

 

 

fracture regions of the material. In the force-displacement diagrams for 3%, 4%, and 6% 

deformation, it is observed that the final force values are zero. At that point, the workpiece has been 

completely separated from the original strip, so the force acting on the punch becomes zero. 

However, in the remaining two simulation cases of 10% and 20%, the force-displacement diagrams 

show that there is still a force acting at the final stroke of the punch, indicating that the product will 

not be separated from the strip. The force tends to decrease as the die clearance increases due to the 

stress distribution along the cutting edge. In the case of a 3% die clearance, according to Fig. 6b, the 

relationship between strain and stress shows that the stress increases significantly in the initial steps 

as the material deformation begins to change. Afterward, it remains relatively constant within a 

certain range to fracture the subsequent deformation zones. The stress becomes zero when the 

material deformation is complete 

A general equation to show how to calculate Strain and Stress using data from 3D Deform. 

Strain effective: ∈ ̅ =
√2

3
. √(∈1−∈2)2 + (∈2−∈3)2 + (∈3−∈1)2 (1) 

Stress effective: 𝜎 ̅ =
√2

3
. √(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2 (2) 

Following the simulation, the effectiveness of die clearance in two scenarios 10% and 20% was 

evaluated, and experiments on three cases, 3%, 4%, and 6%. Fig. 7 reveals that the 6% case exhibited 

the lowest maximum strain. This indicates that the material experienced the least strain or critical 

step-by-step strength in the 6% case. During the cutting process, higher material strain correlates 

with increased burr length. Furthermore, the 6% case demonstrated the lowest stress, resulting in 

minimal material deformation. The influence of die clearance on burr height is illustrated in Fig. 8. 

The results clearly show a positive correlation between die clearance and burr height Yatsun et al. 

(2019), Ortiz et al. (2007), Yamashita et al. (2021), Rizk et al. (2024). 

 
3.2 Effect of the die radius on the stress of the forming product 
 
By varying the die radius R from 0.05 mm to 0.6 mm in increments of 0.1 mm, simulation results 

indicated that a radius of 0.2 mm resulted in the lowest strain and stress values 
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Fig. 9 The deformation behavior of the blank during the forming process, with a focus on the three points P1, 

P2, and P3 that exhibit the most severe stress concentration 

 

  

(a) Graph showing the correlation between strain and 

stress as the die clearance between the punch and die 

(b) Stress distribution at three critical points, P1, P2, 

and P3, for different die clearance 

Fig. 10 The correlation between strain and stress as the die clearance between the punch and die 

 

 

Fig. 11 Results from the forming experiment. a) initial blank and the stamped part, b) dimensional inspection, 

and c) final product." 
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Fig. 10a demonstrates a direct correlation between the corner radius R and the stress at the 

inspected points: the smaller the radius, the higher the stress. This is attributed to increased stress 

concentration on the blank as the clearance decreases. Experimental results (Fig. 10b), obtained 

using a 6% punch-die clearance for blanking and a 0.2 mm corner radius for the punch and die, 

confirm the design parameters: accurate dimensions, no warping, clear embossed shape without tears 

in critical stress areas, and a smooth cut edge (Fig. 11) Tekiner et al. (2006), Naranje and Kumar 

(2011). 

 
 
4. Conclusions 
 

Simulation results for AA1050 material deformation align with experimental data. Key findings 

include: 

In shearing, larger die clearance led to increased burr height (peaking at 201.8 µm for a 20% 

thickness) and reduced stress concentration. 

In embossing, larger die clearance resulted in lower applied force and stress concentration, 

mitigating the risk of failure but compromising the clarity of the formed features.              

These findings enable the identification of potential failure zones during the design phase, saving 

time and costs. By utilizing simulation software with input parameters such as material models, 

punch and die deformation models, boundary conditions, and process parameters, the need for 

repeated physical trials is eliminated. This allows for efficient parameter modification at a low cost. 

Consequently, combining simulation-based analysis with practical experience optimizes production 

efficiency, reducing time and costs. 
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