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ABSTRACT
In this paper, we present the simulations of thin sheet metal stamping process in the PAM-STAMPS framework
to investigate the effect of the stamping (die) velocities on the stamping force. The aluminum alloy A1050 is
adopted as the working material in the simulation. The simulations are conducted for various thicknesses of the
blank (t = 1, 1.2, and 1.5mm), and the different of the stamping speeds (v = 5, 10 and 15 mm/s). The diameter of
the blank is 110mm for all simulation cases. The simulation results reasonably predict the residual stress,
stamping force, the forming limit diagram of the material and thickness distributions along the workpiece. The
blank thickness increases then the stamping force also increases. The simulation results also show that the
stamping (die) speeds do not significantly affect the stamping force.
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INTRODUCTION
Stamping is a sheet presswork method to shape a workpiece from a sheet metal under the action of a stamped force,
causing local plastic deformation according to the die profile. Forming stamping processing method was born
many decades ago. By the 19th century, stamping technology was widely applied in household and industrial
products. The sheet metal stamping is one of a kind-precision tools of the industry. Sheet metal is used in almost
all areas of industrial production, such as home appliances such as air conditioners, washing machines, kitchen
cabinets, kitchen utensils, …automobile and electronic industries. There are three main methods used in sheet
metal 1) die cutting, bending or forming: the process depends on customer requirements and die design. 2)
bending or forming, is a process used to deform or change different shapes of sheet metal, 3) stamping is a
process of stamping sheet metals, which is increasingly popular in production process. Furthermore, the sheet
metal stamping process can also include various methods such as embossing, flanging, laminating, engraving,
hot stamping, and cutting stamping [1, 2]. Benefits when applying stamping processing method: increases
usability of materials, especially reduces initial investment costs, improves metal properties, suitable for parts in
large pressure equipment.
The stamping process has been researched in [1-13]. Studying the influence of force and die velocity in the sheet
metal stamping process has been investigated based on sheet metal plastic deformation theory, and developed a
mathematical model based on the finite element method (FEM) to numerically simulate the stamping process.
This FEM simulation adopts the plastic materials because the stamping force is relatively small (usually using
either pneumatics or hydraulics). The sheet metal deformation is not much and the temperature is not considered
in the FEM model. Numerical simulation is a widely used tool to simulate the deformation process, and to study
the shaping process and problem conditions right on the computer to optimize the technological process.
Thereby it will help to reduce time and costs for design, manufacture and calibration. Three aspects of the
problem are currently being studied accordingly: 1) development of a FEM model with the material parameters
and the nonlinear modeling process with transitional surface conditions, 2) The plastic-elastic states of the sheet
part materials including the isotropic and anisotropic structural models, and 3) application of the contact friction
restriction at the transitional surface being also introduced for the contact element [7]. In this paper, we apply the
metal plastic deformation theory and FEM theory to simulate the sheet metal stamping process. Three main
research objectives in this paper are to study the effect of the stamping force, the residual stress distribution and
the wall thickness of the workpiece after stamping with different stamping speeds. Within the scope of the
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present research, the mild material as the aluminum alloy A1050 is selected. The samples selected for the
numerical simulations with diameter of 110mm, and various thickness t = 1, 1.2 and 1.5mm. The different
stamping velocities are 5, 10 and 15mm/s [1-5]. The detail schematic of the stamping process is presented in
Figure 1.

Figure 1. Schematic of the sheet metal stamping process [9].
where Db is the blank diameter; Dp is the punch diameter; Dd is the die diameter; F is the stamping force; Rd is
the corner radius of the die; Fh is the blank-holder force; and c is the clearance between the punch and die.
FINITE ELEMENT MODEL
The development of a finite element analysis model for the forming process of thin sheet metal presented in
detail [12, 13], and the material is plastic. The finite element model is briefly described as follows [12]:
If the total number of functions is equal to the distribution of the element ϕ(m), the finite element model can be
obtained by making the approximation of the functions π and ϕ as follows [12]:
(1)
(m)

where u is the incremental displacement at nodes of the element m. Assuming the principles of virtual
stamping are applied, the shaft moves down holding the sheet metal, and remains briefly downwards causing the
sheet metal to bend, and obtain a function ϕ as follows [12]:
(2)
Where
(3)
where dEp is incremental component of the plastic deformation; ¯𝝈 denotes stress tensor; t is local thickness; dA
is the area element; H’= dσ/dε indicates the slope of the stress-strain curve; F represents the force.
The first task of equation (2) is to equate the volumetric strain energy, the second is to characterize the energy of
the workpiece stiffness, the third is the external force. The actual deformations are re-written in matrix form as
follows [12]:
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(4)
and
(5)
The term ϕ

(m)

in equation (1) is expressed in terms of the node values:
(6)

Assembling the equation (6) for all elements in the finite element scheme. The non-linear simultaneous
equations are obtained [12]:
(7)
Equation (7) can be numerically solved using the Newton–Raphson method.
NUMERICAL SETUP OF THE FEM SIMULATION
First of all, the geometrical parameters of the punch and die and the properties of the A1050 aluminum alloy
used in the simulation are presented in Tables 1 and 2.
Table 1. Parameters of the punch and die diameters.
Blank thicknesses, Db (mm)

Punch diameter, Dp (mm)

Die diameter, Dd (mm)

1

61

63.3

1.2

60.94

63.3

1.5

60.85

63.3

Table 2. Properties of A1050 aluminum alloy for the simulation.
Properties

Parameters

Melting point

6500C

Modulus of elasticity

71GPa

Tensile strength

105 ÷ 145MPa

Hardness

34HB

Elongation

12 Min %

Poisson strength

0.3

Density

2.7/E-6 kg/mm3

Friction coefficient

0.12

Figure 2 shows the hardening curve of aluminum A1050 according to Krupkowsky's law. The numerical model
in the simulation of the stamping process is shown in Figure 3, and the clearance between the punch and the die
ranges from 1.1t to 1.15t [9] and this clearance is adopted of 1.15t, and the punch and die diameters are shown
in Table 1.
In the simulation, the die moves up and down, and the punch is fixed at the bottom of the stamping device.
During the stamping process, the die goes down to touch the blank and the blank is held firmly by the blankholder, and the die continues to go down touching the punch, then the punch pushes the blank into the die by the
clearance between the punch and the die which is about 1.15t.
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Figure 2. The Krupkowski strain-hardening law of aluminum A1050.

Figure 3. Numerical setup model of the stamping process.
SHELL ELEMENT
The precision of the finite element stamping simulation depends on the selection of the elements in the
simulation. The block and shell elements are often chosen in this case to simulate the stamping process. The
properties of the elements shown here depend on the geometry (3-node, 4-node, …) and the mechanical
properties assigned to the element as the material properties, … There are two 3-node and 4-node shell elements
using in PAMP-STAMP software shown in Figure 4a and 4b, respectively.

Figure 4. a) The 3-node, and b) 4-node shell elements
The 4-node shell element is selected for the die, punch, blank-holder and blank in the simulated process here and
is shown in Figure 5.
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MESH
Mesh significantly affects the errors of the FEM simulation results. During simulation here the mesh is divided
from coarse mesh to fine mesh to achieve the convergent results. The number of elements of the final mesh for
punch, die and blank are shown in Figure 6a, 6b and 6c, respectively.
Boundary conditions: The die and punch are considered to be absolutely rigid-body. The clamping force, Fh is
applied to the blank-holder, and its value force is calculated from as follows [9]:
Fh = 0.015Yπ [𝐷2 - (Dp +2.3t + 2Rd)2]

(8)

where Y is tensile strength (stress) of the material.

Figure 7. Penalty function.

Figure 5. The 4-node shell element in the stamping simulation.

a)

b)

c)

Figure 6. Mesh of a) punch (2023 elements), b) die (818 elements), and c) blank (313 elements).
CONTACT AND FRICTION
The contact is determined simultaneously for each pair of objects by determining whether the object (die,
punch) is absolutely rigid and the contact object is penetrated (blank). The contact element will penetrate deep
into the nodes of the sheet blank. There are different contact types in the Pam-Stamp software, depending on the
object and the loading and dynamical conditions. In the simulation in this paper, the penalty contact type is
chosen because it is often used in the sheet metal stamping.
PENALTY FUNCTION
This contact allows the minor interaction between the die, punch and blank. The shape of the workpiece is less
interactive, and the force of the penalty function is generated in response to the current or instantaneous
interaction between two parts. The die and punch exert force on the nodes of the sheet blank used in the area
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around the die and punch element nodes. The die and punch elements at each simulation step are checked for the
nodes of the sheet blank. When the blank is compressed between the absolutely rigid die and punch, the elastic
penalty function shows natural elasticity and ensures that the contact pressure is distributed over the meshing
area rather than concentrated at a node on the blank. Effect of hardness on contact with meshing size on the
blank, increasing element numbers and obtaining finer mesh.

Figure 7. Penalty Function

Figure 8. Simulation process of the sheet metal stamping
STAMPING VELOCITY
In the simulation, the stamping process of different velocities of the die is performed in three cases: u = 5, 10 and
15 mm/s. Distance of the die movement is 25mm. The stamping force in the simulation follows the z-axis, and is
stored during the stamping process. The stamping distance along the z axis goes in the direction perpendicular to
the face of the blank. The detailed stamping process is shown in the Figure 8.
NUMERICAL RESULTS
The simulation results obtained of the stamping process such as stamping force, the workpiece thickness,
residual stress and forming limit diagram (FLD) of the workpieces with various thicknesses t = 1, 1.2 and
1.5mm along with different punch speeds v = 5, 10 and 15 mm/s are shown in Figures below. One of the
advantages of the simulation process is possible to observe the residual stress of the workpiece after machining,
which is difficult to measure it in the experiment.
CASE t = 1mm. RESIDUAL STRESS
Residual stress distribution of the case t = 1mm is presented in Figure 9. The simulations show that the residual
stress occurs during the stamping process. Based on the simulation results obtained, we know the location has the
most dangerous stress. The red color shows that the residual stress is the maximum 0.158MPa, and the blue color
represents the minimum stress 0.014MPa at all three punch velocities as shown in Figure 9. The residual stress
is concentrated at the end of the cylindrical workpiece wall, and the stress has a bit difference between various
punch velocities.
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Figure 9. Residual stress distribution (MPa) with various punch speeds, case t = 1 mm
STAMPING FORCE
Comparison of stamping force between the simulations with different punch speeds v = 5, 10 and 15mm/s for the
case t = 1mm is shown in Figure 10. There is no difference between the stamping forces at various punch
velocities. The calculated stamping forces gradually increase along the workpiece surface for distance less than
20mm, and obtained the peak value of 15.80 kN. After finishing the stamping process the force gradually
decrease.

Figure 10. Stamping force distribution, t = 1mm
THICKNESS

Figure 11. Thickness distribution, t = 1mm
Thickness prediction occurs during machining process. The simulation runs show that the workpiece thickness
changes during the stamping process. Based on the results, the location has the thinnest one of 0.921mm. The
red color shows the maximum thickness of 1.314mm at all three speeds as shown in Figure 11.
FORMING LIMIT DIAGRAM (FLD)
The simulations show that the FLD region occurs during the stamping process, and we know where is the safe
FLD area from the simulation results shown by the green and yellow colors at the bottom of the cylindrical
workpiece. The red color in the surface of the cylindrical workpiece showing the wrinkled area, shown in Figure
12.
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Figure 12. Forming limit diagram, case t = 1mm.
CASE t = 1.2mm RESIDUAL STRESS
Prediction of the residual stresses occurring during machining process, the residual stresses occur during the
stamping process. Based on that, we know which location is the most dangerous stress with the maximum stress
of 0.160MPa, and the minimum stress of 0.015MPa is presented by the blue color. At three punch speeds, the
residual stress is concentrated at the end of the cylindrical workpiece t surface, and observation in the Figure 13
shows a bit residual stress difference between different velocities for the case t = 1.2mm.

Figure 13. Residual stress distribution (MPa), case t = 1.2mm
STAMPING FORCE
The stamping force distribution of the stamping process with different punch speeds v = 5, 10 and 15mm/s for
the case t= 1.2mm is shown in Figure 14. Similar to the case t = 1mm, there is no difference between the
stamping forces. The calculated stamping forces gradually increase along the workpiece surface for distance less
than 22mm, and reached the peak value of 18.81 kN, and the stamping process the force gradually decrease after
finishing the stamping process.

Figure 14. The stamping force distribution, case t = 1.2mm
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THICKNESS, t = 1.2mm
Thickness prediction occurs during the stamping process. Based on that, we know the location has minimum
thickness of 1.089mm thickness (blue color). The red shows the maximum thickness of 1.582mm at all three
speeds in the detail shown in Figure 15.

Figure 15. Thickness distribution, case t = 1.2mm.
FORMING LIMIT DIAGRAM
Predict the FLD region occurring during the machining process: The simulation runs show that the FLD region
occurs during the stamping process. Based on that, know where is the safe FLD area and the blue color at the
bottom of the cylindrical workpiece, and the red color on the wall of the cylindrical workpiece shows the
wrinkled area in the workpiece as shown in Figure 16.

Figure 16. Forming limit diagram, case t = 1.2 mm.
CASE t = 1.5mm
For the case t = 1.5mm, the stamping process is conducted with velocity v = 10mm/s because the simulation
results show that there is no difference between the stamping forces at different velocities. The simulation results
of the case t = 1.5mm with v = 10mm/s will be compared with those of the cases t = 1 and 1.2mm at v =
10mm/s.
RESIDUAL STRESS AND THICKNESS
The distributions of the residual stress and the thickness of the case t = 1.5 are presented in Figures 17a and 17b.
With a speed of v = 10mm/s, it shows that at the bottom of the cylindrical workpiece, the lowest stress is
0.004MPa, and the maximum stress is 0.113MPa near the corner of the bottom of the cylindrical workpiece is
shown in the red color as shown in the Figure 17a. Comparing the maximum residual stress at v = 10mm/s of the
case t = 1 and 1.2mm has a bit difference of 0.002 MPa. The simulation runs show the thickness change during
the stamping process. The red color shows that the maximum thickness is 1.669mm, and the blue color indicates
the minimum thickness of 1.327mm, as shown in Figure 17b.
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Figure 17. a) Residual stress and b) thickness, case t = 1.5mm.
STAMPING FORCE
Comparison of stamping force at v = 10mm/s for different thicknesses t = 1mm, t = 1.2mm, t = 1.5mm. Figure
18 shows the simulated force graph. The force of the case t = 1.5mm increases for distance less than 19.59mm,
and has a maximum force value of 25.09kN at distance of 19.59mm. In Figure 18 with the thickness t = 1mm,
the force starts to increase from distance of 0 to that of 21.29mm and then reaches the maximum value of
15.88kN. And the case t = 1.2mm has a maximum force of 18.81kN. From the force chart, it shows that as the
workpiece thickness increases, then the stamping force increases.

Figure 18. Stamping force distribution, t = 1.5mm
FORMING LIMITED DIAGRAM

Figure 19. Forming limited diagram, t = 1.5mm.
The simulation runs show that the FLD region occurs during the stamping process. Based on that, we know
where is the safe FLD area denoting by the blue color at the bottom of the cylindrical workpiece, and the red
color on the wall of the cylindrical workpiece shows the wrinkled area in the workpiece as shown in Figure 19.
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CONCLUSION
Stamping speed has a bit effect on the residual stress, since the properties of the material are independent of
velocity. The thickness of the workpiece changes, the pressure on the material also changes. This generates heat
and changes the coefficient of friction of the material. Therefore, an expression for the relationship between the
pressure and the frictional coefficient of the material should be needed to know. As the workpiece thickness
increases, the stamping force also increases, and the residual stress is concentrated near the corner of the
workpiece.
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