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ABSTRACT
The subject of the study was aluminum samples of varying thickness. The aim of 
the study was to perform the experimental stamping process of the samples on a uni-
versal testing machine and a numerical analysis on two independent computer sys-
tems Abaqus® and Deform-3D. As part of the numerical analysis, bilinear material 
model was included, taking into account elastic and plastic characteristics. The study 
was conducted in a dynamic environment with geometric nonlinearity. The results 
obtained from experimental research were confronted with those obtained by FEM 
computer simulation. During the research, numerical model of the stamping process 
has been developed, which was validated with the results of experimental research.
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INTRODUCTION

Modern times have allowed to introduce 
many changes to the sheet metal stamping tech-
nology. The most important change is the devel-
opment of advanced computer techniques sup-
porting the design of plastic forming processes. 
The application of numerical calculations and 
simulation software have allowed for significant 
costs reduction of design and preliminary testing 
of stamping processes. These systems help in the 
design phase and during the production cycle. 
Advanced simulation software are mainly used to 
predict the direction of flow of metal, of stress 
distribution analysis, deformation, temperature or 
possible defects. There are many different CAE 
/ FEM software options available today on the 
market that allow computer-based analysis of 
metal forming processes.

Sheet metal forming is one of the most popular 
methods of forming thin-walled elements. Sheet 
metal forming includes many different process-
es i.e.: the processes that take into account fric-
tion [5, 6], but mainly cold plastic forming pro-

cesses. A detailed classification of the stamping 
process is presented in [10]. Stamping is a sheet 
metal forming process consisting of converting a 
flat semi-finished product into a non-expandable 
piece. Elements obtained during a stamping pro-
cess can be divided into three main groups: axi-
ally symmetric shape [7, 8], box shaped [2], com-
plex symmetrical shape [9].

The stamping process of thin sheets consti-
tutes a challenge for designers, caused by the ra-
dial stretching tensions and peripheral compres-
sion stresses, in the deformed lower part of the 
draw piece - uni-axial stretch, while the biaxial 
stresses in the bottom are extruded. It is assumed 
that the process is carried out in a two dimension-
al stress state.

Analysis of the stamping process is based on 
determining the occurring phenomena and inter-
action between the drawing and stretching areas. 
The analysis of phenomena occurring during sheet 
metal stamping is described in publication [4].

The stamping process is burdened with two 
major constraints that negatively affect the shap-
ing of the sheet. The phenomena restricting the 
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extrusion process are the corrugating of the draw 
piece flange and bursting of the cylindrical part 
of the draw piece wall. Corrugation of the draw 
piece flange is caused by loss of material stabil-
ity in the area where the extruded material does 
not have contact with the blank holder. In order 
to increase the contact surface between the mate-
rial and the blank holder, traction thresholds were 
used. Penetration of the occurred crinkle into the 
gap between the stamp and the die may result in 
jamming of the draw piece, rupture of the base, or 
cracking of the die wall. The limitations causing 
draw piece or tool damage are described by the 
researchers in publications [1, 3]. The corrugation 
phenomenon occurs mostly during the shaping of 
axially-symmetrical draw pieces. Future research 
will include optimizing processes [11]. Corru-
gation occurs when the percentage of the initial 
thickness and the blank sheet diameter meets the 
following condition:
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where:
d - internal draw piece diameter,
D0 - blank sheet diameter,
g0 - blank sheet initial thickness,
m1 - extrusion coefficient.

SUBJECT OF THE STUDY

Four disc shaped aluminum alloy samples 
were the subjects of the study. Test samples were 
characterized by a fixed diameter of 50 mm and 
variable thicknesses of 0.47, 0.9, 1 and 1.44 mm. 
The graphical representation of the test sample is 
shown in Figure 1.

Test samples were characterized by specific 
material properties, consistent with the definition 
of the elastic-plastic model. The elasticity proper-
ties which were essential to describe the material 
model were based on two parameters - Young’s 
modulus and Poisson’s ratio. Within the plastic 
bilinear material characteristics, the plasticity and 
strength limits of the material and the deformation 
when strength limit is reached. Considering the 
dynamic processing of the material, it was neces-
sary to define the material density parameter. All 
experimentally determined materials characteris-

tics required for the correct implementation of the 
dynamic issue, particularly in the FEM analysis, 
are presented in Table 1.

EXPERIMENTAL STUDIES

Experimental studies were carried out on 
the Instron 3369 universal testing machine, used 
mainly for compression and stretching tests. Due 
to the nature of aluminum during the stamping 

 
Fig. 1. Research sample: a) actual object, 

b) numerical model

Table 1. Material properties of the test sample (own 
study)

Al-1100 aluminum material properties
Density ρ [kg/m3] 2700

Young Modulus [MPa] 70000

Poisson ratio v [-] 0.33

Yield point Re [MPa] 85

Tensile strength Rm [MPa] 115

Elongation A% [%] 2

a)

b)
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process it was necessary to adapt the test equip-
ment accordingly. At the lower head of the test-
ing machine, a die with test sample was properly 
placed inside. The upper die was equipped with 
an additional guide way for axial compression 
with respect to the stamp. Stamping process of 
prepared test samples was simulated by axial 
compression performed by universal testing ma-
chine. The sensor located in the upper head made 
it possible to measure the load-displacement ratio 
of the stamp as a result of the stamping process. 
The process was carried out with constant traverse 
speed of 1.67 mm/s. The traverse speed was set at 
a well-defined value, due to the necessity of stamp 
displacement by 65 mm in 38.92 seconds, in each 
test. The test equipment is shown in Fig. 2.

Experimental studies have allowed for ob-
taining draw pieces of different heights and 
thicknesses. As part of the performed tests, the 
load-displacement characteristics were obtained, 
showing the work done by the stamp during the 
process. Experimentally determined character-
istics set the basis for further validation of FEM 
simulation results.

NUMERICAL ANALYSIS

Simulation studies were based on two inde-
pendent finite elements numerical test environ-
ments, Abaqus and Deform-3D. In both cases it 
was necessary to generate components models 
that enabled the process to be carried out. Dimen-
sioned 3D models (in [mm]), based on an actual 
objects are shown in Figure 3.

Initially, the numerical simulations of the 
material model were based on experimentally 
obtained data. The boundary conditions were de-
fined with regard to the actual mounting of the 
components, in order to accurately simulate the 
process. The graphical representation of the re-
spective boundary conditions used for the numer-
ical analysis in both cases is shown on Fig. 4.

The numerical discretization was related to 
the use of the appropriate type of mesh type. In 
Abaqus, two types of numerical elements were 
used. The first, a R3D4 shell type mesh in which 
the finite element description is reduced to hav-
ing 4 nodes within a single element and 3 degrees 
of freedom in each node. The mesh type used for 
non-deformable elements (30000 FE mesh), i.e.: 
for the die, guide way and stamp. Solid C3D8R 
element type has been used for aluminum sample 
(25000 FE mesh), which is a 3 degrees of freedom 

 
Fig. 2. Testing equipment set-up: 

a) upper and lower head with matrix and test sample, 
b) complete form of test stand

a)

b)
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Fig. 3. Components of the testing equipment: a) die, b) stamp, c) guide way, d) test sample

 
Fig. 4. Boundary conditions

a) b)

c)

d)

element, 8 nodes, and is characterized by reduced 
integration - which allows for the removal of false 
forms of deformation during the process [12]. As 
for the Deform-3D system, the discretization of 
the prepared components was based on the use 
of solid tetrahedral FE mesh with high density 
(200000 FE mesh) to obtain accurate simulation 
results. Discrete model is shown in Figure 5. 

Numerical analysis was based on the solu-
tion of the dynamic issue, under exactly the same 

conditions as the experimental study. The differ-
ence in modeling was mainly related to the type 
of mesh - solid and shell type in the Abaqus soft-
ware and only solid in the Deform-3D.

RESULTS

Aluminum stamping process allowed to obtain 
the characteristics of the issue, in both experimental 
and the FEM studies. Graphical presentation of the 
simulation process, as a representation of the actual 
behaviour of the system, is shown on Fig. 6 and 7.

As part of the experimental and numerical 
analysis, it was possible to obtain draw pieces 
which were then compared on the basis of mac-
roscopic examination and in the determination 
of the actual and simulated samples. Figure 8 
shows a comparison of actual and numerical 
draw pieces.

The results obtained in a form of actual draw 
pieces and those obtained by simulations show 
very high correspondence. As a result of the mac-
roscopic evaluation of the outcomes, a high con-
vergence of the draw piece’s shapes was demon-
strated. In addition, the results of obtained height 
of the samples were compared according to their 
thickness and test type, as shown in Table 2.
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Based on the conducted experimental and nu-
merical studies, the operating characteristics of the 
system were determined for the process. Due to the 
fact that samples of 4 different thicknesses were 
taken in the consideration, a detailed verification of 
the obtained results was carried out. Comparison 
of stamping process characteristics in Fig. 9.

The presented characteristics of the stamp-
ing forces to the overlapping displacement of the 
stamp represent a high level of accuracy of the 

 
Fig. 6. Graphical presentation of the different stages of the stamping process - Abaqus

 
Fig. 7. Graphical presentation of the different stages of the stamping process - Deform-3D

Table 2. Summary of the height of the draw piece in 
regard to its thickness

 Actual 
sample

Abaqus 
model

Deform 3D 
model

Sample 
no. g [mm] h [mm] h [mm] h [mm]

1 0.47 13.2 13.3 13.75

2 0.9 16.3 16.9 17.42

3 1 16.5 17.4 17.85

4 1.44 22.3 23.8 23.04

 Fig. 5. Discrete model: a) Abaqus, b) Deform 3D

a) b)
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Fig. 8. Drawpieces obtained during stamping process: a) Actual objects, b) Abaqus numerical models, 

c) Deform-3D numerical models

Table 3. Comparison of the results of maximum stamping forces

Thickness
[mm]

Abaqus
[N]

Difference between 
Abaqus and Experiment

[%]

Deform
[N]

Difference between Deform 
and Experiment

[%]

Experiment
[N]

0.47 3038.7 4.6 2853.7 10.4 3185.4

0.9 5397.1 2 4922.5 6.9 5286.9

1 7201.2 5.1 5741.1 16 6835.9

1.44 18366.4 3.2 19445.4 8.6 17782.8

numerically performed processes, in relation to 
the experimental research carried out. The ob-
tained characteristics show relatively satisfactory 
quantitative and qualitative convergence within 
the obtained results. The displacement, at which 
the value of the stamping force is the greatest, in-
creases with the thickness of the samples gains. 
For a 0.47 mm thickness of the sample, the load 
value is greatest with a displacement of about 30 
mm, while for a sample with a thickness of 1.44 
mm the value of the stamping force has the high-
est value at a displacement of 40 mm. Table 3 
shows the results of maximum stamping forces in 
regard to the thickness of the test samples.

Based on the results presented in Table 3, a rel-
atively high level of convergence of the obtained 
results of maximum sampling force has been ex-
hibited. The confrontation of the results between 
two independent numerical analysis software and 
the experimental results clearly show that the 
level of results obtained differs significantly in re-
lation to both software options. The smallest dif-
ference in results between experimental and nu-
merical calculations based on the Abaqus system 
is 2%, while the maximum divergence is 5.1%. 
The highest correspondence between the experi-
mental and the Deform calculations is 6.9%, with 
a maximum variance of 16%. Despite the same 

a)

b)

c)
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% compared to the experiment, and Deform-3D 
about 16 %, both for 1 mm thick sample. The 
study showed the essence of sample’s thickens 
influence on the height value change, which was 
obtained due to stamping process. The quality of 
the obtained results constitutes about properly 
prepared numerical model. It has been shown that 
it is possible to accurately simulate the numerical 
calculations of actual processes (for the stamping 
process of aluminum samples).
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