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Numerical Analysis of a Plastic Deformation Composite Panel

ADRIAN PRESURA*
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The paper is focused on the comparison between the experimental test and  numerical analysis of a
composite panel wich is subject to plastic deformation. An experiment was done on a sandwich panel
made from steel – extruded polystyrene – steel, wich was subjected to a static plastic deformation with help
of an sferical indenter. During the test the force applied to the indenter and the vertical displacement of the
steel panels were measured. The experimental values were compared with the results of numerical
simulation, wich was done with help of ANSYS-Static Structural module. Important aspects of FEA, such as
material idealization, contact approach between bodies, mesh size and boundary  conditions, are discussed
and their influence on the results are highlighted. The results of this study are vey useful for investigation of
beahviour at impact of composite materials such as steel-polystyrene sandwich panels.
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The main goals of this study were:
- to investigate the influence of different parameters of

numerical analysis about the results, and
- to determine the level of approximation that can be

achived between the FEA and experimental test.
In order to analyse the behavior of  the sandwich panel

under transverse force, first was designed and built an
experimental stand, based on a screw press mechanism.

The stand is composed from (fig. 1):
- stand frame – made from UNP80 profile;
- screw mechanism–M24 screw;
- force transducer–50kN maximum;
- displacement transducer–300mm maximum;
- spherical bulb-φ60mm;
- sandwich panel with UNP60 profile frame.
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- vertical displacement of the upper steel sheet, with
help of displacement transducer.

The plastic deformation of the panel was done based
on the vertical displacement of the spherical bulb, acted
by rotating the screw.

Experimental part
The test consist in plastic deformation of a composite

panel made from (fig. 2):
- upper steel sheet – 1.5 mm thickness;
- extruded polystyrene – 20 mm thickness;
- lower steel sheet – 1.5 mm thickness.
During the experiment three values were measured:
- force applied to the spherical bulb;
- vertical displacement of the lower steel sheet, with

help of the screw thread;

In figure 3 below is reprezented the panel mounted on
the stand at the begining of the test.

The values recorded during the experiment are presented
in the table 1 below.

Fig.1
Experimental

stand

Fig.2 Sandwich
panel

Fig.3 Spherical bulb acting
on the panel

Table 1
EXPERIMENT MEASURED VALUES
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Because the vertical displacement of the lower steel
sheet was measured using the screw thread, a correction
was applied to this values, that takes into account the
screw and the stand own deformation. The correction is
directly proportional to the force applied and has the
maximum value of 0.68 mm at maximum force of 50 kN.

From the force-displacement diagram,  reprezented in
figure 4 below, it can be observed a much smaller
deformation of the upper steel sheet, due to presence of
the extruded polystyrene.

The geometry of the specimens were realized
according SR EN100002-1:2001 – Annex B – Types of test
pieces to be used for thin products: sheets, strips and flats
between 0.1 mm and 3 mm thick (fig. 8).

Fig.6. Energy-displacement diagram

The same difference can be observed in the figure 5
below, where is presented the final plastic deformation of
the lower steel sheet in the left and of the upper steel sheet
in the right.

Fig.4 Force-displacement diagram

Fig.5. Panel
plastic

deformation

An important quantity of plastic deformation phenomena
is the internal energy of the structure.

The energy-displacement diagram of the composite
panel obtained after the experiment is depicted in figure 5
below.

Also as part of the experiment was the determination of
the mechanical properties of the steel used at the
fabrication of the upper and lower sheets of the sandwich
panel.

A number of three specimens were tested on the tensile
test machine as shown in the figure 7 below.

Fig.7. Tensile test of steel
specimen

Fig.8. Steel specimen

The resulting force-elongation diagrams of the three
specimens are figured below.

Fig.9. Force-elongation diagram-steel

The mediate value of the three curves presented above
was the final stres-strain diagram of the steel used at the
numerical simulation.

The mechanical characteristics of the extruded
polystyrene was taken from Kulzep, the afferent stress-
strain diagram is reprezented in figure 10 below.

Fig.10. Stress-strain diagram-polystyrene

Numerical analysis
For numerical analysis of plastic deformation

experiment, it was used a model for quarter of the panel
and spherical bulb, in order to reduce the computational
time (fig. 11).

Having as reference the force and vertical displacement
values measured during experimental test, it was
investigated the influence of different parameters of
numerical analysis:

- material idealization
- contact approach between bodies
- mesh size
- boundary  conditions.

Fig.11 Model used for
simulation
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The scope of this comparative investigation was to
establish the numerical simulation parameters that lead
to best approximation of experiment results.

Material idealization
Two different idealization were approached (fig. 12):
- bilinear isotropic hardening;
- multilinear isotropic hardening.

Fig.12. Material idealization bilinear (left) and multilinear (right)

The mechanical characteristics of the tested steel were:
- Young’s modulus = 2.1x105  N/mm2;
- yield strength ReH = 200 N/mm2;
- tensile strength Rm = 335 N/mm2;
- ultimate elongation A = 0.182.
The numerical simulations revealed the following results

presented in table 2 below.

Fig.16 Internal energy for different mesh sizes

Table 2
 BILINEAR-MULTILINEAR COMPARISON

The comparative energy-displacement diagram for
experiment and simulation with bilinear and multilinear
idealization is presented in figure 13 below.

Table 3
BODIES

CONTACT
COMPARISON

Fig.13 Internal energy bilinear and  multilinear

The following conclusions can be drawn:
- the multilinear idealization leads to more precisely force

simulation (5% better than bilinear);
- both solutions lead to similar displacement results;
- the computation time is significant bigger (44% to

bilinear) for the multilinear idealization;
- the bilinear idealization is more conservative, leading

to a total energy with 3% smaller than the experiment.

Contact between bodies
Two different contact approaches between shperical

bulb and the model were investigated:
- frictionless;

- frictional, with friction coefficient 0.3.
From the analysis results, presented in table 3 below,

can be observed:
- an insignificat difference of 1% for the force calculation;
- practical no difference for vertical displacement ;
- an important major computational time for the frictional

approach (31% higher).

Mesh size
Four different mesh sizes were investigated: 45 mm, 22

mm, 11 mm and 7 mm  (fig. 14).

Fig.14 Mesh sizes

Fig.15 Plastic deformation for 45 mm mesh
(left) and 7 mm mesh (right)

The difference of plastic deformation between the
biggest mesh size 45 mm and the smallest mesh size 7
mm can be observed in figure 15 below.

From the calculations results presented in table 4, for
different mesh sizes, it can be concluded that the 45 mm
mesh size offers the closest results for maximum force
and final deformation and the 7 mm mesh size leads to
best energy approximation .

The comparative energy-displacement diagram for
experiment and simulation with differet mesh sizes is
presented in figure 16 below.
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Table 5
BOUNDARY CONDITIONS COMPARISON

Table 4
 MESH SIZE COMPARISON

Boundary conditions
Two different boundary conditions  have been used:
- all displacements and all rotations fixed on the panel

contour (fig. 17);
- vertical displacement fixed on the panel frame (fig.

18).

Fig.17. Panel contour
fixed

Fig.18. Frame vertical
displacement fixed

The numerical analysis results for the two different
boundary conditions are presented in table 5.

 From the above results the following conclusions can
be drawn:

- the first boundary condition, all displacements and
rotations fixed on panel contour, had an substantial negative
influence on force value

- the displacement value was better approximated by
panel frame boundary condition.

Conclusions
From the comparative analysis of experiment and

numerical simulation resultes, the following conclusions
can be drawn:

- bilinear idealization of the material leads to good results
with low computation time;

- frictionless contact between spherical bulb and model
offers very close results to frictional contact, but with
significant smaller calculation time;

- bigger mesh size led to better approximation of
maximum force and final deformation, but 7 mm mesh
size led to better approximation of internal energy;

- the two different boundary conditions investigated had
an greater influence on contact force.

Based on this research, the level of approximation for
FEA was found to be of 5-10%, for plastic deformation of a
composite panel.
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