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Finite element analysis regarding the forming behaviour of
symmetric hybrid structures consisting of two sheet metal
outer layers and a thermoplastic core
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der Universitét 2, 30823 Garbsen
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Abstract. To face challenges like damping effects or weight reduction in the
automotive sector, new hybrid material combinations are developed. One possibility is
the combination of several symmetric material layers with varying material
characteristics to achieve in the component production less weight and appropriate
stiffness in comparison to components produced with sheet metal. This article deals
with the characterization of deep drawing behaviour of layered sandwich structures.
The behaviour of the several layers and the layer interaction have been taken into
account for the technical design of a deep drawing process. A material layer
characterization is performed. Instabilities as interlaminar failures, ruptures or
wrinkling of the structure have been investigated as part of additional experimental
characterization tests on the basis of various deep drawing process parameters.
Finally, the experimental data is used as input for the numerical modelling and
simulation of layered structures. The FE simulation includes the material behaviour of
the layers and layer interactions with cohesive zone modelling. Based on the results an
important contribution for prediction accuracy in the numerical simulation has been
provided.

1 Introduction

The development of new materials is one approach to face the challenges in the lightweight sector. By
the concept of symmetrical sandwich structures different materials with varying behaviour are
combined. In this paper a symmetric sandwich structure with outer sheet metal layers with a thickness
of so = 0.25 mm and a polymer core (so = 0.7) is used for the investigations. To achieve a precise
description of the behaviour for the sandwich structure the sheet metal and the polymer core are
characterized separately. In addition delamination tests for the sandwich structure are carried out.

2 Material characterization

The sheet metal layer in of 0.25 mm thickness was characterized with different test procedures. In
order to obtain the flow curves and the anisotropic parameters for the material, quasi-static tensile tests
with cut-out sample configurations in the three directions 0°, 45° and 90° according to EN ISO 6892-1
were carried out. For an accurate description of the material hardening behaviour, the characteristics of
the sheet metal at high strains are required. For the FE analysis the true stress - true strain curve
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determined in the uniaxial tensile test needs to be extrapolated beyond the point of the uniform
elongation. Using an inadequate extrapolation process an inaccurate description of the material
behaviour at high strain can occur. To ensure a realistic description of the flow behaviour at high
strains the hydraulic bulge test according to DIN ISO 16808 is used and the deformation of the blank
is continuously measured with an optical system [1], [2].
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Figure 1. Experimental set-up (left) and functional sketch (right) for biaxial bulge test.

In figure 1 on the left side the experimental set-up and a schematic sketch regarding the realization of
the hydraulic bulge set-up are shown. The tool consisting of die, blankholder, pressure chamber and
pressure load cell is integrated in a hydraulic forming machine. The sheet is clamped between
blankholder and die and the material flow is prevented by a draw bead. The displacement of chosen
material points on the sheet surface are recorded with the optical measurement system Aramis by the
company GOM mbH with a stochastic and continuous grid and the hydraulic pressure in the center of
the pressure chamber is measured as well. The biaxial true stress - true plastic strain curve from the
bulge test at room temperature was transformed to the uniaxial stress state with a mathematical
approach based on the principle of the equivalence of plastic work [3].
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Figure 2. True stress - True plastic strain curve for sheet metal HC220 with thickness 0.25 mm, see
also [4].
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In figure 2 the true stress - true plastic strain behaviour for the sheet metal HC220 is shown with
different extrapolation approaches, see also [4]. In addition to the material characterization of the
sandwich structure investigations for the polymer layer are carried out. In this case the samples cutted
from the sandwich structure are modified. Via die sinking both sheet metal layers are removed and the
samples are used for tensile tests at room temperature with the dilatometer DIL 805A/D+T from TA
Instruments, formerly Bahr GmbH. Different strain rates were taken into account.
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Figure 3. Modified tensile test sample (left) and True stress - True strain behaviour of the polymer
layer with thickness 0.7 mm for different strain rates.

The experimental set-up and the modified sample concerning the measurement range for the tensile
test with the dilatometer are shown in figure 3 on the left side. On the right side the true stress - true
strain behaviour for different strain rates is illustrated. With an increasing strain rate the tensile
strength of the inner layer increases. In comparison to the sheet metal the polymer layer shows low
stress values, but high true strain values.

3 Investigation of interface failure

The development of new materials is one approach to face the challenges in the lightweight sector.
With the concept of symmetrical sandwich structures different materials with varying behaviour are
combined. Based on the layered structure, sandwich structures have different properties as compared
to monolithic sheet metals. For this reason in addition to the behaviour of the single layer material the
layer interaction has to be taken into account for the design of a deep drawing process. Experimental
and numerical investigations for hybrid structures regarding the design of deep drawing processes
have been examined in [4]. An important failure mechanism for composites and sandwich structures
is delamination. Under combined loading conditions in a deep drawing process a crack occurs and
propagates.

Start of delamination
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Figure 4. Delamination failure for sandwich structures, acc. to [5].
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In figure 4 a sketch for a delamination process within a sandwich structure is shown. Delamination can
start within the core, but the most critical case is the start of delamination at the interface. For
composite materials delamination is a well examined failure mechanism and various test procedures
can be found in literature. Subject of the article is the transfer of the existing methods for composites
to investigations for sandwich structures. In this paper the climbing drum peel test [6] is used to
characterize the interface behaviour between two components with different material properties.

Rotation direction

Figure 5. Climbing Drum Peel Test, acc. to [6].

In figure 5 the principle function of the climbing drum peel test according to [6] is shown. F' is the
applied pulling force, »; is the radius of the drum, 7, is the radius of the flange, d is the crosshead
displacement and ¢ is the occurring rotation angle of the drum. At the beginning a pre-crack is brought
into the middle layer, the outer sheet metal layer gets clamped on the drum and the drum is integrated
in a tensile machine. Afterwards the set-up undergoes a vertical loading and the drum component
rotates clockwise. Based on the force-displacement data an analysis of the delamination behaviour can
be carried out.
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Figure 6. Force-displacmenet curve (left acc. to [7]) and experimetal set-up of climbing drum peel test
(right).

The force-displacement curve for a climbing drum peel test is shown in figure 6. The first force
increase until F is the force needed for the winding of the drum until the point where the pre-crack
starts. The second increase up to force value Fy is the force for winding and delamination of the
structure.
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With the force-displacement data and the geometrical dimensions of the set-up it is possible to

estimate the dissipated energy AE4cond for the delamination and with this a critical strain energy
release rate Gc.

AE F,-F, r,-r
AE :(Fd—FW)AU G — debond — d w2 1

debond c
AA w r,

AA is the area which undergoes a rotation and w is the width of the sample. With the value Gc an
arising delamination effect is described and this parameter can be used for the numerical modelling of
sandwich structures under deep drawing loading conditions.

4 Numerical modelling and FE simulation
For the modelling of the sandwich structure the material properties determined by experimental
material characterization procedures presented in section 2 are used. For the numerical modelling of

the interface between the sheet metal and the polymer an established approach is the implementation
of a traction-separation curve.
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Figure 7. Traction-separation curve for numerical modelling of interface failure (acc. to [8]).

The traction-separation curve, e. g. in figure 7, is used to describe the failure mechanism for interfaces
between two materials with different characteristics. The interface is modeled with cohesive elements
and the behaviour of the elements is described with the traction-separation curve, which is represented
by critical values for the traction Teit and the separation deic the arising of the delamination. The
critical fracture energy Gc considered in section 3 defines the area of the triangle. For a detailed
description of cohesive element modelling approach see [8], [9]. To generate a simple test case a
tensile test with removed small part of the sheet metal outer layer is modeled to proof the modeling
approach for the sandwich structure and the delamination effect. For the numerical modelling of sheet
metal and polymer layer the results from the material characterization are implemented and the layers

are modeled as solid elements. The interface is modeled with cohesive elements with a thickness of
0.01 mm.
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Figure 8. FE model for tensile test (left) and damage failure value (right).

On the left side of figure 8 the FE model for the tensile test is shown and on the right the damage value
for the FE simulation are presented. The results of the FE simulation show that no significant
delamination occurs and a coincidence with the experimental behaviour of the sandwich structure
exists. This test case is chosen to proof the modeling approach with solid elements for the layers and
cohesive elements for the interface.

5 Conclusion

The development of new materials is one approach to face the challenges in the lightweight sector.
With the concept of symmetrical sandwich structures different materials with varying behaviour are
combined. In this article the material characterization for the different layers, experimental
investigations for the interface behaviour and a transfer to one modelling approach for FE simulation
of sandwich structures is presented. The FE simulation tryout shows a satisfying prediction for the
behaviour of sandwich structure and the interface. For more complex applications additional
investigations are needed to describe the material and interface behaviour under different loadings,
which can occur in a deep drawing process and influence the behaviour of the sandwich structures in
different ways.
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