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Summary:

The virtual estimation of physical product properties is only as good as the virtual description of the
behaviour of its material. On the one hand there are well known material cards like
*MAT_PIECEWISE_LINEAR_PLASTICITY in LS-DYNA® developed to describe a simplified
behaviour of metallic materials. The reduced complexity of these material cards makes it possible to
determine its parameters with less effort in actual material testing. Main advantages are high
numerical stability and less machine time.

On the other hand complex material models like *MAT-SAMP-1 can also handle varying compression
and tension behaviours by defining a load case dependent yield surface as well as unloading by using
damage functions. With the exception of visco-elasticity the description of visco-plasticity fulfills many
requirements to describe a realistic behaviour of thermoplastics. For acceptable use of the above
mentioned models a higher amount of load cases like tension, compression, shear have to be carried
out to determine the material parameters and to represent the thermoplastic characteristics in
crashworthiness simulations.

At the moment there is no standardized method to determine material card properties for arbitrary
material models from basic (i.e. tension, compression or shear) test setups.

4a impetus represents a standardized method, an efficient and reliable process starting with realistic
test scenarios and finally ending up with a validated material card. The method of reverse engineering
is used behind this process to generate material cards like *MAT_PIECEWISE_LINEAR_PLASTICITY
as well as more complex *MAT_PLASTICITY_COMPRESSION_TENSION with regard to easy and
favourable testing.

We have compared different ways to determine and validate material cards with the example of PAG.
Limits and opportunities of different test methods and material card implementations are shown and
compared to each other especially focused on typical polymer behaviour.
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Depending on the material type the dynamic behavior is more or less
significant, as shown below. [1], [2], [3]
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For the measurement of the mechanical behavior of thermoplastics at
and different loading cases specially prepared specimens and optical
equipment are needed. The classical highly complex approach and the
measurement data have to be handled to get good true stress / strain ¢
constant strain rates. [4] [5] [6]

For different test velocities the force and traverse
displacement is measured. To measure local longitudinal and
lateral strains the speckle pattern is optical detected and
evaluated by the method of grey scale correlation.

The strain measurement allows to determine local and global
deformations and to evaluate true stress strain curves.
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The evaluation of the true stress strain curves is conducted under the assumption
that the elongation in the thickness correlates to the laterally measured strain.

The lateral contraction shows a typical well known behavior of polymers. With
increasing longitudinal elongation, a volume growth of the material could be
measured.

As mentioned before, polymers show different mechanical
behavior under compression and tension loading conditions.
For that reason the compression tests were conducted.

Due to small sample sizes and the sample geometries, the
main difficulty performing compression load cases is, that it is
very hard to measure useable stress strain curves.

Most of the time it is not possible to derive a thick enough
sample that enables to conduct a test without delivering
buckling results as shown in the diagram below.

o 0.1 02 03 04 05 06 07 08 0.9 1 80 1

0
| 70
-500 | ‘ D92 mm/s 60 1

50

-1000

Kraft [N]

40 1

-1500
30 1

Spannung [MPa]

technische Spannung vs. Dehnung

2000 20

wahre Spannung vs. Dehnung

-2500

10 4 ‘

-3000 0 0.01 0.02 0.03 0.04 0.05
Weg [mm] Dehnung [-]

© 4a engineering GmbH, all rights reserved




8th European LS-DYNA Conference

The shear tests were conducted with
sample geometries based on the work of
Junginger. The shear moduli (~950 MPa)
determined out of the tests correlate to
shear moduli (975 MPa) determined out of
tensile tests.
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bending test on 4a Impetus
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The whole process to determine validated material cards is included in ong
solution, starting with testing up to a speed of 10 m/s and ending with auto
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solver

LS-OPT® User's Manual v3.3 Méar 2008 - page 69
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To show if reverse engineering is working a simple mind test was cond
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To reproduce the measured mechanical behavior different material law:
to describe the stress strain dependency.

Different well known strain rate rules are available in 4a Impetus
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Currently the following LS DYNA material cards are implemented in the
4a Impetus system. Further material cards can be easily integrated in t
material card build up process.
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The quasi static tests are conducted on a constant test velocity of Imm/s. The
impact velocity of the dynamic tests and the gauge length are varied. Due to this
variation

120 1~

I f?”*ﬁw Biegung 1 mm/s
100 f Biegung 1000 mm/s =
80 gf Biegung 2000 mm/s
% fz —< Biegung 4000 mm/s
=2

60 f
40

Vo [ Mpenduar| B t [

[mm/s] |[mm]| [g] [[mm]] [mm] |[mm]

20
4000 24 510 6 1.95 35 )Xx*z(

(o] 2 4 6

Weg [mm]

Complex material models are often based on a general flow surfaces. Together with
the method of reverse engineering, bending tests cannot dissolve the difference
between tension and compression. Combined with a fixed bending test, which is
mainly dominated by tension loading, material cards could be determined with
respect to different mechanical behavior.
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For further validations simple component tests were conducted. A typical geometrical
engineering part is a stiffening rib. In the bending load case we will find a
compression zone as well as a tension zone with high strain. Due to this loading
situation this simple part is a good base for final the validation of material cards.
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Classical approach:
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iterative procedure:
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cpu time
*MAT_SAMP-1 9.7
4aIMPETUS *MAT_12 13
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4a impetus builds up an efficient and reliable process, starting with
realistic tests and finally ending up with a validated material card. Recent
developments of new test methods for 4a Impetus have been presented,
that satisfy the needs of complex material models as well as the
expectations with regard to easy and favorable testing.

4a impetus offers

@ extensive test opportunities

@ database links all tests
to the evaluated material cards

@ life measurement and optimization |
a validated material cards
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