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=  Simulation — influences
= Solver, element size, integration points, settings, ...

= Scattering Iin the tests - statistical evaluation in 4a
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= Within a round robin test many materials were tested using the 4a
Impetus test systems of some customers.
|

3 mm) show a good conformity.
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Examples of measurement results PPT20
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= The results for the bending test of the material PPT20 (thickness 2
mm) show a good conformity for the stiffness but a large scatter
range for the failure displacement.
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Introduction ACI
Comparison LS-Dyna vs. PamCrash — e L —
Material model A
e | )
= \ /a
g | = NN ——
g \ Strain rate £ / /ﬂ&
Test curves| different|velocities
LS-Dyna, PamCrash Simulation results LS-Dyna, PamCrash
Strain [%] | Displacement [mm]
= Using the same stress-strain curves in the material model for both

solvers LS-Dyna and PamCrash results in different force-
displacement curves (for obligatory settings in the control cards)
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Software solution from the test to the material card — i
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Software solution from the test to the material card
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Process of material card generation

= Preparation of test specimen (injection molding / milling from plates
/ retrieving from parts ...)

= Performing bending tests with different test setups using 4a

Impetus test device
p ( \ (" FE-model of the est \
= Evaluation of the tests :

= Setting up the simulation

[
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= Injection molding
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= fish mold”

= 4a plate mold®
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Tests — specimen preparation B ENGINEERING
= Test specimens taken from plates (ISO 294-5)
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80mm Revision ISO 294-5
CAMPUS anisotropic values based on
£ plates 120 x 80 x 2 mm
8 90 x 80 x 3 nur verfiigbar bei der BASF,
Wurde umgearbeitet auf 2 mm Plattendicke

Source: Symposium Zwick/UIm, R. Tuellmann: Anisotropie in ISO und CAMPUS
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Tests — specimen preparation B =nGiNEERING
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Tests — specimen preparation B =voiNEEmING
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Tests — specimen preparation

7000 T Vo l Mpendular b t |
[m/s] | [mm] [a] [mm] | [mm] | [mm]
0.0002 | 50 - 12 2,13 90
o 0.0002 | 40 - 10 1,9 75
| 0.0002 | 40 10 1,9 75

50.00

g Tensile bar injection molded
=)
g Milled from plate
GBEI.IZIIZI .
Water jet cut from plate
15.00
0.00

0.00 15.00 20.00 45.00 &0.00 75.00 20.00

Strain [%]

= |nfluence of retrieving the test specimens
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Consequences for testing

= The more tests are performed the better the range of scattering can

be seen
= Standard: 5 tests per test setup

= |fitis necessary much more tests can be done - bending test is

easy and fast performed
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= Supports LS-Dyna, Abaqus, PAM-Crash, Radioss B Idealization

System of units t-mm-sec-MPa
- e : : _Ls DYNA 5
= Allows the idealization in shell or solid using the Ipuideck m————y
Symmetry of model NNet{L5-OPT v4.1) (a)
most popular element types and an arbitrary element conartae eperes
B Additional settings ABAQUS
B H riction coefficien RADIOSS
size (of course it should be reasonable) o oot ;
Young's Madulus of support / f 210000
= Can consider symmetries — simplification down to s
Solver
1-element B

1T
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Influence of solver

. Material
= Easy material cards transfer from one solver to another. g ieazation
System of units t-mm-sec-MPa
= 2 examples: 3-point-bending; LS-Dyna = Abaqus lLSDt"’N? ] 5
nputdec Mpetus (n.a.
*MAT24 - *ELASTIC *PLASTIC (left) Sy f s LS 0P
ealizaton type
*MAT_SAMP-1 > *ABQ_MOLDED_PLASTIC (right) e My
. . Friction coefficient RADIOSS
= By One-Mouse-Click the differences can be researched: Contactthickness 1
. . . . . . Young's Madulus of support / f 210000
similar results, differences - distribution of the Density of support /fn | 7800
Time scaling 0
integration points Sower
Dark color:
Hostacam LS-Dyna, Shell type 16

Light color:
Abaqus, Shell S4

. /-‘-\ oo

WA
/ /"/ 1 m/s, Iwﬁ%
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\
_\V\\
\ﬁ
4 m/s, Iw=30 mm

0.0
0.00 500 10.00 15,00 20.00 0.00 5.00 10.00 15.00 20.00
Displacemen it [mm] Displacement [mm]

——

T R u S T
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Influence of element size
= Example: 3-point-bending; *MAT 24 with plastic failure strain; shell-
elements; 5 integration points

50.00

40.00 %,\ 4 m/S, lw=30 mm
\ 2.5m/s,

20.00
Iw=40 mm

\

- o ha—EN
20.00 . 7S, TwWw=o01mm

Faorce [M]

)

10.00 \ 3
Hostacom \ *

Element size 2 mm

0.00 5.00 10.00 15.00 20,00

Element S|Ze 4 mm Displacement [mm]
Element size 8 mm
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Influence of integration points
= Example: 3-point-bending; *MAT 24 with plastic failure strain; shell-
elements; element size 2 mm

50.00

1
w
o

3

40.00

20.00 25 m/S,

% Iw=40 mm
o T m/s, Iw=50 mm
10.00

Hostacom

Element type 16; 3 IP ool ' \ \ 'lJ_f

0.00 5. 10,00 15.00 20.00

Element type 16, 5 IP Dizsplacement [mm]
Element type 16; 7 IP
Element type 16, 9 IP
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Influence of element type B =NGiNEERING
= Example: 3-point-bending; *MAT_24; element size 2mm; shell

elements vs. solid element

€0.00

50.00

ﬂ 4 m/s,|lw=30 mm

30.00

Foree [N]

20.00

50 mm

10.00

J r
HOStacom 0.00 £.00 10.00 18.00 20,00

She”'element type 16, 5 |P Displacement [mm]

Solid-element type 16; 2 elements over thickness _
Solid-element type 2, 5 elements over thickness _

Solid-element type 2, 5 elements over thickness, 1mm element size
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Influence of element type / control card settings
= Example: 3-point-bending; *MAT _24; shell-elements; 5 integration
points, element size 2 mm

50.00

40.00

NG 4 m/s, w330 mm

30.00

2.5 m/s,
Iw=40 mm

Farce [M]

20.00

10.00
I

1|m/s. lw=50 mm

Hostacom

Element type 16 000 500 . 10.00 1500 20.00
Displacement [mm]

Element type 2

Element type 2, with contact damping and node drill rotation

boundary
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Influence of control card settings
= Example: Clamped 3-point-bending; von Mises; LS-Dyna; settings
ISTUPD in the control card *CONTROL_SHELL

= |n the tension dominated area the shell thickness is changing
(isochoric behavior). This is just possible if the setting ISTUPD=1 is
activated (blue curve). In comparison to ISTUPD=0 (red curve) this
results in a lower force.

1250.00

/

A -

[

DDDDDDD

750.00 //
Hostacom ) 1/
Element size 2 mm, 5 IP
ISTUPD=0 .-#-.

ISTUPD=1

[N]

10.00
Displacemen t [mm]
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Influence of element size on failure
= Example: 3-point-bending T-specimen; 2.5 m/s; *MAT _24 with plastic
failure strain; shell-elements; 5 IP

400.00

1M

200.00

Farce [M]

100.00

Wmm
Hostacom W

0.00
15.00 20.00

Element size 4 mm 020 S00 e
Element S|Ze 2 mm isplacement [mm]
Element size 1 mm
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Influence of idealization
= Example: 3-point-bending T-specimen; 2.5 m/s; *MAT _24; shell vs. solid
elements

400.00

N

200.00 \

100.00

Faorce [N]

0.00
0.00 5.00 10.00 15.00 20.00

Displacement [mm]

Hostacom
Element size 0.5 mm
Solid-elements, element type 2
Shell-elements, element type 16
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= For creating a material card it is essential to discuss with the

customer about his needs to get these influences under control !

= The created material cards are only valid within the ranges

specified with the customer !
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Mean value F,,,

200.0D 200

WPCABS MPPT20

PPT20 180
PC/ABS oo |
175.0D

120
100
150.0D 80 1
60

40 -

20
12500 o
1
10000
Mean value Young‘s Modulus

B
3500
WPCABS MPPT20
3000
BD.0D

- TR E
LY A -

Do 250 500 7.50 10.00 2.50 15.00 17.50 2000
Displacement [mm] 1

Force [N]

=

(=1

(=1
L]

Example: 30 measurements for both materials (30 users)
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Measurement results — statistical evaluation in 4a impetus
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Measurement results — statistical evaluation in 4a impetus
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Simulation results
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4a impetus offers comprehensive and fast testing possibilities

= Using reverse engineering appropriate material models are
generated in an efficient way for the simulation (LS-DYNA, PAM
CRASH, ABAQUS, Radioss)

= [nfluences of the modeling process can be investigated in an easy

way

= 4a impetus software offers a statistical evaluation of the tests, so

considering of scattering of failure (often occurring) is possible

= 4a impetus is an outstanding system to generate material data

bases for everyday simulations.
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Thank you for your attention!
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