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Introduction ZICI

. ENGINEERING
GmbH

= Plastics in automotive pedestrian protection show different deformation
and fracture behavior = Energy absorption

= Failure is a function of load type, time, temperature, processing, ...

PA6-GF30

[1] H. Staack, D. Seibert, H. Baier - Application oriented failure modeling and characterization for polymers in
automotive pedestrian protection, COMPLAS 2015, Barcelona
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Failure Models in LS-Dyna

. ENGINEERING

constant plastic strain constant plastic strain + damage evolution
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Plastic strain as function of strain rate Failure as function of triaxiality and strain rate
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[2] M. Basaran, S. Woélkerling,
F. Neukamm, M. Feucht, D.
Weichert — An extension of
the GISSMO damage model

None standard - simple
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Failure Models for Metals ZICI

- ENGINEERING

= Many well known failure criteria for ductile materials [3]

' Failure Curve T ' = Tresca or maximum shear stress criterion
06 = von Mises yield criterion

| i = Gurson yield criterion for pressure-

i aed . dependent metals

i + = Hosford yield criterion

i pk ' = Hill yield criteria

i ' = various criteria based on the invariants of
5 0.3 ' the Cauchy stress tensor

i i [3] https://en.wikipedia.org/wiki/Material_failure_theory
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[4] F. Neukamm, M. Feucht, A. Haufe, P. DuBois — GISSMO - Material modeling with a sophisticated failure
criteria, LS-Dyna Developer Forum 2011, Stuttgart
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Failure Models for Plastics ‘Iq

DIEM'MOdel [ ENGINEERING
= Failure surface in dependence of triaxiality and strain rate
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[1] H. Staack, D. Seibert, H. Baier - Application oriented failure modeling and
characterization for polymers in automotive pedestrian protection, COMPLAS 2015,
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da impetus

Reverse engineering

. ENGINEERING
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(Failure) Measurement Possibilities using 4a impetus ZICI
Test specimens, test setup — i
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Simulation Possibilities using 4a impetus ‘ICI

Test specimens, test setup — iy

T-specimen (rib) 0.1 mm/s - 4.5 m/s Puncture test 0.1 mm/s - 4.5 m/s
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Measurement Possibilities using 4a impetus ZICI
High-speed camera

. ENGINEERING

* Visualization of dynamic failure behavior of the material during
test (crack initiation and propagation)

= Easy view, different angles possible

= Trigger signal from 4a impetus - synchronizing
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Material Modeling for Plastics

Complex yield surface + failure

Z1C]

. ENGINEERING

Load cases

Plasticity
Complex yield surface

Failure

dynamic (2x)

static
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static

Classical approach

[6] q

rbcfac=1

i st rbcfac=1

N
linear Qe ] “~ rbefac<i
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(difficult at high strains !)

Typical no failure for
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pressure t tension
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e

o oo

extrapolated data bc biaxial compres-
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tension

static (2x),
dynamic (3x)

Strain rate dependency
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Material Modeling — Plasticity + Hardening ZICI
Workflow for *MAT_SAMP-1

Reverse engineering process with 4a impetus [7]

. ENGINEERING
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Z1C]
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Material Modeling — Validation
Validation for *MAT_SAMP-1

Validation on further tests (*MAT_SAMP-1) [7]

Tensjle test static
T-specimen2m/s
Clamped bending4 m/s

normalized force

— simulation
--- mean palue test curves

normalized displacement
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Failure Models for Plastics ZICI

DIEM'MOdel ENGINEERING

= DIEM: Damage Initiation and Evolution Model [6]
= Base: Standard material model (e.g. *MAT_SAMP-1)

= 3 individual criteria can be used:

o P P :
= Ductile criterion: | &, =& (17,€") & de”
D p \/;

= Shear criterion: gDP :gDP(Q,gP) /

- o P P : gminor
* Instability criterion:  g," = g, (a,gp) o =— 5 > Wp =MaX —

major

= After initiation the damage evolution occurs:

o=(1-D)C®:¢

[6] LS-DYNA® KEYWORD USER'S MANUAL - VOLUME II - Material Models
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4a impetus ZICI

Test data for *MAT _ADD_EROSION (DIEM) e

= Evaluation of the failure strains
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da impetus

Failure models

=  GUI — different possibilities to setup failure models

[ Material behaviour

E Material source Implemented
Elasticity Linear isotropic elastic
Plasticity Yes
Failure/Damage Damage

(] Material card *MAT_SAMP-1 (*MAT_187)
pestle dependent (Raghava

Add Erosion DIEM

Materialcardcase

Damage/Failurecase

Materialcard id
Density
Plasticity

B Function (Hardening, Elastic curve form)

None

plastic strain
Add Erosion
Add Erosion DIEM

Curve 1 Add Erosion GISSMO
Curve 2 W
Strain range upto 1
Sampling points 100
Bias factor 10
B Strain rate dependency Table

Strain rate dependency

MNone
= Fracture

Damage . . .
plastic equivalent strain

simple criteria

43 picewise linear

B Ductile Damage Settings 4a picewise linear
-0.99

099

lower triax value
upper triax value

Johnson Cook

step size triax 0.33 mod Xue-Wierzbicki
Shear Damage Settings MNone Kue-Wierzbicki
FLC Damage Settings None Meohr-Coulomb

Strainrate Settings
Paostfracture Fracture Energy (T|

Results

Johnson Cook
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#  GroupMame: 51 _failure

xf_MUM.., 0.75 v
fd_BC 2.0 W
fd_C 2.0 W
fd_SHC 2.0 v
fd_SHT 01 W
fd_T 0.1 o
fd_BT 0.2 W
GroupMame: 52 _failure

fu_scale 0.0 W
fu_epspkt 0.001 o
fu_epsp... 1000.0 W
GroupMame: 53_postfailure
pf_QBC 005 W
pf_QC 0.05 o
pf_QSHC 0.05 v
pf_QSHT 0.05 v
pf_QT 0.05 W
pf_QBT 005 W

- ENGINEERING

> Triaxiality

. Strain rate
dependency

> Postfailure

Titel: rep_17050901_afer_pr_gga_FailureModelsForPlastics.ppt



da impetus

Failure models

. ENGINEERING

=  GUI — different possibilities to setup failure models
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Failure Modeling - Validation

*MAT_SAMP-1 with *MAT_ADD_EROSION

3-point-bending, 4 m/s, unfiltered curves
The test curves are matched very well [7]

normalized force

.'|, )
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-——

M" (I"'l Mht l"""ﬂﬂ'ﬂlr AN

ml*

normalized displacement

Colored: Test curves
Black: Simulation




Failure Modeling - Validation ZICI

*MAT_SAMP-1 with *MAT_ADD_EROSION

= Dynamic puncture test, 6.3 m/s
= The test curves are matched very well [7]

. ENGINEERING

Colored: Test curves
Black: Simulation

Probe 148
Probe 147
Probe 148

normalized force

Probe 188
Probe 187
Simulation
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Failure Modeling - Validation ‘Iq
*MAT_SAMP-1 with *MAT_ADD_EROSION —bn | -

= Dynamic puncture test with the part, 4.3 m/s
= The test curves are matched very well [7]

normalized force

~_ Simulation i

‘ ‘ \T&'ﬁmh!L LiCH

normalized displacement
[7] A. Fertschej, P. Reithofer, M. Rollant - Failure of thermoplastics - PART 2, Material modeling and simulation, LS-
DYNA Konferenz 2015, Wirzburg
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Failure Modeling - Validation ZICI

Statistical evaluation in 4a impetus

- ENGINEERING

Mean value F,,,

20000 200 T o CaEs WRPT20
PPT20 180
160
PC/ABS
175.00 140
120 -
100
1E0.00 80 7
60 |
40
20 -
125.00 o
— 1
Z
8 o0
: \
L
+5.00 H Mean value Young‘s Modulus

- 3500
EPCABS HPPT20
3000
50.00

\\\\\\\\\ i\ :
A NN M

500 -

0.00
0.00 250 5.00 7.50 10.00 2.50 15.00 17.50 20.00

Displacement [mm] 1

Example: 30 measurements for both materials (30 users)
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Failure Modeling - Validation

Statistical evaluation in 4a impetus

ENGINEERING
/\ Date_Nr_ Name
200,00 F|E| 1iCEEE_CC1| | Material | Design variables |
Probability of Hailure 2PBEP_483g_<4mps_|w40mm_PPT20 {80 po|nts to max. force){ IDf 140227 _025,|failure time: 0.010102s, 22/28 = Loadcases o=
ility i A ' o E y . > i i : 1| , B2 -
Probability of Aailure 2PBEF_4923g_4mps_lw40mim_PPT20 (50 po|nts to max. force)( I§: 140227_0321 [failure time: 0.0024311s ] E| 3PBEP_453q_4mps_Iwe0mm_F
175.00 Tests Test
\ B Settings d Copy failure evaluation to clipboard
Weighti X¥-Plot 3 F
150.00 Weighti Avg, curves »
Weighti Statistical curves » | Plot selection
Ciptimiz Optimization curve | Plot selection (until end of curve)
125.00 Curves i
PPTZO Select Confidence level lower boundary
= Confide remove Confidence level upper boundary
‘6‘ Awveraging Extreme-values lower boundary
© 0000 Additional settings
5 g Extrerne-values upper boundary
2 Casename 3PBEP_¢53g_4mp5_IW Failure probability
| T
75.00
50.00 e - -
25.00 ot . :
20% . | 80%
0.00
0.00 2580 5.00 T.50 10,00 12.850 15.00 17.650 20,00
Displacement [mm]

Failure probability: 20% and 80%
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Summary ZICI

. ENGINEERING

= Material behavior of plastics depends on load type, time, temperature,

processing, ...

= Easy evaluation of failure at high strain rates - Clamped 3-point-bending
tests and puncture tests on 4a impetus

= *MAT_SAMP-1 + *MAT_ADD_EROSION - material can be reproduced
best possible and close to reality

= The reverse engineering process to determine the material parameters
using 4a impetus works properly

= The latest software release of 4a impetus includes up to date failure

modeling = accurate material modeling
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Thank you for your attention! ZICI

. ENGINEERING

Wednesday, 8:30: Workshop: MPIP — Material Parameter Identification Process
with 4a impetus

Thursday, 8:55: *MAT_4A MICROMEC - Theory and Application Notes

Thursday, 11:30: Biotex BigBag Simulation — LS-Dyna Airbag Tool — Unusual
Application

150 Z1Cl

ETECHNOLOGIETAG

28t February — 15t March 2018
in Schladming, Austria

,Plastics — Testing and Simulation”
further information: http://technologietag.4a.co.at/
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