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Intelligent reliable solutions for plastics, composites, metals, foams, ...
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Intelligent reliable solutions for plastics, composites, metals, foams, ...
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Intelligent reliable solutions for plastics, composites, metals, foams, ...
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Thermoplastic materials
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Motivation

material variety bending load case
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Source: R. Luijkx - Kunststoffmaterialien in der Interieur
Funktionsauslegung bei Audi AG, 4a Technologietag 2010
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Motivation

Damage/Failure
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Source: H. Staack, Audi AG: Anforderungsgerechte Material- und Bruchmodellierung fiir die

Fahrzeugsicherheit, TT16 Schladming
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Motivation

= typical customers request for plastics

> GISSMO with *MAT 024
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source: F. Neukamm — GISSMO — Material modeling with a sophisticated
failure criteria, LS-Dyna Developer Forum 2011, Stuttgart
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Avallable material and faillure models
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Material Model Selection

LS-DYNA has many material models implemented
currently 265 materials (01.07.2020)
most of them won't fit in our use case

The most used material model is *MAT 024.

Other interesting material models for thermoplastic
polymers are *MAT 124 and *MAT 187.
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Table: number of available material models for subset of filters

http://www.Istc.com/dynamat/ (01.7.2020)

Material family | Nr. of material models

Any element
Shell element
Solid element
Any element
Shell element

Solid element

Any family
Any family
Any family
Plastics
Plastics

Plastics

265
23
179
33
23
29


http://www.lstc.com/dynamat/

Commonly Used Material Models For Plastics

= *MAT 024 - The workhorse
(*MAT 081,*MAT 089,*MAT 123, ...) T
- — - J o ® @ Rt
yd i it
“.‘5-, on Mises yield surface :: V 5] — Von Mises yield W;;ace
. : Visco- Visco- Comp./tension plastic
Material model ield surface L. . ) . )
Y elasticity plasticity asymmetry Poisson's ratio
*MAT 024 von Mises x v x 0.5
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Commonly Used Material Models For Plastics

= *MAT 024 -The workhorse
(*MAT 081,*MAT 089, *MAT 123, ... T :
% g B
= *MAT 124 - The hidden | |
0 @ e fEstf
L":,“.:?"i :: g — i
: : Visco- Visco- Comp./tension plastic
Material model yield surface elasticity plasticity asymmetry Poisson's ratio
*MAT 024 von Mises x v x 0.5
*MAT 124 2x von Mises v Pronyseries v v 0.5
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Commonly Used Material Models For Plastics

= *MAT 024 -The workhorse
(*MAT 081,*MAT 089,*MAT 123, ...) T T :

= *MAT 124 - The hidden “’
= *MAT 187 - The plastic expert

:j'-‘i“ ::
Material model yield surface VISC.O._ VISC.O._ Comp./tension . plas'tlc .
elasticity plasticity asymmetry Poisson's ratio
*MAT 024 von Mises x v x 0.5
*MAT 124 2x von Mises v Pronyseries v v 0.5
linear; parabolic; .
*MAT 187 ’ ’ v v v v
— piecewise linear E(é) Vp (€)
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Commonly Used Material Models For Plastics

= *MAT 024 -The workhorse
(*MAT 081,*MAT 089,*MAT 123, ...)

= *MAT 124 - The hidden

= *MAT 187 - The plastic expert

= *MAT 187L - efficient version (R12)

Material model yield surface VISC.O._ VISC.O._ Comp./tension . plas'tlc .
elasticity plasticity asymmetry Poisson's ratio
*MAT 024 von Mises x v x 0.5
*MAT 124 2x von Mises v Pronyseries v v 0.5
linear; parabolic; .
*MAT 187 ’ ’ v v v v
- piecewise linear E(é) Vp (€)
*MAT 187L linear v E(&) v v v vp(e)
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Available failure models in LS-DYNA®

| failure criteria

R e

i -§| strain based

: Y \

i damage

E _________________________________________ i )
additional failure models Included eq. pl. strain
*MAT_ADD_EROSION *MAT_024
strain damage based iIncluded damage model in
= pefore R11 optional DIEM / GISSMO *MAT_SAMP-1(GISSMO like)

= since R11 *MAT _ADD DAMAGE_DIEM
= since R11 *MAT_ADD DAMAGE_GISSMO
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Available failure models — incremental damage formulation

fallure criteria

strain based

damage
J
i |
—stress undamaged —initiation
i damage (linear)
stress damaged (linear) —damage (exponential)
—stress damaged (exponential) o
)
- ©
N ©
& Efni
&c gfail ¢ fad
equivalent plastic strain equivalent plastic strain
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20

Comparison DIEM-GISSMO visualized
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Comparison DIEM-GISSMO visualized
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Available failure models — typical curves

fallure criteria

strain based

N
plastic || damage
h e Test data at & = 0.04% /
* Test data at ¢ = 0.05-

o Test data at &‘ = 13[]]
+ Test data at £ = 3‘*][]?:

mBW
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M.
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Ylastic failure strain €y, [-] =
[ ]
|
|

0 —— - e
3 ¢I 1 : .
|%| Iil Strain rate & [1/9
Tlm_\l.lhl\ [ ]

source: H. Staack, - Application oriented failure modeling and characterization for polymers in automotive pedestrian protection, COMPLAS 2015, Barcelona
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Let's take a closer look on plastics

© Copyright 4a engineering GmbH - 27.09.2021
M. Schwab, pres_21092701_mars_eng_FAW-CAE-Forum




Static Testing

3 POINT BENDING

static ~ 1mm/s
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IMPETUS® - efficient dynamic testing m IMPETUS

———

S POINT BENDING PUNCTURE TEST

IMPETUS™ ~ 3 m/s

&) YOUTUBE CHANNEL
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https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg

IMPETUS® - efficient dynamic testing m IMPETUS

~ 3 m/sf
I\

H f l,o’..

IMPETUS™

¥,

oo s
‘ 't';
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Measurement Results m IMPETUS
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Measurement Results =» Material Model m IMPETUS
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T E N S | 0 N T E S T Source: Mechanik der Kunststoffe W. Retting, Hanser
Verlag 1991
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2 vVALIMAT

From test to material card
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Optimization

|1 3
=
>m -

Design Space

le 2

Variable 1

LS-DYNA®
PamCRASH®
ABAQUS®
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From test to material card VALIMAT

Deformation = Failure
Creep - Static = Crash
ISOTROPIC - ANISOTROPIC

EL Sﬁ/
> M | >N

Triaxiality Damage/Failure

04
e

P

H}(iening Anisotropic
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Workflow for Material Card Generation - AUTOFIT VALIMAT

Automated optimization

- ] i optimization — successive response surface method

. . Status Name ek
Optimization 39.86 150.00 N
(]
Run 3PB_W2500d00_Lres1 el
D 0_VISUAL_AUTO 1000(c) o 6.1_3PB_V2500_d00_Lres 1 avn 1.6%/ max4.9% g
A‘ 120.00) S
S/ >
\V 3189 E 9000
Clear / f £
1_Optimization_YoungsModulus AUTO [} \ =
@
Open LS-Opt Viewer v E f § 60.00
DV Start ,-—"’ 2_Optimization_flow_data PRUN([) H 2392 sido
h z
Postprocess \ 8 4
— ) ) - o oo 306 600 900 1200 1500 )
Create report ; 3_Optimization_strainrate PRUN(c) P rece Dlsplacament [mm] DeSIQn Space
€ Variable 1
Create material card —
4_validation_3PB PRUN[Q P
7.97
-0.00
-0.00 298 5.96 8.94 11.82 14.89
Displacement [mm]
Close
‘4 4 sit) Fit) F(s) sigleps) epslepspkt)
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Workflow for Material Card Generation - AUTOFIT VALIMAT

SR parametrized material card

Menu 4 Optimization Fis) e
— Status Name 3 -
Optimization 29.88
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=7 =
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Workflow for Material Card Generation - AUTOFIT

Menu

Optimiza tion
Run
Clear
Open LS-Opt Viewer
Postprocess

Create report

Create material card

Automated optimization
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From test to material card m IMPETUS

;

.
| n >0
g “35":,'.‘:: ,
Wi, L S A H
- 0.33 0 0.33 0.66 N
€p
| > 1
Damage/Failure
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From test to material card m IMPETUS

- 0.33 0.33 0.66 N

L 0 e | |

I
Damage/Failure
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Fracture models = *MAT ADD EROSION VALIMAT

Parametar model” ]/Mudeldatzhase l

(<] 170503_024 Material | Designvariables |  Llayers | Materizlcard MMEC P
E Material behawviour
E| Material source I g Comment
Elasticity Densiw -1 ]
Plastici -
asticity Plasticity vonMISES >
Failure/Damage . . . I
B Vaterial card Function (Hardening, Elastic cun
Materialcardcase Strain rate dependency Table .
5 Fracture Damage Damage/Failure
Materialcard id Ductile Damage Settings Johnson Cook e
Density Shear Damage Settings M
Flasticity g - g ang . .
B Function (Hardening, Elastic curve form) FLC Damage Settings plastic equivalent strain
Curve 1 Strainrate Settings simple criteria
Curve 2 ; ; i — f d . ??
. Postfracture 4a plewlse ||ear f d —I- f d . e JCD3
e @ Loadcases Johnson Cook JCD1 JCD2
Sampling points gl Casename mod Xue-Wierzbicki
Sias factor Xue-Wierzbicki
B Strain rate dependency Tests . 4800 -
; ; Foirat Mohr-Coulomb ===plastic fracture strain
Strain rate dependency = Seﬂlngs oplmlzatlon P
B Fracture Weighting case 1 W \
B Ductile Damage Settings 14.00
lower triax value Ductile Damage Settings N \ AAa
upper triax value Johnson Cook E \ Sk
. . 1000
step size triax 0.33 mod Xue-Wierzbicki g o000
Shear Damage Settings MNone ] I
q . g Xue-Wierzbicki () 8-00
FLC Damage Settings MNone Mohr-Coulomb E
Strainrate Settings Johnson Cook =] 6.00
Postfracture Fracture Energy (T| ‘G \ =
Y =.UU
Results 2068 y L
F’E‘;ii [
! 8-06 —
-1.00 -067 -034 -0.01 0.32 0.65 0.98
triaxiality [-]
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Workflow Result:

source: Benjamin Hirschmann, master thesis
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Workflow Result: *MAT _SAMP-1 with internal FM - AUTOFIT VALIMAT
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Comparison different material models

= stability
= numerical cost

= number of operations in material model = Translation into simulation model (localization, load path,...)
= relative numerical cost of the material model (measurement model comparison)

= accuracy
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Relative Numerical Cost of the Material Model — MAT_024

3 POINT BENDING

source: Benjamin Hirschmann, master thesis
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Relative Numerical Cost of the Material Model — MAT_124

3 POINT BENDING

source: Benjamin Hirschmann, master thesis
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Relative Numerical Cost of the Material Model — MAT 187
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Relative Numerical Cost of the Material Model
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Relative Numerical Cost of the Material Model
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Relative Numerical Cost of the Material Model VALIMAT
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Element Regularisation




*MAT-SAMP 1 with internal faillure model — influence element size
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source: Benjamin Hirschmann, master thesis
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Summary




Summary: Deformation model

Motivation and general material behavior of thermoplastics

dynamic and static measurements for a talc filled PP

discussed material models
= *MAT 024 -> *MAT SAMP-1
= describe observed deformation behavior
= numerical costs

*MAT 187L — new material model
= small increase in numerical costs 1.2
= qualitative accuracy of the simulation results could be improved.
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Summary: Failure model

material characterization in the triaxiality range of 0.33 to 0.66

GISSMO # DIEM (each model has some specialties)

= GISSMO can be used for plastics
- benefits of model often not used for plastic materials

= DIEM -> table input for initial failure enables more flexibility
over triaxiality / over strain rate - BIAX

Simple as Possible, as Complex as Necessary

tools needed to handle data and to fit complex failure models

m IMPETUS |2 VALIMAT
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YouTube CHANNEL MATERIAL

cards

d VALIMAT I imPETUS

more information on our software

Y @P

Anisotropic Triaxiality
gp Ovm Q ~
=./ —
y 5
Damage/Failure Hardening

Read more...
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https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg
https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg
https://www.4a-engineering.at/downloads/matpackages.pdf
https://www.4a-engineering.at/4a-impetus
https://www.4a-engineering.at/4a-impetus
https://www.4a-engineering.at/4a-valimat
https://www.4a-engineering.at/4a-valimat
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