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Rubber- toughened polymers - % (Grenmann 1998)

M products with rubber-toughened
polymers

B Glassy polymer matrix

B Fine dispersed rubber particles
Acrylonitrile butadiene styrene (ABS)
high-impact polystyrene (HIPS)
Polymerblends (PC/ABS)
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Macroscopic Effect of rubber particles
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Micromechansisms

(steenbrink, 1908) M Void growth (rubber particle

e O - Ry cavitation)
A '- 5", m Shear yielding

M Crazing
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Crazing and distributed crazing

M Crazing M Distributed crazing
Localized zones of fibrilled matrix Many band-like damage zones
material between rubber particles
Normal to principal tensile stress Normal to principal overall loading
direction n direction n
Fibrills are able to transfer stress
Craze growth until failure at critical craze o

width
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Crazing

B Crazing is non-delatan - increase of macroscopic B composition of a polymerblend (ABS or PC content)
volume and rubber content in ABS influences microscopic

B Typical shape of the plastic zone at a cracktip damage mechanism

B For neat ABS or HIPS good agreement with

micromechanical models (e.g. Ruge2017, Helbig2016 10 - . T : T
(e.g 9 9 ) ' " effect of ABS t)}pe
M (rubber content)
8 3 and ABS content

eng. strain . A: 11.5% rubber in ABS |

exp. sim. N 6 |- . &
1.14 E M: 14% rubber in ABS
iy ™ B: 22% rubber in AB
0.84] |- w4 ,
073} | %
osi | B
0.48F | 2 4
0.34 . :
0.18 I
0.00 0 . ‘ . : . . . L
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Helbig et al., 2016
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Practical testing and modeling of Crazing in LS-DYNA
M Everyday Material:

Microstructure is unknown (rubber = = o e e === === =
content and size, ..) j Goal: I
Influence of process parameters I eEasy tests :
Anisotropie | = Easy, fast and robust material I
Time pressure ' models I

I L :
: 9Easy determination of material I
B Material card: | Pparameters I
As simple as possible I 9Easy description of important :
As fast as possible L _material behavior__ _ _ _ _ _ _ -

Calculation time
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Specimen

B Tensile specimen
static and dynamic tests
Strain via DIC
Engineering strain with 1,=30 mm
Target mesh size: 2mm
Milled specimen

M 3 point Bending:
Static and dynamic tests
Milled specimen
Large of strain rates possible
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Deformation of tensile loaded PC/ABS

quasi static tensile tests

_A tensile 1
_B tensile 2
_C tensile 3

mayor
strain

[log.]
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.

engineering stress in MPa
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I |
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|

engineering strain
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Local volume-strain measurement

quasi static tensile tests evolution of volume strain

A tensile 1
0.14 s B B _B tensile 2 L_t
4| _C tensile 3 ag,t‘;

£ 01 // éf |
& // local area of strain
g 0-08 . measurement
3
S 0.06 7// |
g 74
=]
2 0.04 /

0.02 /

/
0 \ 1 1
0 0.2 0.4 0.6 0.8
log. strain in loading direction
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Dynamic tensile tests

static and dynamic tensile tests

strainrate
_A 0.001 1/s
_B 0.100 1/s
£1.0001/s
/J D 10.00 1/s

g o //T —_E 100.01/s

o — A R
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n i
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12 | _ tensile test | |
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15. Deutsches LS-DYNA .
Slide 12 Dvna

Forum, Bamberg




Dynamic three point bending tests
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calculation of log. Strain vs. true stress

l

P

H _ eng true __ . eng . (~eng
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Determination of young‘s modulus

EinGPa= 2.15

true stress in GPa
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Simulation with measured yieldcurve

Max Prin Strain
9.000e-01
-2 8.100e-01 l
5 7.200e-01 _
£
@ 6.300e-01 _
(]
: ‘ 5.400e-01 _
g = &
£ : & 4.500e-01
3 | & 3
£ | = 3.600e-01 |
& i
5 | | 2 2.700e-01 |
| u & 1.800e-01
— perment V2 1} B
@ — gpermen V3 B & 9.000e-02 l
. 0 @ 0.000e+00
englneering Straln DYNAmore Stuttgart 2018 -
15. Deutsches LS-DYNA L . .
Data classification: confidential Slide 16 :l:ngA

Forum, Bamberg



Yieldcurve extrapolation

-0~ expenments [_F experiments
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Strainrate dependency

in GPa

e stress

| viscoplastic behavior
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Results of MAT_024 + GISSMO card: tensile tests

engineering stress in GPa

engineering stress in GPa

quasi-static

—"1

engineering strain
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engineering stress in GPa
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| ——

engineering strain
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engineering stress in GPa
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il L |

engineering strain
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Results of MAT_024 + GISSMO card: bending tests
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Material modelling of polymers in LS-DYNA
Isotropic plasticity with SAMP-1 (*MAT _187)

= compression
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SAMP#1: plastic poisson‘s ratio

0.16 0.50 T
’ — eXp. &y e e original
- - MAT187 VP ()
MAT187 v/'=0.0_ | 0.48¢ | — output [
MAT187 vP' = 05~
-+~ MAT024 _ / :
) 0'12 h e 9 0.46 r -
R c 0.44+
.% 8 :
~§ 0.08 - § 0.42|
£ experiment o
3 2 0.40} -5
> o :
0.04 1 % 0.38}
elastic
deformation [REDUOTRUSee ey 0.36|
0 0.2 0.4 0.6 0.8 -1.0 -0.5 0.0 0.5 1.0 1.5
true strain plastic strain (%)

15. Deutsches LS-DYNA

' fOwvnaa
Forum, Bamberg Slide 22

MORE



SAMP#1: plastic poisson‘s ratio

M Taking ratio into account:
influence on strain transversal to loading direction
influence plastic strain at notch tip
important for complex FE-models

H =2.213e-01
MAT_187 Caa -2.saze-o1:

-2,951e-01

e
-3.688e-01 |
Y

E‘H =~£.21D8-UL
MAT_024 TL 5 930001 |
v =0.5 Tx i
y
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SAMP #2: taking compression into account
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l,=50 mm, v=1m/s

l,=40 mm, v=2 m/s
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Summary

B Short overview of crazing at rubber toughened polymers
B Experimental characterization of an PC/ABS blend
Tensile tests with DIC
Evolution of volume-strain
Dynamic tensile tests
Dynamic bending tests
M Yield-curve determination from local strain measurement
B Determination strainrate dependency and failure
B MAT 024 card under dynamic bending load
B Enhanced modelling with GISSMO
Consideration of plastic Poisson’s ratio
Consideration of yielding under pressure load
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OUTLOOK: Material modeling in LS-DYNA m-

Isotropic plasticity (*MAT_187)
Volumetric/deviatoric damage (*MAT_ADD_GENERALIZED DAMAGE)

= SAMP has been used as plasticity model, calibrated for PC ABS
= GGDM in MAT_ADD_GENERALIZED_DAMAGE is used for damage with PDDT=2 and HISV1=0 (deviatoric straining) and

HIS2=6 (volumetric straining)

*MAT SAMP-1 TITLE

PC ABS
$ MID RO BULK SHEAR EMOD NUE RBCFAC
1 1.0E-6 0.0 0.0 2.2 0.4 1 0
$ LCID T LCID C LCID-S LCID-B RNUEP LCID-P INCDAM
100 501 0 0
$ LCID D EPFAIL DEPRPT LCID TRI LCID LC
0 0.0 0 0
$ MAXITER MIPS INCFAIL ICONV ASAF IPRINT NHISV
0 20 0 0 0 0.0
S 1o 2——mmm———= 3——————- d————————- S5————————- 6————————= T=————————- 8
*MAT ADD GENERALIZED DAMAGE
pid idam dmgtyp refsz numfip PDDT nhis
1 1 1 1 2 2
hisl his?2 his3 iflgl iflg2 iflg3
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OUTLOOK: Material modeling in LS-DYNA

Isotropic plasticity (*MAT_187)
Volumetric/deviatoric damage (*MAT_ADD_GENERALIZED DAMAGE)

= SAMP has been used as plasticity model, calibrated for PC ABS
= GGDM in MAT_ADD_GENERALIZED_DAMAGE is used for damage with PDDT=2 and HISV1=0 (deviatoric
straining) and HIS2=6 (volumetric straining)

S—————=—- - 2=———————— 3= f———————— S5————————- 6————————= T=———————— 8
*MAT ADD GENERALIZED DAMAGE
S pid idam dmgtyp refsz numfip PDDT nhis
1 1 1 1 2 2
$ hisl his2 his3 iflgl iflg2 iflg3
0 6 0 0 0
$ damll dam22 dam33 dam44 dam55 damé66
$ daml?2 dam21 dam24 dam4?2 daml4 dam41l
$ lcsdg ecrit dmgexp dcrit fadexp lcregd
500 -500 2.0 1.0
$ lcsrs shrf biaxf
$ lcsdg ecrit dmgexp dcrit fadexp lcregd
600 -600 2.0 1.0
$ lcsrs shrf biaxf
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OUTLOOK: Material modeling in LS-DYNA

Isotropic plasticity (*MAT_187)
Volumetric/deviatoric damage (*MAT_ADD_ GENERALIZED DAMAGE)

[plastic strain]

The classical multiaxial (numerical) test for one element has been modified for 3D elements
SAMP has been used as plasticity model, calibrated for PC ABS
GGDM in MAT_ADD_GENERALIZED_DAMAGE is used for damage with PDDT=2 and HISV1=0

(deviatoric straining) and HIS2=6 (volumetric straining)

2

5

[volumetric fracture]

1.5 \
1

LCID=600

EEE

ne—

|
1
o

0.5

[stress triaxiality]

Time = 0 Fringe Levels
Contours of Effective Plastic Strain 5.000e-01
max—0, at clems 522 4.500-01 j!
4.000e-01 |
3.500e-01 _
3.000e-01 _
2.500e-01 _ |
2.000e-01 | |
1.500e-01 _
1.000e-01
5.000e-02
0.000e+00 |
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OUTLOOK: Material modeling in LS-DYNA m-

Isotropic plasticity (*MAT_187)
Volumetric/deviatoric damage (*MAT_ADD_ GENERALIZED DAMAGE)

= The classical multiaxial test for one element has been modified for 3D elements

= SAMP has been used as plasticity model

= GGDM in MAT_ADD_GENERALIZED_DAMAGE is used for damage with PDDT=2 and HISV1=0
(deviatoric straining) and HIS2=6 (volumetric straining)

0.5
B4 [volumetric fracture] T e of Enctive Plastic Strain M eaaoeon
0.4 i e 22 sm]
4.000e-01 _|
0.35 3.500e-01 _
g 0.3 :W:_ ]
:S 0.25 2.000e-01 | |
- 1.500e-01 _
LEE_ 0.2 1.000e-01
5.000e-02
0.15 0.000e+00 |
0.1
0.05 A
(0] - T - i_x
(0] 0.1665 0.333 0.4995 0.666
stress triaxiality
15. Deutsches LS-DYNA . [
Slide 30 DY NA

Forum, Bamberg Mo R E



More Information on the LSTC Product Suite

® Livermore Software Technology Corp. (LSTC)
www.lstc.com

® LS-DYNA

= Support / Tutorials / Examples / FAQ
www.dynasupport.com

= More Examples
www.dynaexamples.com

= Conference Papers
www.dynalook.com

= European Master Distributor
www.dynamore.de
® LS-PrePost
= Support / Tutorials / Download
www.Istc.com/Ispp
¢ LS-OPT

= Support / Tutorials / Examples
www.Isoptsupport.com

[THUMS® www.dynamore.de]
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Experimental material characterization at DYNAmore Stuttgart

Contact:

DYNAmore GmbH

Dr. André Haufe

Industriestr. 2

70565 Stuttgart

fon: +49 (0)711/4596 00 - 17
email: andre.haufe@dynamore.de

B Services

Material deformation characterization and LS-
DYNA material model calibration for:
Polymers, Foams, Metals

Experiments
Tensile, bending, compression, punch test
Component testing
Local strain analysis with DIC

Damage and fracture characterization and
calibration for GISSMO and MAGD models
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