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4a impetus 4 CI
Motivation B ENGINEERING

» Demands of the industry

» Material cards for a multitude of

» Materials (reinforced and unreinforced thermoplastics,
foams, composites, metals, wood, ...) and

» Solvers (Abaqus, LS Dyna, PamCrash, ...)
» Realistic loading, near to reality
» Quick and cheap generation of the material card

» Validation

- Development of 4a impetus

Complete system from the test to the validated material card
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da impetus
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da impetus

How does it work

Test database

» Geometry

» Loading

» Boundary condition
» Orientation

» Measurement results
Force/Displacement
Stress/Strain

Model database
» Optimization/Validation
» Solver
LS Dyna, Abaqus, ...
» Material model
von Mises
general yield surface
strain rate dependence

» ldealization
Shell/Solid
Meshsize

Directly linked
to model build up

Evaluation
Filtering
Averaging

Automatic
LS-OPT input-deck

Directly linked to
solver run scripts

Material optimized
parameterized
models

Automatic mesh
generation

Seite: 6/39
Autor: Artur Fertschej, Peter Reithofer
Datum: 151104

Titel: rep_15110401_afer_pr_gga_AbaqusWien.pptx

FE-Model of the test

Computed curve: fix.z,

Response Surface co

for each interpolated matching
aint

o

'

E ag=agy+E-g,-

= T -F e
o Dehnrate

=3

=

=

0]

o

A

Dehnung
parameterized

material card

\_ /

Z1C]

- ENGINEERING

validated
material
card

6




Material behavior of plastics

Dynamic behavior

Z1C]

. ENGINEERING

Dependent on the material the dynamic behavior is more or less distinct.

Examples for various materials: [1], [2], [3]
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Material behavior of plastics ZICI

Influences

. ENGINEERING

Cuierical structure L Operational temperature

Distribution of mole lﬂar WelghtH q o Nature, direction
; SRR and level of load '
| Morphology of baEE%olSﬂﬁé’rG M= C—:CH 4_47];2
SRR Triaxiality of load case !
" | Filler material (Talcum) | |  Properties ! N
N Ratio ! | i
. 1 Reinforcements 4::} Orientation | | Loading rate
b o behawour'l | |
| Additives o it Ambient humidity |

. Flowigy Component |
| - o geometry and |

Cooling rate b :
o structure |
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Material behavior of plastics

» Mechanical behavior could depend on

» temperature

> strain rate (loading velocity) ranking

> moisture content — throu gh

> anisotropy (fiber reinforced) app lication

» loading (tension, compression, shear, bending) ___
» Engineer’s choice between
» simple robust material model

» complex expensive (costs + cpu) material model

—

— Application driven different

- Simulation task driven _1 requirements
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Material behavior of plastics ZICI

simple yield surface

. ENGINEERING

» *PLASTIC: simple material model

» von Mises Yyield surface (cylinder), plastic isochoric (constant
volume)

» standard:
density, Young‘'s Modulus, Poisson's ratio and yield curves

necessary - quick determination of the material data by bending or
tensile tests

» optional:
consideration of temperature dependency, strain rate dependency

01

TTTTTT

g3

] (Deviatoric Plane)

o1+0o2+03=0

02

https://en.wikipedia.org/wiki/Plasticity_%28physics%29#/media/File:Yield_surfaces.svg
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Material behavior of plastics ZICI

simple yield surface
» *PLASTIC: typical input

*MATERIAL, SRATE FACTOR=0.9, STRAIN RATE REGULARIZATION=LOGARITHMIC, NAME=PlasticMaterial

. ENGINEERING

*DENSITY N N

1.36E-09, strain rate filtering regularisation of the strain rate
*ELASTIC option: LINEAR

1267.2,0.3

*PLASTIC, RATE=0, HARDENING= ISOTROPIC

8.0,0 _ '\ \ : :

OIS 1. strain rate E.ﬁ?&i?ﬁ%e'}fé?ﬁé’fﬁgﬁ JOHNSON COOK, USER
10.7,0.0034 : : i
11.6,0.00563 [~

12.3,0.00813 \

[ stress, plastic strain

*PLASTIC, RATE=0.01 optional: temperature

9.2,0 r\

10.9,0.00143 2. strain rate

12.3,0.0034

13.4,0.00563

14.1,0.00813
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Material behavior of plastics ZICI

simple yield surface

. ENGINEERING

» *DRUCKER PRAGER: more complex material model

» vyield surface is a cone, tension/compression-asymmetry is
considered

» to determine the material data bending tests and
tensile/compression/clamped bending tests are necessary

» optional: consideration of temperature dependency, strain rate

dependency
4 30
4 = Drucker Prager cone
=2 [T e B B B B A A B R
€ S|_---" . .
e 2 b g van Mises cylinder
https://en.wikipedia.org/wiki/Drucker%E2%80%93Prager_yield_criterion in éf!nc:j .....
0.66 0.33 0 -0.33 -0.66
| «@—» [I:] Yl [i] »[1*3«
L hydrostatic pressure
triaxiality = — Y _ P -
equivalent stress triaxiality [-]
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Material behavior of plastics ZICI

simple yield surface

ENGINEERING

yyyyyyyyy

> *DRUCKER PRAGER: typical input
*MATERIAL, SRATE FACTOR=0.9, STRAIN RATE RIdEgIBULARIZATION=LOGARITHMIC, NAME=PlasticMaterial

**
"

*% ti 5
*DENSITY _\hardening

1.36E-09, T
*ELASTIC !a
1267.2,0.3 ] N
*DRUCKER PRAGER, SHEAR CRITERION=LINEAR <—— flow criterion
beta, K (0.778<=K<=1), psi (dilatation angle), optlonal: temperature strain rate dependency
*RATE DEPENDENT, TYPE=JOHNSON COOK < optional: POWER LAW (Cowper Symonds)
0.3,0.001
*DRUCKER PRAGER HARDENING, TYPE=COMPRESSION <« | hardening
optional: TENSION or SHEAR
22.815, 0
23.531, 0.001
24.234, 0.002

K is the ratio of the yield stress in triaxial tension to compression
psi>0: plastic volume increase
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Material behavior of plastics ZICI

general yield surface: ABQ_MOLDED PLASTIC

Especially for plastics: ABQ MOLDED PLASTIC, a non-standard
material model (implemented as VUMAT) [4]

ENGINEERING

yyyyyyyyy

The yield curves can be specified for tension, compression and shear,
also a strain rate dependency (Johnson-Cook or Cowper-Symonds) for
those curves

The yield surface consists of ,2 cones” (for tension and compression)
and a transition surface in the shear region (convex or non-convex)

Damage Initiation and Evolution for ductile and shear criterion
implemented.

Damage/failure can be defined in dependence on the load (triaxiality and
strain rate).

Seite: 14 /39
Autor: Artur Fertschej, Peter Reithofer

Datum:

151104

Titel: rep_15110401_afer_pr_gga_AbaqusWien.pptx



Material behavior of plastics ZICI
general yield surface: ABQ_MOLDED PLASTIC

» The convexity is determined using 3 criteria, usually plastics show a non-

. ENGINEERING

convex transition surface.

) d [MPa]
3 [MPal o 250 1

n=-= 200}

v 150t

P,

l . v . 2 p [Mpa]
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Material behavior of plastics ZICI

general yield surface: ABQ_MOLDED PLASTIC

» The plastic deformation of plastics is not isochoric (constant volume).

. ENGINEERING

Using the so called dilatation angle (beta) the plastic Poisson's ratio can
be determined. If beta=0 - isochoric flow behavior.

3

A3 = (1 _2;;,,,;;&(1 +L) 0 85.9
, 3 0.05 73.7
B = (1- 2;,1,,1](1 + -'_) 0.1 62.5
, 3; 0.15 52.3

|| ‘
B = 1=2vu+=—=vuf 0.2 43.0
- 33 0.25 34.4
204 2uyf = 3 — 6y 0z 6.4
=3 = _“ — 2Vl o vy = 5— ?”’ 0.35 19.1
2 1+ vy 6+ 20 0.4 12.3
0.45 5.9

Source: [5] 0.5 0.0

Seite: 16 /39
Autor: Artur Fertschej, Peter Reithofer




Material behavior of plastics ZICI

von Mises material behavior B ENGINEERING

»Abaqus: *PLASTIC (von Mises), no tension/compression-asymmetry

- Good match for tensile test
3PBEF_458g_1m lw50mm.ref1
9 NO match for bending l.1_2FEEF_ﬂ:aB-;iﬁ_rnps_l'.vf!]mm.'ssl:sv-;:?.E?ﬁ.-'msx:lE.Hﬁ) --lw 50 mm /1 m/s
3IPBEF_488g_2%¥Em lwd0mmjresi
1.1_3PEEP_E4_BBg_zFZ-_rnps_|-.w4nmm.rem{svg:?.m.-'msx:14.m:- -—-lw40 mm/2.5m/s
3APBEF_488g_4m w230 mm.refp1
20.00 | 1:1_2FBEP ot dmps_lwa0mpnres (8ug7 9% mex:15.9%) -—-lw 30 mm /4.0 m/s
- simulation
180000 \\ ... test
ZDYN_MITTEL ezt
1.1_ZDYN_MITTEL. resfl{avg:3.3%/ max:18.5%) \ \
20.00
= ~
1250.00 =
3
]
(I ’_—-—-___-.-...-
20.00 Fm—,
1000.00
Z —--'--_-_-___-.
3
= 10.00
s

750.00

500.00

0.00
5,00 10.00 15.00 20.00
Displacement [mm]

M o
=)
=}
&

250.00

| - ~ simulatior

-+ test

0.00
0.00 5.00 10.00 15.00 20.00

Displacement [mm]
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Material behavior of plastics ZICI

von Mises material behavior

- ENGINEERING

»Abaqus: *PLASTIC (von Mises), no tension/compression-asymmetry

- Good match for bending

---lw 50 rhm /1 m/s
--—-lw40 mm /2.5 m/s
--—-lw 30 mm /4.0 m/s

- No maitch for tensile test

40.00
- simulation
1500.00
.-+ test
20.00
=
1250.00 —
[ak]
=4
(=]
‘_\ ('
20.00
1000.00
=3 ;
10.00
g 750.00 —3%
+
2 4
<
500.00
0.00
0.00 5.00 10.00 15.00 20.00
Displacement [mm]
250.00
| - — simulation
- test
0.00
0.00 5.00 10.00 15.00 20.00
Displacement [mm]
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Material behavior of plastics ZICI

general yield surface B ENGINEERING

»Abagus: *ABQ_MOLDED _ PLASTIC (general yield surface), consideration

of tension/compression-asymmetry

3PBEF_498g_1mps_IwS0mn].rest
9 Good match for bendlng fl_EIEEIEr;ii_E;;_Tr:sﬁi\-‘fjmm.'eﬂ:5\-'-;:23‘6.-'msx:?.E?ﬁ} T IW 50 mm / 1 m/S
3APBEF_488g_2.5m lwddmpm.res1
. ?.1_§FTE|EP_TB_EJ,;_2.E-mps_|-.v4nmm.res1{s»-g:e..m.-'msx 5.8%) -—-lw 40 mm /2.5 m/s
3PBEF_488g_4mps._Iw30mn].rest
~ Good match for tensile test e W v e sew e s <= [W 30 MM / 4.0 m/s
- simulation
1500.00 ... test
ZDYN_MITTEL resi es
1.1_ZOVH_WMITTEL resfi{avg:2.2%/ max:18.5%) 2000 Moy
z F
1250.00 8 :’
g *
+
+
20.00
+
1000.00 .
+ +*
Z +
2 NI
S TE0.00 10.00
L.
; ' '
500.00
: 0.00
4 0.00 5.00 10.00 15.00 20.00
: Displacement [mm]
250.00
| - ~ smulator
-+ test
0.00
0.00 5.00 10.00 15.00 20.00

Displacement [mm]
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Material behavior of plastics ZICI

Interfaces in 4a impetus V3.3

- ENGINEERING

» Actually implemented for Abaqus
> *PLASTIC von Mises
» *DRUCKER PRAGER Drucker Prager
» *MATERIAL, name=ABQ_MOLDED PLASTIC ** gen. yield surface

** Currently available just as user defined material card

El Material behaviour E Material behaviour B Material behaviour
Bl Material source Implemented | Material source Implemented Bl Material source Implemented
Density ~1310.77238768531 Density -1310.77238769531 Density -1310.77238769531
Poisson's ratio 0.3 Poisson's ratio 0.3 Poisson's ratio 0.3
Failure strain o Failure strain 0 Failure strain 0
Elasticity Linear elastic Elasticity Linear elastic Elasticity Linear elastic
B Plasticity vonMises B Plasticity Drucker-Frager B Plasticity general yield surface (3 curves)
Curve 1 4a Model A Curve 1 A3 Model A Curve 1 43 Model A
Strai pi = 02 sl Kurve 1 skaliert Curve 2 Kurve 1 skaliert
rain range upto . .
Sampling points o0 Strain range upto 0.2 ]
Bias fact 10 Strain rate dependency Table
1as tactor Sampling points 50 Strai t 0.2
Material card 6011_ELASTICPLASTIC Bias factor 0 rain range upto :
Sampling points 50
Material card 6021_Drucker Prager -
Bias factor 10
Material card

» All ABAQUS material cards are available by user defined material cards
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Material behavior of plastics ZICI

Workflow — material card generation ENGINEERING

Reverse Engineering 4a impetus (fABQ_MOLDED PLASTIC)

T T
—-lw50mm /1 mm/s 3 point bending
0.1mm/s
A 1m/s
P —— : Fm 25mis
4m/s
8 Vs \ 9 \
S " S
|/ S ) T
kS| N
£ ®
— | simulation Yo, —| simulation
... mean value curvelof the tests 3! --- mean value curye of the tests
.
normalized displacement normalized displacement
static behavior - yield dynamic b !wor — strain rate
--- clamped bending 4 m/s Clamped benging4 m/s
@ /o{“. @ /
5} " iad 2 (o)
2 / ]e & A
3 3 & . -
N b N o o
: e : R IV AY AN 3-point-bending clamped
: s AR ;
/ o \> "
/” —| simulation ’.". —| simulation
/ . --- mean value curye of the tests e -+ mean value curye of the tests
normalized displacement normalized displacement

fit compression/tension behavior check compression/tension behavior
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Material behavior of plastics

Workflow — material card generation

Validation 4a impetus (fABQ_MOLDED PLASTIC)

normalized force

Tensjle test static
3 T-spgcimen2m/s
* .
: — Clamped bending4 m/s
£
*
*
*
*
+*
[+
: T,
*
: ﬁ ‘0"‘“ +
¥ 7
: o
.
.
#
>
>
»’ e
+*
¥ ,0" — simulation
el - mean yalue test curves
T

normalized displacement

Static tension test
dynamic T-specimen
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,,,,,,,,

. ﬁt\,j‘

.
o,

~_ Simulation

normalized displacement

Dynamic puncture test with the part
The test curves are matched very well
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Composites

Influence of the orientation

- ENGINEERING

Short fiber reinforced thermoplastics [6] Composites — “Organic sheet” [7]

30
P~ Orpawerfic
- beas
l)'Q
oT;m o o
Injection
pnsman- 2
Region:
:v?egrlt_:“ng Region COMVErging Region
flow-fild plata flow-fietd unidiractonal
' | I
ok tasting component
~— 4
N N
i v
0,66 o [} ,-‘ A 0,87 o o)
a;=| 0 032 0 - g % 1 ,=| 0 o011 O
0 0 ooz2fgy % .’ *Lo o o02

1800.00

OO

v 45° -

/] 90°

)O
50
)0°

O DN O

Kraft [N]
2 @
Kraft [N]

1000 gDD 8.00 12.00 18.00 20.00
Weg [mm] ’ - " b
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Composites ‘ICI

Material models for composites

,,,,,,,,

» Abagus provides a VUMAT *ABQ PLY FABRIC analogous to the
thermoplastics [8]

» The most important material parameters are

>
>
>
>
>

Young‘s Moduli in 0° and 90° direction for tension and compression
Shear modulus (45° direction)

Poisson’s ratios v, for tension and compression

Strengths in 0° and 90° direction for tension and compression

Shear strength

» To determine these values bending tests resp. tensile tests in 0°, 45° and

90° orientation are necessary.

» With the aid of micromechanics (e.g. 4a micromec) the elastic properties

can be directly calculated/estimated.
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Composites ZICI

. ENGINEERING

Material models for composites

» In the material model *ABQ PLY FABRIC appropriate damage
parameters can/have to be specified (e.g. failure energy). = Calibration
of the idealisation

» Important for fabrics: adaption of the material data should be done on 45°
orientation - representative test specimen width!

~ v, —=pl
o, +C(E")”
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Composites ZICI

. ENGINEERING

Material models for composites
> *ABQ_PLY_FABRIC: typical input

*MATERIAL, NAME= ABQ PLY FABRIC

*

D}ENSITY Young‘s Modulus in 0° (tension), Young's

K Modulus in 90° (tension), Poisson's ratio v,
*UJSER MATERIAL, CONSTANTS=40 (tension), Shear Modulus,
k% T,ine 1: Young's Modulus in 0° (compression), Young's

Modulus in 90° (compression), Poisson’s ratio

_El_l_ r E1+ r 1_;11+ F Gll r El— F EI— r Fll_ V12 (CompreSSIOn),

** T,ine 2:

strength in 0° (tension), strength in 0°

IH r Il_ . ¢ s r Xg_ ;S <— (compression), strength in 90° (tension),
k% T,ine 3 strength in 90° (compression), shear strength
1+ 1— 2+ .
G:, G, G, Gy, ap, dy <——— damage parameter
** T.ine 4:
= <— shear hardening data
C'TJ.I-U r C r p ! g
** T,ine 5:
1DelFlag, ﬂ?m , E,iix , E"m , ém <—— data for element erosion

*DEPVAR, DELETE=16
16
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Composites _ ZICI

Coupling to micromechanics B ENGINEERING

» The influence of the manufacturing process on the material behavior

(fiber orientation) |s included in the process chain.

_____________________

N (7 p

,’ / FE-Model of the test

Element orientation

Layup

:

1

|

1
1 1

i ,
: \ / ] 4 N t
| / _ _ \ I almpetus
: parametenzed material card <: ©by 4a engineering GmbH - intelligent testing systems

i 1
! basedon4a micromec | \ /N
| . (
| 1
! :
: | Abagus CAE, Animator,
I : HETA, ...
: i
| 1
| 1
1
: DATABASE
I measurement, models
N\

:
\

ORIENTATION

e.g. 0°, 45°, 90°
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Composites 4q

4a micromec: Calculation of the elastic properties B ENGINEERING
Input Output

Material Data of
Components (E,o.1)

Matix Q Aa micromec )

Reinforcements

Fillers
Data-Base ( 3D Composite Data )

Fibre and Particle Orientation _D
Data-Base

Virtual Material Design

( Fibre and Particle Shape

Data-Base ‘
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Composites

4a micromec: Calculation of the elastic properties

» Standard material parameters from 4a micromec

- ENGINEERING

Look up D ata Record

Look up —Data Record
- Number 7 )
gt#gwlum umber — Select material type EEEK ;I Mumber 33 — Select material ype
BLEI NAME |EPORID @ Isatropic POLYAMIDES NAME |T300 £ Isotropic
CALCIUMCARBONAT C ; PP
E-GLAS ammen -  Transversally |sotropic QUARZSAND Comment K ohlenstoffaser High Tension - & Transversally |sotropic
EFDM )
i~ Orthatopic ¢ Orthotropic
EPO:<ID_z800 = i~ Anizobopic = £ drizotropi
EFOXI0_3200 NIsaiapic
EPOXID_3500 | TYPE | -] TPE [ 5]
| zatropic — Tranzverzally lsotropic
Density ——— ~ Material Characteristics Density —— ~in plane - I [isotropic] plane
( p | 12giern’ | E [ 3500MPa ( p | 17gem® | E, [ 218800 MPa E. [ 2s000MPa

v [ 038 vyl 023 v 03
G [ 1238 MPa Gl 50000MPa || Gyl 10072 MPa

— Thermal Expansion ——

— Thermal Expansion

o | 55 E-6 ol IWE_E) . WE_S
» Setup for the calculation -

Calculation look up ~ MATRIX
FLATTES F&RTS M aterial choise
FLATTE]2 [ao |[EPosD_3500 |

PLATTEZ 2 J PARTS b aterial choize Fiberarient. chaoise Particle choise
= 7 [1) T300 Gu_o/30 LANGFASER

PLATTEZ 4 =

PLATTEZ S &2

PLATTE4 3
QU4 -

~Data Record

NAME Comment Start calculation
|Gawebe |

Frint the calculation
TYPE ~

- gL I~ “white to material datahase

| Delete | Insert as Hew | ’I ’I Close |
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Composites

4a micromec: Calculation of the elastic properties
» Result

- ENGINEERING
GmbH

Young's Thermal
Modul Expansion
[MPa] [E-6]
73589 £6.56
67064 51.2
60539 45.84
54013 40.48
47488 35.12
40963 29.77
34438 24.41
27913 19.05
21388 13.69
14863 8.33
8337 2.98
Viewpoint Viewpoint
111 111
axis 1: 0° axis 1. 0°
axis 2: 45° axis 2: 45°
axis 3: 45° axis 3: 45°
zZ Z
X Y X Y
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Composites 4 CI
Verification of measurements

. ENGINEERING

Orientation Multilayer Setup

1250.00

1300.00

125000

Kraft [N]

1000.00

uuuuuu

Kraft [M]
g

. 00"}
3

50000

10.00
‘Weg [mm]

Dynamic 4a impetus

o

1 000 500 10.00 15.00 2000 2500 3000
Weg [mm]
4
100000

.... test
;. — simulation

m’-“"m.
e ; "_*"_l' Results with kindly permission of

MAGNA STEYR Fahrzeugtechnik AG & Co KG [7]

Kraft [N]

ST

Weg [mm]
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Reinforced materials ZICI
*DISTRIBUTION

- ENGINEERING

» *DISTRIBUTION: specifying the fiber orientation of the elements

» anisotropic material model (e.g. *ELASTIC, TYPE=ENGINEERING
CONSTANTS) - accurately description of the resulting fiber orientation in
a part resp. model

» rheological simulation for determination of fiber orientation

» transfer from the rheological simulation to the structural simulation

(e.g. using 4a fibermap).

Injection molding simulation FEM simulation
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Reinforced materials

*DISTRIBUTION
» Typical input:

- ENGINEERING

1 *MATERIAL, name=PPLGF30

2 “*Density

2 1l.1E-06,

4 “ELASTIC, TYPE=ENGIMNEERING CONSTANTS

3 W E1l, EZ, E3, viz, V13, v23, =12, 13 .

& 5.8, 2.7, 1.5, 0.423, 0.310, 0.432, 1.3, -G Material model

7w 523

8 -

S5 *QRIENTATICON, NAME=MatCrient

10 Distrl

11 32, 0

12 “DISTRIBUTION TABLE, Name=Tablel

12 COORD3D, COORD3D Definition of a local coordinate system
14 *DISTRIBUTION,Name=Distrl, LOCATICN=element, TABLE=Tablel <— for each element

15 , 1,0,0,0,1,0

16 EL ID, ¥X-coord. of a, ¥-coord. of a, Z-coord. of a, X-coord. of b,Y-coord. of b, Z-coord. of b
17
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Summary ZICI

. ENGINEERING

»Abaqus offers a multitude of material models to describe the dynamic

material behavior of plastics and composites very well.

»With increasing complexity the accurateness of the characterization as
well as the effort to adapt the material models rises. Therefore it is essential

to stay focused on the significant influences.

»Tools like 4a impetus or 4a micromec ensure quality and reproducibility
in the process of generating material cards, especially as the material

card is linked to the chosen idealization (solver, element type, element size,

l).
»As plastics will be used much more for mechanical loaded parts, modeling

of failure will be the next challenge in future.
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Event Note

. ENGINEERING

The 13 ACI takes place from 25.- 26. February 2015 in Schladming.

ETECHNOLOGIETAG

This year's topic is ,,Plastics on the trial — Testing and Simulation®.

More information you can find on the homepage http://technologietag.4a.co.at/
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Thank you for your attention!
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