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4a engineering GmbH
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= polymer and materials science strut bar:

= numerical simulation methods

= fiber reinforced plastics and composites
® product development

= method and software development

= material characterization
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4a engineering GmbH dq

Licensing

= Introducing new token concept

ENGINEERING

yyyyyyyyy

= Software products 4a impetus, 4a fibermap, 4a micromec and
their modules are now accessible
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da impetus

Testing system

= efficient high-dynamic testing
= crash-behaviour of plastics

» material data for simulation
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Material characterization
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Software solution from the test to the material card W =NGINEERING

/4a impetus Hardware\

.l

= single pendulum up to 4.5 m/s
» double pendulum up to 8 m/s

= standard test methods

m specialized test methods
= component testing clamped bending test  puncture test
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da impetus

Software solution from the test to the material card

= single pendulum up to 4.5 m/s
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= standard test methods
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= component testing
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da impetus ZICI

Software solution from the test to the material card W =NGINEERING

/4a impetus Hardware\

= single pendulum up to 4.5 m/s
= double pendulum up to 8 m/s
= standard test methods

m specialized test methods

® component testing
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da impetus ZICI

High-speed camera B =NGINE=RING
= Visualization of dynamic behavior of the material during test
(crack initiation and propagation)

= Easy view, different angles possible

= Trigger signal from 4a impetus - synchronizing

( FASTCAM Mini AX100 type 540K-C-16GB 9000 fps
0 sec
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Tested materials 4 CI
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= 4a has already tested a wide range of = TN H\\ 2 N[ from:

~Fer—cn=ca — ;) — (eH—chir}- 4a Quartet card
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from:
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o, 14.6:1061/K Gy,: 3000 MPa o 23.81061/K G,,: 26500 MPa

steels, ...)

& 14.6:10°1/K vy,: 0.10 /J \Q 23.8-10°1/K v,,: 0.34 //

= wood (beech, multiplex, chipboards, MDF)
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Material models B EnNGINEERING

= Plenty of direct implemented LS-Dyna material models

(also Abagus, PamCrash)

|=] Material card

Materialcardcase *MAT_ELASTIC (*MAT_001)

Damage/Failurecase *MAT_PIECEWISE_LINEAR_PLASTICITY (*MAT_024)
Materialcard id *MAT_PLASTICITY_COMPRESSION_TENSION (*MAT_124)
Density *MAT_SAMP-1 (*"MAT_187)

Plasticity *MAT_COMPOSITE_DAMAGE (*MAT_022)

*MAT_LAMINATED_COMPOSITE_FABRIC (*MAT_058)

4 Strain rate dependency
' *MAT_RATE_SENSITIVE_COMPOSITE_FABRIC (*MAT_158)

@ Micromec
| Fracture *MAT_LAMINATED_FRACTURE_DAIMLER_PINHO (*MAT_261)
Postfracture *MAT_LAMINATED_FRACTRURE_DAIMLER_CAMANHO (*MAT_262)
e MAT_ANISOTROPIC_ELASTIC_PLASTIC (*MAT_157)
' *MAT MICROMEC (*MAT 215
@ Results 2! ( _215)

= Whole number of LS-Dyna material models is available through
userdefined material card
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da impetus

Failure models

= Many possibilities to consider failure
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Cliatenallbehay o A GroupMame: 51_failure A

B Material source Implemented
Elasticity Linear isotropic elastic =f_MNUM... 0.75 W
Plasticity Yes £ BC 70 )

Failure/Damage Damage - '

Bl Material card *MAT_SAMP-1 (*MAT_187) fd_C 2.0 W . L
Materialcardcase pestle dependent (Raghava £d SHC 20 >' TI‘ | aX | al |ty
Damage/Failurecase Add Erosien DIEM i - ' v
Materialcard id None f.j_SHT 0.1 W
Density plastic strain
Plasticity Add Erosion fd_T 0.1 v

= Function (Hardening, Elastic curve form) Add Er-:lS:ln DIEM fd_BT 0.2 v,
Curve 1 Add Erosion GISSMO <
Curve 2 st — ~ GroupMame: 52_failure
Strain range upto 1 i
Sampling points 100 ﬁ.f_s.-:ale 2.0 4 >_ Stl’al n I‘ate
Bias fact o '
s factr fu_epspkt 0.001 W dependency
B Strain rate dependency Table
Strain rate dependency None W_Epsp... 1000.0 v
& Fracture Damage plastic equivalent strain ~ Grou F:'N ame: 53_pu::-5,tfai|ure -<
E Ductile Damage Settings 4a picewise linear simple criteria
lower triax value -0.99 F—"f_QEC 0.05 W
upper triax value 0.99 Johnson Cook F}f_QC 0.05 )
step size triax 0.33 mod Xue-Wierzbicki
Shear Damage Settings None Xue-Wierzbicki pf_QSHC 0.05 W >- Post fallu re
FLC Damage Settings Mone Mohr-Coulomb f QSHT 0.05 v,
Strainrate Settings Johnson Cook P '
Postfracture Fracture Energy (T F—_:.f_QT 0.05 W
Results pf_ QBT 0,05 W S
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da impetus

Software solution from the test to the material card

= single pendulum up to 4.5 m/s
= single pendulum up to 8 m/s

= standard test methods

m specialized test methods

= component testing

» advanced measurement
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" manage test results
(import, export, filter, evaluate)

m statistics
= automatic report
» materialcard generation

» materialcard validation
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Reverse Engineering B SNGINEERING

AR A

'd / FE-Model of the test

- J

/Parameterized Materialcard \
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da impetus

© by 4a engineering GmbH - intelligent testing systems
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Reverse Engineering B SNGINEERING
Determining the plastic characteristics
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o
w—]
..% .................................. REg‘l“()H“”Of
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S Intgrest
|| [leenei SEant SR starting design........... |
7500
'é ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — S— 3.
/ = 2
z Final Result (W — ﬁ41e
g 5000 <
i :
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W 2
/ - eslg’nSace ........................................ I .............. ‘ ............. I ......
250 4=
Design Variable 1
Source: A. Férderer (DYNAmore GmbH) - Anpassung von
Werkstoffmodellen fir Polymere mittels dynamischer
Pendelversuche; Dynaforum 2013; LS-OPT® User’s Manual
a0 v3.3 Mér 2008
Qo 5 500 75 1000
Displacement [mm]

— simulation result
¢ ¢ ¢ mean value curve of tests
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Reverse Engineering — g -
Development of the design variable o,

50

i N
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MPIP - Test plan

= Modeling of a material card — suggestions for testing:

= Material model *"MAT 024

= 2 guasi-static and 2 dynamic bending tests, 3@ dynamic bending test
for validation - capturing strain rate dependency

= Material model *MAT 24 with simple failure [/ *MAT 124
(tension/compression asymmetry):

= Additional 1 dynamic clamped bending test and/or 1 quasi static
tensile test

= Material model *MAT _24 with complex failure / *MAT 187 (general yield
surface):

= Additional 1 static and 1 dynamic puncture test

Validation

J

~N

J/

Source: Reithofer P. - Time dependent material

N

i ! ! i Elasticity, plasticity,
: ' ' ' strain rate
behavior of plastics; 4a Technologietag 2016
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MPIP - Workflow

Overview of the workflow to generate a material card *MAT_024 (for crash
application):

Static or dynamic test
Dynamic test (low (low velocity, 1 mmps All bending tests,
velocity, 1 mps), or 1 mps), range after range after force
linear range of test force maximum maximum

Determining
strain rate
dependency -
Optimization

Determining
plastic data -
Optimization

Determining
Young'‘s Modulus
- Optimization

Exporting Validation
material card material model

Validation of
material card

All bending tests, All bending tests,
time maximum time maximum
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MPIP — Reverse engineering, PC/ABS

80.00 -
* # /.
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45 00 g . /.
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@ ag.00 ‘/ L
s
L
0.00 0.5 SH;C:I[%] 1.50 2.00
VO IW mPenduIar b t I
1600 [m/s] [mm] [d] [mm] [mm] [mm]
1 40 1977 10 2.8 50
— simulation result
¢ ¢ ¢ mean value curve of tests
|

0.00
0.00 R 1.00 1.50 200

Displacement [mm]

Model 170503_021

Solver: LS DYNA, Metamodel: MAT_001, Element size: 2mm,

Element type:16: Fully integrated shell element (very fast), Number of integration points: 5
Assumption: Poisson's number 0.3, Friction coeff. 0.1

The first step is to determine the Young‘s modulus out of the 3-point-
bending test at the velocity of 1mps.
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da impetus

MPIP — Reverse engineering, PC/ABS

175.00

e M\\
125.00 /
100.00
75.00
25.00 . .
— simulation result
¢ ¢ ¢ mean value curve of tests

0.00 !

0.00 5.00 7.50 10.00
Displacement [mm]

Force [N]

£
in
=
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Model 170503 022

Solver: LS DYNA, Metamodel: MAT_024, Element size: 2mm,

Element type:16: Fully integrated shell element (very fast), Number of integration points: 5
Assumption: Poisson's number 0.3, Friction coeff. 0.1

Afterwards the specific plastic values are identified using the
dynamic low 3-point-bending test.
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MPIP — Reverse engineering, PC/ABS

250.00

_ & i

150.00

Farce [N]

100.00

50.00

of £ — simulation result
¢ ¢ ¢ mean value curve of tests
0.00 L L

0.00 5.00 7.50 10.00 12.50
Displacement [mm]

£
o
=}

100.00

Z1C]

. ENGINEERING

Model 170503 023

Solver: LS DYNA, Metamodel: MAT_024 Plasticity Table Rate Table, Element size: 2mm,
Element type:16: Fully integrated shell element (very fast), Number of integration points: 5
Assumption: Poisson's number 0.3, Friction coeff. 0.1

Using the 3-point-bending tests the strain rate dependency of
Johnson-Cook was determined. The force/displacement-curves of the
simulation show a good conformance with the test curves.
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MPIP — Reverse engineering, PC/ABS

250.00

200.00

150.00

Force [N]

100.00

50.00

— simulation result

/ ¢ ¢ ¢ mean value curve of tests
0.00 il r.1

0.00 5.00 10.00
Displacement [mm]

20.00

. ENGINEERING

Model 170503_024

Solver: LS DYNA, Metamodel: MAT_024 Plasticity Table Rate Table, Element size: 2mm,
Element type:16: Fully integrated shell element (very fast), Number of integration points: 5

Assumption: Poisson's number 0.3, Friction coeff. 0.1

Finally the found material model is validated on the 3-point-bending

tests.
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da impetus

MPIP — AUTOFIT

= Automatic workflow on 3-point-bending
Standard material cards (e.g. *MAT _024)

. ENGINEERING

Automated optimization =]
/ \
/ Name Optimization/Validation Status | VP Autovaiiel, [0 Ry F(s) sigleps) /" epsprtieps)
161124 001 | Youngs Modulus Optimizztion [/ r
- — . - Automated optimization =]
161122_002 | Pastic data Optimization [/] r ,
04 | Validation Vaidation y' > 161124 001 Youngs boduios v .
o 161124_002 | Plastic deta Optimization r .
£ h
) i £ 161124_003 | Strain rate dependency Optimization ‘ It 3p8EP_1977_{mps_twéomm res| R
Wo rkfIOW d efl n ed I n te m Iate o1 161124_004 | Valication Validation /] r 1730 | _SPEEP 1970 mps_w40mm es1(6v92 T/ mefE 3%) L~
plate | -
2
database i
I} ) /
[=] =)
1.94 w884
-0.00 432 4,
0.00 0.00 0.00 0.01 0.01 0.01 3
Time [s] o0
-0.00 0.2 0.5 07T 1.02 128
Displacement [mm]

Init Autofit

¥ cale max strain [0.2 m
Init Autofit I Open LS-Opt Viewer
0.0001- 100 [is]

161124_001 161124_002 161124_003 161124_004

AUTO PRUNG) PRUN(c) PRUN(c) = - T 161124 003 161124_004
D.3c) PRUN() PRUN(c) PRUN(c) e Y ~ of

AUTO PRUN(c) PRUN(c) PRUN(c)

|__eeoew ViEWiNG the results

o -t -t :J PRLI;NM:)
969.75(c} PRUN(Z) PRUN(Z) h‘;T :;umc)
AUTO PRUN(S) PRUN(S) hh PRUN(S)
AUTOf) AUTO PRUN o FRUN

AUTO(c) AUTO(c) PRUN(c) v_epspkt PRUN(c}

Automatic determined

initial values Finisheq
Start calculations

—~ —N\
o

= Few clicks to generate a material card

i

Vv

Choose model for strainrate dependency — Init Autofit — Start Optimization
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Fiber reinforced thermoplastics ZICI

Characteristic structure of reinforced plastics

. ENGINEERING

Fiber size and geometry -
significant influence on part
performance
. Increasing fiber content 2>
orthotropic properties increase &
- effect of strain rate diminishes (less
content of matrix material)

PW1681: 12 BN Ubersicht 6 —— 700 pm —

: dependence on fiber orientation dependence on fiber content :
! 4 UD longitudinal 4 GE45 i
i ? Slab longitudinal 0 i
1 U) 1
! (< Slab perpendicular Q I
7 UD perpendicular 7] !
| A ¢ |
| unreinfroced unreinforced |
strain strain
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*MAT 024 —typical approach ZICI

Separate for each direction B ENGINEERING
PP GF40

Raw material data

strain rate provided by Celanese

longitudinal
diagonal
perpendicular

stress

strain
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Micro mechanic based material models ZICI

4a micromec: Calculating the elastic values B =NGINEERING
Input Output

since 1999 e ] %
< Material Data of ’w
Components (E,o.)) ,22 : §

Matix 4a micromec ) /"‘ T\

Reinforcements

Fillers
Data-Base Q 3D Composite Data )

elastic properties
Fibre and Particle Orientation —D

thermal expansion
Data-Base

D thermal conductivity

2D&3D graphics

Interface to
LS-Dyna, Abagqus, MSC Nastran

Virtual Material Design

( Fibre and Particle Shape

Data-Base ‘

= SFRT, LFRT, CFRP, GFRP, ....

= 3D thermo-elastic properties

= Further information: micromec.4a.co.at
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Micro mechanic based material models ZICI

. ENGINEERING
GmbH

DIGIMAT_UD
2422014

Digimat-MF, orthotropic closure

Y MMEC_UD_ORF
Modul 2422014

MicroMec, orthotropic closure

o7

| Viewpoint (’ [
111
axis 1:0°
axis 2. 45°

| axis 3:45°

- <

= Comparison by Montanuniversitaet Leoben between
Digimat-MF and 4a micromec

Source: Bodor Ch. — Anwendung der p-Computertomographie fir die Materialmodellierung; 4a Technologietag 2014, Schladming
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Material models ‘ICI

Different approaches B ENGINEERING

stientation
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da impetus - SFRT ZICI

Workflow i | S

FE-Model ofthe test

Orientation

of Element
\_
/

Parameterized materialcard
based on 4amicromec

' ™
DATABASE

- measurement, models

~LSDYNA,ABAQUS, N )

PAMCRASH,...
Orientation
of test

Orientation
of Material

Reverse Engineering
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Example: PPGF40 and *MAT 157 ‘ICI

Consider each direction in one material model

,,,,,,,,

= micro mechanics
based on fiber & matrix properties

Composite elasticity=> orthotropic E; E, E5 Vi, Vi Vo, Gip Gig Gos
Composite plasticity—> HILL coefficients F, G, H, L, M, N

= Reverse Engineering

= hardening: Bilinear - 2 parameters
= strainrate: Johnson Cook - 1 parameter
= failure: DIEM - equivalent

HILL strain




4a impetus — micro mechanical feature ZICI

- ENGINEERING

Micro mechanic models as key enabler

Fii2] 160223 006 | Material | Designvariablen |  Layers |
B Strain rate dependency Table « | Composite Density 1126 [g/dm?]
: e C11 §172 [MPa]
Strain rate dependency Johnson Cook c C12 1208 [MPa]
B Micromec Iser defined o CL13 1231 [MPa]
B Matrix c Cl4 0 [MPa]
: : — c C15 0 [MPa]
Density of the matrix 200 c Cl6 0 [MPa]
E-Modulus 1500 c C22 4135 [MPa]
Poisson's ratio 0.3 . c_C23 1181 [MPa]
- - matrix c C24 0 [MPa]
Yield Str&ngth 15 data C_CEE 0 [MPa]
Strength at Break 17 c_C2e 0 [MPa]
: : c C33 2616 [MPa]
Failure strain .05 | c C34 0 [MPa]
= Fiber __ffe_C35 0 [MPa]
Fillerlength 1000 ] c_C38 0 [MFa]
_ _ o C44 1554 [MPa]
Fillerdiameter 20 ~ 45 0 [MPa]
Phi or Psi @ filler c C46 0 [MPa]
Phi 129 o c C55 B88.6 [MPa]
- data c C56 0 [MPa]
Fsi 301 c C66 957.5 [MPa]
Fillermaterial E-Glas ¥ r00 1 [1]
: : - v _r45 0.5105 [1]
B Crientation — . ] |fv roo 0.2665 [1]
Bl Fillerorientationtype CA lin. OF orientation 7| v scalematrixo 3.076 [1]
Fillerorientationvalue 1 0.6 [ data
Fillerorientationvalue 2 0.33 _
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4a impetus — micro mechanical feature

Micro mechanic models as key enabler

. ENGINEERING

(/1] 160223 00| [ Material [ Designvariablen [ Layers || (77 160223_006| [ Material Designvariablen | Layers |
Name Start const... Description Mame Start const... Description
+ GroupMName: 10_elasticity » v GroupName: 10_elasticity

c_C11 MMEC
c_Cl2 MMEC
c_C13 MMEC
c_C14 MMEC
c_C15 MMEC
c_Cl6 MMEC
c_C22 MMEC
c_C23 MMEC
c_C24 MMEC
c_C25 MMEC
c_C26 MMEC
c_C33 MMEC
c_C34 MMEC
c_C35 MMEC
c_C36 MMEC
c_C44 MMEC
c_C45 MMEC
c_C46 MMEC
c_C55 MMEC
c_C56 MMEC
c_CG6 MMEC
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constitutive matrix 11
constitutive matrix 12
constitutive matrix 13
constitutive matrix 14
constitutive matrix 15
constitutive matrix 16
constitutive matrix 23
constitutive matrix 23
constitutive matrix 24
constitutive matrix 25
constitutive matrix 26
constitutive matrix 33
constitutive matrix 34
constitutive matrix 35
constitutive matrix 36
constitutive matrix 44
constitutive matrix 45
constitutive matrix 46
constitutive matrix 55
constitutive matrix 56

constitutive matrix 66

~ GroupMName: 20_yield
y 0 ag . yield stress
y_scale... MMEC /| yield scale 11 directicn
y_r0Q MPEC /| yield hill anisctropy ratic 0°
y_rd5 MMEC of|  yield hill anisctropy ratic 45°
y_ra0 MMEC o'|  yield hill anisctropy ratic 90°
# GroupMame: 21_hardening
h_ET 50 ]
h_y a0 o
# GroupMame: 31 _strainrate
v_epspkt  0.01 W initial strain rate threshold
v_p 15 . strain rate scale (1/vp)
ay

GroupMame: 51_failure

xf_MNUM... 0.75 W Mumber of failed integration points pricr to

MMEC - Design Variable calculated
by micro mechanic model

Less free Design Variables left for

material parameter identification
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Example: PPGF40 and *MAT 157

Micro mechanic models as key enabler
PP GF40 from Celanese, guasi-static and dynamic tests

E| Material card
Deformation
Damage/Failure
Materialcard id
Density
Plasticity
Function (Hardening, Elastic curve form)
Strain rate dependency
B Micromec
B Matrix
Density of the matrix
E-Modulus
Poisson's ratio
Yield strength
Strength at Break
Failure strain
B Fiber
Fillerlength
Fillerdiameter
Phi or Psi
Phi
Psi
Fillermaterial
B Crientation
B Fillerorientationtype
Fillerorientationvalue 1
Fillerorientationvalue 2
Strength
Fracture
Postfracture
B Loadcases
Casename
Casename
Casename
Results

B &H
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*MAT_COMPOSITE_DAMAGE (*MAT_022) o
7500_MAT22

None

1000000

-1203.270310622

MNone

MNone
User defined

900
1800
0.3
50
70

0

200

10

L

185
40
E-Glas

CAlin. OF
0.7
0.28

m

MNone
MNone

stat_longitudinal
stat_diagonal
stat_perpendicular

Composite Density 1224 [g/dm*]
c E11 6941 [MPa]
c E22 3810 [MPa]
c_E33 2689 [MPa]
c G12 1840 [MPa]
c G623 1055 [MPa]
c_G31 1038 [MPa]
c_nue2l 0.2029 [1]

c nue3l 0.1103 [1]
c_nue32 0.2432 [1]

15t step:

calculating elastic properties on
guasi-static tests

- *MAT 022

. ENGINEERING

Titel: rep_170

_afer_gga_Workshop.pptx



Example: PPGF40 and *MAT 157

Micro mechanic models as key enabler
15t step: result - elastic material behavior

. ENGINEERING

Model170503_032

Solver: LS DYNA, Metamodel: *MAT_COMPOSITE_DAMAGE (*MAT_022),
Element size: 2mm,

stat_longitudinal resi

Element type:16: Fully integrated shell element (very fast), Number of
o= _ integration points: 5
1.1_stat_longitudinal.res1{awvg: 1) . 7% max:39.2%)
stat_diagonal.res

Assumption: Poisson's number 0.3, Friction coeff. 0.1
1.1_stat_disgonalresi{awg: 19 48 ma54.2%)

stat_perpendicularresi

ctat mermendioglar resd fawnd10 1067 mex-Fd GO /
10000 stat _perpendicularresi{svg]19.1%/ max.54.00)

longitudinal
diagonal
75.00 ,ap? e perpendicular
z /
E /
L
50.00 FE s
b s st st sty
25.00
— simulation result
¢ ¢ ¢ mean value curve of tests
n.ng.ﬂﬂ 250 5.00 7.50 10.00
Displacement [mm]
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Example: PPGF40 and *MAT 157

Micro mechanic models as key enabler
2"d step: Optimizing the hardening parameters using the

. ENGINEERING

perpendicular test
50.00
Marme Start const..  from to Variance Condi.. perpendicular.res ) )
9.1_perpendicularresi{ayg:1. 3%/ max:3.9%)
c_C45 MMEC v (MULLY (MULL) ({MNULL)

c_C46 MMEC W (MULL) (MULLY (MNULL) 000 W—
c_C55 MMEC W (MULL) (MULLY (MULL)
c_C56 MMEC o (MULL) (MULLY (MULL)
*
W

c_Coh MMEC (MULLY (MULLY (MNULL)
20.00

pupMame: 20_yield

L] 15 50 (NULL) %
- MMEC | (NULL) (NULL) (NULL) <
y_rd5  MMEC | (NULL) (NULL) (NULL) e
yr90  MMEC | (NULL) (NULL) (NULL)
y_scale.. MMEC V| (NULL) (NULL) (NULL)
10.00

~ GroupMame: 21_hardening

- v 150 |50 =y 0 — simulation result .._*_._
500 1500  (NULL) ¢ ¢ ¢ mean value curve of tests

0.00
0.00

(¥

£.00 7.50 10.00 12.50
Dizsplacement [mm]

=]
o
=1

Model170503_035

Solver: LS DYNA, Metamodel: *MAT_ANISOTROPIC_ELASTIC_PLASTIC
(*MAT_157), Element size: 2mm,

Element type:16: Fully integrated shell element (very fast), Number of
integration points: 5

Assumption: Poisson's number 0.3, Friction coeff. 0.1
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Example: PPGF40 and *MAT 157

Micro mechanic models as key enabler
3'd step: Validating on all tests

. ENGINEERING

Model170503_033
Solver: LS DYNA, Metamodel: *MAT_ANISOTROPIC_ELASTIC_PLASTIC
100.00 (*MAT_157), Element size: 2mm,

longitudinal.rest Element type:16: Fully integrated shell element (very fast), Number of

i - e s . integration points: 5
1.1_lengitudinal.res (avg 2. 2%/ max:3.7%) Assumption: Poisson's number 0.3, Friction coeff. 0.1
diagonal.resi
1.1_diagonal res{avg:1.T% max:5.2%)
perpendicularresi
1.1_perpendicular.res1{ayg: 1.2% max:2.9%) "/

75.00 . .
longitudinal
diagonal
perpendicular

=z
g 50.00 ot
o
L
- Y s ot
25.00
— simulation result
¢ ¢ ¢+ mean value curve of tests
0.00
0.00 2.50 5.00 7.5 10.00 12.50
Displacement [mm]
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Example: PPGF40 and *MAT 157

Micro mechanic models as key enabler
4 step: Add the strain rate dependency

. ENGINEERING

Model170503_036
Solver: LS DYNA, Metamodel: *MAT_ANISOTROPIC_ELASTIC_PLASTIC
200.00 (*MAT_157), Element size: 2mm,
Element type:16: Fully integrated shell element (very fast), Number of
integration points: 5
Assumption: Poisson's number 0.3, Friction coeff. 0.1
*
*
150.00 AN
" . .
}:./_/' longitudinal
4 .
2.5 mps diagonal
perpendicular
=)
2 100.00 A S
I,f M/
Y f\
S+ 9L, . Tl
M 1 mmps
50.00 — b
= ey
— simulation result
¢ ¢ ¢ mean value curve of tests
0.00
0.00 250 5.00 T.50 10.00 12.50
Displacement [mm]
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Outloog N Z1C1

Simulation process chain for injection molded parts B =veiNEsRiNG

————————————

solid mesh

'Injection molding . Mapping | Material Model
i b : ! ' Mean Field : : :
i (Mldlow, Moldex, ...) o (4a fibermap, ...) i i homogenizaﬁon i i g |
0,66 O 0 . ' ' A

' Inpl o = 0' +(1— s

a;=| 0 032 0 » N plane MapE » (D ( » C_U i

0 0O 002 ! ! : : S

| i ! | *MA i | :

fiber orientation | | o i s T_215 g :
""""""""""""""""""" @ S i 0
. - e . Crash | .., @
'micromechanic modeling || injection molding mesh mesh 1 ) | O |
(4a mi . ! . Standard Material : S
( a micromec, ...) . oo e @l Mappingin thickness direction | - Model » i . ©
i = G G Cos Cool ' . Hill Plasticity ! 3
: - Caa 245 545 B W a ! : :
E N i ! B - Shell or i i i i i

anisotropy

ALSTC

lMlcnoEc EFIBERMAP LS-DYNA®

Seite: 45/ 47
Autor: Artur Fertschej
Datum: 170504

Titel: rep_17050401_afer_gga_Workshop.pptx



Current topics

- ENGINEERING

/Aaimpetus Hardware ™\ — Workflow - process automation

Pendelarmlange 500 mm Automated_Optimization ]
mdgliche Priifgeschwindigkeiten | 0,5-4,4 m/s
max|ma| Zu|éssige Zusatzmassen | 4000 g I} MName Optimization.Validation Stat.us WP Autovalue
maXIma| ZU|aSSIge Prufenel’gle 50J 141204_003 | Celstran - E-Modul Walidation ﬂ - -
141204_005 |Celstran - plast Optimization r
_-:-
141204_007 |Celstran - validation Validation r

v calc max strain e nle | Clear |
I calc strainrates

oW Autovalue 141204_003 141204_005 141204_006 141204_007
Puncture test
s_ET 12.215

./ Component testing DO Y

AUTO PRUN(c) PRUMI(z)
AUTO PRUN(c) PRUMI(z)
v_epspkt | 0.001
v_p 11.855

ﬂaimpetus Hardware\

AUTO(E) AUTO(c) PRUMI(c)
AUTO(E) AUTO PRUN

Wechselbarer Einsatz
firr verschiedene Durchmesser
und Radien

Positionierung (80x80mm Probe) durch gefederte
Kugeldruckhiilsen
(rascher und einfacher Probenwechsel)

Triactality -]

Failure
Anisotropy
Validation

Wechselbarer
Klemmring
(fiir verschiedene

Materialen)

- /
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Thank you for your attention! ZICI

ENGINEERING

yyyyyyyyy

Thursday, 8:55: *MAT_4A MICROMEC — Theory and Application Notes (4a
engineering GmbH)

9:20: High dynamic drop test simulation for fiber reinforced plastics
in automotive electronic control units (Bosch Automotive Products)

9:45: Considering the local anisotropy of short fiber reinforced plastics:
validation on specimen and component (Hirtenberger Automotive
Group)

11:30: Biotex BigBag Simulation — LS-Dyna Airbag Tool — Unusual
Application (4a engineering GmbH)

150 Z1C1

ETECHNOLOGIETAG

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

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