41C]

. ENGINEERING

TS
EMICR D M EC
*MAT_4A_MICROMEC

micro mechanic based material model

P. Reithofer!, A. Erhart?, A. Fertschej!, S. Hartmann?, B. Jilka?!
14a engineering GmbH, 2Dynamore GmbH

Aautomotive
CAE-=
4a engineering GmbH
GRAND® industriepark 1
CHA.LLENGEN A-8772 Traboch
reithofer@4a.co.at
5. —6. April 2017, Hanau ++43 (0) 664 80106 601

Seite: 1/28
Autor: Peter Reithofer, Artur Fertschej, Bernhard Jilka

Datum: 170406
Titel: rep_17040601_pr_afer_bjla_gga_MAT215.ppt



Content

41C]

. ENGINEERING

= |Introduction
= Simulation process chain
= Constitutive material models in LS-DYNA
= *MAT 215 - *MAT 4A MICROMEC
= mean field homogenization
= Keyword format
= verification
= validation
= CPU time
= Case studie
= Conclusion

Seite: 2/28
Autor: Peter Reithofer, Artur Fertschej, Bernhard Jilka

Datum: 170406
Titel: rep_17040601_pr_afer_bjla_gga_MAT215.ppt



Introduction

41C]

. ENGINEERING

4a engineering GmbH

® polymer and materials science strut bar:

® numerical simulation methods

= fiber reinforced plastics and composites
= method and software development

= material characterization

= product development
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plastics in typical automotive applications
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P: 3.4€/kg p: 1.4 g/cm? P: 3€/kg p: 1.5g/cm? P: 2.3€/kg p: L.1g/cm? P: 2.5€/kg p: L.1g/cm?
E,: 9700 MPa a,: 64:10%1/K E,: 9500 MPa o,: 25:10°1/K E,: 6000 MPa o,: 38-10° 1/K E,: 6900 MPa o,: 40-106 1/K
c,: 140 MPa €' 4% c,: 92MPa €' 3% c,: 70MPa g5 4% o,: 76 MPa €5: 5%

‘ Tg: 50°C ac:100(15) ki/m? ' ‘ Tg: 30°C ac: 67(11) ki/m? '
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Introduction

typical behavior — bending test
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Introduction
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Material models in LS-DYNA

constitutive approach
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Plastics

*MAT 024 L=
- quick&dirty 77
= Mises plasticity
*MAT_187 (*MAT_124)

»Mar_022/ O ppp

*MAT 054/058
= orthotropic elastic

*MAT 002 QAN

= orthotropic elastic
*MAT 157 =
= orthotropic % - a

= Damage

= elastic viscoplastic
= Hill plasticity
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Simulation process chain
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For injection molded parts

____________________________________________
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*MAT 215 - *MAT_4A MICROMEC

mean field homogenization
Input

Material Data of
Components (E,o,\)
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Output
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Standalone product Dok Bame \A
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2D&3D graphics
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*MAT 215 - *MAT_4A MICROMEC

mean field homogenization
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EMICROMEC
*MAT 157

calculate parameter for
constitutive law

Library

¥

N IMPETUS

F;"_’}l 160223_006 aterial | Designvariablen | Layers |
B Strain rate dependency Table + [f|Composite Density 1126 [g/dm*]
] c_Ci1 §172 [MPa]
Strain rate dependency Johnson Cook c_c12 1808 [MPa]
B Micromec User defined c C13 1231 [MPa]
o Matrix c_Cl4 0 [MBa]
—C F M : - c C15 0 [MPa]
Density of the matrix 900 = Cilg 0 [MPa]
O‘ ¢G _I_ 1 ¢ E-Modulus 1500 c_c22 4135 [MPa]
Poisson's ratio 03 c_C23 1181 [MPa]
c C24 0 [MBa]
. i . Yield strength 15 c c25 0 [MPal
C...composite, F...fiber, M...matrix Strength at Break 7 c_c2e o [pa)
. . c C33 2616 [MPa]
Failure strain 0.05 c c34 0 [MPa]
B Fiber __ffc_C35 0 [MPa]
Fillerlength 1000 c_C36 0 [MPa]
e c C44 1554 [MPa]
Fillerdiameter 20 e rag 0 [MPa]
Phi or Psi ) c_Cc48 0 [MPal
Phi 129 c_C55 888.6 [MPa]
- c_C56 0 [MBa]
Psi 30.1 c_Cé6 957.5 [MPa]
Fillermaterial E-Glas y_roo 1111
3 B y_r45 0.5105 [1]
B Orientation _llv_r30 0.2665 [1]
E Fillerorientationtype CAlin. OF j” v_scalematrix0 3.076 [1]
Fillerorientationvalue 1 0.6
Fillerorientationvalue 2 0.33
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*MAT 215

- *MAT_4A MICROMEC

mean field homogenization

Main Framework

.MICROMEC Mori Tanaka Mean Field Theory

Composite stresses, strains (i)

\Z
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plug able
possible extensions
other plasticity
formulations, ....

J

Matrix stresses, strains

t - Yield condition }

- J2 Plasticity

\Z

Fiber stresses, strains

\Z

Failure, Damage Criteria

\Z

usermaterial

v

—C
O

—M

= gpg'F + (1— gp)O'

C...composite, F...fiber, M...matrix

\Composite stresses, strains (i+y

assumption elliptical inclusion
(Eshelby Tensor)
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*MAT 215 - *MAT_4A MICROMEC

4CI
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mean field homogenization

*MAT 215

matrix: SVAYAVAVAS

*MAT 4A MICROMEC *MAT_215

Livermore Software
Technology Corp.

=

= isotropic elastic = isotropic elastic

(like *MAT 024)
fiber: SVAYAVAVAS

= isotropic elastic

= transversal
isotropic elastic

DvnnaAa

MORE

LS-DYNA® viscoplastic fiber: ANV
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*MAT 215 - *MAT_4A MICROMEC
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Keyword format

CARD 1l: General Options / Parameter

CARD 2-3: Element orientation*
analog to LSDYNA standard anisotropic material cards

CARD 4: Composite Buildup*

Card 4 1 2 3 4 5 6 7 8
FVF FL FD A1l A22
PP GF30 0.3 200.0 10.0 0.7 0.25
PPLGF50 | -05 10000 | 20.0 0.65 0.30
PAG6 GF45 | -0.45 250.0 10.0 0.8 0.15
|carbon uD | 056 10000.0 | 10.0 1.0 0.0 L

FVF > O: fiber volume fraction - Composite
FVF < 0O: fiber mass fraction - SFRT/LFRT

*may be overwritten by rDYNA

*INITIAL STRESS SHELL/SOLID exemplary values without any warranty Mo RE
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*MAT 215 - *MAT_4A MICROMEC
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Keyword format

CARD 5: fiber material
Standard values from literature

Card 5 1 2 3 4 5 6 7 8
FIBER ROF EL ET GLT PRTL PRTT

UNITS kg/mms3 GPa GPa GPa

glass 2.59E-6 70.0 70.0 28.8 0.217 0.217

T400 1.76E-6 218.8 28.0 50.0 0.02943 0.390

T400 (transversal isotropic)

All values : 250000
73000 MPa 226800

1 =
87600 _‘ 3

64400 ¢

41200 p
18000 b \

y

exemplary values without any warranty

owpoit [ R Y | [ Viewpoim

440 BS~v A

NMORE

uuuuuuuuuuuu

Seite: 14 /28
Autor: Peter Reithofer, Artur Fertschej, Bernhard Jilka

Datum: 170406
Titel: rep_17040601_pr_afer_bjla_gga_MAT215.ppt



*MAT 215 - *MAT_4A MICROMEC
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Keyword format

CARD 7-8: matrix material

from material characterization (e.g. 4a impetus MPIP)

Card 7 1 2 3 4 5 6 7 8
Matrix [ ROM E PR elasticity
Units | kg/mm3 GPa -
PP | 0.9E-6 1.5 0.4
PA6dry | 1.2E-6 3.2 0.35
PAG6 cond. 1.2E-6 2.0 0.35
Card 8 i 2 3 4 5 6 7 8
Matrix | SIGYT ETAN EPSO C visco
Units | GPa GPa - lms plasticity
PP 0.015 0.5 1.E-6 10
Bilinear
PAG6 dry 0.06 1.0 1.E-6 15 + Johnson
PAG cond. | 0.04 08 1.E-6 10 Cook
bvnna
NIORE

exemplary values without any warranty
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*MAT 215 - *MAT_4A MICROMEC
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Keyword format
CARD 9: matrix material tables

Card 9 1 2 3 4 5 6 7 8
Variable LCDI UPF |LCIDT Effective stress (Table)
Type F F F LCDI Damage initiation (Table)
Default 0 0 0.0 UPF Damage evolution parameter
Hardening Damage Initiation Damage Evolution
Gym & u pf
I > &) | > M | > M
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*MAT 215 - *MAT_4A MICROMEC

Verification — 1-Element tension test
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PP PP CFK 60vol%
3.0 T : r : 300 T r : r
— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022) — SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022) X >
eoe SHELL - *MAT_4A_MICROMEC (*MAT_215) eoe SHELL - *MAT_4A_MICROMEC (*MAT_215) 0
25 : : 250
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= N
w o
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|
o
¢
[ ]
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& S
o o
<
2
<
< Ip
v

1.0+ 100+

0.5+

: 50l :
100% matrix 60% fiber i .
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orientation () orientation ()
GLASS T300
300 : : : : 300 : : :
— SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022) — SHELL - *MAT_COMPOSITE_DAMAGE (*MAT_022)
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© i i ©
a- a-
o o
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b b
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*MAT 215 - *MAT_4A MICROMEC

Verification — 1-Element tension test
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PAGGF30 PAGGF30
" [ SHELL - *MAT COMPOSITE_DAMAGE (*MAT 022) L [ SOLID - *MAT COMPOSITE_DAMAGE (*MAT 022) X =
oo SHELL - *MAT_4A_MICROMEC (*MAT _215) oo SOLID - *MAT_4A_MICROMEC (*MAT 215) ol
12| : : 12| 2 ; uX
- 10 - 10 y
5 g n—>
3 7° X,y y
g 4 )
E Es X
al = al
I A‘ AN
2+ 20
% 10 20 30 20 50 60 70 80 20 % 10 20 30 20 50 60 70 80 20
orientation () orientation ()
0.3 T T 0.3 T T
1.0 1/ms T 1.0 1/ms T
0251 0.1 1/ms ] 025 0.1 1/ms ]
0.01 1/ms 0.01 1/ms ]
_. 02 0.0011/ms 7 . 020.001 1/ms 7
& & 1
O T ]
»0.15 s ‘w0.151 .
3 T 3
5 f =
0.1 . 0.1F .
0.05 a OO . 0.05F a 900 1
0 1 1 0 1 1 L L
0 0.025 0.05 0.075 0 0.025 0.05 0.075

strain [-]

strain [-]
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*MAT 215 - *MAT_4A MICROMEC
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Verification — 1-Element tension test

TYHIETY
[ Build Metamodets
15 interacti

=raction surfaces

DOE with LS-OPT: X >

MATRIX: PP IX 1

FIBER: GLASS y
A—>

FVF:  -0.05:-0.15:-0.20:-0.25:-0.30:-0.35:-0.40:-0.50:-0.60 1 o

FL: 100:200:500;1000 X

All: 0.6;0.7;0.8;0.9

(0 & 0°:15°:30°:45°:60°:75°:90°
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*MAT 215 - *MAT_4A MICROMEC
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Material characterization

)
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*MAT 215 - *MAT_4A MICROMEC
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Material characterization

4 )

component
validation

Bending
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*MAT 215 - *MAT_4A MICROMEC
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Material characterization

)

LAENGS_Zmps rast . . . Component
e Bending 2m/s validation
i e s longitudinal N
s0000 diagonal /ﬁgf

transversal

~—
z
@ A,
8 20000 ( va ‘
(=]
[T

QL (0/45/90°)

100.00

---- averaged test|curves :
. . S
— result of simulation souar 215
*MAT 4A MICROMEC
o 2eo =00 501 mid mmopt bupd - — failm failf NUMINT
. 1000000 1.0 0.01 1. 0. -65.
Displacement [mm] 502 aopt mact Xp Y zp al az a3
0 0 0.0 0.0 0.0 1.0 0.0 0.0
$03 vl v2 v3 dl dz2 d3 beta -
0.0 0.0 0.0 0.0 0.0 1.0 0.
504 fvf —= f1l fd —= all az22 -
.115 53. 1.0 7 .25
$05 rof el et glt prtl prtt - -
2.5899e-09 70000. 70000. 28759. 0.217 0.217
506 xt —= - = —= - SLIMXT NCYRED
2800. 0.01 10
s07 rom e pr —— —— - —— -
9.1e-10 1500. 0.3
508 sigyt etant - - eps0 c
509 LCST —= - = LCDI UPF
1000000 1000020 -1000026
s
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Case study Doublecrossrib

Using *MAT_215
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1000.00
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*MAT 215 - *MAT_4A MICROMEC

CPU TIME per integration point (SMP 1 CPU)

. ENGINEERING

45 1 m Shell TYP16 9 IP 2mm Current 4.2
’ implementation

40 1" msolid TYP16 2 LAYER 2 mm

35 1 3232
Solid TYP16 5 LAYER 1 mm

3.0

25 22195

Actual
tests

20
TET10
TYP16

2 LAYER

15 +
1.0 1
05 +

0.0

*MAT_024  *MAT_SAMP-1  *MAT_157 *MAT_215

TET10

= *MAT 215 - possible improvements 5 LAYER
= timestep calculation (conservative implementation)
= compiler options — Optimizations for Cluster v inna

NMORE
|
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Summary 4 CI
B ENGINEERING
*MAT 157 *MAT 215
Solver implli;:;t;eRéplicit E)Igollicc):it
CPU TIME vs. 2% slower | 4x slower
*MAT_024 ongoing improvement (2x)
Mean Field

Material model Composite (HILL) Homogenization

Material model

at least 20 at least 10
parameters
: Composite Matrix and
Failure/Damage : ) .
properties Fiber criteria

Fiber orientation &

Mapping Material properties content, aspect ratio

Ease to use _* +

* Check input not really possible
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ongoing testing / validations
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aLSTC

"9 Livermore
7 Technology Gome®

A
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LS-DYNA CONFERENCE
7~ 11 May 2017

SaleurQ. Austria

Hirtenberger Automotive
Safety GmbH & Co KG

Bosch Automotive Products
(Suzhou) Co., Ltd

Nutini Box [4] [5]

and hopefully many of your applications ...
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Thank you for your attention!

¢

,in physics we trust”
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